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ABSTRACT

The m a g n e t i c  c h a r a c t e r i s t i c s  an d  t h e  o r e  g e n e s i s  o f  

t h e  A lg o m a n - ty p e  i r o n  f o r m a t i o n  ( I F )  an d  h o s t  r o c k  (HR) a t  

t h e  Adams Mine n e a r  K i r k l a n d  Lake w e re  d e t e r m i n e d  from a  

s t u d y  o f  171 I F  b l o c k s  an d  if5 HR s i t e s  o r i e n t e d  i n  s i t u .

The mean s p e c i f i c  g r a v i t y  (SG) o f  t h e  I F  s p e c i m e n s  i s  

3 .2 i f  gm/cm^, i . e . ,  m ix e d  o r e  and  l e a n  I F .  The low  f i e l d  

m a g n e t i c  s u s c e p t i b i l i t y  p e r p e n d i c u l a r  t o  b e d d i n g  (k ^ )  f o r
— 2 *5t h e  I F  g i v e s  a  l o g n o r m a l  mean o f  i f . 320  x  10 c g s / c n r  w h ic h  i s  

192kHR,. s u c h  t h a t  t h e  HR v a l u e s  c a n  b e  n e g l e c t e d  i n  t h e

m a g n e t i c  an o m a ly  c o m p u t a t i o n .  The r e l a t i o n s h i p  k ^ = 0 .0 6 9 8 S G -  

0 . 1 7 9  g i v e s  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  + 0 .7 3  and  g i v e s  

k j j .p = 0 .0 6 i+ 5 c g s /c m ^  f o r  ec o n o m ic  i r o n  o r e .  The m a g n e t i c
*

s u s c e p t i b i l i t y  i n  t h e  I F  b e d d i n g  p l a n e  ( k ^ ^ ) i s  1 . 6 9 k ^  

i n d i c a t i n g  s t r o n g  a n i s o t r o p y .  B o th  t h e  HR an d  I F  n a t u r a l

r e m a n e n t  m a g n e t i z a t i o n  (NRM) i n t e n s i t i e s  a r e  l o g n o r m a l l y
— 6 —P Sd i s t r i b u t e d  w i t h  means o f  5 . 9 7  x 10“ an d  1 . 1 2  x  10“  em u /cn r

r e s p e c t i v e l y  g i v i n g  K o e n i g s b e r g e r  r a t i o s  (Q) o f  0 . 0 1 3  and

0 . 6 7 .  I n  c o m p u t in g  t h e  m a g n e t i c  an o m a ly  f o r  t h e  o r e  z o n e

t h e  HR NRM and  i n d u c e d  m a g n e t i z a t i o n  c a n  be n e g l e c t e d  an d

t h e  I F  NRM a u g m e n t s  t h e  i n d u c e d  m a g n e t i z a t i o n  ( J i )  by \7%»

S t a b i l i t y  t e s t s  show t h a t  NRM i s  n o t  l a b o r a t o r y - a c q u i r e d

v i s c o u s  r e m a n e n c e .  S h o ck  t e s t s  show t h a t  b l a s t i n g  may h av e

r e d u c e d  t h e  NRM i n t e n s i t y  by  L0% i n  c e r t a i n  s p e c i m e n s  c l o s e

t o  w h e re  b l a s t i n g  had- o c c u r e d .

A f t e r  AF c l e a n i n g ,  t h e r m a l  c l e a n i n g  and  c h e m i c a l
1

v i
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c l e a n i n g ,  t h e  r e m a n e n c e  o f  50% o f  t h e  I F  s a m p l e s  s u r v i v e  

s t a t i s t i c a l  s c r e e n i n g  t e s t s .  S m o o th in g  an d  c o n t o u r i n g  o f  t h e  

r e m a n e n c e  v e c t o r s  on  a  s t e r e o n e t  i s o l a t e d  a  s t a b l e  p r e f o l d i n g  

A re m a n e n c e  co m p o n e n t  o f  25.6°,  7 ° .  3 ° .  ( d e c l i n a t i o n ,  i n c l i n a t i o n )  

co n e  o f  9 5% c o n f i d e n c e )  w h ic h  i n d i c a t e s  an  a g e  0 ^ 2 .  7Ga.

I t  i s  t h o u g h t  t o  r e p r e s e n t  t h e  p r i m a r y  r e m a n e n c e  t h a t  t h e  

I F  a c q u i r e d  d u r i n g  d e p o s i t i o n .  A f t e r  s m o o t h i n g  an d  c o n ­

t o u r i n g ,  t h e  HR shows two s t a b l e  p o s t - f o l d i n g  re m a n e n c e  d i r ­

e c t i o n s .  The B co m p o n en t  i s o l a t e d  a t  305?  79? g i v e s  an  

ag e  o f ^ 2 . 1 5 G a  a n d  i s  a s s o c i a t e d  w i t h  t h e  i n t r u s i o n  o f  t h e  

O t t o  s y e n i t e  s t o c k .  The C co m p o n en t  i s o l a t e d  a t  ‘\90°,5i?%

*f° g i v e s  a n  ag e  o f ^ 1 . 8 5 G a  a n d  i s  p o s s i b l y  a s s o c i a t e d  w i t h  

t h e  e m p la c e m e n t  o f  t h e  A b i t i b i  d i k e  swarm o r  p o s s i b l y  t h e  

H u d s o n s i o n  o r o g e n y .  The d i a b a s e  d i k e  shows a  D co m ponen t  

o f  176? 33? 5 °v /h ic h  g i v e s  an  a g e  o f ~ 1 . 8 3 G a .

U s in g  a  c o m p u t e r  m o d e l  w h ic h  i n c o r p o r a t e s  t h e  

i n d u c e d  c o n p o n e n t ,  t h e  a n i s o t r o p y  o f  s u s c e p t i b i l i t y ,  t h e  NRM 

c o m p o n e n t ,  t h e  d e m a g n e t i z i n g  f a c t o r  o f  2tt, a n d  a s s u m in g  

an  i n f i n i t e  d e p t h  e x t e n t  f o r  t h e  I F .  The c o m p u te d  p e a k  

v a l u e s  f o r  t h e  S o u t h  p i t  a e r o m a g n e t i c  a n o m a ly  a t  t h e  Adams 

Mine i s  i n  e x c e l l e n t  a g r e e m e n t  w i t h  t h e  o b s e r v e d  a n o m a ly .

O t h e r  p i t s  g i v e  s i m i l a r  r e s u l t s .  A l s o ,  i f  t h e  d e p o s i t s  

w ere  f l a t - l y i n g  t h e  a n o m a l i e s  w o u ld  b e  r e d u c e d  t o  32.% o f  

t h e i r  p r e s e n t  p e a k  v a l u e s .

v i i
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CHAPTER I

INTRODUCTION

1•1 PROBLEM AND PROPOSAL

A i r b o r n e  a n d  g ro u n d  m a g n e t i c  s u r v e y s  t o  m e asu re  

t h e  m a g n e t i c  f i e l d  i n t e n s i t y  have  b e e n  t h e  p r i m a r y  

m e th o d s  u s e d  i n  t h e  e x p l o r a t i o n  f o r  i r o n  o r e  d e p o s i t s  

i n  O n t a r i o .  The m ost  i n t e n s e  a n o m a l i e s  a r e  t h e n  s u r ­

v e y e d  i n  g r e a t e r  d e t a i l  and  s a m p le d .  These  a n o m a l i e s  

a r e  u s u a l l y  found  o v e r  v e r t i c a l l y  d i p p i n g  b e d s  o f  i r o n  

f o r m a t i o n  ( I F ) .  The m a g n e t i z a t i o n  o f  t h e  I F  d e p e n d s  on 

t h e  n a t u r e  and  ab u n d an ce  o f  t h e  m a g n e t i c  m i n e r a l s ,  t h e  

a t t i t u d e  o f  t h e  b e d d i n g  w i t h  r e s p e c t  t o  t h e  E a r t h ' s  

m a g n e t i c  f i e l d  (EMF), t h e  d i r e c t i o n  and  i n t e n s i t y  o f  

t h e  r e m a n e n c e ,  and  t h e  a n i s o t r o p y  o f  m a g n e t i c  s u s c e p t i ­

b i l i t y .

The p u r p o s e  o f  t h e  s t u d y  i s  t w o f o l d :  1) t o  d e f i n e

t h e  m a g n e t i c  p r o p e r t i e s  o f  t h e  I F  a t  t h e  Adams Mine w i t h  

t h e  a im  o f  c o n s t r u c t i n g  a  m a g n e t i c  m ode l  t o  a s s i s t  i n  

t h e  i n t e r p r e t a t i o n  o f  a e r o m a g n e t i c  a n d  m a g n e to m e te r  s u r ­

v e y s ;  and  2) t o  m e a su re  t h e  p a l e o m a g n e t i c  p r o p e r t i e s  o f  

t h e  I F  and  h o s t  r o c k  (HR) so  t h a t  t h e  o r e  g e n e s i s  o f  

t h e  d e p o s i t s  c a n  be d e t e r m i n e d .  T hese  two f a c t o r s  w i l l  

h e l p  i n  p r o p o s i n g  a  more m e a n i n g f u l  and  s u c c e s s f u l  ex ­

p l o r a t i o n  r a t i o n a l e .
i

T h i s  s t u d y  ex am in es  t h e  Adams Mine d e p o s i t  n e a r

1
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K i r k l a n d  Lake i n  B o s to n  Tow nsh ip  ( F i g u r e  1 ) .  The 

g e o g r a p h i c  c o - o r d i n a t e s  o f  t h e  mine a r e  l o n g i t u d e  

7 9 . 90°W, and  l a t i t u d e - 4 8 . 01°N .

1 . 2  HISTORY OF THE MINE

The Adams Mine i s  l o c a t e d  i n  t h e  B o s to n  T ow nsh ip  

i r o n  r a n g e .  The i r o n  r a n g e  was d i s c o v e r e d  i n  1902 .

The e a r l i e s t  g e o l o g i c  r e p o r t  i s  a t t r i b u t e d  t o  D r .

G.A. Young ( R a t c l i f f e ,  1 9 5 7 ) .  How ever ,  t h e  d e p o s i t  

l a y  d o rm a n t  f o r  t h e  n e x t  46 y e a r s  b e c a u s e  o f  i t s  low 

i r o n  ( F e )  c o n t e n t .

I n  1948 t h e  Dominion G u l f  Company c o n d u c t e d  an  a i r ­

b o r n e  m a g n e to m e te r  s u r v e y  o v e r  t h e  a r e a  a t  an  e l e v a t i o n  

o f  150ra w h ich  r e v e a l e d  a  1 7 .0 0 0  & a n o m a ly .  The s t r o n g  

m a g n e t i c  a n o m a l i e s  w ere  c a u s e d  by- a  num ber  o f  r a t h e r  co n ­

t i n u o u s  b e d s  o f  b a n d e d  I F  up t o  180m w i d e .  U n f o r t u n a t e l y  

few b e d s  e x c e e d e d  a  20% Fe c o n t e n t  o v e r  a  w i d t h  o f  30m 

an d  so  e x p l o r a t i o n  i n t e r e s t  d i m i n i s h e d .

I n  1954, J o n e s  and  L a u g h l i n  S t e e l  C o r p o r a t i o n  

o p t i o n e d  t h e  p r o p e r t y  f rom Dominion G u l f  an d  c o n t i n u e d  

t h e  e x p l o r a t i o n  w ork  i n  r e s p o n s e  t o  an  i n c r e a s i n g  demand 

f o r  i r o n .

I n  1962 J o n e s  and  L a u g h l i n  a n n o u n c e d  t h e  d e c i s i o n  

t o  d e v e l o p  t h e  p r o p e r t y  a t  a  p r o d u c t i o n  l e v e l  o f  1 , 0 0 0 , 0 0 0  

t o n s  o f  i r o n  o r e  p e l l e t s  p e r  y e a r .  Over  t h e  n e x t  two

a n d  a  h a l f  y e a r s ,  t h e  S o u t h  a n d  C e n t r a l  o r e b o d i e s  

w ere  p r e p a r e d  f o r  p r o d u c t i o n  w h i l e  t h e  p l a n t  w a s 1b e i n g

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3

1 . L o c a t i o n  o f  t h e  Adams Mine

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



k

c o n s t r u c t e d .  The f i r s t  s h i p m e n t  o f  p e l l e t s  was made i n  

D ecem ber  196if,
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CHAPTER I I

'geology

2 .1  REGIONAL GEOLOGY

The g e o l o g y  o f  t h e  m ine  a r e a  h a s  b ee n  s t u d i e d  

by  Dubuc ( 1965) an d  Law ton  ( 1 9 5 7 )  ( F i g u r e  2 7 , The 

f o l l o w i n g  i s  a  b r i e f  summary from t h e i r  r e p o r t s .

The r o c k s  o f  t h e  B o s to n  T ow n sh ip  a r e  P r e c a m b r i a n  

i n  a g e  ( T a b l e  1 ) .  They c o n s i s t  m a i n l y  o f  A rc h e a n  v o l -  

c a n i c s ,  s e d i m e n t s  and  i n t r u s i v e s .  The A rc h e a n  r o c k s  a r e  

i n t r u d e d  by P r o t e r o z o i c  d i a b a s e  d i k e s .

The o l d e s t  A rc h e a n  r o c k s  i n  t h e  a r e a  a r e  a  s e r i e s  

o f  K e e w a t i n - t y p e  l a v a  f lows, . ,  v o l c a n i c  f r a g m e n t a l  r o c k s  

an d  s e d i m e n t a r y  r o c k s .  The I F  i s  an  i m p o r t a n t  member 

o f  t h i s  s e r i e s .  U n c o n fo rm a b ly  o v e r l y i n g  t h e  K e e w a t i n - t y p e  

r o c k s  a r e  t h e  T i m i s k a m i n g - t y p e  c l a s t i c  s e d i m e n t s  w h ic h  

-  a r e  d o r a i n a t e l y  c o n g l o m e r a t e s  and  g r e y w a c k e s . .

T h e r e  a r e  two g r o u p s  o f  A rc h e a n  b a s i c  i n t r u s i v e s  o f  

p o s t - K e e w a t i n  a g e .  The o l d e r  g r o u p  i s  com posed  o f  

d i o r i t e  and  m e t a d i o r i t e  an d  t h e  y o u n g e r  g r o u p  i s  com posed  

o f  s e r p e n t i n i t e ,  h o r n e b l e n d i t e , d i o r i t e  an d  m in o r  d i o r i t e  

p o r p h y r y .

T h e se  A rc h e a n  r o c k s  u n d e r w e n t  f o l d i n g  an d  f a u l t i n g  

w h ic h  r e s u l t e d  i n  an  e a s t e r l y  s t r i k i n g  s y n c l i n a  w i t h  i t s  

s o u t h  l i m b  rem oved  by f a u l t i n g  yand e r o s i o n .  A f t e r  d e f o r m a t i o n
v

t h e  r o c k s  w ere  t h e n  i n t r u d e d  by H a i l e y b u r i a n - t y p e  d i o r i t e s ,  

s e r p e n t i n i t e s  an d  g a b b r o s .  T h ese  we-re f o l l o w e d  by A lgom an-

5
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FIG. 2 .  R e g i o n a l  g e o l o g y  o f  t h e  Adams Mine a r e a
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TABLE 1 .  T a b le  o f  l i t h o l o g i c  u n i t s  (K.D. L aw to n .  1957)

CENOZOIC
R e c e n t  and  
P l e i s t o c e n e

PRECAMBRT/m

PROTEROZOIC
A b i t i b i

ARCHEAN
Algoman:

H a i l e y b u r i a n :

T im i s k a m i n g :

P o s t - K e e w a t i n :

K e e w a t in :

A p p ro x .  
R a d i o m e t r i c  

Age (Ma)

C l a y ,  s a n d ,  g r a v e l  and 
b o u l d e r s

- U n c o n fo rm i ty -----------------------------------------------

D i a b a s e  2 1 ^0 ^

- I n t r u s i v e  C o n t a c t --------------------------------- — _

S y e n i t e  I n t r u s i o n - L e b e l  2^00^
S y e n i t e  s t o c k
S y e n i t e  and l a m p ro p h y r e
d i k e s

- I n t r u s i v e  C o n t a c t ---------------------------------------

D i o r i t e ;  g a b b ro

- I n t r u s i v e  C o n t a c t ---------------------------------------

F in e  g r a i n e d  s e d i m e n t a r y  2^1 82
r o c k s
C o n g lo m e ra te

-U n c o n fo rm i ty ------------------------------------------------

D i o r i t e  and  M e t a d i o r i t e

• I n t r u s i v e  C o n t a c t ---------------------------------------

C h e r t y  O u a r t z i t e  2 7 0 3 1
I r o n  F o r m a t io n
B a s i c  and  I n t e r m e d i a t e  V o l c a n i c

NOTES; 1 , Nunes and  J e n s e n  ( 1 9 8 0 ) ;  2 .  F a i r b a i r n  e_fc a i  
( 1 9 6 6 ) ;  3 .  P u rd y  and  York ( 1 9 6 8 ) ;  4 .  H u r l e y  and  G a te s  
( 1 9 7 3 ) .
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t y p e  g r a n i t e s ,  s y e n i t e s  an d  f i n a l l y  by A b i t i b i - t y p e  d i k e s  

i n c l u d i n g , m o r e  b a s i c  d e r i v a t i v e s .

2 . 2  BOSTON TOWNSHIP IRON RANGE

The i r o n  d e p o s i t s  i n  B o s to n  T ow nsh ip  a r e  l o w - g r a d e  

A lg o m a n - ty p e  b a n d e d  I F .  They a r e  c o n f i n e d  t o  a  s i n g l e  

r a n g e  w h ich  i s  9 . 6  km l o n g  and  v a r i e s  i n  t h i c k n e s s  from 

8 5 0 - t o  1100 m. The r a n g e  i s  n o t  o f  econom ic  i n t e r e s t  

t h r o u g h o u t  i t s  e n t i r e  l e n g t h .  The g e n e r a l  s h a p e  o f  t h e  

r a n g e ,  i s  a n  a r c  w h ic h  i s  more, o r  l e s s  c o n f o r m a b l e  t o  . th e  

s o u t h e a s t e r n  b o u n d a r y  o f  t h e  A lg o m a n - ty p e .  Le.bel s y e n i  

s t o c k . .  The s t o c k  i s  a .  l a r g e  c i r c u l a r  i n t r u s i o n  o f  ~6.l t-  km 

d i a m e t e r  w h ic h  i s  s i t u a t e d - 1 km n o r t h w e s t  o f  t h e  i r o n  r a n g e .

The r a n g e  i s  made up  o f  s e v e r a l  h o r i z o n s  o f  I F  

an d  c h e r t y  q u a r t z i t e  s e p a r a t e d  m a i n l y  by  b a s i c  t o  i n  

t e r m e d i a t e  l a v a  f l o w s  o f  b a s a l t  an d  a h d e s i t e  c o m p o s i t i o n .  

M in o r  i n t e r b e d s  o f  t u f f a c e o u s  s e d i m e n t a r y  r o c k s  and  a c i d i c  

v o l c a n i c  r o c k s  a r e  a l s o  p r e s e n t .  I r r e g u l a r  i n t r u s i v e  

b o d i e s  o f  H a i l e y b u r i a n - t y p e  d i o r i t e  o r  m e t a d i o n t e ,  

A lg o m a n - ty p e  s y e n i t e  an d  l a m p r o p h y r e  c u t  t h e  I F  s t r a t a  

w i t h i n  t h e  r a n g e .

2 . 2 . 1  I r o n  F o r m a t i o n

The I F  i s  t y p i c a l  o f  t h a t  found  i n  t h e  K e e w a t in  

s e r i e s  o f  P r e c a m b r i a n  r o c k s  i n  t h e  S u p e r i o r  G e o lo g i c  

P r o v i n c e  (Moore an d  A rm s t r o n g ,  1 9 ^ 6 ) .  I t  is -  a  w e l l - b a n d e d  

s e d i m e n t a r y  r o c k  c o n s i s t i n g  e s s e n t i a l l y  o f  a l t e r n a t i n g
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l a y e r s  o f  m a g n e t i t e  a n d  c h e r t .  The m a g n e t i t e  b e d s  a r e  

b l a c k  w i t h  a  v e r y  f i n e  g r a i n  s i z e  o f  l e s s  t h a n  1 mm.

The m a g n e t i t e  l a y e r s  h a v e  a n  a v e r a g e  t h i c k n e s s  o f  1 cm

a n d  r a r e l y  e x c e e d  2 , 5  cm. The c h e r t  b e d s  v a r y  f rom g r e y ­

i s h  t o  r e d d i s h  i n  c o l o u r .  T h e i r  g r a i n  s i z e  i s  g e n e r a l l y

v e r y  f i n e  a l s o ,  b u t  o c c a s i o n a l l y  a  s u g a r y  t e x t u r e  c a n  

b e  d e t e c t e d .  The c h e r t  l a y e r s  o c c u r  a s  f i n e  l a m i n a e  o r  

m a s s i v e  b e d s  s e v e r a l  c e n t i m e t r e s  t h i c k .

M in o r  a m o u n t s  o f  o t h e r  m i n e r a l s  a r e  a l s o  fo u n d  i n  

t h e  I F .  R e d d i s h  g a r n e t  o c c u r s  a s  i s o l a t e d  m a s s e s  o f  

a n h e d r a l  g r a i n s .  I n  p l a c e s ,  t h e  g a r n e t  i s  a c c o m p a n i e d  

by  e p i d o t e .  W i t h i n  t h e  m a g n e t i t e  l a y e r ,  h e m a t i t e  o c c u r s  

a s  s m a l l  i r r e g u l a r  l e n s e s  a n d  a s  t h i n  i n d i v i d u a l  b e d s .

I t  i s  fo u n d  w h e r e  t h e  c h e r t  l a y e r s  a r e  r e d d i s h  i n  c o l o u r .  

T r e m o l i t e  a n d  a c t i n o l i t e  n e e d l e s  a r e  g e n e r a l l y  p r e s e n t  

w i t h i n  o r  a d j a c e n t  t o  t h e  m a g n e t i t e  l a y e r s .  C h l o r i t e  i s  

a b u n d a n t  a n d  o c c u r s  a s  m a s s i v e  b e d s  f rom  t h e  a l t e r a t i o n  

o f  b a s i c  v o l c a n i c  r o c k s .  P y r i t e  i s  i n v a r i a b l y  fo u n d  w i t h  

t h e  c h l o r i t e  e i t h e r  a s  t h i n  l a y e r s  o r  a s  s c a t t e r e d  c u b e s .

2 . 2 . 2  C h e r t y  Q u a r t z i t e

The c h e r t y  q u a r t z i t e ,  p r e d o m i n a t e l y  s i l i c a ,  i s  

s i m i l a r  t o  t h e  c h e r t  o f  t h e  I F  a n d  l i k e l y  h a s  t h e  same 

o r i g i n .  The m a g n e t i c  i r o n  c o n t e n t  r a r e l y  e x c e e d s  3% 

a n d  t h e r e f o r e  t h e  c h e r t y  q u a r t z i t e  i s  u s u a l l y  c o n s i d e r e d  

t o  b e  a  h i g h l y  s i l i c e o u s  f a c i e s  o f  t h e  I F .  The m a g n e t i t e  

o c c u r s  m o s t l y  a s  d i s s e m i n a t i o n s  i n  t h e  s i l i c a .  G r a p h i t e
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i s  f o u n d  a s  a  f i n e  d i s s e m i n a t i o n  a n d  g e n e r a l l y  i m p a r t s  

a  b l a c k  c o l o u r  t o  l o c a l  c h e r t  b a n d s *  P y r i t e  an d  p y r -  

r o h o t i t e  a r e  q u i t e  common* They a r e  fo u n d  i n  b e d s  up 

t o  15 cm t h i c k *  The h i g h e r  t h e  p e r c e n t a g e  o f  c h e r t ,  

t h e  p o o r e r  t h e  b e d d i n g  . d e f i n i t i o n ,  a n d  t h u s  t h e  

c h e r t y  q u a r t z i t e  i s  n o t - a s  w e l l  b e d d e d '  a s  t h e  I F .

On t h e  a v e r a g e  t h e  c h e r t y  q u a r t z i t e  b e d s  a r e  o n l y  6 t o  

9 m t h i c k ,  b u t  t h e y  may r e a c h  3 0 5  m i n  s u r f a c e  w i d t h  

o v e r  a  l e n g t h  o f  1*5 km*

2 * 2 . 3  B a s i c  a n d  I n t e r m e d i a t e  V o l c a n i c s

The K e e w a t i n - t y p e  v o l c a n i c  r o c k s  w i t h i n  t h e  i r o n  

r a n g e  a r e  b a s i c  t o  i n t e r m e d i a t e  i n  c o m p o s i t i o n .  They 

a r e  f o u n d  a s  m a s s i v e  f l o w s  w h ic h  v a r y  i n  t e x t u r e  fhom v e r y  

f i n e  t o  c o a r s e .  P i l l o w  s t r u c t u r e s ,  w h e re  p r e s e n t ,  h a v e  

b e e n  u s e d  f o r  s t r a t i g r a p h i c  t o p  d e t e r m i n a t i o n s .  F i n e  

g r a i n e d ,  v e r y  w e l l  b e d d e d  t u f f s  a r e  m o s t  a b u n d a n t  a t  t h e  

e a s t  a n d  w e s t  e n d s  o f  t h e  r a n g e .  I n  some p l a c e s ,  t h e  

c o n t a c t  b e t w e e n  t h e  I F  a n d  l a v a  f l o w s  i s  s e p a r a t e d  by 

a  z o n e  o f  l i g h t  g r e e n i s h  s e d i m e n t a r y  r o c k ,  g e n e r a l l y  

3 t o  i f . 5 m w i d e ,  w h ic h  i s  p r o b a b l y  t u f f a c e o u s  i n  o r i g i n .

2 . 2 . 4  I n t r u s i v e s  

2 . 2 . 4 a  L a m p ro p h v re  D i k e s

The l a m p r o p h y r e  d i k e s  a r e  g r e y i s h  g r e e n  an d  c h a r ­

a c t e r i z e d  by b i o t i t e  p h e n o c r y s t s  i n  a  f i n e  g r a i n e d  

m a t r i x .  S m a l l  i s o l a t e d  c h l o r i t i z e d  z o n e s  a r e  common 

i n  t h e  d i k e s .  T h e s e  z o n e s  p r o b a b l y  r e p r e s e n t  a l t e r e d
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v o l c a n i c  i n c l u s i o n s .  The l a m p r o p h y r e  d i k e s  w e r e  i n t r u d e d  

l a t e  i n  t h e  A r c h e a n  a n d  may r e p r e s e n t  t h e  l a s t  i g n e o u s  

a c t i v i t y  o f  t h e  t e r m i n a l  A lgoman o r o g e n y  ( L a w t o n ,  1 9 5 7 ) •

I n  t h e  S o u t h  a n d  C e n t r a l  o r e b o d i e s  ( F i g u r e  3 )  t h e r e  

a r e  n o r t h e a s t ,  t r e n d i n g  l a m p r o p h y r e  d i k e s  up  t o  1 m i n  

t h i c k n e s s .  L a m p r o p h y r e  d i k e s  up  t o  3 m w id e  a l s o  o c c u p y  

a  w e l l  d e f i n e d  e a s t - w e s t  f r a c t u r e  p a t t e r n ,  w i t h  a  few 

t h i n  d i k e s  t r e n d i n g  n o r t h w e s t e r l y .  A t l e a s t  two d i f f e r ­

e n t  a g e s  o f  l a m p r o p h y r e  h a v e  b e e n  e s t a b l i s h e d  b e c a u s e  

t h e  e a s t - w e s t  s y s t e m  i s  c u t  by  t h e  n o r t h e a s t  t r e n d i n g  

s y s t e m .

2 . 2 . 4 b  S y e n i t e  S t o c k  a n d  D i k e s

The L e b e l  S y e n i t e  s t o c k  i s  l o c a t e d  4*6  km t o  t h e
»

WSW o f  t h e  i r o n  r a n g e .  I t  c l o s e l y  r e s e m b l e s  t h e  O t t o  

s y e n i t e  s t o c k .  They  a r e  p r o b a b l y  c o m a g m a t ic  a n d  may be  

u p w a rd  p r o t u b e r a n c e s  o f  a  l a r g e  b o d y  o f  s y e n i t e  o r  g r a n i t e  

( L a w t o n ,  1 9 5 7 ) .

The L e b e l  s y e n i t e  i s  co m p o sed  o f  a n  a g g r e g a t e  o f  

c o a r s e  f e l d s p a r  c r y s t a l s  s e t  i n  a  s p a r s e  g r o u n d m a s s  o f  

m a f i c  m i n e r a l s  a n d  f i n e  f e l d s p a r  g r a i n s .  M a r g i n a l  p h a s e s  

o f  t h e  s t o c k  may b e  m ore  b a s i c  t h a n  t h e  i n t e r i o r  o f  t h e  

m a ss  o w in g  t o  a s s i m i l a t i o n  o f  c o u n t r y  r o c k .

The s y e n i t e  d i k e s  a r e  co m p o sed  p r e d o m i n a t e l e l y  o f  med­

ium  g r a i n e d  f e l d s p a r .  I n  p l a c e s ,  s e p a r a t e  i n t r u s i o n s  o f  

l a m p r o p h y r e  a n d  s y e n i t e  d i k e s  o c c u r  s i d e  b y  s i d e .  I n

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

30

10
G E O L O G I C A L  MAP  O P  T H C  AD A M S  MSNF

15

CH E R T Y O U A R T Z I T C

I RON F O R M A T I O N
N O R T H  FI T

L E A N  I RON F O R M A T I O N

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

OP EN FI T  O R E B O D V

S T R I K E  AND OI F 

S Y N C L I N A L  AXI SX
H O S T  R O C K  S A M P L E  L O C A T I O N

•18

C E N T R A L  PIT< 

\ 34*t,
18

25

84 33

P L A N T  S I T E
3 1

38
30 30

S O U T H  PI T
TO S e a l *  I f  M a l r t a

32 28
660330

27
2640

41
42

38 37

30

FIG . 3 .  G e o lo g y  map o f  Adams Mine

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

o t h e r  p l a c e s  t h e  c o m p o s i t i o n  o f  t h e  d i k e  i s  g r a d a t i o n a l  

b e t w e e n  a  l a m p r o p h y r e  a n d  a  s y e n i t e .  P r e s u m a b l y  t h e  

p a r e n t  magma ;h a s  d i f f e r e n t i a t e d  t o  g i v e  r i s e  i n  m o s t  

c a s e s  t o  e i t h e r  a n  a c i d  o r  b a s i c  d i k e  b u t  i n  a  few  c a s e s  

t o  a n  i n t r u s i o n  o f  some i n t e r m e d i a t e  c o m p o s i t i o n  (D u b u c ,  

1 9 6 5 ) .

2 .2 .Z fc  D i a b a s e  D ik e

D i a b a s e  d i k e s  o f  A b i t i b i  a g e  i n t r u d e  t h e  A rc h e a n  

r o c k s .  A s t e e p l y - d i p p i n g  d i a b a s e  d i k e  o f  50m i n  s u r f a c e  

w i d t h  h a s  i n t r u d e d  t h e  S o u t h  o r e b o d y  a t  a b o u t  i t s  m id ­

p o i n t .  The d i a b a s e  c o n s i s t s  o f  a  t y p i c a l  d a r k  g r e e n i s h -  

g r e y  m a s s i v e  d i a b a s e  w h i c h  w e a t h e r s  t o  a  d a r k  b row n  c o l o u r .  

I t  show s  d i a b a s e  t e x t u r e  w i t h  c h i l l e d  m a r g i n s  an d  a  c o a r s e -  

g r a i n e d  c e n t r a l  p o r t i o n .

2 . 3  GEOLOGICAL HISTORY

The I F  i n  t h e  B o s t o n  T o w n s h ip  i s  a  s e d i m e n t a r y  

d e p o s i t .  The m a in  c o n s t i t u e n t s ,  o f  t h e  I F  a r e  s i l i c a  a n d  

i r o n .  T h e i r  s o u r c e  i s  t h o u g h t  t o  b e  f rom  t h e  w e a t h e r ­

i n g  a n d  l e a c h i n g  o f  t h e  e a r l i e r  v o l c a n i c  f l o w s  a n d  t u f f s  

( A r m s t r o n g  a n d  M o o re ,  19^-6).  The s i l i c a  a n d  i r o n  w e re  

t r a n s p o r t e d ,  p r o b a b l y  i n  t h e  c o l l o i d a l  s t a t e  t o  b a s i n s  

o f  a c c u m u l a t i o n  w h e re  t h e y  w e re  d e p o s i t e d  a s  c h e m i c a l  

s e d i m e n t s .  The g e n e r a l  s e q u e n c e  o f  d e p o s i t i o n  a p p e a r s

t o  b e  l e a n  i r o n  f o r m a t i o n ,  f o l l o w e d  by  m a g n e t i t e  o x i d e

f a c i e s  I F ,  a n d  f i n a l l y  c h e r t y  q u a r t z i t e .  C o n s o l i d a t i o n
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a n d  m e ta m o rp h i s m  f o l l o w e d  d u r i n g  w h i c h  rthe I F  was r e ­

c r y s t a l l i z e d  t o  i t s  p r e s e n t  s t a t e .

T h i c k  v o l u m e s  o f  I F  a n d  p y r o c l a s t i c s  a r e  e v i d e n c e  

f o r  c o n s i d e r a b l e  v o l c a n i c  a c t i v i t y  d u r i n g  d e p o s i t i o n  o f  

t h e  I F .  The i n t e r c a l a t e d  v o l c a n i c  f l o w s  a p p e a r  t o  h a v e  

i n v a d e d  o n l y  p a r t  o f  t h e  s e d i m e n t a r y  b a s i n  a t  a n y  one  

t i m e .  I n  t h e  w e s t e r n  p o r t i o n  o f  t h e  r a n g e ,  w h e r e  o n l y  

s m a l l  d e t a c h e d  l e n s e s  o f  I F  o c c u r ,  v o l c a n i c  f l o w s  l i k e ­

l y  c o v e r e d  t h e  w h o le  a r e a .

2.Zf STRUCTURE OF THE BOSTON TOWNSHIP IRON RANGE

The p r e s e n c e  o f  a  s y n c l i n e  i n  t h e  n o r t h e a s t  end  

i s  i n d i c a t i v e  o f  t h e  s t r u c t u r e  o f  t h e  i r o n  r a n g e .  The 

a x i s  o f  t h e  f o l d  s t r i k e s  N35^ E  a n d  p l u n g e s  s t e e p l y  a t  

~ 6 0 °S W .

I n . t h e  e a s t  a n d  n o r t h e a s t  p o r t i o n  o f  t h e  r a n g e  t h e  

l i m b s  d i p  5 0 ^ 0  90°to  t h e  s o u t h . a n d  s o u t h e a s t .  H o w ev er ,  

a t  t h e  e x t r e m e  n o r t h e a s t  end  t h e  d i p s  c h a n g e  f rom  v e r t ­

i c a l  t o  n o r t h w e s t .  At l e a s t  two m a in  h o r i z o n s  o f  I F  i n  

t h e  n o r t h e a s t e r n  p o r t i o n  a r e  o v e r t u r n e d  a n d  f a c i n g  n o r t h -  

n o r t h w e s t  a s  i n d i c a t e d  b y  p i l l o w  s t r u c t u r e s .  I t  w o u ld  

t h e r e f o r e  a p p e a r  t h a t  t h e  I F  s e r i e s  i s  t h e  r e s u l t  o f  

i s o c l i n a l  f o l d i n g  t o  y i e l d  a n  o v e r t u r n e d  s o u t h e a s t e r n  

l i m b  of., a  m a j o r  s y n c l i n a l  s t r u c t u r e .  M ost  o f  t h e  n o r t h ­

e a s t e r n  l i m b  i s  t r u n c a t e d  by  t h e  L e b e l  s y e n i t e  s t o c k .

S e v e r a l  f a u l t s ,  r a d i a l  t o  t h e  L e b e l  s y e n i t e  s t o c k ,  

a r e  f o u n d  c u t t i n g  t h e  i r o n  r a n g e .  Where t h e s e  f a u l t s  h a v e
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c u t  t h e  I F ,  v e r y  l i t t l e  d i s p l a c e m e n t  a p p e a r s  t o  h a v e  

t a k e n  p l a c e .

2 . 5  0 REBODIES

E n l a r g e m e n t s  o f  t h e  I F  h o r i z o n s  c a u s e d  by  f o l d i n g  

a n d  b r e c c i a t i o n  l e d  t o  t h e  d e v e l o p m e n t  o f  t h e  o r e -  

b o d i e s .  A t o t a l  o f  e i g h t  d i f f e r e n t  o r e b o d i e s  h a v e  b e e n  

o u t l i n e d  on t h e  Adams M ine p r o p e r t y  o f  w h ic h  s e v e n  a r e  

l o c a t e d  i n  t h e  e a s t e r n  p o r t i o n  o f  t h e  r a n g e .

The o r e b o d i e s  a r e  e s s e n t i a l l y  made up  o f  I F  w h i c h  

g r a d e s  u p  t o  26% m a g n e t i c  Fe o v e r  w i d t h s  e x c e e d i n g  

90m. I n  some p l a c e s ,  e s p e c i a l l y  a l o n g  t h e  h a n g i n g  

w a l l s ,  t h e r e  a r e  m i n o r  a m o u n t s  o f  l e a n  I F  g r a d i n g  f rom  

12 t o  m a g n e t i c  F e .

S t r u c t u r a l l y  t h e  i n d i v i d u a l  o r e b o d i e s  a r e  q u i t e  

c o m p l e x .  C o n t a c t s  a r e  q u i t e  i r r e g u l a r  an d  o f t e n  r e ­

v e r s e  t h e i r  p o s i t i o n  l o c a l l y  w i t h o u t  t h e  i n f l u e n c e  o f  

f a u l t i n g .  S u c h  s i t u a t i o n s  a r e  c a u s e d  by s e v e r e  f o l d ­

i n g  a n d  t h e  p i n c h i n g  o u t  o f  b e d s .  I t  i s  a l s o  b e l i e v e d  

t h a t  c o n s i d e r a b l e  d i s l o c a t i o n  o f  t h e  b e d s  t o o k  p l a c e  

d u r i n g  t h e  p e r i o d  o f  s e d i m e n t a t i o n  a n d  a  c e r t a i n  am o u n t  

o f  s l u m p i n g  m u s t  h a v e  t a k e n  p l a c e  p r i o r  t o  i n d u r a t i o n  

(D u b u c ,  1 9 6 5 ) .
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CHAPTER I I I

EXPERIMENTAL METHODS

3 . 1  SAMPLING

I n  o r d e r  t o  e n s u r e  a s  c o m p l e t e  a  c o v e r a g e  o f  t h e  

Adams M ine a s  p o s s i b l e  171 h a n d - o r i e n t e d  i r o n  fo rm ­

a t i o n  ( I F )  s a m p l e s  a n d  1+3 d r i l l e d  h o s t  r o d k  (HR) 

s i t e s  w e r e  c o l l e c t e d .

The 171 I F  s a m p l e s  w e re  c o l l e c t e d  a s  u n i f o r m l y  a s  

p o s s i b l e  t h r o u g h o u t  t h e  f o u r  p i t s  ( F i g u r e s  4 a - d ) .

E a c h  s a m p l e  was  h a n d  o r i e n t e d  i n  s i t u  u s i n g  t o p o ­

g r a p h i c  s i t i n g s  an d  a  m o d i f i e d  i n c l i n o m e t e r  t o  a n  a c ­

c u r a c y  o f ~ 3 °

At e a c h  o f  t h e  1+3 HR s i t e s  ( F i g u r e  3 ) ,  3 c o r e s  

w e r e  d r i l l e d  s e v e r a l  m e t r e s  a p a r t .  The c o r e s  w e r e  o r ­

i e n t e d  i n  s i t u  u s i n g  a  s o l a r  co m p a s s  a l o n g  w i t h  a  B r u n -  

t o n  co m p a s s  a n d  t o p o g r a p h i c  s i t i n g s  t o  an  a c c u r a c y  o f - ~ 2°

3 . 2  SAMPLE PREPARATION

The HR s i t e s  w e re  d r i l l e d  u s i n g  a  2 .5 c m  d i a m e t e r  

b a r r e l .  E ach  c o r e  was c u t  i n t o  a t  l e a s t  two 2 * 5 zfcm 

l o n g  c o r e  s p e c i m e n s  y i e l d i n g  a  t o t a l  o f  529  HR s p e c i m e n s .

From e a c h  o f  t h e  171 h a n d  s a m p le s ,  a t  l e a s t  l+ s p e c ­

i m e n s  o f  1cm d i a m e t e r  a n d  0 . 8 6 cm l e n g t h  w e re  d r i l l e d  f o r  

a l t e r n a t i n g  f i e l d  (AF) c l e a n i n g .  An a d d i t i o n a l  2 s p e c -  

mens w e re  d r i l l e d  f rom  e a c h  s a m p le  w h e r e  p o s s i b l e '  f o r

16
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t h e r m a l  a n d  c h e m i c a l  c l e a n i n g  a l o n g  w i t h  o t h e r  s t a b ­

i l i t y  t e s t s .

B e c a u s e  i t  i s  p o s s i b l e  t h a t  t h e  s m a l l  I F  c o r e s  

c o u l d  b e  c o n f i n e d  t o  one  b a n d  o f  t h e  I F  an d  h e n c e  be  

u n r e p r e s e n t a t i v e  o f  t h e  I F  a s  a  w h o l e ,  15 l a r g e  2 .5 0 cm  

d i a m e t e r  s p e c i m e n s  w e re  d r i l l e d  f rom  some h a n d  s a m p l e s .

3 . 3  SAMPLE TREATMENT

3 . 3 . 1  S p e c i f i c  G r a v i t y

The s p e c i f i c  g r a v i t y  was m e a s u r e d  w i t h  a  m o d i f i e d  

p i c n o m e t e r  on 547  I F  s p e c i m e n s  t o  a n  a c c u r a c y  o f  + 0 .0 0 1

g i r t / c m ^ .

3 . 3 . 2  M a g n e t i c  S u s c e p t i b i l i t y
•»

The 524 HR s p e c i m e n s ,  t h e  589 s m a l l  I F  s p e c i m e n s  

an d  t h e  15 l a r g e  I F  s p e c i m e n s  w e re  m e a s u r e d  u s i n g  a  

t o r o i d  b r i d g e  ( C h r i s t i e  an d  Sym ons,  1969) t o  f i n d  t h e i r  

l o w - f i e l d  s u s c e p t i b i l i t y  p e r p e n d i c u l a r  t o  b e d d i n g  (Kj_) •

3 . 3 . 5  a n t r n p y  o f  M a g n e t i c  S u s c e p t i b i l i t y

The l o w - f i e l d  m a g n e t i c  s u s c e p t i b i l i t y  o f  t h e  592 

s m a l l  I F  s p e c i m e n s  an d  t h e  15 l a r g e  I F  s p e c i m e n s  was 

m e a s u r e d  on t h e  t o r o i d  b r i d g e  a l o n g  9 d i r e c t i o n s .  The 

p r i n c i p a l  a x i a l  d i r e c t i o n s  and  m a g n i t u d e s  o f  t h e  s u s ­

c e p t i b i l i t y  e l l i p s o i d  w e re  co m p u ted  f rom  t h e  m a t r i x  

e l e m e n t s .  I t  i s  i m p o r t a n t  f o r  t h i s  m e a s u r e m e n t  t h a t  

t h e  l e n g t h  t o  d i a m e t e r  r a t i o  i s  0 . 8 6 .
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3 . 3 . 4  N a t u r a l  Remanent M a g n e t i z a t i o n

The n a t u r a l  r e m a n e n t  m a g n e t i z a t i o n  (NEM) o f  1476 

s p e c im e n s  was m e a s u re d  on a  S c h o n s t e d t  SSM-1A s p i n n e r  

m a g n e to m e te r  u s i n g  e i t h e r  a  3 - s p i n  o r  6- s p i n  mode d e ­

p e n d i n g  on t h e  s t r e n g t h  o f  t h e i r  m a g n e t i c  s i g n a l .  The 

NEM i n t e n s i t y  an d  d i r e c t i o n  f o r  e a c h  s p e c im e n  w ere  com­

p u t e d  from t h e  m e a s u r e m e n t s  made a l o n g  t h e i r  t h r e e  

p r i n c i p l e  d i r e c t i o n s .

3 . 3 . 5  AF D e m a g n e t i z a t i o n

A t o t a l  o f  70 I F  p i l o t  s p e c im e n s  w i t h  a  homogeneous 

NEM d i r e c t i o n  and  an  a v e r a g e  i n t e n s i t y  w ere  s e l e c t e d  f o r  

c l e a n i n g  by AF d e m a g n e t i z a t i o n .  The s p e c im e n s  w ere  s e -0

l e c t e d  t o  e q u a l l y  r e p r e s e n t - ,  t h e  f o u r  p i t s  t h a t  were  

s a m p le d .  Each s p e c im e n  was s t e p  d e m a g n e t i z e d  i n  AF 

f i e l d s  o f  5 > 10 , 1 5 * 2 0 , 3 0 , 4 0 j 5 0 , 6 0 , 7 0 , 8 0 , 9 0  and  100mT p e a k  

i n t e n s i t y  u s i n g  a  S c h o n s t e d t  GSD-1 AF d e m a g n e t i z e r .

One p i l o t  s p e c im e n  was s e l e c t e d  from e a c h  HE s i t e  

w h ic h  had  a  r e p r e s e n t a t i v e  NEM d i r e c t i o n  and  i n t e n s i t y  

f o r  t h a t  s i t e .  The p i l o t  s p e c im e n s  w ere  c l e a n e d  by AF
m

s t e p  d e m a g n e t i z a t i o n . i n  t h e  same p e a k  a l t e r n a t i n g  

f i e l d s  a s  u s e d  f o r  t h e  I F .

B e c a u s e  i t  w ould  be t o o  t im e  co n su m in g  t o  AF s t e p  

d e m a g n e t i z e  and  m e a su re  . a l l  o f  t h e  s p e c i m e n s ,  t h e  p i l o t  

s p e c im e n s  w ere  u s e d  t o  s e l e c t  t h e  optimum AF p e a k  i n t e n s i t i e s  

f o r  d e m a g n e t i z i n g  t h e  r e m a i n i n g  I F  an d  HE s p e c im e n s  f o r
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e a c h  s i t e  o r  s a m p l e .  The op t im um  v a l u e s  f o r  jAF c l e a n i n g  

w e r e  c h o s e n  b y  u s i n g  t h e  P a l e o m a g n e t i c  S t a b i l i t y  I n d e x  

( P S I )  m e th o d  o f  Symons a n d  S t u p a v s k y  ( 1 9 7 4 ) f o r  d i r e c t i o n ­

a l  a n a l y s i s ,  a n d  t h e  i n t e n s i t y  d e c a y  c u r v e s  o f  t h e  p i l o t  

s p e c i m e n s  ( T a b l e  2  a n d  3 ) «

3 « 5 » 6  T h e r m a l  C l e a n i n g

A t o t a l  o f  22  I F  p i l o t  s p e c i m e n s  w i t h  a n  a v e r a g e  

NRM d i r e c t i o n  a n d  i n t e n s i t y  w e re  s e l e c t e d  t o  e q u a l l y  

r e p r e s e n t  e a c h  p i t .  The s p e c i m e n s  w e r e  t h e r m a l l y  d e ­

m a g n e t i z e d  a t  t e m p e r a t u r e s  o f  1 0 0 , 2 0 0 , 3 0 0 , 4 0 0 , 5 0 0 , 5 5 0 , 600  

a n d  650° C u s i n g  a  f u r n a c e  h a v i n g  a  n o n - i n d u c t i v e  h e a t ­

i n g  e l e m e n t .  The f u r n a c e  i s  h o u s e d  i n  a  n e s t e d  s e r i e s  

o f  f i v e  r a u - m e ta l  s h i e l d s  i n  .a s h i e l d e d  ro o m .  The s p e c ­

i m e n s  w e re  p l a c e d  i n  i n v e r t e d  d i r e c t i o n s  on s u c c e s s i v e  

s t e p s  i n  o r d e r  t o  . d e t e c t  t h e  a c q u i s t i o n  o f  r e m a n e n c e  

c o m p o n e n t s  c a u s e d  by  t h e  i n c o m p l e t e  e l i m i n a t i o n  by 

s h i e l d i n g  o f  t h e  EMF d u r i n g  t h e  c o o l i n g  s t a g e  when t h e  

m a g n e t i c  d o m a in s  a r e  r e s e t .  B e c a u s e  o f  h i g h  P SI  v a l u e s  

a n d  s c a t t e r e d  r e m a n e n c e  d i r e c t i o n s ,  t h e  r e m a i n i n g  I F  

s p e c i m e n s  w e r e n ' t  t h e r m a l l y  c l e a n e d .

A l s o  2 4  r e p r e s e n t a t i v e  HR s p e c i m e n s  w e r e  t h e r m ­

a l l y  d e m a g n e t i z e d  a t  t h e  same t e m p e r a t u r e  i n c r e m e n t s  

a s  f o r  t h e  I F .
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TABLE 2 ,  S a m p l i n g  a n d  r e m a n e n c e  d a t a  o f  I r o n  F o r m a t i o n  s i t e s
AF D a t a R em anen t  m a g n e t i z a t i o n

S am ple P i t i n t e n s i t y s c r e e n i n g N L e n g t h D e c l .  . ± n c l . A95
mT a  b c R o +downo

o

1 P e r i a 50 k 3 . 8 4 5 3 0 1 . 5 2 - 1 5 . 5 1 2 1 . 4 3
2 P e r i a 50 k 3 . 9 2 3 3 2 9 . 1 9 3 . 6 7 1 4 . 8 7
3 P e r i a 50 1 3 2 . 9 1 6 1 9 9 .7 9 3 . 6 8 2 5 . 8 5
k P e r i a 50 1 3 2 . 9 7 3 2 7 9 . 7 9 - 2 . 3 8 1 4 . 4 0
5 P e r i a 70 0
6 P e r i a 50 0

3 . 0 67 P e r i a kO k 3 . 8 6 7 3 3 8 .7 1 1 9 . 7 7
8 P e r i a kO 0
9 P e r i a kO 0

4 6 . 0 8 2 6 .9 110 P e r i a kO 1 3 2 . 9 0 9 1 0 9 . 0 0
11 P e r i a kO 1 3 2 . 9 6 6 1 4 4 . 4 5 - 1 0 . 6 9 1 6 .1 3
12 P e r i a 20 k 3 . 8 6 3 T 2 2 .8 5 2 0 . 1 9 2 0 . 0 8
13 P e r i a kO 1 2 1 . 9 6 7 2 6 9 . 8 3 - 8 . 9 1 4 6 . 7 7
14 P e r i a kO 0
1 5 P e r i a kO 0

1 5 . 6 616 P e r i a 3 0 k 3 . 8 6 0 2 3 8 . 61. 2 0 . 3 3
17 P e r i a 40 0
18 P e r i a 3 0 0
19 P e r i a 30 0
20 P e r i a 50 0
21 P e r i a 50 0
22 P e r i a 20 0
23 P e r i a 50 1 3 2 . 9 2 3 2 7 6 . 8 5 7 . 4 4 2 4 . 7 2
24 P e r i a 3 0 0

2 6 .1 125 P e r i a 50 1 3 2 . 9 1 4 6 5 . 2 7 4 . 4 5
26 P e r i a 60 1 3 2 . 9 5 9 1 2 9 .7 6 6 8 . 9 9 1 7 .8 9
27 P e r i a 70 0
28 P e r i a 50 0
29 P e r i a 50 0
30 P e r i a 50 0

P e r i a 50 1 3 2 . 8 4 5 3 1 2 . 3 3 1 1 . 4 2 3 5 . 7 6
32
- >  -m P e r i a 50 0
33 P e r i a 50 1 3 2 . 8 7 3 5 . 8 4 - 2 . 1 4 3 2 . 2 2
34
*5* r— P e r i a kO 4 3 . 9 4 0 3 4 6 . 1 3 2 . 5 4 1 3 . 1 4
35 P e r i a 3 0 k 3 . 8 4 0 1 3 4 . 3 0 4 6 . 2 9 2 1 . 7 7
36
>  a . P e r i a 50 1 3 2 . 9 8 4 2 1 7 . 3 5 7 . 4 2 11 . 0 7
37 P e r i a 30 1 3 2 . 8 6 7 1 5 5 .6 3 - 6 . 6 4 3 3 . 0 2
38 P e r i a 0
? 9 N o r t h 50 0
40
41
i  ^

N o r t h 50 1 3 2 . 8 8 8 2 6 9 . 6 9 3 . 2 0 3 0 .0 1
N o r t h 60 k 3 . 8 5 2 3 1 1 . 2 9 - 8 . 1 3 2 0 . 9 342 

1 ^ N o r t h 60 k 3 . 8 1 9 2 2 5 . 5 8 ’ 2 . 5 9 2 3 . 2 3
43
i  I N o r t h 60 0
44
45

N o r t h 70 1 3 2 . 9 8 0 2 8 0 . 1 8 1 0 . 8 4 1 2 . 4 7
N o r t h 60 0
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1ABLF ? , ( c o n t d . )

Sam ple

r- • > UUI1WU.
AF D a t a R em anen t  m a g n e t i s a t i o n

P i t  i n t e n s i t y s c r e e n i n g N L e n g t h D e c l . I n c l . A95
mT a  b c R o +dov/no o

46 N o r t h 60 1 3 2 . 9 6 4 2 4 4 . 8 0 - 1 3 . 1 3 1 6 . 7 4
47 N o r t h 60 0
48 N o r t h 50 1 3 2 . 8 2 3 2 5 6 .4 1 2 . 6 0 3 8 . 5 3
49 N o r t h 50 0
50 N o r t h 50 1 3 2 . 9 3 8 2 7 1 . 9 0 2 2 . 2 5 2 1 . 9 9
51 N o r t h 50 1 3 2 . 8 5 0 1 9 8 .2 6 - 5 . 4 2 3 5 . 2 2
52 N o r t h 40 0
55 N o r t h 60 0

1 3 .6 654 N o r t h 70 4 3 . 9 3 5 1 1 7 .6 0 3 2 .8 1
55 N o r t h 60 0
56 N o r t h 60 0
5? N o r t h 60 0
58 N o r t h 60 0
59 N o r t h 60 4 3 . 8 8 6 2 6 8 .4 1 - 6 . 1 8 1 8 . 2 9
60 N o r t h 60 0
61 N o r t h 70 0
62 N o r t h 60 1 3 2 . 9 3 0 2 9 0 . 9 9 9 .2 1 2 3 . 5 9
| 3 N o r t h 50 1 3 2 . 9 7 6 2 7 9 . 7 3 3 . 3 2 1 3 . 6 6

N o r t h 50 0
65 N o r t h 50 0
66 N o r t h 50 0
67 N o r t h 30 4 3 . 8 3 6 2 8 1 . 2 2 1 0 . 7 6 2 2 . 0 7
68 N o r t h 40 4 3 . 8 9 3 2 8 0 . 1 5 1 . 7 3 1 7 . 6 8
69 N o r t h 40 0
70 N o r t h 50 0
71 N o r t h 50 0
72 N o r t h 50 4 3 . 7 8 7 2 5 9 .7 1 1.21 2 5 . 3 7
73 N o r t h *
74 N o r t h 60 0
75 N o r t h 70 3 2 . 8 5 9 3 1 7 . 1 0 - 2 .2 1 3 4 . 0 9
76 C e n t r a l 60 0
77 C e n t r a l 60 1 2 1.991 2 1 7 . 9 8 3 4 . 1 4 2 4 . 4 9
78fi —̂

2 1 .9 2 0 3 4 6 . 5 4 4 . 7 6 7 8 . 0 2
C e n t r a l 60 1 3 2 . 8 4 4 1 9 1 .81 1 9 . 9 4 3 5 . 9 6

79r\ A C e n t r a l 60 0
80 («S - C e n t r a l 60 1 3 2 . 8 2 4 1 6 2 .2 5 1 9 . 1 5 3 8 . 3 7
81 C e n t r a l 60 0
82 C e n t r a l 60 0
83 C e n t r a l 60 0
84 C e n t r a l 70 0
85O /* C e n t r a l 70 4 3 . 8 5 0 1 3 .3 9 8 . 3 6 2 1 . 0 786 ft n C e n t r a l 60 1 3 2 . 9 5 6 2 2 7 . 9 0 2 8 . 6 3 1 8 .4 0
87n p. C e n t r a l 4 0 1 3 2 . 8 9 5 2 7 5 . 7 8 5 . 4 0 2 9 . 1 0
88  n n C e n t r a l 60 0
89 C e n t r a l 60 3 . 8 3 5 2 9 9 . 0 9 3 1 . 0 4 6 5 . 1 790 C e n t r a l 60 0
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TABLE 2 .  ( c o n t d . )

Sam ple
AF D a t a R em anen t  m a g n e t i z a t i o n

P i t  i n t e n s i t y s c r e e n i n g N L e n g t h D e c l . I n c l . A95
mT a  b c R 0 +down

0
0

91 C e n t r a l 70 0
92 C e n t r a l 60 4 3 . 8 9 8 2 9 3 . 8 7 —8 . 4 6 1 7 .2 2
93 C e n t r a l 60 0
94 C e n t r a l 60 0
95 C e n t r a l 40 If 3 . 9 0 0 1 8 9 .7 0 - 7 9 . 8 1 1 7 . 0 5
96 C e n t r a l 3 0 If 3 . 7 8 5 2 4 3 . 1 8 3 . 6 9 2 5 . 4 9
97 C e n t r a l 60 0
98 C e n t r a l 80 If 3 . 8 5 0 3 2 8 . 7 5 -1 7.72 21 . 0 7
99 C e n t r a l 60 If 3 . 9 8 5 3 4 4 . 4 7 1 1 . 2 2 6 . 4 9
100 C e n t r a l •*
101 C e n t r a l 50 1 3 2 . 9 1 9 153 .41 4 7 . 1 0 2 5 . 3 8
102 C e n t r a l 50 0
103 C e n t r a l 60 If 3 .8 i f 6 2 7 0 . 2 5 5 . 0 0 2 1 . 3 41 04 C e n t r a l 50 1 3 2 .9 0 i f 2 5 4 . 1 6 2 0 . 0 7 2 7 . 7 7105 C e n t r a l 40 If 3 . 9 3 7 2 4 8 . 3 0 1 4 .5 8 . 1 3 . 4 7
106 C e n t r a l 50 If 3 . 8 1 6 2 0 2 . 2 7 —0 . 64 2 3 . 4 8
107 C e n t r a l 60 0
108 C e n t r a l 60 0
109 C e n t r a l 60 If 3 .800- 2 6 3 . 3 5 1 4 . 9 8 2 4 . 5 0
110 C e n t r a l 60 If 3 . 9 7 9 1 2 0 .1 4 - 3 . 5 0 7 . 7 3
1 1 1 C e n t r a l 50 1 3 2 . 9 6 8 2 5 4 .0 1 2 2 . 5 3 1 5 . 8 4
1 12 C e n t r a l 50 1 ;> 2 . 8 5 8 2 9 8 . 4 3 - 0 . 0 2 3 4 . 1 6
113 C e n t r a l 60 1 3 2 . 9 0 5 2 7 7 . 3 6 2 8 . 4 5 2 7 . 6 311 ^ C e n t r a l 60 1 3 2 . 8 9 8 2 6 9 . 8 3 - 1 2 . 0 0 2 8 . 6 3
115 C e n t r a l 50 0
11 6 C e n t r a l 50 If 3 . 7 8 8 3 3 3 . 6 0 5 . 8 9 2 5 . 3 2117 C e n t r a l 30 If 3 .8 2 1 2 4 0 . 0 9 7 .1 1 2 3 . 1 0
118 C e n t r a l 50 If 3 • 91 if 2 4 3 . 7 6 0 .  64 1 5 .7 3119 C e n t r a l 50 If 3 . 7 6 6 2 6 3 . 7 0 3 9 . 7 2 2 6 . 7 0
120 C e n t r a l 50 If 3 .8 6 i f 2 3 7 . 8 8 2 2 . 2 0 1 9 .9 9
121 S o u t h 50 0
122- S o u t h 60 0
123 1 1 S o u t h 70 If 3 . 8 9 6 1 7 6 . 4 4 - 2 2 . 1 0 17 .4112If S o u t h 50 1 2 1 . 9 7 4 2 0 4 . 6 5 - 2 . 3 6 4 1 . 5 2
125

2 1 . 8 8 7 7 1 . 0 6 - 2 1 . 6 8 8 1 . 9 3
S o u t h 50 0

126 S o u t h 50 0
127 S o u t h 60 0
128 S o u t h 60 0129
130
131
132
133 
13if1 7  r

S o u t h 60 1 3 2 . 9 1 8 3 5 9 .3 1 - 3 . 5 0 2 5 . 4 6
S o u t h 50 If 3 . 9 6 2 2 5 . 4 2 - 3 . 7 3 1 0 . 6 7
S o u t h 50 1 3 2 . 8 2 9 1 9 1 .0 3 1 5 . 5 6 3 7 . 7 4
S o u t h 40 if 3 . 8 0 8 2 4 5 .6 8 ' - 4 . 5 3 2 4 .0 1
S o u t h 50 1 3 2 . 9 2 2 1 8 8 .3 2 2 5 . 5 4 2 4 .9 1
S o u t h 50 \ 0

135 S o u t h 50 n
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i h D I  .F. v co IbQ. • )
AF D a t a R em anen t  m a g n e t i z a t i o n

S am ple P i t i n t e n s i t y . s c r e e n i n g N L e n g t h D e c l . I n c l . A95
mT a  b c R 0 +down0

0

136 S o u t h 40 4 3 . 8 1 2 3 0 5 . 3 2 - 8 . 6 5 2 3 . 7 5
137 S o u t h 50 0

- 1 7 . 6 3138 S o u t h 60 1 2 1 . 8 8 8 2 5 3 . 0 6 8 2 . 7 7

139
2 1 .9 9 9 109*26 - 4 2 . 9 6 6 . 3 0

S o u t h 60 4 3 . 8 1 0 291 .11 9 .5 1 2 3 . 8 7
140 S o u t h 50 1 3 2 . 9 9 4 2 3 0 . 4 4 1 1 . 1 4 6 . 5 5
H i S o u t h 50 1 3 2 . 8 9 3 2 3 4 .9 1 - 0 . 6 8 2 9 . 2 9
1 42 S o u t h 50 0
143 S o u t h 50 0
144 S o u t h 50 1 3 2 . 8 7 0 3 3 9 . 7 9 - 1 . 1 2 3 2 . 6 2

S o u t h 50 1 3 2 . 9 6 7 3 2 0 . 4 6 2 . 8 6 15 .91
1 4b S o u t h 50 0
147 S o u t h 50 0
148 S o u t h 50 0
149 S o u t h 50 1 2 1 . 9 7 0 2 5 8 . 4 9 5 . 9 5 4 4 . 5 7

150
2 1 . 9 0 7 3 2 . 7 8 3 5 . 7 4 8 5 . 5 6

S o u t h 50 0
151 S o u t h 60 0
152 S o u t h 70 4 3 . 8 9 5 2 4 8 . 0 8 - 1 . 6 3 1 7 .4 9
153 S o u t h 70 0
154 S o u t h 60 4 3 . 9 2 9 3 3 9 . 2 5 1 . 3 3 1 4 . 3 0
155 S o u t h 70 0
156 S o u t h 3 0 4 3 . 8 1 9 5 4 . 6 0 5 . 3 3 2 3 . 2 3
157 S o u t h 50 0
158 S o u t h 50 0
159 S o u t h 3 0 0
1 60 S o u t h 20 1 3 2 . 8 4 3 2 0 . 4 9 3 2 . 2 8 3 6 . 0 3
1 61 S o u t h 60 4 3 . 8 3 5 3 0 3 . 2 4 0 . 2 4 2 2 . 1 3
1 62 S o u t h 60 0
163 S o u t h 70 4 3 . 9 1 8 2 8 6 . 9 8 1 1 . 7 3 1 5 . 3 7
1 64 S o u t h 20 0
1 65 S o u t h 50 0
1 66 S o u t h 50 0
167 S o u t h 50 0
1 68 S o u t h 60 0
1 69 S o u t h 80 0
1 70m #—, — S o u t h 50 0
171 S o u t h 30 0

NOTES: R- i s  t h e  l e n g t h  o f  v e c t o r  r e s u l t a n t ,  A95 i s  t h e
r a d i u s  o f  t h e  c o n e  o f  95% c o n f i d e n c e  ( F i s h e r  1955)  i n  
d e g r e e s .  * i s  s a m p l e  w h e r e  no c o r e s  w e re  o b t a i n e d .  D a t a  
s c r e e n i n g :  ( a )  c o r e  r e j e c t e d  a s  a n o m a l o u s  w i t h  r e s p e c t
t o  r e m a i n i n g  c o r e s  f rom  t h e  s a m p l e ,  ( b )  s a m p le  c o n s i d e r e d  
t o  c o n t a i n  two d i r e c t i o n  p o p u l a t i o n s ,  ( c )  s a m p l e  r e j e c t e d  
S-S s p e c i m e n  d i r e c t i o n s  d i v e r g e  f rom  s a m p le  mean d i r e c t i o n  
by  m ore  t h a n  2 0 ° .
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S i t e

■n< d .  samip i in g  ana  
AF

remanence
D a ta

a a t s l 01 t t O S t  K O C R  s i t e s
Remanent m a g n e t i z a t i o n

* P i t  i n t e n s i t y sc re en in g : N L eng th D e c l . I n c l . A95
mT a b c R o +down0

0

1 N o r th 20 4 1 0
a N o r th 20 3 2 1.966 190.51 48.31 4 7 .8 93 N o r th 30 1 3 2 .8 2 0 2 1 2 .5 2 - 1 5 . 3 7 3 8 .9 8
4 N o r th 30 5 0
5 N o r th 30 3 2 0
6 N o r th 40 2 1 2 1 .916 8 0 .4 2 - 7 3 . 3 2 8 0 .3 37 N o r th 30 4 1 0
8 N o r th 30 3 2 0
9 P e r i a 30 5 0
10 P e r i a 30 2 1 2 1.973  • 3 1 1 .7 3 55.21 4 2 .5 911 P e r i a 40 3 2 1 .977 3 3 7 .2 5 6 6 .3 2 3 9 .0 2
12 P e r i a 20 1 1 3 2 .9 2 2 2 5 0 .4 7 7 6 .9 3 3 5 .3 313 P e r i a 20 5 0
14 N o r th 30 5 0
15 N o r th 30 5 0
16 P e r i a 30 4 1 0
17 C e n t r a l 30 5 0
18 C e n t r a l 40 2 3 2 .9 2 2 283.21 - 4 1 .02 3 5 .3 3
19 N o r th 30 4 1 0
20 N orth 30 5 021
22 C e n t r a l 30 1 2 2 1.943 4 5 .1 4 5 0 .9 6 64.01

C e n t r a l 30 2 1. 2 1 .932 245.11 70 .19 7 0 .8 2
23 C e n t r a l 30 5 0
24 C e n t r a l 30 5 0
25 30 5 0
26 S o u th 30 4 1 0
27 S o u th 30 5 0
28 S o u th 30 5 0
29 S o u th 30 4 1 030 Couth 30 2 3 031 S o u th 20 5 032 S o u th 30 4 1 0
33i S o u th 20 2 1 2 1.921 21 .32 5 5 .8 4 6 1 .8 534
?  r* S o u th 40 5 0
35
36

r *

S o u th 20 1 4 3 .7 8 5 2 9 7 .1 5 6 9 .2 5 2 5 .4 7
S o u th 30 5 0

37^  A S o u th 30 5 0
38
7  A S o u th 40 3 2 0
39
40
j *

S o u th 20 ■ 5 4 .7 5 0 195.29 50 . 93 19.70
S o u th 40 5 0

41
42
43
44
45

30 5 4.821 188.60 45;21. 15 .34
20 2 3 2 .9 6 6 3 3 6 .6 5 8 2 .5 2 16 .22
40 3 2 1 .975 3 3 8 .4 3 76 .73 17.85
30
20

4
5

1 0
0

NOTES: R i s  the length of the vector resultant. A95 i s  ‘
the radius of the cone of 95% confidence (Fisher 1953) in  
degrees. Data screening: (a) core rejected because the
2 specimen directions diverged by more than 20 , (b) core 
rejected as sole remaining direction to inadequately 
represent the s i t e ,  and (c) core rejected as anomalous 
with respect to remaining cores from the s i t e .
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3 . 3 . 7  C h e m ic a l  C l e a i n g

A t o t a l  o f  18 r e p r e s e n t a t i v e  I F  p i l o t  s p e c i m e n s  

w e re  s e l e c t e d  f o r  c h e m i c a l  c l e a n i n g .  The s p e c i m e n s  

w e re  im m e r s e d  i n  f r e s h  12N HC1 a n d  s t o r e d  i n  a  m u - m e t a l  

s h i e l d i n g  c a n  b e t w e e n  m e a s u r e m e n t s .  The s p e c i m e n s  w e re  

w a s h e d  i n  w a t e r  a n d  a l l o w e d  t o  d r y  b e f o r e  t h e i r  r e ­

m a n en ce  was  r e m e a s u r e d .  T he  s p e c i m e n s  v/ere m e a s u r e d  

a f t e r  2 1 , 8 7 , 1 8 0 , 2 7 1 , 3 8 5 , 5 2 5 , 6 6 8 , 8 3 0 , 1 0 1 7 , 1 1 6 1  a n d  1641 

h o u r s .

An a d d i t i o n a l  79 I F  s p e c i m e n s  w e re  s e l e c t e d  f o r  

c h e m i c a l  c l e a n i n g  a n d  m e a s u r e d  a f t e r  6 0 0 , 9 8 5  an d  1465 

h o u r s  o f  i m m e r s i o n ,

3 . 3 . 8  S t a b i l i t y  T e s t s

S t o r a g e  t e s t s  w e re  d o n e  t o  a s s e s s  t h e  d e g r e e  o f  

s t a b i l i t y  o f  t h e  r e m a n e n c e  c a u s e d  by  t h e  a q u i s i t i o n  o f  

v i s c o u s  r e m a n e n c e  (VEM) c o m p o n e n t s  by  I F .

F i r s t ,  t h e  NRM o f  18 I F  an d  18 HR s p e c i m e n s  w e re  

m e a s u r e d .  T hen  t h e  s p e c i m e n s  w e re  t a k e n  o u t  o f  t h e  

s h i e l d e d  room a n d  e x p o s e d  t o  t h e  E a r t h ' s  m a g n e t i c  f i e l d
M

(EMF). H a l f  o f  t h e  s p e c i m e n s  w e re  p l a c e d  p e r p e n d i c u l a r  

t o  t h e  EMF a n d  t h e  o t h e r  h a l f  w e re  p l a c e d  p a r a l l e l  t o  

t h e  EMF. The s p e c i m e n s  w e re  r e m e a s u r e d  a f t e r  s t o r a g e  

p e r i o d s  o f  1 2 ,2 3  an d  37  d a y s ,

A s h o c k  t e s t  was p e r f o r m e d  on 26  I F  s p e c i m e n s  t o  

a s s e s s  how d y n a m i t e  b l a s t i n g  u s e d  i n  m i n i n g  t h e  r o c k
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c o u l d  a f f e c t  t h e  NRM r e s p o n s e *  A f t e r  m e a s u r i n g  t h e  

NRM o f  t h e  s p e c i m e n s ,  t h e y  w ere  h i t  20 t i m e s  on a n  

a lu m in u m  p l a t e  an d  t h e i r  r e m a n e n c e  r e m e a s u r e d .  The 

t e s t  was p e r f o r m e d  f i r s t  w i t h  t h e  s p e c i m e n s  o r i e n t e d  

p a r a l l e l  t o  t h e  EMF an d  t h e n  r e p e a t e d  p e r p e n d i c u l a r  

t o  t h e  EMF.

3 . k  COMPUTATIONS

I n  o r d e r  t o  h a n d l e  t h e  a / 20 q u a n t i t a t i v e  v a r i a b l e s  

f o r  t h e  1 if76 s p e c i m e n s ,  i t  i s  m a n d a t o r y  t o  u s e  a  com­

p u t e r  f o r  t h e  c o m p u t a t i o n s  an d  d a t a  a n a l y s i s .  E x i s t ­

i n g  l a b o r a t o r y  c o m p u t e r  p r o g r a m s ,  s t o r e d  on d i s k  i n  t h e

c o m p u t e r  l i b r a r y ,  w e re  u s e d  f o r  t h i s  p u r p o s e .  . I n -  
»

p u t  d a t a  i n c l u d e d  s p e c im e n  i d e n t i f i c a t i o n ,  l o n g i t u d e  

an d  l a t i t u d e ,  kj_ s u s c e p t i b i l i t y  a n d  s p e c i f i c  g r a v i t y .

T h e s e  p r o g r a m s  c a l c u l a t e  a n d  p l o t :  1 ) t h e  d e c l i n a t i o n ,

i n c l i n a t i o n  a n d  i n t e n s i t y  o f  t h e  r e m a n e n c e ;  an d  2 ) t h e  

d e c l i n a t i o n ,  i n c l i n a t i o n  an d  m a g n i t u d e s  o f  t h e  a x e s  o f  

t h e  a n i s o t r o p y  o f  s u s c e p t i b i l i t y  e l l i p s o i d s .  A d d i t i o n a l  

s t a t i s t i c a l  p r o g r a m s  w e re  u s e d  t o  c a l c u l a t e  t h e  means 

an d  c o n f i d e n c e  l i m i t s .

BMDP5D p r o g r a m s  (BMDP-77) w e re  u s e d  t o  p l o t  t h e  o u t p u t  i n  

h i s t o g r a m  form f o r  a n a l y s i s .  The p ro g ra m  h a s  b e e n  

a d a p t e d  t o  c a l c u l a t e  t h e  m eans a n d  c o n f i d e n c e  l i m i t s  

u s i n g  b o t h  n o r m a l  an d  l o g n o r m a l  s t a t i s t i c s  f o r  t h e  v a r ­

i o u s  o u t p u t  p a r a m e t e r s .

The BMDP6 D p ro g ra m  was u s e d  t o  c o r r e l a t e  b e tw e e n
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two d a t a  s e t s ,  p l o t  t h e  d a t a  an d  do r e g r e s s i o n  f i t s  

w i t h  c o r r e l a t i o n  s t a t i s t i c s *  T h e s e  s t a t i s t i c a l  t e s t s  

h e l p  d e f i n e  t h e  l i m i t s  o f  e a c h  o f  t h e  p a r a m e t e r s  t h a t  

a r e  r e q u i r e d  f o r  t h e  m a g n e t i c  m o d e l  t o  be  p r o p o s e d .

3*5  MAGNETIC MODEL

The m a g n e t i c  m ode l  p r o g r a m  was c o m p i l e d  a n d  t e s t ­

ed  i n  s t u d i e s  o f  t h e  S h e rm an  Mine by  Symons a n d  S t u -  

p a v s k y  ( 1 9 7 9 )  a n d  t h e  Moose M o u n ta in  Mine by  Symons,  

W a l l e y  an d  S t u p a v s k y  ( 1 9 8 0 )*  The p r o g ra m  ( W a l l e y ,  1 9 8 0 ) 

i n c o r p o r a t e s  a l l  t h e  i m p o r t a n t  f a c t o r s  f o r  i n t e r p r e t i n g  

m a g n e t i c  a n o m o l i e s  o v e r  a  m a g n e t i c  s h e e t .  M ost  mag­

n e t i c  m o d e l  c o m p u t e r  p r o g r a m s  u s e d  t o  c a l c u l a t e  t h e  

i n d u c e d  m a g n e t i c  c o m p o n e n ts  o f  a  s h e e t  i n c l u d e  a  v a r ­

i e t y  o f  t h i c k n e s s e s ,  m a g n e t i t e  c o n t e n t s ,  an d  s t r i k e  a n d  

d i p s  r e l a t i v e  t o  t h e  E a r t h ' s  v a r y i n g  g e o m a g n e t i c  f i e l d .  

Some p r o g r a m s  a l s o  i n c o r p o r a t e  t h e  r e m a n e n c e  a n d / o r  t h e  

d e m a g n e t i z i n g  f a c t o r .  No p r e v i o u s  p r o g r a m s  i n c o r p o r a t e  

a l l  o f  t h e s e  p l u s  t h e  e f f e c t  o f  m a g n e t i c  a n i s o t r o p y .

The m a g n e t i c  m o d e l  u s e d  i n - t h i s  s t u d y  f o l l o w s  t h e  

s t a n d a r d  t h e o r e t i c a l  e q u a t i o n s  f o r  t h e  i n d u c e d . c o m ­

p o n e n t .  The d e m a g n e t i z i n g  f a c t o r  a n d  t h e  a n i s o t r o p y  o f  

s u s c e p t i b i l i t y  e q u a t i o n s  f o l l o w  Gay ( 1 9 6 3 )  a n d  t h e  r e -  

tnanence e q u a t i o n s  f o l l o w  S t r a n g w a y  ( 1 9 6 5 )*  S e e  A p p e n d ix  

1 f o r  t h e  m o d e l  c o m p u t a t i o n s .
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CHAPTER IV

RESULTS

k . 1 SPECIFIC GRAVITY

The s p e c i f i c  g r a v i t y  ( S . G . )  o f  5*f7 I F  s p e c i m e n s  

h a v e  a  mean v a l u e  o f  3*2if  gm/cm^ ( S t a n d a r d .  D e v i a t i o n  ( s . d  

= 0 . 5 1 )  ( F i g u r e  5 )*  T h i s  v a l u e  i s  l o w e r  t h a n  t h e  e x ­

p e c t e d  o r e  v a l u e  b e c a u s e  t h e  p i t  s a m p l i n g  i n c l u d e s  lo w  

g r a d e  a n d  b a r r e n  w a l l - r o c k  s a m p l e s .  The mean SG 

f o r  t h e  i n d i v i d u a l  p i t s  r a n g e  f ro m  3 - 0 6  t o  3.^-if ( T a b l e  if) 

I h e  c a l c u l a t e d  SG o f  t h e  e c o n o m ic  o r e  a t  Adams M in e ,  

w i t h  a  22% m a g n e t i c  Fe c o n t e n t  i s  3 . V 9 .

^ • 2  MAGNETIC SUSCEPTIBILITY*

A t o t a l  o f  524  HR s p e c i m e n s  show a  l o g n o r m a l  

d i s t r i b u t i o n  f o r  kj_, w i t h  a  l o g n o r m a l  mean o f  

2 , 3 5  x  10*"^ c g s / c m ^  ( F i g u r e  6 ) .

A t o t a l  o f  592  I F  s p e c i m e n s  show a  l o g n o r m a l  d i s ­

t r i b u t i o n  f o r  kj_ w i t h  a  l o g n o r m a l  mean o f  if*52  x  10“ ^  

c S s /c m 3  ( F i g u r e  7 ) .  The mean v a l u e s  r a n g e  f rom  3«57  

t o  6 , 0 9  x 1 0 “ 2 cgs/cm-5 f o r  t h e  i n d i v i d u a l  p i t s  ( T a b l e  if).

B e c a u s e  k^ TF = 192  k j j jp*  i t  i s  r e a s o n a b l e  ■' t o  n e g -  

l e c t  t h e  k j j j p  i n  c a l c u l a t i n g  t h e  I F  m a g n e t i c  a n o m a ly .

A t o t a l  o f  592 I F  s p e c i m e n s  show a  good  r e g r e s s i o n  

l i t  b e t w e e n  t h e  SG a n d  k 1 TTr w i t h  a  c o r r e l a t i o n  c o e f -  

. i i c i e n t  Qf  +0 . 7 3  ( F i g u r e  8 ) an d  g i v e  t h e  r e l a t i o n s h i p :  

k_ l IF  = ° . 0 6 9 8 S G  -  0 . 1 7 9

3 2
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TABLE if. Summary o f  r e g r e s s i o n  f i t  b e t w e e n  S .G .  a n d  k ^

Number o f  
P i t  S p e c i m e n s

N
S . G Mag. s u s c . p R e g r e s s i o n  F i t : k .  =mS.G.+c

gm/c n r c g s / c c x l 0 “ m c -1 r

P e r i a  129 
N o r t h  112  
C e n t r a l  i 58  
S o u t h  i 80

3 . 1 4
3 . 1 6
3 . 0 6
3 . 4 4

3 . 7 6
4 . 1 4
3 . 5 7
6 . 0 9

0 . 0 5 4 0
0 . 0 6 3 7
0 . 0 4 7 6
0 . 1 0 7 3

- 0 . 1 3 2 1
- 0 . 1 5 9 7
- 0 . 1 0 9 7
- 0 .3 0 8 1

0 . 6 1 3
0 . 7 2 8
0 . 5 6 2
0 . 8 8 7

NOTES: R e g r e s s i o n  f i t  c a l c u l a t e d  b y  BMDP6 D p r o g r a m ,
r  i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t .

40 -

20 -

5.03.0 4.0
S p e c i f i c  G r a v i t y

f TG. 5 .  H i s t o g r a m  o f  t h e  s p e c i f i c  g r a v i t i e s  o f  547 
i r o n  f o r m a t i o n  s p e c i m e n s .
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- 4.0  - 3.0

L og  I n s u s c e p t i b i l i t y

F IG .  6 . L o g n o rm a l  h i s t o g r a m  o f  s u s c e p t i b i l i t y  f o r  52L 
HR s p e c i m e n s .

40*1

2 0 -

- 4.0 - 1 . 0- 3.0 - 2.0
Log K± S u s c e p t i b i l i t y

F I G . . 7 # L o g n o rm a l  h i s t o g r a m  o f  k .  s u s c e p t i b i l i t y  f o r  
592 I F  s p e c i m e n s .
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8 .  R e g r e s s i o n  l i n e  o f  s p e c i f i c  g r a v i t y  v e r s u s  k ,  
s u s c e p t i b i l i t y  f o r  581 I F  s p e c i m e n s .
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T h i s  i s  r a t h e r  d i f f e r e n t  from t h e  r e l a t i o n s h i p s  

o b t a i n e d  a t  t h e  Moose M o u n ta in  Mine (Sym ons ,  W a l l e y  an d  

S t u p a v s k y ,  1980)  an d  S h e rm an  Mine (Symons an d  S t u p a v s k y ,  

1 9 7 9 ) :

Moose M o u n ta in  : = 0 * 0 9 1 2SG -  0 . 2 4 9

Sherm an  Mine : k j j - p  = 0 .0 9 0 6 S G  -  0 . 2 4 5

The r e g r e s s i o n  f i t s  f o r  i n d i v i d u a l  p i t s  a r e  

shown on T a b l e  4 .  Econom ic  o r e  a t  t h e  Adams Mine 

g i v e s  a  v a l u e  o f  0 . 0 6 4 5  c g s / c m  ^ f o r - k ^ .

^ * 3 '  ANISOTROPY OF MAGNETIC SUSCEPTIBILITY

The e x p e c t e d  a n i s o t r o p y  o f  s u s c e p t i b i l i t y  p a t t e r n

f o r  b a n d e d  I F  i s  t h a t  t h e  minimum (k„,_. ) a x i a l  ■ d i r e c t i o nm m
o f  t h e  e l l i p s o i d  i s  p e r p e n d i c u l a r  - to t h e  b e d d i n g  p l a n e  

an d  t h e  i n t e r m e d i a t e  ( k i n t ) an d  maximum ( ^ m ax) d i ­

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

s t u d y ,  t h e  s p e c i m e n s  show ed  a  b i m o d a l  d i s t r i b u t i o n  o f  

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

e x p e c t e d  v a l u e s  ( F i g u r e s  9 a - 9 b ) .  On i n s p e c t i o n  i t  was no 

t i c e d  t h a t  some s p e c i m e n s  w e re  t o o  l o n g  w i t h  l e n g t h s  

o f  0 , 9 5  cm. A t o t a l  o f  50 s p e c i m e n s  w ere  r e c u t  t o  

0 .8 6 cm  an d  r e m e a s u r e d .  T h e i r  a n i s o t r o p y  o f  s u s c e p t ­

i b i l i t y  v a l u e s  t h e n  c o n f o r m e d  t o  t h e  e x p e c t e d  p a t t e r n  

( F i g u r e  1 0 ) .

The mean m a g n i t u d e  r a t i o  o f  k i n t / k min i s  1

( F i g u r e  11) an d  t h e  k w„ / k  . r a t i o  i s  1 .6 3  ( F i g u r e  1 2 ) .m ax m m
The r a t i o s  w e re  n o t  e f f e c t e d  by t h e  r e c u t t i n g .
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f i g .
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9 a . H i s t o g r a m  o f  k  . ( k , ) d i r e c t i o n s  f o r  592 I F
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FIG . H is to g r a m  o f  k  d i r e c t i o n s  f o r  592 IF. maxs p e c im e n s .
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FIG. 1 0 a . H is to g ra m  o f  k mn- n (k - ,) d i r e c t i o n s  f o r  50 r e ­
c u t  I F  s p e c im e n s .
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10b . H is to g ra m  o f  kjjj d i r e c t i o n s  f o r  50 r e c u t  IF
s p e c im e n s .
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The mean b e d d in g  p l a n e  s u s c e p t i b i l i  y 

*1 1 = ^ B f l y  * k l n ^ )  = 1 - 55 k-L

A t o t a l  o f  15 l a r g e  I F  s p e c im e n s  g a v e  a  mean 

m a g n i tu d e  r a t i o  o f  ^ n t /  kfnin ” 1 * ^  a  max m'''n

= 1 . 8 0 .  The m ean b e d d in g  p l a n e  s u s c e p t i b i l i t y  i s :  

k „  = 1 . 6 9  k±

+ the* s m a l l  c o r e s  may be T h e se  r e s u l t s  show t h a t  t h e  s m a n

c o n f i n e d  t o  o n e  b a n d  o f  I F  a n d  h e n c e  a p p e a r  m ore  i s o ­

t r o p i c  t h a n  t h e  I F  a s  a  w h o le  a s  show n w i t h  t h e  h i g h ­

e r  v a l u e  o b t a i n e d  i n  t h e  2 . 5 ^ m  s p e c i m e n s .  A co m b in ed  

a v e r a g e  o f  t h e  two g i v e s  t h e  b e d d in g  p l a n e  s u s c e p t i b i l ­

i t y  o f  k n  = 1 . 62kj_ w h ic h  i s  r e a s o n a b l e  f o r  a  med_um 

g r a d e  r e g i o n a l  m e ta m o rp h is m . T h i s  a n _ s o t ro _ . .  

i s  s l i g h t l y  h i g h e r  t h a n  t h e  1 .6 0  k±  v a l u e  o b t a i n e d  

a t  t h e  S herm an  M ine (Sym ons a n d  S t u p a v s k y .  1979) w h ic h  

s u f f e r e d  low  g r e e n s c h i s t  g r a d e  m e ta m o rp h is m , an d  i t  i s  

s l i g h t l y  l o w e r  t h a n  t h e  1 . 7 0  v a l u e  a t  t h e  Moose 

M o u n ta in  Mine (S y m o n s , W a l le y  a n d  S t u p a v s k y ,  98 

w h ic h  s u f f e r e d  a m p h i b o l i t e  g r a d e  r e g i o n a l  m e ta m o rp h is m .

NATURAL REMANENT MAGNETIZATION 

k t k . }  Host. Rnck NRM 

^ » 4 . 1 a  N R M .I n te n s i ty

A t o t a l  o f  521+ HR s p e c im e n s  show a  l o g n o r m a l  d i s ­

t r i b u t i o n  f o r  t h e  NRM i n t e n s i t y  ( J o )  w i t h  a  l o g n o r m a l
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mean o f  5 .9 7 0  x 1 0 “ 6 emu/cm3 ( F i g u r e  1 3 ) .

^ t k Tl h  T C nan igsberg e r  R a t i o

i. • f n-p t h e  r e m a n e n t  t o  i n d u e —The K o e n i g s b e r g e r  r a t i o  (Q) o f  t h e  rem an

. _ _ -i n cpyior m a l  d i s t r i b u t i o n  w i t he d  m a g n e t i z a t i o n  a l s o  h a s  a  l o g

* O f w  ffure 1 4 ) .  The m ean i n d u c e da  lo g n o r m a l  m ean  o f  0 . 0 1 3  ( .F ig

m a g n e t i s a t i o n  o f  t h e  I F  i a ~ * . 3 0 0  t i m e s  g r e a t e r  t h a n

t h e  m ean HE NEM. T h u s  i t  i s  r e a s o n a b l e  t o  o m i t  t h e

HE NEM from  a n o m a ly  c a l c u l a t i o n s  a l t h o u g h  i n  a  num­

b e r  o f  p l a c e s  i t s  NEM c o n t r i b u t i o n  i s  i m p o r t a n t .

4 . 4 . i n  S t o r a g e  T e s t

A s t o r a g e  t e s t  r u n  o n  16 HE s p e c im e n s  show  an  

a v e r a g e  NEM c h a n g e  o f  6 .75%  i n  i n t e n s i t y  ( F i g u r e  1 5 a )  

a n d  o f  6 .2 °  ( S t a n d a r d  D e v i a t i o n  = d i r e c t i o n

o v e r  a  5 w eek p e r i o d  ( P l g u r e  l 5b ) ,  T h e s e  s m a l l  c h a n g e s  

show t h a t  t h e  H E 'S  NEM i s  s t a b l e  w i t h  a  s m a l l  v i s c o u s  

c o m p o n e n t .

4 . 4 . 2  I r o n  F o r m a t io n  

k . 4 . 2 a  NRM I n t e n s i t y ,

The NEM i n t e n s i t i e s  o f  592 I E  s p e c im e n s  a l s o  show 

a  lo g n o r m a l  d i s t r i b u t i o n  ( F i g u r e  1 6) w i t h  a  l o g n o r m a l
? 3mean o f  1 .21  xIO  emu/cm •

4 . 4 . 2 b  K o e n i g s b e r g e r  R a t i o s  ^

The Q r a t i o  h a s  a  l o g n o r m a l  d i s t r i b u t i o n  w i t h  a  

lo g n o r m a l  mean o f  0 . 6 7  ( F i g u r e  1 7 ) -  T he  m ean NEM 

d i r e c t i o n  o f  9 2 . 8 ° .  5 2 . 3 ° .  A95 -  7 * ^ °  haS  *  deV±a"  
t i o n  a n g l e  ( 9 )  o f  4 2 . 6 °  from  t h e  EMF d i r e c t i o n  o f
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HR s p e c i m e n s .

2 0 -
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1^f. L o g n o rm a l h i s t o g r a m  o f  t h e  K o e n i g s b e r g e r  r a t i o  .(Q) 
f o r  52£f HR s p e c i m e n s .
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FIG0 1 6 .  L ognorm al  h i s t o g r a m  o f  NRM i n t e n s i t y  f o r  592 I F  
s p e c im e n s .
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352°,  76°,  The r a t i o  o f  the  v e c to r  r e s u l t a n t  (R) 

to  the  number o f  specimen d i r e c t i o n s  (N) g iv e s  an 

e f f e c t i v e  K oen igsberger  r a t i o  (Qe) o f  Qe = Q x (R/N).

The NRM i n c r e a s e s  th e  induced  magnetic  i n t e n s i t y  ( J i )  by 

(Qe x cos©) J i  to  g ive an augmenting f a c t o r  o f  0 .17  J i .

This  va lue  i s  s l i g h t l y  lower  than  th e  v a lu e s  0.21+ J i  

and 0 .2 2  J i  o b ta in e d  f o r  the  Moose Mountain Mine and 

Sherman Mine d e p o s i t s  r e s p e c t i v e l y .

4 . 4 . 2 c  NRM -  kj. R e l a t i o n s h i p .

The r e l a t i o n s h i p  between NRM i n t e n s i t y  and k^ has a 

c o r r e l a t i o n  c o e f f i c i e n t  o f  0«if 1 fo r  592 specimens (F ig u re  18) .  

R e su l t s  f o r  i n d i v i d u a l  p i t s  a re  shown i n  Table 5. The 

NRM to  k ^  r e l a t i o n s h i p  o b ta in e d  i n  th e  Adams Mine i s :

NRM = 0 .215  kj_ +0.016 “

This  NRM i n t e n s i t y ,  i s . l o w e r  than  the  v a lu e s  o b ta in e d  a t  

Moose Mountain Mine o f  NRM = 0.439 k^  + 0,023 and '.a t  

Sherman Mine o f  NRM = 0 .434  k.±  + 0 .0 0 5 .

4 . 4 . S to rage  T es t

A s to r a g e  t e s t  run on 18 r e p r e s e n t a t i v e  IF  spec­

imens show an average  NRM change o f  3*6$ i n  i n t e n s i t y  

(F ig u re  19a) and o f  4 . 8°+ 3 . 0° ( s . d , )  i n  d i r e c t i o n  over  a 

5 week p e r io d  (F ig u re  19b).  These sm a l l  changes show

t h a t  the  I F ’s NRM i s  s t a b l e  w i th  a sm a l l  v i s c o u s  comp­

onen t ,

4 . 4 . 2o Shock T es t

The shock t e s t  run on 26 IF  specimens show ak 40%
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18 . R e g r e s s i o n  l i n e  o f  NRM i n t e n s i t y  v e r s u s  kX  s u s c e p t ­
i b i l i t y  f o r  536 IR  s p e c i m e n s .
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T a b l e  5 . Summary o f  r e g r e s s i o n  f i t  b e t w e e n  a n d  NEM

, Number o f  
S p e c im e n s

NRM
emu

M ag. s u s c i 2  
c g s / c c x 1 0 " R e g r e s s i o n  F i t : NRM=mk.+c

N m c P -

f e r i a  127  
N o r th  t t t 
C e n t r a l  157  
S o u th  ig o

0 .0 1 0 1
0 .0 0 9 8
0 .0 1 5 6
0 . 0 1 1 9

3 . 7 k  
k .  1 6 
3 . 5 7  
6 .0 9

0 .3 0 3 1
0 .3 1 8 1

- 0 .1 0 9 7
0 .2 6 9 7

0 .0 2 9 5
0 .0 0 7 8
0 .0 2 2 3
0 .0 1  M+

0 . 2 2 0
0 . 5 8 6
0 .2 1  if
0 . 6 1 6

NOTES: R e g r e s s i o n  f i t  c a l c u l a t e d  b y _BMDP6D p r o g r a m ,
r  i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t .
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■„T„ INTENSITY CHANGE (%)
tXG. 1 9 a .  H i s t o g r a m  o f  NRM i n t e n s i t y  c h a n g e  o f  I F  s p e c i m e n s  

- o v e r  f o u r  w e e k s ,  -  - - - - - -

102

as
162

3 9

- 9 01 14 +
>13

130
107

180°
D i r e c t i o n a l  c h a n g e s  o f  NRM v e c t o r s  o f  I F  s p e c i m e n s . .
o v e r  f o u r  w e e k s .
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5 2

mean r e d u c t i o n  i n  NRM i n t e n s i t y  a f t e r  **0 s h o c k s  

( F i g u r e  2 0 a )  a n d  a  20° ( s . d . -  = 1 8 .6  ) ch a n g e  i n  ;

d i r e c t i o n  a f t e r  20  s h o c k s  ( F i g u r e  2 0 b ) .  T h e s e  r e

s u i t s  s u g g e s t  t h a t  t h e  b l a s t i n g  may h av e  a f f e c t e d

t h e  NRM i n  t h e  I F  s p e c im e n s .  S h a p i r o  an d  Iv a n o v  (1 9 6 6 )  
fo u n d  t h a t  t h e  r e s u l t i n g  sh o c k  rem a n en ce  c a n  be e r a s e

by low  a l t e r n a t i n g  f i e l d  a n d  p a r t i a l  t h e r m a l  dem ag ,

n e t i z a t i o n  ( C i s o w s k i  and  F u l l e r ,  1978)*

i+.5 STATISTICAL ANALYSIS 

*1.5.1 I F  S t a t i s t i c a l  An a l y s i s

The f o l l o w i n g  c o n v e n t i o n a l  t i e r e d  s t a t i s t i c a l  

t e s t s  w ere  p e r f o rm e d  to  s e l e c t  r e l i a b l e  I F  spec im en , d i r ­

e c t i o n s  a f t e r  AF d e m a g n e t i z a t i o n  ( T a b le  2 ) .  The s c r e e n i n g  

t e s t  c o n s i s t e d  o f  u s i n g  U s h e r  (1 9 5 3 )  s t a t i s t i c s  to  

d e t e r m in e  t h e  d e g r e e  o f  sp e c im e n  d e v i a t i o n  from  t h e  

s a m p le  m ean. I f  t h e  s p e c i m e n ^ d i r e c t i o n  d i v e r g e s  by 

more t h a n  20° from  th e  sa m p le  mean d i r e c t i o n  th e n  t h e  

sp e c im e n  d i r e c t i o n  was r e j e c t e d .  T hus a  hom ogeneous 

sam p le  mean d i r e c t i o n  w as fo rm e d  from  2 . 3 .  o r  ^  SF 

imeri d i r e c t i o n s .

A t o t a l  o f  h3 s a m p le s  g a v e  a  hom ogenous d i r e c t i o n ,  

an  a d d i t i o n a l  38  s a m p le s  g ave  a  hom ogeneous d i r e c t i o n  

a f t e r  1 sp e c im e n  was r e j e c t e d .  An a d d i t i o n a l  it sam - 

P ie  g ro u p s  w ere  form ed w h ere  two d i r e c t i o n s  w ere  r e ­

c o g n i z e d .  Thus, o f  t h e  o r i g i n a l  1?1 s a m p le s ,  a  t o t a l

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.



53

i i i I r » r  i * 1
40  60  80  100

- INTENSITY CHANGE (%)
F IG . 2 0 a .  H is to g ra m  o f  NRM i n t e n s i t y  c h a n g e  o f  I F  

s p e c im e n s  a f t e r  i n d u c e d  s h o c k .

0 °

170*>/ 

' 7 5

Cl 0 3 165
77S31 2 2 134

65 - 9 0

88

180°
D i r e c t i o n a l  c h a n g e s  o f  NRM vec  
a f t e r  in d u c e d  s h o c k .

20b t o r s  o f  I F  s p e c i m e n s
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o f  85 s a m p l e s  y i e l d e d  a c c e p t a b l e  s a m p le  mean d i r e c t i o n s  

a f t e r  s c r e e n i n g  t e s t s .

A « 5 .2  HR S t a t i s t i c a l  A n a l y s i s

The .homogeneous s i t e  mean d i r e c t i o n s  f o r  t h e  HR 

w ere  d e t e r m i n e d  i n  a  s i m i l a r  m a n n e r  t o  t h e  I F  ( T a b l e  3 )«  

T h e r e  a r e  t h r e e  s t e p s  by  w h ic h  a  hom ogeneous  s i t e  mean 

d i r e c t i o n  was d e t e r m i n e d ;  1 ) c o r e  d a t a  w ere  r e j e c t e d  

i f  o n l y  one c o r e  s p e c i m e n  d i r e c t i o n  was a v a i l a b l e ,

2 ) a  c o r e  mean d i r e c t i o n  was a c c e p t e d  i f  t h e  two c o r e  

s p e c i m e n  d i r e c t i o n s  d i v e r g e d  b y < 20° ,  a n d  3 ) a t  l e a s t  

two c o r e  mean d i r e c t i o n s  h ad  t o  be  a c c e p t a b l e  t o  c a l ­

c u l a t e  a  s i t e  mean d i r e c t i o n .

A t b t a l  o f  231 HR c o r e s  w ere  o b t a i n e d  a t  t h e  1+3 HR 

s i t e s .  A t o t a l  o f  51 c o r e s  w ere  r e j e c t e d  b e c a u s e  o n l y  

one c o r e  s p e c i m e n 'w a s  o b t a i n e d .  I n  117 o f  t h e  r e m a i n ­

i n g  180 c o r e s ,  t h e i r  d i r e c t i o n s  d i v e r g e d  by more t h a n  

20 a n d  t h u s  t h e y  w e re  r e j e c t e d .  An a d d i t i o n a l  5 s i t e s  

w e re  r e j e c t e d  b e c a u s e  t h e r e  was o n l y  one a c c e p t a b l e  

° o r e  d i r e c t i o n .  A t o t a l  o f  15 s i t e s  s u r v i v e d  t h e

s c r e e n i n g  t e s t s .

A *6 AF DEMAGNETIZATION OF I F  

A«6 .1  P i l o t  S p e c im e n s

A t o t a l  o f  70 I F  p i l o t  s p e c i m e n s  w ere  AF s t e p  d e ­

m a g n e t i z e d  up t o  100 mT s u c h  t h a t  t h e  n a t u r e  o f  t h e  I F  

r e m a n e n c e  c a n  be  s t u d i e d  an d  an  optim um AF c l e a n i n g  

f i e l d  c a n  be s e l e c t e d  f o r  t h e  r e m a i n d e r  o f  t h e  s a m p l e s .
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On e x a m in in g  t h e  p i l o t  s p e c im e n s ,  t h e y  showed 

t h a t  t h e y  c o u l d  be g r o u p e d  i n t o  one p o p u l a t i o n .  The 

PSI c u r v e s  o f  r e p r e s e n t a t i v e  s p e c im e n s  a r e  shown i n  

F i g u r e  21 * The c u r v e s  show t h e  r e m o v a l  o f  t h e  un­

s t a b l e  v i s c o u s  rem anence  (VEM) com ponen ts  i n  t h e  p r e s ­

e n t  s t e e p l y  i n c l i n e d  EMF d i r e c t i o n  i n  t h e  0—15®T s t e p s .  

The s p e c im e n s  showed a  20—30 d eg /T  d i r e c t i o n a l  change  

i n  t h e  5-15mT s t e p s  w h ich  d e c r e a s e d  t o  l e s s  t h a n  5 

d e g /T  b e tw e e n  20 and  ?0mT s t e p s .  Above 70mT t h e r e  i s  

a  s l i g h t  i n c r e a s e  i n  t h e  r a t e  o f  d i r e c t i o n a l  ch an g e  

b e c a u s e  t h e  random a n h y s t e r i t i c  rem anence  (ARM) com­

p o n e n t s  a r e  becom ing  more p r o n o u n c e d .  The i n t e n s i t y  

d ec a y  c u r v e s  ( F i g u r e  22) s u p p o r t  t h i s  i n t e r p r e t a t i o n .  

The m a j o r i t y  o f  t h e  s p e c im e n s  show a  r a p i d  i n t e n s i t y  

d e c a y  up t o  30-if0mT a s  s i g n i f i c a n t  VRM com ponen ts  a r e  

removed and  t h e n  t h e r e  i s  a  s l i g h t  i n t e n s i t y  d ec ay  

t h r o u g h o u t  t h e  r e m a i n i n g  c l e a n i n g  f i e l d s .  Spec im en  

120 shows a  s lo w  i n t e n s i t y  d ec a y  w i t h  o n ly  65% o f  i b s  

i n t e n s i t y  removed a f t e r  lOOmT, An a d d i t i o n a l  5 p i l o t  

s p e c im e n s  e x h i b i t  t h i s  b e h a v i o u r  w h ich  m ig h t  be c a u s e d  

by t h e  p r e s e n c e  o f  h e m a t i t e  o r  o f  s i n g l e  domain mag­

n e t i t e .

The d i r e c t i o n a l  c h a n g e s  o f  r e p r e s e n t a t i v e  p i l o t  

sp e c im e n s  d u r i n g  AF c l e a n i n g  ca n  be s e e n  i n  F ig u r e  23* 

The s t e r e o p l o t s  show a  movement away from a  v e r t i c a l  

d i r e c t i o n  f o l l o w in g  a  c o u n t e r c l o c k w i s e  m ovem ent. * A
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F lG * 2 3 .  D i r e c t i o n a l  c h a n g e s  o f  AF d e m a g n e t i z a t i o n  on
a n  e q u a l  a r e a  p r o j e c t i o n  f o r  I F  p i l o t  s p e c im e n s

WOTS: Change in  d ir e c t io n  on p ro g ress iv e  AF dem agnetiza­
t io n  in  f i e ld s  o f  0 , 5 . 10, 15. 20 . 30 , kQ, 50 , 60 , 70, 
30, 90 , 100 mT, for IF p i lo t  specim ens. S o lid  symbols 
in d ic a te  up d ir e c t io n .
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f u r t h e r  c a l c u l a t i o n  w as d o n e  i n  w h ic h  a l l  t h e  p i l o t  

s p e c im e n s  w ere  g ro u p e d  i n t o  e a c h  AF d e m a g n e t i z i n g  

f i e l d  a n d  t h e  m ean d i r e c t i o n  c a l c u l a t e d  ( T a b le  6 ) •  

E ven  th o u g h  t h e  r e s u l t s  a r e  n o t  s t a t i s t i c a l l y  s i g n i ­

f i c a n t  due  t o  t h e  o v e r l a p p i n g  o f  t h e  r a d i u s  o f  co n ­

f i d e n c e  t h e r e  w as a  c o u n t e r c l o c k w i s e  m ovem ent ( F i g u r e  

2^-) w i t h  s t e p  i n c r e a s e  i n  t h e  AF f i e l d .  T h e re  was 

a l s o  a  s h i f t  to w a r d s  a  s h a l l o w e r  i n c l i n a t i o n  sh o w in g  

t h e  re m o v a l  o f  t h e  VRM co m p o n en ts*  A f t e r  80mT th e  

d i r e c t i o n  becom es random  due t o  ARM. T h ese  r e s u l t s  

show t h a t  t h e  optim um  c l e a n i n g  f i e l d  s e l e c t e d  f o r  m o s t 

s a m p le s  was p o s s i b l y  10mT to o  lo w .  B e c a u se  t h e  AF 

c l e a n e d  s p e c im e n s  h av e  a  mean d i r e c t i o n  o f  2 5 6 . 2  *

7 .V 3a n d  t h e s e  p i l o t  s p e c im e n s  show c o n t i n u e d  move­

m en t to w a r d s  230° ,  I 7° a t  h i g h e r  c l e a n i n g  f i e l d s .

The optim um  c l e a n i n g  f i e l d s  ( F i g u r e  2 5 )  w ere  s e ­

l e c t e d  on t h e  b a s i s  o f  PSI m in im a . At t h e  optim um 

c l e a n i n g  f i e l d  t h e  r e l a t i v e  i n t e n s i t y  ( J n / J o )  h a s  

b e e n  r e d u c e d  t o  l e s s  t h a n  10% o f  i t s  o r i g i n a l  i n t e n ­

s i t y  ( j o )  i n  m o s t  s p e c im e n s  ( F i g u r e  2 6 ) .

L e a s t  s q u a r e  m o d e l a n a l y s i s  w as a t t e m p t e d  u s i n g  

t h e  I F  p i l o t  s p e c im e n s s b u t  t h i s  m e th o d  was u n a b le  

t o  i s o l a t e  t h e  c h a r a c t e r i s t i c  r e m a n e n c e  d i r e c t i o n s  b e ­

c a u s e  o f  t h e  e r r a t i c  n a t u r e  o f  t h e  d a t a .

^••6 . 2  S m o o th in g  M ethod

The s m o o th in g  m e th o d  i s  a  s i n g l e  s t e p  s c r e e n i n g
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t a b l e 6 .  P i l o t  s p e c i m e n s  
f i e l d

g r o u p e d  i n t o e a c h  AF d e m a g n e t i z i n g

AF Number o f
F i e l d S p e c i m e n s D e c l . I n c l . , I n t e n s i t y A95

mT N • ★down emu o

0
r— 70 2 5 3 .  if 4 7 . 8 0 . 0 3 4 9 2 4 . 2
5 70 2 5 0 . 3 4 8 . 6 0 . 0 2 1 4 2 7 . 0

. TO 70 2 5 1 . 0 4 2 . 9 0 .0 1  46 2 8 . if
15 70 2Zf9 . 2 4 4 . 0 0 . 0 1 0 6 2 7 . 6
20 70 2 i f8 .8 4 3 . 4 0 . 0 0 8 6 2 7 . 33 0 70 2A-6.5 4 5 . 2 0 . 0 0 5 5 2 6 .1
kO 70 24-3.0 4 5 . 0 0 . 0 0 3 8 2 3 . 0
50
/ •  a 70 2 3 8 . 5 3 2 . 3 0 . 0 0 2 8 21 . 960 70 2 4 5 . 6 2 5 . 9 0 .0 0 2 1 1 8 . 970 70 2 3 1 . 8 2 4 . 0 0 . 0 0 1 6 19.180 70 2 3 1 . 4 1 6 .9 0 . 0 0 1 3 2 3 . 290 70 2 1 3 . 3 2 6 . 6 0 . 0 0 1 0 2 0 . 2

100 70 2 3 9 . 8 - 1 . 3 0 . 0 0 1 2 2 2 * 2

NOTE: A95 i s  t h e r a d i u s  o f  95/^ c o n f i d e n c e  ( F i s h e r 1953)
i n  d e g r e e s .

270

I80‘

FlGo 2if .  Mean d i r e c t i o n a l  c h a n g e s  d u r i n g  AF d e m a g n e t i z a t i o n  
s t e p s  f o r  I F  p i l o t  s p e c i m e n s
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Reproduced with

m ethod  a t  t h e  p o p u l a t i o n  l e v e l .  The p r o c e d u r e  i s  to  

p l o t  t h e  sp e c im e n  d i r e c t i o n s  on a  s t e r e o n e t  w i t h  th e  

p o s i t i v e  down d i r e c t i o n s  on one p l o t  and  t h e  n eg ­

a t i v e  up  d i r e c t i o n s  on a n o t h e r  p l o t .  The d i r e c t i o n a l  

d a t a  c a n  be sm o o th ed  an d  c o n to u r e d  by u s in g  a  m ethod 

p ro p o s e d  by W.B. Kamb ( 1 9 5 9 ) .  The c o n c e n t r a t i o n  o f  

d i r e c t i o n s  i d e n t i f y  t h e  v a r i o u s  rem anence  com p o n en ts  

p r e s e n t  i n  t h e  r o c k .  The d i f f e r e n c e  be tw een  t h i s  

m ethod  and  c o n v e n t i o n a l  p o i n t  d e n s i t y  p e r c e n t a g e  

c o n t o u r s  i s  t h a t  t h e  sm o o th in g  a r e a  (A) d e p e n d s  on 

t h e  num ber o f  d i r e c t i o n s  (N ) .  The c o n t o u r  i n t e r v a l s  

a r e  i n  te rm s  o f  t h e  s t a n d a r d  d e v i a t i o n  (cr) an d  e x p e c te d  

d e n s i t y  ( E ) ■f o r  random s a m p lin g  o f  N random ly  d i r e c t e d  

v e c t o r s .  Thus any  anom aly  o u t l i n e d  h a v in g  more th a n  

E + 2cr d i r e c t i o n s  th a n  th e  number e x p e c te d  f o r  a  random  

d i s t r i b u t i o n  o f  v e c t o r s  w i l l  be h i g h l y  s i g n i f i c a n t  e s p e c i a l ­

l y  i f  i t  i s  i n  one l o c a l i z e d  a r e a  o f  th e  s t e r e o n e t .

The mean d i r e c t i o n  c a n  be o b t a i n e d  from th e  anom­

a l y  maxima o r  by u s in g  F i s h e r  s t a t i s t i c s  s e l e c t i n g  

d i r e c t i o n s  w i t h i n  a  g iv e n  anom aly c o n t o u r .  The sm ooth ­

i n g  m ethod  was p e r fo rm e d  on AF c l e a n e d  I F  s p e c im e n s  

t h a t  w ere  c o r r e c t e d  f o r  b e d d in g  t i l t  and  th e n  on AF 

c l e a n e d  hom ogeneous I F  sam p le  m ean s . The AF I F  sp ec  

mens a f t e r  s m o o th in g  and  c o n t o u r i n g  ( F ig u r e  2 ? )  form ed 

an an o m aly . The mean d e c l i n a t i o n  and  i n c l i n a t i o n  w ere 

c a l c u l a t e d  u s i n g  t h e  sp e c im e n  d i r e c t i o n s  w h ich  f a l l
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IF  s p e c im e n s  c o r r e c t e d  f o r  b e d d i n g  t i l t  
(u p  d i r e c t i o n ;  A re a  = ^ .5 cm 2 )
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w i t h i n  t h e  E + 2a- c o n t o u r .  The a n o m a ly  d e s i g n a t e d  c o m p o n e n t  

A y i e l d e d  a  mean d i r e c t i o n  o f  .2 5 6 ,2  s 7,^t * A95 = 3*5  

The AF c l e a n e d  h o m o g en eo u s  I F  s a m p le  m e an s  

( 'F i g u r e  2 8 )  show a  mean d i r e c t i o n  o f  2 6 2 , 2  , 7*2 ,

A95 = 6 . 5° w h i c h  i s  s i m i l a r .

if. 7 FOLD TEST AF CLEANING

A f o l d  t e s t  was  p e r f o r m e d  by  g r o u p i n g  t h e  s p e c ­

im e n s  f rom  a  p o p u l a t i o n  w i t h i n  a n  a n o m a l y .  The s p e c ­

im e n  d i r e c t i o n s  c o r r e c t e d  f o r  b e d d i n g  t i l t  w e r e  com­

p a r e d  w i t h  t h e  u n c o r r e c t e d  d i r e c t i o n s  u s i n g  t h e  a n g u l a r  

v a r i a n c e  t e s t .

The r a t i o  o f  t h e  v a r i a n c e s  i n  d i s p e r s i o n  ( V=<5A2/<£S2 ) 

was  c a l c u l a t e d  a n d  c o m p a re d  t o  t h e  c o r r e s p o n d i n g  t h e o ­

r e t i c a l  s t a t i s t i c :  *2 ( ^ - 1 )* 2 ( N g - 1 ) ,  0 . 0 5 ,  I f V  >F,

t h e n  t h e  two p o p u l a t i o n s  h a v e  s i g n i f i c a n t l y  d i f f e r e n t  

d i s t r i b u t i o n s  a n d  h e n c e  p r o b a b l y  r e f l e c t  d i f f e r e n t  

c o n d i t i o n s  o f  r e m a n e n c e  a c q u i s i t i o n  o r  r e m o v a l .  A 

s e c o n d  t e s t  o f  W a tso n  ( 1 9 5 6 ) s c o m p u te s  t h e  s t a t i s t i c  :

Fc = N-2 /  R-, + Rg -  R

V N -  R, -  R2

w h e re  R i s  t h e  l e n g t h  o f  t h e  v e c t o r  sum o f  t h e  r e ­

s u l t a n t s  o f  t h e  R1 an d  R2  p o p u l a t i o n s ,  an d  N = (N^+N^) 

i s  t h e  t o t a l  n u m b e r  o f  s a m p l e s  i n  t h e  two p o p u l a t i o n s .

T h i s  i s  c o m p a re d  t o  t h e  t h e o r e t i c a l  s t a t i s t i c :  F2 , 2 ( N - 2 ) ,

0 . 0 5 .  I f  F =»F, t h e n  t h e  two p o p u l a t i o n s  d e f i n e  s i g n i -  c
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E*-4 ct± ct’E“2cr-cr E± cr E+2cr±cr

F IG .  28* S m o o th in g  an d  c o n t o u r i n g  o f  hom o g en eo u s  AF
c l e a n e d  I F  s a m p l e s  c o r r e c t e d  f o r  b e d d i n g  t i l t  
(down d i r e c t i o n ;  A re a  = 3 8 .^-cm^)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



67

- 9 0

180°

[ n
E-2cr±cr E± cr E+2cr±cr

1 5 3 3 3
E*-4cr±cr

FIG. 2 8 a , S m o o th in g  and  c o n t o u r i n g  o f  hom ogeneous  AF 
c l e a n e d  I F  s a m p l e s  c o r r e c t e d  f o r  b e d d i n g  
t i l t  ( u p  d i r e c t i o n ;  A re a  =
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f i c a n t l y  d i f f e r e n t  d i r e c t i o n s ,  p o s s i b l y  a s  a  r e s u l t  

o f  f o l d i n g .

A l l  t h e  I F  s p e c i m e n s  f a l l i n g  w i t h i n  t h e  e  + 20 - 

s m o o t h i n g  c o n t o u r  o f  t h e  c o r r e c t e d  an d  u n c o r r e c t e d  

d i r e c t i o n s  ( F i g u r e  27  an d  29 )  w e re  c o m p a r e d .  The v a r ­

i a n c e  t e s t  i n d i c a t e s  t h a t  t h e r e  i s  a  s i g n i f i c a n t  d i f ­

f e r e n c e  i n  t h e  d i s p e r s i o n  o f  d i r e c t i o n s  b e c a u s e  t h e  

v a r i a n c e  r a t i o  o f  1 . 2 0  i s  g r e a t e r  t h a n  t h e  t h e o r e t i c a l  

s t a t i s t i c  o f  1 .1  a t  t h e  95% c o n f i d e n c e  l e v e l .  I n  a d d ­

i t i o n ,  t h e  p r e c i s i o n  p a r a m e t e r ,  k  ( F i s h e r ,  1953)  i s  

g r e a t e r  f o r  c o r r e c t e d  d i r e c t i o n  ' p o p u l a t i o n  ( T a b l e  7 ) 

s h o w in g  t h a t  t h e i r  p o p u l a t i o n  i s  l e s s  d i s p e r s e d .  T h e r e ­

f o r e  t h e  r e m a n e n c e  i s o l a t e d  i n  t h e  I F  p r e d a t e s  t h e  f o l d ­

i n g .

A n o t h e r  t e s t  was d one  u s i n g  t h e  hom ogeneous  b l o c k  

m eans  o f  t h e  s a m p l e s .  The two a n o m a l i e s  ( F i g u r e  28 and  

3 0 ) w e re  c o m p ared  u s i n g  o n l y  s a m p le  d i r e c t i o n s  w i t h i n  

t h e  E + 2<r s m o o t h i n g  c o n t o u r .  The v a r i a n c e  t e s t  i n d i c a t e s  

t h a t  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d i s p e r s i o n  

o f  d i r e c t i o n s  b e c a u s e  t h e  v a r i a n c e  r a t i o  o f  2 . 0 0  i s  

g r e a t e r  t h a n  t h e  t h e o r e t i c a l  s t a t i s t i c s  o f  1 . 9 0  a t  t h e  

95% c o n f i d e n c e  l e v e l .  The p r e c i s i o n  p a r a m e t e r  o f  1 9 .5  

f o r  t h e  c o r r e c t e d  d i r e c t i o n  was g r e a t e r  t h a n  t h a t  o f  

1 1 . 5  f o r  t h e  u n c o r r e c t e d  ( T a b l e  7 ) •  T h i s  a g r e e s  w i t h  

t h e  f i r s t  t e s t  a n d  show s t h a t  t h e  i s o l a t e d  r e m a n e n c e  i n  

t h e  I F  p r e d a t e s  t h e  f o l d i n g .
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FIG . 2 9 .  S m o o th in g  an d  c o n t o u r i n g  o f  AF c l e a n e d  I F  
s p e c i m e n s  n o t  c o r r e c t e d  f o r  b e d d i n g  t i l t  
(down d i r e c t i o n  ; A r e a  = A .6cm2)
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TABLE 7. Fold Test

Number o f Mean Remanence D i r e c t i o n
Groups Compared spec im ens Length

R
D ecl .

0
I n c l .
+down

k  A95 
0

v f 0 .0 5

Anomaly Specimens

C o r r e c t e d 151 139.75 256.21 7.41 13.33  3 . 2 ?

U n c o r re c te d 242 218 .20 9 8 .2 5 85 .43 11 .97  2 .7 5
1 .2 0  1 .10

Homogeneous Block
.Means

C o r r e c t e d 26 2 5 .6 6 2 6 2 ,2 5 7 .2 4 19.49  6 .46

U n c o r re c te d 46 4 2 .0 8 70 .24 81.81 11 .48  6 .4 9
2 .0 0  1 .90

NOTES: R i s  t h e  l e n g t h  o f  v e c t o r  r e s u l t a n t ,  
k  i s  F i s h e r ' s  (1953) p r e c i s i o n  p a r a m e te r ,
A95 i s  t h e  r a d i u s  o f  95% c o n f id e n c e  ( F i s h e r  1953) ,
V i s  t h e  v a r i a n c e  r a t i o f c o r r /<ru n c o r r  o f  t h e  two p o p u l a t i o n s .
F0 05  i s  t h e  t h e o r e t i c a l  s t a t i s t i c
f s l    . 2 (Nc o r r - ' > . 2 ( N u n c o r r - 1 ) , 0 . 0 5  t h e r e by s e t t i n gt h e  t e s t  a t  th e  95% c o n f id e n c e  l e v e l .
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FIG . 3 0 .  S m o o th in g  a n d  c o n t o u r i n g  o f  hom o g en eo u s  AF

c l e a n e d  I F  s a m p l e s  n o t  c o r r e c t e d  f o r  b e d d i n g  
t i l t  (down d i r e c t i o n  ; A re a  = 38 . i fcm 2 )
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i f . 8 THERMAL CLEANING OF IRON FORMATION 

i f . 8 .1  P i l o t  S p e c i m e n s

A t o t a l  o f  22 I F  p i l o t  s p e c i m e n s  w e re  t h e r m a l l y

s t e p  d e m a g n e t i z e d  up  t o  6 5 0 ° C .  The i n t e n s i t y  d e c a y

c u r v e s  o f  r e p r e s e n t a t i v e  s p e c i m e n s  ( F i g u r e  3 1 )  show

a n  i n i t i a l  r a p i d  d r o p  i n  i n t e n s i t y  u p  t o  ifOO°C a s

u n s t a b l e  VRM c o m p o n e n t s  a r e  r e m o v e d .  The c u r v e s  t h e n

show a  b l o c k i n g  t e m p e r a t u r e  y k n e e "  o f  some g r a i n s  a t  
o

if75 C a b o v e  w h ic h  t h e  m a g n e t i z a t i o n  c a r r i e d  by s u c h  

g r a i n s  i s  d e s t r o y e d .  The t h e r m a l  c o e r c i v i t y  s p e c t r u m  

o f  t h e  s t a b l e  d i r e c t i o n  i s  p r o b a b l y  c a r r i e d  by mag­

n e t i t e  t h a t  i s  b l o c k e d  p r e d o m i n a n t l y  ■ a b o v e  if75°C. 

When p u r e ,  m a g n e t i t e  h a s  a  C u r i e  t e m p e r a t u r e  (T c )  o f  

5 8 5 °C .

The PSI  c u r v e s  ( F i g u r e  32 )  show h i g h  P SI  v a l u e s  

w h ic h  r e m a i n  r e l a t i v e l y  c o n s t a n t  up  t o  ifOO°C. Above 

/fOO°C t h e  c u r v e s  r e c o r d  a n  i n c r e a s i n g  r a t e  o f  d i r e c t ­

i o n a l  c h a n g e  a s  t h e  p a r t i a l  t h e r m o r e r a a n e n t  (pTRM) com' 

p o n e n t s  d o m i n a t e  t h e  s p e c i m e n  r e s p o n s e .  I n  F i g u r e  33 

l a r g e  d i r e c t i o n a l  c h a n g e s  c a n  be  s e e n  a b o v e  500°C a s  

t h e  c h a r a c t e r i s t i c  d i r e c t i o n s  a r e  i s o l a t e d .

B e c a u s e  o f  t h e  p o o r  i s o l a t i o n  o f  a  s t a b l e  u n i t
o

mean d i r e c t i o n  a b o v e  500 C, t h e  r e m a i n i n g  s p e c i m e n s  

w e re  n o t  t h e r m a l l y  c l e a n e d .
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4 . 9  CHEMICAL CLEANING OF IRON FORMATION 

4 > 9 > 1 P i l o t  S p e c i m e n s

A t o t a l  o f  13 o u t  o f  19 I F  p i l o t  s p e c i m e n s  d i d n ’ t  

d i s i n t i g r a t e  a f t e r  1641 h o u r s  i n  1 2N HCI. W i t h i n  t h e  

f i r s t  2 0 0  h o u r s ,  4  s p e c i m e n s  d i s i n t i g r a t e d .  The d i ­

r e c t i o n a l  c h a n g e s  ( F i g u r e  34)  o f  r e p r e s e n t a t i v e  s p e c ­

i m e n s  show t h e  r e m o v a l  o f  u n s t a b l e  s t e e p l y - i n c l i n e d  

c o m p o n e n t s ,  p r e s u m a b l y  c a r r i e d  e i t h e r  b y  r e l a t i v e l y  

s o l u b l e ,  c o a r s e - g r a i n e d  m a g n e t i t e  o r  by  f i n e  g r a i n e d  

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

f a s t e r  t h a n  m a g n e t i t e  d i s t r i b u t e d  w i t h i n  t h e  c h e r t y  

b a n d s .  The s u r v i v i n g  s p e c i m e n s  a l s o  show a  c o u n t e r ­

c l o c k w i s e  m ovement i n  r e m a n e n c e  d i r e c t i o n  w i t h  d u r ­

a t i o n  o f  s u b m e r g e n c e  i n  t h e  12N HCI.  T h i s  c o u n t e r ­

c l o c k w i s e  m ovement r e v e a l s  t h e  p r e s e n c e  o f  a  w e s t e r l y -  

d i r e c t e d  c o m p o n e n t  o f  m a g n e t i z a t i o n .  The P SI  c u r v e s  

( F i g u r e  35) show l a r g e  i n i t i a l  r a t e s  o f  r e m a n e n c e  d i ­

r e c t i o n a l  c h a n g e  w i t h i n  t h e  f i r s t  100 h o u r s  a s  VRM i s  

r e m o v e d .  B e tw e e n  1 0 0 - 1 2 0 0  h o u r s  t h e  r a t e  o f  d i r e c t i o n a l  

c h a n g e  r e m a i n s  r e l a t i v e l y  low  w i t h  t h e  l o w e s t  PSI  v a l u e s  

f o r  t h e  l a s t  m e a s u r e m e n t  a t  1641 h o u r s .  The i n t e n s i t y  

d e c a y  c u r v e s  ( F i g u r e  .36) show t h a t  c h e m i c a l  c l e a n i n g  

r e m o v e s  up  t o  70% o f  t h e  m a g n e t i z a t i o n  i n  m o s t  s p e c ­

i m e n s .  However  two s p e c i m e n s  show a  g r a d u a l  movement 

t o w a r d s  2 4 0 ° w i t h  99% o f  t h e i r  m a g n e t i z a t i o n  rem o v ed  b e ­

f o r e  t h e i r  d i r e c t i o n s  b ecam e  e r r a t i c .
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f o r  I F  s p e c i m e n s

NOTES: Equal area  p r o je c tio n  showing the change in
d ir e c t io n  on p r o g ta ss iv e  chem ical le a ch in g  a t  
tim es o f  0 ,2 1 ,3 7 ,1 8 0 ,2 7 1 ,3 8 5 ,5 2 5 .6 6 3 ,8 3 0 ,1 0 1 7 ,  
1161 and 16A-1 hours for  IF p i lo t  specim ens. 
C losed symbols in d ic a te  down d ir e c t io n  and ouen 
sym bols in d ic a te  up d ir e c t io n .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PS
I 

(m
de

g/
h

ou
r)

7 8

2000

1000

4 0 0

■ 44
•  7 5  
* 1 0 5
•  10 92 4 0

160

80

0 4 0 0 8 0 0 1 2 0 0 1600
HOURS

FIG. 3 5 .  I F  c h e m i c a l  c l e a n i n g  c u r v e - p a l e o m a g n e t i c  
s t a b i l i t y  i n d e x

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
EL

A
TI

VE
 

IN
T

E
N

S
IT

Y

1.0

■ 4 4  
•  75  
A105 
• 1 0 9

0.5

4 0 0 8 0 0 1200 1 6 0 0
HOURS

FIG. 3 6 .  I F  c h e m i c a l  c l e a n i n g
c u r v e - r e l a t i v e  i n t e n s i t y

Reproduced With permission
of the copyright owner. Further

reproduction prohibited without
permission.



8 0

4 , 9 , 2  R em ain ing  S p ec im en s

A t o t a l  o f  54 o u t  o f  85 c h e m i c a l l y  c l e a n e d  

s p e c im e n s  r e t a i n e d  c o h e r e n c y  a f t e r  14&5 h o u r s  i n  12N 

HCI. T hese  s u r v i v i n g  s p e c im e n s  showed s c a t t e r e d  r e ­

manence d i r e c t i o n s  and  m ost  s p e c im e n s  r a t h e r  c u r i o u s ­

l y  showed an  i n c r e a s e  i n  i n t e n s i t y .  T h i s  c o u l d  be 

t h e  r e s u l t  o f  t h e  r e m o v a l  o f  an  o p p o s i t e l y  d i r e c t e d  r e ­

manence c o m p o n en t .

if. 10 BAKED CONTACT TEST

On t h e  i n t r u s i o n  o f  a  d i a b a s e  d i k e  t h e  h o s t  r o c k  

n e a r  t h e  c o n t a c t  i s  h e a t e d  above  t h e  C u r i e  t e m p e r a t u r e s  o f  

i t s  m a g n e t i c  m i n e r a l s  and  t h e  h o s t  r o c k  a c q u i r e s  t h e  d i k e  

d i r e c t i o n  on c o o l i n g .  The d i a b a s e  d i k e  l o c a t e d  i n  t h e  

S o u th  p i t  ( F i g u r e  3 )  was s a m p le d  p e r p e n d i c u l a r  t o  t h e  d i k e  

( F i g u r e  3 7 ) .  A l l  s a m p le s  c o l l e c t e d  f e l l  w i t h i n  t h e  b ak ed

c o n t a c t  zone  a s s u m in g  t h a t  a  d i k e  o f ^ 5 0 m  w ou ld  h e a t  a

zone  30m o f  t h e  HR i n t r u d e d  ( P u l l a i a h  e t  a l . , 1975)*
4 . 1 0 . 1  AF D e m a g n e t i z a t i o n  o f  Dike and  Baked C o n t a c t  zone

4 . .1 0 .1 a  P i l o t  S p e c im en s

One s p e c im e n  from t h e  d i k e  and  10 from t h e  bak ed

c o n t a c t  zone  w ere  AF s t e p  d e m a g n e t i z e d  up t o  100mT s u c h

t h a t  an  optimum AF c l e a n i n g  f i e l d  c o u l d  be s e l e c t e d  f o r  t h e

r e m a i n d e r  o f  t h e  s p e c i m e n s .

The PSI c u r v e s  i n  F i g u r e  38 show t h e  r e m o v a l  o f  t h e

u n s t a b l e  VRM co m p o n en ts  i n  t h e  p r e s e n t  s t e e p l y  i n c l i n e d

EMF d i r e c t i o n  i n  t h e  0 - 1 5mT s t e p s .  The s p e c im e n s  showed
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<v35. d e g / T  d i r e c t i o n a l  c h a n g e  i n  t h e  0 - 1 5mT s t e p s  w h i c h  

d e c r e a s e d  t o  l e s s  t h a n  5  d e g / T  b e t w e e n  2 0  a n d  50mT s t e p s .  

A b o v e  50mT t h e r e  i s  a n  i n c r e a s e  i n  t h e  r a t e  o f  d i r e c t i o n a l  

c h a n g e  b e c a u s e  t h e  ARM c o m p o n e n t s  a r e  b e c o m i n g  m o re  p r o ­

n o u n c e d .  The i n t e n s i t y  d e c a y  c u r v e s  ( F i g u r e  39 ) s u p p o r t  

t h i s  i n t e r p r e t a t i o n .  The m a . i o r i t y  o f  t h e  s p e c i m e n s  s h o w  a  

r a p i d  i n t e n s i t y  d e c a y  up  t o  30-^fOmT a s  s i g n i f i c a n t  VRM 

c o m p o n e n t s  a r e  r e m o v e d  a n d  t h e n  t h e r e  i s  a  s l i g h t  i n t e n s ­

i t y  d e c a y  t h r o u g h o u t  t h e  r e m a i n i n g  c l e a n i n g  f i e l d s .  The

v e c t o r  r e m o v e d  c o m p o n e n t s  f r o m  t h e  AF d e m a g n e t i z a t i o n  s t e p s
/

w e r e  p l o t t e d  o n  t h e  s t e r e o n e t  a l o n g  w i t h  t h e  AF c l e a n e d  d i k e  

d i r e c t i o n s  ( F i g u r e  4 0 ) .  Two a n o m a l i e s  w e r e  f o r m e d  a f t e r  

s m o o t h i n g  a n d  c o n t o u r i n g  o f  t h e  d a t a .  One o f  t h e  a n o m a l i e s  

f o r  t h e  b a k e d  c o n t a c t  z o n e  s h o w e d  a  s i m i l a r  r e m a n e n c e  d i r ­

e c t i o n  b u t  w i t h  a  s t e e p e r  i n c l i n a t i o n ,  p o s s i b l y  c a u s e d  b y  

a  b i a s  o f  t h e  v i s c o u s  r e m a n e n c e  c o m p o n e n t .  The  s e c o n d  

a n o m a l y  may b e  a  h y b r i d  d i r e c t i o n  b e t w e e n  t h a t  o f  t h e  d i k e  

a n d  t h e  I F .

4 . 1 0 . 2  T h e r m a l  C l e a n i n g  o f  D i k e  a n d  C o n t a c t  z o n e

A t o t a l  o f  o n e  d i k e  a n d  17 HR s p e c i m e n s  w e r e  t h e r m a l

s t e p  d e m a g n e t i z e d  up  t o  6 5 c P c .  The i n t e n s i t y  d e c a y  c u r v e s

( F i g u r e  4 1 ) s h o w  a n  i n i t i a l  d r o p  i n  i n t e n s i t y  up  t o  450°C

a s  u n s t a b l e  VRM c o m p o n e n t s  a r e  r e m o v e d .  The  c u r v e s  t h e n
o

s h o w  a  b l o c k i n g  t e m p e r a t u r e  o f  som e  g r a i n s  a t  4 7 5  0  a b o v e  

w h i c h  t h e  m a g n e t i z a t i o n  c a r r i e d  b y  s u c h  g r a i n s  i s  ^ d e s t r o y e d .  

A b o v e  550°C  t h e  i n t e n s i t y  d r o p s  t o  < 3% o f  t h e  NRM i n t e n s i t y
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and  t h e  rem an en ce  d i r e c t i o n s  s c a t t e r  a s  t h e  C u r i e  t e m p e r a t u r e  

o f  . m a g n e t i t e  i s  e x c e e d e d .  The rem a n en c e  i s  a  s e c o n d a r y  

TRM i n  t h e  m a g n e t i t e  a c q u i r e d  when t h e  d i k e  was e m p la c e d .

4 .11  AF DEMAGNETIZATION OF THE HOST ROCK

4 . 1 1 . 1  P i l o t  S p ec im en s

A t o t a l  o f  45  HR p i l o t  s p e c i m e n s ,  one from e a c h  

s i t e ,  w ere  AF s t e p  d e m a g n e t i z e d  up t o  100raT. The d i ­

r e c t i o n a l  c h a n g e s  o f  r e p r e s e n t a t i v e  s p e c im e n s  a r e  

shown i n  F i g u r e  4 2 .  The PSI c u r v e s  ( F i g u r e 4 3 )  show 

t h e  r e m o v a l  o f  u n s t a b l e  VRM co m p o n en ts  i n  t h e  p r e s e n t

s t e e p l y - i n c l i n e d  EMF d i r e c t i o n  ( 3 5 3 ° s 76 ° )  d u r i n g  t h e
\

0 - 1 5mT s t e p s .  I n - t h e  0 - 1 5mT s t e p s  t h e  s p e c im e n s  show 

~120 d e g /T  r a t e  o f  d i r e c t i o n a l  c h a n g e .  The s p e c im e n s  

t h e n  s h o w ~ 3 0  d e g /T  r a t e  o f  d i r e c t i o n a l  ch a n g e  be tw een  

l5 -30m T. Above 40mT t h e r e  i s  a  r a p i d  i n c r e a s e  i n  t h e  

r a t e  o f  d i r e c t i o n a l  c h a n g e  b e c a u s e  random ARM com­

p o n e n t s  a r e  b e co m in g  more p ro n o u n ce d .  The i n t e n s i t y  

d e c a y  c u r v e s  ( F i g u r e 4 4 )  show a  r a n g e  o f  d e c a y  r a t e s  f o r  

t h e  p i l o t  s p e c i m e n s .  Be tw een  0 - 1 5mT, 3 3 % o f  t h e  s p e c ­

im e n s  show a  s l i g h t  i n c r e a s e ,  33% show a  s lo w  d ec ay  

r a t e ,  and  t h e  r e m a i n i n g  33% show a  r a p i d  d e c a y  r a t e  i n  

r em a n en ce  i n t e n s i t y .  Most o f  t h e  s p e c im e n s  show 70% 

o f  t h e i r  NRM i n t e n s i t y  rem oved  by 40mT and  90% r e ­

moved by 100mT.

The optimum c l e a n i n g  f i e l d  was s e l e c t e d  by i n ­

s p e c t i o n  o f  t h e  PSI m in im a .  The p i l o t  s p e c im e n s  ‘show 

an  optimum AF c l e a n i n g  f i e l d  ( F i g u r e 2 5 )  of> l e s s  t h a n
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ifOmT a t  w h ic h  p o i n t  t h e  r e l a t i v e  i n t e n s i t y  o f  s t a b l e  

r em a n e n c e  ( F i g u r e  26)  r a n g e s  from T0% t o  90% o f  i t s  

o r i g i n a l  NRM i n t e n s i t y .

L e a s t  s q u a r e  m odel  a n a l y s i s  was a t t e m p t e d  u s i n g  

t h e  HR p i l o t  s p e c i m e n s ,  b u t  t h i s  m e th o d  was u n a b l e  

t o  i s o l a t e  t h e  c h a r a c t e r i s t i c  r e m a n e n c e  d i r e c t i o n s .  

ii-.11 . 2  S m o o th in g  Method

The s m o o t h in g  m e th o d  ( 4 . 7 . 1 )  i s  a  s i n g l e  s t e p  

s c r e e n i n g  m e thod  a t  t h e  p o p u l a t i o n  l e v e l .  The s p e c ­

im en  r em a n en ce  d i r e c t i o n s  showed a  b e t t e r  g r o u p i n g  

when u n c o r r e c t e d  f o r  b e d d i n g  t i l t  ( F i g u r e 4 5 )  t h a n  when 

c o r r e c t e d  d i r e c t i o n s  ( R L g u r e 4 6 ) .  B e c a u s e  t h e  t i l t -  

c o r r e c t e d  d i r e c t i o n s  show ed a  l a r g e  s c a t t e r ,  i t  was 

n o t  p o s s i b l e  t o  p e r f o r m  a  f o l d  t e s t .  However t h e  un ­

c o r r e c t e d  d i r e c t i o n s  showed two good a n o m a l i e s .  S p e c ­

im en  d i r e c t i o n s  f a l l i n g  w i t h i n  t h e  E + 2cr l e v e l  f o r  e a c h  

a n o m aly  w ere  c o m b in ed  t o  com pute  t h e  mean d i r e c t i o n .

One anom aly  d e s i g n a t e d  com ponen t  B ( T a b le  8)  y i e l d e d  

a  mean d i r e c t i o n  o f  3 0 5 . 0 ° ,  7 9 . 1 °  , A95 ” = 4 . 2 °  ( d e ­

c l i n a t i o n ,  i n c l i n a t i o n ,  c o n e  o f  9 5% c o n f i d e n c e )  and 

t h e  s e c o n d  an o m aly  d e s i g n a t e d  com ponen t  C y i e l d e d  a  

mean d i r e c t i o n  o f  1 8 9 . 9 ° ,  5 3 - 9 ° ,  A 9 5 '  = 3 . 7 ° ( T a b l e  8 )•  

The A com ponen t  d i r e c t i o n  i s  c l o s e  t o  t h e  o r i g i n a l  NRM 

d i r e c t i o n  (K L gure47 )  o f  3 5 6 . 4 °  , 8 7 .1 °  , A95 = 3 . 3 °  

( T a b l e  8 ) .  Component C was i s o l a t e d  by t h e  AF c l e a n ­

i n g  p r o c e s s .
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TABLE 8 . Summary o f  h o s t  r o c k  r e m a n e n c e  d i r e c t i o n

Number o f Mean: r e m a n e n c e  d i r e c t i o n
G roup s p e c i m e n s

N
L e n g t h

R
D e c l .

o
I n c l .  K 
+down

A95
o

B c o m p o n en t  
AF c l e a n e d 46 44*3 3 0 5 . 0 7 9 .1  2 5 . 9 4 . 2
NRM 110

*

1 0 4 .6 3 3 6 . 4 8 7 .1  1 7 .3 3 . 3

C c o m p o n en t 30 1 3 .8 1 8 9 .9 5 3 . 9  5 0 . 2 3 . 7

NOTES: R i s  t h e  l e n g t h  o f  v e c t o r  r e s u l t a n t .
K i s  F i s h e r ’ s ( 1 9 5 3 )  p r e c i s i o n  p a r a m e t e r .
A95 i s  t h e  r a d i u s  o f  9 5 ^  c o n f i d e n c e  ( F i . s h e r  1953)  i n  d e g r e e s .
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Zf. 12 THERMAL CLEANING OF HOST ROCK 

Zf«12.1 P i l o t  S p e c im e n s

The 2A HR p i l o t  s p e c i m e n s  show s c a t t e r e d  rem an en ce  

d i r e c t i o n s .  A t o t a l  o f  3 s p e c i m e n s  c h a n g e  v e r y  l i t t l e  

i n  d i r e c t i o n  t h r o u g h o u t  t h e  c l e a n i n g  p r o c e s s .  A n o th e r  

1A s p e c i m e n s  show a  s t a b l e  d i r e c t i o n  up  t o ^ 3 0 0 °  C and  

t h e r e a f t e r  y i e l d  s c a t t e r e d  d i r e c t i o n s .  The r e m a i n i n g  

7 s p e c i m e n s  show s c a t t e r e d  d i r e c t i o n s  t h r o u g h o u t  t h e  

e n t i r e  c l e a n i n g  p r o c e s s .  B e c a u s e  t h e r m a l  c l e a n i n g  was 

u n a b l e  t o  s u c c e s s f u l l y  i s o l a t e  an y  d i r e c t i o n a l  com ponen t  

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

If. 13 POLE POSITION

A . 13.1  I r o n  F o r m a t i o n

As p r e v i o u s l y  d i s c u s s e d  t h e  I F  g i v e s  a  s t a b l e  p r e ­

f o l d i n g  A re m a n e n c e  c o m p o n e n t .  I t s  c o r r e c t e d  d i r e c t i o n  

g i v e s ,  t h e r e f o r e ,  t h e  p o l e  p o s i t i o n  f o r  t h e  t i m e  o f  

p r i m a r y  r e m a n e n c e  a c q u i s t i o n  upon d e p o s i t i o n  o r  o f  

p o s t  d e p o s i t i o n a l  a l t e r n a t i o n  p r i o r  t o  d e f o r m a t i o n  

d u r i n g  t h e  Algoman o r o g e n y  ( T a b l e  9 ) .  RLgure A8 shows 

t h i s  p o l e  p o s i t i o n  s u p e r i m p o s e d  on t h e  a p p a r e n t  p o l a r  

v / a n d e r in g  (APIV) c u r v e  f o r  t h i s  p e r i o d  (Symons e t  a l , ,  

1 9 8 0 ) .  I t s  l o c a t i o n  g i v e s  an  a p p a r e n t  ag e  o f ~  2 . 7 0  Ga. 

T h i s  i s  c o n s i d e r a b l y  e a r l i e r  t h a n  t h e / v 2 . 5  Ga A lgo ­

man o r o g e n y  an d  t h e r e f o r e  l i k e l y  r e p r e s e n t s  t h e  p r i ­

mary  re m a n e n c e  t h a t  I F  a c q u i r e d  d u r i n g  d e p o s i t i o n .
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TABLE 9 •  P o le  p o s i t i o n s  o f  t h e  Adams Mine

Number o f Mean Remanence D i r e c t i o n P o le  P o s i t i o n
Group spec im ens

N
Length

R
D ec l .

0
i n c l .
+down

0

K A95
o

Long.
(°W)

Lclt »

t>N) d PO
dm
0

IF  A component 151 139.75 256.21 7.41 13.33  3 .2 7 3 7 .8 8 6 .3 5 1 .65 3 .2 9

HR B component 46 4 4 .2 6 3 04 .96 79 .08 2 5 .9 0  4.21 111.99 5 6 .2 5 7.61 8.01

HR C component 30 2 9 .4 2 189.91 53.91 5 0 .1 8  3 .7 5 88 .12 - 7 . 0 6 3 .6 7 5 .2 5

Dike D component 14 13.77 175.84 3 2 .9 8 58 .50  5 .2 4 75 .57 -23 .91 3 .3 7 5 .9 4

NOTES: For t h e  p o le  p o s i t i o n  th e  l o n g i t u d e  and l a t i t u d e  a r e  i n  d e g re e s  w es t  
(Long.°W) and n o r t h  ( L a t . ° N )  r e s p e c t i v e l y ,  w i th  d and d b e in g  th e  s e m i-a x e s  
o f  t h e  o v a l  o f  c o n f id e n c e  a lo n g  and p e r p e n d i c u l a r ^ t o  t h e  s i t e - p o l e  g r e a t  c i r c l e .
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4 . 1 3 . 2  Host Rock

The HR shows two s t a b l e  p o s t - f o l d i n g  rem anence  

d i r e c t i o n s .  T h e r e f o r e  t h e s e  d i r e c t i o n s  w ere  a c q u i r e d  

a f t e r  t h e  Algoman o r o g e n y .  I ig u re i+ 9  shows t h e s e  p o l e s  

s u p e r i m p o s e d  on t h e  APW p a t h  o f  I r v i n g  (1 9 7 9 )*  The B 

com ponen t  p o l e  i n d i c a t e s  a n  ag e  o f ' '■ '2 .15Ga. T h i s  

ag e  i s  i n d i s t i n g u i s h a b l e  f o r  t h e  R b / S r  ag e  o f  2 . 1 6  Ga 

t h a t  d a t e s  t h e  i n t r u s i o n  o f  t h e  O t t o  s y e n i t e  s t o c k  ( B e l l  

and  B l e n k i n s o p ,  1 9 7 6 ) .  F u r t h e r m o r e  P u l l a i a h  and  I r v i n g .  

(1 9 7 5 )  d e t e r m i n e d  a  r e m a n en c e  d i r e c t i o n  o f  3 3 0 °  , 71° 

f o r  t h e  O t t o  s y e n i t e  s t o c k  w h ich  c o r r e s p o n d s  t o  t h i s  

B com ponent  d i r e c t i o n .  Thus i t  seem s t h e  B com ponent 

p o l e  i s  a  m e ta m o rp h ic  o v e r p r i n t  a c q u i r e d  when t h e  O t to  

and  L e b e l  s y e n t i t e  s t o c k s  w ere  i n t r u d e d .

The C com ponen t  g i v e s  a  p o l e  p o s i t i o n  w i t h  an 

ag e  o f ~ 1 . 8 5  Ga. T h i s  p o s t - f o l d i n g  m e ta m o rp h ic  o v e r ­

p r i n t  i s  p o s s i b l y  a s s o c i a t e d  w i t h  t h e  em placem en t  o f  t h e

A b i t i b i  d i k e  swarm, D co m p o n en t ,  w h ic h  g i v e s  an  age  

o f  1 .83G a o r  p o s s i b l y  due  t o  t h e  H u d so n ia n  o r o g e n y .

4 . 1 4  MAGNETIC MODEL 

4 * 1 4 .1  I n f i n i t e  D ep th  E x t e n t

The t o t a l  i n t e n s i t y  o f  t h e  EMF a t  t h e  Adams Mine 

i s  5 9 ,7 6 0  i  ( gammas) (CDM, 1 9 6 5 ) .

The m a g n e t i c  anom aly  p r o d u c e d  by t h e  S o u t h  p i t  w i l l  

be u s e d  a s  a n  exam ple  o f  c o m p a r i s o n  b e tw e e n  t h e  t h e o r e t -
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1 0 1

i c a l  an d  a c t u a l  an o m aly  c a l c u l a t i o n .  The o r e  zone  

h a s ' a n  a v e r a g e  w i d t h  o f  165m. F o r  t h e  S o u t h  p i t ,  t h e  

i n p u t  v a l u e s  a r e :  = 0 . 0 6 7  cgs/cm-^; = 1 .5 7 ;

t h e  d e m a g n e t i z i n g  f a c t o r  i s  F = 2 f r  (G ay ,  1 9 6 3 ) ;  t h e  

a u g m e n t i n g  f a c t o r  i s  1 f or  t h e  r em a n en ce  e f f e c t ;  and  

t h e  t e r r a i n  c l e a r a n c e  i s  305m f o r  t h e  a e r o m a g n e t i c  

a n o m a ly .  The t h e o r e t i c a l  m ode l  a n o m a ly  was t h e n  c a l ­

c u l a t e d  f o r  a  v a r i e t y  o f  s t r i k e  d i r e c t i o n s  an d  d i p  

v a l u e s  ( F i g u r e  50 a n d 51 ) .

The S o u th  p i t  s t r i k e s  a t  N93°E and  d i p s  a t  6 0 ° S 

g i v i n g  a  com p u ted  p e a k  a n o m aly  o f  1 0 ,0 0 0  Y . The 

m e a s u r e d  p e a k  v a l u e  o v e r  t h e  S o u t h  p i t  i s  7 0 ,2 5 0  IT 

( GSC, 1975)o S u b t r a c t i o n  o f  t h e  b a c k g r o u n d  v a l u e  o f  

5 9 5 5 0 0 y g i v e s  a  p e a k  anomaly* o f  1 0 ,7 5 0 V  • Thus  t h e  

c a l c u l a t e d  and  m e a s u r e d  p e a k  v a l u e s  a g r e e  t o  w i t h i n  

I f  t h e  S o u th  p i t  i s  r o t a t e d  t o  t h e  h o r i z o n t a l ,  t h e n  t h e  

co m p u ted  p e a k  a n o m aly  i s  r e d u c e d  t o  ^  3 }200* '  o r  o f  

i t s  p r e s e n t  v a l u e .  T h i s  r e s u l t  i s  s i m i l a r  t o  t h a t  found  

i n  t h e  Sherman mine  s t u d y  (Symons arid S t u p a v s k y ,  1979) 

and  Moose M o u n ta in  mine (Sym ons ,  W a l le y  and  S t u p a v s k y ,  

1 9 8 0 ) .  B e c a u se  o f  t h e  c l o s e  s i m i l a r i t y  o f  the.  m a g n e t i c  

c h a r a c t e r i s t i c s  o f  t h e  t h r e e  d e p o s i t s  ( T a b l e  1 0 a - 1 0 b ) ,  

t h e  t y p e  c u r v e s  a l s o  t a k e  a  s i m i l a r  fo rm .  C a l c u l a t e d  

and  m e a s u r e d  p e a k  v a l u e s  f o r  t h e  o t h e r  p i t s  a r e  shown _ 

i n  T a b l e  1 ] ,
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TABLE 10a. Summary and com par ison  o f  m agne t ic  p r o p e r t i e s  o f  t h e  Sherman mine ,  Moose 
Mountain  mine and Adams mine i r o n  fo rm a t io n

Sherman Moose Mountain Adams

1. Metamorphic g rad e low g r e e n s c h i s t  u p p e r  g r e e n s c h i s t
a m p h ib o l i t e

mid g r e e n s c h i s t

2 . M agnetic  s u s c e p t i b i l i t y  
1 bed d in g  p l a n e ,  k j j ( c g s / c c ) 0 .0 9 6 0 .110 0 .0 6 5

3 . A n iso t ro p y  o f  m agne t ic  
s u s c e p t i b i l i t y  , k^ ^ / k ^ 1.60 1.75 1.62

k . NRM remanence m a g n e t i t e  
(em u/cc)  h e m a t i t e

2 . 5  x 10“ ? 
k.O  x 10” °

8 x 10"? 
3 . 9  x 10"b

1.21 x 10"2

5 . K o e n ig s b e rg e r  r a t i o ,  Q 0./f6 0 .6 3 0 .6 7

6 . E f f e c t i v e  Q, Q =R/N cos©
V

0 .2 2 0 .2 4 0 .1 7

7. AF dem agne t ized  remanence 
(N and R components 

combined)

(1 7 0 . 0 ° 0 .  f i 5 . f i
( 9 6 . 1 , - 6 . 6 , 9 . 3 9

P r  ( 3 . 7 t M ° ft8.2°)Pr 
P r  ( 8 0 . 6 ; 6 . 1 * 6 .$ ) P r  

(2 7 8 .^ ,7 7 .7 ° ,  16.*?)

( 2 5 6 . 2 ° 7 . ^ 3 . 3 ^ P r

P r

NOTES: Remanence d i r e c t i o n s  g iv e n  a s  ( D e c l , ,  I n c l . ,  A95).
P r .  = P r e - f o l d i n g  a t  95% c o n f id e n c e  l e v e l .  I ,  = I n c o n c l u s i v e  f o l d - t e s t .  
For d e t a i l s  o f  th e  r e s u l t s  l i s t e d ,  s ee  t e x t .

o
-p-
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TABLE lObSummary and com par ison  o f  m a g n e t ic  p r o p e r t i e s  o f  t h e  h o s t  r o c k  a t  th e  Sherman, 
Moose M ounta in  and Adams mines

Sherman Moose Mountain  Adams

1 . M agnetic  s u s c e p t i b i l i t y  
b ed d in g  p l a n e ,  k ^ ( c g s / c c )

4 . 9  x  1 0 "  5 5 . 0  x  1 0 “ 5 2 . 3 5  x  1 0 " ^

2 . NRM remanence (em u/cc) 2 . 9 4  x  1 0 ~ 6 1 . 9 9  x  1 0 “ 6 5 . 9 7  x  1 0 " 6

3 . K o e n ig s b e r g e r  r a t i o ,  Q 0 . 1 0 4 0 , 0 6 3 0 . 0 1 3

4 . AF dem ag n e t ized  remanence 
(N and R components  combined)

06fiPt sP,eftPr 
(8 4 °,4 °, 1 ^ ) 1  ;

( 3 ° ^ 3 ^ J
( 8 ^ 3 (i2fi f5 l

(3 0 5 °  79°, 4°) I  
( 1 9 0 °  54°, 4°) I

NOTES: Remanence d i r e c t i o n s  g iv e n  a s  ( D e c l , ,  I n c l , ,  A95).
P r ,  = P r e - f o l d i n g  a t  95% c o n f id e n c e  l e v e l .  I ,  = I n c o n c l u s i v e  f o l d - t e s t .  
For  d e t a i l s  o f  t h e  r e s u l t s  l i s t e d ,  s e e  t e x t .

o



TABLE 1 1 . Summary o f  a e r o m a g n e t i c  r e s p o n s e  o f  I F

P i t  S t r i k e  
o

D ip
o

W idth
m

@
O b s e r v e d

*

305 m (X) 
Computed

P e r i a  if8 80 180 8 , 5 0 0 8 , 1 0 0
N o r t h  0 90 200 1 1 ,7 5 0 1 0 ,0 0 0

C e n t r a l  113 50 200 1 1 ,0 0 0 1 0 ,6 5 0
S o u t h  93 60 1 60 1 0 ,7 5 0 1 0 ,0 0 0

NOTES: O b s e r v e d  r e s p o n s e  
O n t a r i o  (GSC 1 9 7 5 ) .

from Map 2 0 ,1 3 7 G  K i r k l a n d  L a k e ,
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS

From t h e  p r e c e e d i n g  d i s c u s s i o n ,  a  num ber  o f  co n ­

c l u s i o n s  ca n  be  d raw n:

1 ) The c l o s e  a g r e e m e n t  b e tw e e n  t h e  Adams Mine mag­

n e t i c  p a r a m e t e r s  a n d  t h o s e  o f  t h e  Sherm an  and  Moose M ount­

a i n  mine  ( T a b l e  10) s u g g e s t s  t h a t  t h e  g e n e s i s  o f  t h e  t h r e e  

o r e  b o d i e s  was s i m i l a r .  The NRM i n t e n s i t y  and  a n i s o t r o p y  

o f  s u s c e p t i b i l i t y  a t  Adams Mine a r e  t h o u g h t  t o  be t h e  r e ­

s u l t  o f  t h e  medium g r a d e  r e g i o n a l  m e tam o rp h is ra .

2)  The s i m i l a r i t y  o f  m a g n e t i c  c h a r a c t e r i s t i c s

f o r  t h e  t h r e e  A lg o m a - ty p e  b a n d e d  I F  s u g g e s t s  t h a t  t h e  v a l u e s  

may be r e p r e s e n t a t i v e  o f  A lg o m a - ty p e  I F  a s  a  w ho le  and  

may t h e r e f o r e  be u s e d  i n  m a g n e t i c  an o m aly  c o m p u t a t i o n  f o r  

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

3 )  F o r  an o m aly  i n t e r p r e t a t i o n  p u r p o s e s  t h e  HR NRM 

c a n  be  o m i t t e d  b e c a u s e  t h e  i n d u c e d  m a g n e t i z a t i o n  o f  t h e  I F  

i s ~  4 j 3 0 0  t i m e s  g r e a t e r .

I f  t h e  I F  NRM d i r e c t i o n s  w ere  e n t i r e l y  a l i g n e d  

w i t h  t h e  E a r t h ’ s  f i e l d ,  t h e n  t h e  re m a n e n c e  w ou ld  i n c r e a s e  

t h e  i n d u c e d  an o m aly  by 67#« Thus t h e  r e m a n e n c e  i n t e n s i t y  

and  d i r e c t i o n  i s  an  i m p o r t a n t  f a c t o r .

5) C o m p u ta t io n  o f  t h e  m a g n e t i c  an o m aly  c u r v e s ,  i n c o r p '  

o r a t i n g  t h e  e f f e c t s  o f  a n i s o t r o p y ,  d e m a g n e t i z a t i o n  and  

r e m a n e n c e  show t h a t  i f  t h e  I F  w ere  f l a t - l y i n g ,  t h e  p e a k  

a n o m a ly  w ould  be  r e d u c e d  t o  3 2% o f  i t s  p r e s e n t  v a l u e .

107
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6) V a r i a t i o n  i n  I F  s t r i k e  h a s  l i t t l e  e f f e c t  on t h e  

v a l u e  o f  t h e  p e a k  a n o m a ly ,

7) C l o s e  a g r e e m e n t  b e t w e e n  o b s e r v e d  an d  e x p e c t e d  

a n o m a l i e s  i s  a c h i e v e d  u s i n g  a  m ode l  o f  i n f i n i t e  d e p t h  e x t e n t ,

8)  The p r e s e n t  e x p l o r a t i o n a l  r a t i o n a l e  o f  o n l y  

u s i n g  t h e  m os t  i n t e n s e  v e r t i c a l  m a g n e t i z a t i o n s  a s  t a r g e t s  

f o r  e x a m i n a t i o n  i s  i n s u f f i c i e n t  an d  u n . i u s t i f i e d ,

9) A m ore l o g i c a l  a p p r o a c h  t o  e x p l o r a t i o n  i s  o u t ­

l i n e d :

i )  L o c a t e  p o t e n t i a l  a r e a  o f  i n t e r e s t  f rom

r e g i o n a l  g e o l o g y ,

i i )  D e t e r m in e  r e g i o n a l  s t r i k e  and  d i p ,  

i i i )  U s in g  r e a l i s t i c  v a l u e s  o f  s u s c e p t i b i l i t y ,  

a n i s o t r o p y ,  d e m a g n e t i z a t i o n ,  r e m a n e n c e  and  d e p t h ,  com pute  

t h e  t y p e  c u r v e s  f o r  t h e  a e r o m a g n e t i c  an o m aly  f o r  a  num ber  

o f  t h i c k n e s s e s  an d  d e p t h  e x t e n t s ,

i v )  M a tch  o b s e r v e d  m a g n e t i c  a n o m a l i e s  w i t h

t y p e  c u r v e s ,  an d

v )  Use d e t a i l e d  m ap p in g  an d  d iamond d r i l l ­

i n g  t o  p u t  r e s t r a i n t s  on t h i c k n e s s ,  d e p t h  o f  b u r i a l  and  

d e p t h  e x t e n t ,

10) AF an d  c h e m i c a l  d e m a g n e t i z a t i o n  o f  t h e  I F  r e ­

s u l t s  i n  t h e  i s o l a t i o n  o f  one  s t a b l e ,  w e l l  d e f i n e d  p r e ­

f o l d i n g  A re m a n e n c e  co m ponen t  a t  2 5 6 »  7»

11) T h i s  A com ponen t  i s  d i f f e r e n t  f rom  t h o s e  i s o l a t e d
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a t  t h e  Sherm an an d  Moose M o u n ta in  m ine  I F  a f t e r  t e c t o n i c  

c o r r e c t i o n  ( T a b l e  1 0 a ) .

12) AF d e m a g n e t i z a t i o n  o f  t h e  HR r e s u l t s  i n  t h e  

i s o l a t i o n  o f  two s t a b l e ,  p o s t f o l d i n g  re m a n e n c e  c o m p o n e n t s ,  

a  B co m ponen t  a t  3 0 5 ° . 7 9 ° a n d  a  C co m ponen t  a t  1 9 0 ° ,  54° •

13) AF d e m a g n e t i z a t i o n  o f  t h e  d i a b a s e  d i k e  r e s u l t s  

i n  t h e  i s o l a t i o n  o f  a  D com p o n en t  a t  1 7 6 ° ,  33°*

14) The i n f e r r e d  p a l e o r a a g n e t i c  p o l e  p o s i t i o n  f o r  

t h e  I F  i s  38Pw, 6 ° N . .(d  = 2 ° ,  dm = 3° ) .  T h i s  p o l e  i s  

b a s e d  upon  s m o o t h in g  an d  c o n t o u r i n g  m e th o d  o f  AF d e m a g n e t ­

i z a t i o n  d a t a .  T h i s  p o l e  p o s i t i o n ,  s u p e r i m p o s e d  on t h e  

a p p a r e n t  p o l a r  w a n d e r  (APW) c u r v e  f o r  t h i s  p e r i o d  (Symons 

e t . ^ 1 . ,  1 9 8 0 ) ,  g i v e s  an  a g e  o f ~ 2 . 8 5 G a  an d  l i k e l y  r e p r e s e n t s  

t h e  p r i m a r y  r e m a n e n c e  t h a t  I F  a c q u i r e d  d u r i n g  d e p o s i t i o n .

15) The i n f e r r e d  p a l e o m a g n e t i c  p o l e  p o s i t i o n  f o r  

t h e  HR B co m p o n en t  i s  112°W, 5 6 ° N ( d ^  = 8 ° ,  dm = 8 ° )  and  

C co m p o n en t  i s  88°W, 7°S ( d  = 4° j cL = 5 ° ) *  T h i s  p o l ej j  ill

i s  b a s e d  upon s m o o t h i n g  an d  c o n t o u r i n g  m e thod  o f  AF d e ­

m a g n e t i z a t i o n  d a t a .  The B com ponen t  g i v e s  a n  a g e  o f ^ 2 . 15Ga 

and  i s  a s s o c i a t e d  w i t h  t h e  i n t r u s i o n  o f  t h e  O t t o  s y e n i t e  

s t o c k .  The C co m p o n en t  g i v e s  an  ag e  o f  1 .85G a  and  i s  

p o s s i b l y  a s s o c i a t e d  w i t h  t h e  i n t r u s i o n  o f  t h e  A b i t i b i  d i k e  

swarm o r  t h e  H u d s o n ia n  o r o g e n y .
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APPENDIX I  
C om puter  p ro g ra m  f o r  t h e  c a l c u l a t i d n  o f  t h e  

m a g n e t i c  an o m aly  o v e r  a  t h i n  s h e e t  o f  

i n f i n i t e  s t r i k e  and  d e p t h  e x t e n t .
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