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A M e t a l l o g r a p h i c I n v e s t i g a t i o n of the 
Cobalt Ore from the L i t t l e uem Mine 

I n t r o d u c t i o n . 

The L i t t l e uem mining property, c o n s i s t i n g of eleven 
mineral claims with f r a c t i o n s , i s located i n the L i l l o o e t 
M ining D i v i s i o n i n B r i t i s h Columbia. The mine i t s e l f i s 
s i t u a t e d near the top of a r i d f e which r i s e s to an e l e v a t i o n 
of 7000 f e e t and slopes westerly down to Roxy Greek, a 
t r i b u t a r y of Gun Creek. 

In a d d i t i o n to considerable t r e n c h i n g work, the 
management has d r i v e n two tunnels on the property, the upper 
at e l e v a t i o n 6400, and the lower at e l e v a t i o n 6350. The 
upper i s I n high grade ore f o r the greater part of i t s 
l e n g t h of 200 f e e t , but the lower had not, at the time of 
w r i t i n g , reached the ore bodies. The specimens examined 
were taken from the ipper t u n n e l . 

Geology. 

The l o c a l rock formation i s a b i o t i t e quartz d i o r i t e 
medium grained and l i g h t greenish i n c o l o r . Alteration i n t o 
a speckled r e d d i s h rock near the mineral d e p o s i t s i s l a r g e l y 
due to weathering and leaching by ground water. The d i o r i t e 
i s i n the form of a tongue 2000 feet wide by about Z\ m i l e s 
long, extending from the l a r g e r body of d i o r i t e that covers 



8, 
the Gun Creek v a l l e y . 

Bordering the d i o r i t e on the northwest i s a large body 
of very f i n e grained dark green serpentine, which appears to 
be q u i t e massive on the surface. The serpentine resembles 
an o l i v i n e b a s a l t as l i t t l e a l t e r t i o n has taken place except 
along the contacts where i t i s badly sheared and broken and has 
a more banded e f f e c t . 

T r a v e r s i n g the d i o r i t e are numerous a p l i t i c dikes which 
seem to f o l l o w c l o s e l y a brown weathered dike of ferruginous 
carbonate composition. Diabase dikes are numerous but small 
and cannot be traced f o r great d i s t a n c e s . In only a few 
places are small s e c t i o n s of greenstone seen included i n the 
d i o r i t e . 

Except on the northwest, as noted, t y p i c a l Bridge 
River formations, c o n s i s t i n g c h i e f l y of andesites and l a v a 
f l o w s , surround the d i o r i t e . 

Ore Occurrences. 
The known ore bodies appear to be l e n t i c u l a r and 

vary i n width from a few inches to s e v e r a l f e e t . Two v e i n s , 
which are thought to be part of the same orebody, are being 
developed at present. 

The f o o t w a l l vein can be traced on the surface f o r 
about 50 f e e t , and d i p s at about 20 degrees s t r i k i n g e a s t e r l y 
w e s t e r l y . This v e i n v a r i e s i n width from a few inches at 
the lower end to about s i x f e e t at the upper end, and was 
covered almost e n t i r e l y by an a l t e r e d d i o r i t e cap rock l a t e r 
removed by b l a s t i n g . 



3. 
The hanging w a l l v e i n l i e s p a r a l l e l to the f o o t w a l l 

v e i n and about 17 f e e t s o u t h e r l y . I t appears considerably 
wider and l.mger than the f o o t w a l l v e i n and, the average 
width being about 6 f e e t and the length on the surface about 
90 f e e t . This v e i n o n l y outcropped v i s i b l y i n one s m a l l s e c t i o n 
before s t r i p p i n g of the a l t e r e d d i o r i t e capping. 

Scattered throughout the l e n t i c u l a r ore bodies are 
masses of quarts and f e l d s p a r . Very l i t t l e a l t e r a t i o n appears 
to have taken place at the borders of the v e i n s . 

A shear, 6 to 12 f e e t wide, s t r i k i n g e a s t e r l y - w e s t e r 
l y , was traced on the surface f o r over £000 f e e t . A^say across 
the s e c t i o n run from 0.22 to 0.40 percent c o b a l t . I f the 
average across the s e c t i o n could be increased to 0.50 percent 
c o b a l t t h i s shear would become ore, and would therefore 
appear to be of considerable importance i n future development. 
Moreover, wherever any small dike cuts the shear, there 
appear small amounts of arsenopy r i t e and c o b a l t bloom, i n d i c 
a t i n g a p o s s i b i l i t y of values below. 

M a t e r i a l f o r the paragraphs on "Geology" and "Ore Occurrences" 
as w e l l as f o r part of the " I n t r o d u c t i o n " was gathered, 
by permission of the author, from IJIr. H» R« T a y l o r 1 s 1959 
Summer Essay, "The L i t t l e Gem Mine". 



I'ineralography 

Sections: 
From r e p r e s e n t a t i v e samples of the o r e , s i x s e c t i o n s 

were made up using dammar gum and brass molds. L a t e r three 
b a k e l i t e mounted sections were orepared and superpolished by 
Mr. J . Donnan. 

Peagents: 
On the advice of Dr. H. V. Warren four s p e c i a l etch 

reagents were made up f o l l o w i n g the procedure o u t l i n e d by Mr. 
• 

E l l i s Thompson. 
(1) CoNiAsS A.R. 

The s o l u t i o n contained: 
Go - 1.82 grams 
al - 1 . 8 2 N 

AS - 2.25 n 

S - 1.00 n 

The Co, I?I, As, and 3 were placed i n a 155 cc. beaker, 
20 cc. of aqua r e g i a (A.R.) added and the mixture warmed. 
To enable the s o l u t i o n of as much s u l f u r as p o s s i b l e , n i t r i c -
c h l o r a t e mixture was added and the s o l u t i o n taken to dryness 
o v e r n i g h t . The d r i e d m a t e r i a l was then taken up with 20 cc. 
of aqua r e g i a , warmed f o r 1 hour, and f i l t e r e d through an 
asbestos f i l t e r Into a 40 cc. reagent b o t t l e . 

(£} Co As S A.R. 
The s o l u t i o n contained: 

Co - 1.82 grams 
As - 2.25 n 

S - 1.00 grams 
S o l u t i o n was e f f e c t e d as i n (1). 
* A Q u a l i t a t i v e and q u a n t i t a t i v e Determination of the Ores of 

Cobalt, Ont.: " E l l i s Thompson, Economic Oeorogy,Vol.25, 
No.5, 1930. 
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(3) Fe A.H. 
Iron was d i s s o l v e d i n 2 cc. of aqua r e g i a 

u n t i l the s o l u t i o n was s a t u r a t e d . The c l e a r s o l u t i o n was then 
decanted i n t o a reagent b o t t l e . 

(4) Fe As S A.H. 
A saturated s o l u t i o n of pure a r s e n o p y r i t e 

i n 2 0 cc. of aqua r e g i a was prepared f o i l wing the general 
method as o u t l i n e d i n (1). The excess a r s e n o p y r i t e was 
f i l t e r e d o f f through an asbestos f i l t e r . 

Etch Tests 
A t a b l e of etch t e s t s , together w i t h those given i n 

Mr. E l l i f e Thompson's monograph, i s appended. T e s t i n g r e q u i r e d 
considerable p r a c t i v e before s & t i s f a c t o r y r e s u l t s could be 
obtained. 

A d e t a i l e d d e s c r i p t i o n of the t e s t s s e c t i o n by s e c t i o n 
v;Ould Involve needless r e p e t i t i o n , as the s e c t i o n s d i f f e r e d 
from each other only by the presence or absence of i n c l u s i o n s . 
A general d e s c r i p t i o n of the etch t e s t s on the groundmass and 
on the i n c l u s i o n s w i l l t herefore be give n . Except where 
noted, the reagents were l e f t on a standard time of 2 0 seconds. 

Groundmass: 
(1) HN0 3 

(a) Concentrated 
This reagent, l e f t on ten seconds only because of 

i t s vigonous a c t i o n , immediately etched the groundmass b l a c k . 
A grismo|dal s t r u c t u r e , s i m i l a r to that of a r s e n o p y r i t e , was 
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brought out by the et c h . 
1:1 

A d i f f e r e n t i a l b r i l l i a n t blue and brown t a r n i s h was 
noted. This t a r n i s h seemed to show two d i f f e r e n t minerals 
a s , on b u f f i n g , a d i f f e r e n t i a l e t c h i n g corresponding to the 
borders of the blue and brown c o l o r s was seen. 

Fe A.rU 
A bl o t c h y brown s t a i n was noted o c c a s i o n a l l y but was 

not d e f i n i t e enough to be considered a p o s i t i v e t e s t . 

I n c l u s i o n s 

HNO„ 9 

Concentrated: 
An Iramediate black etch r e s u l t e d . The reagent was 

l e f t on 10 seconds. 
1:1 

An Immediate b l a c k e t c h . 
S p e c i a l Reagents ( 1 ) , ( s>i and ( 4 ) . 

In a l l the r e a c t i o n s with these reagents, the i n c l u s i o n s 
immediately etched b l a c k . 

F e C l 3 

A f a i n t e t c h , emphasizing the o u t l i n e of the i n c l u s i o n s , 
was noted i n a l l c ases. 

Dr. H. ¥. y.'arrgn, using a hig h power L e i t z a r c - l i g h t 
microscope, checked a l l the t e s t s made by the author except 
that he found the i n c l u s i o n s to give a f a i n t t e s t with 



3:10 HNQ . Dr. warren also found a number of i n c l u s i o n s not 
3 

seen by the author which t e s t e d negative to 3 : 1 0 UNO3 and 
FeC l . and p o s i t i v e to CoNiAsS. Tests were not complete, 
however, and as the i n c l u s i o n s were very few i n number and 
very hard to f i n d f u r t h e r t e s t s were not aad£. 

Gold 
Using a m a g n i f i c a t i o n of 1300 diameters, Dr. Warden 

found that the gold occurred as p a r t i c l e s 1 - 1 0 microns i n 
s i z e , apparently associated only w i t h the i n c l u s i o n s etched 
with F e C l 3 . J*^*^ 
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Table Showing Etch Reactions 
" L i t t l e Gem" Cobalt-Gold Ore 

Reagent Groundmass 
1:1 HNOs D i f f e r e n t i a l 

Stch 

I n c l u s i o n s 
Etch 

3:10 HNO, 

Cone. 
HN0„ 

A.R. 
CoNiAsS 

A • R « 
CoAsS 

Ar 
FeAsS 

Ar Fe 

H C l ( d i l ) 
F e C l 3 

KCN 
HOC! 

2 

Dark grey etch - Black 
showing " p r i s m o i d a l " etch 
s t r u c tures 

Etch 

S a i n t 
Tarnish(?) 

F a i n t Etch 
mm 

Reraarks 
Blue-Brown s t a i n on 
Groundmass 
Under P o l a r i z e d Light 

Groundmass 
s t r o n g l y a n i s o t r o p i c 
w i t h p o l a r i z a t i o n c o l o r s 
ranging from pur p l e , 
brown, or gray, to 
l i g h t blue and blue 
gray. Regardless of 
c o l o r s whole groundmass 
e x t i n g u i s h e s only 
once per r e v o l u t i o n . 

i n c l u s i o n s 
E x t i n g u i s h 3 t i n e s 
i n l r e v o l u t i o n . 
Colors l i g h t blue to 
straw yellow 

KOH 
A.R. = Aqua Regia = 3HC1:1HN0. 

Both groundmass and i n c l u s i o n s gave a hardness of 
6.0 to 6.5. 



10. 
Sections Under P o l a r i z e d L i g h t . 

Groundmass 
Predominant c o l o r s were l i g h t blue, and brown of 

vario u s shades. In some of the parts showing b l u e , i r r e g u l a r 
patches of reddish pink were noted. These patches became a 
d i f f e r e n t shade o f brown from the surrounding groundmass on 
r o t a t i o n . The many p a i r s of c o l o r s , e.g., blue-brown; grey-
dark grey; l i g h t blue-deep purple brown, e t c . appeared i n 
d e f i n i t e o u t l i n e s , but these o u t l i n e s became i n v i s i b l e under 
ordinary l i g h t . 

Twinning was noted i n s e v e r a l s e c t i o n s . 
I n c l u s i o n s 
P o l a r i z a t i o n c o l o r s of the i n c l u s i o n s were l i g h t blue 

and straw y e l l o w . So d i s t i n c t i v e was the straw yellow c o l o r 
that I t was found e a s i e r to spot the I n c l u s i o n s under p o l a r i z e d 
l i g h t r a t h e r than white l i g h t . 

_Mi c-.ro o he mi s t r y 
Small chips from s e c t i o n 1 , known to c o n t a i n no 

i n c l u s i o n s v i s i b l e under the microscope, were microchemically 
tested f o r c o b a l t . These t e s t s were repeated four times, 
using chips from the same specimen, i n no case showing any 
v i s i b l e i n c l u s i o n s , and i n every case p o s i t i v e t e s t s f o r 
cbbalt were obtained. 

Chips from a s e c t i o n showing i n c l u s i o n s were a l s o 
t e s t e d , and s l i g h t l y more p o s i t i v e r e s u l t s were o b t a i n e d . 

The procedure usedV i n these t e s t s was as f o l l o w s . 

http://c-.ro


XI. 
Potassium Mercuric Thiocyanate Test 

Reagent: 5# K £Hg(CNS) 4 i n H £0 . 
Product: CoHg(CttS). i n indi g o blue prisms, 
l i m i t : Q.QV?> C o ( B 0 3 ) 0 s o l u t i o n . 

The mineral i s powdered and d i s s o l v e d by ta k i n g to 
dryness s e v e r a l times w i t h 1:1 HHOg on a g l a s s s l i d e . The dry 
s o l u t i o n i s leached with 1:7 HN0_ and the leach s o l u t i o n 

o 
t r a n s f e r r e d to a c l e a n place on the s l i d e . A drop of KgHgfCNS) 

4 
reagent Is c a r e f u l l y merged with the l e a c h s o l u t i o n and the 
mixture p a r t i a l l y evaporated. A ppt. of dark blue prisms along 
the edges of the drop shows c o b a l t . With d i l u t e s o l u t i o n s 
(0.05^ 0o(VQ«}g o r l e s s , the ppt. separates out as dark blue 
s p h e r u l i t e s . I f there i s n i c k e l with the c o b a l t i n r a t i o s 
g r e ater than 1:5, only blue s p h e r u l i t e s w i l l form. N i c k e l 
may be tested f o r i n the same s o l u t i o n by the presence of 
l i g h t brown s p h e r u l i t e s when the drop i s p a r t i a l l y evaporated. 

x Microscopic Qetermination of the Ore M i n e r a l s : IS.N.Short. 
U.S. Dept. of the I n t e r i o r , b u l l e t i n 825, 1931. 



Assays 

Head Sample 
This was about a 200 gram sample obtained by crush

i n g and q u a r t e r i n g the o r i g i n a l t h i r t y pounds of high grade 
ore. 

Cobalt - 6.8$ 
N i c k e l - 0.5% 
Iron - 22.1$ 
Ar s e n i c - 39.0^ 
S u l f u r - 14.1% 
Gold - 1.46 os/ton. 
I n s o l . - 11.4% 

93.9£ 
Sections 

Assay se c t i o n s I t 2, and 3 were chosen to approximat
e l y correspond to t h e i r r e s p e c t i v e p o l i s h e d s e c t i o n s . Assay 
s e c t i o n s 1 ? , 2 f, and 4 were a c t u a l p a r t s of the r e s p e c t i v e 
s e c t i o n s , and.crpuld be, t h e r e f o r e , more r e p r e s e n t a t i v e . 
Section D e s c r i p t i o n Assays 

, Co ITi l*'e As S T o t a l 
1 Shows no i n c l u s i o n s 0.77 - 40.1 45.0 18.5 102.9x 

under the microscope 
Y e l l o w i s h c o l o r c l e a v 
age noted. 

2. Shows I n c l u s i o n s - 8.9 - £9.9 46.6 21.8 101.8* 
dense gray c o l o r 

3. Apparently same as lj.0.90 - 36.0 43.5 20.1 99.3 
1' Apparently M M as ' 4.3 0.08 31.5 45.5 17.3 98.7 

1 and 3« 
2* Same as 2. 8.7 .04 26.4 40.5 16.2 91.8 

(i n s o l . n o t e d i n assay) 
4. "Tree" s t r u c t u r e 9.9 0.2 24.3 46.1 16.9 99.3 

caused by ganr;ue 
growth, dense gray c o l o r . 

* H i g h r e s u l t s probably found t h e i r e r r o r i n the s u l f u r assay, 
as I t was not p o s s i b l e to check these. 



F i r e assays f o r gold on se c t i o n s #1, $2, #3, £4 and 
#6 gave the f o l l o w i n g r e s u l t s : 

Au - oz./'ton 
1 2.05 
2 2.15 
3 1.58 
4 2.10 
6 2.10 

;onclusions 

Because of lack of time, i t was not p o s s i b l e to c a r r y 
out these t e s t s i n gre t e r d e t a i l , or to o b t a i n s u f f i c i e n t 
data to enable a d e f i n i t e conclusion as to the m l n e r a l o g i c a l 
species to be reachea. I t was thought,however, that the ore 
consisted c h i e f l y of "Uanaite" (the groundmass) ana * L o e l l i n g i t e 
(the I n c l u s i o n s ) . The presence of danaite was i n d i c a t e d by 
the assays only, the etch t e s t s being e x a c t l y s i m i l a r to those 
f o r a r s e n o p y r i t e . 

s 
According to Dana, the composition of danaite v a r i e s 

as shown ; 
L o c a l i t y Assays: # 

Co As Fe S 

Skutterud 9.01 46.76 26.36 17.34 
" 4.75 47.45 30.91 17,78 

Franconia 6.45 41.44 32.94 17.84 
Copiapo 5.84 44.30 30.21 20.25 

x D e s c r i p t i v e Mineralogy: Smith. E d i t i o n by S. S. Dana. 
John Wiley, 1914. Page 99. 



These assays check: c l o s e l y with those obtained by 
the author f o r the s e c t i o n s of L i t t l e Gem ore examined. The 
low cobalt assays obtained f o r s e c t i o n s 1 and 3 would seem 
to i n d i c a t e that considerable a r s e n o p y r i t e i s present as w e l l 
as d a n a i t e , and that t h e r e f o r e the groundmass i s a mixture of 
these two m i n e r a l s . This might account f o r the v a r i e d p o l a r 
i z a t i o n c o l o r s and the d i f f e e n t i a l blue and brown e t c h i n g 

with 1:1 HNO • R e s u l t s were not c o n c l u s i v e enough, however, 3 
to enable a f i n a l statement to be made i n t h i s r e s p e c t . 

A connection between the amount of i n c l u s i o n s and the 
c o b a l t content i s i n d i c a t e d as shown i n s e c t i o n s 1, 2 and 3» 
Apparently the i n c l u s i o n s only become numerous i n the s e c t i o n s 
(2, 2' and 4) of nearly pure d a n a i t e , and are not present i n 
the s e c t i o n s (1,1* and 3) of n e a r l y pure a r s e n o p y r i t e . I t 
would not be necessary that the I n c l u s i o n s c o n t a i n much cobalt 
but only that they be associated with danaite, and indeed, 
c o n s i d e r i n g the r e l a t i v e amounts of the i n c l u s i o n s , i t would 
not seem p o s s i b l e that t h e i r cobalt content, even assuming 
them 50 percent c o b a l t , would give the high cobalt assays 
obtained• 

Although the etch t e s t s f o r l o e l l i n g i t e given i n 
E l l i s Thompson's monograph do not correspond e x a c t l y with 
those obtained f o r these i n c l u s i o n s , i n c o n s i d e r a t i o n of the 
above paragraph, and the etch t e s t s made, i t was f a i r l y 
d e f i n i t e l y decided that he i n c l u s i o n s were l o e l l i n g i t e , 
p o s s i b l y n i c k e l i f e r o u s . 

The mineral c a r r y i n g the n i c k e l was not determined, 



but was thought to be the l o e l l i n g i t e . There i s a p o s s i b i l i t y , 
o f course, that the n i c k e l occurred r e p l a c i n g p a r t of the 
cobalt or i r o n i n the d a n a i t e . 

Gold appears to occur i n minute disseminations 
throughout the s e c t i o n s associated w i t h the l o e l l i n g i t e . 

Much research s t i l l remains to be done before the 
problem could be considered s o l v e d , but the "present work 
shows at any rate that the c o b a l t c a r r y i n g m i n e r a l , i f not 
d a n a i t e , i s at l e a s t not some of the b e t t e r known co b a l t 
m i n e r a l s . I n d i c a t i o n s point s t r o n g l y to d a n a i t e , associated 
with arsenopyrite and l o e l l i n g i t e . 
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A P P E N D I X 

Assay Procedures 

Arsenic 
D i s t i l l a t i o n Method 

Thi s method i s used when the sample contains Antimony. 
Antimony w i l l t i t r a t e with the arsenic and hence give an 
i n c o r r e c t assay i f the f u s i o n method i s used. 

Weigh out 0.5 grams of sample i n 100 c c . beaker, add 
25 co. water, 10 cc. HNC^ and some KC10$. Decompose, add 
10 c c . 1:1 HrjSO^ avid take to fumes, U3ually o v e r n i g h t , then 
t r a n s f e r to a 250 c c . d i s t i l l a t i o n f l a s k with b r i c k grape-
nuts. 

Add 3 grams f e r r o u s or cuprous c h l o r i d e , 2 grams of 
f e r r i c c h l o r i d e and 90 c c . HCl. Keceive i n a 500 cc. beaker 
c o n t a i n i n g about 100 c c . water w i t h t i p of condenser j u s t 
under s u r f a c e . D i s t i l l t i l l the volume i s down to about 20 cc. 
then add 15 c c . HCl and take down to 20 c c . again. This 
should take about 40 minutes. Wash out condenser tube i n t o 
f l a s k . 

N e u t r a l i s e w i t h HH ON, make j u s t a c i t with KCl and c o o l . 
Make a l k a l i n e with K&HCQ„ (add c a r e f u l l y to avoid foaming o v e r ) , 
add s t a r c h i n d i c a t o r and t i t r a t e with standard Iodine s o l u t i o n . 

Standard Iodine S o l u t i o n 
D i s s o l v e 50 grams KI i n 75 cc. v;ater i n a 500 cc 

beaker. Add 25.5 grams Iodine, and leave i n a warm place t i l l 
i n s o l u t i o n . Take bulk to 2 l i t r e s . 

Take up .099 AS 0 i n 400 c c . beaker with | s t i c k of 
NaOH and water. ?.!ake j u s t a c i d w i t h R01 and take bulk to 300 
co. and c o o l . Make a l k a l i n e with KaHCO^ as noted before, add 
sta r c h i n d i c a t o r and t i t r a t e t i l l s t i r r i n g rod i s I n v i s i b l e . 

Starch I n d i c a t o r 
Mix 2 grams prepared starch with 30 cc. water. Pour 

i n t o 100 c c . b o i l i n g water and b o i l f o r about 4 minutes. This 
s o l u t i o n should be a l k a l i n e , hence add some K0H to the s o l u t i o n 
before using. 



Fusion Method 
This method can only he used when the sample contains 

no antimony. 
Weigh out 0.5 grams of the sample, and decompose as 

i n the d i s t i l l a t i o n method. Then d i l u t e with 100 cc. water, 
add 10 c c . HCl and gas with HgS t i l l the super-natant becomes 
c l e a r . Transfer the p r e c i p i t a t e to a 50 c c . beaker, wash the 
f i l t e r paper and the f i l t e r with 5 $ HaOH s o l u t i o n to reaove 
a l l a r s e n i c s u l f i d e , n e u t r a l i z e the s o l u t i o n with H 2 S O 4 and 
add 5 cc. cone. KgSO*. Add 1 gram K E S O 4 and take to fumes on 
an e l e c t r i c element. When the sample I s fuming s t r o n g l y add a 
sma l l pinch of t a r t a r i c a c i d , and heat t i l l the s o l u t i o n be
comes c o l o r l e s s . Cool and add 20 cc. water and warm t i l l a l l 
the fused mass i s In s o l u t i o n . Then n e u t r a l i s e with K H 4 O H 
and proceed e x a c t l y as i n D i s t i l l a t i o n Method. 

Sulphide Ores, &attes and M a t e r i a l s c o n t a i n i n g Copper. 
Add o - 10 c c . HN0« and .5 to 1 grams of KC10„ and 

evaporate to dryness. Add 5 - 5 c c . HCl and again evaporate 
to dryness, then add 20 c c . HCl and gas, and t r e a t as before. 
This method of decomposition can a l s o be used i n the 
d i s t i l l a t i o n method o f course. 

Notes. 
The a d d i t i o n o f t a r t a r i c a c i d reduces the a r s e n i c 

and t u r n s the s o l u t i o n b lack. 
The f u s i o n method, while only u s e f u l f o r c e r t a i n 

types of ores, f i v e s much aore c o n s i s t e n t and accurate r e s u l t s 
than the d i s t i l l a t i o n method. 

Only a small amount of t a r t a r i c a c i d s ould be used 
or elae the s o l u t i o n w i l l tend to b o i l over. 

Cobalt 
E l e c t r o l y t i c Method 

Weigh out £ gm. sample i n t o 150 c c . beaker, add 3 c c . 
water and 6 c c . H N G 3 and d i g e s t . Then add 8 c c . HCl and a 
few drops RpJz t h t sample contains much s i l i c a ) and d i g e s t 
t i l l a l l a c t i o n ceases. Then add 10 cc 1:1 1IOS0 4 and take to 
fumes. Tthen sample has fumed 10 minutes re^io e from hot plate 
c o o l and add 2 cc. 1:1 II^SO^, 1 cc. HCl and 30 c c . water, and 
di g e s t f o r 1 h a l f hours. Then d i l u t e t o 80 c c , heat to about 
80 C. and gas wi t h HgS t i l l supernatant l i q u i d becomes c l e a r . 
F i l t e r o f f ppt. i n t o 400 c c . beaker, wash ppt. 6 tiraes with 



hot water and d i s c a r d ppt, unless i t i s d e s i r e d to analyse i t 
f o r As, e t c B o i l f i l t r a t e f o r 10 minutes to remove a l l K pS, 
then add 20 c c . HgQg and evaporate s o l n . to about 70 c c 
Cool s o l n , and t r a n s f e r to an e l e c t r o l y t i c beaker (150 c c ) , 
n e u t r a l i s e with rjH.OH and add one t h i r d t o t a l volume i n excess. 
E l e c t r o l y s e a t 1.2 - 1*8 amps, f o r 1 hour. Deposit on cathode 
i s Cobalt i f no N i c k e l i s present. I f n i c k e l Is present i t 
must be analysed f o r In the cathode d e p o s i t , and the weight 
of n i c k e l subtracted from the t o t a l weight to f i n d the weight 
of Cobalt. 

A n a l y s i s f o r N i c k e l 
D i s s o l v e cathode deposit In warm 1 to 3 HNO^ and wash 

cathode Into the beaker. D i l u t e to 150 c c , n e u t r a l i z e w i t h 
SB.08 and add 2 c c i n excess* D i l u t e to 250 c c warm t i l l 
f i r s t bubble appears, remove from hot p l a t e add 20 cc 1$ 
dimethylglyoxlme i n a l c o h o l s o l n . Set i n warm place f o r 1 hour 
F i l t e r t h r u tared Gooch c r u c i b l e , wash 5 times with hot water, 
dry and weigh. M u l t i p l y d i f f e r e n c e by 0.2302 to f i n d weight 
of n i c k e l and subtract from cathode weight to f i n d weight of 
c o b a l t . 

HOt g & 
Soln. from H^S pptn. c o n t a i n s , Fe, Co, H i , e t c , ppt. 

contains As, Sb, Pb, Ag, e t c . as s u l f i d e s . 
A few (2 - 3 } c c of a SO added to the s o l n a f t e r 

fuming helps the s o l u t i o n of the S o l i d m a t e r i a l and als o speeds 
up the H 2S pptn. 

In e l e c t r o l y s i s , the cathodes should not touch the 
beaker s i d e s . 

For a complete n i c k e l a n a l y s i s , the s o l u t i o n a f t e r 
e l e c t r o l y s i s should be t r e a t e d as f o l l o w s ; Hake a c i d with 
HCl, add t a r t a r i c a c i d c r y s t a l s , (to avoid the pptn. of Fe as 
hydroxide when n e u t r a l i s e d w i t h MH.OH),neutralise with NH.QH, 
add 5 c c i n excess, make up to &£§ c c . warm add dmg. as 
before, end f i l t e r o f f ppt. ( i f any). I f ppt. i s d i r t y i n 
c o l o r wash c r u c i b l e c a r e f u l l y with one to three HS1 and wash 
ppt with hot water, t r e a t s o l n with t a r t a r i c a c i d , and c a r r y 
on as before. The weight of n i c k e l found i n t h i s manner i s 
added to that found by the a n a l y s i s of the cathode deposit f o r 
the t o t a l amount of n i c k e l present i n the sample. 



I n s o l u b l e 
Weigh i gm ore i n t o 150 c c , beaker,add 15 c c , HCl, 

cover t i l l v i o l e n t ceases, add 10 c c , HNO and heat t i l l brown 
fuiaes disappear. (The a c i d s may be added ?n the reverse 
ordor, i f desired*) Place on low p l a t e , r i n s e o f f cover and 
take to dryness, Cool, add 10 co, HCl and again take to 
dryness, on a low p l a t e . Bake f o r J hour at 120° C. C o o l , 
add 10 cc. HCl, 15 c c . water and 2 gms.NH^l, Cover and b o i l 
t i l l c l e a r . F i l t e r t h r u r a p i d f i l t e r and wash 6 t i n e s with 
b o i l i n g water. I g n i t e i n a c l a y cup t i l l the residue i s 
white i n c o l o r and weigh. 

No te s 
I f the residue Is white and does not show gray c o l o r 

on i g n i t i o n , the assay may be considered an accurate S i l i c a 
assay. 

I r o n 
Bichromate Method  

Oxides 
Weigh out i n t o 100 co. beaker, add 10 cc. vrater and 

10 cc. HCl. Warm s o l n . t i l l c l e a r , add 10 cc. c h l o r a t e 
m ixture, then add 10 c c . 1:1 H 2 3 0 4 and fume n e a r l y to dryness. 

S u l f i d e s 
D i s s o l v e i n 3 c c . water and 10 c c . BflRL. and warm t i l l 

red fumes come o f f . Add 10 cc. HCl and proceed^as above. 
In e i t h e r case, c o o l , add 25 c c . water, 5 c c . HCl 

and b o i l . While hot add SnClg drop by drop t i l l y ellow c o l o r 
(FegClft) goes and add one drop i n excess. C o l l (to room terip) 
and add mercuric c h l o r i d e , about 20 c c , to n e u t r a l i s e . t h e 
excess 3 n C l 2 and t i t r a t e with potassium dichroma be using K4Fe(C 
as i n d i c a t o r . 

li e a c t i o n s and s t a n d a r d i z a t i o n of s o l n . 
F e 2 C l g SnClg 
S n C l 4 2UgCl 2 

6 F e C l g K 2Cr 207 

2*'eCl 2 3 n c l 4 

S n C l 2 SHgCl 
14HC1 3 F e 2 C l 6 2KC1 

C r £ C l 6 6H 20 



6 I 55,84 m 294.2 
*« 355.05 - .005 . /. x = .00439 gms/cc 

294.2 x 
Therefore, U3e 4.39 gras of potassium dichromate per 

l i t r e of s o l n . 
S t a n d a r d i z a t i o n 

weigh up 0.7 grams of f e r r o u s ammonium s u l f a t e , 
a c i d i f y with 1101, add 1 drop SnClg, excess mercuric c h l o r i d e 
and t i t r a t e , i r o n i n 0.7 gias. of Ferrous ammonium s u l f a t e 
d i v i d e d by the no. of c c . of s o l n . used gives the standard o f 
the s o l n - In MM per c c . 

SnjjjU 
60 gms. i n 600 c c . of strong HCl and make up to 1 

60 to 100 gms per l i t r e o f water. 

Notes. 
SnClg must be &dded drop by drop as an excess w i l l 

cause m e t a l l i c ng to be pptd. on a d d i t i o n o f mercuric c h l o r i d e 
SnClg must be add6d hot. 
K^FetSlJ) In water Is made to a p a l e yellow c o l o r f o r 

the i n d i c a t o r s o l n . 

s u l f u r 
Vieigh .5 gms of sample i n t o 150 c c . beaker, add 40 cc 

water and 30 cc. n i t r i c c h l o r a t e mixture and take to dryness 
on a low p l a t e . Bake f o r 10 minutes on hot p l a t e , c o o l , add 
5 c c . HgO, 1 cc. HCl and d i g e s t . Add excess r*a gGo 3 f r e e from 
s u l f a t e (0.6 gms f o r c a l c i n e ; 2 gms f o r o r e ) . • S o i l f o r 
ten minutes, d i l u t e to 75. cc. and b o i l a g ain. Remove from 
hot p l a t e , add 2 drops phenol and f i l t e r thru f l Whatman, wash 
4 times i n hot water. Medissolve ppt. i n 1:1 HCl, add excess 
R&3_Q6g and t r e a t as from #, r e f l i t e r and wash 4 times then 
combine f i l t r a t e s , tfeufctalise f i l t r a t e w ith HCl, add 2 - 3 cc 
i n excess, and b o i l s o l n , which must be a c i d , t i l l a l l C0g i s 
removed, ^ad hot baC&g and continue b o i l i n g t i l l BaSQ. ppt 
s e t t l e s out. I f both sample and BaClg are b o i l i n g the s u l f a t e 



S I . 
should s e t t l e out Immediately. F i l t e r t h r u a #8 Vihatraan and 
wash 4 times with hot water. I g n i t e and weigh as BaSO . The 
weight obtained m u l t i p l i e d by .1373 gives the weight or S u l f u r 
i n the sample. 

No tes 
The f i l t r a t e from the pptn. w i t h BfegGOg must be a c i d , 

and should be tested f o r a c i d i t y with Litmus paper. I f the 
f i l t r a t e i s not a c i d a l l the CQg w i l l not bo removed, and on 
a d d i t i o n of the BaClg the s o l n . I s l i a b l e to foam over and 
BaG0 3 may be formed. 

I g n i t i o n must bo c a r r i e d out sl o w l y to avoid the 
re d u c t i o n of the BaSO A to s u l f i d e or s u l f i t e by the carbon. 


