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1 SUMMARY AND RECOMMENDATIONS 

~- ~ ~ ~ 

-100 mesh 64.9 11.3 40.0 

Total 21.6 85.6 . - 

Grab samples of graphite ore from the Bentinck property were subjected to p r e b h a r y  
flotation and gravity concentration testwork The main objective of the tesfsvork was to 
produce high grade saleable graphite products. Specifically, tests were performed to 

produce high grade +48 mesh, -48 mesh +lo0 mesh, and -100 mesh products. The tests 

involved processing the ore using various stages of grinding, flotation and gravity 
concentration. From the preliminary tests the following results were achieved. 

Table 1. Summary of results from processing testwork on graphite ore. 

Although the combined recovery of graphitic carbon was only 85.6%, at the rougher 
flotation stage of the test the recovery was 99.8%. Since the graphitic carbon was 
recoverable at this stage, there is a real possibility of increasing the final recovery. 

The results from the third test were significantly better than those from the first two tests. 
This improvement is attriiuted to the increased grind used for the third test. It was found 
that the particles were more resistant to breakdown from grinding than was expected and 
therefore grinding times had to be increased substantially to significantly improve particle 
liberation. It is expected that further improvements will be made by optimizing the grinding 
conditions. Specifically, tests to evaluate the effects of different grinds at various stages of 
the process should be investigated. In addition, changes in the flotation procedures and 
reagent dosages and gravity concentration procedures could also lead to improved results. 



The conclusions and recommendations presented in this report are based on results 
produced using grab ore samples. Further development work should be conducted on a 
proper bulk sample obtained by trenching and drilling. 
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2 INTRODUCTION 

Grab samples from the Bentinck graphite property near Bella Coola, British Columbia were 
subjected to preliminary processing tests. The objectives of the tests were: 

To produce high grade graphite products, and 
To maximize the yield of these graphite products. 

a. 
b. 

Various @ding, flotation and gravity concentrationprocedures were used to produce three 
products including: 

a. +48 mesh concentrate, 
b. 
C. -100 mesh concentrate. 

-48 mesh + 100 mesh concentrate, and 

Of these products, the +48 mesh concentrate is potentially the most valuable and therefore 
processing was focused on optimizing the production of this product. 

3 PROCEDURES & RESULTS 

The samples that were received were prepared for head assays and subsequently subjected 
to processing testwork. The following describes the samples that were received, the 
processing test procedures and the associated metallurgical results. 

3.1 Sample Descdptlon 

Three samples were received including: 
a. a composite sample 
b. sample 102010, and 
c. sample 102013. 

The composite sample consisted of one rock plus several bags of rock chips. Samples 
102010 and 102013 consisted of rock chips. All samples had a dark grey colour and 
contained significant amounts of visual coarse graphite grains. Each sample was jaw and 
cone crushed to -6 mesh. The composite sample w a s  riffled into eleven 2 kg charges, three 
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of which were used for process testwork. Representative cuts of samples 102010 and 102013 
were obtained by riffling and were then analyzed in duplicate for graphitic carbon. Three 
analytical methods were compared 

a. Leco 
b. loss on ignition (L.O.I.) 
c. double loss on ignition (D.L.O.1.) 

The results of the analyses are as follows. 

Table 2. Results of graphitic carbon analyses on Bentinck samples. 

The results presented in the table indicate that each method produces a different result. 
The D.L.O.I. procedure includes a step to bum off volatiles making it more accurate than 
the L0.I.  procedure. Since the D.L.O.I. graphitic carbon assay is determined from a weight 
difference, it is not very accurate for low level determinations. The Leco analysis is 
performed on a small sample making it less accurate for samples with high graphitic carbon 
contents. For these reasons, graphite analyses were performed using the Leco procedure 
for low level determinations and the D.L.O.I. procedure for high level determinations. 

Head grades for the composite samples were determined from metallurgical balances. The 
grades ranged from 17.5% graphitic carbon (test 1) to 18.4% graphitic carbon (test 2). 
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3.2 Processing of Bentinck Ore 

Three different procedures were used to produce the three graphite products. The 

procedures are shown schematically in Figures 1 ,2  and 3 and are described in detail in the 
Appendix. The procedures involved crushing the ore sample to - 6 mesh and splitting the 
sample into 2 kg charges for subsequent tests involving grinding, flotation and gravity 
concentration. 

3.2.1 Graphik Float Test 1 

The graphite float test 1 procedure is presented in Figure 1 and descriied in more detail 
in the Appendix. The process involved grinding the 2 kg sample to approximately 95% -20 
mesh and floating the ore to produce a cleaned graphite flotation concentrate. The actual 
grind was 91.8% -20 mesh and 37.1% -100 mesh. This concentrate was then screened at 48 

mesh from which the +48 mesh fraction was upgraded using gravity processes to produce 
the +48 mesh concentrate. The -48 mesh fraction was reground to improve liberation and 
then refloated. This flotation concentrate was screened at 100 mesh producing the +I00 
mesh and -100 mesh concentrates. The balances for the entire procedure are presented in 
the Appendix. The following table summarizes the main results. 
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Table 3. Product yields and grades produced from graphite float test 1. 

PRODUCT 

+48 Mesh Gravity Concentrate 1 
+48 Mesh Gravity Concentrate 2 
+48 Mesh Gravity Concentrate 3 
+48 Mesh Gravity Concentrate 4 
+48 Mesh Gravity Concentrate 5 
+48 Mesh Gravity Concentrate 6 
Total +48 Mesh Graviiy Conc. 

+lo0 Mesh Concentrate 
-100 Mesh Concentrate 

RECOVERY 
(%I 
2.89 
4.18 
4.78 
3.01 
13.27 
2.76 
30.89 

23.01 
33.28 

For the purpose of this report, yield refers to the weight percent of the total feed and 
recovery refers to weight percent total graphitic carbon in the feed. 

As is indicated in the table, it was possible to produce a +48 mesh product with a carbon 
grade as high as 83.7% although the yield was only 0.60%. The yield could be increased 
at the expense of the grade as is indicated by the total gravity concentrate yield of 8.88% 
and the corresponding grade of only 60.8%. The yield of the +lo0 mesh and -100 mesh 
products were good at 7.79% and 9.38%, respectively. However, the grades for these two 

products were low at only51.7% and 62.1%, respectively. These results exemplify the trade 
off between product yield and grade and the need for greater liberation. 

Despite using various stages of cleaning flotation throughout the procedure, the flotation 
concentrate grades were'low. The results reveal that the flotation concentrate grades 
increased as the product particle size decreased. These results can be explained by the 

improvement in liberation with decreasing particle size. Microscopic examination of the 

6 



products revealed that the coarse particles are made up of foliated graphite lamellae with 
silicate grains trapped beiween the lamellae. Grinding would break apart these foliated 
particles to produce separable liberated graphite flakes and silicate particles. 

Although the graphitic carbon recovery from rougher flotation was 95.6%, the combined 
recovery from the three products was only 87.2%. Since a higher rougher flotation recovery 
was achievable, it is likely that the product recovery can be improved. Spe&cally, 6.5% of 
the graphitic carbon was lost to the gravity concentration tailings. By re-grinding and 
refloating this product, additional graphite could be recovered in the -48 mesh + 100 mesh 
and -100 mesh products. 

3.2.2 Graphite noat Test 2 

Based on the results of float test 1, a second test was planned and carried out. The 
objective of test 2 was to increase the graphite concentrate grade by increasing the primary 
grind to improve particle liberation. The grind time was extended to 3.5 minutes producing 
a slightly finer feed (93.1% -20 mesh and 46.1% -100 mesh). The procedure for float test 
2 is presented in Figure 2 and is described in detail in the Appendix. The balances for float 
test 2 are also presented in the Appendix. The following table summarizes the main results. 

7 



Table 4. Product yields and grades produced from graphite float test 2. 

PRODUCI' 

+48 Mesh Gravity Concentrate 1 

+48 Mesh Gravity Concentrate 2 

+ 48 Mesh Gravity Concentrate 3 

+48 Mesh Gravity Concentrate 4 

Total +48 Mesh Gravity Conc. 

+ 100 Mesh Concentrate 

-100 Mesh Concentrate 

GRADE (% 

c ) l  

77.7 

60.8 

41.0 

33.5 

48.6 

50.6 

57.1 . 

YIELD 

(4b) 

1.37 

2.11 

3.86 

2.44 

9.77 

9.30 

7.61 - 

RECOVERY 

(%I 

5.77 

6.99 

8.60 

4.44 

25.8 

25.6 

23.6 

Comparing these results to those obtained from float test I reveals that the total gravity 
concentrate from test 2 has a very similar grade although it has a higher yield. No 
improvements were made with respect to the + 100 mesh and -100 mesh products. 

As in the first test, almost all (98.8%) of the graphitic carbon was recovered during the 
rougher flotation stage of the test, The combined product graphitic carbon recovery was, 

however, 75.0% which is worse than the recovery achieved in float test 1. The main 
graphite losses occurred in the rougher cleaner flotation tailings (9.3%) and in the gravity 
concentration tailings (14.7%). The higher losses from the rougher cleaner flotation are 
likely the results of lower dosages of Van01 collector. As stated above, the gravity 
concentration tails could be reground and refloated to increase. the recovery in the -48 mesh 
+ 100 mesh and -100 mesh products. 
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As a result of test 2, it seems that extending the primary grind time by 0.5 minutes did not 

greatly improve liberation. As stated above, the increased grinding time did not greatly 
change the size of the feed particles and therefore it is not surprising that the liberation was 
not improved SignScantIy. 

At the end of the test, products were processed further to attempt to improve their grades. 
This involved regrinding the combined gravity concentration products and panning the +48 

mesh fraction. The -48 mesh fraction of the reground material w a s  then combined with the 
+lo0 mesh concentrate for further grinding and subsequent flotation. The flotation 
concentrate produced from this test was then screened at 100 mesh to produce the 
respective products. As a result of this further upgrading, a +48 mesh pan concentrate with 
a grade of 82.5% carbon was produced. No significant improvements were made to the 
grades of other products. 

3.23 Graphite Float Test 3 

A third test was planned incorporating some of the ideas tested at the end of test 2. The 
resulting process flowsheet is presented in Figure 3 and is d e m i e d  in detail in the 
Appendix. For this test, the primary grind time was doubled to 7 minutes producing feed 
that was 47.5% -100 mesh. Despite doubling the grinding time, the particle size was not 
substantially finer than the feed size for test 2 (46.1% -100 mesh). It is, therefore, apparent 
that the Bentinck ore particles are more resistant to breakdown by grinding than expected. 
In test 3, the i-48 mesh flotation concentrate was processed through two stages of 
regrinding and screening prior to gravity concentration. The -48 mesh products were 
combined, reground and then refloated. Following flotation, the cleaned -48 mesh 
concentrate was reground one more time and refloated prior to screening to produce the - 
100 mesh and +lo0 mesh concentrates. The balances for test 3 are presented in the 
Appendix. The main results are presented in the following table. 
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Table 5. Product yields and grades produced from graphite float test 3. 

+48 Mesh Gravity Concentrate 2 
+48 Mesh Gravity Concentrate 3 
Total +48 Mesh Gravity Conc. 

+ 100 Mesh Concentrate 

The results show that much higher product grades were achieved using the float test 3 
procedure. The combined +48 mesh gravity concentration product grade was greater than 
90%. The + 100 mesh and -100 mesh concentrates also had significantly higher grades than 
the respective products from the first two tests. It is therefore evident that product grades 
can be improved by increasing the grind at various stages of the process. 

The combined product graphitic carbon recovery was 85.6% which similar to the recovery 
from test 1 and is a significantlygreater than the recovery from test 2. As with the first two 
tests, the rougher flotation recovery was very high at 99.8%. The main loss of graphite 
occurred in the gravity concentration tailings (9.4%). Regrinding and refloating this product 
would result in improved recoveries to the -48 mesh + 100 mesh and -100 mesh products. 

Based on the results of test 3, it is evident that grades, yields and recoveries can be 
improved by changing the processing procedure. The most important process variable 
seems to be the amount of grinding. For the present set of tests, process variables such as 
grinding time, were based on experience. It is expected that results could be improved by 
using what has been learned fiom these preliminary tests in some additional carefully 
planned experiments. 
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BENTINCK PROPERTY -- GRAPHITE FLOAT TEST 1 

-482nd c1.Conc. 

+loo conc. 

Figure 1. Process flowsheet for float test 1 on Bentinck graphite ore 



BENTINCK PROPERTY - GRAPHITE FLOAT TEST 2 
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Ftgure 2. Process flowsheet for float test 2 on Bentinck graphite ore . 
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BENTINK PROPPRlY !-- GRAPHITE FLOAT TEST 3 

Food 7 min 
Grind 

conc 1 
corn 2 
conc 3 
conc 4 
conc 5 
Corn6 

Figure 3. Process flowsheet for float test 3 on Bentinck graphite ore 
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Summing at48 m u h  
(Ra2ndckurWOMlc) 

nME 
linu-1 

3 

3!5 

10 

8 

S 

8 

6 

b n n s  

371 
67 

15 

15 

I 5  
13 

15 
13 
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MlBC 
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. .  

SIZE DISTHBUTION 

SAMPLE NO: 92-025 FI h d  

Ground 3 mln. at 55K solid8 

- 20 *48 32.1 59.7 

11.9 47.8 

10.7 . 37.1 

0.2 . 27.9 

7.0 20.9 

-200 +325 7.8 13.1 

-325 +a 1.8 11.4' 

-400 11.4 

. 



383.62 19.95 
726.03 37.76 
36.90 1.92 

762.93 39-68 
66.15 3.44 

829.08 43.12 
1093.60 56.88 

49.61 
43.52 
8.46 

1 3.70 
38.78 

I 41.83 

~ 1-34 

56.6 
94.0 
0.9 

94.9 
0.7 

95.6 
4.4 

. . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . .  - . . . . .  - . . . .  . .  
. ._ . 



383.62 
m.03 
36.90 

76293 
66-1 5 

829.08 
1093.60 

1 9 s  
37.76 
1.92 
39.68 
3.44 

43.1 2 
56.88 

I 989.84 
~ 1643.43 

1624 
16!j9-68 
12M 

161239 
7622 

1922S8 100.00~ 1748.61 

. . . . - , . . - . . . - . . . , . . - . . . . . . . . . . - -  ...... - . . . . - . -  . . . . - .  . - .  



Rqectno: 92-025 
Testno: Fl 

Wdght 

19.23 1.w 
23.80 123 
17.20 . 0.89 
6230 324 
36.90 1.92 

170.83 8.88 
17158 8.92 

342.41 17.01 

... . . _ _  , - . -  - . - .  . .- .-.  . - 

- - 

83.75 
73.00 . 

68.15 
58.90 
71.62 
25.1 5 
60.80 
1270 

. . . .  . 

2.9 
. 4 2  

4.8 
3.0 

13.3 
28 

30.9 
6.5 

37.4 



1823 1.00 
23.150 . 123 
1720 0.89 
62.30 324 
36.90 1.92 

171.50 8.92 
1m.m 0.00 

73.01 
83.66 
a69 

23206 
4827 
54om 
113.33 

342.41 17.811 663.54 
192268 100.00 

. . . .  - . .  ........... . . .  

- 



Rpjecrno: 92-025 
Tedtno: F1 

Weight 

u 
149.8 7.19 

18026 9-38 
m.06 17.17 

5.71 030 
=.TI 17.46 
47.85 249 

Arplpslp 
carbon 

n .65 
62.05 
49.33 
7.4 

49.44 
1.36 

Date: 1oEo9E92 

23-0 
333 
56.3 
0.1 

56.4 
02 

56.6 

. . - . . . . .  - - .. . ._..  . - . - . .  . . .- .. . - .., . - . - . - .. . . . 



. _  . _ . . . _  . . . . . .  -.. 

383-62 19.951 

Weight 
(a) (K) 

149.80 7.72 
i m a  9.31 
330.06 17.li 

5.71 0.34 
335.77 17.4 
47.85 24 

989.75 

Units 
czubm 
402.42 
581.75 
984.1 6 

986.36 
3.38 

zm 
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13 
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SIZE DISTIWBUTION 

SAMptE NO: 92425 F2 Head 

Ground 3.5 min. at 65% soiids 

+20 6.0 93.1 

20 +a 24.6 68.5 

-448 .) 65 12.2 56.3 

-65 +loo 10.2 46.1 

-100 4 1 %  8.7 37.4 

- I50 + 200 6.2 31.2 

-200 31 2 





. _ . .  . . . - . -  - . - ...._. . .  

1934.32 100.00 

Weight I Un'b 

1838.67 

383.62 19.83 
829-12 42.86 
m.60 2.941 

006.72 45-04 
223.80 11-57 

1110.52 57.41 
823-80 42.59 

899.00 
7644.98 
46.1 6 

1691.14 
124.S 
1 81 6.09 
2257 

.. 



Fbjectno: 9242!5 
Testno: F2 

P R X l U c r O  Weight 

J Q L - E L  
26.50 1.37 
41.00 . 211 
74.80 3.a 
47.30 244 

189-60 9.77 
25620 1321 

445.80 22.98 

- 
3 77.65 

60.80 
41 .oo 
3350 
4856 
20.45 

5.8 
7.0 
8.6 
4.4 
25.8 
14.7 

405 

......... 
. .  . . . - . . -  .......... . . . . . .  __.. .  . . . . . . . . . . .  ” .  



I 

1 
. a50 1.37 

Weight I Unib 
GRbphire 

106.08 
41-00 211 
74-80 3.86 
47.30 244 

189.60 9-77 
2!j6.20 13.21 

128.51 
158.11 

. 81.69 
474.110 
270.11 

j 
1939.70 100.00 

.... _ _ . . _ _ . _ . .  . . _  . . . .  _.. . . .  



Sample -n : Ore (composite 1) 
I 

Weight 

u 
180.3 9-30 
147.6 7.61 
327.9 16.90 

7.5. 0.39 
335.4 17.24 
53.3 275 

- 
Graph'- 

(%) 
50.60 
57.05 
45.1 3 
5.37 
45.24 
0.69 

Dale: 1ooct-92 

25.6 
23.6 
49.2 
0.1 

' 49.3 
0.1 

. 

. . - - . , . . - . - . - .. - . . . . . - . , . 



Fhjedno: 92- 
Testno: F2 

Weight 

I 

clrry 
Gnph* 

Sample d-n : Ore (cornpotite 1) 

(9) (96) 
180.3 9-30 

I 
f 

. (96) 
50.60 

I 

147.6 7.61 
321.9’. 16.90 

7.5 0.39 
335.4 17.29 
=.a 215 

I 

57.05 
45.13 
5.37 
45.24 
0.69 

. . _ .  . __ . - . .  . . 

Dab: 1o-oct-9p 

25.6 
23.6 
492 
0.1 
493 
0.1 

49.4 

. .  .. .. 

. 

. .... - . . . .  
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TOM NO: 92-025 F3 Date: 27-0d-92 

(Minutes) 
7 

+ Purpose: To increase +48 mesh graviw concentrates grad. b >9osc 
by finer grind in the primary grindlng mHI 

STAGE I TIME 

(55% rolMs with I t 2  mgular rod &atge) 

Roughar -on 
Rougher float 

2nd dmer float 

Scfaaning at 48 m a h  
(2nd Ro dwwt m e )  

Regrind 
(+48 mmh m c )  

8#I..nit48rn.rh 
a (ikgmund +48 m u h  m c )  

-rind 
(+a m u h  wnc) 

Semen at 48 mesh 
(Floground +48 nurh conc) 

25 

12 

12 

10 

10 

Al 
g h n n e  

281.9 
33.3 

43.7 
t 0.0 

43.7 
15.0 

>mow 
REAGENT 

vuooi 
MJ0C 

Varsot 
MlSC 

Varsol 
MlBC 

I 

I 

I 



Test No: 92-025 F3 Data: 27-Oct-92 

Purpo~: To increase +48 mesh gravity wncentrates grade to >SO% 
by finer grind in the primary grinding mill 

STAGE 

Rogrind 
(-48 mash conc) 

C1.UI.t ftot.tion 
(rmgrind cow) 

2nd clemer float 

Regrind 
(2nd dower conc) 

3rd demer float 

S c m a n a t 1 0 0 m w h  
(rogrlnd 3nd dunor ant) 

20 

10 

12 

10 

12 

TIME 
(Mi n u t o q  

Al 
dtonna 

6.8 
20.0 

8.8 
20.0 

21.85 
16.65 

DKlONS 
REAGENT 

Vmol 
MlaC 

Vurol 
M18C 

Vamol 
MIBC 



SAMPLE NO: 92-025 F3 Head 

Ground 7.0 min. at 65% solids 

Individual Curnulotwe 
Size Faction -Percantage Percentage 

(mesh) Retained Pasing 

*4a 19.1 80.9 

= 48 + 65 18.1 62.8 

965 + 100 15.3 47.5 

0 150 * 200 9.2 25.8 

-200 + 325 9.6 16.2 

*s25 16.2 

-100 +I50 12.5 35.0 

I 

I 



Sample desuiptkm : Ore (cmposite 1) 

80.80 421 
787.04 40.98 
867.84 45.19 
45.49 2.37 

913.33 47.56 
146.07 7.61 

1059.40 55.17 
860.97 44.83 

Date: 10427/92 

34.38 
39.24 
8.83 
37-73 , 

3.90 
33.06 
0.08 

Tt.1 
97.0 
1 .I 

982 
1.6 

99.8 
02 

. . _ . _  . _ _ . . _ _ . . . - . _ _ . . . . . . _ .  - 



I ProdUCts I Weight 1 Units 

w 

- 1920.37 100.00 
J 

0 
80.80 

737.04 
867.84 
45-49 

91 3.33 
146.07 

1059.40 
860.91 

EL 
421 

40.98 
45.1 9 
2.37 

4756 
7.61 

55.1 7 
44.83 

Graphite 
364.37 
1408.02 
1773.39 
20.92 

17M.31 
29.66 

1823.97 
3.59 

1827.56 

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  - . . . . .  . . . . . - . .  . . . . . . . . . . . . . . .  



. projacrrro:92-u25 
Testno: M 

+48gmviryconc1 
+48gmvilyconc2 
+48gravityoonc3 
Td+48gmvisyawrc 
+48grav@tails 

Total +48 aDM: 

RodUCtS Weight 

ALl%.. -  
7.70 0.4 

19-50 1.w 
1280 0.67 
40.00 208 
40.80 2-12 

- 
carbon 
(961 
9325 
92.75 
91.70 _. 

9251 
80.80 

2.0 
5 2  
3.3 

10.5 
9.4 

19.9 



Roducls I Weight 
(9) (%) 
7.70 0.40 

1 9 s  1-02 
1280 0.67 
m.00 2.08 
40.80 2.12 

+ 4 8 g ~ c x m c l  
+48gmitycxm:2 
+48 g r a .  m 3 
Total + 4 8 g w o o n c  
+48 gmvitytails 

Units 
Carbcm 
37.a 
94.14 
61.10 

19262 
171.60 

. . . . . - . . . . . . .  

80.80 4211 W.22 
1921.12 100.00 

. .  .. . .  . . . .  . ., . . . .. - .-.. .. . 



projedn0:92-025 
Testno: F3 a .  

+lOOcOnC 
-100 COIIC 
-483nddconc 
-483nddtails 
482stdarnc 
482stdfsik 
48lddconc 
48lstdtails 

Weight 

0 
157.13 
21 6.80 
373.93 
80.00 
453.93 

477.80 
30924 

23.87 

0 
8.1 8 

1129 
19-46 
4.1 6 
23.63 
1 24 
24.07 
16.1 0 

787.04 am 

- 

Auays 
a r h n  

(%) 
78.25 
64-85 
70.48 
233 

58.47 
10.61 
56-08 
0.86 

Date: 1OR7/92 

35.0 
40.0 
75.1 
0.5 
75.6 
0.7 
76.3 
. 0.8 

77.1 1 

. .  
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+loo COIK: 
-100 a n c  
-482nddWW 
42nddlai ls  
48tstdconc 
48lstdtaik 
48 lstdconc 
dlstdtaits 

Weight 
p6) 

157.13 8.18 
216.80 11.29 
373.93 19.6 
80.00 4.16 
453.93 23-63 
23.87 124 

477.80 24.07 
309.24 16.10 

Un'hs 
carbcm 
W.01 
731.84 

1371.85 
9.70 

1381.55 
13.18 

1394.74 ' 

13.84 

1 

787.04 40.971 1408.58 
1921.12 100.00 

. . .  - . _ . . . . . . _ _  - . .  _ . . - .  . . . . . . - . - . 



Vancouver trographics ltd. 
0000 GLOVER ROAD, LANGLEY, 8.C. V3A 4P9 
PHONE (604) 888-1323 FAX ($04) 000-3042 

Sampllm: BCL-020 S e r i e a  $It f f 2 ,  #3, # 4  

S ummar y : 

Gantple BCL-020 4 1  is a f i n e  g r a i n e d  quartz-graphite-plagioclaee- 
bibkite-pyrrhokitc U c h h k  containing minor sphaler  i t e  and t r a c e  
chalcopyrite, B i o t i t e  i.8 c m c e n t r a t e d  in a few p a t c h e s  up to 5 mm 
across 

Sample B C L - 0 2 0  #2 is a quarte-graphite-tremolite-(pyrrhotite- 
biotike-plagioclase) schist, Tremolite Forma porphyroblastic g r a i n s .  
Graphite flakes a r e  very  f i n e  to f i n e  grained and commonly a r e  warped 
moderately.  Patches of pyrrhotlte ( a l k e r e d  to pyrite) a n d  minor 
chalcopyrite 4xe  a s s o c i a t e d  with graphite c l u s t e r s .  

. T h e  rock i s  a fine g r a i n e d  s c h i s t  dominated by quartz with less 
p l a g h c l a s e  and much less g r a p h i t e ,  microcline, d i o p s i d e ,  and 
tremalitte, and m i s a w  pyrrhotite/pyrite, b i o t i t e ,  tourmaline, and 
sphalerite. 

. -  
sample ~ ~ ~ - 0 2 0  # 4  is a - f i n e  grained qua~t~-plagioclase-diopside- 

graphite- (anicrocline-pyrrhoti~e~t~urmaline) s c h i s t .  1 t a l s o  
c o n t a i n 8  minor sphalerite and trace chalcopyrite. Graphite occurs 
mainly in c l u s t e r s  o f  grains l e a s  than 0 . 5  mm in s i z e ,  with less 
abundant free g r a i n s  averaging 0 . 2 - 0 . 5  mm in s i z e .  

Ageuming t h a t  t h e  pre ferred  q u a l i t y  of graphite is coarse, 
s i n g l e ,  undeformed flakes, khe samples were ranked as follows: 
e x c e l l e n t  (Sample I ) ,  good (sample 3 1 1  f a i r  (Sample 4 )  , poor (Sample 
2 )  



T h e  rock is a fine gra ined  #chist dominated by q u a r t z  a n d  
graphite, with less plagioclase and biotite, minor pyrrhokite and 
sphalerite, a n d  t r a c e  a p a t i t e  and chalcopyrite, B i o t i t e  i a  . 
concentrated in a €ew patches up to 5 mm a c r o 8 8 .  

quarkz  50-55% 
gr a p h i  t=e 28-25 
plagioclase 12-15 
b i o t i t e  7- a 
pyrrhgtite/pyrite 1- 2 
sphalerite 0 . 5  
a p a t i t e  0.1 
chalcopyr i te t r a c e  

Quartz forms a n h e d r a l  g r a i n s  a v e r a g i n g  0.2-8.7 mm in s i z e .  
Graphite forms well developed, mainly undeformed flakes averaging 

0.5-1.2 mm in l e n g t h ,  with ti €ew up to 2 mm l o n g ,  It a l s o  occurs  in 
patches  up ko 2 mrn in a i z e  of very f ine  t o  f i n e  g r a i n e d  aggregates, 
commonly showing deformation t e x t u r e s .  It: also forms s t u b b y  flakes 
averaging 0,1-0,2 mm in size, mainly intergrown w i t h  biotite and 
p l a g i o c l a s e ,  but a180 occurring in some patches  of finer gra ined  
quartz 

s i z e ,  with a f e w  u p  to 1 . 5  mm l o n g ,  Some coarser  g r a i n s  appear to be 
pocphyroblastic. Composition is  An40 by t h e  Michel-Levy method u s i n g  
t h e  extinckion angle of a l b i t e  t w i n s  (22 ) ,  combined with a cornpariaon 
of R.I. w i t h  quartz (slightly g t e a t e t  thgn quartz), G r a i n s  are fresh. 
I n  a few patches  of coarse p l a g i o c l a s e ,  many gra ins  c o n t a i n  abundant, 
equant i n c l u s i o n s  o f  graphite averaging 0 .02 -0 .07  mm i n  size. 

Pleochroism i s  from p a l e  straw Co bright brownish r e d ,  It i s  
concenkraked s t r o n g l y  in a few patches up to 5 mm acroee  as aggregates 
of anhedral. g t a i n s  intergrown with much less quartz and  graphite. In 
t h e a e  p a t c h e s ,  graphite forms abundant, e q u a n t  f l a k e s  averag ing  
8.05-0.1 mm in s i z e .  

In t h e  core of the l arge  patch is an a n h e d t a l  g r a i n  1,5 mm across 
of b r i g h t  r e d  sphalerite. Similar s p h a l e r i t e  grains up to 0 . 4  m m  i n  
a i z e  occur  o l a o w h o r e ,  mainly easoc ia ted  w i t h  pyrrhotita and graphite, 

Pyrrhokite ( a l t e r e d  to pyrite) forms diaaeminated patches  
averag ing  0 . 1 - 0 . 2  mm in s h e  and l o c a l l y  up t o  0 , 8  mm l o n g ,  Many o f  
t h c l s e  have delicate, concentric a l t e r a t i o n  textures. Chalcopyrite 
forms a few g z a i n a  u p  t o  0 4 7  nun in s i z e  n s a o c i a t e d  w i t h  pyrrhotite. 
Lensy patches of pyrrhokite and sphalerike and minor chalcopyrite are  
intergrown intimately a l o n g  a leavage  planco in Q E e w  grains of 
graphike, 

Apatite forma a few anhedral  g r a i n s  up Lo 0 , 3  rnrn 141 e i ~ e .  

Plagioclase forms a n h e d t a l ,  equant g r a i n s  averaging fi. 5 - 1  mm in 

Diokite forms disseminated f lakes  averaging 0 . 3 - 0 . 8  mm in s i z e .  



The s c h i s t :  is dominated  by quartz with less  abundant graphite, 

Graphite € l a k e s  are v e r y  f i n e  to fine g r a i n e d  and 
porphyroblastic g r a i n a  oE tremolite a n d  much l e s s  pyrrhotite, b i o t i t e ,  
and p l a g i a c l a e e .  
commonly are warped m o d e r a t e l y ,  Patches of pyrrhokite ( a l t e r e d  to 
pyrite) and minor chalcopyrite are associated with graphite c l u s t e r s , '  

quartz 
g r a p h i t e  
t r  emoli t e 
b i o t i t e  
p y l t r h o t i t e  
plagioclase 
a p a t i t e  
chalcopyrite 

6 5 9 7 0 %  . 
17-20 

7- 8 
1- 2 
1- 2 
1- 2 

minor 
trace 

Quartz forms aggregates of moderately to strongly interlocking 
g r a i n s  avecag ing  0 . 0 5 - 0 , 2  mm in s i ze .  
coarser g r a i n s  (up t o  0 . 5  mm in s i z e )  were s t r a i n e d  s t r o n g l y  a n d  
r e c r y s t a l l i z e d .  
coareer grained q u a r t z  ( o r i g i n a l  g r a i n s  up to 0.8 rnm in s i z e )  
showing d,mCLar deformation and recrystallization t e x t u r e s .  

Graphi te  forms f lakes  averag ing  8.1-8.5 mm in l e n g t h .  Moat are  
ragged and warped moderate ly ,  and occur in cluskers averaging 
0 . 2 - 0 . 8  mm in s i z e ,  A f e w ,  commonly coarser and g r a i n s  from 0,7-1,0 
mm l ong  are parallel to foliation. 

Tremolite forms  anhedral to s u b h e d r a l ,  equant to e l o n g a t e  
prismatic g r a i n s  averaging 0.5-1.5 mm in s i z e ,  with a few over  2 mm 
l o n g ,  ~ t :  is p a l e  green in color a n d  very  weakly p l e o c h r o i c ,  Some 
g r a i n s  contain a few rounded to l e n s y  inclusions of quartz f r o m  
0.1-0.2 mm in s i z e ;  these do not show the strained and recrystallized 
texture of q u a r t z  away from tcemolite. 

B i o t i t e  forms ragged flakes averaging 0.2-0.5 mm in s i z e .  
Pleochroism 18 from light to medium reddish brown. 

Plagioc lase  forms s c a t t e t e d ,  anhedrral g r a i n 6  a v e r a g i n g  0.1-8.2 mm 
in f i i a o ,  

Apat i tQ forma i\ few s u b h e d r a l ,  prismatic g r a i n o  up to 0 . 3  mm 
l ong  

Pyrrhotite (altered k o  pyritc/oxido?) foxme g r a i m  avaraging 
0003-0al mm i n  s i z e ,  and h c a l l y  up to 0 . 2  mrn a c r o m .  Thono occur in 
c l u a k e r s  a v e r a g i n g  0 . 2 - 8 . 5  mm in d z e t  and l o c a l l y  up to 1 mm a c r o a a ,  
Fatchco commonly are intergrown c o a r s e l y  with graphite, 

commonly a 8 a O d a t t d  with pysrhotite, 

T e x t u r e s  suggest t h a t  original 

A €ew patches up Co 2 mm acme8  are dominated by 

Chalcopyrite forms a n h a d r a l  g r a i n s  up to 0 , 0 8  mm a c r o a a ,  



Sample BCL-02.PI #3  Quartz-Plagioclase-Graphite-Microcline-DiCqXd.de 
T r e m o 3 i t e - P y t r h ~ t i t e - ~ i ~ t i t ~ w T ~ ~ ~ m a l i n ~ )  SChiEIt 

T h e  rock is a fine g r a i n e d  schist dominated by quartz with less 
p l a g i o c l a s e  a n d  much less graphite, m i c r o c l i n e ,  diopside, and  
tremolite, and minor pyrrhotite/pyrite, b i o t i t e ,  tourmaline, and 
sphalerite, 

quartz 
plagioclase 
microcl ine 
g r a p h i t e  
dioprside 
t: r emol i te 
t o u r m a l i n e  
b i o t  ike 
sphalerite 
chalcopyrite 

5 0 9 5 5 %  
17-20 
5- 7 
4- 5 
4- 5 
3-  4 

1 
1 

0 . 3  
t race  

Quartz forms equant g r a i n s  averag ing  0 . 2 - 0 . 5  mm in size. Some 
patches are recrystallized to much f i n e r  subgrain a g g r e g a t e s ,  

P l a g i o c l a s e  forms equant qra ins  averaging 8.2-0.3 mm i n  s i z e ,  
and a few grain8 up to 0.7 mm acrosa.  It a l s o  occur8 in l enses  and 
patches of extremely fine grain s i z e  a 8 8 o c h t e d  with microcline and 
quartz. T h e s e  l enses  and patches and the recrystallized nature o €  
eome q u a r t z  p a t c h e s  i n d i c a t e  that the rock was s l i g h t l y  t o  moderately 
cataclnatically de€o,tmed. 

M i c r o c l i n e  forms equant g r a i n s  averag ing  8 . 1 - 0 . 4  mm ;In a i z e .  
Commonly alonq borders  of microcline and plagioclase are g r a i n s  
averaging 0 . 1  mm in s i z e  a€ myrmekite. 

Graphite forms a b o u t  equal amounts of free grains and clusters of 
g r a i n s  averaging 0 . 2 - 0 . 5  mm in a i z e .  

D i d p s i d e  forms equant ,  anhedral, g r a i n s  averag ing  8-2-45-4 mm in 
S i z e ,  and a few p r h m a t i c  g r a i n s  up to 0 . 7  mm l ong ,  

Tremolite forms a n h e d r a l ,  prismatic g r a i n s  ave tag ing  0 . 5 - 0 . 7  mm 
l ong  and d few up to 3. mm long, X t  i s  p a l e  g r e e n i s h  yellow in c o l o r ,  

Pyrrhotite forms p a t c h e s  averaging 0 . 2 - 0 . 3  mm in s i z e l  and a few 
ffom 0.5-1.3 nm acrose of grains averaging B.fli ,s-S,2: mm i n  s i z e ,  
A l t e r a t i o n  f a  complete to secondary pyrite and minor non-reflective 
material showing delicate concentric alteration t e x t u r e s  in i n d i v i d u a l  
g r a i n s  , 

mainly a s a o c i a t e d  with graphite and pyrrhotitc/pyritc and a few 
patches up to 8 . 6  mm in s i a e  in quartz-plagioclase, 

f e w  prismatic g r a i n a  up t o  0 . 3  mm l o n g ,  
orange to dack btowniah red and localSy black, 

Pleochroism i s  w e a k  from pale to l i g h t :  brown, euggeating that t h e  
m i n o r a l  is a l t e r e d  partly towarda'muscovite, 

mainly associated with pyrrhotiLe/pyrlte, 

Sphalerite f o m s  a n h e d r a l  gra ins  averaging fl. b@+ 15 mm in si z e  I 

Tourmaline forma equafit  g r a i n s  avoraging @,l-0.2 mm in a i z e  and er, 

B i o t i t e  forme raggod f lakes  averaging €j,1-0,2 mm in 8 i z e .  

P l e m h c o i a m  is from light 

Chalcopytike formw equant g r a i n s  averaging 0 . 0 2 - 0 . 0 5  m m  in size, 



Distribution of Graphite 

Graphite grains w e r e  c l a s s i f i e d  according to 1) w h e t h e r  t h e y  were 
f r e e  grains o r  occurred‘in cluster8 and 2 )  on grain s i z e ,  ‘‘Free” 
g r a i n s  a l s o  i n c l u d e s  aggregates  of p a r a l l e l  €lakes, w h i c h  would be 
expected t o  s e p a r a t e  r e a d i l y  i n t o  f r e e  grains on c r u s h i n g  and . 

processing. Two t r a v e r s e 8  were made across each section1 t h e  samples 
ace uniform enough t h a t  t h e s e  g i v e  a semi-quantitative eat i rnnte  of t h e  
graphite distribution ( T a b l e  1) Results a t e  compiled in T a b l e  2 to 
show the i o t a 1  amount of g r a p h i t e  flakes in t h e  given s i z e  ranges. 

Table 1. Diatribution of Graphite ( % )  
( s i z e  and  t e x t u r e  clasaiffcation) 

Sample Free Grains . Clusters 
( s i z e s  in mm) 

( 0 . 2  0.2-0.5 8 . 5 - 0 . 8  0.8d1.2 >1.2 <0..2 0.2-0.5 0.5-0.8 0.8-1.2 

L 7 13 16 7 5 13 29 9 1 

11 - c. 2 5 11 2 1 - 70 

3 13 29 9 1 - 25 19 1 3 

- 4 5 15 7 - Y 42 26 5 

Table 2, Distribution of Graphite ( % )  
( s i z e  c las s i f  i c a t i a n )  

( s i z e s  in mm) 
Sample ( 0 . 2  0 . 2 - 8 . 5  0 - 5 - 0 . 8  048-102 >la2 

28  4 2  2 5  8 5 
22  2 1 7 s  

3 8  48 10 4 
4 7  41 12 

- 
I I 

The sample8 are ranked aa f o l l o w s  i n  terma of c 0 a 1 3 e n e s a  of 
grain a i a e  and ea8e o f  liberation ~f 8 h 9 1 e  graphite flakea; 

1, E X C e l h n t  - sample 1 
2 ,  Good - Sample 3 
3 ,  Fail: - Sample 4 
4 .  Poor - Sample 2 

A l t h o u g h  it hno tho poorcct quality of graphite, t h c  h i g h  
graphite c a n t e n k  of Sample 2 may improve i t s  claasification, 
depending  on the quality of t h e  product  d e a i r e d .  

v604-986-2928 / 



BEATTIE CONSULTING LTD. 
3955 WEST 38th AVENUE 
V~COUVIFII ,  R J!. 
V6N 2xll 

INVOICE 

N O I C E  NO: 32 - 031 

DATE: October 30,1992 

PROJECT NO: BCL 020 

GW REG. NO. R132383324 

$469.00 

7.30 

SUB TOTAL $476.30 

GS" 81 7% 33.34 

TOTAL $509.44 

LESS ADVANCE 0 

BALANCE DUE $509.64 

+-- 

Terms: Payable upon d p t  of invoice. 



PROCESS RESEARCH ASSOCIATES LTD. 
9 145 Shaughnessy Street 
Vancouver, B. C. Invoice No. 
Canada V6P6R9 File: 

INVOICE 

INV085 
92-025 

Phone:(604) 32241 18 Date: February 2, 1993 
Fax:(604) 322-4907 

TO: 403826 B.C. LTD. 
#2200-666 Burrard Street 
Vancouver, B.C. 
V6C 2x8 

Attention: Mr. J. Clucas 

RE: Testwork on Bentink Graphite Ore 

PROFESSIONAL SERVICES 

Report Writing 

Sample Preparation, Gravity Concentration & Flotation 

Andy t ical 

Sub-total 

G.S.T (7%) 

TOTAL AMOUNT OWING 

$750 .OO 

2,850.00 

1,304.50 

4,904 .SO 

343.32 

$5,247.82 

n 

Senior Process Metallurgist 
PROCESS RESEARCH ASSOCIATES LTD. 

Terms: Payable upon receipt of invoice. 
G.S.T. Number R132440272 




