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SUMMARY AND RECOMMENDATIONS 

The Nick property is located in central Yukon Territory and hosts a unique 

type of strati form, shal e-hosted, nickel -zinc-pl atinum-bearing massive sul phide 

deposit. The only other documented occurrence o f  this type is presently being 

mined in southern China. 

The Nick deposit occurs in Lower to Middle Devonian shales within an 

erosional outl ier of Selwyn Basin. The out1 ier is surrounded by carbonate rocks 

of Mackenzie Platform. The massive sulphide horizon lies within a transitional 

zone under1 ain by calcareous shale and overlain by phosphatic chert and non- 

cal careous shale. 

The massive sulphide horizon is composed of vaesite (NiS2), pyrite, minor 

sphal eri te and mi nor bitumen. The mineral i zat ion occurs as banded concretions, 

spherulites, framboids, disseminations and aggregates. Maximum thickness 

discovered to date in natural exposures and diamond drill holes is 10 cm. 

The Nick mineralization grades up to 5.8% nickel and is associated with a 

distinctive suite of trace metals, in particular: platinum (up to 1000 ppb), 

palladium (up to 390 ppb), silver (up to 16.4 ppm), gold (up to 98 ppb), rhenium 

(up to 61 ppm), zinc (up to 1.56%), molybdenum (up to 3950 ppm), arsenic (up to 

3930 ppm), and selenium (up to 4500 ppm). At current metal prices, Nick 

mineral ization grading 3 to 5% Ni has a gross value of more than $400.00 

(Canadian) per tonne. Metal grades are moderately uniform throughout the property 

and economic potential is contingent upon the discovery of a massive sulphide 

body several metres in thickness. 

The geological setting and chemistry of the vaesi te-bearing horizon suggests 

derivation from Red Sea-type brines. The closest analogy to the Nick 

mineralization is probably the Howards Pass deposits where approximately 500 

mill ion tonnes of material grading 7.5% ZntPb have been outl ined by drilling. 
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These reserves occur in three small faul t-bounded(?) "Third-Order Basins" within 

a larger Silurian shale basin. As the Nick area, the stratigraphic position of 

the sul phide mineral ization is marked by a persistent, basin-wide, metal 1 iferous 

horizon overlain by phosphatic chert at the transition from calcareous to 

siliceous sedimentation. 

Exploration programs in 1988, 1989 and 1991 consisted of diamond drilling, 

regional prospecting and mapping, hand trenching, and geochemical sampl i ng . 
A 5 sq km area at the east end of the property, which contains the Discovery 

Zone, was the focus of 1154 m of diamond drilling and detailed geological mapping 

in 1988 and 1989. Drill results suggest that the mineralization in this area is 

a continuous sheet-like body which ranges between 0.5 and 10 cm in thickness. 

Geological mapping, prospecting and hand trenching in 1989 and 1991 was 

carried out to test the western extent of the mineralization. The stratigraphy 

on the property was found to be relatively continuous but, although several new 

showings were discovered, a continuous, sheet-like basin-wide massive sulphide 

body is evidently not present on the property. 

The 1989 and 1991 mapping and hand trenching programs suggest that the 

thickness and distribution of the vaesite-bearing horizon is 1 i kely related to 

paleotopographic depressions on the Devonian seafloor. These depressions are 

believed to be the product of differential subsidence along growth faults. 

Additional work should consist of basin analyses studies comprising detailed 

structural and stratigraphic mapping to identify areas with high mineral 

potential for additional diamond drilling. A proposed budget for this work 

fol 1 ows. 
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INTRODUCTION 

This report details results of 1991 exploration on the Nick property as well 

as summarizing results of exploration programs carried out in 1988 and 1989. All 

three programs were conducted by Archer, Cathro & Associates (1981) Limited. The 

1991 exploration was funded by Falconbridge Limited under a June, 1991 option 

agreement and consisted of geological mapping and hand trenching carried out 

between July 27 and August 18. The Authors' Statements of Qualifications are 

given in Appendix I with a list of personnel set out in Appendix 11. 
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HISTORY 

Evidence of base metal mineralization in the area of the Nick property was 

first recognized in 1977 when Geological Survey of Canada (GSC) Open File 418 

reported strongly anomalous values for nickel, zinc and molybdenum from 

reconnaissance stream sediment samples. These samples were taken from creeks 

draining an 18 km long by 5 km wide area underlain by erosional remnants of 

Devonian black shale. The Nick mineralization was discovered in 1981 by Cominco 

geologists exploring the area for sedex lead-zinc-barium deposits. A specimen 

collected at that time from a 5 cm thick, conformable sulphide layer (the 

"Discovery Showing"), assayed 5.8% nickel and 0.8% zinc. 

The area was first staked by the Cooke Yukon Syndicate in March, 1988 and 

optioned to Archer, Cathro in May of that year. The option was transferred in 

June, 1988 to a joint venture between NDU Resources Ltd. (50%), Pak-Man Resources 

Inc. (25%) and 2001 Resource Industries Ltd. (25%). In August and September, 

1988 the joint venture carried out a program of geological mapping, geochemical 

sampl ing and di amond drill ing (362 m in 4 holes) around the Discovery Showing. 

Inco Limited optioned the Nick property from the joint venture in July, 1989 

and performed 892 m of diamond drilling, geological mapping, prospecting and 

claim staking prior to terminating the option agreement in 1990. 



PROPERTY LOCATION AND ACCESS 

The D iscovery  Showing i s  l o c a t e d  a t  64'43'N and 135'13'W, w i t h i n  NTS c l a i m  

sheet  106D/11, i n  t h e  headwaters o f  t h e  H a r t  R i v e r  (F igures  1 and 2 ) .  It l i e s  

about 12 km nor thwes t  o f  t h e  H a r t  Lake a l l  -weather a i r s t r i p ,  s u i t a b l e  f o r  DC-3 

and s m a l l e r  a i r c r a f t .  Access i s  by  he1 i c o p t e r  f rom H a r t  Lake o r  t h e  c l o s e s t  

road, a t  McQuesten Lake, 70 km t o  t h e  south. H a r t  Lake can be reached f rom 

McQuesten Lake by way o f  t h e  Wind R i v e r  w i n t e r  road  and a b u l l d o z e r  t r a i l  a long 

Nash Creek. The neares t  a i r p o r t  and supply  p o i n t  i s  Mayo, 130 km t o  t h e  south.  

The 1988, 1989 and 1990 N i c k  e x p l o r a t i o n  programs were se rv i ced  by a B e l l  

J e t  Ranger I1 he1 i c o p t e r  on c o n t r a c t  f rom Trans No r th  A i r  o f  Whitehorse. The 

h e l i c o p t e r  was based a t  Wernecke, 6  km n o r t h  o f  Keno City and approx imate ly  50 km 

n o r t h e a s t  o f  Mayo. H e l i c o p t e r  and e x p e d i t i n g  expenses i n c u r r e d  i n  1991 were 

t ime-shared  by o t h e r  Archer,  Cathro p r o j e c t s  a t  t h e  nearby Blende and Carpenter 

Ridge p r o p e r t i e s .  

The p r o p e r t y  c o n s i s t s  o f  182 N i c k  c la ims  (F igu re  3) r e g i s t e r e d  i n  t h e  name 

o f  Archer ,  Cathro & Assoc ia tes  (1981) L i m i t e d  w i t h  t h e  Mayo M in ing  Recorder as 

f o l  1  ows : 

Cla im Name Record Numbers E x p i r y  Date* 

N i c k  1-126 YB02115-YB02240 March 28, 1998 
N i c k  127-138 YB02726-YB02737 March 28, 1998 
N i c k  139-147 YB03207-YB03215 March 28, 1998 
N i c k  148-182 YB03216-YB03250 March 28, 1996 

*assuming 1991 assessment a p p l i c a t i o n  i s  accepted. 

I n i  t i  a1 examinat ion has shown t h e  c la ims  a re  adequate ly  staked, a1 though 

i n s u f f i c i e n t  su rvey ing  has been performed t o  c o n f i r m  t h a t  no unstaked f r a c t i o n s  

a re  p resen t .  C la im pos t s  have been s tood  up, mounded and tagged. 





Figure 2 
ARCHER, CATHRO 6. ASSOCIATES (1  08 1) LIMITED 

ACCESS MAP 
NICK PROPERTY, YUKON 

FALCONBRIDGE LIMITED 
NDU RESOURCES LTD. 

PAK-MAN RESOURCES rNC. 
2001 RESOURCE INDUSTRIES LTD. 

1 : 500,000 
0 10 20 30 Km 

December, 19911 





REGIONAL GEOLOGY 

The Nick Property i s  located w i t h i n  MacKenzie Plat form tec ton ic  province a t  

the east end o f  an o u t l i e r  o f  Paleozoic shale. This o u t l i e r  i s  separated from 

age-equival ent  carbonate rocks by regional  -scale f a u l t s  t o  the north, southeast 

and east (Figure 4, P la te  1). These f a u l t s  are the react ivated margins o f  a 

graben t h a t  was the locus o f  Ordovician t o  Devonian deep water sedimentation 

w i t h i n  the platform. The basinal shales are very s i m i l a r  t o  wel l  documented 

age-equivalent Road River Group and Earn Group s t r a t a  o f  Selwyn Basin i n  east- 

cent ra l  Yukon. 

Cretaceous Laramide regional  compression has resu l ted i n  v e r t i c a l  , nor ther l y -  

verging, open t o  i s o c l  i n a l  f o l ds  w i t h  NNW-trending axes. Devonian shales which 

host the s t r a t i f o r m  n icke l  minera l iza t ion are preserved i n  the keels o f  two 

para1 1 e l  sync1 i nes . 
No i n t r u s i v e  rocks are present i n  the area. 

P la te  1: View north-northwest from Nick 163 claim. 
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PROPERTY GEOLOGY 

STRATIGRAPHY 

Nickel mineralization on the Nick property occurs as a conformable massive 

sulphide horizon located at the stratigraphic contact between Lower and Middle 

Devonian strata. The Lower Devonian and older calcareous units are overlain by 

Middle Devonian non-calcareous and fine-grained clastic rocks. The calcareous 

rocks have been correlated, in part, with Road River Group and older strata in 

the Selwyn Basin. The siliciclastic units which overlie the nickel-bearing 

horizon have been assigned to the Earn Group. These correlations are based on 

results of conodont age determi nations on rocks col 1 ected from the Discovery 

Showing area in 1989 by the GSC. Direct comparison with detailed stratigraphic 

descriptions of simi 1 ar successions at Macmi 1 1  an Pass and Howards Pass a1 ong the 

Yukon-Northwest Territories border have also aided age determinations. 

Stratigraphic re1 ationships between the units with their approximate thicknesses 

are shown on Figure 5. The field relationships are illustrated on Plate 2. 

Property geology and Discovery Showing area detailed geology are shown on Figures 

6 and 7, respectively. A schematic cross section across the central part of the 

property is presented in Figure 8. 

Unnamed Cambrian and Ordovician Carbonate Rocks (COl s) 

The oldest rocks in the immediate property area are an unnamed sequence of 

medium to light grey weathering dolomitic limestones and shales (Unit OSls). 

These rocks are thin- to thick-bedded dolomi tic 1 imestones grading upward into 

calcareous shales. This sequence is at least several hundred metres thick 

although the base is not seen within the mapped area. 



FIGURE 5 

N I C K  PROPERTY: STRATIGRAPHIC COLUMN 

UPPER DEVONIAN - M I S S I S S I P P I A N :  

UPPER EARN GROUP (DMue) 

COARSENING-UP 
SEQUENCE I 1  

T U R B I D I T I C  S IL ICEOUS SHALE 

COARSEN ING-UP 
SEQUENCE I 

LOWER-UPPER DEVONIAN : 

LOWER EARN GROUP ( D l e )  

PHOSPHATIC CHERT MEMBER (WITH BASAL 
VAESITE-BEARING HORIZON 

LIMESTONE BALL MEMBER 
TRANSITION MEMBER 

ORDOVICIAN-SILURIAN:  

ROAD RIVER GROUP ( O S r r )  

CAMBRIAN-ORDOVICIAN: 

LIMESTONE AND DOLOMITIC LIMESTONE ( 6 0 1  s )  



P l a t e  2: Typical f i e l d  r e l a t i o n s h i p s ,  
1 ooki ng eastward, Nick property .  



Road River Group ( O S r r )  

The Road River Group i s  character ized by r e l a t i v e l y  r e s i s t a n t  S i l u r i a n  t o  

Lower Devonian, dark grey t o  b l  ack weathering, b l  ack ca l  careous grapto l  i t  i c 

shales and shaley limestones. The rocks are medium bedded a t  the base o f  the 

un i t ,  grading i n t o  t h i n  bedded near the  top. The shales genera l ly  have a f a i r l y  

we l l  developed ax ia l  plane cleavage. The Road River s t r a t a  i s  greater  than 100 m 

th ick ,  grading conformably i n t o  over l y ing  Earn Group s t ra ta .  

Lower Earn Group (Dle) 

The Lower t o  Upper Devonian Lower Earn Group i s  composed o f  three in fo rma l l y  

named members and one unnamed member. These are not  shown i n d i v i d u a l l y  on the 

geology maps (Figures 6 and 7) bu t  they are d i f f e r e n t i a t e d  on the s t r a t i g raph i c  

column (Figure 5 ) .  The base o f  the Earn Group i s  the T rans i t i on  Member. This 

u n i t  i s  a va r iab ly  r es i s t an t  assemblage o f  thin-bedded, dark grey t o  medium 

grey-brown weathering, b lack calcareous and cherty shales. The Trans i t i on  Member 

s t r a t a  o f t en  has moderately we1 1 developed ax ia l  plane cleavage. The thickness 

o f  the u n i t  var ies from a minimum o f  about 20 m a t  the east end o f  the property 

t o  a maximum o f  about 80 m i n  the west. Property mapping i n  1989 and 1991 

i d e n t i f i e d  several areas o f  1 ocal thickness var ia t ions.  

The Limestone Ba l l  Member i s  a unique u n i t  because o f  i t s  unusual texture,  

composition and enigmatic genesis. The rock i s  a dark grey weathering, black, 

moderately r es i s t an t  s i l i ceous  mudstone. About 35 t o  40% o f  the u n i t  consists o f  

1 i g h t  grey weathering, medium grey, 1 aminated m i c r i  t i c  1 imestone spheroids o r  

" ba l l s "  ranging between 5 cm and 1.5 m i n  diameter (Plate 3). The 1 imestone 

b a l l s  have sharp contacts w i t h  enclosing s i l  iceous shales and banding i s  

subparal le l  t o  the bedding i n  the  shales. Immediately surrounding rocks "drape" 

around the b a l l s  (Plate 4). Occasional ly the l imestone b a l l s  are concen t r i ca l l y  

zoned w i t h  a laminated m i c r i t i c  l imestone core and e i t h e r  a sparry c a l c i t e  o r  



Plate 3: 3a tone ball on north 
malll ,,ncline. 

Plate 4: View southwesterly of the Limestone Ball 
Member at the Discovery Showing. 



r ec r ys ta l  1 ized aragonite r i m .  The b a l l  s probably formed as concret ions dur ing 

diagenesis. 

Prel iminary conodont determinations f o r  t h i s  u n i t  suggested a Givet ian 

( M i  dd l  e Devoni an) t o  Frasni an (Upper Devonian) age range, however, the conodont s 

are an unusual deep water fauna no t  previously i d e n t i f i e d  i n  the Selwyn Basin and 

t h i s  age determination i s  suspect. 

The Limestone Ba l l  Member i s  an i n teg ra l  p a r t  o f  the vaesi te-bearing horizon 

and mineral i z a t i o n  event. The widespread d i s t r i b u t i o n  o f  the  vaesi t e  horizon and 

Limestone B a l l  Member 20-120 cm below the minera l iza t ion suggests a genetic 1 ink .  

S im i l a r  carbonate concret ionary s t ruc tures are present i n  the foo twa l l  o f  the 

Chinese deposits. 

The 5 t o  8 m t h i c k  b lack Phosphatic Chert Member o f t en  exh ib i t s  a white t o  

1 ime-green surface p r e c i p i t a t e  (P la te  5). This p r e c i p i t a t e  i s  commonly found i n  

suspension i n  drainages downstream o f  the u n i t  (Plate 6). The very r es i s t an t  

Phosphatic Chert Member i s  i r r e g u l a r l y  t h i n  t o  medium bedded and displays wel l  

developed ax ia l  plane cleavage and j o i n t i ng .  The upper contact  i s  usua l ly  t a l us  

covered but  i n  d r i l l  core i t  i s  gradat ional  over several metres. The lower 

contact  i s  sharp. The genera l ly  recessive, n i cke l  -bearing sul  phide horizon 

occurs near the base o f  the Phosphatic Chert Member, about 20 t o  120 cm above the 

top o f  the Limestone Ba l l  Member. 

The uppermost member o f  the Lower Earn Group i s  an unnamed, 175 t o  225 m 

t h i c k  sequence o f  s i l ve r -g rey  t o  blue-grey weathering, dark grey t o  black, 

rhy thmica l l y  banded, s i  1 iceous mudstone. S i  1 t content decreases upward w i t h i n  

each bed. Limy beds are common near the base o f  the u n i t  wh i le  rusty-ochre 

weathering p y r i t i c  sub-units are common higher i n  the section. The p y r i t e  occurs 

as t h i n  (5 mm t o  1.5 cm) interbeds and pervasive disseminations. An orange 

p r e c i p i t a t e  w i t h  greater than 15% i r o n  i s  common i n  creek beds d ra in ing  the 

C 



VAESITE - BEARIN 
HORIZON 

Plate 5: White prec ip i ta te on the Phosphatic 
Chert Member, Gorge Showing 

[ PYRITIC SHALE 

Plate 6: White suspension i n  waters o f  Mawer Creek, 300 t o  
350 m upstream o f  D r i l l  S i t e  N-88-4/89-4X. This 
occurs immediately downstream o f  the projected 
surface trace o f  the Phosphatic Chert Member. The 
reddish prec ip i ta te  occurs below p y r i t i c  beds in the 
upper par t  o f  the Lower Earn Group. 
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p y r i t i c  u n i t s  (P la te  7) .  These cher ty  rocks have wel l  developed, wide spaced 

ax ia l  plane cleavage and j o i n t i n g  producing d i s t i n c t i v e  blocky t a l u s .  The u n i t  

i s  a lso r e a d i l y  dist inguished by a black l i chen  growth not  present on other  

l i t h o l o g i e s  i n  the  area, 

P l a t e  7: Looking northwesterly a t  
the  main syncline. 



Upper Earn Group (DMuel 

The Upper Devonian t o  Miss iss ipp ian Upper Earn Group i s  composed o f  two 

1 i thofacies.  A basal f ine-grained, recessive, b lack carbonaceous s i  1 tstone 

coarsens upward i n t o  cher t  pebble conglomerate approximately 80 t o  120 m from the 

base. This member, ca l l ed  Sequence I, i s  over la in  by a beige weathering, f i ne -  

t o  medium-grained, coarsening upward, s i l t s t o n e  sequence 60 t o  100 m i n  

thickness, ca l l ed  Sequence I I. The coarser-grained u n i t s  form small c l  i f f s  and 

peaks. Cleavage i s  general l y  we1 1 developed, especi a1 l y  w i t h i n  f i  ner-grai  ned 

rocks. The top o f  the Upper Earn Group has been eroded i n  the Nick claims area 

and t o t a l  thickness i s  unknown. 

Recent Sediments 

Quaternary g l a c i a l  d r i f t  mantles most o f  the va l l ey  bottoms and f l a t s .  

H i l l s i d e s  and mountain tops are covered by only a t h i n  mantle o f  ta lus .  The t i l l  

i s  l o c a l l y  der ived and i s  r i c h  i n  carbonate boulders and shale fragments w i t h  a 

mat r i x  o f  c l ay  and rock f l o u r .  Glac ia l  overburden thicknesses o f  approximately 

15 m were encountered i n  D r i l l  Holes 13 and 16 a t  the east end o f  the property 

but  average thickness i s  l ess  than 5 m. 

STRUCTURAL GEOLOGY 

St ruc tu ra l  geology i n  the Nick area i s  dominated by regional  -scale f o l d i ng  

and f au l t i ng .  Evidence o f  two deformational events i s  seen i n  the Nick shale 

basin. The f i r s t  i s  a Laramide (Cretaceous) compressional event widespread 

throughout cent ra l  Yukon. I n  the Nick area, the major s t ruc tures are the main 

syncl ine, an open f o l d  w i t h  t i g h t  f l ank ing  f o l ds  and a t i g h t  northern syncl ine 

w i t h  i s o c l i n a l  f l ank ing  fo lds .  Fold axes t rend a t  110 t o  130'. The main syncl i ne  

i s  composed o f  smaller-scale upr igh t  f o l ds  i n  the west, changing gradat iona l ly  t o  

north-verging overturned f o l d s  i n  the  east. The nor th  syncl i ne  i s  overturned t o  

the nor th  along i t s  length. Small -scale p a r a s i t i c  i s o c l i n a l  f o l ds  w i t h  the same 

o r i en ta t i on  as the regional  f o l ds  occur i n  the 1 imbs o f  both syncl ines. 



Ax ia l  plane cleavage i s  we1 1 developed i n  the hinge zones and l ess  we1 1 

developed i n  the  l imbs o f  t he  large-sca le  fo lds.  F e t i d  quartz-carbonate veins 

w i t h  weak malachite and a z u r i t e  s t a i n i ng  are sometimes present i n  the  hinge 

areas. Oblique j o i n t i n g  i s  s t rong i n  Earn Group rocks bu t  poor l y  developed i n  

the  Road River  Group s t ra ta .  Tabu1 a r  brecc ia  zones mapped i n  outcrop and hand 

trenches and intersected i n  d r i l l  core are or iented a t  a 5 t o  20' angle t o  

bedding. These breccias usua l l y  occur i n  the Phosphatic Chert Member 3 t o  10 m 

above the mineral ized horizon. They were probably generated dur ing f l ex-s l  i p 

f o l d i n g  by d u c t i l  i ty cont rast  between the cherts and enclosing shales. 

A second weak, passive f o l d i n g  event overpr in ts  the regional  f o l d  pat tern  a t  

r i g h t  angles and i s  only evident i n  upper por t ions o f  the f o l d  1 imbs i n  the main 

sync1 i ne. 

The abrupt facies change between Road River Group shales and age-equivalent 

p l  atformal carbonates was 1 i ke l y  f a u l t  control led.  The Nick c la im block i s  

located a t  the east end o f  an east-west trending, westerly-deepening(?) graben. 

The basin-margin f a u l t s  have been subsequently react ivated and are shown on GSC 

geology maps as regional-scale f a u l t s .  The Back Creek Fau l t  (Figure 7, Plates 8 

and 9) i s  the only basin-margin f a u l t  w i t h i n  the p ro j ec t  area. 

The Discovery Fault,  a small er-scal  e nor ther l y - t rend i  ng normal f a u l t  1 ocated 

i n  the east p a r t  o f  the property, has a 50 t o  80 m normal displacement w i th  the 

west s ide down. Results from de ta i l ed  mapping and d r i l l  i n g  suggest t h a t  the 

Upper Earn Group shales th icken abrupt ly  t o  the west across the Discovery Faul t .  

This phenomenon i s  a1 so observed a t  Macmill an Pass where i t i s  a t t r i b u t e d  t o  

post-mineral d i f f e r e n t i a l  subsidence across growth f a u l t s  and i s  gene t i ca l l y  

1 inked w i t h  Upper Devonian sedex 1 ead-zi nc-bar i  urn deposits. 



Pla te  8: Looking northwest up Back Creek. 
Carbonate s t r a t a  occur t o  the 
northeast across Back Creek Faul t . 

Plate  9: View o f  Back Creek Fault ,  
southeast o f  the property. 
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Other re1 atively small -scale reverse and normal faul ts have been recognized 

near Olfert Creek in an area of detailed mapping. Reconnaissance mapping 

elsewhere on the property is not detailed enough to predict whether or not these 

structures are more widespread than observed to date, but five other major 

northerly-trending topographic linears are formed by drainages that crosscut the 

regional physiographic and structural trend in the west and central part of the 

property. 



- 
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MINERALIZATION 

Vaesi te-bearinq Horizon 

The Nick mineral ization consists of a thin massive sul phide horizon that 

occurs near the base of the Middle Devonian Phosphatic Chert Member, directly 

above the Limestone Ball Member. 

The zone is readily oxidized and is very recessive. Discoveries of surface 

mineralization to date have all been in creek beds or cliff faces. Only the east 

end of the main syncline has been tested by diamond drilling where true thickness 

of the vaesite-bearing horizon ranges from several mm to 10 cm. The thickness 

vari ations are probably an original depositional or di agenetic feature rather 

than structural in nature since the strata is only gently folded. 

Nickel and zinc grades of the vaesite-bearing massive sulphide horizon 

intersected in dri 11 core or in unoxidized outcrops range from 1.42 to 5.80% and 

0.38 to 1.56%, respectively, averaging about 4.4% Ni and 1% Zn. Variations in 

grade are probably due to dilution by barren wallrock which is difficult to 

separate from the thinner sul phide intersections. Locations of surface showings 

are given on Figure 7. Nickel values for the 1988 and 1989 drill intersections 

are 1 isted on Figure 9. Cross sections of drill holes 88-1 through 88-3 are 

presented in Figure 10. Geological information from the 1989 drill holes is 

contained in Figures 1 1  through 20. 

The vaesite-bearing horizon is also anomalous in platinum (up to 1000 ppb), 

palladium (up to 390 ppb), gold (up to 98 ppb), silver (up to 16.4 ppm), 

molybdenum (up to 3950 ppm), copper (up to 2530 ppm), arsenic (up to 3930 pprn), 

phosphorous (up to 8700 ppm) and uranium (up to 280 ppm). Results of Scanning 

Electron Microscope studies by the GSC have confirmed selenium and rhenium values 

of up to 0.45% and 61 ppm, respectively. These metals occur as solid solution 

phases in vaesi te. The rarer pl atinum group elements (osmium, rhodium, ruthenium 

and iridium) occur in trace levels only. 
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Detailed analyses of Hole N-88-4 drill core by L.  Hul bert of the GSC show 

that lower and upper contacts of the horizon are abrupt with no dispersion of the 

constituent metals into either the footwall or hanging wall strata. 

Petrographic studies carried out on samples from the Discovery Showing 

outcrop and drill core in 1988 identified four major sulphide species in the 

foll owing average volumetric proportions: 46% pyrite (FeS2), 10% vaesi te (NiS*), 

2% melni kovite (FeS2- a low temperature form of pyrite) and 2% wurtzite (ZnS2- a 

1 ow temperature polymorph of sphal eri te) . Phosphatic, carbonaceous, biogenic(?) 

chert and amorphous silica are the major gangue minerals. Vaesite is a 

relatively rare member of the pyrite group. It is a grey metal1 ic mineral with a 

specific gravity of 4.5 g/cc and a stoichiometric nickel content of 47.2%. 

Sulphide minerals occur as disseminations, framboids and aggregates in a 

si 1 iceous matrix and compact, sub-coll oform disrupted monomineral ic bands and 

masses. However, even the more rnonomineralic sections are the products of 

complex i ntergrowths of various sul phide minerals. 

Thin pyrite beds in the hanging wall sequence have different trace element 

signatures than the vaesite horizons and it is likely that the pyrite beds and the 

vaesite horizons are the products of different genetic processes. Averages of 

geochemical 

by the GSC 

N i Pt 

analyses of a number of pyrite- and vaesite-bearing samples analyzed 

n 1988 are presented in Table 1 following. 

TABLE 1 
COMPARISON BETWEEN PYRITE AND VAESITE HORIZONS 

Sul ~ h u r  
Pd As B a Co Cu Mo P b ~soto~es 

(ppm) (ppb) (ppb) (ppm) ppm) (ppm) (ppm) (ppm) (pprn) S(o/oo) 

Vaesite Horizon: 
45,600 310 150 2990 10 128 65 2650 80 -11 to -14 

Pyrite Layer: 
36 20 t4 10 350 3 3 3 34 498 t11 to t19 
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The suite of elements in the vaesite-bearing horizon is, with the exception 

o f  zinc and silver, unique to the Nick deposit with respect to other stratiform 

sedex base metal occurrences hosted by Earn Group shales in Yukon Territory and 

northern British Columbia. The dominant metals in the latter type of deposits 

are lead, zinc, barium and silver. These metals were probably carried as 

chloride ion complexes in re1 atively hot, moderately sal ine hydrothermal fl uids 

expelled along active "growth" faults in fault-bounded basins. The stratigraphic 

setting and age of the Nick mineralization are very similar to the Pb-Zn-Ba-Ag 

deposits but the metals were probably carried as organic complexes in formational 

fluids. The anomalous metals in the vaesi te-bearing horizon are organophil e 

elements that are a1 so commonly concentrated by organic matter in modern bog and 

marine environments. 

Sul phur isotope val ues for the Pb-Zn-Ba-Ag variety of Upper Devonian sedex 

deposits are the same as those for the Nick wallrock pyrite samples. These are 

within the range of biogenical ly reduced Devonian seawater sul phate. The 

vaesi te-bearing isotope values are anomalously heavy and possibly ref1 ect 

derivation from hydrothermal ly reduced organic matter in the underlying Road 

River Group strata. 

The exotic sulphur isotope values of the vaesite-bearing horizon and the 

abrupt cutoff of anomalous val ues at the base and top of the mineral izat i on 

suggest relatively rapid deposition from a fluid that underwent very little 

mixing with overlying seawater. The lack of detrital material in what is 

essentially an entirely chemical sediment also indicates that deposition of 

sul phide and gangue mineral s occurred fairly rapidly at the sediment-water 

interface. Rapid deposition of sulphide minerals with no seawater mixing implies 

that reduced sulphur was readily avail able and was probably carried in the 

mineralizing fluids with the metals. 
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The sheet-like nature of the vaesite horizon as observed in the Discovery 

Showing area and the apparent lack of metal zonation are the products of 

relatively cool or saline exhalative fluids. A present day analogy is the 

deposition of sulphide-bearing muds from Red Sea brines. 

Using the Red Sea model, the most favourable setting for economic thicknesses 

of the vaesite-bearing horizon is an Atlantis 11-type "Third-Order" seafloor 

depression where mineral izing fluids could have pooled, forming local ized 

accumul at i ons. 

The 1991 program consisted of geological mapping, prospecting and hand 

trenching. The purpose of the program was to trace the mineralized horizon in 

the northern and western portions of the property. At locations where the 

Limestone Ball Member and Phosphatic Chert Member contact was sufficiently 

exposed, hand trenches were cut into weathered bedrock to expose the zone and 

identify any stratigraphic thickening associated with the mineralization (Figure 

6). A total of thirty-one trenches were cut. The thickest massive sulphide 

horizon observed was 3 cm. All mineralization observed in 1991 trenches is 

highly oxidized and probably leached of most constituents and no fresh sulphide 

mineral s were identified. 

Due to the recessive nature of the mineralization, the massive sulphide 

horizon was difficult to recognize in most trenches. Composite rock chip samples 

were taken from the floors of all trenches with the average sample interval 

varying between 1 and 1.5 m. Thirty-two element analyses of the trench samples 

are given in Appendix 111. Anomalous nickel values were returned from a number 

of the trench samples but, because of the large sample widths and the highly 

oxidized nature of the material, grade of fresh mineralization is difficult to 

estimate. 
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I n  add i t i on  t o  t r ac i ng  the massive sulphide horizon, the 1991 exp lora t ion 

attempted t o  i d e n t i f y  regional-scale va r ia t ions  i n  s t ra t ig raph ic  thicknesses o f  

the enclosing Limestone Ba l l  Member and Phosphatic Chert Member. This work 

confirmed t h a t  the horizon occurs a t  the base o f  the Phosphatic Chert Member 

w i t h i n  20 t o  120 cm o f  the upper contact o f  the Limestone Ba l l  Member (Plate lo), 

s im i l a r  t o  the Discovery Showing area. Because o f  poor exposure, coupled w i t h  

frozen overburden, t h i s  program met w i t h  r e l a t i v e l y  l i m i t e d  success and no 

d e f i n i t i v e  co r re la t ions  can y e t  be made between changes i n  the thickness o f  t h e  

Limestone Ba l l  Member, the  Phosphatic Chert Member and the massive sulphide 

horizon. Sections measured across the favourable s t ra t ig raph ic  horizon i n  1991 

are given on Figures 21, 22 and 23. 

P la te  10: Narrow, oxid ized vaesi te horizon i n  
Phosphatic Chert Member on nor th  1 imb 
o f  main syncl ine. 



Bitumen Veins 

A number o f  f l o a t  and outcrop occurrences o f  bitumen o r  pyrobitumen vein 

mater ia l  occur a t  various l oca t i ons  on the Nick property (Figure 6). Most are 

located w i t h i n  Road River Group s t ra ta .  The largest ,  c a l l e d  the Bitumen Showing 

on 01 f e r t  Creek, i s  a 3 m wide tabu1 a r  body exposed i n  a canyon wa l l  f o r  a 

v e r t i c a l  ex tent  o f  9 m and a s t r i k e  leng th  o f  21 m about 1 km downstream o f  the 

j unc t i on  o f  Mawer and 01 f e r t  Creeks (Figure 24, P la te  11). The we1 1 def ined 

f i s s u r e  wa l l  s  are s l  ickensided i n d i c a t i n g  v e r t i c a l  movement f o l l  owed by sub- 

hor i zon ta l  s t r i  ke-sl i p  movement. The s t ruc tu re  i s  composed o f  s i l  i c i f i e d  and 

crackle-brecciated slabs o f  r e l a t i v e l y  i n t a c t  wal l rock surrounded by sheared and 

crushed bitumen. The bitumen has an extremely high re f lec tance i nd i ca t i ng  e i t h e r  

a r e l a t i v e l y  h igh temperature o f  deposi t ion o r  subsequent metamorphic upgrading 

o f  low temperature hydrocarbon. Since the host rocks are essen t i a l l y  

unmetamorphosed, the most 1 og ica l  scenario i s  one o f  depos i t ion from hydrothermal 

f l u i d s  s i m i l a r  t o  those responsible f o r  the s t r a t i f o r m  minera l iza t ion.  

The bitumen has anomalous contents o f  n i cke l  (up t o  1045 ppm), vanadium 

(>I%), chromium (up t o  623 ppm), phosphorous (up t o  1220 ppm) and z inc  (up t o  

1935 ppm). No associated sulphide minerals have been i d e n t i f i e d  although 

hydroz inc i te  occurs along the  wa l l s  o f  the O l f e r t  Showing. 

Two addi t iona l  bitumen veins were i d e n t i f i e d  dur ing the  1991 program 

(Figure 6). Both were sampled but  ne i the r  ca r ry  s i g n i f i c a n t  values o f  the 

d iagnost ic  metals. 



Plate  11: Bitumen Showing on 01 f e r t  Creek, 800 m downstream 
from the forks o f  Mawer and 01 f e r t  Creeks (looking 
southeast). Light grey weathering f e t i d  calcareous 
shales and limestone (OSrr) occur on both sides 
o f  the f issure.  
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GEOCHEMISTRY 

Approximately 3100 rock, silt and soil samples have been collected in the Nick 

property area (Figure 25). The first samples were taken in 1977 as part of a 

regional-scale silt survey carried out by the GSC. Com 

sampled the Nick property area in 1981 as part of a reg 

for lead-zinc-bari um sedex deposits. 

inco Ltd. prospected and 

i onal expl oration program 

Detailed property-scale sampl ing was carried out by Archer, Cathro during the 

1988, 1989 and 1991 exploration programs. Silt samples were collected from most 

drainages on the property and soil samples were collected on both detailed soil 

grids and topographic contour traverses (Figures 25 through 27). Rock samples were 

taken as drill core splits and from identified and possible vaesite showings 

exposed naturally and in hand trenches. 

All samples from 1988, 1989 and 1991 were analyzed for 32 elements using the 

induced coupled plasma (ICP) method. These samples were a1 1 analyzed at Chemex 

Labs Ltd., North Vancouver. The GSC and Cominco samples were analyzed at their 

respective in- house 1 aboratori es. 

Results of the geochemical surveys have established that nickel and zinc are 

the best geochemical indicators of the mineralization in the vaesite-bearing 

horizon. Regional and Discovery Showing area values for nickel and zinc are 

plotted on Figures 28 through 31. 

Table 2 on the following page outlines background and anomalous nickel and 

zinc values in soil and silt samples on the Nick property. 



TABLE 2 
ANOMALOUS AND BACKGROUND LEVELS FOR NICKEL AND ZINC 

Nicke l  
Soi 1 
S i l t  

Zinc 
Soi 1 
S i l t  

Strongly Moderately Weakly 
Anomalous Anomalous Anomalous Background 
0 ( ppm) 0 ( ppm) 
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DISCUSSION 

The morphology and depositional setting of the Nick vaesi te-bearing horizon 

is simi 1 ar to we1 1 documented Paleozoic 1 ead-zinc-si 1 ver sedex deposits. 

However, the chemistry and mineralogy on the Nick property is unique to North 

America. 

Very little has been published on the occurrence of sedimentary nickel, 

however, Lower Cambrian organic-rich shales carrying widespread, thin, 

nickel i ferous massive sul phide horizons have been mined at Song1 in, China since 

1985. The mineralization at Songlin occurs as 5 to 15 cm thick sulphide beds in 

a 2 m thick, black shale horizon. Ore grades average 2 to 4% Mo, up to 4% Ni, 2% 

Zn, 0.7 ppm Au, 50 ppm Ag, 300 ppb Pt and 30 ppb Ir. 

Morphology, continuity, stratigraphic setting, trace metal and sulphur 

isotope signatures of the Nick vaesite-bearing horizon suggest derivation from 

Red Sea-type, low temperature, saline, organic-rich brines within a restricted, 

starved-basin environment. 

Analyses of massive sulphide specimens from across the project area show 

that the horizon always carries exceptionally high metal values. The potential 

for economically exploitable mineralization is therefore linked to the thickness 

of the horizon. 

The closest genetic analogies to the Nick mineralization are probably the 

Howards Pass deposits on the Yukon-Northwest Territories border. Approximately 

500 mi 1 1  ion tonnes of mineral ization grading 5.4% Zn and 2.1% Pb has been 

out1 ined by drilling. These three deposits occur within a 40 km long Silurian 

shale basin. The potentially economic thicknesses of strati form sulphide 

mineralization are confined to "Third-Order Basins" or seafloor depressions. 

The stratigraphic position of the Howards Pass sul phide mineral ization is 

marked by a persistent, basin-wide, zinc-rich horizon over1 ain by phosphatic 
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chert. Similar to the Nick vaesi te-bearing horizon, the zinc-rich interval 

occurs at the abrupt transition between calcareous and si 1 iceous, pyritic 

shales. Vent areas have not yet been discovered for the Howards Pass deposits 

and no metal zoning is apparent within either the regional horizon or within the 

zinc-lead deposits. The mineral ization is theorized to have formed from very 

dense, saline fluids that migrated along basin-margin faults and flowed downslope 

to pond in fault- bounded(?) seafl oor depressions. 

Vent areas for the Nick mineralizing fluids have not yet been located 

although some bitumen veins discovered in various areas around the property may 

be genetically re1 ated to the strati form nickel mineral ization. Both the 

vaesi te-bearing horizons and some of the bitumen veins contain a distinctive 

suite of metals not seen elsewhere in the stratigraphy. The characteristics of 

the vaesite-bearing horizon suggest that thickest massive sulphide accumulations 

would be in Third-Order Basins similar to the Howards Pass deposits. Vent- 

proximal settings like the higher temperature Macmillan Pass lead-zinc-barium 

sedex deposits are unlikely. 

Detailed studies of mature sedex camps around the world have established a 

re1 at i onshi p between seafl oor massive sul phide generati on and synsedimentary 

tectoni sm, usual ly growth faults associated with rifting. The Di scovery Fault, 

located at the east end of the Nick property is probably a growth fault 

(Figure 7). Drill hole data suggests that hanging wall stratigraphy is thicker 

west of the fault than east of the fault. A ten-fold increase in thickness of 

the vaesi te-bearing horizon follows this relationship, but the widest intersection 

of 10 cm grading 2.9% Ni in Hole N-88-01 is not thick enough to be economically 

mined. Density of outcrop and trench exposures in addition to diamond drill 

results are sufficient to establish that economic thicknesses of the vaesite- 

bearing horizon are not present in the immediate area of the Discovery Showing. 
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The Discovery Fault is a northerly-trending fault which parallels the Back 

Creek Fault, a basin-margin structure located about 2 km to the east. Both 

faults occupy major northerly-trending drainages normal to the geological 

structure of the area. A number of 1 inears with the same general orientation 

cross the main and northern synclines in the central and western parts of the 

property. Anomalous nickel values were returned from samples taken from 1991 

hand trenches in the vicinity of several of these 1 inears. A correlation between 

the nickel values and the linears can only be inferred as outcrop exposure is 

poor in most cases. 

Additional exploration should consist of detailed structural and 

stratigraphic mapping to document thickness changes within the Lower Earn Group 

on a regional scale across the property to evaluate whether Third-Order Basins 

are present. Results of this type of survey in other sedex camps have been 

successful in providing a framework for additional diamond drilling directed 

toward exploring for potentially economic zones of massive sulphide 

mineral ization that are either overburden covered or bl ind to surface. Existing 

maps and survey control on the Nick property are inadequate for the purposes of 

detailed structural and stratigraphic mapping and preparation of a detailed 

orthophoto from existing government aerial photography is recommended. 
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