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C A N E X A E R I A L E X J P L O R A T I OUST L T D . 
D I V I S I O N O F C A N A D I A N E X P L O R A T I O N L I M I T E D 

7 0 0 B U R R A R D B U I L D I N G V A N C O U V E R 5 , B . C . C A N A D A 

M E M O R A N D U M 

TO: D i s t r i b u t i o n DATE: J u l y 12, 1971. 

FROM: K. M. Dawson FILE: Gib.9-2 and Gib.10-1. 

RE: G i b r a l t a r Copper Oxide M i n e r a l o g i c a l Study 

SUMMARY 

1. Twenty G i b r a l t a r pulps were submitted f o r comparison assay. P l a c e r 
Labs oxide and t o t a l copper assays are 37% and 8% higher, respect
i v e l y , than Chemex assays. Comparison between P l a c e r , L o r i n g and 
Crest Labs shows P l a c e r oxide assays t o be 16% higher than L o r i n g 
and 29% higher than Crest. T o t a l copper assays are n e a r l y i d e n t i c a l . 

2. M i n e r a l o g i c a l study of ten pulps show the average composition of the 
copper mineral f r a c t i o n to be: c h a l c o c i t e 42%, c h a l c o p y r i t e + born-
i t e 24%, c u p r i t e 20%, malachite 9% and n a t i v e copper 5%. 

3. Leaching the pulps showed that the copper f !oxide f ! minerals 
c u p r i t e and malachite c o n t r i b u t e the bulk of the oxide assay, 
but other copper m i n e r a l s , p a r t i c u l a r l y c h a l c o c i t e , c o n t r i b u t e 
s i g n i f i c a n t l y . 

4. Data from c o n t r o l l e d l e a c h i n g of pure mineral specimens allows 
c a l c u l a t i o n of p r o p o r t i o n a l c o n t r i b u t i o n s of each copper mineral 
to the oxide assay: c u p r i t e 55%, malachite 31%, c h a l c o c i t e 11%, 
c h a l c o p y r i t e + b o r n i t e 2%, n a t i v e copper .5%. 

5. Assay overrun due to copper s u l f i d e s compensates f o r assay s h o r t f a l l 
due to incomplete s o l u t i o n of c u p r i t e . The net r e s u l t i s the P l a c e r 
oxide assay i s about 5% l e s s than the i d e a l f i g u r e . Chemex, L o r i n g 
and Crest labs would be about 25%-40% below the t h e o r e t i c a l oxide 
content. 

INTRODUCTION 

The purpose of t h i s study i s to determine the i d e n t i t y and r e l a t i v e 
amounts of copper minerals c o n t r i b u t i n g to G i b r a l t a r copper oxide assays. 
This i n f o r m a t i o n w i l l a s s i s t i n the e v a l u a t i o n of the abundance, d i s t r i b u 
t i o n and p o t e n t i a l r e c o v e r a b i l i t y of copper oxide m i n e r a l s . 

Twenty d r i l l core pulps showing a range of copper oxide assays were 
se l e c t e d f o r study. A s p l i t of the pulps was sent t o Chemex Labs f o r du
p l i c a t e copper o x i d e - t o t a l copper assay. The remaining pulps were separated 
on the Superpanner, and the mineralogy of both the heavy f r a c t i o n s and 
t a i l s was determined under the b i n o c u l a r microscope. 

Ten heavy f r a c t i o n s were submitted to an oxide assay leach (30% H2SO4 
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f o r 90 minutes) and re-examined. The amounts of copper minerals were 
v i s u a l l y estimated before and a f t e r l e a c h i n g . 

A c o n t r o l l e d l e a c h i n g experiment was run on pure specimens of 
c h a l c o p y r i t e , c h a l c o c i t e , c u p r i t e and n a t i v e copper. To d u p l i c a t e the 
oxide assay e x t r a c t i o n s of Chemex and P l a c e r l a b s , weighed mineral s p e c i 
mens were leached i n both 5% and 30% H2SO4 f o r vary i n g times, the i n s o l 
uble residues re-weighed and the Cu content of the s o l u t i o n s determined 
by atomic a b s o r p t i o n . 

1• Comparison Assay 

Of the 20 pulps s e l e c t e d f o r study, 10 were examined i n d e t a i l 
and re-assayed by Chemex Labs. A comparison between P l a c e r and Chemex 
assays i s given i n Table 1. 

Chemex copper oxide assay i n v o l v e s a 30-minute leach i n 5% H 2 S O 4 , 

then AA a n a l y s i s of f i l t r a t e . Chemex t o t a l assay i n v o l v e s heating 2 grams 
of sample i n 25 ml.of 70% p e r c h l o r i c a c i d + 5 ml.concentrated HNO3 to 203°C 
f o r l % - 2 hours. 

P l a c e r copper oxide assay i n v o l v e s a 90-minute leach i n 30% HL^SO^. 
P l a c e r t o t a l copper assay i s the same as that of Chemex. Some of the G i b r a l 
t a r t o t a l copper assays were done by L o r i n g Labs, using the same technique. 

TABLE 1 

Comparison of P l a c e r and Chemex Copper Assays 

Assay P l a c e r (30% H2SO/...90 min.) Chemex (5% H 9 SO/,, 30 min.) P l a c e r % Dif f e r e n c e 
Tag No. Cu oxide Cu T o t a l Cu oxide Cu T o t a l Cu oxide Cu T o t a l 

4831 0.882% 2.18% 0.59% 2.02% +50% + 7% 

4832 0.396 1.17 0.23 1.10 +42 + 6 

8684 0.194 0.25 0.13 0.22 +33 +12 

8685 0.17 0.20 0.12 0.19 +30 + 5 

8686 0.44 0.48 0.36 0.45 + 9 + 6 

8690 0.106 1.28 0.05 1.12 +53 +12 

9631 0.112 0.21 0.06 0.22 +46 - 5 

10311 0.196 1.19 0.13 1.11 +34 + 7 

10316 0.174 0.77 0.11 0.74 +37 + 4 

12010 0.164 0.51 0.11 0.37 +33 +27 
+37% 

Avg. 
+ 8% 

Avg. 
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I t i s notable that P l a c e r copper oxide assays are s i g n i f i c a n t l y 
higher than those from Chemex Labs, the average d i f f e r e n c e being +37%. 
The percent d i f f e r e n c e between P l a c e r and Chemex assays bears no appar
ent c o r r e l a t i o n to the magnitude of oxide and/or t o t a l copper assays, 
or to o x i d e / t o t a l assay r a t i o s . The d i f f e r e n c e between P l a c e r and Chemex 
t o t a l copper assays i s r e l a t i v e l y small and c o n s i s t e n t , i n d i c a t i n g some 
minor systematic d i f f e r e n c e i n assay method may e x i s t . A s i m i l a r assay 
comparison was made by B r i a n Robson at P l a c e r Labs. Three s p l i t s of each 
of 19 pulps were assayed by P l a c e r , L o r i n g Labs and Crest Labs. The re
s u l t s are given i n Appendix. The average P l a c e r oxide assay i s .051% Cu, 
the average L o r i n g oxide assay i s 0.043% and Crest i s 0.036%. P l a c e r ' s 
oxide assay i s about 16% higher than L o r i n g 1 s and 29% higher than C r e s t f s . 
The oxide assay techniques of these two labs have not been s t u d i e d . The 
t o t a l copper assays of a l l these labs are remarkably s i m i l a r . S i g n i f i c a n t l y 
h igher P l a c e r oxide assays i n conjunction w i t h s i m i l a r t o t a l assays i n d i 
cate that P l a c e r ' s more rigorous oxide leach has l i b e r a t e d more copper 
by a t t a c k i n g a l a r g e r p o r t i o n of the copper oxide minerals present, and/or 
by a t t a c k i n g copper s u l f i d e s and other copper minerals to a gr e a t e r degree. 
The P l a c e r oxide assay may be dependent upon the type and r e l a t i v e abund
ance of various non-oxide copper minerals present. To t e s t these a l t e r n a 
t i v e s , two simple leaching experiments were run, as described below. 

2. Mineralogy of Superpanned Pulps 

Specimens from Superpanner concentrates and t a i l s were immersed i n 
water i n a watch g l a s s and examined under the b i n o c u l a r microscope i n 
both r e f l e c t e d and transmitted l i g h t . 

The Superpanner t a i l s c o ntain l e s s than 2% copper minerals, mainly 
as very f i n e - g r a i n e d c h a l c o p y r i t e and c h a l c o c i t e . Traces of copper carbon
ates and c u p r i t e are present. A s a t i s f a c t o r i l y clean separation was ob
tai n e d . 

Under the b i n o c u l a r microscope, the ten Superpanner concentrates 
show the f o l l o w i n g average copper mineral content, r e c a l c u l a t e d to 100%: 

These f i g u r e s give an approximate r e l a t i v e abundance of copper minerals 
i n G i b r a l t a r oxide ore. 

Notable i s the r e l a t i v e l y low average malachite content and, r e f e r 
r i n g t o Table 2, i t s d i s p r o p o r t i o n a t e e f f e c t upon Cu oxide assays. 

Cuprite probably i s more abundant than p r e v i o u s l y b e l i e v e d . Cuprite 
g r a i n s may be m i s i d e n t i f i e d i n r e f l e c t e d l i g h t , but are r e a d i l y recognized 
when immersed i n water or o i l by t h e i r deep red colour i n transmitted l i g h t . 

Native copper may be p a r t i a l l y o x i d i z e d or coated with l i m o n i t i c 
m i n e r a l s , hence not r e a d i l y recognized. Native copper i s f r e s h e r and 

Cha l c o c i t e 
C h a l c o p y r i t e 
Cuprite 
M a l a c h i t e 
Native Copper 
Bo r n i t e 

42% 
22 
20 
9 
5 
2 
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h i g h l y v i s i b l e a f t e r leaching i n l^SO^. 

3. M i n e r a l o g i c a l Composition of Pulps a f t e r Leaching 

The ten s e l e c t e d pulps were subject to a standard P l a c e r copper 
oxide assay leach, i . e . a 90-minute leach i n 30% H 2 S O 4 . Specimens were 
re-examined under the b i n o c u l a r microscope 5, and m i n e r a l o g i c a l changes 
were noted. Table 2 summarizes changes i n m i n e r a l o g i c a l composition:-

TABLE 2 

M i n e r a l o g i c a l Composition of Pulps Before and A f t e r Leaching 

(fistz7°^°L j L ° J i a i . £0£p£rjnin£ral_s befo£e_l£ach)_ 
( e s t . % of t o t a l copper minerals a f t e r 30% 

H 2 S O 4 , 90 min. leach) 

Assay Oxide/Total M a l a c h i t e Cuprite C h a l c o c i t e C h a l c o p y r i t e Native 
Tag No. ( r a t i o ) (+ a z u r i t e ) (+ b o r n i t e ) Copper 

4831 .882/2.18 0 25 50 20 5 
(.40) 0 10 60 20 10 

4832 .396/1.17 0 20 35 _j 20 25 
(.34) 0 10 50 20 20 

8684 .194/.25 20 30 30 15 5 
(.78) 0 5 60 | 30 5 

8685 .17/.20 10 30 40 10 10 
(.85) 0 10 60 15 1 15 

8686 .44/.48 50 40 10 0 t r 
(.92) 0 10 90 0 t r 

8690 .106/1.28 0 2 50 48 0 
(.08) 0 0 50 50 0 

9631 .112/.21 10 10 40 35 5 
(.53) 0 0 50 40 ' 10 

10311 .196/1.19 0 t r 60 40 0 
(.16) 0 0 60 40 0 

10316 .174/.77 0 20 50 30 0 
(.23) 0 10 60 30 0 

12010 .164/.51 0 20 60 20 t r 
(.32) 0 5 70 25 t r 

Abundance of the various minerals l i s t e d i s expressed as percentage of t o t a l  
copper mineral f r a c t i o n of that sample before and a f t e r l e a c h i n g . 

The four specimens that contained the copper carbonates, malachite 
and minor a z u r i t e A a l l showed complete s o l u t i o n of these minerals under 
H 2S0^ l e a c h i n g . 
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Cuprite was present i n a l l specimens t e s t e d . On the average, 65%> 
of the contained c u p r i t e was d i s s o l v e d under a c i d l e a c h i n g . Only s m a l l , 
corroded remnants of c u p r i t e g r a i n s remain i n the leached specimens. 

C h a l c o c i t e , the most abundant copper mineral i n oxide ore specimens, 
i s attacked by the H 2 S O 4 leach. C h a l c o c i t e g r a i n s are corroded, p i t t e d and 
tarni s h e d a deep peacock blue. C h a l c o c i t e , however, i s weakly attacked 
r e l a t i v e to oxides and carbonates, w i t h an estimated 5 to 10% of the min
e r a l going i n t o s o l u t i o n . 

C h a l c o p y r i t e i s only weakly attacked by H^SO^. The mineral g r a i n s 
are not e x t e n s i v e l y p i t t e d or corroded, and show an i r r i d e s c e n t red-purple 
t a r n i s h . Estimated s o l u t i o n of c h a l c o p y r i t e i s 3 to 5%. Cha l c o p y r i t e and 
b o r n i t e could not be d i s t i n g u i s h e d i n leached m a t e r i a l . 

Native copper i s present i n s i g n i f i c a n t amounts i n h a l f of the tested 
specimens. The e f f e c t of a c i d l e a c h i n g i s weak c o r r o s i o n and removal of 
oxide and l i m o n i t i c coatings. Estimated s o l u t i o n of n a t i v e copper i s l-2%>. 

The average copper mineral content of leached pulps, r e c a l c u l a t e d t o 
100% i s : 

C h a l c o c i t e 61% 
Chal c o p y r i t e + Bo r n i t e 27 
Cuprite 6 
Native Copper 6 
Mala c h i t e 0 

The change i n mineral composition of pulps before and a f t e r l e a c h i n g 
i s depicted i n a bar chart i n F i g . l . The s u l f i d e mineral content appears to 
incre a s e a f t e r l e a c h i n g , but t h i s i s only r e l a t i v e to the t o t a l copper 
mineral content which, by n e c e s s i t y , shows a net o v e r a l l decrease. 

Two important conclusions may be drawn from t h i s experiment. F i r s t l y , 
as expected, the copper "oxide" minerals (malachite, a z u r i t e , c u p r i t e ) con
t r i b u t e the bulk of the oxide assay. However, only two-thirds of the con
tained c u p r i t e i s d i s s o l v e d by 30% H^SO^. Secondly, the copper s u l f i d e s 
and n a t i v e copper a l s o c o n t r i b u t e s i g n i f i c a n t l y to the oxide assay. 

4» C o n t r o l l e d Copper M i n e r a l Leach Experiment 

Results of the above t e s t s i n d i c a t e that P l a c e r ' s oxide assay technique 
may y i e l d high r e s u l t s , and that "non-oxide" copper minerals may co n t r i b u t e 
s i g n i f i c a n t l y to the oxide assay. Changes i n m i n e r a l o g i c a l content of pulps 
a f t e r l e a c h i n g were estimated v i s u a l l y , and q u a n t i t a t i v e r e s u l t s could not 
be obtained. A more p r e c i s e determination was needed of the amounts of copper 
minerals c o n t r i b u t i n g to copper oxide assays. To t h i s end a c o n t r o l l e d 
l e a c h i n g experiment was devised which would d u p l i c a t e the e f f e c t of assay-
le a c h i n g upon each of the G i b r a l t a r copper minerals under d i f f e r i n g leach 
times, a c i d strengths and sample g r a i n s i z e s . Experimental procedure, as 
c a r r i e d out by Br i a n Robson at P l a c e r Research Center, i s o u t l i n e d below. 
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1. Pure mineral specimens of c h a l c o c i t e , c h a l c o p y r i t e and c u p r i t e 
were obtained from U.B.C. c o l l e c t i o n s . Pure m e t a l l i c copper was 
su b s t i t u t e d f o r n a t i v e copper. No t e s t s were done on copper carbon
ates which are known to d i s s o l v e completely i n H^SO^. 

2. Specimens were crushed and sieved to -150 mesh and +150 mesh f r a c 
t i o n s . Samples, weighing 1.0000 gm., of each f r a c t i o n were weighed 
out. 

3. Chemex Labs oxide assay procedure was d u p l i c a t e d by leac h i n g one 
set of samples i n 5% H 2 S O 4 f o r 15, 30 and 60 minutes. A f t e r l e a c h i n g , 
the percent s o l u b l e copper i n s o l u t i o n was determined by atomic ab
s o r p t i o n . The i n s o l u b l e mineral residue was re-weighed. 

4. P l a c e r oxide assay procedure was d u p l i c a t e d on a second set of samples 
by l e a c h i n g i n 30% H2SO4 f o r 60, 90 and 120 minutes. As before, the 
s o l u t i o n was run on the AA and the residue re-weighed. 

TABLE 3 

Con t r o l l e d M i n e r a l Leach: % Soluble Copper 

M i n e r a l Time 5% H 2S0 4 Time 30% H 2 S°4 Min. Min. 
% Soluble Copper 7o Soluble Copper 

+150 mesh -150 mesh +150 mesh -150 mesh 

Chalcopyrite 15 .045 .066 60 .050 .039 
30 .060 .071 90 .046 .020 
60 .070 .136 120 .044 .034 

C h a l c o c i t e 15 .068 .266 60 .070 .186 
30 .064 .264 90 .068 .170 
60 .062 .260 120 .064 .188 

Cuprite 30 24.10 30.14 90 27.30 29.17 

Native 
Copper 15 .504 no 60 .506 no 

30 .474 data 90 .470 data 
60 .472 120 .414 
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TABLE 4 

Co n t r o l l e d Mineral Leach: Weight % Dissolved M i n e r a l 

Time Time 
Min. 5 % H 9 S 0 a , - 1 5 0 mesh Min. 3 0 % H 0 S O V • - 1 5 0 mesh 

Ch a l c o p y r i t e Wt.insol.(gm) Wt.% d i s s o l v e d Wt.insol.(gm) Wt.% d i s s o l v e d 
1 5 . 9 5 0 7 4 . 9 3 6 0 . 9 5 4 1 4 . 5 9 

3 0 . 9 5 7 3 4 . 2 7 9 0 . 9 4 9 8 5 . 0 2 

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

C h a l c o c i t e 1 5 . 9 3 6 0 6 . 3 0 6 0 . 9 4 3 1 5 . 6 9 

3 0 . 9 2 7 4 7 . 2 6 9 0 . 9 4 2 5 5 . 7 5 

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

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

Native 
Copper 1 5 . 9 9 3 4 0 . 6 6 no 

3 0 . 9 8 0 4 1 . 9 6 data 
6 0 . 9 8 9 6 1 . 0 4 

Table 3 gives the percent s o l u b l e copper der i v e d i n each t e s t . Table 4 
give s the weight percent of copper mineral d i s s o l v e d . The two sets of data 
are depicted i n Fi g u r e s 2 and 3, r e s p e c t i v e l y . 

F i g u r e 2 d e p i c t s percent s o l u b l e copper, as determined by atomic 
a b s o r p t i o n a n a l y s i s of leach s o l u t i o n , p l o t t e d against leach time. Two 
s i g n i f i c a n t and unexpected trends are evident. F i r s t , l e s s copper i s 
l i b e r a t e d from c h a l c o p y r i t e , c h a l c o c i t e and n a t i v e copper i n 30% H 2 S O 4 

than i n 5% I^SO^. Second, l e s s copper i s l i b e r a t e d from the three minerals 
i n a 2-hour leach than i n a 15-minute l e a c h . These r e s u l t s appear to con
f l i c t w i t h standard chemical p r i n c i p l e s of gre a t e r i o n i c d i s s o c i a t i o n 
w i t h stronger a c i d s and longer a t t a c k s . 

F i g u r e 3 d e p i c t s the weight percent of d i s s o l v e d m i n e r a l , as deter
mined by weighing mineral residue, p l o t t e d against leach time. The same two 
unexpected trends are evident. Weak a c i d a t t a c k has d i s s o l v e d about 1% more 
c h a l c o c i t e and .5% more c h a l c o p y r i t e than strong a c i d . Cuprite shows about 
1% g r e a t e r s o l u b i l i t y i n strong a c i d and longer leach time. 

Native copper s o l u b i l i t y data i n strong a c i d was not obtained. However, 
w i t h i n the two experimental groups (weak a c i d , 15-60 min.; strong a c i d , 
60-120 min.) a l l four minerals show a general increase i n s o l u b i l i t y w i t h 
time. 
v. 

The above r e s u l t s were checked by re-runs of most t e s t s w i t h d u p l i 
c a t i o n of o r i g i n a l r e s u l t s . Experimental e r r o r i s not i n v o l v e d . A p o s s i b l e 
cause of apparent decrease i n copper s o l u b i l i t y w i t h time and a c i d s t r e n g t h 
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may be an e l e c t r o l y t i c r e - p r e c i p i t a t i o n r e a c t i o n that removes copper from 
s o l u t i o n . A l s o , the copper ions may be ox i d i z e d by a v a i l a b l e O2 i n E^O, 
and rendered u n a v a i l a b l e to atomic a b s o r p t i o n a n a l y s i s . 

The r e s u l t of t h i s r e p r e c i p i t a t i o n trend should be a net r e d u c t i o n 
i n the copper oxide assay by P l a c e r technique. The percent s o l u b l e copper 
at 30 minutes, 5% I^SO^ was compared to the 90 minutes, 30% I^SO^ data 
t o o b t a i n a measure of the d i f f e r e n c e between P l a c e r and Chemex assay 
techniques. The percent " c o r r e c t i o n 1 1 was ap p l i e d to the weighted % con
t r i b u t i o n of each mineral to the t o t a l oxide assay (Table 5 ) . A theo r e t 
i c a l d i f f e r e n c e of -7% was c a l c u l a t e d i n t h i s manner, i n d i c a t i n g that 
i f copper minerals i n the pulps respond s i m i l a r l y to the experimental 
pure mineral specimens, P l a c e r 1 s oxide copper assays should be about 7% 
l e s s than Chemex assays. Since the opposite trend i s noted i n comparative 
assays, i t i s concluded that the r e p r e c i p i t a t i o n trend i s dependent upon 
the unique experimental c o n d i t i o n s , and i s not g e n e r a l l y a p p l i c a b l e to 
leac h i n g of pulps where the m u l t i p l e elements and mat r i x e f f e c t s apparently 
modify the chemical r e a c t i o n s . 

The r e s u l t s of the c o n t r o l l e d mineral leach experiment may be used 
to c a l c u l a t e the c o n t r i b u t i o n of each copper mineral to the oxide assay. 
The average m i n e r a l o g i c a l composition of G i b r a l t a r oxide ore i s taken 
from Section 2. The Cu content of each mineral i s taken as the t h e o r e t i 
c a l maximum. The amount of mineral d i s s o l v e d i n oxide assaying i s taken 
as the experimental maximum, since some r e p r e c i p i t a t i o n may occur. I n 
Table 5, the product of percent mineral content, Cu content of that miner
a l and amount of mineral d i s s o l v e d g i v e s , upon r e c a l c u l a t i n g to 100%, the 
p r o p o r t i o n a l c o n t r i b u t i o n of each copper mineral to the copper oxide assay. 

Table 5 shows that the "oxide 1 1 minerals c u p r i t e and malachite together 
account f o r 86% of the copper oxide assay. C h a l c o c i t e c o n t r i b u t e s 11%>, c h a l 
c o p y r i t e + b o r n i t e c o n t r i b u t e 2% and n a t i v e copper about 0.5%. 

TABLE 5 

P r o p o r t i o n a l C o n t r i b u t i o n s by Copper M i n e r a l s to G i b r a l t a r Copper Oxide Assay 

M i n e r a l 
Composition 

1.Cu content 
of mineral 

2. Ave rage "L 
abundance 

3. Amount 
d i s s o l v e d 

Product 
1x2x3 

Weighted % 
of oxide assay 

Cuprite 
CU2O .89 20 .65 11.57 55.3 

M a l a c h i t e 
Cu 2C0 3 (OH) 2 .72 9 1.0 6.48 31.1 

C h a l c o c i t e 
Cu 2S .80 42 .07 2.32 11.1 

C h a l c o p y r i t e 
(+ b o r n i t e ) 
CuFeS 2 

.34 24 .05 0.41 2.0 

Native Copper 
Cu 1.00 5 .02 0.10 0.5 

20.88 100.0 
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Conclusions 

2. 

3. 

4. 

5. 

P l a c e r Research Center copper oxides assays are about one-third 
higher, on the average, than oxide assays from Chemex, L o r i n g 
and Crest. 

C h a l c o c i t e and c u p r i t e together c o n s t i t u t e about two-thirds of 
the t o t a l copper minerals i n G i b r a l t a r oxide ore. Average copper 
mineral content i s c h a l c o c i t e : 42%, c h a l c o p y r i t e + b o r n i t e : 24, 
cu p r i t e : 20, malachite: 9, n a t i v e copper: 5. 

Examination of pulps a f t e r l e a c h i n g showed that a l l the carbonates 
d i s s o l v e plus about two-thirds of the c u p r i t e , 5% of the chalco
c i t e , 3 to 5% of the c h a l c o p y r i t e and b o r n i t e , and about 1 to 2% 
of the n a t i v e copper. The copper "oxide" minerals c o n t r i b u t e the 
bulk of the copper oxide assay, but copper s u l f i d e s , p a r t i c u l a r l y 
c h a l c o c i t e c o n t r i b u t e s i g n i f i c a n t l y . 

C o n t r o l l e d l e a c h i n g of copper minerals showed that more copper 
was l i b e r a t e d by weak a c i d a t t a c k f o r short periods than by strong 
a t t a c k up to two hours. Anomalous r e - p r e c i p i t a t i o n and/or o x i d a t i o n 
e f f e c t s are b e l i e v e d r e s p o n s i b l e f o r these unexpected r e s u l t s . 
The r e s u l t s i n d i c a t e P l a c e r oxide assays should be 7% l e s s r a t h e r than 
37% more than Chemex assays. 

The experimental data allows c a l c u l a t i o n of the p r o p o r t i o n a l c o n t r i 
b u t i o n of each copper mineral to the G i b r a l t a r copper oxide assay. 
The f i g u r e s are c u p r i t e 55%, malachite 31%, c h a l c o c i t e 11%, c h a l 
c o p y r i t e + b o r n i t e 2%, n a t i v e copper .5%. 

Copper deri v e d from non-oxide minerals p a r t i a l l y compensates f o r 
the undissolved p o r t i o n of the c u p r i t e f r a c t i o n . The P l a c e r oxide 
assay appears to be s l i g h t l y low - about 5% - ra t h e r than high, 
as the comparison to other labs i n d i c a t e s . Chemex, L o r i n g and Crest 
oxide assays would then be much lower than the true copper oxide 
content. 

on: C.L.Pillar/E.A.Scholz/S.J.Tennant 
M.Gibbs/W.Trythall/J.Knox 
P.White/H.A.Steane 
B.Wilson/B.Robson/J.Wilson 
A.D.Drummond 
J.J.Hylands 

R e s p e c t f u l l y submitted, 

KMD/mm 
E n d s . 

K.M. Dawson 
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L 

Comparison of Copper Assays on Gibraltar D r i l l Core 

Nineteen samples were picked at random, the samples were r i f f l e d 
and s p l i t . One of these samples was chosen for its high oxide content 
and this was again s p l i t , one portion being renumbered (24978) and in
cluded with the group as a further check. This made a group of twenty 
samples, these were then sent to Loring Labs and also to Crest Labs for 
Oxide and Sulphide analysis. The results have been tabulated and are 
li s t e d here. The original pulp was re-assayed by our lab, the original 
assay being l i s t e d as #1, the re-assay as #2 and a further assay made 
on the s p l i t portion sent to Loring and Crest as #3. 

PLACER 
#1 #2 

CuOx CuS Cu Total CuOx CuS Cu Total 

24978 * 
25760 .002 .432 .434 .004 .438 .442 
25796 .003 .080 .083 .004 .078 .082 
25858 .001 .090 .091 .001 .084 .085 
25916 .002 .248 .250 .002 .234 .236 
25976 .124 .026 .150 .123 .024 .147 
25979 .022 .162 .184 .043 .158 .2 01 
25980 .003 .224 .227 .003 .208 .211 
25981 .003 .260 .263 .004 .258 .262 
26041 .004 .074 .078 .011 .074 .085 
25782 .003 .264 .267 .008 .268 .276 
25845 .007 .106 .113 .012 .102 .114 
25848 .036 .336 .372 .071 .312 .383 
25978 * .278 .047 .325 .272 .046 .318 
25983 .003 .234 .237 .005 .222 .227 
25993 .001 .158 .159 .001 .150 .151 
25994 .001 .122 .123 .001 .116 .117 
26002 .048 .244 .292 .063 .196 .259 
26022 .002 .464 .468 .002 .460 .462 
26042 .020 ^534 .354" .025 <<L28~ .153^, 26042 .020 .025 <<L28~ .153^, 

* Samples 25978 and 24978 are splits of the same sample. 
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PLACER" LORING CREST 
#3 

CuOx CuS 
--Ctr-
Total CuOx CuS 

— e n — 
Total CuOx CuS 

— e n — 
Total 

24978 * .265 .100 .365 .260 .110 .370 .23 .12 .35 
25760 .014 .418 .432 .005 .445 .450 .01 .41 .42 
25796 .010 .085 .095 .005 .085 .090 Trace .09 .09 
25858 .007 .094 .101 .005 .095 .100 Trace .10 .10 
25916 .011 .250 .261 .005 .255 .260 Trace .25 .25 
25976 .119 .028 .147 .110 .040 .150 .09 .05 .14 
25979 .028 .176 .204 .020 .190 . .210 .01 .19 .20 
25980 .009 .224 .233 .005 .235 .240 Trace .22 .22 
25981 .015 .258 .273 .005 .265 .270 .01 .25 .26 
26041 .013 .076 .089 .010 .090 .100 .01 .08 .09 
25782 .023 .256 .279 .02 .27 .29 .01 .27 .28 
25845 .017 .100 .117 .01 .11 .12 .01 .11 .12 
25848 .082 .290 .372 .03 .35 .38 .03 .33 .36 
25978 * .272 :o52 - .324 .zy .U5 .34 - .2-3-— -r09— 
25983 .016 .212 .228 .01 .23 .24 .01 .22 .23 
25993 .007 .148 .155 .01 .15 .16 Trace .15 .15 
25994 .009 .112 .121 .01 .11 .12 Trace .12 .12 
26002 .060 .203 .263 .04 .22 .26 .04 .22 .26 
26022 .015 .422 .437 .01 .44 .45 .01 .41 .42 
26 042 .034 .120 .154 .01 .15 .16 .02 .13 .15 

> -.OS"/ > .04-3 • Olts> 

The results from Crest Labs for samples 25978 down to 26042 have been 
re-arranged from the assay c e r t i f i c a t e issued by Crest. This is due to 
the fact that Crest had a mix up in their lab numbering, the error when 
brought to their attention was traced and the correction made. 

Total copper assays on Placer run #1 for samples #26002 and #26042 
would appear to be erronious. 

The average difference between this lab and Loring shows Loring higher 
by .004% and between Crest and this lab shows Crest lower by .006%. The 
agreement between a l l three labs is excellent, the slight differences en
countered being due to the sample as indicated by the difference between 
the two splits of sample #25978. 

B. Robson 
Chief Assayer 

BR/jan 
April 19, 1971 

cc W.S. Pentland 
B. Wilson 
F i l e 


