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1.  INTRODUCTION 

1.1 Location and Access 

The BJ group and related claims are s i tuated a t  the headwaters of 

bless Creek, 57'08' n o r t h ,  130°50' west, approximately 130 km south- 

west of Dease Lake, British Columbia. 

map sheet 104 G/2W and l i e s  w i t h i n  the Liard Mining  Div is ion .  

Although the Stewart-Cassiar highway passes 50 km east of the 

property the nearest permanent settlement i s  Telegraph Creek, 60 km 

t o  the north. A n  a i r s t r i p  served by Trans Provincial Airl ines from 

Terrace i s  located a t  Teck's Schaft Creek deposit, 15 km northwest 

o f  the  claims. Property access i s  by helicopter from Schaft Creek. 

Permanent helicopter bases a re  located a t  Dease Lake and Eddontenajon 

The area i s  covered by NTS 

1 . 2  Property and History 

The i n i t i a l  claims, BJ, Bee and  Jay, were staked i n  July 1980 based 

on follow-up of stream geochemistry. 

Grey, Rainy and Day claims was completed i n  August of 1980. 

Valley and  Fall claims were recorded in September, 1980 b u t  have since 

Subsequent s t a k i n g  of Windy, 

Very, 

been reduced. 

i n  September, 1981. Claim data a re  summarized i n  Table 1 .  

Three additional claims, S n o u t ,  JB, and Wish were located 

Although indication of early prospecting on the  property has been found, 

there i s  no record of any previous claims having been staked in the 

area. 
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Name 

Bee 

Jay 

BJ 

Windy 

Grey 

Rai ny 

Day 

Very 

Fa1 1 

Valley 

JB 

Wish 

Snout 

TOTAL 
UNITS 

Units 

4 

20 

20 

18  

12 

12  

8 

2 

2 

6 

6 

2 

2 

= 114 

Date Located 

1 3  July 1980 

16 Ju ly  1980 

10 July 1980 

20 Aug. 1980 

14 Aug. 1980 

13 Aug. 1980 

13 Aug. 1980 

13 Aug. 1980 

Sep. 1980 

Sep. 1980 

1 Sep. 1981 

1 Sep. 1981 

1 Sep. 1981 

Date Recorded Record No. 

29 July 1980 1478 ( 7 )  

29 Ju ly  1980 1479 ( 7 )  

29 July 1980 1480 ( 7 )  

29 Aug. 1980 1556 (8)  

29 Aug. 1980 1557 (8)  

29 Aug. 1980 1558 (8)  

559 (8)  

555 ( 8 )  

623 ( 9 )  

22 Sep. 1980 1626 ( 9 )  

22 Sep. 1981 2064 ( 9 )  

22 Sep. 1981 2065 ( 9 )  

22 Sep. 1981 2066 ( 9 )  

29 Aug. 1980 

29 Aug. 1980 

22 Sep. 1980 

TABLE 1: SUMMARY OF CLAIM DATA, BJ GROUP AND RELATED GROUPS 
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1.3 Climate and Physiography 

Located on the eastern flank of the Coast Mountains, the area is 

rugged w i t h  elevations ranging  from 1,000 to  2,000 m. The property 

i s  bounded t o  the south and west by i ce  f i e l d s  and t o  the north and 

eas t  by the Mess Creek valley. 

property exploit ing zones of s t ruc tura l  weakness and providing good 

outcrop exposure i n  areas of recent r e t r ea t .  

Wumerous alpine glacies t ransect  the 

The climate is  cool and moist resul t ing i n  snow cover fo r  nine months 

of the year. 

t o  produce rapid erosion w i t h i n  the area. 

Moderate precipitation and  topography have combined 

1 .4  Nork Done 

Dur ing  the winter of 1981-82, rocks collected from BJ groups 1 and 2 

were analyzed i n  detai l  as par t  of M.Sc. thes i s  research a t  the University 

of British Columbia. Details of  mineralization and a l te ra t ion  were 

investigated u t i l  i z i n g  both conventional microscopy and scanning electron 

microscopy on 40 polished t h i n  sect ions.  

sections were s t u d i e d  by ref lected l i g h t  techniques for  textural  and  

paragenetic relationships.  

laboratory duplicates,  were analyzed by x-ray fluorescence for  major and 

t race  e l  ernents 

I 

A n  additional 18, 2 x 5 cm polished 

Sixty-four samples, including f i e l d  and  

Thirteen Rb-Sr determinations and one K-Ar determination provided ages of 

mineralization and a1 te ra t ion .  
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2. GEOLOGY 

2.1 Regional Se t t i ng  

The  area of study i s  underlain by mid-to late-Paleozoic, polydeformed and 

metamorphosed vol cani cs , vol cani -cl a s t i  cs , and sediments typi cal of 

eugeoclinal sequences. 

the St ikine Assemblage: 

North America i n  mid t o  l a t e  Mesozoic time (Monger, 1981; 1977). 

All pre-Triassic rocks i n  the area are grouped i n  

an allochthonous ocean island t e r r a in  accreted t o  

To the north and west, the area i s  unconformably overlain by Upper Triassic  

shales ,  cher t ,  sandstone and  conglomerates. These sediments are  un- 

metamorphosed, only s l i gh t ly  deformed and  bounded t o  the west by Coast 

Range intrusives .  

w i t h  l e s se r  deformed and metamorphosed Permian and/or Tr iass ic  fragmental 

vol cani cs a 

To the south and east, the property i s  i n  f a u l t  contact 

2 .2  Stratigraphy 

Faci es changes 

area severely complicate s t ra t igraphic  contacts and succession w i t h i n  the 

Paleozoic rocks. 

s u b d i v i s i o n s  can be made. 

they are: 

compl ex i nterfol di  ng and  a1 terat ion w i t h i n  the property 

On the basis of composition and texture  a number of  

In s t ructural  sequence from upper t o  lower 

1 )  U n i t  5 ,  GRST. - fol ia ted t o  massive; f ine  t o  coarse grained 

greenstones Probably gabbro s i 11 s . 
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2) Unit 4, FVCS. - f ine  t o  coarse f e l s i c  tu f f  and/or breccia. 

Generally minor to severe a1 te ra t ion  , occasionally 

myloni t ized.  

3) U n i t  3 ,  PGST. - Intercalated purple and green, mafic phylonites. 

Some exposures display fragmental textures. Rare 

limestone lenses near top o f  the section. 

4)  U n i t  2 ,  CHST. - massive ch lor i te  s ch i s t  and ch lo r i t e  phylonite. 

In p a r t ,  equivalent t o  U n i t  3 ,  and as small lenses 

i n  U n i t  1. 

5) U n i t  1 , ARGL. - Argillaceous t o  graphi t ic  sch is t .  

Folding and  thrust faul t ing causes par t ia l  repeats and/or reversals of  

the sequence over much of the property. I n  addition, two non-stratigraphic 

a l te ra t ion  units a l so  occur: 

1 )  U n i t  A ,  QMCS - quartz, mu-covite ( +  chrome), carbonate, + t a l c  - - 
schis t .  

2) U n i t  B, CALT - hemitized,carbonate a l t e r a t ion  zones t h r o u g h  t o  

large f a u l t  f i l l i n g s  o f  botryoidal and brecciated 

ca rbona t e . 
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U n i t  A appears t o  be an a l te ra t ion  product of a l l  units b u t  is 

primarily derived from e i t h e r  u n i t  4 o r ,  possibly, an unknown parent. 

U n i t  B i s  a l a t e  feature  tha t  is  mostly f racture  controlled,  b u t  

occasionally stratabound. Both units a re  spa t i a l ly  associated w i t h  

mineralization. 

2 . 3  Structure 

Four distinct phases of folding a re  evident. 

f o l d i n g  have colinear f o l d  axes, t rending  north, northwest. 

planes were nearly perpendicular resul t ing i n  crenulation cleavage and 

Ramsey type 2 interference patterns.  Metamorphism and metasomati sm took 

place pr ior  t o  the onset of the second deformational phase. The extreme 

ducti 1 i ty  contrast  between 1 i thologies resul ted i n  most of the strain 

b e i n g  taken by units 4 and A. 

Two ear ly  phases o f  isocl inal  

Axial 

The t h i r d  phaseof folding i s  re la ted t o  north-south compression and has 

produced kinkbanding, chevron folds and broad open warps i n  well developed 

fo l ia t ion .  

s t r i k e  s l i p  faul t ing.  

I t  is l ike ly  tha t  this phase was coincident w i t h  north-south 

A f ina l  phase of east-west compressional s t r e s s  produced a northeasterly 

t r e n d i n g ,  ve r t i ca l ,  open fold which f l a t t ens  to  the north. This phase 

dramatically in tens i f ies  t o  the west, where u p r i g h t  t i g h t  f o l d s  w i t h  

amplitudes of  1 km can be seen. The great variation of fold s t y l e  over 

short  distances d u r i n g  this phase was probably due to  forceful emplace- 

ment  o f  plutonic rocks. 
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2.4 Metamorphism 

Variable proportions of a1 bi te ,  chlorite quartz and epildote form 

the dominant mineral assemblage, which i s  compatible with greenschist 

facies metamorphism. Most metamorphic minerals were formed during o r  

before the f i r s t  phase of deformation. 

tremolite + quartz  + ca cite i s  stable a t  temperatures of between 

49OoC and 54OoC (depend ng on C02 content of fluid phase) a t  1000 

bars pressure (Winkler, 1976) and  indicates a late metamorphic stage. Late 

metamorphism i s  indicated i n  other areas by the formation of post kinematic 

biotite. 

la te  stage mineralization. 

A post tectonic assemblage of 

Metamorphic overprinting appears t o  be localized i n  areas of 

2.5 Geochronol ogy 

Thirteen who1 e rock Rb-Sr age determinations were carried o u t  b o t h  on 

altered and unaltered rocks collected from various localities on the 

property. 

w i t h  mineralization. 

geochronology labs a t  U.B .C .  

on Figure 2-1- 

A single K / A r  age was obtained from Cr-muscovite associated 

All age determinations were performed i n  the 

Rb-Sr samples and their isochrons are shown 

Sample locations are given on the map i n  Appendix 3. 

Under normal conditions, Rb-Sr determinations on mineral separates 

yield metamorphic ages and whole rock determinations give original 

rock age. Highly altered or metasomatized rocks, as i s  the case here, 

yield metamorphiclmetasomatic ages 

of 87Sr:86Sr ratios. An isochron 

technique of  least squares regress 

gives an age o f  201+16 - Ma. Figure 

due t o  corn 

cal cul ated 

on for a l l  

2-1 Shows 

1 ete re-equi 1 i brati on 

by computer using the York 

d a t a  (see table 2-1 ) 

sochrons plotted for  d a t a  



+ metasomatic sample 
0 metamorphic sample 

1 .O .4 .6 .8 -2 

Rba7/Sr 86 

Figure 2.1 : Rubidium-strontium isochrons  f o r  ne tasomat ic  and metamorphi samples.  
l le tasomatic  isochron of  19!?+11 Fla i s  concordant with K/Ar d a t a .  
Unal tered samples f a i l  t o  dzfine a s i p n i f i c a n t  isocilron b u t  t r e n d  
towards an i n c r e a s e  i n  aqe.  
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segregated i n t o  a l t e r ed  and  unaltered samples on the basis of 

chemistry and petrography. Metasomatic samples have an isochron a t  

190 - + 11 Ma. 

age determination b u t  trend towards an o lder  age. 

a r e  provided by f o s s i l s .  

limestone immediately west of the property hosts Mississippian fauna 

( J .  Monger, pers. corn. , 1981) and provides a probable upper  age. 

Ordivician conodants have been col lected by P. Read (pers. comm., 1981) 

i n  s imi l a r  s t ra t igraphy ten kms t o  the southwest of the property area.  

Unaltered data show too much s c a t t e r  t o  y i e l d  a s ign i f i can t  

Geological age cons t ra in ts  

Overlying and s t r u c t u r a l l y  conformable 

K/Ar determinations on Cr-muscovite y ie lds  a mineralization age of 192 + 7 Ma; 

which i s  concordant w i t h  the a l t e r a t i o n  age. I t  should be noted t h a t  these 

da tes  a re  remarkably s imi l a r  t o  those obtained from hydrothermal b i o t i t e  a t  

the nearby porphyry deposits of Schaft Creek (182 + 6 Ma; Pantaleyev, 

1973) and Galore Creek (198 - + 7 Ma; White e t  a l ,  1968). 

summarizes the geochronology of mineralization and plutonism f o r  the 

regi on. 

- 

- 
Figure 2-2 
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FIGURE 2.2. Summary of geochronology for mineralization and 
plutonism i n  the central Telegraph Creek map 
sheet area (194G) 
( i n  ?rep.)  exceFt where noted i n  t ex t .  

A1 1 determinations by Holbek 
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3. LITHOGEOCHEMISTRY 

3.1 Methods 

Rock samples were collected as chips from two t o  ten square-metre 

outcrop areas in order t o  provide representative specimens. Fi el d 

duplicates were taken t o  monitor chemical variance due t o  sampling. 

Rocks were ground t o  -280 mesh, s p l i t  and lab duplicates were taken. 

With the exception of  gold, a l l  elements were analyzed by X-ray 

flourescence of four  gm pressed powder pellets. 

performed on computing f ac i l i t i e s  a t  U.B.C.  

Vander Hayden (1982) and Berman (1977).  

on a volatile free basis. 

Data reduction was 

utilizing programs by 

A1 1 results were calculated 

Analytical precision was determined on duplicate pairs using the 

method of Thompson and Howarth (1976; 1978). Precision varies, bo th  

as a function of concentration and the element analyzed. Appendix I 

i s  a diagramatic representation of precision for a l l  elements a t  90% 

and 99% confidence levels. 

performed on trace elements w i t h  the eception of Cr and V ,  t o  make 

a representative measurement of precision; however, qualitative 

estimates are shown in Appendix I .  

Insufficient duplicate analyses were 

3.2 Major Element Chemistry 

Results o f  major element analyses are presented i n  Table 3.1. Average 

analyses for lithological units are also included in Table 3.1. 

outside of  1.5 standard deviations were n o t  used in calculation o f  

Analyses 



UNIT  CHEll.CLAS. 
ARGL 
ARGL 

PGST A L K A L I  BASALT 
I, " 

QMCS BASALT 
CMOS ANDESITE 
CHST/GRST 
GRST 
GRST 

PGST? " 

GRST 
PGSTT 
GRST 

, 

QMCS 

#I 

GRST 
I 

FVCS 

GRST 

I 

I, 

GRST 
I ,  

GRST 
,I 

I 

BASALT 
H A W 1  I T €  

THOL.BASALT 
0 

ANDES I TE 
P I C R I T E  BASALT 
K I'O(1R BASALT 

6 

BASALT 
ANDES1 T E  

P I C R I T E  R A S A L T  

CALC-ALK. AND. 

BASALT 
I, 

0, 

THOL.BASALT 
I, 

THOL.BASALT 
I 

,I 

I, 

I.D. 
27b 1 
27b2 

78b 1 
78b2 

126a 
126b 
12Bd 

12Cf 
126c 

t 2 6 a l  
128a2 

136b 
142 
143a 
142b 

14Ja2 
l44bl 
14Jh2 

i45h 1 
1 *I  5h2 

l6Gb 

173n 1 
173hl 
173n2 
173b2 

175-1 
175-2 

176a 1 
176b 1 
176a2 
176b2 

SI AL FE MG CA NA K T I  MN P 
65.08 17.75 6.01 2.11 1.84 2.40 3 . 8 0  1.00 0.17 0.24 
65.20 17.54 5.99 2.25 1.85 2.12 3.73 0.99 0.17 0.23 

45.95 15.79 10.59 11.04 10.53 4.83 0.29 1 . 1 1  0.10 0.16 
44.62 15.50 10.64 11.74 11.92 4.36 0.40 1.05 0 07 0.15 

67.19 12.09 4.86 5.55 5.92 1.6J 1.72 0.42 0.17 0.08 
68.45 15.60 4.59 3.47 2.78 1.79 2.43 0.59 0.12 0.27 
41.59 17.06 19.03 10.54 6.42 1.77 2.17 2.81 0 .16  0.40 
50.47 15.68 14.83 8.30 4.24 4.11 0.33 2.36 0 17 0.38 
3 8  30 i 4 . m  14.21 8.69 7.37 4.41 0.41 1.97 0.16 0.37 

55.65 15.41 7.56 5.89 10.19 2.43 2.31 0.58 0.15 0.14 
55.43 15.29 7.45 5.60 9.95 2.38 2.32 0.57 0.15 0.15 

49.64 17.45 f4.21 9.59 1.85 2.83 3.93 1.04 0.17 0.23 
J8.C;5 15.42 15.1C 9.60 5.12 3.06 1.47 1.87 0.14 0.3C 
46.92 115.28 16.20 11.02 3.54 3.16 1.31 2.17 0.17 0.31 
51.03 14.71 12.92 9.76 5.72 3.76 0.32 1.70 0.13 0.34 

G5.28 15.80 7.94 3.64 3.68 1.44 1 . 6 C  0.60 0.15 0.09 

71 I G  14.91 5.41 2.64 2.23 1.31 1.74 0.51 0.13 0.07 
71.55 IPJ.OO 5.13 2.58 2.23 1.22 1.74 0.51 0.12 0.07 

37 02 17.70 2 5 . G R  6.77 7.73 0.81 2.92 4.12 0.11 0.35 
3 1 . 8 3  17.97 25.05 6.79 7.23 1.61 2.87 4.12 0.11 0.35 

63.W 15.06 7.64 6.85 1.79 3.54 0 . 5 8  0.6G 0.17 0.11 

11.96 1C.0C 16.75 11.14 5.39 2.90 0.10 6.92 0.15 0.67 
38.01 15.56 23.21 17.27 3.65 2 . R R  0.10 C.7R 0.17 0.59 
38.2G 15.51 21.53 12.15 5.47 2.83 0.09 6.09 0.15 0.61 
37.92 1G.15 22.33 12.30 3.80 2.92 0.11 6.91 0.17 0.54 

60.74 11.62 24.18 2.49 1.61 0.61 '2.15 0.63 0.60 0.14 
60.07 11.73 25.50 2.42 1.42 0.53 2.04 0.62 0.56 0.14 

49.89 14.44 13.57 9.22 7.11 3.60 0.54 1.63 0.10 0.40 
49.86 13.85 13.32 8.85 8.25 3.76 0.42 1.65 0.09 0.41 
47.64 14.99 14.59 9.73 7.35 3.77 0.55 1.62 0.09 0.40 
49.34 14.53 13.18 8 .93  8.05 3.82 0.44 1.75 0.09 0.40 

TOTAL 
100.43 
100.40 

100.4 1 
100.47 

99.68 
100.18 
101.97 
100.90 
100.70 

100.33 
100.29 

1C0.97 
100.87 
101.09 
100.42 

100.30 
100.16 
100. 15 

104 . 10 
103.95 

100.06 

102.05  
103.23 
102.71 
103. 15 

104.34 
105.05 

100.53 
100.48 
100.75 
100.55 

TABLE 3.1. Major Element Determinat ions.  
i ndi c a t e  1 ab dupl i c a t e s .  

a-b subscripts i n d i c a t e  f i e l d  d u p l i c a t e s ;  1-2 s u b s c r i p t s  



U N I T  CHEI4. CLAS . 
C A L T  BASALT 

I, I 

,I 

ARGL 

QMCS ANDE S I T E  
QMC S ANDES1 TE 

CQMS BASALT 
CQMS BASALT 
OMCS DAC I T E  
CHST P I C R I T E  BASALT 

CHST/ALT 
CHST P I C R I T E  BASALT " II 

I 

0, , I  

GRST T H O L . A N D E S I T E  
a " 

CALT 
C A L T  
.CALT 
CALT 

PGST ALKALI BASALT 

I 11 

QMCS K - R I C H  BASALT 

STANDARD 

CHST 
PGST 
F V C S  
GRST 
QMCS/CQMS 

I .D. 
180al 
180a2 
180a2 
18Obl 
180b2 

181a 
l8Ic 
181~2 

18 1e 
18lf 
181g 

184a 
186a 1 
186a2 
186b1 
186b2 

,181d 

188a 1 
188b2 
188bl 
188a2 

188c 
188d I 
18842 
188f 

189a1 
189b2 
189bl 
189a2 

190al 
190a2 
190b2 

bcr- 1 
bcr-l* 

SI AL FE I lG CA NA K T I  t1N P 
57.31 16.25 8.41 4.60 9.07 1.48 2.27 0.71 0.17 0.13 
57.84 15.91 8.34 4.65 8.97 1.46 2.21 0.66 0.17 0.12 
57.82 15.89 8.03 4.52 8.71 2.14 2.22 0.66 0.17 0.11 
81.64 9.74 2.75 1.39 0.57 0.86 2.36 0.27 0.10 0.13 
81.7f 9.65 2.83 1.37 0.86 0.44 2.40 0.28 0.10 0.14 

55.04 18.02 12.61 4.62 3.71 2.84 2.61 1.00 0.18 0.33 

49.78 19.11 16.42 4.54 2.52 2.47 5.10 1.28 0.17 0.32 
51.58 17.39 13.43 6.15 5.65 2.51 2.75 1.06 0.16 0.31 
57.99 17.69 10.18 4.68 2.54 1.20 5.02 0.93 0.17 0.25 
73.33 13.90 2.46 4.03 0.23 0.83 4.82 0.28 0.14 0.03 
45.09 13.99 13.37 15.85 7.31 2.21 0.86 0.92 0.12 0.15 

55.07 18.58 11.75 3.60 4.17 3.88 1.74 0.98 0.17 0.24 
46 08 14.37 13.88 14.96 5.93 1.58 1.99 0.92 0.15 0.17 
46.60 14.06 13.17 15.09 5.72 2.08 1.95 0.88 0.14 0.16 
46.55 13.95 12.87 14.94 6.31 2.08 1.97 0.87 0.15 0.14 
47.11 14.22 13.13 14.59 6.45 1.29 1.99 0.89 0.15 0.14 

49.74 18.60 16-45 4.65 2.53 2.73 5.11 1.28 0.17 0.32 

50.17 14.22 16.99 7.39 3.50 4.47 0.30 3.56 0.25 0.60 
50.78 13.36 17.41 7.51 4.04 3.82 0.33 3.69 0.33 0.45 
49.77 14.08 17.39 7.74 4.05 3.85 0.33 3.78 0.33 0.48 
50.59 14.70 16.59 7.01 3.45 4.52 0.32 3.47 0.25 0.53 

53.53 16.16 13.31 3.73 7.46 1.25 3.06 2.22 0.27 0.33 
69.73 12.36 9.24 1.34 2.23 1.21 1.82 1.40 0.17 0.38 
69.78 12.37 9.29 1.30 2.24 1 . 1 1  1.83 1.40 0.17 0.37 
64.32 13.90 9.06 1.93 4.98 0.81 2.50 1.97 0.17 0.31 

43.71 14.90 10.51 .12.34 12.17 4.04 0.90 1.36 0.17 0.21 
47.30 14.91 10.01 15.10 6.45 3.59 0.97 0.97 0.17 0.11 
46.51 15.53 9.90 15.12 6.48 3.86 0.99 0.98 0.17 0.12 
45.74 15.00 10.16 11.18 11.48 4.16 0.92 1.30 0.17 0.18 

68.27 12.61 6.45 3.82 6.45 1.08 0.49 0.36 0.17 0.09 
69.09 12.95 6.29 3.71 6.06 0.60 0.50 0.37 0.17 0.10 
66.29 13.78 6.99 3.81 7.15 0.61 0.65 0.44 0.18 0.08 

55.64 14.39 12.89 2.80 6.17 3.65 1.57 2.16 0.17 0.31 
54.93 13.72 12.44 3.48 6.97 3.30 1.70 2.26 0.18 0.36 

TOTAL 
100.41 
100.34 
100.30 
99.82 
99.80 

100.99 
101.61 
101.72 
101.02 
100.67 
1 0 0 . O I  
99.91 

101 .oo 
100.06 
99.88 
99.85 
99.98 

- 

10.45 
101.73 
101.82 
101.45 

101.34 
99.90 
99.90 
99.96 

100.32 
99.61 
99.68 
100.31 

99.82 
99.86 
99.99 

100.46 
99.99 

average 46.00 14.04 13.32 15.38 6.70 2.01 1.41 0.91 0.13 0.15 
average 45.55 15.37 10.38 12.42 10.19 4.25 0.65 1.12 0.13 0.14 
average 63.64 15.06 7.64 6 . 8 5  1.79 3.54 0.58 0.66 0,17 0.11 0 
average 49.11 15.30 15.01 9.69 4.52 3.29 0.78 2.28 0.16 0.40 0 
average 68.55 14.08 5.34 3.76 3.80 1.26 1.97 0.46 0.15 0.08 

100.26 
100.20 
100.06 
100.54 
99.45 

TABLE 3.1 Cont'd. 
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20.  0 Unit 3 PGST f 
A Unit 2 CHST 

/- -- Unit 5 GRST 
R Unit A QMCS : 
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SiOi 

Figure 3 . 2 :  8li:alies s i l i c a  plot with alkaline-subalkaline d i v i d i n g  
l i n e  from Irvine and Baragar (1971)  c lass i f ica t ion  
f i e lds  a f t e r  Cox e t  a1 (1373) :  1-nephelenites and 
tepliri tes  , 2-phonoli t e s  and  traciiytes , 3-trachybasal ts , 
&basal ts ,  5-andesites, 6-dacites and rhyol i tes .  l h i t  3 
plots in the alakl ine f i e l d ,  uni ts  2 and 5 l i e  along a 
t h o l e i i t i c  trend (see figure 3.3) .  
for  U n i t  A plots outside of normal c lass i f ica t ion  f ie lds  
due t o  netasomatic sodium loss  and s i l i c a  audition. 

Average sample 



A Unit 2 CHST 
0 Unit 3 PGST 
V Unit 4 FVCS 

0 carb.alt.GRST 

Figure 3.3: AflF diagram plotted from major elernent cilernistr:!. Tiioleiite- 
calc a lkal ine dividing l ine  from I r v i n g  and Baragar ( 1 9 7 1 ) .  
Unit 5 plots i n  t!le t h o l e i i t e  f i e ld .  
different ia t ion trend. 

U n i t  A disnlays a \?leak 
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wi t : i  rnzgrnati c d i  f fe ren t ia t ioa  trend based on average 
rock composi t i o i x  ( L e  Mai t r e ,  1976) 
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l ike ly  a function o f  b o t h  different ia t ion and 
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averages. 

found i n  Appendix 11. 

A correlation matrix for  major and t race  elements can be 

Figure 3.1 i s  a Harker variation diagram showing elemental concen- 

t r a t ion  as a function of si 1 ica content 

a re  supported by chemistry w i t h  S i ,  Fey Mg andTi showing the greatest  

variations.  

f o r  A 1  which remains unchanged. 

s i l i c a  i s  anomalous w i t h  respect t o  rock-forming processes. 

Li tho1 ogi cal subdivisions 

All elements display a negative correlation w i t h  Si except 

Depletion of Na w i t h  increasing 

Chemical c lass i f ica t ion  and nomenclature of volcanic rocks according 

t o  the system of Irvine and Baragar (1971) are  shown in Figures 3 , 2 ,  

3.3 and Table 3.1. 

the a lka l i c  character of Unit 3. 

c lass i f ied  by Figure 3.2, b u t  plot  i n  the tholeiite f i e l d  of Figure 

3.3. The average composition of the U n i t  A samples plots  outside of 

the standard c lass i f ica t ion  f i e lds  of  Figure 3.2 due t o  considerable 

sodium depletion. 

a par t ia l  magmatic d i f fe ren t ia t ion  trend. 

Figure 3.2 i s  an a lka l i e s - s i l i ca  p l o t  and shows 

Units 2 and 5 a re  n o t  effect ively 

On the AFM diagram (Figure 3 . 3 ) ,  U n i t  A displays 

3.3 Trace Element Chemistry 

Results of  t race element analyses are  shown i n  Table 3.2.  Primary use 

of t race  element data i s  t o  fur ther  aid chemical c lass i f ica t ion  and t o  

provide constraints on magmatic a l f i n i t e s  and  plate  tectonic se t t ing .  

Trace elements have an advantage over major elements i n  t ha t  they are  
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l e s s  mobile d u r i n g  syngenetic or  subsequent a l te ra t ion .  

The Zr-Ti-Y ternary discrimination diagram (Figure 3.5) a f t e r  Pearce 

and Cann (1975) indicates a within plate  o r i g i n  for  BJ basal ts .  

Since a continental origin i s  unlikely fo r  an accretionary t e r r a in ,  

an ocean island se t t ing  i s  implied. This implication i s  a lso reached 

via a Ti-Cr p l o t  (Garcia 1978) and Y/Nb ra t ios  (Pearce and Cann 1975). 

The h i g h  N i  and Cr content of U n i t  3 and Fe, Ti content U n i t  5 i s  a lso 

charac te r i s t ic  of primitive magmas erupted as ocean islands (Irvine 

and Baragar 1971). 

i n  Figure 3.5 i s  due to  e i the r  Ti loss or  tha t  those samples were not 

basal ts .  The association of  a lka l ic  and t h o l e i i t i c  basalts and major 

element chemistry a re  very compatible w i t h  an ocean island se t t ing .  

The discrepency between U n i t  A and the other Units 

Much of the above i s  only s ignif icant  if  the t race elements used have 

not changed t h e i r  ra t ios  since magmatic c rys ta l l iza t ion .  T i  and Zr 

have been shown t o  be immobile, even d u r i n g  hydrothermal a l te ra t ion  

(Finlow-Bates and Stumplf 1981). 

plotted agains MgO, Zr a n d T i  ra t ios  w i t h  A 1  normalize the constant 

sum ef fec t  d u r i n g  ga in  or loss of s i l i c a .  

the  various l i thologies ,  over a range of MgO values, indicates lack of 

Zr mobility. Al/Ti ra t ios  display a sympathetic trend w i t h  MgO except 

fo r  a marked diversion of U n i t  A and a l tered samples. 

within Unit A and the s l i gh t  r i s e  o f  A/Tisf the a l te red  ch lo r i t e  sch is t s  

suggests limited T i  mobility. 

Figure 3 .  shows Al,Ti and Zr ra t ios  

The constant Al/Zr r a t i o  for  

The sca t t e r  

The unique g r o u p i n g  o f  U n i t  A Zr/Ti 



SAMPLE I . D .  

27a1 
27a2 
78bl 
78b2 
126 a 
126b 
126d 
126e 
126f 
128al 
128a2 
136b 
142 
143a 
143b 
144a2 
144b2 
145bl 
145b2 
166B 
173al 

176al 
180a 
181a 
181c 
181d 
181e 
181f 
1819 
184 

188al 
188a2 
188c 
188d 
188f 
189al 
189bl 
189b2 
190a 1 
190a2 
190b2 
RC4 

175-1 

186al 

ROCK TYPE 

ARGL 
ARGL 
PGST 
PGST 
CQFlS 
QCMS 
CHST 

CALT/GRST 
GRST 

? 
? 

CALT 
GRST 
GRST 
GRST 
QMC S 
QMCS 

GRST 
GRST 
FVCS 
GRST 

CALTjGRST 
GRST 

7 
QMCS 

QMCS 
CHST 
CHST 
QMCS 
CHST 

CALT/CHST 
CHST 
GRST 
GRST 
CALT 
CALT 
CALT 
PGST 
PGST 
PGST 
QMCS 
QMCS 
QMCS 
NINZ 

-- CHEM. CLASS. 

- 
- 

A1 k a l  i b a s a l t  
A1 k a l  i b a s a l t  
B a s a l t  
Andesi t e  
B a s a l t  
B a s a l t  
Hawai i t e  
K - r i  ch b a s a l t  
K - r i  ch basal t 
Andes i t e 
Basa l t  
Pi c r i  t e  basa l t  
K-poor basa l t  
Basa l t  
Andesi t e  

- 

Daci t e  
K-poor basa l t  

P i  c r i  t e  b a s a l t  
Basal t  
Andesi t e  
Andesi t e  
Basa l t  
Basa l t  
Daci te  
P i  cri t e  basa l t  
Basa l t  
P i  c r i  t e  basa l t  
Basa l t  
Andesi t e  

I 

- 
- 
- 

A1 k a l  i b a s a l t  
A l k a l i  b a s a l t  
A1 k a l  i b a s a l t  
K-r ich b a s a l t  
K-r ich b a s a l t  
K- ri ch b a s a l t  

- 

Nb Z r  - -  

17 74 

15 121 
20 146 
20 145 
20 138 
20 154 
18 165 

20 122 
18 169 
19 158 

18 154 
19 156 

21 198 

20 99 
18 114 
17 99 
14 110 
24 271 
18 64 
17 110 

22 191 
23 196 

15 106 
16 77 

17 76 
18 130 
18 130 

- v z  

30 269 

22 173 
43 238 
32 162 
38 102 
35 415 
36 310 

32 81 
42 445 
40 260 

36 149 
33 157 

27 252 

26 199 
39 207 
26 199 
18 270 
(1 9 
20 566 
24 234 

43 192 
47 199 

2' ,1031 
24 208 

25 203 
31 117 
33 118 

1 

31 
40 
29 
4 
8 

38 

78 
23 
12 

32 
31 

tl 

57 
112 
57 

104 
96 
13 
36 

<I  
3 

30 
16 

15 
7 
5 

5 2 104 74 
20 22 93 69 

210 329 173 29 
205 316 170 57 
45 110 71 65 
62 68 95 77 
32 65 381 53 
20 78 358 36 
23 78 350 36 

106 126 109 
39 111 143 
3 13 207 35 

60 329 26 
59 345 16 

23 26 383 21 
9 21 94 56 
6 68 83 49 

20 12 485 65 
24 22 523 69 

110 74 83 27 
4 15 412 30 

33 86 132 240 
11 47 370 26 

118 126 62 
3 29 161 56 
5 5 235 36 
5 29 210 36 

11 58 194 22 
11 53 71 174 
58 21 449 15 
4 39 154 44 

63 58 452 24 
5 427 49 

14 470 19 
5 61 378 919 
4 89 134 215 

87 182 106 
114 256 244 18 
120 198 222 < 1  
120 182 234 5 

57 
14 

78 69 71 

Nd - 
40 
31 

< 1  

12 
9 

12 
19 
9 

10 
21 

7 
34 
12 
19 

8 
12 
5 
4 
6 

48 
31 
25 
11 
10 
10 

7 

< 1  
48 

5 
14 
18 
15 
12 
15 

< 1  
28 
<1 
14 
< 1  
13 
26 

7 

1 
1 

12 
1 

34 

TABLE 3.3: TRACE ELEMENT DETERMINATIONS 
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Ti/ 100 
A Unit 2 CHST 
0 Unit 3 PGST 

Unit 5 GRST 

Zr \ / Y x 3  

Figure 3. : Ternary discrimination diagram a f t e r  Pearce am! Catin (197:). 
Fie1 cis d i f fe ren t ia te  between p? a te  tectonic sett-i rigs 
fo r  basalts:  !lithiii plate  - ocean is1ai:d or  continentaly: 
basal ts  plot i n  f i e l d  3; Ocean f loor  basal ts  ii: f i e i d  B ;  
lot: potassium tho le i i t e s  i n  f i e lds  A and B ;  calc-alkali  
basal ts  i n  f i e l d s  C and  B .  

BJ basalts p lo t  as w i t h i n  ? l a t e  basal ts .  
a l l  BJ volcanics have a conmon tectonic o r ig i i i ,  unit  A 
plots ? n  f i e ld  C e i t he r  because samples have undergone T i  
loss o r  that  they were n o t  or i9inal ly  basal ts .  

Assunii?g t h a t  

:>Recent vork has deononstrated t h a t  this diagram i s  
n o t  sui table  for  continental basa: t s  (Ho’lms 1222) .  
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O C  0 
A 

A 

Figure 3. : A1, T i  and Zr r a t io s  plotted against !:go. A1 ra t ios  
provide a normalization fac tor  in the evert  of loss 
o r  addi tiori o f  si 1 i ca 
rocks of  knon parentage. Pocks show consistent A l l 3  
ra t ios  over a range of I:gO, a t t e s t ing  t o  the re la t ive  
immobility o f  Z r .  Al/i i  ra t ios  d i s p l a y  a sjmFat::etic 
trend !:lit> KgO except f o r  a marked diversion o f  $,;its 
4 and A .  ihe s l i gh t  r i s e  in t:;e A l / T i  ra t ios  o f  
a1 terecl ch lo r i t e  sch is t s  a:?d tl:e s ca t t e r  in u::it A 
suggests some T i  robi l i  ty .  The narked i iicrease - i n  Zr/Ti 
ra t ios  o f  u n i t  F, indicates t h a t  i t s  deviatioi: from other 
u n i  t s  r'as control 1 ed more by primary rnagnati c urocesses 
t!;an by a1 t e r a t i  or,. 

ti01 lop: synbol  s i iidi cate a1 tered 

- 
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ratios indicates a separate rock type fo r  these samples. 

r a t i o  of about  3 is  typical of dac i t i c  compositions (Floyd and Winchester 

1978). 

are visually both  macro and microscopically indistinguishable from Unit 

A samples. 

the parentage of a1 tered rocks 

This Zr/Ti 

I t  should be noted however t h a t  the altered samples o f  Unit 2 

Therefore, Zr and T analyses can provide useful guides t o  

Y analyses are extremely well behaved and do not  appear t o  be affected 

by a1 teration. 
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4, ALTERATION AND MINERALIZATION 

4.1 Description of Mineralization 

Rocks containing elevated precious metal values occur i n  several 

d i s t i n c t  settings. 

carbonate dominated systems. 

on the basis of morphology, textures and mineral assemblage. 

the order of paragenetic sequence the subdivisions are:  12 metamorpho- 

genic quartz-pyrite veins; 2 )  disseminated sulphides i n  carbonate 

a1 te ra t ion  zones; 3 )  carbonate-sulphide veins; 4) quartz-chal co- 

pyri te  veins; and 5) quartz breccia veins. 

gradations between groups often make s t r i c t  c lass i f ica t ion  d i f f i -  

cu l t .  

Occurrences can be divided into s i l i c a  or 

Further subdivisions can be made 

In 

Superimposition and 

Details of the various groups a re  g iven  below. 

1 )  Metamorphogenic quartz-pyrite veins. 

These veins are  ubiquitous t o  the property and surrounding 

area. 

l en t icu lar  morphology is  standard. 

peripheral t o  veins i s  common. Most veins are  concordant, e i t he r  

lying along fo l i a t ion  planes or concentrated i n  zones of d i la t ion  

such as  fold noses. 

of deformation and have been deformed by subsequent phases. 

Dimensions are highly variable,  b u t  i r regular ,  sub-continuous, 

Sil ica-potassic a l te ra t ion  

Veins are  synchronous w i t h  the f i r s t  phase 

Veins consist  of coarse grained, milky quartz w i t h  coarse 

euhedral pyri te .  Chalcopyrite i s  associated,  b u t  other sul phides 

are scarce. 

anomalous t o  potent ia l ly  ore grade i n  ra re  sulphide rich pods. 

Gold values a re  generally low, ranging from mildly 
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The only s ignif icant  showing i n  this group i s  the t e l lu r ide  

vein i n  the central  area of the Jay chain. 

exposed over a distance of 180 m and hosts a mineral assemblage 

incl uding : go1 d ,  hessi t e  , tetradymi te  , t e l l  urobi s m u t h i  t e  , gal ena , 
t e t rahedr i te ,  sphaler i te ,  chalcopyrite and pyri te .  

was disappointing, yielding only 0.014 oz/t .  

d i s t i n c t  showing gradually increasing s i l i c i f i c a t i o n  of wall rocks. 

Faint out1 ines of ghost fragments, which s t i l l  maintain s t ructural  

conformity w i t h  wall rocks, indicate passive emplacement. 

The vein i s  conformable, 

The gold assay 

Vein margins a re  i n -  

2 )  Quartz breccia veins. 

These veins are  eas i ly  distinguished by their cross-cutting 

relationships and breccia textures.  

t o  subrounded c h u n k s  o f  wall rock in varying stages of s i l i f i c a t i o n ;  

sugges t ing  forceful emplacement of veins. Mineralization consis ts  

of pyr i te ,  galena , sphaler i te  and gold hosted by f ine  grained, grey, 

glassy quartz and minor bar i te .  

a A g : A u  r a t i o  of 8:l have been obtained w i t h i n  this type of minera- 

l i za t i  on. 

Breccia fragments a re  angular 

Grades of up t o  0.412 o z / t  A u ,  w i t h  

3) Quartz-chal copyrite veins i n  carbonate a1 teration zones. 

These veins a re  l i ke ly  synchronous t o  the quartz breccia veins. 

Veins a re  commonly dark t o  l i g h t  grey and glassy b u t  can be mi lky  

and occur exclusively w i t h i n  iron-carbonate a l te ra t ion  zones i n  

greenstones. 

is charac te r i s t ic .  

do not const i tute  an appreciable tonnage. 

Coarse ameboid chalcopyrite w i t h  lesser  te t rahedr i te  

In general, veins are narrow and sinuous, 1.nd 

The best showing of this 
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type i s  on the Wish claim. 

4 )  Carbonate-sulphide veins. 

Steeply dipping and f racture  controlled,  these reins h a  re 

sharp contacts w i t h  t h e i r  wall rocks which are  usually a l tered 

t o  fuchsi te ,  s e r i c i t e  , carbonate, quartz sch is t s .  

tures, w i t h  both wall rock and vein fragments indicate multiple 

stages of formation. 

pyrite and arsenopyrite through t o  scattered coarse blebs of 

sphaler i te ,  chalcopyrite and galena i n  a matrix o f  mangosiderite. 

Fr ieber igi te  commonly occurs between carbonate bands or breccia 

fragments. Gold dis t r ibut ion i s  e r r a t i c  w i t h  the same location 

g i v i n g  samples of 2.0 oz/ t  and 0.2 oz/ t .  Carbonate sulphide 

breccia veins a re  located on the S n o u t ,  Grey and Jay claims. 

Breccia tex- 

Sulphides range from massive t o  granular 

5 )  Carbonate a l te ra t ion  zones. 

Restricted t o  massive ch lor i te  sch is t s  and greenstones, these 

conspicuous zones of oxidation and carbonization are common over 

much of the property area. 

Zones may be related t o  e i the r  carbonate-sulphide breccia veins 

or small stock works of quartz-chalcopyrite veins. Sulphides are  

typ ica l ly  medium grained disseminated pyri te  and lesser  arseno- 

pyri te .  

Au. 

l ine  s i l i c a  f racture  f i l l i n g s .  

occur i n  suf f ic ien t  quantity and s ize  t o  account fo r  widespread 

anomal ous go1 d geochemistry. 

Grades in these zones range from 0.03 o z l t  Au t o  0.09 oz / t  

Gold occurs as micro grains within the pyrite and along hair- 

Although sub-economic, these zones 



28 

4.2 Sulphide Mineralogy and Paragenesis 

4.2.1 Mineralogy 

Pyr i te 

Pyrite is the most abundant sulphide with rock volume ranging 

to 50% and an average of 10%. The pyrite occurs as euhedral 

to anhedral disseminated grains and as angular crystal aggre- 

gates. The size of the pyrite varies between 2 mm and .001 mm 

wide. 

host rock as well as occurring in micro- to macro-quartz 

veins. 

along fault planes. 

pyrite along with other textures such as syneresis cracks and 

penetration twins. Most of the pyrite contains encapsulated 

gangue. 

sphalerite, pyrrhotite and hematite. Most of the minerals are 

trapped via the crystallization of pyrite, but in the case of 

pyrrhotite, it occurs as a replacement texture. In several 

samples, pyrite shows extreme replacement by hematite; one 

case in particular, the hematite replaces pyrite preferentially 

along cleavage planes. 

and occur as crack fillings. 

hedrite, chalcopyrite, sphalerite, galena, and hessite 

pyrite is also intergrown with arsenopyrite and in one pol- 

ished section it is observed completely contained with n a 

rhombic shaped arsenopyrite crystal aggregate. 

Pyrite is disseminated throughout the quartz-carbonate 

Occasionally, the pyrite shows rounding due to shearing 

Cleavages are sometimes visible in the 

The pyrite also contains chalcopyrite, tetrahedrite, 

Many minerals form around the pyrite 

Examples of these are tetra- 

The 
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Tetrahedri te 

The tetrahedrite occurs as irregular convex shaped blebs. 

There seems to be varying amounts o f  arsenic as indicated 

by variations in the intensity in the characteristic green 

tint. Tetrahedrite is quite abundant in the rock suite with 

values ranging to 15% and size grading to 5 mm. 

hedrite is commonly intergrown with chalcopyrite, as well 

as with hessite and galena on rare occasions. Tetrahedrite 

is associated with all minerals identified in the suite and 

is commonly found enclosing pyrite, sphalerite and arseno- 

pyrite. 

and arsenopyrite and within quartz veins with pyrite, sphal- 

erite, and gold. Oxidation o f  the tetrahedrite is visible 

where a tiny quartz vein crosscuts a tetrahedrite grain 

creating selvages of cuprite. It is possible that some 

chalcopyrite present in the tetrahedrite is the result o f  

exsolution and not just simply an intergrowth. 

(Ag = 15-20%) occurs as coarse irregular grains associated 

with chalcopyrite and pyrite in mango-siderite veins and 

The tetra- 

It is also found as trapped grains within the pyrite 

Friebergite 

breccias. 

Chalcopyrite 

This mineral occurs in all the polished sect ons studied 

with values ranging to 5%. 

isolated irregular convex shaped blebs with sizes grading 

to 2 mm and as intergrowths with the tetrahedrite. 

chalcopyrite also quite commonly occurs as exsolution 

lamellae and blebs within the sphalerite. 

The chalcopyrite occurs as 

The 

The orientation o f  
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the chalcopyrite is dependant upon the cleavage directions 

o f  sphalerite. 

portion of the chalcopyrite is the product o f  exsolving from 

the tetrahedrite. Chalcopyrite is commonly observed filling 

cracks in and around the pyrite and the arsenopyrite as well 

as being contained within the pyrite and arsenopyrite crystal 

aggregates and grains. Definite replacement texture is noted 

where chalcopyrite a1 tered to cuprite via oxidation. 

occurs as a reaction rim around the chalcopyrite. 

Sphalerite 

The mode o f  sphalerite can reach as high as 15%, as in P.S. 

Rat-A, and is quite common to the system. 

crystals are bimodal in the size distribution. The shape o f  

the larger sphalerite grains are rhombohedrons with size 

ranging to 2 mm. 

There is some possibility that a small pro- 

This 

The sphalerite 

The smaller sphalerite grains are around .04 mm and occur as 

lathes to semi-circular crystals. 

most other minerals and i s  intergrown with chalcopyrite. 

In most cases, the sphalerite exhibits exsolution blebs and 

lame’llae of chalcopyrite with minor amounts o f  eskebornite. 

The exsolution blebs are more concentrated near the edge 

of the sphalerite. In one sample, the sphalerite within the 

quartz veins is nearly devoid o f  any chalcopyrite and it has 

an orange-yellow internal reflection suggesting a high t o  

intermediate iron content. 

Sphalerite occurs with 
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qrsenopyrite 

Values to 30% and usually occuring as subhedral to anhedral 

grains which exhibit thecharacteristic rhomb shape along with 

rectangular and wedge shapes. 

containing up to 45% encapsulated gangue within crystal aggre- 

gates. 

variable fracturing. 

as angular crystal aggregates, 

gates, and in microquartz veins (approximately 2 mm). Like 

pyrite, arsenopyrite also contains many entrapped minerals, 

such as tetrahedrite, chalcopyrite, sphalerite, and hematite. 

On rare occasions, blebs of chalcopyrite can be observed within 

the arsenopyrite suggesting that the chalcopyrite might have 

exsolved from the arsenopyrtie. Minerals, such as tetrahedrite 

and chalcopyrite, form within fracture and/or segments of 

arsenopyrite, while hematite, on the other hand, commonly 

shows moderate to strong replacement of the arsenopyrite. 

Hematite 

The arsenopyrite is observed 

The crystals also show moderate segmentation with 

The mineral occurs as isolated grains, 

intergrown with pyrite aggre- 

From samples observed, the hematite can reach a concentration 

o f  5%, and occurs as very small (.04 mm) needle shaped crystal 

aggregates and as replacement lathes within pyrite and arseno- 

pyrite. In one polished section studied, the hematite selec- 

tively replaced pyrite along the cleavages and following dis- 

solution o f  the pyrite, a grjd pattern o f  hematite was left. 

The hematite is also seen as pseudomorphs after wedge-shaped 

arsenopyrite. A great proportion of hematite i s  found exhibiting 
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the characteristic worm-tube structure. 

around grains of chalcopyrite and tetrahedrite 

This structure forms 

as an oxi- 

dation rind. 

Cuprite 

Occurs as a reaction rim forming around chalcopyrite and tetra- 

hedrite blebs and as selvages of a micro-quartz vein which 

cuts through irregular blebs of tetrahedrite. The cuprite is 

in contact with the chalcopyrite, tetrahedrite, hematite, and 

pyrite. The thickness of the rim is approximately .002 mm. 

Gal ena 

Somewhat restricted in occurrence,galena occurs as irregular 

convex shaped blebs growing around pyrite and sphalerite, and 

intergrown with tetrahedrite. A11 locations containing galena 

also host gold (however, the reverse relationship is not true). 

Tell urides 

Silver and bismuth tellurides occur as thin bands and irregular 

blebs with pyrite, galena and gold. 

ental proportions in discreet phases, as determined by SEM/EDS, 

the following minerals are 1 ikely present: 

dymite and tellurobismuthite. 

found in a single location. 

E s keborn i te 

A tentative identification, this mineral occurs intergrown 

with chalcopyrite as an exsolution lamellae of sphalerite. 

The long thin bleb is approximately .01 rnm long. 

also occurs as much smaller blebs contained within the spha- 

lerite grain. 

Based on relative elem- 

hessite, tetra- 

This assemblage has only been 

Eskebornite 



Pyrrhot i te  

Occurs as exsolution f ea tu re  i n  py r i t e  grains .  

the blebs are i n  the order o f  .01 mm. 

tremely r a r e  and only 6 blebs have been located i n  one of the 

The size of 

Pyr rhot i te  i s  ex- 

samples . 
Gold and Electrum 

Quite r a r e  w i t h i n  the rock suite s tudied,  the presence of gold 

shows no cor re la t ion  w i t h  assay results. 

i n  samples w i t h  assays 40.015 oz/ t  andonly a t i n y  grain of 

electrum was found i n  a sample assaying>2.00 o z / t  Au sug- 

gest ing an inhomogeneous and e r r a t i c  d i s t r ibu t ion .  

Gold was observed 

Gold/eSectrum var ies  i n  shape from rounded t o  highly anhedral 

and i s  associated w i t h  t e l l u r i d e s  and spha le r i t e ,  and occurs 

free i n  both quartz and s i d e r i t e .  In a l l  observations gold 

minerals were extremely fine grained (6.004 m m ) .  

4.2.2 Geothermometry and Paragenesis 

The maximum temperature of formation, tJiven by the py r i t e  - 
arsenopyrite assemblage, i s  491 - 12' (Clark,  1960). 

ever, the overall assemblage pa r t i cu la r ly  the sul phosal t s ,  

suggest lower c rys ta l1  iza t ion  temperatures. 

blages i n  vein related a l t e r a t i o n  indicate  temperatures above 

150' and u p  t o  490OC. 

+ How- 

S i l  i c a t e  assem- 

The mineral t o  f i r s t  appear i n  the c rys t a l l i z ing  melt was py- 

r r h o t i t e .  This c rys t a l l i zed  incongruently t o  f i n a l l y  form 
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pyrite. The arsenopyrite occurred at roughly the same time 

with both sulphides entrapping newly crystallized quartz 

carbonate gangue within their subhedral crystal aggregates. 

The next stage saw the appearance of sphalerite, followed 

closely by chalcopyrite and tetrahedrite. 

ed in the paragenesis by the exsolving of chalcopyrite and 

eskebornite from the sphalerite, and chalcopyrite exsolving 

from the tetrahedrite. A small amount of these minerals 

were included in the pyrite and arsenopyrite crystal aggre- 

gates. 

finished their preveining crystallization. 

the initial crystallization o f  the pyrrhotite and the final 

crystallization of the preveining pyrite et al, the mineral 

galena crystll ized. A s  temperatures dropped to around 200°, 

gold, electrum, and hessite crystallized along with l o w  tem- 

perature tetrahedrite and vein related pyrite, arsenopyrite, 

sphalerite and galena. 

out o f  the sulphide melt together, leaving behind tetrahed- 

rite which crystallized slightly later; while the gold crystal- 

lized as irregular to subrounded blebs within quartz-pyrite- 

tetrahedrite microveins during the last stages of crystal- 

lization. Later, the fully crystallized assemblage was exposed 

t o  an oxidizing environment which caused the replacement of 

pyrite and arsenopyrite by hematite, along with dissolution 

of both sulphides. Chalcopyrite and tetrahedrite were both 

oxidized to cuprite. 

This was follow- 

By this time, the pyrite and arsenopyrite had almost 

Sometime between 

The hessite and electrum crystallized 
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Composite Vandeveer Diagram 

Paragenesis 



4.3 Petrol ogy o f  A1 t e r a t i  on. 

Two types of a1 t e ra t ion  are evident:  a si l  ica-potassi’c a1 t e r a t ion  

and a carbonate-oxide a l t e r a t ion .  Type o f  a l t e r a t i o n  i s  contro 

by structure and l i thology.  Carbonate-oxide a l t e r a t ion  i s  most 

conspicuous i n  greenstones and c h l o r i t e  schists (Fe-rich rocks) 

whereas s i l ica-potass ic  a l t e r a t i o n  predominates i n  the other un 

Alterat ion types a re  superimposed where carbonate-sulphide veins 

cut ea r l  ier s i l  ica-potassic a1 t e r a t ion .  

1 ed 

t s .  

4.3.1 Si l ica-Potassic  Alterat ion.  

Occurs a s  selvages and l a rge r  zones peripheral t o  quartz- 

py r i t e  veins and a s  la rge  zones covering a reas  up t o  1 2  

square km. 

except for some greenstone contacts  which  a r e  r e l a t i v e l y  

sharp. 

grained, deformed and made up o f  variable  proportions o f  

quartz ,  carbonate, muscovite and accessories .  Chlor i te  

and f l u o r i t e  are  common i n  minor amounts. 

s i t i o n s ,  c a l c i t e ,  dolomite and s ider i teyappear  t o  be con- 

t r o l l e d  by bulk rock chemistry. 

and galena are  evenly disseminated throughout. 

abundant a t  some l o c a l i t i e s .  

shows disequilibrium tex tures .  

i den t i f i ed  a t  two loca t ions  and b a r i t e  can occur, b u t  i s  

not common. 

Contacts w i t h  o ther  units a r e  always gradat ional ,  

Mineralogy i s  c h a r a c t e r i s t i c a l l y  extremely fine 

Carbonate compo- 

Very t i ny  gra ins  of a p a t i t e  

Fuchsite i s  

Rutile is  common b u t  general ly  

Garnet has t en ta t ive ly  been 

Porphyroblastic monazite i s f requent ly  encountered. 
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The origin of this u n i t  i s  not straightforward. 

and t race element chemistry indicate varying degrees of 

a l te ra t ion  w i t h i r :  d i f fe ren t  parent rocks. F ie ld  and chemical 

evidence demonstrate t ha t  almost a l l  u n i t s  can form this  

a l te ra t ion  product b u t  the majority l i ke ly  formed from 

fel  s i c  tuffs. 

ubiqui tous carbonate and muscovite, and sodium depletion 

suggest a l te ra t ion  by acid f lu ids  w i t h  C02 > H20, K+> Na+ 

and h i g h  f1u id : rock  r a t i o .  Alteration occurred ear ly  i n  

the deformational sequence of the area.  

Major 

Presence o f  graphite w i t h i n  a l te ra t ion  zones, 

4 . 3 . 2  Carbonate Oxide A1 terat ion.  

T h i s  l a t e  stage a l te ra t ion  i s  strongly fracture  controlled 

and a f f ec t s  a l l  uni ts  b u t  i s  only conspicuous within ch lor i te  

sch is t s  and greenstones. Mineralogical changes of a l te red  

rocks consist  of the breakdown of  s i l i c a t e s  t o  form car- 

bonates, quartz and sulphides, and oxidation of ilmenite and 

magnetite t o  rutiT.e and hematite. 

and s i d e r i t e  w i t h  l esser  quant i t ies  of ca l c i t e .  

Carbonates a re  dolomite 

The large carbonate zone i n  the northwest portion of the 

BJ claim i s  somewhat anomalous. Over 800m long and l O O m  

wide, i t  consists of a central  core of pure, coarsely banded 

and batryoidal carbonate ((Ca.79 Fe.2, Mg-1) C O 3 )  w i t h  edges 

o f  coarse carbonate breccias. 

s i l i c i f i e d  and pyrit ized blocks o f  greenstone, 

Breccia fragments a re  large 

An exotic assemblage of xenotime ( Y  (REE) PO4) ,  monazite, 

apa t i t e ,  hematite, zircon and bar i te  i n  a mat r ix  o f  quartz, 
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Figure 4.3. I:ajor element variation across 
si 1 ica-potassi c a1 terat ion 
peri plieral t o  a quartz-Fyri t e  vei ii 
i n  clilori t e  s ch i s t s .  Eelative 
propartions o f  minerals given by  
deviated rock name: C! = quartz;  
I: = Eluscovi t e ;  C = chlor i te ;  
C; = carbonate; S = scli ist .  
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s i d e r i t e ,  and muscovite has been noted i n  two l o c a l i t i e s ,  

Xeno t i~e  contains up t o  40% heavy ra re  earths, par t icu lar ly  

Dy, Er and Yb while co-existing apa t i te  i s  barren o f  REE.  

Geochemical analyses of these rocks detected only minor 

enrichments o f  REE w i t h  the exception of Ce which showed 

considerable enrichment. 

4.4 Genesis. 

Mineralogy o f  a1 terat ion gives the best indication o f  

genetic processes. 

and unaltered rocks i s  shown i n  figure 4.1. 

s ignif icant  transfer o f  Si ,  Na and Mg, even loca l ly ,  requires 

a h i g h  f l u i d  : rock ra t io .  

copious quantit ies of C02 which could be supplied by water- 

graphite reactions or skarnification of limestones. Either 

o f  these mechanisms i s  compatible w i t h  property geology. 

Xenotime and monazite are l ike ly  unstable a t  greenschist 

fac ies  metamorphism (Overstreet ,  1960) and are charac te r i s t i -  

ca l ly  found in rocks formed i n  the presence of h i g h  f l u i d  

a c t i v i t y  such as pegmatites, gneisses and migmatites. 

Parti t ioning of heavy REE in to  xenotime and no coexisting 

apa t i te  i s  a feature noted i n  vapour dominated, hydrothermal 

systems (Vasl ov, 1966) 

Change i n  bulk chemistry between a l te red  

To accompl ish 

Both a l te ra t ion  types require 

The s imi la r i ty  i n  age (and chemistry) of a l te ra t ion  on the 

property area w i t h  t ha t  o f  Galore Creek suggests a genetic 

a f f i n i t y  w i t h  syenite or monzonite intrusives.  Early s i l i c a -  
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potassic alteration and mineralization may have arisen 

from localized, plutonically induced, metamorphic fluids; 

particularly where fluid may have been ponded by impermeable 

greenstones. Retrograde boi 1 ing and re1 ated vol ume expansion 

within the intrusion cou d cause extensive hydraulic fracturing 

and release o f  both metamorphic and magmatic fluids causing 

carbonate-oxide alteration, carbonate sulphide veins and 

quartz breccia veins. 
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5. SUMMARY AND CONCLUSIONS 

Paleozoic rocks of the BJ claim area consis t  of mafic t o  acid volcanics and 

pyroclast ics  erupted i n  an ocean i s l and ,  p la te  tec tonic  setting. 

volcanics and r e l a t ed  sediments merged w i t h  a subduction zone (Cache 

Creek Group) and a volcanic a r c  (Tr i a s s i c  volcanics and intrusives) t o  

form a composite t e r r a i n  d u r i n g  T r i a s s i c  time. This composite t e r r ane  

was accreted t o  the cont inent  margin during the mid-Jurassic and caused 

widespread orogeny. 

These 

St ruc tura l  and chronological data demonstrate t h a t  a1 t e r a t ion  and mineral i -  

zation of BJ group rocks began d u r i n g ,  or prior t o ,  the onset  of 

deformation and terminated a f t e r  deformation. Regional greenschis t  f a c  

metamorphism may have occurred during o r  p r io r  t o  , deformati,onal events 

b u t  i s  overprinted by post deformational metamorphism. 

sharp t r ans i t i ons  i n  the degree of deformation and metamorphism of 

Regionally, 

s i m i l a r  aged rocks'  and coincident age determinations for a l t e r a t i o n  and 

mineralization w i t h  plutonic events s t rongly suggest t h a t  dynamothermal 

metamorphism, a1 terat ion,  and  mineralization is re la ted  t o  mid-Jurassic 

i ntrus i ves 

es 

Tectonic overpressure caused d u r i n g  te r rane  accret ion and/or emplacement of  

pl utons caused loca l ly  steep geothermal gradients t o  occur. These 

gradients developed a hydrothermal system, e i t h e r  by metamorphic 

dewatering o r  by u t i l i z i n g  meteoric water modified by metamorphic 

reac t ionsg  which i s  characterized by high C02 content,  h i g h  K :Na 

and l o w  pH. T h i s  hydrothermal system, possibly aided by ponding  beneath 

+ +  r a t i o s ,  
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impemeabl e greenstone si 11 s , caused wi despread s i l  i ca-potassi c a1 terati on 

and secretion of  quartz-pyrite veins. S i l i c a  potassic alteration zones 

became the locus for much of the subsequent deforamtion d u r i n g  forceful 

implacement o f  intrusives. 

expansion o f  magma induced hydraulic fracturing and consequent escape of 

volatile fluids caused carbonate-oxide a1 terat ion and mineral ization. 

Self-sealing vents caused repetitive fracturing and mineralization. 

Retrograde boiling a n d  related volume 

Widespread, weakly mineralized carbonate-oxide a1 teration most likely 

accounts for geochemical anomalies. However, higher grade quartz and  

mango-siderite-sulphide veins are better exploration targets. 

as tiny free grains in b o t h  quartz and carbonate gangues and associated 

with tetrahedrite and tellurides. 

tetrahedrite, galena and sphalerite are good indicator minerals. 

Gold occurs 

Gold distribution i s  erratic b u t  
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Re la t i ve  e r r o r  ( p r e c i s i o n )  as a f u n c t i o n  o f  concent ra t ion  a t  t h e  90% and 99% confidence l e v e l s .  Graph i s  
app l i cab le  t o  t r a c e  elements w i t h  t h e  except ion of  Ce, Nd and Rb, which have apprec iab le  e r r o r  over  t h e  
range o f  1 t o  1,000 ppm. 
even when t h e  e n t i r e  batch i s  w i t h i n  l i m i t s ,  i s  given by t h e  b inomia l  d i s t r i b u t i o n ,  e.g. i n  a batch o f  20 
r e p l i c a t e  analyses, t he  p r o b a b i l i t y  t h a t  one p a i r  w i l l  have g rea te r  e r r o r  than t h a t  shown i s  0.82 f o r  t h e  
90% l e v e l ,  and 0.04 f o r  t h e  99% l e v e l .  
l e v e l  i s  0.36 and the re fo re  i n d i c a t e s  t h a t  t h e  p r e c i s i o n  o f  t he  batch i s  l e s s  than t h a t  shown. 

The p r o b a b i l i t y  o f  a s i n g l e  ana lys i s  p l o t t i n g  ou ts ide  the  confidence l i m i t s ,  

Two o u t  o f  twenty samples hav ing g r e a t e r  e r r o r  than t h e  90% conf idence 



CORRELATION M A T R I X  
SI 

SI 1 .oooo 
AL - 0 . 5 9  I 3’ 
F E  - Q .  8445 
MG - 0 . 8 5  15 
CA -0 .5348  
NA -0 .5059  
K 0 . 3 0 3 9  
T I  - 0 .7460  
MN 0 . 0 3 8 9  
P -0 .7563  
N I  -0 .0007  
CR 0 . 0 2 9 0  
V - 0 . 8 3 9 0  
CE 0 . 1 8 4 3  
ND -0 .2199  
NB -0.2923 
ZR -0 .0609 

‘ Y  0 .0446  
RB 0 .2758  
SR -0 .2220  

CORRELATION M A T R X X  
CR 

CR 1 .oooo 
V -0 .3532  
CE 0.1076 
ND -0.2234 
NB -0.5346 
ZR -0 .6762 
Y -0 .1853 
RB -0.1056 
SR 0.1992 

AL 

1 .moo 
0.3554 
0 .4005  
0.2344 
0 .2911  
0 .1992  
0 .3875  

-0 .2530  
0 .3952  

-0.0588 
-0. 1487 
0 .4640  

-0.2726 
0.0067 
0 .4679  
0 .0607  
0 .3368  
0 .1697  

-0.1740 

V 

1 .oOOo 
- 0 . 3  183 
0.3175 
0.4576 
0.3146 
0.1488 

-0.409 I 
0 .2355  

FE 

1 . 0000 
0 .5806  
0 .1814  
0 .1427  

-0.1661 
0.7582 
0 . 2 8 1 3  
0 .6683  

-0 ~ 2446 
-0.2858 
0 . 8 1 7 0  
0 . 1 2 4 1  
0 .2981  
0 . 3 7 6 0  
0.2294 

-0.0123 
- 0 . 2 5  10 
0.1249 

CE 

1 .oooo 
0.2214 

-0.2004 
-0.0270 
-0.0373 
0 .2576  

-0.0585 

MG 

1 .oooo 
0.4366 
0.7246 

-0.5235 
0.6109 

-0.2266 
0.6834 
0.1715 
0 .0766  
0 .6949  

-0 .4928  
0 .1343  
0 .1660  

-0.0488 
-0.1341 
-0.2812 
0.2059 

ND 

f .oooo 
0 .2081  
0.5273 

-0.0383 
-0.1976 
0.3593 

CA NA 

1 . m o o  
0.3628 

- 0 . 3  142 
0 .1705  

-0.2613 
0 . 2 5 3 0  
0 .3436  
0 .5236  
0.2555 

-0.0816 
-0.0906 
-0.2753 
-0.2526 
-0.2043 
-0.2926 
0.4072 

1 .moo 
-0.6345 
0.2248 

-0.2942 
0.4526 
0 .3383  
0 .2691  
0.3906 

- 0 . 5  191 
0.0138 
0.1091 

-0.2059 
0.0955 

-0.3947 
0 .3486  

NB ZR 

1 .moo 
0 .6766  I . o m  
0.2869 0 .0719  

-0.2913 -0.3487 
-0.2386 -0.0038 

K 

1 .oooo 
- 0 . 3 2  1 1  
0 .1228 

-0.3697 
-0.2409 
-0.2417 
-0.2770 
0.3229 

-0.0742 
-0.01 24 
-0.0625 
0.1034 
0.7096 
-0.309 1 

Y 

1 .oooo 
0.1819 
0.1711 

Appendix 11: Correlation matrix for major and trace elements based on 21 
I R I  7 0 . 5  are s ign i f i can t .  - 

TI 

1 .oOOo 
-0.0983 
0.8597 

-G. 2385 
-0.3294 
0.8035 

-0.2587 
0.4452 
0.3844 
0.3829 

-0.1575 
-0.3722 
0.1 t57 

RB 

1 .oooo 
-0.3380 

samples . 

MN 

I .oooo 
-0 .2436 
-0.1150 
-0.05 1 4 
-0. 1762 
0 .8148  
0.2595 
0 .099  1. 
0 .1700  

-0.2649 
0.0351 

- 0 . 2 4 9  1 

SR 

1 .oooo 

Values of 

P 

1 .oooo 
-0 .252 1 
-0 .306 1 
0 . 8 6 3 7  

-0.3376 
0.4544 
0 .4488  
0 .3658  
0.1288 

-0.3545 
0.3147 

N I  

1 .oooo 
0.8688 

-0.335 1 
-0 .0320  
-0 .2990  
-0.4988 
-0.6627 
-0.0874 
0.0215 
0.1932 



APPENDIX IV 

STATEMENT OF COSTS* 

1. Petrology 

Polished t h i n  sections 40 8 $10 

SEM/EDS 30 hrs. 0 $15/hour 

2. Geochemistry 

XRF 60 hrs. 8 $10/hour 

XRD 10 hrs. @ $5/hour 

Computing time 

Gold analyses 30 8 $8.00 

3. Geochronol ogy 

13 Rb/Sr determinations 8 $110 

1 k /Ar  Age 8 $375 

Report Preparation 

$ 400 

450 $ 850 

6 00 

50 

150 

240 1,040 

1,430 

375 1,805 

$ 3,695 

$ 2,300 

$ 5,995 

*all  costs  r e f l e c t  in te rna l  costs  a t  U . B . C ,  
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the University o f  British Columbia; 

I have worked a s  a geologist or assistant for the pas t  
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