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1. INTRODUCTION 

A feas ib i l i ty s tudy of benef ic ia t ion by magne t i c and grav i ty 
concen t ra t ion methods was c a r r i e d out on 2 s a m p l e s of i ron o re , f r o m 
Gran t s Q u a r r i e s , Cutana, suppl ied by the South A u s t r a l i a n Government 
D e p a r t m e n t of Mines.-

2. SUMMARY 

The t e s t work shows that the s a m p l e s cannot be concen t ra t ed 
s ign i f ican t ly by s i m p l e o r e d r e s s i n g methods b e c a u s e of the f ine g ra in 
s i z e . Mine ra log ica l examinat ion indicated that gr inding to 1 5 0 - m e s h 
is r e q u i r e d fo r l i be ra t ion . 

Heavy liquid s e p a r a t i o n s on s i zed f r a c t i o n s , d ry magne t i c 
s e p a r a t i o n and tabl ing t e s t s w e r e conducted. Wilf ley tabl ing of Nor th 
o re at minus 7 2 - m e s h plus 2 0 0 - m e s h gave bes t r e s u l t s , p roducing a 
concen t r a t e at a g rade of 59. 0 p e r cent , i r on r e p r e s e n t i n g a r e c o v e r y of 
19-0 p e r cent . , or a g rade of 55. 5 p e r cent , i r on r e p r e s e n t i n g a r e c o v e r y 
of 34. 0 p e r cent . Resu l t s obtained with T e r m i n u s o re w e r e i n f e r i o r . 

3. MATERIAL EXAMINED 

Two s a m p l e s of lump i ron o re w e r e suppl ied fo r the t e s t work. 
T h e s e s a m p l e s or ig ina ted f r o m the T e r m i n u s and Nor th Q u a r r i e s , and 
a s s a y e d 39. 5 p e r cent , i r o n and 43. 2 p e r cent , i r on r e s p e c t i v e l y . The 
s a m p l e s w e r e s i m i l a r and typical ' of s u r f a c e o re . 

Both s a m p l e s w e r e c r u s h e d to minus y 4 - inch , and s amp led . 

EQUIPMENT 

The following l a b o r a t o r y equipment was used in benef ic ia t ion 

a. B r i t i s h Standard s c r e e n s . 
b. I n f r a s i z e r . 
c . S t ea rns disc-. type d ry magne t i c s e p a r a t o r . 
d. Wilf ley Table . 

EXPERIMENTAL PROCEDURE AND RESULTS 

Mine ra log ica l Examina t ion 

T e r m i n u s Ore 

This m a t e r i a l cons i s t s of m a s s i v e and ea r thy f o r m s of goethi te , 
typ ica l of s u r f a c e i ron o re . 

The cons t i tuents v a r y f r o m m a s s i v e goethite containing m i n o r 
quar tz g r a in s , to agg rega t e s of quar tz and hema t i t e cemented with 
goethi te , and to qua r t z i t e with i n t e r s t i t i a l goethi te . 

Gra in s i z e v a r i e s f r o m 1.0 to 0 .01 m m with an a v e r a g e of 
0. 1 m m . 

4. 

tests ' : 

5. 

5. 1 

5. 1. 1 



5 . 1 . 2 Nor th O r e 

This s a m p l e consis ts , of nodula r f o r m s of goethi te with qua r t z . 
Occas iona l ly quar tz occupies the c e n t r e s of nodules . 

The cons t i tuents , a r e quar tz and h e m a t i t e g ra ins in a m a t r i x of 
goethi te , r ang ing f r o m 40-60 p e r cent , qua r t z . • 

The g r a in s i z e of the qua r t z is 1 .0 - 0. 02 m m ave rag ing 
0. 1 m m while that of the h e m a t i t e is 1. 0 to 0. 01 ave rag ing 0. 05mm. 

5. 2 Sizing and Ana lyses of C r u s h e d O r e 

Tab les 1 and 2 show the s iz ing , i r o n a s s a y s and d i s t r i bu t ion 
of the T e r m i n u s and Nor th o r e s . 

TABLE 1: SIZING ANALYSIS O F TERMINUS ORE 

Size F r a c t i o n Weight F e F e Di s t r i bu t ion 
% % % 

% - i n c h + • / t - inch 70. 0 41. 1 72. 6 
V^-inch + 1 8 - m e s h 18. 9 41. 3 19. 7 
1 8 - m e s h + 7 2 - m e s h 2. 4 37. 5 2. 3 
7 2 - m e s h + 2 0 0 - m e s h 2. 8 24. 1 1 .7 

- 2 0 0 - m e s h + 5 0 - m i c r o n 1. 3 24. 3 0. 8 
5 0 - m i c r o n + 2 5 - m i c r o n 2. 3 20. 5 1. 2 

- 2 5 - m i c r o n + 1 3 - m i c r o n 1. 3 -23.5 0. 8 
- . 1 3 - m i c r o n 0 34. 8 0. 9 

100. 0 39 .6 X 100.0 

X Calcu la ted value . 

TABLE 2: SIZING ANALYSIS OF NORTH ORE 

Size F r a c t i o n Weight F e F e Dis t r ibu t ion 
% % % 

% - i n c h + 7 4 - i n c h 71. 7 46. 9 75. 2 
y^-inch + 1 8 - m e s h 16. 9 43. 5 16. 4 
1 8 - m e s h + 7 2 - m e s h 2. 0 40. 2 1. 8 
7 2 - m e s h + 2 0 0 - m e s h 1. 7 32. 2 1. 2 

- 2 0 0 - m e s h + 5 0 - m i c r o n 1. 3 36. 7 1. 1 
5 0 - m i c r o n + 2 5 - m i c r o n 3. 3 31. 9 2. 4 
2 5 - m i c r o n + 1 3 - m i c r o n 1. 8 26. 4 1. 1 
1 3 - m i c r o n 1. 3 29- 2 0. 8 

100. 0 44. 7 X 100. 0 

X Ca lcu la ted value . 



5. 3 Heavy-Liqu id Sepa ra t ion 

The r e s u l t s of heavy- l iqu id s e p a r a t i o n on s i zed f r a c t i o n s of 
the c r u s h e d o r e s (minus 3/4-inch) a r e given in Tab le s 3 and 4. S e p a r a -
t ions w e r e c a r r i e d out at S«G. 2. 9-

5 . 4 Magnet ic Sepa ra t ion 

A s a m p l e of each o r e was c r u s h e d to minus 1 8 - m e s h and 
magne t i c s e p a r a t i o n t e s t s conducted on the S t e a r n s magne t i c s e p a r a t o r . 

The condit ions f o r the t e s t s we re : 

Magne t i s ing coil c u r r e n t 0. 9 a m p s . 
A i r gap m i n i m u m 
Feed r a t e 6 l b / i n c h h r . 

R e s u l t s of the s e p a r a t i o n s a r e shown in Tab les 5 and 6. 

; 5. 5 Tabl ing T e s t s 

A s a m p l e of each o r e was c r u s h e d to minus 1 8 - m e s h and 
wet s c r e e n e d to p roduce the s i z e f r a c t i o n s shown in Tab le 7. 

Tabl ing t e s t s w e r e carr ied. .out on the f i r s t 2 f r a c t i o n s of 
each o r e l i s t ed in Table 7 us ing the condit ions given in Tab le 8. 

The r e s u l t s of the t e s t s a r e given in Tab les 9 - 1 2 . 

5. 6 Roas t ing of Nor th O r e 

A s a m p l e of Nor th o re , ground to minus 5 2 - m e s h , was 
hea ted at 800°C. f o r 3 - h o u r s to d e t e r m i n e whe the r any s ign i f ican t 
i m p r o v e m e n t in g rade could be ach ieved . L o s s in weight was 6. 3 
p e r cent . , the g r a d e c o r r e s p o n d i n g l y i n c r e a s i n g f r o m 43. 2 to 46. 1 
p e r cent . i r on . 



TABLE 3: HEAVY LIQUID SEPARATIONS ON SIZE FRACTIONS - TERMINUS ORE 

Size F r a c t i o n P r o d u c t Weight % Weight % Fe_% F e D i s t r i b u t i o n % 
of f r a c t i o n of feed Heavy Light Heavy Light 

% - i n c h + y 4 - inch Heavy- 70. 0 49- 2 44. 4 _ 54. 3 
Light 30. 0 20. 8 - 36. 0 - 18. 6 

y 4 - inch + 1 8 - m e s h Heavy 90. 8 17. 2 43. 4 - 18. 6 _ 
Light 9. 2 1 .7 - 24. 8 - 1 - 0 5 

1 8 - m e s h + 7 2 - m e s h Heavy 84. 3 2. 0 44. 0 _ 2. 2 _ 
Light 15. 7 0. 4 - 7. 6 - 0. 1 

- 7 2 - m e s h + 2 0 0 - m e s h Heavy 51. 7 1. 45 45. 0 _ 1 .6 _ 
Light 48. 3 1. 35 - 4. 3 - 0. 15 

- 2 0 0 - m e s h Heavy 49. 4 2 . 9 42. 4 _ 3. 1 
Light 50. 6 3. 0 - 4. 1 - 0. 3 

44. 2 X 33. 3 X 79. 8 20. 2 

40. 2 X 100 .0 

X Calcula ted value 



TABLE 4: HEAVY LIQUID SEPARATIONS ON SIZE FRACTIONS - NORTH ORE 

Size F r a c t i o n P r o d u c t Weight % Weight % F e % : F ^ _ D i j ^ r i b u t i o n _ % 
of f r a c t i o n of feed Heavy Light Heavy Light 

f 4 - i n c h + V 4 - inch ' Heavy 99. 0 71. 0 45. 9 - 73. 8 _ f 4 - i n c h 
Light 1 .0 0 . 7 • - 38. 6 - 0. 6 

V4-inch + 1 8 - m e s h Heavy 96. 3 16. 3 45. 4 - 16. 7 _ 
. Light 3. 7 • 0. 6 - 11 .7 - 0. 18 

1 8 - m e s h + 7 2 - m e s h Heavy 89. 5 1 . 8 44. 9 - 1. 8 _ 
Light 10. 5 0. 2 - 5. 1 - 0. 02 

7 2 - m e s h + 2 0 0 - m e s h Heavy 74. 5 1. 3 4 7 . 1 _ 1. 3 
Light 25. 5 0. 4 - 5. 3 - 0. 1 

2 0 0 - m e s h Heavy 57. 4 4 . 4 47. 2 _ 4. 7 _ 
Light 42. 6 2. 3 - 10. 6 - 0. 8 

£5_. _9_8_1 3 1_. 70 

44. 2 X 100. 0 

X Calcu la ted value 



TABLE 5: DRY MAGNETIC SEPARATION OF TERMINUS ORE 

Weight . F e F e Dis t r ibu t ion 
.% % " % 

Concen t ra te 23.0 47 .5 28.2 
Tai l ing 77.0 36 .3 71 .8 

100.0 39. 8 X 100.0 

•3? Calcula ted value 

TABLE 6: DRY MAGNETIC SEPARATION OF NORTH OR£ 

i 
Weight Fe Fe Dis t r ibu t ion 

% % % 

Concen t ra t e 54.6 47. 8 60. 5 
Tai l ing 45. 4 37. 6 39. 5 

100. 0 43. 2 X 100. 0 

Calcula ted value. 

TABLE 7: SIZE FRACTIONS O F CRUSHED ORES 

Size Fraction Weight % Fe % 
of Crude_Ore_ 

T e r m i n u s Nor th T e r m i n u s "North 

- 1 8 - m e s h + 72 -mesh 
- 7 2 - m e s h + 200- tnesn 
- 2 0 0 - m e s h 

•X Calcula ted value 

TABLE 8: CONDITIONS FOR TABLING TESTS 

45 .9 53.0 
16 .4 19-7 
37.7 27 .3 

4 2 . 2 46 .6 
36.6 4 4 . 3 
37.9 35. 8 X 

Feed Rate 
l b / h r . 

Water Rate 
gal. / min. 

Table Motion 
S t r o k e s / min. 

T e r m i n u s 
ii 

Nor th : 

ii 

18 + 7 2 - m e s h 61 
72 + 200-mesh 45 
18 + 7 2 - m e s h 62 
72 + 200-mesh 40 

3 
3 
3 
3 

350 
350 
350 
350 



TABLE 9: TABLING OF TERMINUS ORE 
Minus 1 8 - m e s h plus 7 2 - m e s h 

i 
Weight % F e % F e PJ.^r^ution__2'o_ 

Feed Feed C r u d e O r e 

Concen t r a t e 17. 7 48. 1 20. 4 10. 0 
Middl ing 1. 35. 8 42. 4 36 .4 17. 8 
Middl ing 2. 20. 4 39. 7 19. 4 9. 5 
Tai l ing 26. 1 37. 9 23. 8 11 .7 

F e e d 100. 0 41. 7 X 100. 0 49. 0 

X Calcu la ted value 

TABLE 10: TABLING O F TERMINUS ORE 
Minus 7 2 - m e s h plus 2 0 0 - m e s h 

Weight % F e % F e °k 
Feed Feed C r u d e O r e 

C q n c e n t r a t e 1 . 8 6 0 . 2 3 .0 0 . 5 
Middl ing 1. 24. 5 4 6 . 3 31 .2 4 . 7 
Middl ing 2. 26 .9 36 .0 26 .7 4 . 1 
Ta i l ing 4 6 . 8 3 0 . 3 39-1 5 . 9 

F e e d 100.0 36. 3 X 100.0 15 .2 

X Calcu la ted va lue 

TABLE 11: TABLING O F NORTH ORE 
Minus 1 8 - m e s h plus 7 2 - m e s h 

Weight % F e % F e _Distr ibution %_ 
Feed Feed C r u d e O r e 

Concen t r a t e 7. 1 52. 6 8. 0 4. 6 
Middl ing 1. 86. 2 46. 4 85. 7 49. 0 
Middl ing 2. 0. 6 42. 7 0. 6 0 . 3 
Ta i l ing 6. 1 43. 6 5. 7 3. 3 

F e e d 100. 0 46. 6 X 100. 0 57. 2 

X Ca lcu la ted value 



TABLE 12: TABLING O F NORTH ORE 
Minus 7 2 - m e s h plus 2 0 0 - m e s h 

Weight % F e % _ F e J? is t r ibut ion_ %_ 
Feed Feed Crude O r e 

Concen t r a t e 14. 5 ) 2 7 5 
o r 

59. 0 ) 5 5 5 8) 
19. 3. 8 

Middl ing 1. 13. 
5 ) 2 7 5 
o r 51. 

0 ) 5 5 5 8) 15. 3. 0 
Middl ing 2. 35. i 43.. 8 34. 3 6. 9 
Ta i l ing 37. 4 38. 1. 31. 7 6. 4 

F e e d 100.0 44. 9 K 100.0 20 .1 

X Calcu la ted value 

6. DISCUSSION 

Examina t ion of Tab les 1 and 2 shows that the i r o n is d i s t r i -
buted th rough the s i z e f r a c t i o n s . indicat ing that no s ign i f i can t upgrad ing 
can be achieved by s i m p l e c l a s s i f i c a t i o n or o ther s i z e s e p a r a t i o n . 

The r e s u l t s of heavy l iquid s e p a r a t i o n s , given in Tab le s 3 
and 4, show that a l o w - g r a d e t a i l ing cannot be r e j e c t e d at a s i z ing 
g r e a t e r than 1 8 - m e s h . Thus f o r al l bene f i c i a t ion t e s t s , the m a t e r i a l 
was c r u s h e d to minus 1 8 - m e s h . 

Tab le s 5 and 6 show the low g r a d e s and poor r e c o v e r i e s of 
c o n c e n t r a t e s p roduced by magne t i c s e p a r a t i o n . 

The bes t t ab l ing t e s t r e s u l t s w e r e obtained on the minus 
72^.mesh plus 2 0 0 - m e s h f r a c t i o n of the Nor th o re . F r o m this m a t e r i a l 
a c o n c e n t r a t e r e p r e s e n t i n g 14. 5 .pe r cent , weight of the feed was p r o -
duced. This concen t r a t e a s s a y e d 59-0 p e r cent , i r o n r e p r e s e n t i n g a 
r e c o v e r y of 19- 0 p e r cent . I n c r e a s i n g the concen t r a t e weight to 27. 5 
p e r cent , r e s u l t e d in a c o n c e n t r a t e g r a d e of 55. 5 p e r cent , i r o n r e p r e -
sen t ing a r e c o v e r y of 34. 0 p e r cent . See Table 12. 

Although a r e a s o n a b l y high g r a d e c o n c e n t r a t e can be obtained 
by tab l ing the c o r r e s p o n d i n g r e c o v e r y is v e r y low, and can only be 
i n c r e a s e d at the expense of g r a d e . 

Mine ra log i ca l examina t ion r e v e a l s that the a v e r a g e g r a in 
s i z e of the cons t i tuent m i n e r a l s is 0. 1 m m c o r r e s p o n d i n g to a m e s h of 
l i b e r a t i o n of 150. Resu l t s of the tab l ing t e s t s show that al though the 
f i n e r f r a c t i o n s , minus 7 2 - m e s h plus 2 0 0 - m e s h , p roduced h igher g r a d e 
c o n c e n t r a t e s than did the c o a r s e r f r a c t i o n s , f i n e r gr ind ing is r e q u i r e d 
b e f o r e any e f fec t ive benef ic ia t ion can be obtained. With f ine g r i n d i n g , 
g rav i ty concen t r a t ion methods would r e s u l t in low r e c o v e r i e s due to 
s l i m e l o s s e s . 

Roas t ing of Nor th o r e gave no s ign i f i can t i m p r o v e m e n t in 
g r a d e . 



7. CONCLUSIONS 

No e f fec t ive benef ic ia t ion of e i the r s a m p l e can be obtained 
by washing or s i m p l e gravi ty concen t ra t ion b e c a u s e of the f ine g r a in 
s i z e and even d i s t r ibu t ion of the cons t i tuent m i n e r a l s . Gr ind ing to 
a p p r o x i m a t e l y 1 5 0 - m e s h is r e q u i r e d to ach ieve l i be r a t i on of the gangue, 
at which s i z e g rav i ty concen t ra t ion , p a r t i c u l a r l y by Humphrey s p i r a l s , 
would r e s u l t in l a r g e l o s s e s in the s l i m e f r a c t i o n . Grav i ty c o n c e n t r a -
t ion methods could be used to p roduce a p r i m a r y c o n c e n t r a t e , with 
subsequen t r e t r e a t m e n t of the ta i l ing . This t a i l ing could pos s ib l e be 
t r e a t e d by f lo ta t ion, o r by reduc t ion r o a s t i n g and subsequen t magne t i c 
s e p a r a t i o n . T h e s e l a t t e r p r o c e s s e s enta i l high unit cos t s and would 
be jus t i f i ed only if r e s e r v e s w e r e su f f i c i en t ly g r e a t . 

8. RECOMMENDATIONS , -

It is not r e c o m m e n d e d that f u r t h e r work be c a r r i e d out 
un l e s s r e s e r v e s w a r r a n t an in tens ive inves t iga t ion . If work is cons id -
e r e d d e s i r a b l e the f eas ib i l i ty and economics of f lo ta t ion and reduc t ion 
r o a s t i n g followed by magne t i c s e p a r a t i o n should be s tudied . 
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