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Investigations into Mineral Oocurances in the Nickel Plate Ore 

Introduction 

Object of Investigation 

The work was done in an effort to identify the cobalt bearing 

minerals > and to find the relationship between the cobalt minerals and 

the other metallic minerals present* The association of the gold in 

the ore was considered in wiaw of future mineral dressing work for the 

recovery of cobalt and gold* It was hoped, that by microscopic work an 

answer could be obtained as to the possibility of making a high grade 

cobalt concentrate* 

At present, no recovery of cobalt is made from the ore* The 

concentrator heads run about 0*4 ounces in gold and about 0*05$ cobalt* 

The ore, after mining is ground in a stamp mill and eyanided* The 

cyanide tails are floated to recover a sulphide concentrate containing 

about 1*0 ounces of gold* This concentrated is shipped to the smelter 

where payment is made only for the gold* The cobalt is lost in the slag* 

The Samples Used 

The tests were made on representative samples from each of 

.the ore bodies shown in figure 4* These samples were taken by the 

Kelowna Exploration Company* s Engineer from the middle of each ore body 

shown on the diagram* Each of these samples was one piece of rock 

weighing about two pounds* 

The following samples were tested* 

Section 49-—-- — — — — — — ~ « — - - - M i d d l e Red 
Section 48— — — — Middle Upper Purple 
Section 6 2 — — — -Middle Yellow 
Section ll#6----~--~---~-~---««-~«~~-*Middle Orange 
Sections for observation were cut from the samples with a 

diamond saw* The sections were mounted in dammar gum and hand polished* 
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NICKEL P L A T E MINE 
S E C T I O N B - B 

F R O M R E P O R T B Y R A U L B I U J N 6 S L E Y 
F E B R U A R Y , 1 9 3 + 

Section Showing the Ore Bodies of 
The NICKEL PLATE MINE 

(From arreport by Paul E i l l i n g s l y , 1 9 3 4 . ) 
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Summary:, Cope lesions 
The only cobalt mineral present in these samples is safflorite-

loellengite occuring as minute inclusions in the arsenopyrite* These 

inclusions were not found largefthan 90 microns and were generally about 

10 microns in size* 

The orange ore body is the richest in cobalt* It appears 

that the safflorite-loellengite w i l l not be freed from the arseno-

pyrite by commercial grinding* However grinding will free some of this 

mineral* 

The gold is generally in the arsenopyrite but is also in gangue 

and in chalcopyrite* Sold as large as 20 microns was present* 
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Preliminary Observations 

Assaying 

The samples from the mine were re sampled for assaying* Gold 

assays were run with the assistance of the Department of Metallurgy* 

Cobalt* sulphur* iron and arsenic assays were run by the Department of 

Mines at Victoria* 

Microscopic Identification of Common Minerals 

The common metallic minerals were identified in the specimens 

by etch tests and by micro-chemical tests* Used the procedure as laid 

down in "Microscopic Determination of Ore Minerals* by Short, for this 

work* Made an estimation of the percentage of each of these metallics 

in the section* The table following gives the l i s t of the minerals 

found and their quantity* 

Description of Section Arseno pyrite pyrihotite pyrite marcasite chalcopyrite 
Ore Body No* 
Middle Lew 
Purple 64 60j£ none none none trace 

Middle Upper 
Purple 48 10% 5% trace none trace 

Middle Red 49 30% 10% 5$ 5% 2% 

Middle Orange 11.6 10% none none none none 

Middle Yellow 62 85% 1% *% trace trace 

After identifying these common metallic minerals a detailed 

microscopic study was made in an effort to locate the cobalt bearing 

minerals, and to find the distribution of the gold* 



Cobalt Identification 

As the ore heads in the Nickel Plate Mine run only about 

.05% cobalt* only minute amounts of the cobalt mineral could be present* 

The possibility of the presence of the following oobalt minerals was 

considered: Cobaltite, Banite, Loellengite-Safflorite, and Smaltite* 

These minerals* along with certain nickel minerals can only 

be distinguished from each other, and from arsend^yrite, by special 

etch tests* These minerals a l l appear the same under the microscope* 

Since no nickel has been found by assay tests on the ore* i t was c o u p 

eluded that there were no nickel minerals present* The problem was 

then, to locate and identify minerals similar in appearance and in most 

properties to arsenopyrite* A search was made by examining each of the 

sulphide minerals and by examining the gangue* 

Search in the Pyrrhotite 

In previous work, by this department on Nickel Plate ore, 

some cobaltite had been found as small white mineral inclusions in the 

pyrrhotite* In a l l the sections observed by this author) no inclusions 

of any kind could be found in the pyrrhotite. 

Cholcopyrite* Pyrite and Marcasite 

No evidence of any cobalt bearing minderal could be found 

associated with the chalcopyrite, pyrite, and marcasite* 

Search in the Gangue 

No cobalt bearing minerals could be found in the gangue but 

possibly some small crystals of metallic minerals in the gangue that were 

assumed to be arsenopyrite, could have been a cobalt mineral (not a l l 

the small crystals of arsenopyrite were confirmed with etch tests)* 



Search in Arsenopyrite 

In a l l the sections, except the middle red, small white 

mineral inclusions were found surrounded fey arsenopyrite* Phote Mo* 3 

shows the occurrence of these inclusions* These inclusions were sus

pected to be the cobalt mineral, or minerals present* 

Tests to Identify Cobalt Minerals 

The microscopic analysis was carried out by the mthod out

lined by E l l i s Thompson in his report called "Quantitative and Qualitative 

Determination of Ores from Cobalt Ontario 

The following table from Thompsons report was used for the 

etch reactions of the different cobalt minerals* 

Mineral Formula REAGENTS 
Con* 1̂ 1 3-10 Pot* FeClo Aqua Regia Aqua Rega 
HNO3 HNÔ  HH0Q Mang> (sat) * Fe AsS * 0 0 % AsS 

Arsenopyrite Fe AsS D gray Ird.dk.bn — — — •— — 
lioellingite Fe As£ Gy. Diff Gry diff — ~~ ft.bn. — 
Safflorite G0AS2 Dk gray Dk gray Ft bn _ — — — 

remains 
Smaltite CoAsg Dk gray Lt* bn. — — — — Ft. bn. or neg* 
Cobaltite CoAsS neg. _ — u 

The reagents were made up and used as outlined by Thompson* 

Results of Etch Tests and Microchemical Tests  

Section 64—The Middle Lower Purple 

A large number of small white mineral inclusions were found 

here in the arsenopyrite. Only certain grains of the arsenopyrite con

tained these inclusions 

Etch Reactions—3-10 Nitric—Flaint Brown 
A.R. * Co Ni AsS-~faint Brown 
Fe dim -*lteint Brown 
Con HNO3—Positive 
1-1 HN0 3~Positive 

The mineral shows the reactions for both safflorite and loellengite 



and is probably a member of the safflorite Loellengite series* The 

minerals appeared to be anisptropic^ but because of their small size^this 

point could not be confirmed definitely* 

Mx crochemical 

An attempt was made to d r i l l out these inclusions and test for 

cobalt microchemically* Although several tests were made* using both 

cessium chloride and ammonium mercuric-thio-eyanide nrfchods no positive 

cobalt tests were obtained* 

Section 48—Middle Upper Purple 

Inclusions, similar in size and occurrence to those in section 

64, were found* Only about one quarter as many inclusions were found 

as in section 64* Etch tests were similar to those with section 64* 

Again no positive cobalt microchemical tests were obtained* 

Section 62—Middle Yellow 

The number and size of inclusions were about the same as in 

section 48* /!ficrochemieal tests were negative for cobalt* 

Section 49—Middle Red 

No inclusions were found in this section* 

Section 11*6—Middle Orange 

Several large inclusions and at leat 25 smaller ones were 

found in the arsenopyrite* A l l these inclusions were found in a single 

grain of arsenopyrite* The other grains of arsenopyrite in the section 

were examined with great care but no inclusions could be found. 

Etch Reactions: 3-10 Nitric—Neg. 
1-1 Nitric—Positive remains 
FeCl 3 —Brown, remains 
A.R. • Ni Co AsS—Negative * 
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The particles appeared to be anisotropic* The etch reactions 

indicate the presence of Loellengite and are probably a member of the 

Safflorite-Loellingite series* 

Inclusions were drilled out and positive cobalt tests using 

Cessium chloride were obtained* The amount of cobalt indicated by the 

microchemical test was very small* 

Size of Cobalt Inclusions 

Some of the inclusions in the sections were measured with a 

magnification of 382 diameters* 

Section 62 
The smallest measured-—-—--——--————4 microns 
The largest measured-—*-- « - — — . 1 0 microns 
The average size is a b o u t — — — — — — ——8 microns 

Section 64 
The size of the inclusions varied from 5 to 10 microns* 

Section 48 

The size was much the same as in section 64* 

Section 11*6 
The largest size was—— — — — — — —90 by 29 microns 
The smallest size w a s - - - - - - - - - - - — — 8 microns 
There were 5 over 30 microns 
The average size from 25 inclusions counted is about 20 microns. 

Relationship Between the Minerals 

The chief metallic mineral in a l l sections is arsenopyrite* 

Pyrrhotite occurs in minor amounts in a l l sections except the middle 

lower purple* and the middle orange. Pyrite* Marcasite and Chalcopyrite 

are lesser metallic minerals present* Section 49, middle red, has large 

amounts of both pyrite and marcasite* The marcasite gives the coloform 

structure shown in photo No. 2* There is a trace of marcasite in the 

middle yellow. 

In studying the ore* i t is apparent that the arsenopyrite has 

replaced the silicious gangue rock* The pyrite, marcasit% -chfelcopyrit*, 



HICKEL_P1ATE (Photo no. l ) 
Section 49 Middle Red. 

GOLD i n CHACOPYRITE 

(M a g n i f i c a t i o n 675 X ) 

Gold —-Au. 
C h a l c o p y r i t e — C h . 
A r s e n o p y r i t e — A s . 

R. H.-K 



NICKEL PLATE (Photo no. 2) 
Section 49 Middle Red. 

Coloform Structure inP P g r i t e &_^arcasite 

( M a g n i f i c a t i o n 170 x ) 

P y r i t e - Marcasite Vy. 

R.H-F. 
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NICKEL PLATE (Photo no. 3 ) 
Section 64 Middle Lower Purple 

GOLD and SAEELORITE* LOELLINGITE INCLUSIONS 

(M a g n i f i c a t i o n 1160X. ) 

Gold Au. 
Arsenopyrite As. 
S a f f l o r i t e - L o e l l i n g i t e - S . L . 

R H-F. 
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and pyrrhotite appear to have come in later than the arsenopyrite. 

Grains of arsenopyrite are cut by the other sulphides as shown in 

figure No. 1 and No. Photo No. 1 definitely shows ehalcopyrite 

cutting arsenopyrite. 

No evidence was found to establish in what order the pyrite. 

ehalcopyrite. and the pyrrhotite came in. It is probable that these 

sulphides were deposited at very nearly the same period. 

The arsenopyrite has been cut by stringers of carbonate 

gangue mineral as shown in figure No. 2. 

The safflorite-loellingite occurs in small inclusions in the 

arsenopyrite as illustrated by photo No. 3. 

The Gold is found principally in the arsencf^yrite (photo No. 3) 

In section 49 of the JRed ore body, gold was found in ehalcopyrite. 

(photo No. 1). No gold was found in the arsenopyrite in section 49# 

In section 62 gold was found in the carbonate gangue (see figure 2) in 

a fissure in the arsenopyrite. Gold was also seen in the arsenopyrite 

in this section. It was cornmon to find gold near to, or in direct con* 

tact with safflorite-Loellingite inclusions (photo No. 3). It is un

likely that a great deal of the gold is associated with Safflorite-

Loellingite since the sections with the high cobalt assays do not usually 

have a high gold assay (e.g. section 64J. 

Comparison of Assays with Estimated Values 

To compare the amount of visible Safflorite-Loellingite in the 

sections used the following system. Section 11.6 had the most Safflorite-

Loellingite, so called i t 100} section 49 had no visible Safflorite-

Loellingite to called amount 0* 

The amount of the inclusions were estimated and given a number 

between 0 and 100 to represent their value. The table shows the assays, 

the visible estimates for the minerals; and the cobalt-arsenic ratio. 



Section Assays Estlmationof v i s i b l e Minerals Present ~ Co]S$ 
Au Co S As Fe Arseno

pyrite 
Pyrrh-
t i t e 

Chalco PyriteA 
pyrite Marcasite 

S a f f l . -
L o e l l . 

Gold 

48 .32 .31# 6.2 1*2 14*9 10$ trace trace 25 25 25 

64 .07 1>2% 3.4 B9% 14# 60% n i l trace n i l 50 25 36 

49 .60 .14# 10J 12? 20p 10* 5# V>% 0 25 11 

11.6 .76 .33# 3.1 e&% 10.9 ie#- n i l n i l n i l 100 100 3f 

62 .64 .23 10.0 11#7 165 85% 1% trace 1% 25 50 19.7 
6 

ASSAY VALUES and MICROSCOPIC ESTIMATIONS 
-fr?6fe A/o. / 
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The sections with a high arsenic-cobalt ratio had the greatest 

amount of Safflorite-Loellingite present in them* 

In sections 64, and 11*6 there is more arsenic present than 

could be combined as arsenopyrite, considering the lew sulphur assay* 

This excess in arsenic would confirm the presence of Loellingite with 

a formula of Fe Asg plus cobalt* It is significant that these two 

sections are the highest in cobalt by the assays* 

Conclusions. 

The only cobalt bearing minerals i n these sections 

i s l o e l l e n g i t e - s a f f l o r i t e , o c c u r i n g as minute inclusions i n the 

arsenopyrite.These inclusions were not found larger than 90 

microns and were generally about 10 microns.The cobalt bearing 

mineral could not be d e f i n i t e l y i d e n t i f i e d as l o e l l e n g i t e or 

s a f f l o r i t e . Most inclusions showed positive etch tests for 

both minerals. Loellengite (FeAs 2)and s a f f l o r i t e (eoAs2<) form 

isomorphous series so the mineral} tested i s apparently a 

member of i t . ( l o e l l e n g i t e carrying cobalt). 

As|the p a r t i c l e s are so mmall,only part of the lo e l l e n g i t e 

s a f f l o r i t e would be freed by commercial grinding.Loellengite-

s a f f l o r i t e i s very d i f f i c u l t to f l o a t . I f an arsenopyrite con

centrate were made by fl o a t a t i o n most of the i a e l l e n g i t e - s a f f l o r i t e 

that had been freed by grinding would remain i n the t a i l s . 

The gold i s generally i n the arsenopyrite but i s also 

along the arsenopyrite -gangue contacts. There i s evidence of 

gold i n the ehalcopyrite of the red ore body. Although gold does 
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appear i n contact with l o e l l e n g i t e - s a f f l o r i t e , t h e assays show 

that there i s no r e l a t i o n between cobalt and gold. 

The orange ore body i s the richest i n cobalt, and also 
the richest i n gold. 

The lower purple ore body i s r i c h i n cobalt but 

lowest i n gold. 

Note; 
The average cobalt assays of the samples used i s 0.26$. 

The concentrater heads at theNickel Plate run only 0.05$ cobalt. 
It i s apparent that these samples do not represent the ore 
heads but only high suphide portions of the ore. 
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O F F I C E O F T H E C H I E F A N A L Y S T A N D A S S A Y E R 

Folio No. 108 

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

VICTORIA 

Sample received from J)X..„.H*__^...Waiir-erL>. 

Dept*-._Gi&olc^y^_&-.OBo^r-a.pli-y_,-Address. 

U n i y e r s i t y of B. C.A Vancouver. B. C, 

Certificate 
No. D E S C R I P T I O N O F S A M P L E . 

GOLD. 

Ost. 
per Ton. 

S I L V E R . 

Oz. 
per Ton. 

C O P P E R . L E A D . 

% 

ZINC. 

% 

Cobalt Arsen: .c I r o n Sulphu r 

1148.5 3 Mark § A7 0.̂ 6 . 2 ,3 ?a . 

11490 B • #A8K 0.10 • 6.4 10.7 i * 4 
1 1 4 9 1 B " #12.2 0.15 1.3 12.1 6.7 
11492 B • #15.3 0.22 13.1 11.1 5.8 
1 1 4 9 3 B .". #15*4 0 . 41 20.0 14,8 7.4 
1 1 4 9 4 B « #22 0.29 7. © 11.1 6,a 
11491. .B " #25 0.̂ 8 8,.3 7*7 2,6 
11496 B » #48 0.31 12.2 14.9 6.2 
11497 B " #49 0 . 1 4 12.7 20.0 10.7 

Datê __April„.4_̂ _J_942 
1M-1041-4G16 

Chief Analyst and Assayer. 



O F F I C E O F T H E C H I E F A N A L Y S T A N D A S S A Y E R 

Folio No. 109. 

THE COVERNflE.1T OF 
THE PROVINCE 0 F BRITISH G OLUHBiA 

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

VICTORIA 

Sample received from Dr« H> V» Warren, 

Address Uê .t_,.___Qf__„GeQlosy-Gaog.rapiiy.̂ . 

]JjalY^rjai.ty..Qf;__EJ.___a*-) JTancoiiY.er_>„:B̂ __C_̂ _ 

Certificate 
No. D E S C R I P T I O N OF S A M P L E . 

GOLD. 

Oz. 
per Ton. 

S I L V E R . 

Oa. 
per Ton. 

C O P P E R . L E A D . i ZINC. 

% % % 

( Jotoilt Arser ,ie Iron Sulph iir 

114^8 B Mark #51 0.19 22.6 ...15,4... 7>5 

114 99 B " #62 0.23 11.4 I6.5 10.0 
11500 B » #64 0.32 8.9 14,0 3*4... 

.115..Q.1 B » #68-3: 0,1.3.. 6,5 15...6... 5*1. 

.115.0.2.. B 

.II5.O3...B 
« #82 

» #11.6 
Q.,.12.. 

.Q....3.3.. 
15 *5 13.0 .115.0.2.. B 

.II5.O3...B 
« #82 

» #11.6 
Q.,.12.. 

.Q....3.3.. a.,5... 3....1 
..115.0.4....B " M5.QA 0.49 ...17. ^ 5JL 
11505 B " S450A 0.46 15.6 15.8 6.1 

M . April 4t 1942. f-^^ ^ y . 
Cfeie/ Analyst and Assayer. 

1M-1041-4616 

http://NflE.1T

