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The Determination of S a f f l o r i t e - L o e l l i n g i t e  

and Danaite at the L i t t l e Gem Mine. 

Introduction 

CD 
Location 

The L i t t l e Gem mining property consists of 11 claims 

located on Roxy Creek, a tr i b u t a r y to Gun Creek, i n the 

L i l l o o e t Mining D i s t r i c t of B r i t i s h Columbia. 

In addition to trenching, two tunnels have been 

driven on the property. One tunnel at an elevation of 6400 

feet follows high-grade ore for most of i t s t o t a l length of 

200 feet. The other tunnel at 6350 feet elevation i s 500 feet 

long and follows the ore for 60 feet. 

Geology 

The country rock i s a b i o t i t e - q u a r t z - d i o r i t e . It i s 

i n the form of a tongue 2000 feet wide and 2^ miles long ex­

tending from a larger body of b i o t i t e - q u a r t z - d i o r i t e that 

covers Gun Creek v a l l e y . A massive dark green serpentine 

borders the b i o t i t e - q u a r t z - d i o r i t e to the north west and shows 

a banded structure along the contacts where i t i s badly 

sheared and broken. Numerous a p l i t i c dykes traverse the bio­

t i t e - q u a r t z - d i o r i t e and follow c l o s e l y a brown weathered dyke 

of ferruginous carbonate. There are numerous small diabase 

dykes. 
( i ) 

Ore Occurances 
^ The ore bodies appear to be l e n t i c u l a r and vary i n 

r 

i . 



width from a few inches to several feet. Two veins which are 

thought to he part of the same ore "body, are being developed 

at present. The foot wall vein which i s v e r t i c a l s t r i k e s 

east-west and i s exposed for 50 feet on the surface. It 

varies i n width from a few inches at the lower end to about 

six feet at the upper end, and i s covered by an altered 

d i o r i t e cap-rock. The hanging wall vein i s p a r a l l e l to the 

foot-wall vein 17 feet to the south. This vein apoears wider 

and longer than the foot-wall vein and averages six feet i n 

width over 90 feet of length. 

Throughout the ore bodies are numerous masses of 

quartz and feldspar. Very l i t t l e a l t e r a t i o n appears at the 

borders of the vein. 

A shear, 6 to 12 feet wide, s t r i k i n g east-west was 

traced f o r 200 feet on the surface. The shear cross-section 

assays from 0.22% to 0.40% Cobalt. Where small dykes cut the 

shear, arsenopyrite and cobalt bloom are found. 

MINERALOGRAPHY 

Specimens of low grade ore were selected f o r the 

polished sections. Six sections were cut i n t r i p l i c a t e . The 

author's sections were mounted in demar gum i n brass molds.^ 

Reagents 
(2) 

The etch reactions of E l l i s Thompsonv ' were t r i e d 

on samples of RammelslaLergite, Cobaltite, S a f f l o r i t e - l o e l -

l i n g i t e , arsenopyrite and Gordon Bell6 section E. 
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Table of Etch Reactions from E l l i s Thompson Report 

Cone. 
HN03 

1:1 -
HNO3 

3:10 
HNO-z 

Sat. 
PeCLr 

Aqua R, 
CoNiAsS 

A.R. & 
FeAsS 

Arsenopyrite 
grey 

I r r i d . 
dk. bn. 
rem. 

Pt. bn. 
rubs 
clean 

Cobaltite 

Ramme 1 s lO e r g i t e dk. 
grey 
rem. 

dk. 
grey 

bk. 
rem. 

I t . 
bn. 

rem. 

dk. bn. 
rem. 

I t . dk. 
bn. 
rem. 

S a f f l o r i t e grey 
d i f f . 
rem. 

grey 
d i f f . 
rem. 

f t . 
bn. 
d i f f . 
rem. 

or 
neg. 

L o e l l i n g i t e dk. 
grey 
rem. 

dk. 
grey 
rem. 

Pt. 
bn. 
rem. 

It . 
bn. 

d i f f . 
rem. 

ReagentAr seno-
Py r i t e 

Cone. 
HN03 

1:1 
HN03 

3:10 
HN03 

Sat. 
FeCLp 
A.R. & 

FeAsS 
A.R. & 
CoNiAsS 
HgCLf 

Results of Etc 1 Reactions 

dk. 
grey 

Irred. 

f t . 
Irred. 

Cobal. 
t i t e 

S a f f l o r i t e -
L o e l l i n g i t e ? 

dk. grey 
rem. 

dk. grey 
rem. to 

f t . brown 

f t . brown 
rem. to 

neg. 

Rammels-
bergite 

( S a f f - l o e l ) 
Inclusion 

dk. 
grey 
rem. 

f t . 
grey 

I t . 
brown 

dk. 
bn. 
dk. 
bn. 

Bell Section E 

dk. grey 
to brown 

I t . grey 
to f t . 
brown 

(Danaite) 
ground 
mass 

Irred. 
strong 
blue 
c o l . 
dk. 

brown 

f t . 
bn. 
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These etch results checked closely with those of 
% Mr. E l l i s Thompson, and Mr. G. B e l l . 

Prom the results of the above tests, i t was found 

that the inclusions ( s a f f l o r i t e - l o e l l i n g i t e ) etched l i g h t 

grey and the ground mass (danaite) dark brown. Concentrated 

and 1:1 HN03 were found to be the best reagents to distinguish 

between s a f f l o r i t e - l o e l l i n g i t e and danaite. 

Microchemical Tests 

Microchemical tests were run on pure samples of 

s a f f l o r i t e - l o e l l i n g i t e and Danaite. 

The following table gives the results of thesetests. 

c 

Mineral Iron Cobalt Arsenic 
S a f f l o r i t e -
L o e l l i n g i t e 

Present (Strong) Positive (weak) Present 

Danaite Present (Strong) Positive (weak) Present 

No d i s t i n c t i o n between s a f f l o r i t e - l o e l l i n g i t e and 

danaite was thus t r i e d on the basis of microchemistry. 

DETERMINATION OF DANAITE 

The six sections were etched with 1:1 HN03. A l l 

sections gave reactions of s a f f l o r i t e - l o e l l i n g i t e or danaite. 

Section 1 was found to be composed of cry s t a l s of danaite i n 

a black carbonaceous ground mass. 

The opnosite half of section 1 was polished and 

broken. The c r y s t a l s were found to have the c h a r a c t e r i s t i c 

s t r i a t i o n s of arsenopyrite group given i n Dana^ 3). The 

c r y s t a l s t r i a t i o n s were as shown i n f i g . 1. 



Pig. 1 
Spe c i f i c g r a v i t i e s of these c r y s t a l s were: 

6.05 
5.93 
5.64 
5.82 
5. 80 
5.90 

These s p e c i f i c g r a v i t i e s were found to check with 

those given^in Dana, as follows; 

Dana Sp. G. (Danaite) 5.9 6.3 

De Leen Sp. G. 5.64 6.05 
Some of the cry s t a l s were oxidized to a brown on the 

surface. This accounts for the large v a r i a t i o n of s p e c i f i c 

gravity. 

To check that the above samples were not arseno­

p y r i t e one of the c r y s t a l s was spectrographically analysed. 

Cobalt and iron were found to be present i n amounts exceeding 

one percent. 
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Sections giving the same etch test as used above 

were analysed by Mr. G. B e l l . B e l l ' s r e s u l t s checked c l o s e l y 

with those of Dana: 

sample As S . Pe Co Total 
Bell-percentage B 47.50 17.11 29.00 6.39 100.00 
Composition P l 48.40 18.05 27.10 6.45 100.00 
Dana-percentage 
Composition f o r 

Danaite 

47.45 17.78 30.91 4.75 98.89 Dana-percentage 
Composition f o r 

Danaite 
41.11 17.84 32.94 6.56 98.78 

X-ray powder photographs, of Be l l ' s material, were 

found, by Dr. Holmes of Columbia University, to compare 

c l o s e l y with the x-ray spectrogram of danaite. Samples of 

the above c r y s t a l s were also sent to Dr. Hdraes for further 

x-ray powder analysis. Dr. Holmes found that the x-ray 

powder photographs of these c r y s t a l s to be that of pure 

danaite. 

Thus with the c r y s t a l s t r i a t i o n s , the s p e c i f i c g r a v i t i e s , 

the percentage compositions, and the x-ray powder photographs, 

the mineral was proved to be daraaite. 

DETERMINATION Of SAFFLORITE-LOELLINGITE 

Sections E and F 2 of B e l l were repolished and 

etched. The surfaces etched a f a i n t brown to grey with 

1:1 HN03 so a corner of section F was removed f o r examination. 

The s p e c i f i c gravity of these samples agreed with 

the values of s a f f l o r i t e - l o e l l i n g i t e given i n Dana, thus 

Dana 7.2 
De Leen 7.1, 7.2 
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F u r t h e r m o r e B e l l 1 s p e r c e n t a g e c o m p o s i t i o n s agree 

w i t h those o f Dana, as f o l l o w s : 

As S Pe Co T o t a l 
B e l l - p e r c e n t a g e P g 

C o m p o s i t i o n E 
70.00 
65. 30 

1.67 
3.68 

32.0 
25.30 

6. 32 
5.84 

99.99 
100.12 

Dana-percentage 
C o m p o s i t i o n f o r 
s a f f l o r i t e - l o e l l i n g i t e 

70. 59 
63.66 

1.65 
3.66 

28.67 
21.22 

6.10 
6.44 

107.01 
95.08 

Thus "by the e t c h r e a c t i o n , the s p e c i f i c g r a v i t y and 

the o e r c e n t a g e c o m p o s i t i o n t h e m i n e r a l was p r o v e d to be 

s a f f l o r i t e - l o e l l i n g i t e . 

Samples o f t h i s s a f f l o r i t e - l o e l l i n g i t e were a l s o 

sent t o Dr, Holmes o f Columbia U n i v e r s i t y f o r x - r a y powder 

photograph. Dr. Holmes found the x - r a y powder photograohs o f 

t h e s e samples t o be t h a t o f s a f f l o r i t e - l o e l l i n g i t e , 

DESCRIPTION Of SECTIONS 

S e c t i o n 1. 
S e c t i o n 1 ( f i g . 2) i s composed o f c r y s t a l s o f 

d a n a i t e i n a "black carbonaceous ground mass. I t was the 

o p p o s i t e h a l f o f t h i s s e c t i o n t h a t was used i n t h e 

" D e t e r m i n a t i o n o f D a n a i t e " on page 4. 

X 2 0 

Fig. 2 
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Section 2. 

This section i s a mixture of danaite and s a f f l o r i t e -

l o e l l i n g i t e , separated by small v e i n l e t s of c a l c i t e . These 

sulphides are surrounded by a green calcareous and a black 

carbonaceous gangue. The black gangue i s replaced by radiat­

ing dendritic inclusions of molybdenium 3-4 millimeters i n 

diameter* 

Section 3. 

Section 3 i s a mixture of the cry s t a l s of danaite 

and s a f f l o r i t e - l o e l l i n g i t e i n a greyish-green calcareous 

groundmass. The c r y s t a l s of danaite dfched d i f f e r e n t i a l l y 

brown, from the surrounding s a f f l o r i t e - l o e l l i n g i t e . 

Section 4. 

Section 4 i s a mixture of s a f f l o r i t e - l o e l l i n g i t e 

and danaite. Figure 3 etched with 1:1 HNOg, shows a c r y s t a l 

of danaite separated from the s a f f l o r i t e - l o e l l i n g i t e by a 

small fracture of quartz gangue. This fracture suggests the 

danaite and s a f f l o r i t e - l o e l l i n g i t e were deposited contemp­

oraneously, and the danaite on cooling contracted leaving the 

fracture. The fracture was l a t e r f i l l e d with quartz. 

A small fracture and change i n colour i n the quartz 

suggests the i n j e c t i o n of a second generation of quartz. 

The ground mass i s a mixture of greyish-green 

calcareous and black carbonaceous gangue. In the black 

carbonaceous gangue i s a small denderitic inclusion, 1-2 mm. 

in diameter, of molybdenite. The molybdenite was also found 

ifi the black gangue of section 2. The molybdenite, a high 
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t e m p e r a t u r e m i n e r a l , may have been i n j e c t e d i n t o the c a l ­

c a r e o u s gangue, thus d r i v i n g o f f the c a r b o n - d i o x i d e and l e a v ­

i n g a b l a c k carbonaceous ground mass. 

X 2 0 

F i g . 3 
S e c t i o n 5 

T h i s s e c t i o n i s s i m i l a r t o s e c t i o n 4. The c r y s t a l s 

o f d a n a i t e are s e p a r a t e d from the s a f f l o r i t e - l o e l l i n g i t e by 

s m a l l c a l c i t e v e i n s ( f i g . 4 ) . 

x 45 

F i g . 4 



10. 
Section 6. 

Section 6 i s a s o l i d mass of s a f f l o r i t e - l o e l l i n g i t e 

cut "by small v e i n l e t s of cf t l c i t e . 

Conclusion 

The c r y s t a l s of danaite are found i n a black car­

bonaceous ground mass. A mixture of s a f f l o r i t e - l o e l l i n g i t e 

and danaite (danaite c r y s t a l s usually surrounded by s a f f l o r i t e 

- l o e l l i n g i t e ) i s associated with a greyish green calcareous 

gangue. The s o l i d sulphides tend to be pure s a f f l o r i t e -

l o e l l i n g i t e . 
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E t c h T e s t s . Thompson 1s i n b l a c k . 
Thornson Ts i n r e d . 

M i n e r a l 

A r s e n o p y f c i t e FeAs's) 

Cone. HN03 

Dark gray e t c h 
Hough s u r f a c e 
r e m a i n s . 

1-1 HN03 

Iridescent dk. 
brown e t c h 
r e m a i n s . 

Dk. gray w i t h rough I r i d . dk. 
s u r f a c e r e m a i n s , b r . rem a i n s . 

*:10 HNQ3. 

N e g a t i v e , 

N e g a t i v e , 

L o e l l i n g i t e FeAsS Dark gray etch.rem,Dark gray e t c h rem. N e g a t i v e 
Some o c t a h e d r a . V e r y few o c t a h e d r a . 
Gray d i f f .rem. (fray &i£t\ N e g a t i v e 

# 
S a f f l o r i t e - CoAs2 
L o e l l i n g i t e . FeAsS Dark gray e t c h Gra$ e t c h N e g a t i v e . 

Abundant o c t r a h e d r a B r i n g s out r e l i e f , 
o f As203 ? Stiims black and 

brings out grain 
structure. 

D a n a i t e . Darkggay e t c h Brown e t c h r e m a i n s . N e g a t i v e 
Rough s u r f a c e 
r e m a i n s . No 
o c t a h e d r a . 

# 
Short 



Deoenber 7, 1V43 

Confic.-rrntial 

Dr. «?• r. talker, 
Joputy minister of 'Tinea, 
l*or>n.rtnent of Minos, 
Victoria t B # C. 
JG-'*T • ftalkc*** 

During the last VTOOK the editorial hoard of tho 
;'i-iuaato Caroaloio h:ivo De .n rounded TIP by oar President. 
• --ii. naB aTEoTTo write an artic l e OH to© Heoearoh Council 
nra*OT>on of nlnute d froci our Annual West in/- of October I9tl i , 

I aioeuoeed the natter with ..Dean Ftnlayeon, aaa I 

bm before wo boon malted to keep the subject quiet until 
tao -vernier anc :.*oa;;;- to r.r£:o Mr; r̂>no an eeriest. t?ou no:/ 
reneabor that the »oard rave out a etatonent which, i f I 
noeall correctly, oi^nifiea general eporoval with details to 
bo W0t*e4 oat at a later date. 1 opofco br i e f l y and pave no 
etalis except thooe wnich wore available through the press, 

ad r t Lord followed with a few wards. 
The •can i s very fearful of any state-«nt appeariaff 

prematurely ana when 1 told hin what Wftf already in our 
ninatoo ftna which woaK therefore bo pttblianod no;-.t n -n^u 
ho ooonod to foci that I had been ill-advised to discuss the 
aatter at a l l -yith the alumni• Inoiacntaily, ?!r, Robinson, 
President of -ttfe aluiahl, can see no reason why info mat! on 
V lea has appeared In the pcT>o-*e should not appear tn our 
ninutes* therefore, I teleahonoa Art Lord loot nlfht and he 

/ever, I hope you w i l l f e c i thai, the enclosed 
ralnate i s hardly dosorvinr of so naoh worry and that i t can 
be I n s e r W without oonnor.t. Ton can rwaaily see ti»t the 
h:r:^ of ren-avinf ninates frera a CJO< tm$ presents d i f f i c u l t i e s , 

I an very sorry to trouble you, but in view of o- n 
Finla.veoa'o xeaaift* and ny enaain" discussions /1th m-. 
Hebinson ana hrt Lord, I thought that you had better to 
i 

With felntiest personal repards, 
^ , Sincerely your*, c.o. Eteaa rt&laywoft 

?*x« Art Lord 



A p r i l 2t 1943 

Dr. Ralph J . Holnes, 
Department of Geology# 

Columbia University, 
Saw York C i t y . 

Dear Hoines, 

Your l e t t e r of Starch 16. reached us 

and I thinfe h£i3 s e t t l e d the eontvoversy a'jout 

the a i n e r a l s concerned once ai d for a l l . 

As I think I told you i n Kev? York l a s t year 

•ye thought we had the answer ove-- two years ago 

but in vietr of the controversial nature of oar 

conclusions, no thin;- could be considered fl n f t l 

u n til we had x-ray patterns. 

I have seen Dr. Kidd and he i s gQ&ng 
to write to yen about the Great Bear Lake natter 

We have 3pecir.iens here but they have not been 
c r i t i c a l l y determined. We are Wiring up sone 
saopies of danaite and s a f f l o r i t e - l o l l i n ^ i t e . 
vie can let yon bave-several pounds Dore of the 
danaite, -if-you W$jfe i t . The Separtmsnt and 
I nyself -particularly appreciate your kindness 

and cooperation and vThen we f i n a l l y publish 



this material ;ve shall of sourse acknowledge 
a l l that you liave done. 

Kindest personal regarCs to Dr. Behre 
Dr. Shand and yourself. 

Sincerely, 

Harry V # ./arren 



December 13 th, 1941. 

C L . T i i n , ::sq. 
c/o -^elowna Exploration Co, 
^-edley, P.C. 

Dear George, 

As you know, I have your let t e r of 
'Tovember 14th concerning the possible composition of the 
L i t t l e Gem ore mixture on which you are running flotation 
tests. 

« • 

We have spent quite a l o t of time on 
the problem but, so far, have not found anything that would -
give any clear-cut answer to your question. I have discussed 
the matter with Dr. VVarren and he suggests the possibility 
that leucopyrite (Fe^As-t) *W present. This mineral i s 
practically indistinguishable from arsenfcpyrite, except by 
chemical analysis. He has made a preliminary survey of the 
polished sections of material si-nilar to that sent to you 
for flotation testing and finds that there i s a remarkable 
variation in the characteristics of the mineral specimens 
obtained from different parts of the property. ?lie mineral 
described i n the paper by Warren, Leckie-TSwing, and Adams 
cane from one particular section of tlie mine. 

1 have assembled a number of available 
assays as follows : • 

1 - Kelowna I^xploration - This i s the assay of the 
material you are using for flotation. 

' ~ J1*^ , 5 " > r h i s i s ssfflple of the mixture 
we usee for flotation tests. A l l of this ore v;as used to 
make concentrates and we have only a few greens of sample le f t . 

#3 - 'Villians Composite - 1 Ullarae 1 analysis of the 
sample submitted by !!r. Douglass, Similar to U.B.C. Ho. 5. 

# 4 - ^firren - This i s the average analysis of the ore, 
(about 20 lbs) from which the specimens noted by arren, et a l 
were selected. 

o - Crem Crude - This i s the average analysis of a 
100-lb l o t of high-grade ore obtained by K.?..Taylor i n 
1940 and used for experimental purposes at U.B.C. This i s 
the ore we are using now to make calcine, sinter, etc. 



Ore No, Co Fe Ae S Insol. CaO 

,Vl- Kel.Kxp. 2,0 17.7 36.4 6.02 29.4 -
*2-UBC;-5 20.6 26,5 6,9 26.2 1.6 

£3-\Yilliame . 2.49 20.46 27.17 6.87 -
£4-Warren 7.3 22.1 39.0 14.1 ii#4 -
,,- 5-0 emC rude 5.46 22.0 36.1 11.1 13.7 1.2 

Adding Co, Fe, As, and G to get % sulphides we find: 
#1 - 62.1 % ' 
#2 - 57.3 
#3 - 55.0 
M - 82.5 
#5 - 74.7 

Assuming that a l l the S, a l l the Co, and sufficient 
Fe and As are present as Danaite we get: 
1 o. • s Ke CoFe i kesldual 

Fe As 

#1 6.02 14.1 10.7 9.0 22.3 
TT<-> 6.9 16.2 12.3 10.6 10.3 
"3 6.87 16.1 12.2 10.75 11.1 
H 14.1 33.0 25.1 4.3 6.0 
§§ 11.1 26.0 19.8 7.7 10.1 

If J.eucopyrite or lollftAgite are present there Is no way 
of determining the relative amounts of each present by 
analysis. The most that car; be said i s that there are 
two faift^" important differences between the ore represented 
by analysis 1 and that o€ ,73-; 3. 

1, There i s a larger percentage of sulphides in tto.l 
2. xhere i s amuch larger relative amount of some 

high-arsenic mineral in ,'.1 than in 2 or #3. This i s 
noted in the column headed 'residual Te-As 1. 4 and fr5 are 
similar, and probably come from the same section. 

Flotation 
On the following page are some of th flotation 

results. I t was notable i n flotation that the cobalt mineral 
was very slow to float - we used •everything but the kitchen 
sink' - soxda ash, pine o i l , aerofloat, •'-'arret . 4, and 
either K ethyl xanthate or mm ethyl xenthate. Also added 
copper sulphate but, of course, had to add i t judiciously 
or i t completely k i l l e d -he flotation. 
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Test Mo. S. 
Product Wt Ae . Insol Ca© 
Conct. 510 49.3 4.5 n i l 
T a i l 460 4.4 51.2 5.1 

Test To. 10. 
Conct. 485 53.1 5.6 n i l 
* a i l 500 2.1 55.0 6.5 

Test :T O . 11. 
Product •«t. Au oz CO % Recovery 

'Au % CO % 
Conct ,71 955 2.30 4.28 93,0 90.3 

tffm 55 1.84 4.98 4.3 6.0 
980 . .06 .IV 2.7 3.7 

Calc. head 1990 1.19 2.27 100.0 100.0 

• The above results are a l l that we have worked 
out - we did not run co alts on other concentrates but 
assumed from the weights that they were similar. 

Ahe high As-content of the concentrates (49-53^) 
indicates that the minerals present must include other 
than danaite as pure danaite contains only 41-473 As 

As a further point of interest we treated 
some of the sample U.B.C.Ko. 5 by s t i r r i n g i t in cold. 
1:10 ITC1 for 26 minutes. Soluble Fe was 2.2 " probably 
from some oxidized iron i n the sample. 

Thai, i s a l l the information we have available 
at present and I am not sure that i t points any way out 
of the d i f f i c u l t y . Br warren i s going ahead with 
polished section determination of the minerals present in 
the various peg—If of ore shipped to you for flotation 
tests - this mjxy give the answer. 

In the meantime, we are going ahead with the 
preparation of various prodActs from Gem Crude (. 5 sample). 
I t have about 3 lbs of straight calcine, and about 10 
lbs of sinter and w i l l go* on to produce speiss. V« w i l l 
also make more calcine and w i l l cyanide a portion of the 
calcine. 



There w i l l thus he four products s 
(1) 'calcine, 
(2) Cyanided calcine t a i l s , 
(3) Sinter, 
(4) Speiss. 

The hours are very much restricted at the 
University now as the buildiggs must he closed at 4 p,m. 
This and other activities connected with blackout operations 
have upset the routine. However, I f e e l that now, more 
tiian ever, cobalt i s going to be needed so we are doing 
a l l we can. to get the information for you. 

kindest regards, 


