
C O N F I D E N T I A L 

AUSTRALIAN M I N E R A L D E V E L O P M E N T L A B O R A T O R I E S 

R E P O R T A M D L - 2 0 0 

R B r s r / f r o 

SOUTH AUSTRALIAN G O V E R N M E N T 

D E P A R T M E N T O F MINES 

P R O J E C T 1 / 1 / 4 7 

M A L C O L M C R E E K IRON O R E 

B e n e f i c i a t i o n T e s t s 

by 

L. B o l l e n 

I n v e s t i g a t e d by: M e t a l l u r g i c a l Sec t i on 

O f f i c e r in C h a r g e : P . K . H o s k i n g 

I s s u e d : J u l y , 1962 L . W a l l a c e C o f f e r . D i r e c t o r 

C O N F I D E N T I A L 



C O N T E N T S 

P a g e 

1. INTRODUCTION 1 

2. SUMMARY 1 

3. M A T E R I A L EXAMINED 1 

4. E Q U I P M E N T USED 2 

5. E X P E R I M E N T A L P R O C E D U R E AND R E S U L T S 2 

5. 1 D a v i s - t u b e T e s t s 2 

5 . 2 H e a v y - l i q u i d S e p a r a t i o n s 2 

5. 3 D r y M a g n e t i c S e p a r a t i o n T e s t s 4 

5 . 4 H u m p h r e y s - s p i r a l T e s t s 9 

5 . 5 . F l o t a t i o n T e s t s 10 

6. DISCUSSION O F R E S U L T S 11 

7. CONCLUSIONS 13 

8. R E C O M M E N D A T I O N S 13 

A P P E N D I C E S A - E 



1. INTRODUCTION 

A 410 lb s a m p l e of i r o n o r e , l a b e l l e d M a l c o l m C r e e k , w a s 
r e c e i v e d -

It w a s r e q u e s t e d tha t t he i n v e s t i g a t i o n shou ld i nc lude c r u s h i n g 
and s i z i n g t e s t s , D a v i s - t u b e t e s t s , H u m p h r e y s - s p i r a l t e s t s and any o t h e r 
t e s t s c o n s i d e r e d a d v i s a b l e . 

2. SUMMARY 

T h e s a m p l e of o r e , c o n s i s t i n g of h e m a t i t e and q u a r t z in t h e 
f o r m of l a r g e l u m p s of a g g l o m e r a t e d f i n e s , r e a d i l y d i s i n t e g r a t e d when 
l i gh t ly c r u s h e d . 

F l o t a t i o n t e s t s gave t h e m o s t s a t i s f a c t o r y r e s u l t s . C o n c e n -
t r a t e s c o n t a i n i n g 65. 1 and 61. 5 p e r cent F e with r e c o v e r i e s of 94. 3 and 
97. 2, p e r cen t r e s p e c t i v e l y w e r e obta ined . 1 The r e a g e n t cos t was l e s s 
t h a n . 2 s h i l l i n g s p e r t o n of o r e . 

D r y m a g n e t i c s e p a r a t i o n of m i n u s 5 0 - m e s h o r e , u s i n g an 
induced r o l l m a g n e t i c s e p a r a t o r p r o d u c e d a c o n c e n t r a t e a s s a y i n g 6 2 . 0 
p e r cen t F e wi th a r e c o v e r y of 92. 2 p e r c en t . A n a l y s i s of t h i s c o n c e n -
t r a t e s h o w e d tha t it con t a ined 0. 81 p e r cen t t i t a n i u m d iox ide . 

, M a r k e t a b l e g r a d e c o n c e n t r a t e s (60 p e r cen t Fe) w e r e p r o d u c e d 
in H u m p h r e y s - s p i r a l b a t c h t e s t s , but only 30 p e r cen t r e c o v e r y w a s 
ob ta ined b e c a u s e g r a i n - s i z e of t h e m i n e r a l s is too f ine f o r e f f e c t i v e 
s p i r a l s e p a r a t i o n . 

S iz ing and w a s h i n g t e s t s gave u n s a t i s f a c t o r y r e s u l t s . 
D a v i s - t u b e t e s t s showed tha t t h e o r e c o n t a i n e d l e s s t h a n 0. 1 

p e r cen t m a g n e t i c i r o n . 
It i s r e c o m m e n d e d t h a t f u r t h e r f l o t a t i o n t e s t s shou ld be c o n -

d u c t e d on a s a m p l e m o r e r e p r e s e n t a t i v e of the o r e b o d y . 

3.. M A T E R I A L EXAMINED 

Six b a g s l a b e l l e d , " M a l c o l m C r e e k " w e r e r e c e i v e d . T h e s e 
s a m p l e s w e r e r e p o r t e d to be f r o m the d u m p of t h e "New P i t " on 
MC. 3.5.95. T h e y w e r e c o m b i n e d at t h e s p o n s o r ' s r e q u e s t t o p r o d u c e a 
c o m p o s i t e , s a m p l e we igh ing 410 lb . 

T h e o r e c o n s i s t e d of l a r g e l u m p s of a g g l o m e r a t e d f i n e s , wh ich 
r e a d i l y d i s i n t e g r a t e d when l i gh t l y c r u s h e d . 

The head s a m p l e a s s a y e d a s f o l l ows : 

Acid Soluble R e s i d u a l ^ Ma_gnetic^_ 

F e % F e % F e % 

3 5 . 9 0 . 0 1 < 0 . 1 
< L e s s t han . 

R e s u l t s of a m i n e r a l o g i c a l e x a m i n a t i o n on m a t e r i a l l i gh t l y 
c r u s h e d t o m i n u s 1 0 - m e s h a r e g iven in Append ix A. H e m a t i t e and q u a r t z 
a r e the two c o n s t i t u e n t m i n e r a l s . M a t e r i a l in the r a n g e of m i n u s 10 p l u s 
3 6 - m e s h was s u b s t a n t i a l l y l o o s e a g g l o m e r a t e s which could be b r o k e n 
b e t w e e n the f i n g e r s . 

A s p e c t r o g r a p h s a n a l y s i s o f ' t h e o r e i s g iven in Append ix B. 

1. P e r cen t F e in r e s i d u e f r o m ac id d i g e s t i o n . 
2. As d e t e r m i n e d by the D a v i s - t u b e ( s e e 5. 1). 
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E Q U I P M E N T USED 

(1) J a w c rushe r : - 8 - i n . x 5 - i n . 
(2) R o l l c r u s h e r : 9 . 5 in. d i a . x 6 in. wide 
(3) G y r a t o r y s c r e e n : 3 ft d i a m e t e r 
(4) D a v i s - t u b e m a g n e t i c s e p a r a t o r 
(5) H u m p h r e y s - s p i r a l 5 - t u r n c l o s e d - c i r c u i t t e s t uni t 

P i t c h 13y2 in . Mode l 24A 
(6) S t e a r n s l a b o r a t o r y d i s c , p i c k - u p type , m a g n e t i c s e p a r a t o r 
(7) C a r p c o l a b o r a t o r y s i n g l e induced r o l l m a g n e t i c s e p a r a t o r 

M o d e l No. MAI 27 
(8) L a b o r a t o r y F a g e r g r e n f l o t a t i on c e l l (500 g) 
(9) BSS L a b o r a t o r y s c r e e n s . 

E X P E R I M E N T A L P R O C E D U R E AND R E S U L T S 

D a v i s - t u b e t e s t s , h e a v y - l i q u i d s e p a r a t i o n s , H u m p h r e y s s p i r a l 
t e s t s , d r y m a g n e t i c s e p a r a t i o n and f l o t a t i on t e s t s w e r e c o n d u c t e d . 

5. 1 D a v i s - t u b e T e s t s 

T w o D a v i s - t u b e t e s t s w e r e m a d e at d i f f e r e n t co i l a m p e r a g e s ; 
T e s t cond i t i ons a r e shown in T a b l e 1. 

T A B L E l : DAVIS T U B E T E S T CONDITIONS 

Cond i t ions T e s t 
1. 

T e s t 
2. 

Coi l c u r r e n t : A m p . 2. 0 3. 1 
W a t e r f l o w r a t e : m l / m i n 900 900 
T u b e m o v e m e n t : s t r / m i n 89 89 
T u b e s l o p e : d e g r e e s 45 45 
F e e d s i z i n g : m e s h - 5 2 - 5 2 
F e e d c h a r g e : g 25 25 

R e s u l t s of t h e above t e s t s showed tha t t he o r e c o n t a i n e d l e s s 
t h a n 0. 1 p e r cen t m a g n e t i c i r o n . 

5. 2 H e a v y - l i q u i d S e p a r a t i o n s 

T h e s i z i n g - a n a l y s i s of o r e c r u s h e d t o m i n u s 1 0 - m e s h i s shown 
in T a b l e 2. H e a v y - l i q u i d s e p a r a t i o n s at SG 2. 85 w e r e conduc ted on t h e 
s i z e d f r a c t i o n s and r e s u l t s a r e g iven in T a b l e 3. 

4 . 

5. 
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T A B L E 2: SIZING ANALYSIS O F MINUS 10-MESH O R E 

F r a c t i o n Weight A s s a y 1 D i s t r i b u t i o n 
M e s h F.e F e 

.. % % % 

- 10 + 18 10. 0 28. 3 7. 7 
- 18 + 36 19. 9 27. 4 14. 8 
- 36 + 72 23. 9 23. 5 15. 3 
- 72 + 100 7. 1 30. 5 5. 9 
- 100 + 200 6. 6 45. 9 8. 3 
- 200 32. 5 54. 2 48. 0 

F e e d c a l c . 100. 0 36. 7 100. 0 
F e e d a s s a y - 35. 9 -

(1) Al l F e a s s a y s quoted in t h i s r e p o r t a r e ac id s o l u b l e F e • 

T A B L E 3: H E A V Y - L I Q U I D S E P A R A T I O N S 

F r a c t i o n Weight A s s a y D i s t r i b u t i o n 
M e s h F e F e 

% % % 

- 10 + 18 Heavy f r a c t i o n 87. 7 29. 5 97. 0 
Light " 12. 3 6. 5 3. 0 
F e e d c a l c . 100. 0 26. 7 100. 0 
F e e d a s s a y 28. 3 -

- 18 + 36 Heavy f r a c t i o n 89. 7 29- 7 97. 6 
Light 11 10. 3 6. 4 2. 4 
Feed . c a l c . 100. 0 27. 3 1 0 0 . 0 . 
F e e d a s s a y 27. 4 - • 

- 36 + 72 H e a v y f r a c t i o n 74. 5 29. 3 93. 4 
L igh t " 25. 5 6. 0 6. 6 

- • F e e d c a l c . 100. 0 23. 3 100. 0 
F e e d a s s a y 23. 5 -

- 72 + 100 H e a v y f r a c t i o n 62. 0 41. 9 93. 3 
L igh t " 38. 0 4. 9 6. 7 
F e e d c a l c . 100. 0 27. 9 100. 0 
F e e d a s s a y - 30. 5 -

- 1 0 0 + 200 Heavy f r a c t i o n 71. . 5 58. 4 96. 6 
L igh t 28. ,5 5. 2 3. 4 
F e e d c a l c . 100. • o 43. 2 100. 0 

. . . . . . . F e e d - a s s a y 45. 9 -
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5. 3 D r y M a g n e t i c S e p a r a t i o n T e s t s 

M a g n e t i c s e p a r a t i o n of o r e s t a g e - c r u s h e d to m i n u s 1 8 - m e s h 
gave an u n s a t i s f a c t o r y r o u g h e r c o n c e n t r a t e g r a d e and r e c o v e r y ( T e s t 3 
T a b l e 6). 

O r e was t h e n s t a g e - c r u s h e d t o m i n u s 5 0 - m e s h and a f t e r 
d e s l i m i n g , two m a g n e t i c s e p a r a t i o n t e s t s w e r e c o n d u c t e d . In T e s t 4 
a S t e a r n s " p i c k u p " m a g n e t i c s e p a r a t o r was u s e d and in T e s t 5 a 
C a r p c o induced r o l l m a c h i n e . In m o s t c a s e s t h e m a g e n t i c c o n c e n t r a t e s 
w e r e c l e a n e d u s i n g t h e s a m e cond i t i ons a s f o r t h e p r i m a r y t r e a t m e n t . 

T h e s i z i n g - a n a l y s i s of the f eed is shown in T a b l e 4. 
O p e r a t i n g cond i t i ons f o r the t h r e e t e s t s a r e g iven in T a b l e 5 and r e s u l t s 
in T a b l e s 6, 7 and 8. R e s u l t s of t e s t s 4 and 5 a r e a l s o g iven in F l o w -
s h e e t s 1 and 2 r e s p e c t i v e l y . 

T A B L E 4: SIZING-ANALYSIS O F MINUS 5 0 - M E S H O R E 

F r a c t i o n Weight A s s a y D i s t r i b u t i o n 
M e s h F e F e 

% % % 

+ 52 
- 52 + 72 

2.6Y 
7 . l j 9. 7 2: 6 

- 72 + 100 16. 4 19. 9 9 . 0 
- 100 + 150 12. 9 27. 6 9. 8 
- 150 + 200 4. 7 32. 6 4. 2 
- 200 + 300 8. 9 42. 2 10. 4 
- 300 47 . 4 48. 9 64. 0 

F e e d c a l c . 100. 0 36. 2 1 0 0 . 0 
F e e d a s s a y - 35. 9 -



T A B L E 5: O P E R A T I N G CONDITIONS O F M A G N E T I C S E P A R A T I O N T E S T S 

T e s t M a c h i n e U s e d F e e d S ize S t a g e Coi l C u r r e n t P o l e Gaps B e l t Speed R o l l Speed F e e d R a t e 
No. No. a m p s i n c h e s f t / m i n r p m l b / i n . / h r 

3. S t e a r n s - 1 8 1 1 . 2 % : 3/16 38 - 2 . 6 
" p i c k up" t ype 

4. S t e a r n s - 5 0 1 1 . 2 l / l 6 : V16 38 - 4 . 6 
"p i ck up" t ype 2 0 . 9 V8 • V8 38 - . 

3 1 - 2 , y8 : V8 38 - ' 3 . 8 

5. C a r p c o : • ' • • • ' 
Induced r o l l t y p e " - 5 0 1 0. 2 V4 - 325 

2 0 . 6 y4 - 325 
3 1 . 3 5 % - 340 
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F L O W S H E E T 1: MAGNETIC S E P A R A T I O N 
S t e a r n s " P i c k up" t ype m a c h i n e 

F e e d 
I 100 % Wt 
I 35. 9 % F e 

D e s l i m e d at a p p r o x . 20 m i c r o n s 

Sand 

*M. S. S tage 1 

r1 
Cone . 

I 
M. S. Sjtage 1 R e p a s s 

r 
Cone , 

i 
M. S. S t age 2 

J 

1 
Tai l ing . 

2. 6 % Wt. 

r 
Cone , 

t 
M. S. S tage 2 R e p a s s 

T a i l i n g 

T a i l i n g 
4. 6 % Wt. t 

f 

M. S. S tage 3 

L 

T a i l i n g 

Cone . 

I 

t 
T a i l i n g 

M. S. S tage 3 R e p a s s 

C o n e . 1 
41. 3 % Wt. 
63. 3 % F e 

Cone . 2 T a i l i n g 
12. 3 % Wt. 1 . 4 % Wt. 
48. 5 % F e 

F i n a l T a i l i n g 
37. 2 % Wt. 

5. 3 % F e 

* M. S. 
M a g n e t i c 
S e p a r a t i o n 

M i d d l i n g 
5. 7 % Wt. 

20. 7 % F e 

S l i m e 

t 
S l i m e 

3. 5 % Wt. 
1 1 . 3 % F e 
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F L O W S H E E T 2: MAGNETIC S E P A R A T I O N 
C a r p c o induced r o l l m a c h i n e 

F e e d 100. 0 % Wt. 
35. 9 % F e 

D e s l i m e d at a p p r o x . 20 m i c r o n s 

Sa^d 

M . S . S tage 1 

_ ! 

C o ^ c . 
t 

T a i l i n g 

M . S . S tage 1 R e p a s s 

f 
C o n e . T a i l i n g 

6. 8 % Wt. 

M. S. S tage 2 

--.— Concr-

M. S. S t age 2 R e p a s s 

~ ~ \ 
T a i l i n g 

T 
Cone . T a i l i n g 

5. 3 % Wt. 

M. S. S tage 3 
f 

1 

Cone . 1 

32. 6 Wt-
63. 1 % F e 

Cone . 2 

12 6 % Wt. 
65. 2 % 'Fe 

Cone . 3 

8. 3 % Wt. 
52. 9 % F e 

F i n a l T a i l i n g 

44. 0 % Wt 
5. 5 % F e 

S l i m e 

S l i m e 

2. 5 % Wt. 
14. 9 % F e 
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T A B L E 6: R E S U L T S O F M A G N E T I C S E P A R A T I O N - T E S T 3' 

P r o d u c t Weight A s s a y D i s t r i b u t i o n 
F e F e 

% % % 

R o u g h e r c o n c e n t r a t e 63. 0 48. 3 83. 3 
R o u g h e r t a i l i n g 37. 0 16. 5 } 6 . 7 

F e e d c a l c . 1 0 0 . 0 36. 5 100. 0. 
F e e d a s s a y - 35. 9 -

T A B L E 7: R E S U L T S O F M A G N E T I C S E P A R A T I O N - T E S T 4 

P r o d u c t 

% 

Weigh t 

C u m . % % 

A s s a y 

C u m . % 

D i s t r i b u t i o n 

% C u m . % 

C o n c e n t r a t e 1. 41. 3 41. 3 63. 3 63. 3 73. 3 73. 3 
ii 2. 12. 3 53. 6 48. 5 59. 9 16. 7 . 90. 0 

M i d d l i n g 5. 7 59. 3 20. 7 56. 1 3. 4 93. 4 
T a i l i n g 37. 2 96. 5 5. 3 36. 6 5. 5 98. 9 
S l i m e 3. 5 100. 0 11. 3 35. 7 1. 1 1 0 0 . 0 

F e e d c a l c . 100. 0 35. 7 100. 0 
F e e d a s s a y - 35. 9 -

T A B L E 8: R E S U L T S O F M A G N E T I C S E P A R A T I O N - T E S T 5 

P r o d u c t Weight A s s a y D i s t r i b u t i o n 
F e F e 

% C u m . % % Cum, C u m . % 

C o n c e n t r a t e 1. 32. 6 32. 6 63. 1 63. 1 57. 2 57. 2 
II 2. 12. 6 45 . 2 65. 2 63. 7 22. 8 80. 0 
II 3. 8. 3 53. 5 52. 9 62. 0 12. 2 92. 2 

T a i l i n g 44. 0 97. 5 5. 5 36. 5 6. 7 98. 9 
S l i m e 2. 5 100. 0 14. 9 36. 0 1. 1 100. 0 

F e e d c a l c . 100. 0 36. 0 100. 0 
F e e d a s s a y - 35. 9 -

5 . 4 H u m p h r e y s - S p i r a l T e s t s 

T w o H u m p h r e y s - s p i r a l b a t c h t e s t s w e r e c a r r i e d out by a p r o -
c e d u r e p r e v i o u s l y r e p o r t e d 1 . O p e r a t i n g cond i t i ons a r e shown in T a b l e 9, 

1. A M D L - 1 7 7 , M t . C h r i s t i e I r o n O r e B e n e f i c i a t i o n T e s t s , L . B o l l e n 
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and r e s u l t s in T a b l e s 10 and 11. B e c a u s e of h igh l o s s e s of i r o n in the 
t a i l i n g , a - s i z i n g a n a l y s i s ( T a b l e 12) of t h e t a i l i n g f r o m T e s t 6 w a s 
c a r r i e d out . 

T A B L E 9: ' H U M P H R E Y S - S P I R A L T E S T S - O P E R A T I N G CONDITIONS 

- . - ' - . V - r . . - . 

Cond i t ions T e s t 6 T e s t 7 

S p i r a l f eed r a t e g a l / m i n 20 20 
W a s h w a t e r g a l / m i n 4 4 
P u l p d e n s i t y of f eed % s o l i d s 8. 3 21 
F e e d s i z i n g m e s h - 1 8 - 5 0 
S p i r a l f e e d r a t e t o n s / h r 0 . 4 7 1. 33 

.>,;,.TABLE 10: H U M P H R E Y S - S P I R A L SEPARATION. - T E S T 6 

. F r a c t i o n Weight A s s a y D i s t r i b u t i o n 
F e F e 

'; C u m . % ;; % C u m . % % C u m . % 

P o r t : -3: 3. 7 3 . 7 6 5 . 4 65. 4 7. 1 7. 1 
" 4. 3. 9 - 7 . 6 64. 9 65. 2 7. 3 14. 4 
" 6. 2. 7 10. 3 66. 7 65. 8 5. 3 1 9 . 7 
" 8. 3. 1 13. 4 64. 4 65. 5 5. 8 25. 5 
" 10. 5. 3 18. 7 38. 7 58. 0 6. 1 31. 6 
" 15. 18. 9 37. 6 14. 7 36. 3 8. 2 39- 8 

T a i l i n g 59. 2 96. 8 33. 1 34. 3 57. 6 97. 4 
S l i m e 3. 2 100. 0 27. 2 34. 1 2. 6 100. 0 

F e e d c a l e . 100..0 34. 1 100. 0 
F e e d a s s a y ., - - 35. 9 - - -

• • ' T A B L E 11 •" H U M P H R E Y S - S P I R A L S E P A R A T I O N - T E S T 7 

F r a c t i o n Weigh t A s s a y D i s t r i b u t i o n 
F e F e 

% C u m . % % C u m . % % C u m . % 

P o r t 3. 4 . 6 4. 6 62. 9 62. 9 8. 2 
1 

i 
8. 2 

" • 4 . 3. 8 8. 4 63. 4 63. 1 6. 8 15. 0 
— 5 . 1 • -13 .5 , 5 6 . 4 6 0 . 5 • 8. 2 2 3 . 2 

' 8. 3. 1 16. 6 57. 9 60. 1 5. 1 28. 3 
T o V " j " "'•4.-1 20. 7 45 . 5 57. 0 5. 2 33. 5 

' ' ' ' ' 15. ' ' ' 1 5. 6 26. 3 36. 0 52. 5 5 . 7 39- 2 
TaiMng.-:-.-r~-' •69.-9. 29.-5 35. 8 • 58. 5 9 7 . 7 
S l i m e ' '3. 8 1 0 0 . 0 21. 1 35. 2 2. 3 1 0 0 . 0 

F e e d c a l c . , 100. 0 V ' mm .35. 2 __ 100. 0 
F e e d a s s a y — -.. - - - 35. 9 - -
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T A B L E 12: SIZING-ANALYSIS O F H U M P H R E Y S S P I R A L 
. TAILING 

F r a c t i o n Weight A s s a y D i s t r i b u t i o n 
M e s h F e F e 

% % , % 

+ 36 11. 8 4. 6 1. 6 
- 36 + 72 . 21. 3 4. 5 2. 9 
- 72 + 1 0 0 3. 91 - 100 + 150 1. 9 11. - 100 + 150 11. 7 3. 0 - 150 + 200 0. ^ 

11. 

- 200 + 300 1. 
- 300 58. 5 52. 3 92. 5 

F e e d c a l c . 100. 0 33. 1 100. 0 
F e e d a s s a y 33. 1 

5. 5 F l o t a t i o n T e s t s 

T h r e e p r e l i m i n a r y t e s t s w e r e c a r r i e d out u s i n g t h e fo l lowing 
r e a g e n t m i x t u r e : 

_Re_agent _ joar ts_ 
P a m a k 4 1 . 0 
F u e l oi l 2 . 0 
N o n - i o n P l O O 0 . 1 
N a p h t h e n i c ac id 0 . 2 

M a t e r i a l f o r f l o t a t i o n f e e d w a s ob ta ined f r o m t h e m i n u s 5 0 - m e s h 
o r e ( R e f e r T a b l e 4). O r e c h a r g e s we igh ing 560 g w e r e g round at 60 
p e r cen t s o l i d s f o r 5 m i n u t e s ' i n a r o d m i l l t o p r o d u c e the s i z i n g shown 
in T a b l e 13. 

T A B L E 13: SIZING O F F L O T A T I O N F E E D 

F r a c t i o n Weight 
M e s h % 

+ 100 0. 4 
- 100 + 150 6. 1 
- 150 + 200 7. 3 
- 200 + 300 16. 9 
- 300 69. 3 

100. 0 

T h e g round c h a r g e s w e r e l i gh t l y d e s l i m e d and f l o a t e d u s i n g the 
cond i t i ons shown dn T a b l e 14. R e s u l t s a r e shown in T a b l e 15. 
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T A B L E 14: F L O T A T I O N T E S T CONDITIONS 

Cond i t ions T e s t 8 T e s t 9 T e s t 10 

A t t r i t i n g t i m e < m i n 30 30 30 
A t t r i t i n g d e n s i t y : % s o l i d s 50 50 50 
R e a g e n t add i t i on to a t t r i t e r : l b / t o n 0. 9 1 . 8 2. 7 
T e m p e r a t u r e of f l o t a t i o n : °C 25 25 25 
F l o t a t i o n pH i n a t u r a l n a t u r a l n a t u r a l 
F l o t a t i o n t i m e : r o u g h i n g : m i n 6 6 6 

c l e a n i n g . : m i n 4 4 4 
R e a g e n t c o s t , p e r ton of f e e d : p e n c e 7 . 4 14. 8 22. 1 

T A B L E 15: R E S U L T S O F F L O T A T I O N T E S T S 

T e s t P r o d u c t Weight A s s a y D i s t r i b u t i o n 
No. F e F e 

% % % 

8 C l e a n e r c o n c e n t r a t e 37. 8 67. 5 70. 9 
C l e a n e r t a i l i n g 10. 1 51. 7 14. 5 
R o u g h e r t a i l i n g 46. 9 10. 2 13. 3 
S l i m e 5. 2 9. 5 1. 3 

F e e d c a l c . 100. 0 36. 0 100. 0 

9 C l e a n e r c o n c e n t r a t e 52. 1 65. 1 , 94. 3 
C l e a n e r t a i l i n g 6. 3 13. 3 2. 3 
R o u g h e r t a i l i n g 38. 4 2. 45 2. 6 
S l i m e 3. 2 . 8. 6 0. 8 

F e e d c a l c . 100. 0 36. 0 100. 0 

10 C l e a n e r c o n c e n t r a t e 57. 0 61. 5 97. 2 
C l e a n e r t a i l i n g 8. 3 3. 6 0. 8 
R o u g h e r t a i l i n g 29. 7 0. 90 0. 8 
S l i m e 5. 0 8. 9 1. 2 

F e e d c a l c . 100. 0 36. 1 100. 0 
F e e d a s s a y 35. 9 

6. DISCUSSION O F R E S U L T S 

T h e o r e c o n s i s t e d of l a r g e l u m p s of a g g l o m e r a t e d f i n e s wh ich 
r e a d i l y d i s i n t e g r a t e d when c r u s h e d . T h e c o n s t i t u e n t m i n e r a l s w e r e 
h e m a t i t e and q u a r t z , t h e m i n u s 10 p lus 3 6 - m e s h f r a c t i o n of o r e c r u s h e d 
t o m i n u s 1 0 - m e s h could be d i s i n t e g r a t e d by f i n g e r p r e s s u r e . 

R e s u l t s of D a v i s - t u b e t e s t s showed tha t t h e o r e c o n t a i n e d l e s s 
t h a n 0. 1 p e r cen t m a g n e t i c i r o n . 

T h e g r a d e of s i z e d f r a c t i o n s i n c r e a s e d s i g n i f i c a n t l y in t h e f i n e 
f r a c t i o n s in o r e c r u s h e d t o m i n u s 1 0 - m e s h . F r o m T a b l e 2 it c a n b e s e e n 
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t h a t t h e m i n u s 10 p lus 1 8 - m e s h f r a c t i o n and t h e m i n u s 2 0 0 - m e s h f r a c t i o n 
a s s a y e d 28. 3 p e r cen t and 54. 2 p e r cen t F e r e s p e c t i v e l y . H o w e v e r , 
d i r e c t - w a s h i n g m e t h o d s on t h i s o r e wou ld : no t p r o d u c e a c o n c e n t r a t e of 
a c c e p t a b l e g r a d e and r e c o v e r y . 

F r o m the h e a v y - l i q u i d s p l i t s , T a b l e 3, it c an be s e e n t h a t 
g r a d e s of 41. 9 and 5 8 . 4 p e r cen t F e w e r e ob ta ined f r o m t h e s e p a r a t i o n 
of the m i n u s 72 p lus 1 0 0 - m e s h and t h e m i n u s 100 p lus 2 0 0 - m e s h f r a c t i o n s 
r e s p e c t i v e l y . T h u s f o r s a t i s f a c t o r y l i b e r a t i o n , t h e o r e would need to be 
c r u s h e d t o a p p r o x i m a t e l y m i n u s 7 2 - m e s h . 

D r y m a g n e t i c s e p a r a t i o n of t h e o r e c r u s h e d to m i n u s 1 8 - m e s h 
gave u n s a t i s f a c t o r y r e s u l t s b e c a u s e of i n s u f f i c i e n t l i b e r a t i o n . S e p a r a t i o n 
u s i n g t h e S t e a r n s " p i c k up" t ype m a c h i n e on o r e c r u s h e d to m i n u s 50 -
m e s h gave a c o m b i n e d c o n c e n t r a t e a s s a y i n g 59. 9 p e r cen t F e with a 
r e c o v e r y of 90. 0 p e r cen t ( T a b l e 7). U s i n g s i m i l a r m a t e r i a l , an induced 
r o l l m a c h i n e gave a c o m b i n e d c o n c e n t r a t e a s s a y i n g 62. 0 p e r cen t F e wi th 
a r e c o v e r y of 92. 2 p e r cent ( T a b l e 8). A c h e m i c a l a n a l y s i s of t h i s 
c o n c e n t r a t e i s g iven in Append ix C and a s p e c t r o g r a p h i c a n a l y s i s in 
Append ix D. 

It shou ld be noted t h a t t h e c o m b i n e d c o n c e n t r a t e a s s a y e d 0. 81 
p e r cen t TiO z ( r e f e r Append ix C). 

H u m p h r e y s - s p i r a l b a t c h t e s t s conduc t ed on m i n u s 1 8 T m e s h 
( T a b l e 10) and m i n u s 5 0 - m e s h ( T a b l e 11) f e e d gave u n a c c e p t a b l y low i r o n 
r e c o v e r i e s . S p i r a l f e e d pulp d e n s i t i e s of 8. 3 and 21 p e r cen t s o l i d s 
r e s p e c t i v e l y w e r e u s e d . High t a i l i n g a s s a y s f r o m t h e s e t e s t s w e r e 
c a u s e d by t h e p r e s e n c e of l a r g e a m o u n t s of h e m a t i t e t o o f i n e t o be r e c o v -
e r e d by the s p i r a l ( T a b l e 12). 

P r e l i m i n a r y f l o t a t i o n t e s t s , T a b l e 15, gave c o n c e n t r a t e s of 
65. 1 and 61. 5 p e r cen t F e with r e c o v e r i e s of 94. 3 and 97. 2 p e r cen t 
r e s p e c t i v e l y . T h e r e a g e n t q u a n t i t i e s u s e d in t h e s e t e s t s w e r e r e s p e c t i v e l y 
1. 8 and 2. 7 lb p e r ton , and t h e c o s t of t h e r e a g e n t i s 8. 2 p e n c e p e r pound. 

F r o m the r e s u l t s of t h e s e p r e l i m i n a r y t e s t s , f l o t a t i o n would 
a p p e a r t o be t h e m o s t a t t r a c t i v e m e t h o d of t r e a t i n g t h i s o r e . T h e o r e 
s a m p l e w a s e x t r e m e l y f r i a b l e and m a t e r i a l of t h i s t y p e would r e q u i r e 
v e r y l i t t l e c r u s h i n g and g r i n d i n g to p r e p a r e it f o r f l o t a t i o n . 

A p r e l i m i n a r y e s t i m a t e of t h e d i r e c t o p e r a t i n g c o s t s of m i l l i n g 
a t 2000 t o n s p e r day would be in t h e o r d e r of: 

ShiH ings_ £ e r _ T o i ^ o f J F e e d 

C r u s h i n g and g r i n d i n g 3. 0 
F l o t a t i o n 2. 75 
F i l t r a t i o n 0. 75 
T a i l i n g d i s p o s a l 1. 0 
M i s c e l l a n e o u s 1. 0 

8. 5 

T h e c o s t f o r a d d i t i o n a l g r i n d i n g of c o n c e n t r a t e , p e l l e t i s i n g 
and d r y i n g i s not i nc luded , and no a l l o w a n c e h a s b e e n m a d e f o r c a p i t a l 
d e p r e c i a t i o n . 
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7. CONCLUSIONS 

T h e t e s t w o r k showed tha t t he o r e w a s a m e n a b l e t o c o n c e n t r a -
t i on by f l o t a t i on and d r y m a g n e t i c s e p a r a t i o n m e t h o d s . F l o t a t i o n would 
a p p e a r to be t h e m o s t a t t r a c t i v e t r e a t m e n t m e t h o d . 

S c r e e n s i z i n g , wet c l a s s i f i c a t i o n , wet m a g n e t i c s e p a r a t i o n and 
H u m p h r e y s s p i r a l s e p a r a t i o n s would not p r o d u c e s a t i s f a c t o r y g r a d e 
c o n c e n t r a t e s wi th s a t i s f a c t o r y i r o n r e c o v e r i e s . 

8. R E C O M M E N D A T I O N S 

If e x p l o i t a t i o n of t h i s m a t e r i a l i s c o n t e m p l a t e d , f u r t h e r w o r k on 
a m o r e r e p r e s e n t a t i v e s a m p l e wi l l be n e c e s s a r y t o e x a m i n e t h e fo l lowing 
flotation va r i ab les : 

1. G r i n d i n g t i m e 
2. Cond i t i on ing t i m e 
3. F l o t a t i o n r e a g e n t m i x t u r e 
4. U s e of u n d e s l i m e d o r e 

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



A P P E N D I X A 

R E P O R T O F INVESTIGATION 

M A T E R I A L : I r o n o r e 

LOCALITY: M a l c o l m C r e e k 

IDENTIFICATION: ML171 

D A T E R E C E I V E D : 28th F e b r u a r y , 1962 

INFORMATION REQUIRED: M i n e r a g r a p h i c 

R E S U L T S 

MJ jJ7]J_J ,_S683_1 - Minus J e _ s h _ H _ e a d J3 am£le_ 

The two c o n s t i t u e n t s m i n e r a l s a r e h e m a t i t e and q u a r t z . The 
h e m a t i t e a p p a r e n t l y o c c u r r e d as b laded c r y s t a l s in q u a r t z in the o r i g i n a l 
m a t e r i a l . Due to t he w e l l - c r y s t a l l i z e d n a t u r e of the h e m a t i t e i t s l i b e r a -
t ion ha s on the whole been v e r y good, even at th i s s i z e . The gangue 
o c c u r s a s p a r t i c l e s up to 0. 5 m m a c r o s s , o f t en with a t t a ched h e m a t i t e 
on the l a r g e r p a r t i c l e s . The f r e e h e m a t i t e g r a i n s a r e a n g u l a r , and 
p r i s m a t i c , due to the f r a c t u r i n g of o r i g i n a l b laded c r y s t a l s . T h e y r a n g e 
f r o m 0 . 0 1 m m to 0. 15 m m a c r o s s , wi th o c c a s i o n a l l a r g e r g r o u p s . 
S u p e r f i c i a l i r o n - s t a i n i n g of t he q u a r t z gangue has o c c u r r e d . 

It is s u g g e s t e d tha t ' r e - c r u s h i n g of the c o a r s e r m a t e r i a l would 
l i b e r a t e the h e m a t i t e in the c o m p o s i t e s . 

I n v e s t i g a t e d by: H. W. F a n d e r 

O f f i c e r in C h a r g e , M i n e r a l o g y Sect ion: H . W . F a n d e r 



A P P E N D I X A 

M A L C O L M C R E E K H E A D S A M P L E 

S P E C T R O G R A P H I C ANALYSIS 

R E P O R T O F ANALYSIS 

M a r k ML170 

M a j o r 10 
M i n o r 1 
Heavy t r a c e 0. 1 
T r a c e 0. 01 
F a i n t t r a c e 10 
V e r y fa in t t r a c e 1 

1 0 0 % 
10% 

1% 
0. 1% 

100 p p m 
10 ppm 

Si, F e 
Al 
Mg, T i 
Z r , Zn, B 
Mn, Ca, C r , V, P b , Ni 
Mo, Cu, Co. 

O t h e r e l e m e n t s not d e t e c t e d at l i m i t s quoted in Appendix E, 
excep t a l k a l i s and P not sought . 

S p e c t r o g r a p h i c A n a l y s i s by: A . B . T i m m s 

O f f i c e r in C h a r g e , Ana ly t i ca l Sec t ion: T . R. ; F r o s t 



A P P E N D I X A 

M A L C O L M C R E E K M A G N E T I C C O N C E N T R A T E 

CHEMICAL ANALYSIS 

R E P O R T O F ANALYSIS 

_ M a r k ML1_6 
> % 

In so lub l e 9 - 6 
S i l i ca SiOz 8 . 0 
C a l c i u m oxide CaO 0 . 0 8 5 
M a g n e s i u m oxide MgO 0 . 0 5 
M a n g a n e s e Mn 0 . 0 0 2 
T i t a n i u m oxide TiO z 0. 81 
P h o s p h o r u s pen tox ide P2O5 0 . 0 3 
Su lphur S 0 . 0 0 5 
A l u m i n i u m oxide A1203 1 . 0 

I n v e s t i g a t e d by: M . R . Hancke l 

O f f i c e r in C h a r g e , Ana ly t i ca l Sec t ion: T . R . F r o s t 



A P P E N D I X A 

MALCOLM CREEK MAGNETIC C O N C E N T R A T E 
SPECTROGRAPHIC ANALYSIS 

REPORT OF ANALYSIS 

Mark ML 16 
Major 10 100% Fe, Si 
Minor 1 10 % A1 
Heavy trace 0.1 1 % Ca 
Trace 0.01 0.1% Ti 
Faint trace 10 100 ppm Cu, Zn, B, Ba, Mg 
Very faint trace 1 10 ppm Ni, Cr, V, Zr, Mn, Sr. 

Other elements not detected at limits quoted in Appendix E, 
except alkalis and P not sought. 

Spectrographic Analysis by: A.B. Timms 

Officer in Charge, Analytical Section: T.R. Frost 



A P P E N D I X E 

S P E C T R O G R A P H I ^ _ A N A L Y S E S _ 

D e t e c t i o n - L i m i t C o n c e n t r a t i o n s of E l e m e n t s 

D . C . A r c E x c i t a t i o n 

E L E M E N T % _2pjm_ E L E M E N T _ £ g m _ _ 

Ag 0 . 0 0 0 0 5 0 . 5 Na 0 . 0 0 0 0 5 0 . 5 
A1 0 . 0 0 0 2 2 Nb 0 . 0 0 3 30 
As 0 . 0 1 100 Nd 0 . 0 0 1 10 
Au 0 . 0 0 1 10 Ni 0 . 0 0 0 2 2 
B 0 . 0 0 1 10 Os 0 . 0 0 5 50 
B a 0. 0002 2 P 0. 02 200 
B e 0 . 0 0 0 5 5 P b 0 . 0 0 0 2 . 2 
B i 0 . 0 0 0 5 5 P d 0 . 0 0 1 10 
Ca 0 . 0 0 0 2 2 P r 0 . 0 0 1 10 
Cd 0 . 0 0 1 10 P t 0 . 0 0 5 50 
Ce 0 . 0 4 400 R b 0 . 0 0 0 1 1 
Co 0 . 0 0 0 2 2 R e 0 . 0 1 100 
C r 0 . 0 0 0 1 1 R h 0 . 0 0 1 10 
Cs 0 . 0 0 0 2 2 Ru 0 . 0 0 1 10 
Cu 0 . 0 0 0 0 5 0 . 5 Sb 0 . 0 0 2 20 
Dy 0 . 0 0 1 10 Sc 0 . 0 0 0 2 2 
E r 0. 001 10 Si 0. 002 20 
Eu 0. 001 10 Sm 0. 05 500 
F e 0. 0005 5 Sn 0. 001 10 
Ga 0 . 0 0 0 3 3 S r 0 . 0 0 0 1 1 
Gd 0. 02 200 T a 0. 01 100 
Ge 0 . 0 0 0 2 2 T b 0 . 0 0 1 10 
Hf 0 . 0 1 100 T e 0 . 0 2 200 
Hg 0. 01 100 Th 0. 01 100 
Ho 0 . 0 0 1 10 T i 0 . 0 0 1 ' 10 
In 0 . 0 0 0 1 1 T l 0. 0001 1 
I r 0 . 0 0 5 50 T m 0 . 0 0 1 10 
K 0 . 0 0 0 2 2 U 0 . 0 2 200 
L a 0 . 0 0 1 10 V 0 . 0 0 0 5 5 
L i 0 . 0 0 0 1 1 W 0 . 0 0 5 50 
Lu 0 . 0 0 1 10 Y 0 . 0 0 1 10 
Mg 0 . 0 0 0 2 2 Yb 0 . 0 0 1 10 
M n 0. 001 10 Z n 0. 0025 25 
M o 0. 0005 5 Z r 0. 001 10 
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