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INTRODUCTION 
The  Silver Queen (Nadina,  Bradina) deposit of New 

Nadina Explorations Ltd. is located  near  Houston, 100 kilo- 
metres southeast of Smithers in the  Bulkley Valley region of 
central  British Columbia.  The mine, which produced 98.28 
kilograms of gold, 5,225 kilograms of silver, 405 000 kilo- 
grams of copper,  703 000 kilograms of lead, 5 million 
kilograms of zinc and 15 000 kilograms of cadmium  from 
I90 700 tonnes of ore over a brief period from 1972 to 
1973, has current  reserves of approximately 500 000 tonnes 
grading 3 grams per- tonne gold  and 200 grams per- tonne 

cent zinc (Nowak,  1991). Metallurgical  problems  arising 
silver, 0.23  per  cent copper, 0.92  per  cent lead and 6.20 per 

mine.  The  purpose csf this study is to define  the nature of the 
from a  complex  mineralogy  contributed to closure of the 

consider how the deposition of these minerals is related to 
precious  metal  mineralization at Silver  Queen  mine  and 

the formation of the deposit. 

GEOLOGY OF THE SILVER QUEEN 
DEPOSIT 

Queen  mine has been presented by Leitch er ul. (1990) and 
Detailed geology of the area surrounding the Silver 

is summarized here  only briefly. Rocks hosting  the deposit 
are subdivided into five  major units plus three  types of dike 
with units  numbered  sequentially from oldest to youngesr. 
A basal  reddish  purple  polymictic conglomerate  (Unit I) is 
overlain hy fragmental rocks ranging  from thick crystal tuff 
(Unit 2) to coarse Ixpilli tuff and  breccia or lahar (Unit 3); 
this is succeeded  upwards by a thick feldspar-porphyritic 
andesite  flow unit (Unit 4). intruded by microdiorite sills 
(Unit 5) and other  feldspar porphyry  (Unit 5a) and quartz 
porphyry  (Unit  5h) dikes  and  stocks. 

cession, with the  oldest  rocks  exposed  near  Riddeck  Creek 
The stratified rocks form a gently northwest-dipping suc- 

to  the south  and  the  youngest in Emil Creek  to the  north. All 

groups:  amygdaloidal  dikes  (Unit 6). bladed feldspar por- 
the units are  cut by dikes that can be divided into three 

cession is unconfonnably overlain by basaltic to possibly 
phyry dikes  (Unit 7 ) .  and  diabase  dikes  (Unit X). The suc- 

trachyandesitic volcanics  that crop out in Riddeck  Creek 
and farther  south.  These volcanics may he  correlative with 
the Goosly  Lake Fbrmation (Church and Barakso,  1990). 

Mineralized  veins  cut  the  amygdaloidal,  fine-grained 
plagioclase-rich dikes  (Unit  6),  and  are  cut by the series of 
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dikes with bladed  plagioclase cry:stals (Unit 7:.  The  former 
are generally  strongly  altered close to the veins whereas h e  
latter are unaltered  and  are pos;.ihly ccnelalive with h e  
Ootsa Lake Group  Goosly Lake volcanlcs 01 Eocene :lze 
( S O  Ma). The unaltered, feldspr  porptyry I ikes cut tne 
amygdaloidal dikes, and both are  ut by the slij htly youn zer 
diabase  dikes  (Unit  8). 

ANALYTICAL PROCEIDURE 

the veins and altered  wallrock of the S iher  QI een proprrty 
This work is part of an exhaustive mineral0 :id stud> of 

based on extensive use of x-ny  diffraction, a  scanning 
electron  microscope - energy  dispersive  slstem ( S E W  
EDS). and  quantitative  analyszr with the C meca SX-50  

ditions for  the SEM-EDS studies  were: polish :d specirnms 
wavelength  dispersive  electron nlicroprok. 0 Ierating c : s t -  

the  tungsten  filament  was used with 30-kllovo t accelerating 
were run with no tilt  on the eneqy  dispersive ! pectrum. .cnd 

0.5 nanoamperes, giving a 0.5-mcron ( 5 0 0  an :mom) bcam 
voltage  and 2.7-amp filament current.  Thz  hea n current tl’as 

width or resolution for  hacksciltl’xed  ekctror 5. 

tions  were:  20-kilovolt  accelerating  ,iolta;  ,e, I O  nano- 
For the electron microprobe !analyses, opt rating co113i- 

amperes  beam  current  and I.O-micrc,n b e m  dianxter 

the  polished surface).  Counting  limes were 3 1 seconds for 
(approximately 5 micron diamewr of spot-size resolutiol or. 

peaks  and 15 seconds  for back;:round. Standa.ds usad were: 
pure metals  (Ag,  Bi, Mn, Cd, G c ,  In) or comg Dunds (tl$!Te, 
GaAs), natural  pyrrhotite, galena. sphalerites I for Zn, S ,  Feel 
and synthetic  tetrahedrites (for C U ,  S .  Sb, AI and 2:”). 

All data were reduced usin;: ,I PAP  #:orre< tion prog:anl 
that corrected for atomic numb,::r, ahsorptior and  fluores. 
cence, supplied by the  probe r-ranufac’:urer. Routine ;ma- 
lyses of standards  were  within I: 5 per  cent 0. the  accepted 
values. The precision of  micrcprobe an;llysis is diflicu 1 to 
estimate,  as there is no possihil~ty  of r<:-ana yzing exac:tl!i 
the same point  (significant “bums”  occur in ! ome mincr-alii 

~ especially sulphosalts,  micas ;and carbonal s). However, 
repeated analyses of the  same grain i n  seb :ral locat o n 3  
showed that fluctuations  were u!iually k s s  t h i n  5 per  cent. 

VEIN DEPOSITS 

known in four main areas O F  Ithe Silver  Qleen p r o p t y  
More than 20 separate epithelmal,  polyme allic vein:, are 

(Leitch el al., 1990): Camp-I’crtal vein  are I, main No. 3 

veins  are  found in  the Chisholm  and tail in,:^ Pond a:m:a:i. 
vein area, George  Lake vein and Cok   La le  area; Imsm 

The No. 5 and Switchback vl:ins are  incl lded with the 
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Portal vein system to the  west of the No. 3 vein. The No. 3 

known and most easily accessible  because of extensive 
vein system is apparently the largest and is by far the best 

underground development.  More detailed  descriptions of 
individual  veins are provided by Leitch et ul. (1990) and 

eralogical “gold  mine” with a  variety of unusual minerals 
Hood (1991). The various veins have  been  a  veritable  min- 

Owens, 1973). 
having  been  reported (e.&, Bemstein, 1987; Harris  and 

MINERAL SPECIES IDENTIFIED AT SILVER  QUEEN MINE 
TABLE 2-6-1 

(this  study) 

PHASE COMPOSITION 
QUALITATIVE 
ABUNDANCE’ 

Ore Minerals 

Marcasite 
Pyrite 

Pyrrhotite 
Arsenopyrite 

Sphalerite 
Galena 
Tetrahedrite 
Tennantite 
Freibergnte 
Bismulhxnire 
Cuprobismutire 
Proustite 

Covellite 
Pyrargynte 

Chalcocite 
Chalcopyrite 
Bornite 
Aikinite 
Matildite 
Berryite 
Pearceite 
Polybasite 

Seligmannite 
Arsenpolybasite 

Gustavitc 
Bournonite 

Geocronite 
Acanthite 
Electrum 
Oxides 
Hematite 
Magnetite 
RutileiAnatase 
Gangue Minerals 

Hinsdalitc 
Barite 

Quartz 
Svanbergite 

Calcite 
Mn-siderite 
Rhodochrosite 
Dolomite 
Bitumen 

- 

C 
R 
R 
T 
C 
C 

C 
C 

R 
T 
T 
7 
R 
T 

C 
T 

R 
T 

R 
R 
R 
T 
T 
R 
R 
T 
T 
T 
R 

C 
T 
T 

C 
R 
R 
C 

C 
C 

C 
R 
R 

“C” represents minerals occurring in several or all locales in amounts 

R” represents minerals occurring in a few locales, in some cares greater 

’ “T” represents minerals occuning in only a few locales, generally in 

. ., greater than 2 volume  percent. 

than 2 volume percent. 

trace quantities. 
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ORE MINERALOGY 
An outline of the  mineralogy of the  veins  has  been 

presented by Hood et ul. (1991) who  recognize  a complex 
paragenesis with several  stages of mineralization.  The 
observed  minerals are  summarized in Table 2-6-1, with a 
general indication of relative abundances.  Other minerals 
reported at Silver Queen  include  boulangerite (Marsden, 

(Bemstein, 1987). Hood (1991) has defined  four  well 
1985). guettardite meneghinite (Weir, 1973) and  wurtzite 

developed paragenetic stages in the No. 3 vein: 
1. early  quartz-pyrite 2 barite 
2. layered sphalerite-carbonate 2 galena 
3. galena-sulphosalt-chalcopyrite 
4. late  quartz-calcite 
The principal sulphides  are pyrite, galena  and sphalerite 

tennantite scattered throughout.  In  addition, there  are  a 
with lesser  amounts of chalcopyrite  and  tetrahedrite- 

dant locally, many of which are silver-bearing, and  are the 
variety of rare minerals,  some of which are relatively abun- 

principal focus of this  report. 

SILVER MINERALS 
TETRAHEDRITE-TENNANTITE 

are by far the most  important  silver-bearing  phase at the 
Minerals of the tetrahedrite-tennantite (“fahlore”) series 

Silver  Queen deposit.  Tetrahedrites (and  other  sulphosalt 
minerals) occupy  a single  paragenetic interval in the  “Stage 
111” assemblage  (Hood, 1991) and are  commonly inter- 
grown with galena,  chalcopyrite and other sulphosalt  min- 
erals.  Fracture  infillings of fahlores  are  widespread in chal- 
copyrite and sphalerite,  and the series  commonly  occurs  as a 
matrix for pyrite and  sphalerite vein  breccias. 

Tetrahedrite is also present as irregular masses  up to 
several millimetres  across in veins with elevated  silver 
contents (e.R.. Camp veins). 

broad range at the Silver Queen mine (Table 2-6-2). Silver- 
Compositionally,  tetrahedrite-series  minerals  show a 

TABLE 2-6-2 
TETRAHEDRITE COMPOSITIONS’ 

Element 1 2 3 4 5 6 

C” ... 
S . . .  27.56 27.82  28.26  24.96  24.65  23.33 

42.21 43.27 42.78 36.26  33.13  24.37 

Zn ... X.(W 8.q7  6.35  7.74 5.66 4.31 
... 

Fe ..... 0.55 0.60 1.9s 0.20 1.91 2.26 
Sh . . . . . . . .  0.40 0.27 0.75 22.59 25.02 25.66 
As ......... 18.14 18.98 19.06 3.98 2.16 1.44 
Pb . . . . .  n.nn 0.00 0.56 0.00 0.00 0.00 
Ae . . . . . . .  0.40 0.30 0.10 3.72 6.52 18.61 
Bi ......... 
Hg 2 o.00 0.05 0.w p.w JMJ 

3.00 u.62 0.05 0.68  0.27 0.00 

Total ....... 100.26 99.93 99.91 100.13 99.32 99.98 
. . . .  
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rich compositions ar,:: found in the  north, deep in the south- 
ern parts of the No.  3 system, and in smaller  veins  most 
distant from the No. 3 vein. Silver  cuntents of  up to I X per 
cent  have been determined for tetrahedrites  from the Cole 
and  Owl  veins. Variations in bismuth,  antimony and zinc 
contents were also  noted in Silver  Queen  tetrahedrites 

crystals were nbserbed (Plate 2-6-11. 
(Hood. 199 I) and i n  a number o f  cases  remarkably  zoned 

MATILDITE 

Matildite is uncomnon in the No. 3 system, but is the 
most  important  sulphosalt  mineral in the Portal vein system. 

forms masses up to 3 millimetres  across (Plate 2-6-21. 
I t  is present as  symplectic intergrowths with galena and 

Matildite alsn occurI with aikinite, electrum  and  berryite in 
the  chalcopyrite-rich Portal vcins. 

PEARCEITE-I'OLYIIiASITE 

rare at the Silver Queen deposit, but there is a wide degree 
Minerals of the  pearceite-polybasite  series are relatively 

of  compositional  variation among those that are (Table 

No. 3 vein as small (less than SO micrnns) irregular grains 
2-6-3). Polybasite  c'ccurs deep in the southern  part of the 

intergrown with tetrahedrite  and  proustite-pyrargyrite.  More 
arsenic-rich  compositions  are  present in the Portal  and 
Camp veins,  where  the minerals occur as anhedral to suh- 
hedral grains up to I millimetre in diameter. An unusual 
bismuthian  pearceite is also present, occurring  as small 
veinlets  cutting chalcopyrite and other sulphosalts. In the 
Camp veins,  pearceite is commonly symplectically  inter- 
grown with pyrargyrite, galena  and argentian  tetrahedrite 
and may form up to S O  per  cent of the silver-bearing 
assemhlage. it has also been noted in the northernmost parts 
of the Cole and No 3 systems, and in the Chisholm veins. 

PROCSTITE-PYHAR(;YKITE 

The proustite-pyrargyrite  (ruby silver)  series is limited in  
distribution  at  the  Silver  Queen  deposit,  attaining peak 
abundance in the  northern  part of the Camp vein system. In 

PEARCEIIE..POLYRASITE ANI) RUBY SILVER 
TARLE 2-6-3 

COMPOSITIONS* 

Element 1 2 3 4 

cu . . . . . .  I I .:w X.% 0. I 2  11.13 
s ........ I h.!i I 16.54 17.61 
2" 

11.51 

Fe 
0.00 0.00 ....... 
0.44 

n.m IJ.IXi 
.......... o.nn n.[m 0 .00  

Sb . . . . . . . .  0..14 O.65 2 1 . U  1961 
A s  . . . . . .  6.57 5.48 
Pb ..... n.Ix1 

O.hl I .X2 
n.oo 0 . 0 0  

Ag ....... 64.40 65.86 
Bi 

s9.77 
. . . . .  11,:xl 3.21 

54.76 

H g .  . . . .  W S  0.00 O.MI 
0.13 

o.u(I 
n.w 

"- ~ - 

the Camp veins, end-member pyrargyrite (set Table 2- .6-3)  
occurs  as symplectic intergrowtl-s with galen;, tetrahedrite 
and pearceite, with individual masses up to 1 millimetres 
across identified in polished  section.  Pyrargyri  e also occurs 
as  much finer  grained  material In the nor:h pal: of the P ~ I .  3 
system, Owl vein and Cole Lakc! veins. As VI ith the Camp 
veins,  pyrargyrite grains  are  ,x~mmonly int, rgrown with 
galena, argentian  tetrahedrite  an<:(  pearceite. 

More  arsenic-rich compositions have been bund onl:i at 

as small (less than IO0 microns) ::xsolved grai 1s in rnas!ive 
the  southern end of the No. 3 system, where pr lustite ocxurs 

galena.  Geocronite  and  an ;IS yet oniden ified s i l x r -  
antimony-lead sulphosalt  are also presenl. with the  prouslite 

oscillatory zoned tetrahedrite Srt~m the northen No. 3 veitl. 
Plare 2-h-I. Backscattered elxlron pllotom crograph (4 '  

Zonation is controlled by variation betneen a Itimony-rich 
(light) and arsenic-rich (dark1 ,.ompositions. Scale  bar ill 
lower left i s  20 microns. 

matildite  from  chalcopyrite-rci-1 Portal vein r laterial.  Ntsle 
Plate 2-6-2. Symplectic inl.ergrowlhs 01 galena and 

large,  light-coloured  electrun1 [grain in upper  right c:om?r. 
Scale bar  at  lower  right is I O  rnicrons. 

:?8.3 



BERRYITE tetrahedrite-tennantite, matildite,  berryite,  pearceite- 

Berryite (Table 2-6-4) was  first  identified at the Silver 
Queen  mine by Harris and  Owens (1973) and  locally forms 
an important constituent of the  sulphosalt assemblage in 
chalcopyrite-rich  veins. Deep in the  northern  part of the 
No. 3 vein, berryite occurs  as laths up to 0.3 millimetre  long 
in a chalcopyrite  matrix. Bismuthian  tennantite  and galena 
commonly replace  the  laths along  cleavage and grain mar- 
gins, although symplectic intergrowths with these minerals 
have  also been noted (Plate  2-6-3). Berryite is also present 
in the Portal vein system,  where i t  occurs with galena, 
matildite and gustavite. 

polybasite, gustavite and  proustite-pyrargyrite. Silver was 
also detected in trace amounts in galena and aikinile.  The 
fahlores (tetrahedrite-tennantite series  minerals)  are  the 
most  important  silver minerals,  containing up to 18 weight 
per  cent silver  and  locally forming up to 10 to 15 per cent by 
volume of the  vein. Silver  contents  are highest in the  north- 
em part of the No. 3 vein and in veins farthest from the 
central No. 3 and George Lake  slructures. The  other silver 
sulphosalts  are less abundant, with berryite,  matildite  and 
gustavite  confined  to veins  where chalcopyrite is a major 
part of  the vein assemblage (e .g . .  No. 5, deep in north No. 3 
and in the  Portal veins). Pearceite-polybasite  and  proustite- 

GUSTAVITE pyrargyrite are most abundant in silver-rich veins  along the 

Silver  Queen,  restricted to the chalcopyrite-rich  Portal 
Gustavite (Table 2-6-4) is a relatively  rare  mineral at 

veins. 'The mineral occurs  as  masses (in chalcopyrite) up to 
0.5 millimetre across and is associated with berryite and 
galena.  locally forming up to 50  per  cent of the  sulphosalt 
assemblage. 

ELECTRUM 

Electrum occurs  throughout the No. 3 and  associated 
veins and appears  to he the only  gold-bearing phase at 

small  (less than 50 microns) rounded  inclusions in galena  or 
Silver  Queen  mine. In general the  mineral is present as 

galena-sulphosalt intergrowths  and is commonly associated 
with fine-grained  pyrite. Locally,  individual grains  are up to 
160 microns across and occur in embayments in larger 
pyrite  grains associated with the  host galena  (Plate 2-6-41, 
Electrum grains  are less commonly hosted by chalcopyrite, 
tetrahedrite, pyrite  or sphalerite. 

Compositionally, electrum  from Silver Queen is quite 

range of 600  to  720 fine.  Electrum from the Copper vein is 
silver  rich, with grains  from the No. 3 and  Portal veins in the 

even  more  silver rich, containing  gold with a fineness of 
approximately  500. 

DISCUSSION 
Precious metal  values in the  Silver  Queen  deposit result 

from the occurrence of electrum  and the  sulphosalt minerals 

BERRYITE AND  GUSTAVITE COMPOSITIONS' 
TABLE 2-6-4 

cu . . . . . . . .  6.37  6.43  6.30  0.19 
s .............. 17.52 
Zll .......... 0.00 

17.69 
I .23 

17.44 
0.00 

16.95 
0.00 

Fe ........... 0.04 0.24 0.00 0.00 
Sb .......... 0.00 0.00 0.00 
As 

0.00 
. . . . . . . . .  0.00 0.00 0.00 

Pb ............. 20. I3 
0.00 

23.67 
Ag ........ 
Bi 

7.29 
48.75 ........... 46.01  47.60 

7.62  8.60 
49.91 

Hg ............ 
Total 

x.20 

o.00 
100.34 99.93 99.72 99.32 

0.00 0.00 OM) 

herryite  grain  (medium  gray)  undergoing  replacement by 
Plate 2-6-3. Backscattered  electron  photomicrograph of 

galena  (pale  coloured). From the deep  north No. 3 vein. 
Scale bar at  lower right is 4 microns. 

ments  along the  margin of large  euhedral  pyrite grain. 
Plate 2-64, Electrum  grains (white) occurring in embay- 

Medium  gray  matrix is intergrown  galena-matildile.  From 
chalcopyrite-rich Portal  vein material.  Scale bar on lower 
right  is 20 microns. 
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margins of the deposit.  Symplectic intergrowths with galena 
are  common for all silver  sulphosalt species. 

Queen deposit,  where it occurs  as rare, but widely dispersed 
Electrum is the only gold  mineral  identified in the  Silver 

inclusions in galena or, less commonly, in sulphosalt  min- 
erals  or pyrite. Elecl:rum grains range in siLe from  less than 
5 microns to over 1 0 0  microns in diameter. 

Sulphosalt  miner.rls at the Silver Queen  mine  are  inter- 
preted to have been emplaced during the waning  stages of a 
hydrothermal cycle under temperatures and pressures of less 
than  250°C.  and SO 000 kilopascals (500 bars)  (Hood, 
1991). Sulphide anl:l sulphosalt  deposition  was  apparently 
controlled by mixing of hot, acidic  waters with a cooler, 
more  dilute  metecxic  fluid, with mineralogic  zonation 
related to the  stability of the  metal-transporting  species as 
the  metal-charged  fluids were carried  away  from the fluid 
source. Sulphosalt  concentrations in the No. 3 and  smaller 
veins thus represent sites o f  preferred  deposition by copper, 
lead, bismuth and silver. To a  lesser extent, the  nature of the 
wallrock also appears to  have influenced  the  deposition of 
sulphosalts in the No. 3 vein. 

Silver sulphosalt!; tend to be concentrated along the outer 
margins of the  deposit,  corresponding to high  silver- 
contents in tetrahedrite and the  presence of abundant barite. 
As a result, the "peripheral" veins are interpreted to repre- 
sent  sites  most distmt from  the fluid source ( q . ,  Wu and 
Petersen, 1977) and  where  the influence of the  cooler, more 
oxidized  waters was most extreme  (Hayba P I  a/. ,  1985). 
This particular occurrence is of importance when consider- 
ing  future  exploration for  silver and gold-rich  parts of the 
vein system. 
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