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I INTRODUCTION 1. 

1. GENERAL 

1.1 History 

Denison Mines Limited s taked  the Koots Group of Claims i n  1980. 
During the 1980 f i e l d  season, pre l iminary  geologica l  mapping a t  a scale 
of 1:10,000 was undertaken on the Koots 1 Claim and v i c i n i t y .  Also, a 
geochemical soil sampling program comprised of 46 samples i n  conjunction 
w i t h  a ground magnetometer survey of 4.5 k i lome t re s  was done. 

1.2 Summary of Work Done 

During 1981, geologica l  mapping a t  a s c a l e  o f  1:5,000 was done on 
the Koots Group. A geochemical s o i l  sampling program of  650 samples and 
a ground magnotometer survey of 31.5 k i lome t re s  were done. Follow up 
c o n s i s t e d  o f  3 trenches from w h i c h  7 channel samples were taken.  

The f i e l d  work was c a r r i e d  out  by g e o l o g i s t s  Mr. R. Faulkner and 
Mr. R. Helgason, a s s i s t e d  by Mr. R. Cornock and Mr. J. Hayden. 

2 .  LOCATION AND ACCESS 

S i t u a t e d  w i t h i n  the Wolverine Range between the Nation and Pa r sn ip  
Rivers, the Koots 1 Claim i s  35 ki lomet res  southwest  of Mackenzie, 
British Columbia (Map 1). 4ccess  i s  by h e l i c o p t e r  from rlackenzie or, by 
truck, along the P h i l i p s  Creek loqging road,  45 kilometres from Highway 
97. T h i s  road comes to  w i t h i n  4 k i lome t re s  of the claim. 

3. TOPOGRAPHY AND VEGETATION 

The r o l l  i ng hi1 1 s and rounded mountains of the Wolverine Range rise 
from the undula t ing  lowlands o f  the I n t e r i o r  P la teau .  Elevations vary 
from 1000 metres i n  the low wet lands ,  through r o l l i n g  h i l l s  to  mountains 
o f  2000 metres. T h e  Koots 1 Claim l i e s  between 1200 metres and 1600 
metres, s t r a d d l i n g  one of the mountain r idges .  

Vegetation i s  l o c a l l y  q u i t e  v a r i a b l e  but  c h a r a c t e r i z e d  by white 
spruce, lodgepole  pine and trembl i n g  aspen. B1 ack spruce grows i n  low 
wet lands ,  w i t h  a1 pine f i r  a t  the higher, more exposed e l e v a t i o n s .  
Cedars ,  birches, and a l d e r s  occur on the s lopes  of the h i l l s  and 
mountains. Grasses, wild parsn ip  and Oregon grape a r e  found i n  the 
undergrowth and on open s lopes .  

4. Claims: (Map 2 )  

Name No. of Units Record No. Month of Record 

Koots 1 12 
Sean 1 8 
Windy 1 6 

1719 June, 1980 
1720 June, 1980 
1718 June, 1980 
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I 1  GEOLOGY 2. 

1. REGIONAL GEOLOGY 

The Wolverine Range is  a no r thwes te r ly  t rending  r idge  of 
metamorphic and sedimentary rocks.  The rocks of the Wolverine 
Metamorphic Complex c o n s i s t  of g r a n i t o i d  g n e i s s ,  pegmati te ,  schist, 
amphibol i te  and q u a r t z i t e .  Andesitic vo lcan ic s ,  g reens tone ,  a r g i l l i t e ,  
s h a l e  and l imes tone  of Upper Pa leozoic  and younger o r  o l d e r  rocks a r e  
interwoven w i t h  the metamorphic rocks. Minor i n t r u s i o n s  of Cretaceous 
and/or  T e r t i a r y  age occur, c o n s i s t i n g  of small s tocks  of coa r se  gra ined  
g r a n i t i c  and/or g r a n o d i o r i t i c  materi a1 . 

2. LOCAL GEOLOGY 

2.1 Descri p t i  on 

The Koots Group is  under la in  by a Cretaceous and/or T e r t i a r y  s tock  
which in t ruded  and metamorphosed marine sediments of  Upper Paleozoic  and 
younger o r  ol der age. During emplacement, the g r a n i t e  i n t r u s i o n  c rea t ed  
a contact metamorphic g r a d i e n t  w h i c h  decreases  r a p i d l y  from the stock.  
In sharp  c o n t a c t  w i t h  the intrusive, ska rns ,  w i t h i n  tens of metres, 
grade i n t o  coa r se  then fine gra ined ,  r e c r y s t a l l i z e d  l imestone.  In 
g r a d i e n t  c o n t a c t  w i t h  the s tock ,  gneisses and schists, i n  a few metres, 
grade t o  pervas ive ly  s i l i c i f i e d  a r g i l l i t e  and phy l l i t i c  a r g i l l i t e .  
Emplacement of the g r a n i t i c  i n t r u s i o n  appears  to be a s s o c i a t e d  w i t h  a 
n o r t h e r l y  t r end ing  f a u l t  system (Map 3 ) .  

The main f a u l t i n g  of the a rea l  rocks i s  a high angle  normal f a u l t  
set t r end ing  nor theas t - southwes t .  Three f a u l t s  make up the set and cu t  
the north c e n t r a l  , c e n t r a l  and s o u t h e a s t  s e c t i o n s  of the proper ty .  A 
small high angle  d i p  s l i p  f a u l t  i s  thought  t o  be t r a n s v e r s e  to the main 
f au l  t i  ng. 

The Cretaceous and/or  T e r t i a r y  i n t r u s i o n  grades southwards from 
coa r se  gra ined  q u a r t z  monzoni t e -g ranod io r i  t e  through medium gra ined  
q u a r t z  monzonite i n t o  g ranu la r  g r a n i t e s ,  then to fine t o  medium gra ined  
a l a s k i t e s .  The q u a r t z  monzoni te-granodior i te  c o n t a i n s  20% q u a r t z ,  65% 
combined f e l d s p a r s  and 15% b i o t i t e  and hornblende. 
e q u i g r a n u l a r ,  w i t h  40% q u a r t z ,  40% o r t h o c l a s e ,  10-15% p l a g i o c l a s e  and 5% 
b i o t i t e  and hornblende. 
combined f e l d s p a r s  and less than 1% mafic minera ls .  

T h e  g r a n i t e  i s  

The  a l a s k i t e  con ta ins  40% q u a r t z ,  up to 60% 

Finer grained equ iva len t s  of the intrusives occur  a s  dykes, s i l l s ,  
and apl i tes i n  the s tock and the surrounding metamorphosed sediments. 
In c o n t r a s t ,  l a r g e  c r y s t a l s  of q u a r t z ,  f e l d s p a r s ,  and micas occur  i n  
pods throughout  the s tock .  
centimetres i n  s i z e ,  a r e  found i n  the metamorphosed sediments and less 
frequently w i t h i n  the g r a n i t i c  m a t e r i a l .  The intrusive i s  well 
f r a c t u r e d  and j o i n t e d  w i t h  n o r t h e a s t  a s  the preferred d i r e c t i o n .  
Local ly  i n  the western segment of the s tock the rocks a r e  s l i g h t l y  
p o r p h y r i t i c  w i t h  a sl i g h t  chl o r i  t i c  a1 t e r a t i o n .  

Q u a r t z  ve in ing  and pods of q u a r t z ,  



3. 

Calc-silicate skarns are i n  sharp contact with the stock, and i n  
gradational contact with metasomati zed shales. In both  cases the 
contact skarn i s  fine grained, h ighly  siliceous and l i g h t  green, 
diopside skarn. These skarns are from a few centimetres to metres 
thick. The outer skarn i s  generally dark green to brown, highly crysta- 
l l ine , inhomogeneous and garnetiferous. Thicknesses range from a few 
centimetres t o  tens of metres. This type of skarn can contain massive 
sul p h i  des. 

I n  sharp contact w i t h  the calc-si1 icate skarns are recrystallized 
1 imestones. They are generally coarse grained, d i r t y  grey, banded, w i t h  
the occasional carbonate vein, b u t  no visible metallic mineralization. 
Bedding i s  visible b u t  distorted. Thicknesses are generally i n  the 
order of tens of meters. 

A grada t iona l  contact occurs between the stock and metamorphosed 
shales. The intrusive rocks become coarser grained w i t h  an increase i n  
mafic content further i n t o  the contact zone. These rocks grade th rough  
sl ightly foliated gneisses i n t o  schists. This gradation o r  contact zone 
i s  only a few metres th i ck .  Metasomatism seems to have effected the 
country rock f o r  a few metres from the contact zone, g i v i n g  r ise  t o  
si1 iceous and micaceous skarn. From this p o i n t  low grade pervasive 
metamorphism created si1 iceous and phylli t ic a rg i l l i t es .  

Sulphide mineral s occur t h r o u g h o u t  the intrusives and meta- 
sediments. Pyrrhotite i s  dominant and pervasive i n  bo th  rock types as 
fine grained disseminations and i n  masses associ ated w i  t h  magnetite , 
chalcopyrite and sphalerite along skarn, limestone contacts. 
Molybdenite, found as flakes and rosettes, occurs i n  the skarns and 
frequently i n  the ap l  i tes, alaski tes and, rarely, i n  pegmati t i c  pods. 
Galena i s  rare and has only been found as smal 1 crystal s i n  a garnet- 
i ferous skarn. 

Scheel i t e  i s  noted i n  the cal c-si1 icate skarns. Magnetite 
associated w i t h  b iot i te  i s  found as fine grained disseminated crystals 
i n  the intrusives as well as the skarns. Epidote exists locally i n  
veinlets and fracture f i l l ings  i n  the contact zone of the stock and 
metamorphosed sediments. 

2.2 Discussion 

The metamorphosed sediments t h a t  exist  on and around the Koots 
Group were l a i d  down as interbedded limestones and fine grained c las t ic  
sediments. These sediments are t h o u g h t  to be of either the Slide 
Mountain or Cache Creek Groups. Tectonic activity d u r i n g  the Col umbian 
Orogency created 1 oca1 up1 i f t  , fol  d i n g  and empl acement of acid 
intrusives. In the study area, faul t i  ng control 1 ed the emplacement of 
mu1 t i  -phased aci d intrusions. 
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Underlying the Koots Group, the stock c o n s i s t s  of zoned phases 
w i t h i n  g rada t iona l  c o n t a c t s  from q u a r t z  monzonite on the per iphery  
through g r a n i t e  i n t o  an a l a k s i t e .  Pegmat i t ic  pods e x i s t  i n  and a p l i t e s  
cu t  through a l l  phases of the s tock.  Magmatic and hydrothermal f l u i d s  
were c o n t r o l l e d  by f a u l t i n g  and f r a c t u r i n g  of the s tock and the 
f a u l t i n g ,  f r a c t u r i n g  and bedding of the surrounding metamorphosed 
sediments. 

Metasomati sm produced ga rne t  , d i o p s i d e / g a r n e t  and d iops ide  skarns 
and s i l i c e o u s  and p h y l l i t i c  a r g i l l i t e s .  Metasomatic f l u ids  were the 
source  of elements f o r  the metal 1 i c  mineral s. 

P y r r h o t i t e  , sphal  eri t e  , molybdenite , scheel i te , chal copyr i  t e  , 
magne t i t e  , and r a r e l y  gal ena have been depos i ted  i n  the cal c -s i1  i c a t e  
skarns .  In the s i l i c e o u s  and p h y l l i t i c  a r g i l l i t e s ,  p y r r h o t i t e  was 
recogni  zabl e , w i t h  r a r e  molybdenite. Magneti t e  and py r rho t i  t e  were 
noted t o  occur i n  the more mafic intrusives, and molybdenite was very  
l o c a l  and l imited.  

111 GEOCHEMISTRY 

1. SAMPL I NG PROCEDURE 

A geochemical s o i l  sampling program, c o n s i s t i n g  of six hundred and 
f i f t y  l o c a t i o n s ,  numbers 81030010 t o  81030660, was undertaken on the 
Koots Group i n  1981. S i x  hundred and t h i r t y - f i v e  samples were taken 
from the appa ren t  "6" s o i l  horizon a t  an average depth o f  18 
centimetres. Twenty-one 1500 metre eas t -wes t  l ines ,  100 metres a p a r t ,  
w i t h  50 metre s t a t i o n s  comprised the sampling g r i d  (Map 4 ) .  

Two b l a s t  hole  trenches approximately 1 .5  metres wide, 6 metres 
long and 1 metre deep p l u s  1 hand trench 1 metre wide,  3 metres long and 
.2 metres deep were used to  i n v e s t i g a t e  a s o i l  sample anomaly and 
mine ra l i zed  ou tc rops .  Seven channel samples averaging  1.5 metres long 
and .5 c e n t i m e t r e s  deep were taken from the exposed bedrock of the 
trenches. Samples 81030744 t o  81030747 were taken from Trench 1 t o  
sample bedrock beneath s o i l  sample 81030042, w h i c h  was anomalous i n  
molybdenum, tungsten and copper .  81030748-81030749 from Trench 2 
and 81030750 from Trench 3 t o  sample minera l ized  outcrops .  (Map 4 ) .  

2. ANALYTICAL TECHNIQUES 

The s o i l  samples,  packaged i n  consecu t ive ly  numbered k r a f t  paper 
sample bags, were sent t o  Bondar Clegg and Company Limited i n  North 
Vancouver , Bri t i  s h  Col umbi a , f o r  geochemical anal ysi  s . These sampl es 
were dried, sieved to minus 80 mesh and analyzed fo r :  Mo, C u ,  Pb,  Z n ,  
u t i 1  i z ing  HN03-HCL h o t  e x t r a c t i o n  and atomic absorp t ion  spectrometry 
and f o r  W using carbonate  s i n t e r  and co lour imet ry .  
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The channel samples, placed i n  consecutively numbered plastic 
sample bags, were a1 so sent to  Bondar Clegg and Company Limited for  
assaying. These samples were crushed and pulverized, then quant i  ta-  
tively analyzed using ac id  digestion and atomic absorption end p o i n t  
techniques. 

The analysis results are tabled i n  Appendix I .  

3. DISCUSSION 

Statistical manipulation of the soil geochemistry results 
consisted of g roup ing  the data and determining the arithmetic mean, x ,  
and the standard deviation, s, of the da ta  around the mean for  each 
element. Threshold values range from x + 2s t o  less t h a n  F; + 4s, f i rs t  
order anomalies range from + 4s to less t h a n  x + 8s, second order 
anomalies range from x + 8s to less than x + 16s and t h i r d  order 
anomal ies are greater than x + 16s. 

For molybdenum there are twenty-seven threshold val ues , s i x  f i r s t  
order anomalies, three second order anomalies and two third order 
anomalies of 1480 ppm. and 2100 ppm. p90 (Map 5 ) .  The tungsten data  show 
t h i  rteen thres hol d Val ues, eight f i rs t  order anomal i es, one second order 
anomaly and two t h i r d  order anomal ies of 130 ppm. and 585 ppm. W (Map 
6) .  Copper has seventeen threshold values, eight f i r s t  order anomalies, 
no second order anomal ies and two t h i r d  order anomal ies of 965 ppm. and 
6262 ppm. C u  (Map 7 ) .  
nine first  order anomal ies ,  one second order anomaly o f  186 ppm. Pb and 
one third order anomaly of 710 ppm. Pb (Map 8 ) .  The zinc data show 
th i r ty - f i  ve threshold Val ues, fourteen f i r s t  order anomal ies,  and eight 
second order anomalies from 1410 ppm. t o  2370 ppm. Z n  (Map 9) .  

For lead there are twenty-one threshold values, 

The plotted anomalous soil sample results closely reflect the 
geology, w i t h  skarns appearing t o  be the source of a majority of 
anomal ies. There is  some dispersion of the more mobile elements 
resulting i n  scattered p o i n t  anomalies. 

Two of the three trenches have interesting sample results. From 
Trench 1 sample 81030744 has 0.075% F4o over 1.65 metres, 81030745 has 
0.037% Mo and 0.68% 'd over 1.35 metres, 81030746 has 0.038% Mo over 
1.3511 and 81030747 has 0.036% Yo and 0.11% Cu over 1.2 metres. Trench 2 
has no notable values and the one sample 81030750 of  Trench 3 shows 
3.10% Mo over 1.38 metres (Figure 1). 
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I V GEOPHYSICS 

1. SURVEY PROCEDURE 

2. 

A geoMetrics Model 6816 Portable Proton Magnetometer was used to 
conduct a 31.5 kilometre ground magnetic survey. 
consisted o f  21, 1.5 kilometre east-west l i nes ,  100 metres apart ,  w i t h  
50 metre s ta t ions.  

The survey g r i d  

T h i s  magnetometer measures the total intensity of the earths 
magnetic f i e ld  w i t h  a sens i t iv i ty  up t o  + 1 gamma through the use o f  
pro ton  precession. By measuring the totxl fie1 d intensity orientation 
errors are minimized. 

To ensure optimum resul ts  the sensor was always oriented 
north-south so that  the sensor axis was perpendicular to the earths 
f i e ld ,  held s t i l l  to reduce random noise and mounted on a s ta f f  to 
reduce the e f fec t  of very h i g h  local magnetic gradients. S t a t i o n  10+00N 
12+50E was used as the base s ta t ion.  By referring back to this s ta t ion 
on closure of the traverse,  a check on the accuracy o f  the survey and 
diurnal variations were obtained. 

No corrections have been made t o  the da ta  ob ta ined .  

DISCUSSION 

The recorded data from the magnetometer survey are plotted on a 
A t  this 1:5000 scale map w i t h  2000 gamma contour intervals  (Map 10) .  

scale  the data r e f l ec t  the mapped geology. The h i g h s  are associated 
w i t h  magnetite, pyrrhotite bearing skarns and the lows w i t h  the a lask i te  
and/or recrystal 1 ized limestone. 

V SUMMARY AND CONCLUSIONS 

A mu1 ti-phased acid intrusion has been ernplaced i n  interbedded 
limestones and f ine grained c l a s t i c  sediments. In contact w i t h  the 
stock, metasomati sm has created skarns and schis ts .  Outwards, pervasive 
low grade metamorphism occurs as recrystall ized limestones and si1 iceous 
and phyll i t i c  a r g i l  1 i t e s .  

Metal 1 i c  mineral s occurring i n  these rocks are pyrrhotite,  
magnetite, pyri te  , molybdenite, scheel i t e ,  chalcopyrite, rare galena and 
sphaler i te .  Skarn i s  the major host of economic metallic mineralization 
w i t h  minor occurrences contained i n  the a r g i l l i t e s  and intrusives.  

Soi 1 sampl i n g  resul t s  showed anomal ous Val ues for molybdenum 1480 
ppm. and 2100 ppm 740, tungsten 180 ppm. and 585 pprn. W, copper 965 pprn. 
and 6262 ppm. C u ,  and lead 710 ppm. Pb w i t h  zinc having  a large number 
of minor anomalies. These anomalous values are closely related t o  the 
geology w i t h  skarns appearing t o  be the major source o f  the elements. 
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Follow up blast  hole trenching has shown interesting molybdenum 
values associated w i t h  minor values i n  tungsten and copper. 
in te res t  i s  Trench 3, which has 3.10% Mo over 1.38 metres. Trench 1 
contains 0.046% Mo and 0.21% W over 5.5m and 0.11% C u  over 1.2m. There 
were no values of in te res t  for Trench 2. 

Of specific 

The magnetometer survey ref1 ec ts  the mapped geology, w i t h  h i g h s  
associated w i t h  magnetite, pyrrhotite bearing skarns and the 1 ows the 
a1 aski t e  and/or  recrystal 1 ized limestone. 

The 1981 exploration program has shown the property contains 

The magnetometer 
interesting molybdenum and tungsten values i n  so i l s  and trenches and 
minor values for copper, lead and zinc i n  soi ls .  
survey has shown that  a t ighter  g r i d  i s  necessary to delineate buried 
skarns. Further work i s  necessary to outline the continuity, extent and 
economic mineral grades of the important skarns and to determine the 
type and extent of mineralization i n  the intrusives. 

VI RECOMMENDATIONS 

The following program is  recommended for the 1982 f i e l d  season: 

1. Further geological mapping a t  a scale of  1:5000. 

2. Extension of the geochemical soil sample g r i d  to cover additional 
mineralization. A total  155 soil samples t o  be taken for analysis 
o f  Mo, W, C u ,  Pb ,  Zn. 

3.  A ground magnetometer survey to  cover the soil sample g r i d  extension 
t o  define massive sulphide, magnetite showings, and structure. 

4. Further trenching and channel sampling to investigate soil sample 
anomal ies and mineralized outcrop. 

5. Three hundred metres of d r i l l i n g  t o  define mineral occurences, 
grades and tonnages. 

Respectful ly submitted, 

Regina1 d L. Faul kner 
Geol ogi  s t  
[>enison Mines Limited 



VI1 - ITEMIZED COST STATEMENT 

June 17 ,  1981 t o  September 21,  1981 

8. 

Wages: Geo log i s t  58 man days Q $130.00/manday $ 7,540.00 
Fie1 d Assistant 58 man days @ $ 90.00/manday 5,220.00 
B1 a s t e r ( c o n t r a c t o r )  4 man days Q $200.00/manday 800.00 
B l a s t i n g  A s s i s t a n t  4 man days @ $165.00/manday 660.00 

( c o n t r a c t o r  1 

Food: 124 mandays Q $ 25.00/manday 3 , 100.00 

Accomodat i  on: 32 mandays @ $ 20.00/manday 640.00 

Transpor t a t ion :  Northern Mountain He1 i c o p t e r s  Bel 1 206111: 

11.7 hours Q $410.00/hour 1,797 .OO 
11.7 hours 0 23.0 ga l . /hour  

Q 1.80/gal l  on 484.38 

: CP Air; Vancouver t o  Prince George 
; Prince George to  Vancouver 

: Northern T h u n d e r b i r d  Air; 
Mackenzie to  Prince George 

410.40 

273.00 

Equipment Rental : Trucks 58 days 8 $850.00/30 days 1,643.33 
Rock Drill 4 days 8 $ 50.00/day 200.00 

Geochemical Analysis :  635 s o i l  samples,  geochemical 
140, C u ,  Pb ,  Zn @ $4.00/sample 2,540.00 

W Q $3.75/sample 2,381.00 
Sample Prep B $0.60/sample 381.00 

: 7 channel samples, assay  
Mo, Zn @ $13.00/sample 
C u ,  Pb Q $12.00/sample 

W Q 5 9.00/sample 
Sample Prep. B $2.50/sample 

Mi scel 1 aneous: Expl o s i  ves 

91.00 
84.00 
63.00 
18.00 

300.00 

TOTAL $31 -626.11 



VI11 - STATEMENT OF QUALIFICATIONS 9. 

I ,  Reginald L. Faulkner ,  Geologis t ,  w i t h  bus iness  address  i n  Vancouver, 
Bri t i  sh Col umbia , and resi d e n t i a l  address  i n  North Vancouver , British 
Col umbia , hereby c e r t i f y  t h a t :  

1. I graduated  from the Unive r s i ty  of British Columbia i n  1974 w i t h  a 
B.Sc., r e tu rned  i n  1977 completing a geologica l  program i n  1979 f o r  a 
combined Geology, Physical  Geography degree.  

2. From 1970 t o  1979, I have been engaged i n  va r ious  a s p e c t s  of mineral 
e x p l o r a t i o n  i n  British Columbia, A lbe r t a ,  Yukon and the North West 
Territories. From 1979 to  present, I have a c t i v e l y  p a r t i c i p a t e d  i n  
mineral  e x p l o r a t i o n  i n  British Columbia a s  a Geo log i s t  w i t h  Riocanex 
Limited and Deni son Mines Limited.  

3. I p e r s o n a l l y  p a r t i c i p a t e d  i n  the f i e l d  work on the Koots Group and I 
have compiled the da ta  r e s u l t i n g  from this work. 

Regi nal d L . Faul kner 
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