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FOREWORD 

This is the  eighth  year of publ icat ion of Geological  Fieldwork, a 
publ icat ion  designed  to   acquaint   the   interested  publ ic   with  the 
pre l iminary   resu l t s  of fieldwork of the  Geological Branch as soon a s  
poss ib le  after the   f ie ld   season .  The reports   are   wri t ten  without   the 
benef i t  of ex tens ive   l abora tory   o r   o f f ice   s tud ies .  To speed publ ica t ion ,  
f i gu res  have general ly  been  draughted by the  authors.  

This   ed i t ion  of Geological  Fieldwork has a revised  format  with t w o  
sec t ions .   Pro jec t  and  Applied Geology includes  reports  of nletal l ic  and 
coa l   f i e ld   i nves t iga t ions ,   r epor t s  of District Geologists, and property 

programs. The Other  Investigations  section  consists  mainly of repor t s  of 
examination  related  to some mineral   propert ies   funded  in   par t  by Ministry 

work done by d i f f e ren t   un ive r s i t i e s  funded by grants  of the  Ministry. 

The cover  photograph  depicts a f l y  camp i n   t h e  Monashee Mountains. 

product ion  edi t ing and layout by the   h tb l ica t ions   Sec t ion  and D. Bulinckx 
Output  of t h i s   pub l i ca t ion  was coordinated by W . J .  McMillan and 

of Project  Geology. R. HOenSOn of the  Geological  Branch  draughting 
of f ice   ass i s ted   wi th   l ayout .  

A. Sutherland Brown, 

Geological  Branch, 
Chief  Geologist, 

Mineral  Resources  Division. 
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P R O J E C T  A N D  A P P L I E D  G E O L O G Y  

MAPPING OF SILICA OCCURRENCES I N  BRITISH COLUMBIA 

By Z.D. Hora 

A f ield  reconnaissance of silica occurrences  with mapping  and sampling was 
c a r r i e d  on during  the 1981 f i e l d  season. The purpose  of t h e  study i s ;  to 
obtain  information  about   the  industr ia l   potent ia l  of reported  occurrences 
i n  view  of recent i n t e r e s t   f o r  raw mterials t o  produce f e r r o s i l i c o n  and 
s i l i c o n  metal. The studied  occurrences were those where previous  data  did 
not  provide enough information  e i ther  on size  or  chemical  composition of 
the  silica. The fol lowing  propert ies  were examined. 

WHITE ELEPHANP (82L/4E, 500 09'-119' 33 ' )  

The s i l ica   occur rence   cons is t s  of  an oval-shaped  quartz  plug, 27 metres 
long and 12 metres wide, i n  a coarse-grained  hornblende-bicmtite  granite. 
Pa r t  of the  plug, which is mineralized by massive pyrrhot i tc   with a small 
amount of chalcopyri te  and some gold  values, was mined between 1921 and 
1933. The mined-out a r e a   l e f t  a p i t  15 metres by 9 metres t h a t  is now 

metres below the  surface.  
f i l l e d  with water. The old  workings  extend to  a depth  of  approximately 66 

FAIRVIEW (82E/4E, 49O 12'-119° 38 ' )  

A quartz  vein,   with minor gold  values up to 7.5 metres wide, was mined 
Underground from 1933 t o  1961 and mre than 350 000 tonnes of smelter f lux  
were shipped to   Tra i l .   In   ou tcrop ,   the   ve in   s t r ikes  118 degrees  with  dip 
30 t o  50 degrees  northeast;   the  quartz is exposed i n  an area  7.5 metres by 
31 metres. The surrounding rocks cons i s t  of s l i g h t l y  metamorphosed 
sedimentary  rocks,  mainly  dominated by q u a r t z i t e s  and metaqreywackes. 

SUSIE (82E/4E, 49" 13'-11g0 36 ' )  

A body of  massive,  milky  white  quartz is enclosed  in a g r a n i t i c   i n t r u s i o n  
and  crops  out as a knol l  35 metres long and 20 metres wide.. Most of the 
outcrop seems r e l a t i v e l y   f r e e  of impuri t ies ,   a l though  l imonite   s ta ining 
and  small  amounts of pyrite,   galena,  and py r rho t i t e  are prosent.  Between 
1964 and 1976 some 20 000 tonnes of silica flux  with minor gold  valu,es 
was shipped  to   Trai l  from  an underground operation. 
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SNOWDRIFT (82F/11W, 49O 37'-117O 29')  

pod is exposed  over  an  area  of 45 metres by 60 metres and is surrounded 
Massive  milky  white  quartz  forms  the  core of a pegmatite dyke. The quar tz  

by a large mass cons is t ing  of p e r t h i t i c  undergrowths  of  feldspar  and 
quar tz .   In  1971 a small  quarry, 10 metres by 20 metres, produced 500 
tonnes of s i l i c a  which was used l o c a l l y   a s  a stucco  dash. 

LOUMARK (82E/15E, 49O 58'-118"  40') 

Outcrops  scattered 50 metres of s t r ike  length  expose an 8-metre-wide vein 
of  white  opaque  quartz a t  least 8 metres wide with  northwest   s t r ike  that  
cuts  through a body of  Nelson grani te .  The quartz  is r e l a t ive ly   f r ee   o f  
impurities  although  limited  areas  have  disseminated  pyrite. 

RICE  (82F/9E, 49O 34'-116O 04 ' )  

A group of outcrops  over an area of 15 metres by 30 metres expose a body 
of hydrothermal  quartz  that  is highly  contaminated by limonite  malachite 
s t a ins .  Small c r y s t a l s  of p y r i t e  are a common accessory component i n  
unweathered  quartz; l o w  gold values are a l so  reported. Fol ia ted Eine- 
grained  brown-green p y r i t i c  metasediments  comprise  the  surrounding  rocks. 
Some 1 400 tonnes was mined and shipped to T r a i l  in 1973. 

QUARTZ (93G/8W,  53O 22'-122° 26') 

A massive  white  quartz  vein is exposed i n  a zone more than 205 metres i n  
length and 21 metres i n  width. It s t r i k e s  140 degrees  and, t o   t h e  
nor thwes t ,   sp l i t s   in to  two branches. The country  rock  consists  of 
sl ightly  foliated,   f ine-grained,  dark  green-black  metasedimentary  rocks.  

CARIBOO GOLD QUARTZ (93H/4E, 53' 04'-121° 31')  

The B.C. vein is a massive, mostly  barren  white  quartz  vein. It is 
exposed in   scat tered  outcrops  a long 250 metres of s t r i k e   l e n g t h  and is up 
t o  10 metres in width. The vein  consis ts  of parallel bands  of  massive 
quartz  with many small fragments of phyl l i te   wal l rock between individual  
bands. 

Several   sedimentary  si l iceous  units were a l s o  examined: 

( 1 )  Monashee q u a r t z i t e s  in the  Revelstoke  area were found t o  be highly 
contaminated by muscovite, and t o  a lesser degree ,   b io t i te  and other 
dark  minerals. 

( 2 )  South  of Salmo near  the  abandoned  Jersey mine, the  Quartzi te  Range 
Formation  contains a 75-metre-wide r idge of  massive quar tz i te   wi th  
only  t races  of  muscovite. 

10 



( 3 )  In  the  Barkerville  area  the  Yanks  Peak  quartzite  is  locally  pure 
white  with  no  macroscopically  visible  impurities.  However,  many 
exposures  exhibit  rusty  spots  replacing  mafic  minerals.  Secondary 
quartz  and  carbonate  veinlets  are  common. 

calcareous  beds,  locally  contaminated  by  micas  and  feldspar 
fragments. 

( 4 )  Rocky  Mountain  Formation  sandstones  in  the  Flathead  area  are  highly 
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NOTES ON THE PENTIC'PON GROUP 
A PROGRESS  REPOW ON A NEW STRATIGRAPHIC  SUBDIVISION OF THE TERTIARY 

SOUTH-CENTRAL  BRITISH  COLUMBIA 

(82E/L) 

By B.N. Church 

The name Penticton Group has been  proposed for Eocene volcanic and 
sedimentary rocks of the Okanagan-Boundary region. The areas of recent 
study  required to del ineate these rocks  are shown on Figure 1. 

Figure 1. Index MP of areas of de ta i led  study. 
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The pr incipal   resources  of the  Penticton Group are  coal,   precious  metal  
depos i t s ,  uranium, and geothermal  energy. 

The Group cons i s t s  of six  well-defined  formations  having an aggregate 
th i ckness  of about 2 500 metres i n  the  type  area  near  Penticton (No. 4, 
Figure 2 ) .  A t  the  base  are  polymictic  conglomerates and brecc ias  
referred  to  as  the  Springbrook  Formation and coeval  beds of the  Kettle 
River  Formation  consisting of granite  boulder  conglomerate,   rhyolite 
brecc ia ,  and tuffaceous  sedimentary  rocks. Above t h i s  is t.he Marron For- 
mation composed mainly of thick  andesi te ,   t rachyte ,  and phonol i t ic   lava 

Formation.  This is followed by volcanic   breccias  and l acus t r ine  and 
flows,  succeeded upward by d a c i t i c  and some andes i t i c  domes: of the blararna 

Skaha Formation  consisting of a   landsl ide complex and fang1.omerate  beds. 
f luvial   sedimentary  rocks of the White Lake Formation  and,  uppermost.,  the 

Mesozoic  sedimentary and volcanic  rocks, and o lde r   s ch i s t s  and gneis:oes. 
The Group r e s t s  unconformably on pre-Tert iary  grani toids ,  metamorphosed 
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Flgure 2. Correlation  chart of major Tertiary  units. 
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The age  range for   the Group, as  determined by potassium-argon  radiometric 
methods, is 48.4 Ma (whole  rock)  to 53.1 Ma ( b i o t i t e )  f1.8 Ma. Pre- 
l iminary  tests  performed on the  pr incipal   lava members ind ica t e  normal 
magnetic  polarity.  Overlying the  Group are   isolated  patches of Miocene 
rhyo l i t e   (O la l l a   rhyo l i t e ,  13 Ma) ' p l a t e a u   b s a l t ' ,  and  younger 'val ley 
b a s a l t .  ' 

I n  the Kelowna area   'p la teau   basa l t '   occurs  on Carrot Mountain ( 11.8 Ma) 
and Daves Creek (14.9 Ma). The  Lambly Creek basa l t  (0.762 Ma) is the 
only  so-cal led  'val ley  basal t '  of the  region. 

North  and  west of the  type  area (see Nos. 1, 2, and 3, Figures 1 and 2 )  
the   cons t i tu ten t   format ions   in te r f inger  and are   replaced by un i t s  of the 

Naswhito  Creek  Formation,  Rouleau  Rhyolite,  Attenborough  Creek  Formation, 
Kamloops  Group (Ewing, 1981). A t  Terrace  Mountain  near Vernon the names 

and Shorts Creek  Formation  are  applied  to Eocene volcanic and sedimentary 
uni t s   tha t   on ly   par t ly   cor re la te   wi th   the   Pent ic ton  Group (Figure 2) .  
Further west a t  Hat Creek few comparisons  can be made other  than to say 
t h a t  the Coldwater Beds partly  resemble  the  basal  Tertiary  sedimentary 
rocks i n  the Okanagan area.   Recent  studies  suggest  that  some p a r t  of 
these  basal   successions may be Cretaceous (K. Shannon, pers. co rn . ) .  

To the  southeast   near Midway i n  the BOundary area the EOcene sec t ion  is 
incomplete  but  strikingly  similar  to  the  type  assemblage (Monger, 1968). 

Formation and Klondike b u n t a i n  Formation, a t   t h e  base  and  top of the 
In  northern Washington State  near  the  Republic  area  the  O'Brien  Creek 

Eocene sec t ion   respec t ive ly ,   a re   cor re la ted  i n  p a r t  with  the Kettle River 
Formation  and Skaha Formation of the  Penticton Group (Pearson and 
Obradovich, 1977). However, the  dacite-rich  Sanpoil   volcanics which 
under l ie  part of the  Republic  graben  are  lithologically  unlike  the Plarron 
Formation and represent  a s ign i f icant   uncorre la ted  u n i t .  

A check  with D r .  T.E. Bolton i n  the   spec ia l   p ro jec ts   sec t ion  of tRe 
Geological Survey of Canada on the  pre-occupation of s t r a t i g r a p h i c  names 
has  cleared  the  following list for formal  use i n  south-cent ra l   Br i t i sh  
Columbia: 

Area  Nam Age 

Hat Creek 
k d i c i n e  Creek Formation 

Finney  Lake Beds (Eocene) 
(Eocene) 

H a t  Creek Formation  (Eocene) 

Terrace  Mountain  Naswhito Creek Formation  (Eocene) 
Bouieau Rhyo l i te  

Attenborough Creek Formation 
(Eocene) 

Shorts Creek Formation 
(Eocene) 
(Eocene) 

Penticton  Penticton Group (Eocene) 

Ke I owna Lambly Creek Basalt  (Pleistocene) 

su f f i c i en t l y   d i f f e ren t   f rom H a t  Creek beds (Oligocene)  of Wyoming and H a t  
I t  is  considered t h a t  name Hat Creek  Coal Formation (Eocene) i s  

Creek Basalt  (Recent)  of  northern  California. 
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s t ruc tu ra l   con t ro l  of the   var ious   ou t l ie rs  of the  Penticton Group relates 
t o  some east-west-trending  synclines and t o  a pa t t e rn  of north-south 
gravi ty   fau l t s  and  pronounced  conjugate  shears of northeast  and northwest 
or ien ta t ion .  These folds  and f r ac tu res   a r e  viewed as  essential elements 
i n  a north-south  directed stress scheme thought to be responsible   for   the 
many graben-like  structures and overal l   basin and range-lika  fabric of the 
region. 

The Hat Creek  basin is a typical  graben. In t h i s  example the   cen t ra l  zone 
of the  valley  has been  downdropped on a s e r i e s  of north-south  tension 

the   wal l s  of t h i s  graben  having  been o f f s e t  by northwest an,3 northeast-  
f au l t s   t r end ing   subpa ra l l e l   t o   t he   d i r ec t ion  of regional maKiman s t r e s s ,  

trending  conjugate  shears.  

Ver t ica l  movement  on the  graben  faults is commonly in  the  range  of 
hundreds of metres. As viewed on Shorts  Creek  near Vernon, the  Tert iary 
beds  have  been  downfaulted in  excess of 700 metres aga ins t  Bolder limestone 
and grani te ;  a t  Hat Creek the  ver t ical   d isplacement  is loca l ly  in excess 
of 1 000 metres. As a ne t   resu l t  of t h i s  movement, cormnon1:y the  base of 
these  continental   beds is displaced well below mean sea level   e levat ion.  

Lateral movement on the   shear   fau l t s  is not  readily documented although it 
is suspected  that   the  southern Okanagan and  Boundary areas  may have 

present  Reno, Nevada-Billings, Montana volcanic-geothermal belt ( G r i m ,  
resided on a northeast-trending  geothermal  lineament simi1a:c t o  t h e  

petrography of the  Eocene volcanic  rocks of the Okanagan an83 Roundary 
1977). This  could  explain  the marked s imi l a r i t y  of the   s t r s t ig raphy and 

areas.   This  might  also  partly  account  for  the  resett ing  to Eocene of 
radiometric dates of c r y s t a l l i n e  basement  rocks in  the  region (Ross, 
1974). 

The hypothet ical   reposi t ioning of Penticton Group rocks  in  the  south 
Okanagan and  Boundary a reas   to   jux tapos i t ion  on a northeast-trending 

80 kilometres.  Extending  the  hypothetical  geothermal belt and 
geothermal b e l t  would require  a southeast-northwest  translation of ab,out 

l i t h o l o g i c a l   c o r r e l a t i o n s   t o   t h e  Highwood area of cen t r a l  Wmtana 

of  several   hundred  kilometres  muld be required. It is noted  that 
(similarities noted by Church, 1973, p. 75) ,  a t r ans l a t ion  :in the  order 

lateral t r ans l a t ions  of t h i s  magnitu*  have  been recorded i n  the  Northern 
Cordi l lera   (Norr is ,  1981, G.A.c. abs t r ac t ,  p. 29). 
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THE RIDDLE CREEK URANIUM-THORIUM PROSPECT 

(82E/12W) 

By B.N. Church 

The R i  ddle  Creek  uranium-thorium  prospect, 15 kilometres west: Of 

Summerland, was discovered i n  1977 and  acquired  the same year by Br i t i sh  
Newfoundland Exploration  Ltd. Work on the  property t o  date   includes  l ine-  
cu t t i ng ,  mapping, soil geochemistry, and several   short  drill holes. 

The present   report  is based on recent  geological and sc in t i l l ome te r  
surveys  and a lithogeochemical  study  sponsored by the  Ministry.  

GEOLOGICAL SETTING 

A large radioact ive anomaly coincides  with an Eocene volcanic: centre near 
the  headwaters of Riddle  Creek  (Figure 1) .  The pr inc ipa l   rad ioac t ive  

consanguineous  igneous  intrusions of the  Coryell-type. 
rocks  include  trachytes and  mafic  phonolites of the  Marron Formation  and 

LOW-RADIOACTIVE COUNTRY ROCKS 

A t  the  base of the  Tertiary sec t ion  and north of the zone of anomalous 
radioactivity,  poorly  exposed  polymictic  boulder  conglomerate  beds  are 
ten ta t ive ly   ass igned   to  the Springbrook  Formation.  These  rocks  appear t o  
be  unconformably  underlain by grani t ic   phases  of the Okanagan Batholith 

form a s igni f icant   format ion   in   the  northeast  part of the area where lava 
(Jurassic-Cretaceous) and overlain by  unnamed andesi tes .  The andesiteis 

and breccia are 250 metres thick.  Alkaline  andesite  dominates (No. 1, 
Table 1) and is character ized by scattered  microphenocrysts of 
plagioclase and hornblende  usually less than 1 mtllimetre in  diameter.  

Scintillometer readings on these rocks and other basal and  basement u n i t s  
range from 40 t o  80 counts per second. 

RADIOACTIVE ROCKS 

Rocks t h a t  show anomalous r ad ioac t iv i ty  are p r inc ipa l ly  mafic: phonol i tes  
and  trachyte  lavas  and  breccias (Nos. 2 and 4, Table 1 ) .  Thetse ove r l i e  
the   andes i tes  and onlap parts of the  Okanagan Batholith.  They are dated 

of the  Marron Formation  near Penticton. 
52.7t1.8 Ma (K/Ar on b i o t i t e )  and correlate   with  the Yellow Lake Member 

Mafic phonolites,  which  form the  base of the  Yellow Lake  Menher, are 
exposed on the   r idges  north and northeast  of Riddle  Creek where 
inter layered  lava flows and l aha r   depos i t s   a t t a in  a thickness of about 75 
metres. Petrographic  examination shows conspicuous rhomb-shaped 
anorthoclase  phenocrysts   to  2 centimetres i n  length and smaller subhedral 
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1 
Oxides   reca lcu la ted   to  100 
s i  02 
T i  02 

57.89 
0.96 

A1203 16.38 
Fe2& 
FeO 

4.43 
1.03 

M nO 0.08 
MgO 4.33 
C a0 6.90 

K%O 
Na20 4.12 

3.88 
l o r n  

Table  of  Chemical  Analyses 

2 3 

57.37 
0.93 

63.87 
0.64 

19.16 
3.01 

17.92 

1.77 
3.14 
0.73 

0.09  0.11 

4.05 
2.40  1.10 

0.64 

5.39 mmrr;Crcr 7.14 

Oxides  and  elements as determined 
+HzO 0.56  2.02  0.90 
-H;O 0.58  0.35  0.75 
co2 

_ _  
s 
pa os 
BaO 
S r O  

Quar tz  
Orthoclase 
A1 b i   t e  

Anor th i t e  
Nephel i ne 

Wol l   aston i   te  
E n s t a t i t e  
F e r r o s i l  i t e  
F o r s t e r i   t e  
Fayal i t e  

Magneti te 
I l m e n i t e  

Hematite 
Corundum 

0.25 
0.02 <0.01 

0.25 c 0.11 
(0.005 

0.82  0.46  0.25 
. . " ~. ~- ~. . "  

0.21  0.30 
0.30 

0.10 
0.42  0.07 

2.0 - 
22.7 31.1 
36.7 38.8 

14.6 
7.3 

7.7 
10 .o 
3.9 

11.8 - 

- 

- - - 4.9 

1.3  1.3 
0.4 
2.8 

2.1 
0.6 

- - 

- - 

4 

61.39 
0.84 
17.05 
3.43 

0.09 
1.07 

3.34 
1.99 

5.47 

mrr;Crcr 
5.33 

0.20 
0.18 
0.25 
0.G 
0.32 
0.20 
0.21 

Molecular Norm 

41.8 
5.7  1.3 

41.8 
31.0 
48.3 

3.1 6.1 - 4.1 
3.0  5.4 

- - 

- - 
- - - - 
0.9 
0.4 

1.2 
0.7 

1.4 
1.9  1.9 - 

!j 

57 -58 
0.87 
16 -21 
3.83 
2.48 
0.12 
3.73 

4.71 
5 -22 

m m  5.25 

0 -41 
1.14 

0.02 
0.25 

0.68 
0.23 
0.31 

30.6 
41 ,.8 

7,.5 
7.2 
0,.6 

7,.2 

1,.2 
3.9 

6 

66.51 
0.49 
17.01 
2.58 
0.24 
0.14 
0.28 
0.84 
6.05 

mm 5.86 

0.70 
0.70 
0.25 
0.01 

<0.15 
0.013 
0.02 

6.6 
34 .O 
53.0 

1.9 
0.9 
0.8 

- 

- 
- 
- 
0.7 

2.1 
- 
- 

Key t o  Analyses 
1. Alkal ine  andesi te,   basal   volcanic assemblage 
2. Maf ic   phono l i te   lava  (rhomb  porphyry),  Yellow  Lake Member, Marron  Formation 

4. Trachyte  lava  (rectangular  porphyry),  Yel low  Lake Member, Marron  Formation 
3. Trachyte ash flow,  Yellow  Lake Member, Marron  Formation  (Skahil Creek area) 

6. Trachyte dyke, on nor th   fo rk  o f  Riddle Creek 
5. Corye l l - t ype   monzod ior i te   in t rus ion  

and euhedral  phenocrysts of green d iops idic   augi te ,   b iot i te ,   apat i te ,  and 
magnetite s e t  in a devi tr i f ied   g lassy  or fine-grained  feldspathic  matrix. 
Scintillometer readings  are i n  the range 140 to 180 counts  per  second. 

The most radioactive  rocks  are  thick  trachyte  lava E l o w s  that  comprise 
the upper part of the  Yellow Lake  Wmber i n  this  area. This ;  unit is 
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estimated to be between  150  to 200 metres in thickness.  It  underlies  the 
ridges  and  slopes  immediately  northeast  and  south  of  the  confluence  of 
the  forks  of  Riddle  Creek.  The  trachyte  contains  large  rectangular or 
platy  mixed  feldspar  phenocrysts  of  anorthoclase,  sanidine,  and 
plagioclase:  otherwise  it is petrographically  similar to the  mafic 
phonolite  (rhomb  porphyry)  suite.  Scintillometer  measurements  are in the 
range 300 to 420 counts  per  second. 

Coryell  plutonic  rocks  crop  out on the  hillsides  north  and  south  of  the 
westerly  source  of  Riddle  Creek.  These  are  high  level  miarolitic 
syenomonzonite  and  monzodiorite  phases  (No.  5,  Table 1) that  are 
mineralogically  akin,  and  feeders  to,  the  overlying  Yellow  Lake  volcanic 
pile i n t o  which  the  Coryell  pluton  has  evidently  stoped.  The  rock is 
composed  of  about 80 per  cent  alkali  feldspar,  mostly  orthoclase  with 
rhomb-shaped  anorthoclase  cores,  and 20 per  cent  smaller  phenocrysts  and 
interstitial  grains  of  amphibole  and  pyroxene  with  poikilitic  inclusions 
of  biotite,  magnetite,  apatite,  and  sphene.  The  average  scintillometer 
reading is 250  counts  per  second. 

SCINTILLOMETER  SURVEY 

area, rock  outcrops  were tested in a manner  outlined by McDermott (1977) 
In  the course of routine geological investigation  of the  Riddle  Creek 

using a portable g a m  ray  scintillometer  (GeoMetrics/Exploranium  Model 
GRS-101).  Guantitative  control was obtained  for  uranium  from  neutron 
activation  of 24 samples,  courtesy  of D.R. Boyle  of  the  Geological  Survey 
of  Canada,  and €or thorium  from  spectrometer  analysis  performed by the 
Analytical Division of  the  Ministry.  The  relationship  between  counts  per 
second  and  uranium/thorium  composition  can be reduced to two  equations: 

Th = c.p.6. ( 0 . 2 3 1 )  + 6.913 
U = C.P.S. (0.072) - 0.538 

Accordingly,  the  following  averages  are  calculated  for  uranium  and 
thorium  levels  for  the  main  rock  types,  based on C.P.S. values  at 93 
stations: 

Rock U n i l  U Th 

P P  P p n  

Trachyte (Ye1 lo* Lake Vember) 27 
Mafic  phonolite  (Yellow Lake Member) 

94 

Coryel I Intrusions 
11 
18 

45 

Andesite  Unit (unnamed) 5 
66 

S p r i n g b r d  Formation 
23 

Okanagan Batho I i t h  
4 22 
4 22 

scintillometer  results  (Figure 1) were  contoured  using  the  method 
outlined in Geological  Fieldwork, 1980, Paper 1981-1, page 27. A bull’s- 
eye  arrangement  of  contours  lies  immediately  south  of  the  main  course of 
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Riddle Creek i n  an area  underlain by t rachyte   lavas  and a volcanic 
centre.  Thoroughly  altered  rocks  are  exposed below the  trachyte on 
Riddle Creek and mre d i s t a l l y  on the  slopes  to  the west. Pervasive 
hydrothermal   a l terat ion of the   t rachyte  and vent ( 7 )  breccia  has  produced 
cream and white  kaolinized  rocks of variable  radioactive  response.  

THE PROSPECT 

A (diamond-drill  program  consisting of approximately 270 metres in seven 
holes  was completed in 1979. Six  holes were s i ted  south OF Riddle Creek 
near  the west  boundary of the  trachyte and  one hole   s i ted  north of the 
creek. The purpose of t h e   d r i l l i n g  was to   t e s t  bedrock  near  geochemical 

so lu t ions .  
s o i l  anomalies and p ro jec t ed   s t ruc tu ra l   t r aps  For uranium-bearing 

North  of  Riddle  Creek, d r i l l  hole No. 7 was d i r ec t ed   a t  a northeast-  
dipping  section oE s t r a t a  +30 metres  thick OE coarsz nlastic  sedimentary 
rocks  that is overlain by p a r t l y  welded ash  flow b recc ia   a t  t:he base 0.E 

the  t rachyte  unit. (This s t r a t i g r a p h i c - s t r u c t u r a l   t a r g e t  is s t r i k i n g l y  
similar  to  the  occurrence of radioactive  trachyte  ash and breccia i n  
c las t ic   sedimentary beds i n  the  vicini ty  of Farleigh Lake and &aha 
Creek, 15 to 20 kilometres  to  the  southeast  (No .  3, Table 1 -' u n i t  lb on 
Preliminary Map 35). Although no s ign i f   i can t  uranium was Eound, the 

p o t e n t i a l  €or Eurther exploration. 
d r i l l i n g  proved goal porosi ty  of the beds  below the  ash Elar and thus 

Most of the d r i l l i n g  i n  the  area of soil anomalies  south of Xiddle  Cre,?k 
intersected  Coryel l   in t rusive  rocks.  However, hole No. 1 near  the west 
boundary oE the  trachyte  cut  al tered  rocks showing vest iges  of 
conglomerate and brecc ia   s imi la r   to   the   rocks   a t   s i te  No. 7 .  

A few prominent  radioactive  high  spots were not t e s t ed  by the d r i l l i n g .  
The mst important of these is an easter ly   t rending  Eels ic  dyke about 4 
metres wide exposed 450 metres  north oE the  confluence oE the Eorks oE 
Riddle Creek. This is thought  to be a  Eeeder to  the  trachyte  lavas oE 
the Marron Forrnation ( N o .  6, Table 1 ) .  Scinttllocneter  readings  here 
averaging 1500 C.P.S. correspond  to rock analyses showing 121 ppm U ant3 
342 ppn Th. Radiographs of slabbed  samples show that   radioact ive 
elements  are  concentrated on lmnganese p i tch  and dendr i t i c  growths on 
nutnerous small cracks. A s imi la r  dyke wi th  scint i l lometer   readings i n  
the  range of 600 t o  900 C.P.S. was  Eound a t   the   contac t  between Coryell 
plutonic  rocks and mafic phonolite  lavas i n  the  northwest  part of the 'nap 
a rea  &tween Is intok Creek and the western  headwaters o f  Riddle  Creek. 

DISCUSSION 

The Riddle Creek Ter t ia ry   ou t l ie r   l i es   near   the   wes te rn   ex t remi ty  of a 
h e l t  of mcene  alkaline  volcanic  rocks  that   are  characterized by 
anomalous uranium and thorium  contents  (Church and Johnson, '1978). It is 
suggested  that  these  rocks  are  the  source oE the   re la t ive ly  high  uranium 
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l eve l s  i n  streams of the  Okanagan-Boundary area found by the  1976 URP 
survey. The p o s s i b i l i t i e s  of secondary  uranium  deposition and enrichment 
i n   t h i s   s e t t i n g   a r e  numerous, including  dykes,  permeable  sedimentary 
rocks and a l t e r a t i o n  zones associated  with  volcanic  vents  (Culbert  and 
Leighton, 1978). 

High radioactive  response  near  the  headwaters of Riddle  Creek  coincides 
with what appears  to be a t rachyte   volcanic   centre   (Figure 1 ) .  In 1978, 
a program of short   diamond-dril l   holes was conducted  per ipheral   to   this  
cen t re  and yielded low uranium  values.  For  future  study  the  volcanic 
cen t r e  and associated  ash  f low  deposi ts   offer   the  best t a rge t .  
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THE USE OF PERSONAL COMPUTERS AND OPEN FILE GEOCHEM.ICAL 
DATA To FIND N!ZW EXPLORATION TARGETS 

By George G. Addie 

ABSTRACT 

In  Geological  Fieldwork, 1980, Paper 1981-1, a  program was presented  for  
c a l c u l a t i n g  moving averages  using a Wang 2200A computer  (Church, et  a l . ,  
1981). The same program slightly  modified  has been used w i t h .  a TRS-80 
Level I1 computer. 

PROGRAM MODIFICATION 

The individual   values   are   mult ipl ied by a f ac to r  of l/Log R where 'R' .is 
the   rad ius  from the  sample  value t o   t h e  centre OE the  computer window. 
This  has  the  eEfect of reducing  the anomaly size.  

NELSON-YMIR-SAM0 - Ag 

An i n t e r e s t i n g  anomaly is found to   the  south of Salmo and moritly west of 

Nelson g ran i t e  i n  contact  with  sediments.  Magnetic  anomalies are 
t h e  Salmo River, an area  relatively  unexplored. The geology  indicates 

associated  with  this   grani te .   This  is an exce l l en t  area  for  skarn and vein 
deposi ts .  

GRAND FORKS - Cu 

This  approach  certainly would have  found  'Phoenix  Copper' if used p r i o r   t o  
discovery.  

GRAND FORKS - Mo 

A very  subtle  molybdenite anomaly exists to   t he   ea s t  of Phoenix  Copper. Is 
a porphyry  environment  present? 

GRAND FORKS - Ag 

A low l e v e l   s i l v e r  anomaly e x i s t s  to the  south of Phoenix  Copper. Is t h i s  
t he   cen t r e  of  a  porphyry model? 
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49'30'  
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Figure 1. Moving  average contarr nap of s l l v e r  values In 
strem silts f r a  Nelson-Ymlr-Salm mlnlng camp. 
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GRAND FORKS 

Figure 2. Contour plot  uslng moving average method of  
copper I n   s t r e w   s i l t s  fran Grand Forks  area. 

Figure 3. Contour p lot  of molybdenm I n   s t r e m   s l i t s   I n  
Grand Forks area  uslng  mvlng  average method. 
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GREENWOOD PHOENIX  COPPER 

GRAND FORKS 

MIDWAY 

Flgure 4. Contour p l o t  of gold In s t r e m   s l i t s  I n  Grand 
Forks  area uslng navlng average method. 

CONCLUSION 

The  use  of  the  computer  can  identify  low  level  anomalies  that  are  not 
obvious  from  data  plots  only.  It is  on  this basis that  new  target  areas 
can be found  in  old  mining  camps. 
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TABLE 1.  TRS-80 Level I I  C o n p u t e r   P r o g r a n  

GRAhU  FORKS 
FEE 23, 1981 BY GEORGE  G. AODIE, P. ENG.,  P.  GEOL. 

5 LPRINT "GRAW FORKS" 
6 LPRINT "FEE 23, 1981 BY  GEORGE  G. ADDIE. P-ENG.,  P.GEOI.." 

1 0  LFR I NTCHR*(29)" " 

20 CLS 
4 0  

D=O:X=O:W=O:Y=O 
5 0  INPUT "COORDINATES  OF  CENTER  OF FIRST CIRUE";A,B 
60 INPUT "EASTING AND  NORTHING  INTERVALS";G,K 

7 0  Z=A:Q=E 
80 LFRIN7 TAB(0)"E";TAB(8)"Nt'; 
90 LPRINT TAB(15)"ZN";TAE(25)"CU";TAB(35)"W"; 

I00 LFRINT TAB(45)"AG";TAE(55)"U";TAB(60)'"3'' 
1 1 0  FOR I=ITO 8:READ A ( I ) : N M T  I 
1 2 0  IF A(2)=-1 THEN 180 
130 IF SOR((A(l)-2)f2t((A(2)-Q)12))>100 THEN 110 

132 IF R<=l THEN R=l . 1  
131 R=SQR((A(l)-Z)I2t((A(Z)-Q)12)) 

135  U=l/LOG(R) 

1 5 0  C=C+LOG(A(4)*U) 
140  S=StI:T=TtLOG(A(3)+U) 

1 6 0  D=DtLOG(A(5)+U) 
1 7 0  E=EtLOG(A(6)'U) 
171 L=L+LOG(A(7)+U) 

175 GOT0 1 1 0  
172 W=WtLOG(A(8)+U) 

1 8 0  IF S=O  THEN 280  
1 90 Y=EXP (T/S 1 
200 F=EXP(C/S) 
2 1 0  H=EXP(O/S) 
2 2 0  J=EXP(E/S) 
2 3 0  M=EXP(L/S) 

260 LFRINT TAB(O)Z;TAB(6)Q;TAB(ll)Y;TAB(19)F;TAB(27)H; 
255 X=EXP(W/S) 

270  LFRINT TAE(35)J;TAE(43)X;TAE(55)M 
2 8 0  2=2-50:S=O:T=O:C=0:0=0:E=0:L=0:W=0:Y=0:F=0:H=0: 

2 9 0   I F  (A-Z)>G THEN 310  
J=0:M=Q:X=0 

300 RESTORE:GOTO 11 0 
3 1 0  L = ~ : W = O : S = O : T = ~ : C = ~ : D I B : E = ~ : E = ~ : L = ~ : W : Q = Q - ~ ~ : P = P ~ I :  

Y=O:F=O:H=O:J=O:M+:X=O 
320 IF INT(P/2)=P/2 THEN 340  
3 3 0  Z=(ZtG+50):GOTO 350  
3 4 0  Z=A 
3 5 0  IF (B*)<K THEN 300 
360 LPRINl "THE  END":END 
500  DATA 3760,4520,35,14,5..1,1,10.7 



A NEW LOOK AT ZONING BASED ON PRODUCTION RECORDS 
THE NELSON-YMIR-SALMO M I N I N G  CAMP 

By George G. Adrlie 

INTRODUCTION 

When logarithmetic  values of mineral  production were p lo t t ed  it was found 
tha t   va r ious  mines  formed dis t inct   qroupings of 'populations. '  
Individual  mines from each  group  can  then be s t u d i e d   f o r   c r i t e r i a  which 
would lead  to   discovery of s imilar   deposi ts   e lsewhere  in   the  area.  

In t h i s  sturly log Au is p lo t ted   aga ins t   log  A g  for production from camps: 
( 1 )  Sheep  Creek, ( 2 )  Y m i r ,  ( 3 )  Keystone  Mountain, and ( 4 )  Hall Forty-nine 
Creek. 

The mines s tud ied   a r e   a l l   pas t   p roduce r s  and occur   in   the Nelson-Ymir- 
Salmo area.  'Location of Mines i n   t he  Nelson-Ymir-Salmo Area' includes 
gold mines a s  w e l l  as  the  zinc-lead  deposits of the 'Kootenay Arc.' 

The mines of the  Sheep  Creek Camp (Figure 1) seem t o   f a l l   i n t o   t h r e e  
natural   groups based on the  production figures. The same 'phases' have 
been used  for Y m i r  (Figure Z ) ,  Keystone  Mountain  (Figure 31, and f i n a l l y  
Hall and Forty-nine  Creek  (Figure 4 ) .  

Mines re la ted   to   the   th ree   phases  of mineral izat ion found from the  above 

2 , '  and 'Phase 3' (Figures  5, 6, and 7 ) .  
graphs are located on the   individual  maps designated  'Phase 1, '  'Phase 

TARGm AREAS 

It is proposed  that mines i n   t h e  same 'phase' are somehow re l a t ed .  When 

poss ib le   re la t ionships .  It is on t hese   t heo re t i ca l   l i nes   o r   p ro j ec t ions  
they are close  together  a dashed l i ne   has  been  used t o  show t h e i r  

t h a t  I would  recommend prospecting. 
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Figure 1. Index  of  location  of  former  mines  of  the  Rossland  mining canp; f i r s t  phase - 
location of  mines on Phase 1 l i n e   f r a n  graph 2; second and t h i r d  phase - 
location  of  these phases fran graph 2; geology of  the  Rossland  mining canp 

a t  58,000 gammas. 
a f t e r  Fyles. e t  ai., 1973; aeromagentic map 84836 of  the Rossland  mining camp 
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A NEW LOOR AT THE ROSSLAND AND BOUNDARY MINING CAMPS 
USING LOG Cu (lb.)/Log (Au + Ag)(oz.) 

FROM PRODUCTION DATA 

By George G. Addie 

INTRODUCTION 

up t o  1967 gold  production from the  Rossland Camp ranked  second and t.hat 
from the  mundary Camp, Eourth, of a l l  the  mining camps i n   B r i t i s h  
Columbia (Grove, 1971, p. 94). In  the  Rossland Mining Camp ( t h i s   pape r )  
three  'phases '  of mineralization  are  indicated  while  the Boundary Camp 
has one (Addie 1975). A t  Rossland  the  distribution of the mines by 

Rossland monzonite. Similar  zoning was i d e n t i f i e d  by Thorp2 (1967). H e  
'phase' indicated a concen t r i c   d i s t r ibu t ion  mre or less centred on the 

po in t s   ou t  (p. 11) ' t he  Ilossland District, then  produced a very  rare  type 
o€ gold  ore.'  This paper proposes  that   the Boundary Camp has  s imilar  
ore .  

which seems t o  be connected t o  a large  magnetic anomaly to the west t h a t  
The Rossland  monzonite also  has a coincident  magnetic anomaly (Figure 1 )  

Rossland  mnzonite  has  also been intruded by the  Coryell ,  which m y  
is associated  with  the  contact zone of the  Coryell   Batholith.  The 

contr ibute   to   the  magnet ic  anomaly. The Rossland  monzonite may have 
acted  as  a bu t t r e s s   aga ins t  which the  Carboniferous  and  Jur,assic  volcanic 
and sedimentary  rocks were broken t o  give  the  vein  s t ructures .   Thrust ing 

- 50.5i1.5 Ma) and/or  the Rainy Day Stock (48.7t1.5 Ma). Fyles (1973) 
i n   t he   a r ea  m y  be r e l a t e d  t o  emplacement of t he   T ra i l  grantDdiorite (49.5 

suggests   that   the   mineral izat ion is r e l a t e d   t o  one  of the   p lu tonic  
masses, probably  the Trai l  Bathol i th .  All authors  (Brock, 1906; 
Drysdale, 1923; Li t t l e ,  1963; Fyles, 1973) agree that the  mineral izat ion 
is Ter t i a ry .  The only  question is the  source of the  mineral izat ion.  
This  author  proposes  that   the  Coryell   intrusions  should be examined nore 

were emplaced both before, and a f t e r ,  the mineral izat ion.  This is 
closely.  It is clear from t h e   l i t e r a t u r e  tha t   Corye l l   pu lask i te  dykes 

important  because we now have a direct link to  the Coryell  'Batholith,  a t  
leas t   for   t iming ,   as  a potential   cause,   if   not  the  source,  of the  
economic mineral izat ion.  The presence of weak molybdenite 
mineral izaat ion  suggests   the  Coryel l  as a possible  source of the RDssland 
molybdenite  deposits. 

In   the Boundary Camp, the  Phoenix Copper ore zone is cut  of:€ by a 
p u l a s k i t e  dyke (Corye l l ) .  The dyke intruded  along a f a u l t  .plane which 
has had repeated movement, before and after some of  the  minsaralization 
(Addie, 1964). Recent geochemical  data from Geological  Survey of Canada 
Open Fi le  409 ind ica tes  a molybdenite anomaly adjacent to t 'he Phoenix 
Copper area  (Addie, 1981). T e r t i a r y   d i o r i t e  (McNaughton, 1'336) is j u s t  
to   the   nor th  of the  Phoenix Copper p i t  and contains a showi!ng of 
minera l iza t ion   s imi la r   to   the  mine, t h a t  is, the  precious  mtal /copper  
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Figure 2. Boundary d i s t r i c t .  log CU l ib . )  versus Log (Au + Ag) (02.). 

Log ( A u +  Ag)oz  

Figure 3. Rossland, Log Cu ( I b . )  versus Log (h  + Ag) (02.). 
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Flgure 4. Comparlson of Boundary and Rossland, log Cu ( I b . )  versus log I:Au + Ag) (oi:.). 
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r a t i o s  are i d e n t i c a l  (Addie, 1964). These Te r i t a ry   i n t rus ions  (see a l s o  
Church, 1970) therefore  deserve a c loser   sc ru t iny   for   o ther   skarn  
deposits,  porphyry  deposits,  or  another  mining camp s imi l a r  to mss land .  

SOURCE OF DATA 

Production  data  are from 'Index 3 to Publ ica t ions  of the  Department  of 
Mines. ' Note t h a t  20 of the  mines shown on Figure 1 are not  used i n  our 
study  because no copper  production w a s  reported.  

CONCLUSION 

The copper/gold  plus   s i lver   mineral izat ion  a t   Rossland seem to  be 
i d e n t i c a l   t o   t h a t  a t  the Boundary Camp except t h a t  mre phases are 
involved.  Geologically and  from argon  age  dating it is clear t h a t   t h e  
minera l iza t ion  a t  Rossland is Ter t ia ry   (Fyles ,  1973). This  paper  proposes 
tha t   t he  Boundary area be examined in t h i s   l i g h t  and tha t   the   Corye l l  
in t rus ions ,   espec ia l ly   the   edges ,  be examined fo r  new mining camps. As a t  
Rossland,  these may be i d e n t i f i e d  from the  aeromagnetic maps. 
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Flgure 1. Geological s e t t l n g  of t h e  TIIIlcm gold  property (A); a f t e r  Hyndmn 
,'TI1 

(19.58. Geol. Surv., Canada, Map 1234) .  
"l 
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TILLICUM MOUNTAIN GOLD PROSPECT 

(82F/13) 

By Y.T. John Kwong and George G. Addie 

INTRODUCTION 

The Tillicum Mountain gold  property  with  lat i tude 49 degret?s 59.2 minutes 
north and longtitude 117 degrees 42.7 minutes wast is located 13 
kilometres east of Burton i n  the Arrow Lakes region of the Kootenay 
District, south-central   Bri t ish Columbia. The general  ge0:logic  setting 
of the  property is shown  on Figure  1. It is being  developed  under  the 
jo in t   venture  between Welcome North Mines Ltd. and mperanza 
Explorations  Ltd. To the end of August  1981, trenching  has  revealed 
several  high-grade  gold  occurrences  within  the  property  including  the 16- 
metre-long Money p i t ,  from which a 21.3-ton  bulk  sample  yielded  3.887 
ounces  per ton  gold, 2.30 ounces per ton s i l v e r ,  and 1.9 p?r c e n t  zinc. 
Moreover, according to a recent   report   in   the George Cross New Letter 

northwest-trending  belts  with anomalous  gold  values i n  soi:ls  varying from 
(No. 167,  September  1, 1981 ), geochemical  surveys have outlined two 

100 to 3250 ppb over a s t r i k e  length of 500 metres (see Fiqure  2). 

GEOLOGY 

proper ty .   In   de ta i l ,  the contact  between  the  rocks  of  the  Milford Group 
Figure 2 presents a s implif ied  geological  map of the  Tillicum  gold 

and the  Kaslo Group is apparently marked by a band of a rg i :Ll i te   tha t  i s  
genera l ly  less than 5 metres i n  width. The a r g i l l i t e  band,  considered to 
be the  youngest m e m b e r  of the  Milford Group exposed i n  the area, cons i s t s  
of layers  of d i f fe ren t   l i tho logy .  These include  dark  grey,,   relatively 

or   ra ther  massive, tuffaceous-looking  rocks  with  streaks of sulphides. 
f i s s i l e   a rg i l l i t e ,   wh i t i sh ,   h igh ly   s i l i ceous   che r ty   rock ,  i%nd in te rbeds  

patches and dykes of garnet-bearing  pegmatite,  presumably  (derived from 
For clar i ty ,   these  rocks  are   not  shown on Figure 2. Similar ly ,  small 

partial melting  during  the peak of regional metamorphism, (and a p l i t e  and 
lamprophyre  dykes are omitted from the  figure. 

With the  exception of those  occurring i n  and adjacent  to the Money p i t ,  
rocks of the  Milford Group near  the  contact zone with Kaslo Group rocks 
a r e   s i l i c a - r i c h  and resemble  altered  rhyolite i n  places.  igowever, 
binocular  microscope  examination of collected  specimens and th in   sec t ions  
indicate  that   these  rocks  are  f ine-grained  muscovite-garnet  schists  with 
comparatively  coarser  grained  quartzite lenses and interbeds.   Relative 
proportions of quartz,  muscovite,  chlorite,  K-feldspar, and plagioclase 
vary. Garnet is general ly  less than 5 per c e n t  by volume.  Opaque 
minerals  rarely  exceed 2 per cent.   Schistosity  in  these  rocks i s  
genera l ly  marked by subaligned  muscovite and ch lo r i t e .  A t  l e a s t  part of 
the lat ter mineral appears to be an a l terat ion  product  of b i o t i t e .  
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Goat Canyon-Halifax Creek stock: ,e Au geochem.  anomaly 
mainly  quartz monzonite ~~ / 100-500 ppb in   so i l l  

5 Kaslo Group amphibolite . Sample location 

1 1  Milford (?) Group pe l i t i c   s ch i s t  Intensively sampled 

Flgure 2. Local geology o f   t h e   T I I I l c m  gold property   (par t ly   a f ter  Crawford,  pers. 
cam.) .  Soil geochemistry  data  are f r a  George C-oss News Letter ,  No. 
167, September 1, 1981). 
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Metamorphosed, porphyr i t ic ,  and locally  amygdaloidal  hornblende  ande:site 
and hornblende  crystal   tuff  ( ? )  are  among the most common rock  types of 
the KaSlo Group adjacent  to the  Milford  contact. I n t r u s i v e  rocks of the 
Goat Canyon-Halifax Creek stock to the  northwest have not k e n  examined 
i n   d e t a i l .  

Figure 3 shows the geology i n  the   v ic in i ty  of the Money pit. and the 
loca t ion  of samples col lected  for   detai led  petrographic  and x-ray 

of the Money p i t  are general ly  compact, fine-grained  rocks., Common 
studies.  Biotite-garnet-amphibole  schists  occurring  around  the  perimeter 

mineral   const i tuents   include  K-feldspar ,   p lagioclase,   t remoli te ,   b iot i te ,  
and chlor i te   with lesser amounts of garnet  (or i ts  al terat ion  produc. t ) ,  
quar tz ,  opaque minerals,  and r a r e   c a l c i t e .  Like  the  muscovite-9arne.t 
s c h i s t s  found away from t h e   p i t ,   s c h i s t o s i t y  i n  these  rocks  are  defined 
by subal igned  biot i te  and its al terat ion  product ,   chlor i te . ,   Tremoli te  
c r y s t a l s  are a l igned   e i ther   subpara l le l  to the   sch is tos i ty  or a t  a small 

patches and bands of varying  dimensions. The proportion of these  p%tches 
angle to it. Occasionally,   tremolite  also  occurs w i t h  K-faldspar i n  

increases  toward the Money p i t  and s c h i s t o s i t y   i n  the rock u n i t  is 
locally  destroyed.  In  four  out of s i x  th in   sec t ions   cu t  from these 

commonly, chlor i te .   Ihus,  a second  episode  of  al teration  featuring  the 
rocks,  garnet  has been replaced by c l u s t e r s  of b i o t i t e  and, less 

b i o t i t e  was superimposed on regional  metamorphism i n  which 
stable  appearance of t remol i te ,   ch lor i te  and possibly some K-feldspar  and 

quartz-feldspar-mica-garnetfamphibole were s table .   Prehni ie  and z o i s i t e  
are   local ly   associated  with  chlor i te .   Besides   sulphides ,  a few samples 
also  carry  small  amounts of amorphous carbon.  Fold s t r u c t u r e s  on a 
microscope sca l e  Occur i n  specimens from sampling  stripes I: and L. 

Calc-s i l icate   rocks i n  the Money p i t  cons i s t ,  i n  order of decreasing 
abundance,  of  clinopyroxene  (diopsidic  augite ?) ,  amphibole ( t remol i te -  

and c h l o r i t e .  Amphibole Occurs e i ther   as   f ine-grained  c luei ters  or a s  
ac t ino l i te ) ,   quar tz ,   K-fe ldspar ,  calcite, plagioclase,  opaque minerals,  

e longated  s ingle   crystals   that   cut   across  and include remnant  fragments 
of c l inopyroxene.   Wartz ,   calci te ,  the fe ldspars ,  and opaque minera:ts 

amphibole  grains. All of these i n t e r s t i t i a l  minerals appea.r t o  be in 
commonly occupy i n t e r s t i t i a l  spaces between the  clinopyroxene  and 

equi l ibr ium w i t h  amphibole but  most  have a reaction  contact.  with 
clinopyroxene. Less commonly, quartz  occurs  as  scattered  qranular lenses 
or coarse  fragments i n  locally  brecciated  clinopyroxene-dominated  rocks. 

These  fragments and lenses are especially  obvious  in  the  southeastern 
corner of the p i t  where abundant  sulphide  minerals  occur.  Geological 
contacts  of the calc-s i l icate   rocks  with the biotite-garnet.-amphibolc? 

distance.  Consequently the limit of the calc-s i l icate   uni t .   depicted i n  
rock are sharp  but  the  calc-sil icates  pinch  out  abruptly in a s h o r t  

the   f igure  is very  approximate. 

A r g i l l i t e   a d j a c e n t   t o   t h e   m n e y   p i t   a r e   v e r y   s i m i l a r   t o   a r q i l l i t e  bands 
described above except  for  the  ubiquitous  presence of t remol i te .   In  most 
cases, the  amphibole occurs in  K-feldspar-rich  bands  that  cut  foliation 
defined by al igned mica and/or c h l o r i t e  a t  a small angle.  In a bulk 
sample, however, p lag ioc lase  is more abundant  than  K-feldSpar. 
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Amphibolite  west  of  the  argillite  unit  was  probably  a  porphyritic 
andesite  prior  to  metamorphism.  Subaligned  hornblende  phenocrysts,  which 
define  the  foliation,  are  replaced  by  clusters  of  tremolite,  biotite,  and 
chlorite.  Less  abundant  plagioclase  phenocrysts  and  fine-grained 
clinopyroxene  in  the  matrix,  however,  remain  intact.  Deformed  lenses;  of 
quartz  aggregates  frequently  enclose  a  carbonate  core;  they  may  have  been 
anygdules  originally. 

MINERALIZATION  AND  ALTERATION 

Native  gold  and  sulphide  minerals occw in  the  Money  pit.  Sulphides 
include  sphalerite,  pyrrhotite,  galena,  pyrite  and  rarely  arsenopyrite, 
chalcopyrite,  and  marcasite.  Polished  sections  indicate  that  native 
gold,  sphalerite,  pyrrhotite,  and  galena  were  precipitated  in 
equilibrium.  Sphalerite  commonly  includes  discontinuous  trains  of 
exsolved  blebs  of  chalcopyrite  and  pyrrhotite  along  cleavages  indicating 
that  it  was  originally  deposited  at a relatively  high  temperature.  Many 

pyrite.  Weathering  products occurring in  the  Money  pit  have  been  con- 
large  pyrrhotite  grains  are replaced by marcasite  and  possibly  some 

firmed by X-ray  diffractometry  to  include  colourless  gypsum,  white 
hydrozincite,  and  hemimorphite,  black  and  dark  brown  goethite,  reddish 
clayey  hematite,  and  yellowish  brown  limonite. 

As the  intensity  of  mineralization  decreases  away  from  the  Money  pit,  the 
sulphide  mineralogy  also  changes.  Whereas  small  amounts of sphalerite 
and  locally  galena  are  present  in  rocks  of  the  Milford  Gronp  throughout 
the  property,  little  or no pyrrhotite  persists  beyond  the  occurrence  of 
biotite-garnet-anphibole  schists. I n  the  place  of  pyrrhotite,  pyrite  and 
locally  arsenopyrite  become  the  predominant  sulphide  minerals i n  the 
muscovite-garnet  schists.  Most of these  sulphides  are  conliornable  with 
the  schistosity,  and  hence  with  the  original  bedding  because  the  two  are 
parallel. Some sulphides,  particularly  sphalerite  and  galena,  also  'occur 
along  fractures  at an angle  to  the  schistosity  or  in  association  wit:h 

Hydrous iron  oxides are  the predominant weathering  product61  observed  but 
silicate bands  and patches at  variable angles to the  schistosity. 

locally, for example  at  the  Jennie  trench,  arsenopyrite  alters to 
abundant  greenish  yellow  scorodite  (FeAs04.2H20).  In  the  sphalerite 
showing  lying  northeast of the  Money  pit (see Figure 2 for  location), an 
alteration  mineral  assemblage  similar  to  that  observed  at  the  Money  pit 
is  present.  However,  neither  visible  gold  nor  extensive  calc-silicate 
rocks  were  noted. 

SP SURVEY 

both  the  Money  pit  and  the  Jennie  trench  (Figure 4 ) .  
SP  loops  by  both  long  and  short  wire  methods  got  anomalous  results  at 

DISCUSSION 

Pennsylvanian to Triassic  sediments  of  the  Milford  Group  deposited  in  the 
vicinity  of  Tillicum  Mountain  were  probably mde up  of  pe1:tte  with  highly 
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siliceous  interbeds  and  localized  pockets  and  lenses  of  impure  carbonate 
which  were  precursors  of  a  Money  pit.  These  sediments  might  or  might  not 
contain  small  amounts  of  syngenetic  sulphides.  Undergoing  progressive 
metamorphism  up  to  the  lower  almandine-amphibolite  facies,  the  carbonate 
was  gradually  converted  into  a clinopyroxene-dominating rock.  The 
conversion  process  required  a  continual  supply  of  silica  from  the 
neighboring  rocks  which  accounts  for  the  paucity  of  quartz  in  the 
biotite-garnet-amphibole  rocks in comparison  with  the  muscovite-garnet 
schist. A net  transfer  of  FeO  toward  the  nucleating  calc-silicate  zone 
was  also  likely so that  diopsidic  augite  rather  than  diopside  was 
stabilized  and  that  biotite  instead  of  muscovite  preferentially  occurred 
in  the  vicinity.  The  conversion  of  carbonate  to  a  calc-silicate 
assemblage  also  involved  a  significant  decrease  in  total  volume  that 
might  induce  incipient  porosity  and  permeability  in  the  resultant  rock  in 
the  form  of  microfractures  and  pore  space.  Such  inherited  defects  would 
be  accentuated by structural  deformation  during  or  subsequent  to  regional 
metamorphism  resulting  in  the  formation  of  a  highly  permeable  zone.  In 
this  way  the  Money  pit  was  chemically  and  structurally  prepared  as  a 
suitable  site  for  the  introduction  of  ore  which  probably  took  place 
during  the  intrusion  of  the  Goat  Canyon-Halifax  Creek  stock.  Besides 
deposition  of  the  ore  minerals,  the  intrusive  event  also  initiated  an 
episode of recrystallization  in  the  host  rocks.  Details  of  chemical 
changes  and  reactions  involved  in  the  formation and modification of the 

paper.  It  should be pointed  out  here  that  the  ore  reserve  generated  in 
rocks  in  the  Money  pit  and  its  vicinity  will be dealt  with  in  a  later 

the  model  would  depend on the  size  of  the  original  carbonate  pocket,  and 
consequently  the  extent  of  occurrences  of  deformed  calc-silicate  rocks. 

possible  and  each  carries  its own implications  on  further  exploration 
Regarding  the  ultimate  source  of  the  ore  elements,  three  alternatives  are 

targets  in  the  region.  First,  the  metals  were  derived  from  the  intrusive 
stock  and  transferred  to  the  Money  pit by enriched  magmatic  hydrothermal 
fluid.  In  this  case,  the  entire  contact  zone of the  stock  with  the 

mineralizatin like Cu-Mo would  also be expected  to  occur  closer  to  the 
country  rocks would be of interest. Besides  Au-Zn-Pb,  other  types  of 

stock.  Second,  Au+Zn*Pb  was  scavenged  from  the Kaslo Group  amphibolite 
by  hydrothermal  fluid  emanating  from  the  stock.  Under  such  a  situation, 
the  area  around  Mineral  Creek  (northwest  of  the  centre  of  Figure 1) where 
a  similar  lithologic  assemblage  crops  out  should be investigated  for 
similar  deposits.  Third,  the  mineralization  at  the  Money  pit  represents 
a  concentration  of  remobilized  ore  elements  from  the  Milford  Group  rocks 
themselves.  In  view  of  the  overall  poor  permeability  of  the  fine-grained 

convection  system,  this  alternative  seems  unlikely.  Nevertheless,  if  it 
schists,  which  would  readily  hinder  the  formation  of  an  extensive 

were  true,  then  permeable  zones  in  the  Milford  Group  rocks  occurring 
close  to  the  intrusive  stock  should  be  examined  for  possible 
mineralization. 
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ELK VALLEY COALFIELD 
MOUNT BANNER AREA 

(82G/15, J / Z )  

By D.A. Grieve 

INTRODUCTION 

The  Mount Banner area 'is south of Ewin Creek i n  the  southern  portion of 
the E lk  Val ley  coalf ie ld   (Figure 11, and adjoins   the  area  invest igated i n  
1980 (Grieve,  1981).  Geological mapping was carr ied  out   to   provide new 
data   concerning  s t ructure ,   s t ra t igraphy,  and coal  resources of the 
coa l f i e ld .  

Coal r i g h t s  in the  study  area  are  held in p a r t  by B.C. Coal and i n  p a r t  
by  Crows Nest  Resources, and both  companies a re   ac t ive ly  engaged in 
exploration.  Proximity to developing mines a t  Line Creek (Crows Nest 

metres away, suggests  that   the  study  area is s t r a t eg ica l ly   l oca t ed  for 
Resources) and a t   Greenh i l l s  (B.C. Coal), both are  approximately 10 ki lo-  

fu tu re  mine expansion. 

Mount Banner is 10 ki lometres   east  of Elkford, and is access ib le  from 
both  the  Fording mine road and the  Line Creek minesite.   Elevations 
within  the  area  range  fran 1 500 t o  2 600 metres. 

FIELD WORK 

Data was p l o t t e d   d i r e c t l y  on B r i t i s h  Columbia  government a i r   photographs 
and t r ans fe r r ed  t o  1:lO 000-scale  orthophotos.   Stratigraphic  sections of 
the  coal-bearing Mist Mountain  Formation were measured  using  'pogo 
s t i c k , '  chain,  and compass.  Coal outcrops, roadcuts,  and trenches were 
grab-sampled  for  petrographic rank determinations. Channel  samples  were 
co l lec ted  i n  cer ta in   a reas   to   p rovide   representa t ive   mater ia l   for   mcera l  
analyses.  

Results of petrographic   s tudies  w i l l  be publ i shed   a t  a l a t e r   da t e .  

STRATIGRAPHY 

Sedimentary  rocks of the  Jurassic-Cretaceous  Kootenay Group comprise  the 
E l k  Val ley  coalf ie ld .  The Kootenay Group, as  defined by Gibson (1979), 
cons i s t s  of the  Morrissey, Mist Mountain, and Elk  Formations. 

The basal  Morrissey  Formation is a prominent,  cliff-forming, medium" 
grained  sandstone unit. 
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Figure 2. General ized  strat lgraphlc columns of the  Mlst  Mountaln  Fornatlon 

thicker  than 1 metre  are not  Indlcated. 
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The overlying Mist Mountain  Formation  consists of interbedded  sandstone!, 
s i l t s t o n e ,  mudstone, coal ,  and  minor  amounts of conglomerate. It is or1 

the  order of 500 metres thick in the  study  area  (Figure 2 ) .  

metres of s t r a t a  which resemble those of the Mist Mountain  Formation. 
I n   t h i s  area the overlying Elk Formation includes an estimate83 250 t o  300 

However, coal seams in the  Elk rarely  exceed 1 . 5  metres i n  thickness. 
Other   charac te r i s t ics  of the Elk  Formation are described  elsewhere i n  
t h i s  paper. 

The contact  between Mist Mountain and Elk  Formations is not   readi ly  
ident i f ied   in   the   s tudy  area. Generally  the  contact is p laced   e i the r   a t  
the  lowest  occurrence of  Elk coal ,   or  a t  a loca l ly  mappable, r e s i s t a n t  

of the two formations.  Because l a t e r a l   t r a n s i t i o n s   w i t h i n  t h e  coarse  
sandstone unit which appears   to   separa te   s t ra ta   tha t  are character is t ic :  

c l a s t i c s  of the Kootenay Group are rapid,  some inconsistencies  occur.  

Kootenay Group is overlain a t  two locat ions i n  the  study  area by 
conglomerate  of  the Cadomin Formation of t h e  Elairmore Group (Figure 1 ) .  

STRUCTURE 

The north-south-trending  Alexander  Creek  syncline is the  dominant 
s t r u c t u r e  in the  Elk Valley  coalfield.  In the  Mount Banner  a.rea it is 
asymmetric  with a s teep  west limb (Figure 1 ) .  P a r a l l e l  smaller sca l e  
folds   with  s imilar  geometry  occur on the   ea s t  limb and have the e f f e c t  of 
bringing Mist Mountain  Formation to the  surface in the  small   drainage 
basin west of the Ev in  Pass  property  (Figure 1 ) .  

Thrus t   fau l t s   a re   a l so   impor tan t   s t ruc tura l   fea tures  in the  Mount Banner 
area.  The Ewin Pass  (or  Fording)  thrust   crops  out on the  east   l imb of 
the  Alexander  Creek  syncline  throughout  the  south  half of the Elk Valley 
coalfield  (Pearson and Grieve, 1980; Grieve, 1981).  It is a west-dipping 
f a u l t   w i t h   a t   l e a s t  one major splay i n  the Mount Banner area  (Figure 1 ) .  
Steeply northwest-plunging  dragfolds  (Figure 1)  occur on both  the hanging  
and foot  w a l l s .  Its major e f f e c t s  were to emplace Mist Mountain over ;Elk 
Formation,  especially  south of Mount Banner peak  and on Mount. Michael, 

Formation on the   south  s ide of Evin Creek (Figure 1 ) .  
and to crea te  an apparently  excessive  thickness of Mist Mountain 

negligible  stratigraphic  displacement  occur on the east l imb;  three  are 
Several   other  thrust   zones of lesser l a t e r a l   c o n t i n u i t y  and small t o  

noted on Figure 1. 

The Burnt  Ridge  property, which is on the west limb, also  contains  a 
s i g n i f i c a n t  zone of faul t ing  (Figure 1 ) .  Xovement on t h i s  zone producced 
northwest-southeast-trending  dragfolds, and a p e r s i s t e n t  zonc! of 
overturned,  west-dipping  strata. 

Assuming tha t   t hese   ove r tu rned   s t r a t a   a r e  i n  the  footwall  of  an east- 
d ipp ing   f au l t ,   t he re  are two possible   explanat ions  €or   their   or ientat i 'on:  
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earlier  thrust  surface;  or (ii) early formation of  the W i n  Pass  thrust, 
(i) gravity  movement  toward the  core of  the syncline, perhaps  along an 

with  subsequent  folding  around  the  axis  of  the  syncline. 'The second 
alternative implies  that  the  fault on  Burnt  Ridge is part  of  the W i n  
Pass thrust,  and  that  the  easterly  dip  and  apparent  normal  movement  were 
produced by the  folding. This alternative is also  consistent with  the 
relatively  large  degree of stratigraphic  displacement  on  the w i n  Pass 

that movement was initiated  some distance  further to the west. It  may 
thrust  considering the  proximity of  the  synclinal axis. This suggests 

also be significant  that  dragfolds  associated with  the fault  have  a 
northwest-southeast  trend,  compared  with  the  nearly  north-south  trend of 
the  Alexander  Creek  syncline and associated  minor folds. 

Further  work is required  to  test these two hypotheses. 
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STRATIGRAPHY  OF THE ELK FORMATION hl SOUTHEASTERN BRITISH COLUMBIA 

( 8 2  G, J) 

B r i t i s h  Columbia Ministry of Energy, Mines and Petroleum  Resources 
By D.A. Grieve 

and 
N.C. Ollerenshaw 

The I n s t i t u t e  of Sedimentary  and  Petroleum  Geology 
Geological  Survey of Canada 

The Elk  Formation is the uppermost  formation of the  Jurassic-Cretaceous 
Kootenay Group (Gibson, 1979). It conformably  overlies  the Mist Mountah 
Formation,  the  host  formation  €or economic coal   seam in the  southeastern 
B r i t i s h  Columbia coa l f ie lds .  It is overlain,  generally  unconformably, by 
the  Cadomin Formation of the  Blairmore Group. 

Changes in the  l i thology and s t ra t igraphy of the  Elk  Formation  caused by 
rap id  lateral f ac i e s  changes in   t he  Elk  Formation away from  and 
p a r t i c u l a r l y   e a s t  of the  type  section on Coal  Creek  render it less d i s -  
t i n c t  from the  underlying Mist Mountain  Formation. A cons is ten t   def in i -  
t i o n  o€ the  Elk  Formation and iden t i f i ca t ion  of a precise   contact   wi th  
t h e  Mist Mountain  Formation become i n c r e a s i n g l y   d i f f i c u l t  away from the 
type  section. These  problems  prompted  the  authors  to  undertake a de- 
t a i l e d   a n a l y s i s  of the Elk  Formation i n  the  southern  Fernie Elasin area i n  
an attempt  to  formulate a more cons is ten t   def in i t ion  of the  formation  and 
to   desc r ibe  its var ia t ions .  We attempt  to  identify  the  problems and t o  
provide some pract ical   guidel ines   for   recogni t ion of the  Elk  Formation,. 

FIELDWORK 

have  been  measured a t  Coal Creek ( type  sect ion,  Newmarch, 191;3), 
Two weeks have  been  devoted to  the  study so fa r .   S t ra t igraphic   sec t ions  

Morrissey  Ridge (reference sect ion,  Gibson, 1979), Flathead  Ridge, and 
t h e  Lodgepole property  (McLatchie  Ridge), a l l   wi thin  the  Fernie   Basin.  

In   addi t ion,   dr i l l -core  from the  Li l lyburt   property i n  the Fl.athead  coal- 
f i e l d  was logged. 

Sections were measured  using  ‘pogo s t i c k ’  and chain. 

STRATIGRAPHY 

Elk  Formation i n  the  study  area is an eastward-thinning  unit of non- 
marine clastic sedimentary  rocks  including  sandstone,  siltstone, mud- 

of  composition and sedimentary structures to   t hose  i n  the  underlying Mist 
stone,  local  conglomerate, and coa l .   Clas t ic  u n i t s  a re  similar in terms 

Mountain Formation. 
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S e v e r a l   l i t h o l o g i c a l   c r i t e r i a   a i d  i n  ident i fy ing   the  Elk  Formation i n  

d i s t r i b u t i o n  of coa r se   c l a s t i c   ma te r i a l ;   t he   d i s t i nc t ive   na tu re  of E lk  
southeas te rn   Br i t i sh  Columbia.  These are:   the  abundance  and 

coal:  the  presence of needle   s i l t s tone :   the   re la t ive   scarc i ty  of coal  
seams:  and the  absence of coal seams greater  than  about 1.5 metres i n  
thickness.  

A thin-bedded,  dark  grey  to  black,  well-indurated,   carbonaceous  si l tstone 
is a   d i s t i n c t i v e   f e a t u r e  of the  E lk  Formation. It weathers   a   dis t inct ive 
l i g h t  grey  colour, and where it is exposed to  weathering  the  bedding 
sur face  is i r r e g u l a r  and hummocky. This un i t  is informally  cal led 
'needle  si l tstone'   because it contains  fragments of needle  coal  (Gibson, 
1977, p. 782). 

Coal i n  the Elk  Formation is of two main types. The  more common i s  
b r i g h t  and v i t r a in - r i ch  and occur s   i n   t h in   l en t i cu la r  beds t h a t  are 
general ly   less   than 0.5 metre and nearly  always less than 1.5 metres i n  

t h e  Mist Mountain Formation. The other  coal  type is a brittle and 
thickness .  It is ind is t inguishable  i n  outcrop from some coal seams of 

resistant cannel   coal   containing  a lgini te ,   referred  to  by the  authors as 
'Elk  coal.' A conspicuous  variety of E l k  coal,   needle  coal,   consists of 
a lga l   needles  which resemble  pine  needles. E l k  coal  comprises  thin, 
usual ly  less than 0.3 metre,   lenticular,   discontinuous beds. These 
commonly d i r e c t l y   o v e r l i e   n e e d l e   s i l t s t o n e .  

The contact  between the E l k  and Mist Mountain  Formations is gradat ional .  
The prominent  basal,  cliff-forming  sequence of conglomerate and sandstone 
u n i t s  i n  the Coal Creek area (Newmarch, 1953) is a   local  phenomenon. 
Elsewhere,   selection of a  basal  contact  often  involves  a compromise, o r  
an arbi t rary  placement .  In  these  instances ,   the   contact  is not   t raceable  
f o r  mapping purposes. 

A more de ta i led   d i scuss ion  of t h e   r e s u l t s  of t h i s  ongoing  study w i l l  be 
pub l i shed   a t  a l a t e r   da t e .  
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A COPPER-SILVER  CCCURFSNCE IN THE FALKLAND  AREA 

(82L/12E) 

By G.P.E. White 

A copper-silver  showing  on  the  Top  claims  owned by Don Campbell  and  under 
option  during 1981 to  Craigmont  Explorations  Limited  is  located  at 50 
degrees  31  minutes  latitude, 119 degrees  36  minutes  longitude, 1 190 
metres  elevation,  approximately 3 kilometres  northwest  of  Falkland. 

Finely  disseminated  chalcopyrite,  bornite,  chalcocite,  and  possibly 

predominately  porphyritic  green  and  buff  lava,  chert,  micrite,  and 
digenite  are  found  in a coarse  volcanic  breccia.  Fragments  are 

rhyolite,  generally  in a finer  clastic  crystal  fragment-bearing  green 
matrix.  The  porphyritic  green  phase  is  the  most  common  rock  type  and,  in 
mineralized  areas,  it  has  been  altered  predominately to calcite  with 20 
per  cent  albite  and some chlorite,  quartz,  and  K-feldspar.  Phenocrysts 
are  altered  to  vermiculite-hydrobiotite  with  small  amounts  of  chlorite, 

breccia  consists of sericitic to kaolinitic  altered  porphyry and clasts 
calcite,  and  amphibole.  Away  from  the  mineralized  area,  the  volcanic 

of altered  microlitic  volcanic  flows.  In  this  unit,  relatively  fresh 
augite  phenocrysts  are  present.  Apatite is often  present  in  the  chert 

present. 
and  veinlets  of  quartz,  K-feldspar,  and  calcite  are  occasionally 

This  'augite  porphyry'  breccia is interbanded  with sone rhyolite  and 
light-coloured  flow  rocks;  some  of  the  rhyolites  are  flow  banded. 

South  of  the  mineralized  area,  1.5-metre  green  porphyry  blocks  are  set  in 
a fragmental  green  porphyry  matrix.  Occasional  clasts  are  mineralized 
with  copper  and  there  are  infrequent,  well-rounded,  5-centimetre-diameter 
milled  rock  fragments. 

To the  north  of  the  mineralized  showing  outcrops  in a narrw stream 
valley  show  'augite  porphyry'  and  altered  basalt  breccia  in  faulted 
contact  with a coarse  conglomerate  and  interbedded  calcite-cemented 
arkosic  sandstone.  The  conglomerate and sandstone  are  cut by basaltic 
dykes.  Above  is  basalt  clast  sandstone  that  grades  upward i n t o  sandstone 
with  plant  fossils.  It  is  suggested  that  the  fault  juxtaposes  Triassic 
and  Tertiary  rocks. 

The  mineralization  is  proximal  to a Triassic  diatreme.  The  present 
topography  is  related  to  Tertiary  vent  systems  and m y  in part  represent 

centres  during  Triassic  time. 
coincident  areas of crustal  weakness  which  also  served  as  volcanic 

Using  this  concept,  Mount  Martin to the  northwest w a s  investigated  but so 
far  only  one  outcrop  of  relatively  unaltered  augite  porphyry  has  been 
found  on  the  north  side.  However,  it  is  interesting to note  that 
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outcrops below 1 200 metres south and eas t  of Mount Mart in  i n  Paxton 
Valley,  along St. Laurent  Creek, on Mail  Creek,  and on Bolean  Creek arc? 
Permian-Pennsylvanian,  not  Tertiary. This in t e rp re t a t ion  is based on 

contain  productid  brachiopods and schwagerinid fusu l in ids ,   poss ib ly  
lithology,  paleogeography, and foss i l   ev idence .  Cherty  limestones 

Parafusul ina (Monger, pers. corn.). Monger suggested  that   these  rocks 
are late Early to Middle  Permian i n  age  and m y   c o r r e l a t e  wit.h the Harper 
Ranch Group. 

Prospector Do2 Campbell on the  Ministry’s  Grant  Program worked i n   t h i s  
area  off  and orL for severa l   years   before   mking   th i s   f ind .  Thanks are 
extended to Johr. Kwong  who ident i f ied  minerals ,  and B i l l  McMillan  and Vic 
P r e t o   f o r   t h e i r   i n t e r e s t  and suggestions. M. Hanna  made t h e   i n i t i a l  
sugges t ion   tha t   the   foss i l s  were Permian-Pennsylvanian  and t h i s  was 
confirmed by J. Monger of the  Geological  Survey of Canada. 
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THE  STIRLING  MOLYBDENITE  SHOWING 

(82M/8W) 

By G.P.E.  White 

The  Stirling  property  (MDI NO. 082M/087),  owned by CJC  Explorations  Ltd. 
of  Revelstoke,  was  optioned by Newmont  from  July  1980  until  July 1981. 
The  property  is  located  approximately 54  kilometres  north  of  Revelstoke 

Most  of  the  showings  are  easily  accessible  from  the  old  or  new  Mica  Dam 
at  latitude  51  degrees  23  minutes,  longitude 118 degrees  25  minutes. 

Highway. 

Molybdenite  occurs  in  concordant  pegmatite-like  sills  in  Lardeau  Group 
metasediments.  The  sills  consist  of  quartz,  albite,  pyrite,  pyrrhotite, 
with  carbonate,  fuchsite,  galena,  occasional  sphalerite,  and  rare 
allanite.  Sericitic  impure  quartzite,  quartz-chlorite-muscovite  schist, 
graphite  schist,  crystalline  limestone,  and  chlorite-muscovite-magnetite 

dip. 
schist  have  a  general  strike  of  015  degrees  with  a  30-degree  northwest 

During  the 1980-1981 season  Newmont  collected 252 rock, 28 soil, and 10 
trench  samples  for  alteration  studies  and  geochemical  assaying, did 23 
kilometres  of  magnetometer  surveying,  and  drilled  45  overburden  and  10 BQ 
diamond-drill  holes,  the  latter  totalling 1 320.8  metres. 

metres of 4.67 per  cent MoS2. In  diamond-drill  hole  81-2  there  was 
One  of  the  better  intersections  in  diamond-drill  hole 81-8 comprised  2 

0.39  per  cent  MoS2  over  2.4  metres. 

The  above  information  for  the  most  part  was  taken  from  reports by Denis 
Bohme  of  December  29,  1980  and  July  10, 1981, personal  communication  with 
Denis  Bohme  June  17, 1981, and  a  report by D.M. Hausen  of  Newmont  dated 
June  2, 1981. 

John  Kwong  of  the  Analytical  Laboratory  identified  the  allanite. 
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A NEW ZINC  OCCURRENCE IN THE REVELSTOKE AREA 

(82M/8W) 

By G.P.E.  White 

While  searching for scheelite  north of Revelstoke  the  Cameron-Jenkins- 
Campbell prospectors  discovered  zinc  with  secondary  hydrozincite at  an 
elevation of 835 metres, north of Mars Creek, latitude 50 degrees 21 
minutes,  longitude 118 degrees 22 minutes. 

Sphalerite and pyrite in  a manganese-dioxide-stained  metamorphosed 
siliceous sediment  occur in  1-metre bands  with  an  exposed  strike  length 
of 10 metres. The  host  rocks  are  sericite-chlorite  schist,  sericite- 
quartz-albite schist, biotite-chlorite  schist,  and  minor  amounts of 
sericitic  quartzite.  The  regional  attitude is 170 degrees, 25 degrees 
east. Due to the  incompetent  nature of the  schists many crenulations and 
minor folds are  present. 

Analysis by our Analytical  Laboratory of a  grab sample gave  a 2.23 per 
cent zinc, 0.15 per cent  lead,  and 0.01 per cent cadmium;  the  cadmium was 
by spectrographic  analysis. 



THE THANKSGIVING  TUNGSTEN SHOWING 

(82M/lE) 

By G.P.E. White 

Schee l i te  was discovered on the  Thanksgiving  property in t h e   f a l l  of 1980 
by the Cameron-Jenkins-Campbell prospecting group of Revelstoke. The 
showing is located  about 25 kilometres  north of Revels toke,   la t i tude 51 

Dam Highway a t  an e leva t ion  of 670 metres. 
degrees 12 minutes,  longitude 118 degrees 12 minutes,  along  the new Mica 

Skarn  near  the  crest of an ant i form  consis ts  of s c h e e l i t e ,   c a l c i t e ,  
quar tz ,   K-fe ldspar ,   p lag ioc lase ,   d iops ide ,   c l inozois i te ,   vesuvian i te ,  
garnet,  hornblende,  sphene,  pyrite,  pyrrhotite, and c h l o r i t e .  The zone 
is repor ted   to  be stratabound and about 3 metres i n  thickness.  Mineral 
conten t   var ies   bo th   ver t ica l ly  and l a t e r a l l y  and, i n  one th in   s ec t ion  
examined, the rock  has  a  cherty  matrix. The hos t   rocks   a re   se r ic i t ic  

micaceous par t ings.   Fol ia t ion  has  a general  east-west s t r i k e  and  a 30- 
q u a r t z i t e s  and b io t i te -quar tz -p lag ioc lase   sch is t s ,  w i t h  l o c a l   f i s s i l e ,  

degree  north  dip. A major low angle   north-south  faul t   that   crosses   the 
property is marked by graphitic shearing. In the easternmost  trenched 
area   t igh t   c renula ted   fo lds   wi th   ax ia l   p lanes  normal to  the  major  fold 
a x i s  occur i n  a calcareous  uni t .  

Quartz  Eeldspar  porphyry  with a  grey bioti te-rich  matrix,   muscovite- 
quartz-feldspar  pegmatite,  and quartz  veining  occur i n  close  proximity t o  
s c h e e l i t e  on the  property  but not  w i t h  the  skarn  assemblage. No tungsten 

pegmatite. 
was detected i n  a semiquant i ta t ive  spectrographic   analysis  of the 

Conversations  with Roy Wares represent ing  Northair  Mines were h e l d   a t  
var ious times during  the  f ie ld   season.  
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CLEARWATER  AREA 

(82M/12W; 92P/8E, 9E) 

Department  of Geology, University  of  Calgary 
BY Paul  Schiarizza 

INTRODUCTION 

Geological  mapping  of  the  Fennell  and  Eagle  Bay  Formations  between 
Clearwater  and Chu Chua muntain was  initiated  in 1980 (Schiarizza, 1981) 
and  completed  during  the 1981 field  season.  Little  new  ground  was 
covered  this  season;  the min effort  was  devoted  to  refining  and  filling 
in  details  of  the  area  covered  previously.  Extensive  sampling  of  cherty 
sediments  within  the  Fennell  Formation  was  carried  out  in  an  effort  to 
find  microfossils.  Results  from  this  sampling  are  not  yet  available. 
Structural  interpretations  advanced  after  the  first  seasons'  fieldwork 
were  generally  confirmed  by  this  year's  work. An early  stage  syncline 
was  outlined  with  the  Lower  Fennell  Formation  between  Clearwater  and 
Granite  Mountain.  Improved  understanding  of  the  internal  stratigraphy 
and  structure  of  the  Eagle  Bay  Formation  confirms  that  the  bulk of this 
formation  is  in  discordant  fault  with  adjacent  Fennell  rocks. 

STRATIGRAPHY 

EAGLE  BAY  FORMATION  (UNITS 1 TO 4) 

Considerable  time  was  spent  mapping  within  the  Eagle  Bay  Formation.  The 
work  allowed  significant  refinement  and  regrouping  of  Eagle M y  
stratigraphy  compared  to  that  advanced  by  the  writer  previously. 

The  structurally  highest  unit  within  the  formation  (unit 4; u.nits 3 and 4 
of  Schiarizza, 1981) consists  mostly  of  rusty  weathering,  greenish  grey 
feldspathic  chlorite-sericite  schists. An attempt  to  map  darker  green,, 
more chloritic schists as a separate unit (Schiarizza, 1981)  proved 
untenable,  although  rocks  in  the  lower  part  of  the  unit do seem  to  be 
generally  more  chloritic.  Igneous  textures  are  clearly  displayed  in 
weakly  schistose  specimens  from  this  unit  and  discrete  feldspar  grains 
evident  throughout  the  unit  appear  to  be  relict  igneous  grains. 
Fragmental  rocks OCCUT in  the  lower  parts  of  the  unit,  but  axe  rare. A 
light  grey  relatively  pure  quartzite  (4a)  was  traceable  for a. little  over 
1 kilometre  just  south  of  Foghorn  Mountain.  However,  the  bulk  of  this 
unit  is  monotonously  uniform.  It  may  have  been  derived  from  a  series  of 
flows,  or  may  represent  an  intrusive  body. 

Structurally  beneath  unit 4 is  a  unit  dominated  by  schists  of  felsic  to 
intermediate  volcanic  origin  (unit 3 ) .  The  unit  is  best  exposed  along 

mainly  light  silvery  grey  quartz-sericite  schists.  Substantial  chlorite 
lower  McDougal  and  Foghorn  Creeks.  Along  McDougal  Creek  these  rocks  are 

is  present  in  places,  and  chloritoid  porphyroblasts  were  observed  at  a 
number  of  localities.  'Eyes'  of  clear  quartz  are  often  evident.  Thin 
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sections  show  that  these  are  embayed  quartz  phenocrysts.  Sedimentary 

to  a  few  tens  of  metres  in  thickness.  These  same  rock  types  also 
interlayers  of  dark  grey  phyllite  found  throughout  this  section  range  up 

more  varied  and  includes  not  only  medium  green  chlorite  schist  and  light 
comprise  the  succession  along  Foghorn  Creek.  There,  however,  the  unit  is 

grey  platy  sericitic  quartzite  but  also  trachytic  rock  which  hosts 
mineralization  at  the  Rexspar  uranium  deposit  (Preto, 1978). 
Fragmental  rocks  that  probably  represent  volcanic  breccia  are  also  pres- 
ent,  particularly  near  the  Rexspar  deposit.  Immediately  north  of  the 
Baldy  Batholith  at  Granite  Mountain,  outcrops  of  fine  to  medium-grained 
biotite-quartz  gneiss  with  interlayered  amphibolite  and  pelitic  hornfels 
(3a)  may  be  the  contact  metamorphosed  equivalent  of  unit 3. 

Unit '2 consists  of  medium  green  chlorite  schist  with  interbedded  grey 
phyllite  and  limestone.  It  structurally  underlies  unit  3  along  upper 
Foghorn  Creek.  Scattered  outcrops  of  chloritic  schist  immediately  south 
of  Birch  Island  may  also  belong  to  this  unit. 

Black  phyllite  with  interbedded  siltstone,  sandstone,  and  grit  (unit 1) 

Clearwater.  This  unit  is  truncated  on  the  south  by a transverse 
crops  out  adjacent  to  the  Fennell  Formation  immediately  south of 

Fennell/Eagle  Bay  contact  emerges  south of the  Baldy  Batholith.  There, 
northeast-trending  fault.  It  does  not  crop  out  again  until  the 

it  forms  a  substantial  unit  which  continues  southward  adjacent  to  and 
east  of  the  Fennell  Formation,  and  extends  across  the  Barriere  River to 

extracted  from  two  lenses  of  limestone  within  this  unit  in  the  Barriere 
Johnson  Creek  (unit 6a of  Preto, 1981). Mississippian  conodonts  were 

Lakes  area  (Okulitch  and  Cameron, 1976; Preto,  et  al., 1980). South of 
Clearwater,  unit 1 structurally  overlies  rocks  of  the  immediately 
adjacent,  east-dipping  Fennell  Formation,  and  itself  appears  to  be 
structurally  overlain by  felsic  schists  of  unit  3.  The  nature  of  these 
contacts  will be discussed  in  the  section  on  Structural Geology. 

FENNELL  FORMATION  (UNITS 5 AND 6) 

The  Fennell  Formation  has  been  divided  into  an  upper  unit  consisting 
almost  entirely  of  massive  and  pillowed  greenstone;  and  a  lower,  more 
heterogeneous  unit  dominated  by  greenstone  and  cherty  sediments.  Fennell 
greenstones  have  suffered  varying  degrees  of  low-grade  metamorphism  and 
alteration,  but  appear  to be dominantly of basaltic  composition.  M.J. 
Orchard  has  identified  conodonts  extracted  from  Fennell  Formation  cherts 

Early  Pennsylvanian  to  Permo-Triassic  (V.A.  Preto,  pers.  comm.,  April, 
in  the  Barriere  Lakes  area.  They  range  in  age  from  Late  Mississippian  or 

1981). Chert  samples  from  the  Clearwater  area  are  presently  being 
analysed for microfossils. 

LOWER  FENNELL  (UNIT 5) 

A wide  variety  of  rock  types  comprise  the  Lower  Fennell  Formation. 
Individual  units  are  generally  discontinuous  and  often  intercalated  on  a 
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s c a l e   t h a t  is too f i n e  to be r ep resen ted   a t   t he  mapping sca l e .  
Greenstone  (5a)  predominates. It ranges from aphanitic  to  very  coarse 

metamorphism, the  two are generally  indistinguishable;   consequently  they 
grained and includes  both  intrusive and extrusive  phases.  Because  of 

have  not  been separated on the accompanying map (Figure 1 ) .  Recognizable 

be pillowed,  but most are   massive.   Obviously  intrusive  dior i t ic   to  
ex t rus ive   var ie t ies   a re   genera l ly   aphani t ic   to   f ine   g ra ined:   these  may 

gabbroic units generally  occur as concordant  si l l- l ike  bodies,   al though 
i r regular   d i scordant  masses a re  also present .  

Chert to cherty mudstone (5b) is the  dominant  sedimentary  rock  type 
present .  It is general ly  well bedded: beds  range up t o  15 centimetres 

As with a l l  un i t s   wi th in   the  Lower Fennel l ,   cher t   hor izons  tend  to  lent; 
th ick  and are separated by th inner   a rg i l laceous   par t ings  or interbeds.  

p e r s i s t e n t  and  provide  the best loca l  marker uni ts   within  the 
out and be discontinuous: however, in p laces   ind iv idua l   cher t   un i t s   a re  

succession. 

Two substant ia l   concordant   layers ,  and a number of smaller bodies of 
l i g h t  grey,  massive t o  weakly foliated  quartz-feldspar  porphyry (5c) 
occur i n   u n i t  5. These  appear t o  be mainly  of ex t rus ive   o r ig in :  some 
were eroded and occur as c l a s t s  in overlying  conglomerate. 

Conglomerate  (56) f o m  discontinuous  lenses  throughout  the Lower 
Fennell ,   but is mst common i n  a belt that   extends from the   v i c in i ty  of 
Axel Lake north-northwestward to Blackpool. Clasts appear to have  been 
de r ived   en t i r e ly  from surrounding  Fennell  units;  they are dominantly 
chert ,   greenstone, and a r g i l l i t e .  

Bodies  of  sandstone, a r g i l l i t e ,  and p h y l l i t e   ( 5 e )   a r e  most common i n  t h e  
lower part of u n i t  5. In  places,   they are well bedded and sandstone 

bedding is disrupted,  giving  the  rock a lensey  to  conglomeratic 
l aye r s  alternate with  f iner  grained argil l i te or phy l l i t e :  more comonl.y, 

appearance. 

Limestone ( 5 f )  is a minor  component  of the  Lower  Fennell .  It is present  
a s  small, discontinous  lenses i n  the lower part of the  formation  adjacent 
t o   t h e  Eagle Bay contact .  

UPPER FENNELL (UNIT 6) 

The Upper Fennell   consists  mainly of aphani t ic   to   f ine-grained 
greenstone.  Pil lows  are commonly present ,  and the  greenstone  appears t:o 

present   in   p laces ,  and two  somewhat larger   bodies  of bedded che r t   (6a )  
be l a rge ly  of extrusive  origin.  Small  discontinuous  pods of che r t  are 

were t raceable   for   shor t   d i s tances .  

Although it was not  exposed,  the  contact between the Lower and Upper 
Fennell  appears to be s t ra t igraphic   ra ther   than   tec tonic .   Traverses  
across the  contact  zone along  Joseph Creek and on the slopes west of the 
Baldy Bathol i th  show a gradual   t rans i t ion ,  marked by decrease in t h e  

f i l  



Flgure 1. Generalized  geologlcal map of the   Cieanater -Chu Chua area. 
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LEGEND 

EOCENE AM) LATER ( 7 )  

8 (b) Sku1 I Hi I i  Formation: vesicular  andesi te 
(a) Chu Chua Formation:  conglanerate. sandstone, shale 

CRETACEOUS 

7 Bio t i t e   qua r t z  monzonite of Baldy Eatho l l th  and  Joseph Creek 
stock 

UPPER  PALEOZOIC 

FENNELL  FORMATION 

6 Upper Fennel I Formation: p i  I lowed  and masslve  greenstone,  minor 
che r t  
6a:  bedded cher t  

5 Lover  Fennel I Formation 
( f )  I lmestone 
(e) sandstone, argi I I i te,  phyl I i t e  
(d)  conglomerate 
(c)  quartz  feltspar  porphyry 
(b) bedded chert  
( a )  greenstone 

4 
Eagle Bay Formatlon 

sch I s t  
Rusty  weathering,  greenlsh  grey,  feldspathlc  chlorite-sericlte 
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4a: quartz1 t e  
Quar tz -ser ic l te   sch is t   w i th   in te rbedded dark  grey  phyl l i t e ;  
mlnor ch lo r i t e   sch i s t ,   p la t y   se r i c i t i c   qua r t z i t e ,  and tra,:hyte 

2 
3a: biot i te-quartz gneiss, anphibolite, p e l i t i c   h o r n f e l s  

1 
Chlor i te   sch is t ,  minor  grey p h y l l i t e  and limestone 
Black phyl I l t e  w l th  Interbedded  slitstone, sandstone, and g r l t  

Symbo I s 
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Late mesoscopic fo ld   ax i s  ........................................... + 
infer red   fau l t  ....................................................... NCJ 

Early  synclinal  axial  trace,  overturned ............................ -*‘; 
Geological  contact ................................................. ./ 
Mineral  occurrence ................................................. rn 



E 
4 

N- 

e. 

64 



th ickness  and number of cher t   hor izons  unt i l   the   succession  consis ts  
a lmost   ent i re ly  of greenstone. 

UNIT 7 

The Middle Cretaceous  (Wanless, e t  al.,  1966) Baldy Batholith  occupies 
the  southeast   corner  of the  map-area where it cu t s   t he  Fenne:Ll/Eagle Bay 
contact .  A small body of similar rock  outcrops i n  the  Joseph  Creek 
valley  just   northwest of the  batholith.   Coarse-grained  bioti te  quartz 
monzonite comprises much of t he   ba tho l i th .  It is commonly p<srphyr i t ic ,  
with  K-feldspar  phenocrysts up t o  a few cent imetres   in   s ize .  The Contact 
with  adjacent  country  rocks is sharp,   steeply  inclined, and,  with some 
except ions ,   fa i r ly   regular  in or i en ta t ion .  

UNIT R 

Conglomerate,  sandstone, and sha le  of the  Eocene (Campbell and Tipper, 
1971) Chu  Chua Formation  (Sa) and overlying  vesicular   andesi te  of the 
Skull  Hill Formation (ab) unconformably over l ie   the   Fennel l  Formation in 
Joseph Creek valley  immediately  north of hlnn Lake. A smaller  exposure 
of Skull  H i l l  Formation  occurs 9 kilometres to the  north. Bedding  wit.hin 
the  Chu  Chua Formation dips cons i s t en t ly  a t  moderate  angles t o   t h e  ea&, 
apparent ly  due t o   r o t a t i o n   a l o n g   l a t e   f a u l t s   t h a t  l i e  e a s t  of exposures 
of the  uni t .  

STRUCTURE 

Three  phases of fo ld ing   a re   ind ica ted  by mesoscopic s t ruc tu res   w i th in   t he  
area. Early  folds  generally  plunge to  the  northwest. The a.ssociated 
ax ia l   p lanar   sch is tos i ty   has  been var iab ly   reor ien ted  by later 
s t ruc tu res .  Phase 2 folds  plunge  northwest or southeast,  while  phase 3 
folds   plunge  a t  low angles east or westward.  Axial  surfaces of t h e   l a t e r  
f o l d  sets are re l a t ive ly   up r igh t ;  ax ia l  p l a n a r   s t r a i n  slip cleavage 
developed  locally  during  second phase folding, but is not pervasive 
throughout  the map-area. 

A westerly  overturned  phase 1 syncl ine in the  Lower Fennell  Formation 
dominates  the  macroscopic  structure between Clearwater  and  upper  Joseph 
Creek.  This  syncline is out l ined  by t he   s t r a t ig raphy  immediately north 
of  the  Baldy  Batholith. There it plunges  shallowly  toward the north- 
northwest and the   ax ia l   su r f ace   d ips   gen t ly  toward the  north-northeast  
for   several   k i lometres ,   then swings and takes  on a more norther ly   t rend.  
The loca t ion  of the   ax ia l   t r ace  is approximate  because  outcxops  are 
sparse ,   Fennel l   s t ra t igraphy is discontinuous, and massive  sreenstone,, 
f r an  which l i t t l e  s t ruc tura l   da ta   could  be obtained,  predominates. 

West of the Baldy Bathol i th ,  in the  southern  half  of the  are.a,  the 
Fennell  Formation  comprises a west-dipping and facing homocl.ine. 
Bedding/schis tos i ty   re la t ionships  and minor fo ld  asymmetry suggest that 
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t h i s  homo c l ine  is t h e   r e s u l t  of a la te   (phase 2 71, ant i formal  
de f l ec t ion  of the  western  (upright)  limb of the  phase 1 syncl ine.  
S t r a t ig raph ic  u n i t s  could  not be traced  around  this  antiform, however, 
because  there  appears  to be a  zone  of f a u l t i n g  between  Joseph and Axel 
Creeks. T h i s  f a u l t i n g  may be related  to,   or  post-date,   the  second  phase 
of folding.  

U n i t s  2 through 4 of the  Eagle Bay Formation  comprise  a r e l a t i v e l y   f l a t -  

Formation.  Previously  (Schiarizza, 1981) a gent le   norther ly   plunging 
l y i n g   p l a t e  which appears   to  be discordant  with the  adjacent  Fennell  

synform was t en t a t ive ly   ou t l i ned  i n  t h i s  package. However, the zone 
ac tua l ly   appears   to   represent  a s l ight   upturning  as  it contac ts   the  

post-dates  the  phase 1 syncline  within  the  Fennell  Formation. 
Fennell  Formation.  This  contact may be an eas t -d ipping   th rus t   fau l t   tha t  

Immediately  south of Clearwater,   unit  1 of the  Eagle Bay Formation 

Formation, and to have  been subjected to the same (phase 1)  westerly 
appears   to  be roughly  concordant  with  rocks of the  adjacent  Fennell  

overturned  folding.   Far ther   east ,  felsic s c h i s t s  of unit 3 appear t o  

be  separated by the  same eas t -d ipping   fau l t  which has been i n f e r r e d   t o  
ove r l i e  u n i t  1, although  the  contact was not  exposed. Units  1 and 3 may 

Formation. The pos i t i on  where the  Fennell/Eagle Bay ( u n i t  1)  contact  
separa te  u n i t s  2 through 4 of the  Eagle Bay Formation from the  Fennell  

emerges south of the Baldy Ba tho l i th   sugges t s   t ha t   t h i s   con tac t  was 
folded  along  with  rocks of the  Fennel1  Formation. As was the  case  south 
of Clearwater,  the  metasediments of un i t  1 appear to be approximately 
conformable wi th  adjacent  Fennell  units. However, an apparent  thinning 
( t runca t ion  ?) of the Lower Fennell   southward  along  the  contact,   the 
presence of a tectonized zone between unit 1 and the  Fennell  Formation 

o r  dykes  of the  Fennell  Formation w i t h i n  unit 1, sugges t   t ha t   t h i s  
immediately  south of the Baldy Bathol i th ,  and the  absence of feeder sills 

c o n t a c t   m y  be a faul t .   Since  the  contact   appears  to have  been  folded  by 
a phase 1 fo ld ,   t he   f au l t   wu ld   p re -da te   t h i s   fo ld ing .  

a rea  have two dominant or ien ta t ions .   La te   fau l t s ,  i n  p laces  marked by 
I n  addi t ion  to those  previously  discussed,  conspicuous  faults  within  the 

brecciated  zones,   trend  northerly and occur  mainly  along  the  western  side 
of the map-area.  These may be more common than  indicated on the map and 

Thompson River  valley. Gutliers of t he   Te r t i a ry  Chu Chua and Skull Hill 
occupy a number of norther ly   t rending  val leys ,   including  the  North 

Formations  appear to have  been p r e s e r v e d ,   a t   l e a s t  in p a r t ,   a s  a r e s u l t  
of movement along  this  system of fau l t s .   Nor theas t - t rending   fau l t s  in 
the   northeast   corner  of t he  map-area a re   i n fe r r ed  on the   bas i s  of abrupt 
s t ructural   d iscordances  and  t runcat ion of s t r a t ig raph ic   un i t s .  These 
also  appear   to  be r e l a t i v e l y   l a t e   f e a t u r e s ,  imposed a f t e r   t h e  dominant 
s t r u c t u r a l  geometry had already been es tab l i shed .   In t rus ion  of the Baldy 
Bathol i th  (Middle  Cretaceous)  apparently  post-dated most of the   fo ld ing  
in the  area.  However, t he re  is some def lec t ion  and r eo r i en ta t ion  of 
contac ts  and s t ruc tures   near  its contact .  
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MINERAL DEPOSITS 

The locat ions of the  most important  mineral  showings  in  the i a r e a  are 
indica ted  on the  geological map (Figure  1).  The  IUoSt s ign i f i can t  of 
these  are   the Rexspar (d ,  F)  (Preto,  1978) and CC (Cu, Zn) (McMillan, 

syngenetic  with the  enclosing  volcanic host  rocks. I n  cont ras t ,  o ther  
1980)  deposits. Mineralization in each of these  deposits  appears t o  be 

showings i n  the  area  occur i n  c rosscut t ing   quar tz  or quartz-carbonate 
veins which  formed late i n  the  geological   h is tory of the  area.  These a re  
of ten  associated  with  local   shear  zones, such  as a t  the  Queen Bess (Pb, 
Zn, Ag) and Gold H i l l  (Au, Pb, Cu, zn, A g )  p roper t ies ,  where Fennel1 
greenstones are cut by steep  easterly  trending  shear  zones and a l t e r e d   t o  
rusty  ferrodolomite.  
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NOTES ON CARBONATITES I N  CENTRAL BRITISH COLUMBIA 

(83D/6E) 

By G.P.E. white 

Carbonat i tes  were examined a t  the Verity  (Lempriere),  Paradise  Lake, 

site; an extension of the Gum Creek carbonat i te  which lies to the west of 
Howard Creek, Mud Lake, and Gum Creek l o c a l i t i e s  as well a s   a t  one new 

the   o r ig ina l   l oca l i t y .  

Generally  carbonatite is conformable to the h o s t i n g   s c h i s t s   o r ,   l e s s  
commonly, syeni te  as a t  Howard Creek. Two or   mre   bodies  of carbonat i te  
separated by s c h i s t  bands may be present .   Befors i te  is sometimes 
interbanded  with  sovite and the i r   contac ts   a re   usua l ly  well defined. 
Some textures  resemble  flow  banding,  but  others  are  suggestive of carbon- 
a te   phenocrysts  i n  a carbonate matrix. 

In the ver i ty   a rea ,   coarse  ol ivine is often  associated  with  sovite  and 

mineral  zoning is not obvious. 
apat i te   creates   banding i n  t renched   a reas ;   o therwise   l a te ra l  and v e r t i c a l  

Minerals i d e n t i f i e d  i n  carbonat i te  on the JIM property (Mud Lake) are 
ca l c i t e ,   do lomi te ,   apa t i t e ,   i lmen i t e ,   o l iv ine   ( f e r roan   fo r s t e r i t e  with 

an t igo r i t e ,   ve rmicu l i t e ,   t a l c ,  hydromica, and pyrrhot i te   a long  with 
secondary  iddingsi te  and g o e t h i t e ) ,  t r e m o l i t e - a c t i n o l i t e ,   c h l o r i t e ,  

previously  reported  phlogopite,  chondrodite.  pyroxene,  magnetite,  and 
l imonite  . 
From the Howard Creek site zircon,  baddeleyite,  pyrochlore,  sphene, 
a p a t i t e ,   c a l c i t e ,   p y r i t e ,   r i c h t e r i t e ,  and t i t a n i t e  were i d e n t i f i e d   a s  
well  as t r aces  of i lmenite and hornblende  (possibly  edeni te) .  

In the Howard Creek area  there is a black,   hard,   re la t ively  coarse-  
grained  rock  consisting of hornblende,  sphene,  clinopyroxene  (acmite- 
a u g i t e )  and a p a t i t e   w i t h   i n t e r s t i t i a l   c a l c i t e ,  and minor  mica, fo r  which 
A. Mariano has tentat ively  suggested  the name ' l empr ie r i t e '  (Bent 
Aaquist, pers. corn.,  September 1981).  

Columbite and pyrochlore  are common to many  of these sites and 
molybdenite was noted i n  core from the G u m  Creek area.  

Attempts a t  age dat ing have not been de f in i t i ve   o r   co r re l a t ive  to da te .  
Potassium-argon  dates by Joe ilarakal of the  University of B r i t i s h  
Columbia were 20528 Ma on phlogopite from Howard Creek, and 92.5t3.2 Ma 
and 80.2t2.8 Ma on r i c h t e r i t e  from the  Verity site. D r .  R. Armstrong  of 

dating  with  zircons.  Euhedral,  coarse-grained  zircon is present  a t  the 
the  University of B r i t i s h  Columbia has  suggested  that we confine our 

Creek  carbonatite. 
Verity site and zircon  has been noted i n  t h in   s ec t ions  from the Howard 

68 

ldegroot
1981



much of the  mineral   ident i f icat ion  while  Lynn Sheppard  carried  out  the 
John Kwong of the  Analytical   Laboratory  in  Victoria is responsible for 

heavy  mineral  separations. B i l l  McMillan suggested methods to   ob ta in  age 
dates  and thanks are due t o  Mitch  Mihalynuk who as s i s t ed  i n  the  Field.  

Bent  Aaquist OF Anschutz  Mining  Corporation  gave  freely of h i s  time and 
d iscussed   resu l t s  OF t h e i r  m r k  in the  area.  
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LEECH RIVER AREA, VANCOUVER ISLAND 

(92B/5g8 12 b-c) 

By G.E.P. Eastwocd 

INTRODUCTION 

been the  object  of in te rmi t ten t   p rospec t ing  and small-scale mining since 
Placer  gold was mined  from the Leech River i n  quant i ty  i n  1864 and has 

formation on which the  placer   deposi ts  rest and for  a major f a u l t  which 
then. The r i v e r  name has  been  used for  the  metasedimentary  bedrock 

juxtaposes  the Leech River  Formation  against  the Eocene Metchosin b a s a l t  
to  the  south.  The Ieech  River  Formation has not been dated, and 

ceous. The formation  contains numerous small  quartz  veins ca r ry ing  t race 
suggestions  as to its age  have  ranged from Carboniferous to Early Creta- 

derived from them. 
amounts of gold, and Clapp ( 191 7) concluded  that  the  placer  gold was 

A prospector,  Marvin Richter,   did  not  believe  this and i n  1980 claimed t o  
have  found  nugget  gold i n  shear zones i n  the Leech River  Formation. He 

s t r a t i g r a p h i c ,   s t r u c t u r a l ,  and economic  reasons  for  taking  another  look 
speculated  that   these were local ized  a long fold limbs.  There were thus 

a t  the Leech River  area. In 1981 the wri ter   spent  7 days on a 
reconnaissance of a s t r i p  between  the mouth of the West Leech and  Sooke 
Rivers. It was then  learned  that  the  Greater  Victoria Water D i s t r i c t  
plans to build  a 20-metre dam across  the Leech River a t  the end of the 

immediately above nor theas t  to Deception Gulch, near Sooke Lake. 
new road on the  north  side and to dr ive a 4-kilometre t u n n e l  from a p o i n t  

This  area may be reached on weekends via   a   Pacif ic  Logging main haul  road 
from  Sooke, or a t  any time from the Shawnigan Lake Road via  the Sooke 
Lake  Road and a  succession of secondary  roads  that  lead to the old 
Leechtown s i t e .   I he  former  bridge  over  the  upper Sooke River is gone, so 
it is necessary to ford  the  river  immediately above its junction  with  the 

A gate  across  the new road on the north  s ide of the Leech River is kept  
Leech River.  Ihe  passable  roads and main streams  are shown  on Figure 1. 

locked, and a key was borrowed from the  Greater  victoria Water D i s t r i c t .  
The north slope and lower p a r t  of the  south slope of the Leech River  val- 

The r i v e r  is s l igh t ly   inc ised   over  most of its length. Martins Gulch i s  
ley   a re   mdera te ,  vibereas the  upper part of the  south  slope is  bluffy. 

ac tua l ly   a  V-shaped creek  valley  with  a  moderate  gradient. Bedrock is 
well  exposed  along  the  beds of the Leech River and Martins Gulch,  moder- 
a t e l y  so i n  road cuts  a t  lower e leva t ions ,  and not a t  a l l  on the upper 
p a r t  of the north  slope. 

GENERAL GEOLOGY 

in te rbedded   b lack   phyl l i te ,   l igh t  to dark grey s i l t i t e ,  and white to 
In this  area  exposures of the Leech River  Formation  consist of 

l igh t   g rey   f ine-gra ined   quar tz i te .  The siltite const i tutes  about   half  
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the  rock and phy l l i t e  is l e a s t  abundant. Most of the  beds  are  thin: 

q u a r t z i t e  1-3 centimetres.  A few qua r t z i t e  beds  are  metre-thick, and a t  
p h y l l i t e  commonly 0.5-1.0 mill imetre,  siltite 1-5 millimetres, and 

one place  several  beds  coalesced to form a un i t  10 metres w i d e .  Along 
the Leech River between Martins Gulch and the end of the new road,  these 
thin-bedded  rocks  have  been  closely  dragfolded; most of the limbs have 
been  s t re tched  and pinched  off,  producing  a  striped and roddy  rock. All 
gradations can be seen  between per fec t ly   cy l indr ica l   rods ,  which resemble 
stretched  pebbles,  and flanged  rods which are clear ly   the  thickened  axial  
parts of dragfolds.  These  beds  have a moderate s c h i s t o s i t y   p a r a l l e l  to 
the   s t r ip ing  and  bedding. Downstream, 680 metres  above  the  haul  road 
bridge,  the  beds are not  dragfolded and are  cleaved to s l igh t ly   s ch i s - -  

sca t te red  and the  beds are only  local ly   schis tose.  Such fo lds   a re  abun- 
tose. Southwest and west of Macdonald  Lake mesoscopic  dragfolds  are 

dant  up Martins Gulch but  not  sheared  out;   the  rocks  are  cleaved to some- 
what schis tose.  

No def in i te   s t ra t igraphic   un i t s   could  be dis t inguished.  "UE q u a r t z i t e  
un i t s  exposed i n  the Leech River  might be traceable  but  because  exposure 
is l a rge ly   r e s t r i c t ed  to the  r iver,   the  l ikelihood is not  promising. 

Thin sheets  of s l i gh t ly   gne i s s i c   g ran i t i c   rock   i n t rude   t he   phy l l i t e  and 
si l t i te i n  a road Cut on the  north  side of the  r iver  about 800 metres 
west of the haul  road  bridge. 

STRUCTURAL GEOLOGY 

Observations of the s t ructural   e lements  are shown  on Figure 1.  There i s  
a  coherent p a t t e r n  west from Mart ins  Gulch  where dragfolds c:onsistent:Ly 

upr ight  limb and one short  overturned  limb. Viewed along  the east 
indicate  overriding  (vergence) toward the  south. They have one long 

plunging  fold  axis,   the  folds resemble a staircase  with  narrow  treads and 
high risers. The easterly  plunge of the  folds  decreases westward  from 
35 degrees a t  Martins Gulch to 20 degrees a t  the end of the new road. 
Furthermore,  the  bedding  generally steepens southward, to near vertic.31 

area.  D i p s  of bedding were necessar i ly  measured on the long limbs of the 
a t  the mouth of Martins Gulch and is overturned at the w e s t  end of th,e 

dragfolds  were not dismembered. In  areas  with  sheared  out :Eolds, the 
dragfolds,  hence  the  average true d ip  of a bed is somewhat less where 

average   d ip   d i f fe rs  l i t t l e  from the t r u e  dip.  

The Leech River f a u l t  w a s  not  observed; its trace  has been  .taken  from  a 

north-dipping  the  river would presumably  have  eroded down  a'Long it. 
l i n e  of change i n  topography  seen on airphotos.   If  it were ve r t i ca l   o r  

Since  the trace is  part-way up the  south  s lope  the  faul t  zone  must d ip  
south and has  been p a r t i a l l y   p r o t e c t e d  from erosion by overhanging 
erosion-resistant  Metchosin basalt. A south dip is also  consis tent   with 
steepening and overturning of the  Leech River  beds  toward  the  fault. The 

downfaulted. The pa t t e rn  of disrupted  dragfolds  can be understood i€ it 
fo ld  p a t t e r n  is consistent  with a large  f lexure i n  beds t h a t  have b e e n  

is assumed t h a t  beds on the  concave  side of the f lexure were i n i t i a l l y  
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under  compression and responded by dragfolding  with  re la t ive movement of 
t h e  upper bed up toward  the  fault ,  and subsequently were under tension 
and s t r e t ched  as subsidence of the  package  continued. Thus, on the  

and Martins Gulch the  Metchosin  Formation  has been thrust   over   the Leech 
sec t ion  of t h e   f a u l t  between p o i n t s  opposite  the mouths  of the west Ieech 

River  Formation. The plunge  of  the  dragfolds would ind ica t e  an eastward 
component of  movement. 

In   t he   ea s t e rn   pa r t  of the  area  the s t ructural  pa t t e rn  is less clear . .  

may be c lose  to v e r t i c a l .  The v e r t i c a l  and overturned  dips  south  and 
Near the  Sooke River   the  faul t  trace approaches Leech River and the  lfault  

west of Macdonald Lake appear  anomalous and m y  be unre l a t ed   t o   t he  

Farther  east, near  Goldstream,  Clapp  found t h a t   t h e  Leech River f a u l t  
f au l t i ng .  The steep plunge is a l s o   d i f f i c u l t  to account  for. 

dips  north. 

The t h i n  Leech River   beds  are   par t icular ly   suscept ible  to downhill  creep. 

t he   r i ve r  and a t  the end of the lower  road on the  south  side.  A t  t h e  
Spectacular examples  occur a t   t h e  end  of the  road  along the! north  side of 

f i r s t ,  beds  dipping 65 degrees  north are curved  through  horizontal to a 
gentle  south  dip a t  the  surface.  A t  the  second,  beds  overturned t o  70 
degrees   south  in   the  r iver  bank are bent Over t o  a gentle  south  dip 

expected t o  show t r u e  dips. 
(upside down) i n  the  bluff  above.  Shallow  cuts on h i l l s i d e s  cannot 'be 

ECONOMIC  GEOLOGY 

placer accumulations were found a t  the  mouth  of Martins Gu:Lch and a t  the 
The source of the  placer  gold  remains  undetermined. In 1864 the  main 

the   wr i t e r  he  had traced  gold by panning up the  Leech Rive:c and Cragg 
junct ion of the Leech  and Sooke Rivers. A weekend placer  :?rospector  told 

Creek a s   f a r  as the  middle of Survey  Mountain, but  had fownd no lode  gold 
on the  mountain. The w r i t e r ' s  assistant panned a f e w  grai.ns of gold  from 
mid-channel gravel   patches  opposi te   the mouth of Martins Gulch, but  could 
f i n d  no gold i n  b e c h  River  gravels immediately above this. The gold 
grains  were well-rounded, almond shaped, and possibly  laminated;  they 
could have  formed either by deformation of individual  nuggets or by 
pounding  together of a number  of small f lakes .  The Razzos  had a s m a l l 1  
p lacer   operat ion in Martins Gulch but dec l ined   t o   r epor t   r e su l t s .  lllese 
observa t ions   h in t  a t  a zone or zones  of  gold  mineralization  passing 
through  Survey  Mountain and the upper part of Martins Gulch. Several1 
shear  zones were seen  about  the  middle of Martins Gulch but  they  appeared 
barren. A 1922 repor t  on the  Invereck talc deposit  on Eeception  Creek 
notes   tha t  trace gold was found in the   t a l c ,  and a 1924 report   notes;   that  
co lours  oE gold  can be panned from the  gouge between the talc and the 
enclosing Leech River  beds.  Quartz  veins  in Leech River he& are so 
A s i g n i f i c a n t  post-Nanaimo f a u l t  is indicated by the  abrupt  termination 

major component of  the movement had to be south  side up.  Not enough work 
of the  basal conglomerate and by a large notch i n  the   r i ve r  wall. A 

passes under extensive  glacial   cover.  
has  been done to ind ica t e  its westward extension, and to the  east it 
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The Nanaimo-Sicker contact  has been o f f s e t  30 metres to t h e   l e f t  on a 
t i g h t   v e r t i c a l   f r a c t u r e  which angles  across  the  r iver bed. A possible  
thrust   in   the  Nanaim  beds  has  been  noted  above. And because  the  basal 
g r i t  is not  repeated  there may be a faul t   a long  the  south  s ide of the 
S icke r   i n l i e r  in the Chemainus River. 

ECONOMIC GEOLOGY 

No s ignif icant   mineral izat ion was found. Pyri te   occurs  in t h e   s c h i s t  
b e l t  and in  the  mafic volcanic rocks. The shonkinites  contain  sporadic 
grains of chalcopyrite.  
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GRAVITY SURVEY OF THE COLWOOD SECTION OF THE LEECH RIVER FAULT 

By B.N. Church, D. Brasnett ,  and G.E.P. Eastwood 

The purpose of this   survey is to determine the pos i t ion  of the Leech River 
f a u l t  i n  an area of glacial   cover  between Langford Lake and Esquimalt: Lagoon 
through  the Colwood area of greater   Victor ia .  

The approximate  position of the f a u l t  is known from the e a r l y  works  of Clapp 
(1912).  It crosses 60 kilometres of the southern   t ip  of Vancouver Island, 

of  Juan de mca S t r a i t  to the   v ic in i ty  of  Brochy Ledge i n   t h e   s t r a i t  
trending i n  an eas t - southeas t   d i rec t ion  from a point  near  the west entrance 

immediately  south of the  Fairfield-James Bay area of Victor ia .  

The f a u l t  is a major geological  boundary  that marks the con,tact  between 
oceanic and cont inental   p la tes .  The success of the  gravity  survey relies on 
the  density  difference between  the  Metchosin  oceanic  basalts  (specific 
grav i ty  -3.0) south of t h e   f a u l t  and the Leech River  metasedimentary and 
volcanic   rocks  (specif ic   gravi ty  -2.67) to the north. 

The survey  comprises 43 s t a t i o n s  on three  northeast-trending l i n e s  across  
the  projected  course of the   fau l t   (F igure  1 ). The precise route of the 
survey  takes  advantage of recently  published  municipal  topographic  bench 
marks ( B r i t i s h  Columbia Ministry of hvironment,  Map Projeat  No. 79-087 T-C) 
and various well-known thoroughfares  including  Jacklin Road. on the w e s t ,  
Lagoon Road  on the  east ,  and Wishart Road-Sooke  Road-Old B land  Highway i n  

with a local   gravi ty   value of 980959.31, es tab l i shed  on the window s.ill a t  
the  centre.  The gravi ty   re fe rence   s ta t ion   for  the survey i.s No. 9282-60 

the northeast   corner of the main Legis la t ive  Bui lding  in   Victor ia .  

The course and a t t i t u d e  of t h e   f a u l t  is defined by in f l ec t ions   i n   t he  
p r o f i l e  of observed  gravity  readings  (Figure 2a, b, and c).,  The pro:Eile 
along  Jacklin Road is most d e f i n i t i v e  owing to g o d   s p a c i n q  of the   s ta t ions  
and  probably  thin  glacial   cover   in   this   area.  One p o i n t  on the fau1.t is 
indicated by a sharp   in f lec t ion  i n  readings  observed  near  station 5. A f l a t  
p r o f i l e  on the  north passes to a steady  increase i n  grav i ty  values 011 the 
south. The profile  for  the  Wishart  Road-Sooke  Road sec t ion  which places the 
f au l t   nea r   s t a t ion  27 is similar.   Control of the exact   posi t ions of the 
f a u l t   i n   t h i s   c a s e  is not  as good owing to a large gap  between s t a t i o n s  27 
and 28. The  Lagoon  Road sec t ion  is least de f in i t i ve  of the  three  l ines 
showing  only a gradual  increase i n  gravity  readings to the  south. T'his  
r e l a t i v e l y  subdued prof i le   probably results from a great thickness OE 
r e l a t i v e l y  low spec i f i c   g rav i ty  sand and gravel  over the Metchosin  b.asalts. 
A small notch i n  the   p rof i le   near   s ta t ion  38 may  mark the p s i t i o n  of the 
f a u l t  . 
accurate   locat ion  for   the Leech River faul t   through the Colwood area. "ne 
The combined evidence from the   th ree   p rof i les  seems to give a f a i r l y  

f a u l t   s t r i k e s  117 degrees, b i sec ts   Jackl in  Road and Esquimalt Lagoon, and 
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Figure 1. The projected  posit ion  of   the Leech R l v e r   f a u l t  i n  t h e  Colwood area frm 
g r a v i t y  statlons on the Jacklln Road, Wlshart Road-Sooke  Road, and L a g o o n  Road 
sections. 

76 



JACKLIN ROAD SECTION  LAGOON  ROAD  SECTION 

P 

e -  - . 4  . ?  I I I  f a ITA 

Figure 2. Relat ive   gravi ty  sections in the C o l d  area. 

passes j u s t  north of the  north end of Wishart Road. "be s teady   increase   in  

of s i a l i c  crust southward and suggests   that  the f a u l t  dips  southward. There 
gravity  readings  south of the   fau l t   sugges ts  sone decrease :in thickness 

is no evidence from th is   s tudy  on the di rec t ion   or  magnitude of motion  along 
the   fau l t   a l though the marked geological   d i f ferences  suggeat   that  it is 
large.  It is ant ic ipated  that   addi t ional   gravi ty   readings in the  area and 
careful  modelling of the   resu l t s  will provide mre information  about the 
a t t i t u d e  and displacement of this important   faul t .  
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GEOLOGY OF THE WHITEHOUSE CREEK AREA 

(92B/13f, 9) 

By G.E.P. EastWood 

INTRODUCTION 

the  northwest and represents  a continuation of the Sicker mapping 
The Whitehouse Creek area (Figure 1) overlaps the Mount Richards  area on 

pro jec t .  Some of the  mapping was done in 1978 and 1979 but most was done 
during  four weeks i n  1981. The pr inc ipa l   ob jec t  of the  study is to 
re la te   the   S icker   rocks   nor th  of the  Chemainus River   to   the  sect ion 
es tab l i shed  on Mount Richards. 

Physiographically  the area includes  the  widening  valley of the  Chemainus 
River, the  north  foots lope of B i g  and Little Sicker  Mountains, and the  

notch  in   the west part of the  area. Within it the  river has been incised 
extreme  southeast  footslope of Mount Brenton. The va l ley   nar row to a 

through  thick  dr i f t   and,   a long most of the  included  length,   deeply  into 
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bedrock. I n  summer it is poss ib l e   t o  walk long  s t re tches  of the r i v e r  on 
bedrock  pavement and gravel  bars,   crossing where necessary by rock- 
hopping or wading. Two canyons i n  the west part are   inaccessible   but   the  
sec t ion  between them can be reached  with  the  aid of a rope. 

Thick d r i f t  i n  the  val ley  extends up the slope of Big Sicker  Mountain, 
and  outcrops  are   mst ly   confined  to  a few exposures i n  watercourses and 
road  cuts. Most  of t h i s  slope is covered by t a l l  timber, and a i rphotos  
a re   v i r tua l ly   u se l e s s .  Mapping here was done by a l t ime te r  and compass 
t raverses   using a contour map a t  1:2500 obtained  through  the  courtesy of 
Serem Limited. 

GENERAL GEOLOGY 

Volcanic and sedimentary  rocks of the  Paleozoic  Sicker Group have  been 
intruded by small  bodies of quartz  feldspar  porphyry, deformed,  then 

Mesozoic sec t ion  seen elsewhere on Vancouver I s land  is missing  from t h i s  
intruded by larger  bodies of hornblende  shonkinite. The thick Lower 

area,  and the older   rocks  are   direct ly  and unconformably  overlain by 
clast ic   sedimentary  rocks of the Upper Cretaceous Nanaimo Group. The 
Nanaim  beds form a lobe extending some distance up the   ances t ra l  
Chemainus  River valley.  

SICKER GROUP 

Trachyte  characterized by medium to  coarse-grained  hornblende  phenocrysts 
is the  dominant Sicker rock north of the Upper Cretaceous  lobe. It is 
similar t o  a band of hornblendic  trachyte  traced  through  the Mount 
Richards  area.  Outcrops  are  massive and erosion-resistant,   forming low 
h i l l s  and ridges.  The outcrop  area  south of Banon Creek is i n t e rp re t ed  
a s  a h i l l  i n  the pre-Nanaimo surface.  The i n l i e r  i n  the lower Cnemainus 
River may be a similar h i l l  or it may r e p r e s e n t   t i l t i n g  on a  post-Nanaimo 
faul t .   Coarse  volcanic   breccia   occurs  i n  the  area of hornblendic 
t rachyte  i n  Banon Creek  both  near  the  Nanaim  contact and a t   the   base  of 

hornblendic  phase was repeated  several  t i m e s  i n  the  volcanic  sequence, so 
a transmission  pylon  east  of the  creek. It is probable   that   the  

the  BCLnon Creek unit  cannot be posi t ioned i n  the  sequence from the 
present  mapping. 

Mildly  deformed  sedimentary  rocks  are  exposed i n  t he  Chemainus River 
upstream from the Nanaimo  Group basal  conglomerate. They cons is t  of dark 
grey to  b l ack   a rg i l l i t e ,   che r t - l i ke  siltites, and f ine-grained  l ight   grey 
q u a r t z i t e .  The siltites a r e  mre or less banded i n  white and  shades of 
grey. A few tuffaceous beds a re   i n t e rca l a t ed .  These  rocks  resemble  the 
upper,  sedimentary part, of the  Sicker  Group i n  the Cowichan Lake area   to  

Richards  area. Mafic volcanic   rocks  appear   to   overl ie   these beds i n  a 
the west and are  probably somewhat younger  than u n i t  Id of the Mount 

by f a u l t i n g  and the  mafic  rocks do not  occur i n  an equivalent  
small  bluff  south of the  Nanaim  contact ,   but   this   sect ion is complicated 

s t r a t i g r a p h i c   p o s i t i o n  i n  t h e   r i v e r  bed. 
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A b e l t  of volcanic  rocks  occurs  south of the  Sicker  and Nanaimo 
sedimentary  rocks. The volcanic  rocks are mostly mafic, though a f e w  
t h in  bands of the  hornblendic  phase are in te rca la ted .  The rocks are 
va r i ab ly   ch lo r i t i zed  and s l igh t ly   to   comple te ly   sch is tose .  A hornblen'de 
band appears to overl ie   the  Sicker   beds i n  t he   r i gh t  bank of t h e   r i v e r  

c lose to a pro jec ted   fau l t .  The pos i t ion  of these mafic volcanic  rocks 
near the  southwest limit o€ mapping, but the contact is sheared and is 

in the  Sicker  sequence i s  uncertain.  

Unit  Id  has  been  traced  along  Crofton and  Breen  Ridges,  north  of Mount 

Mountain t o   t h e  mine road. Where least deformed, the rock is a white t o  
Richards ,   across   the   f la t s ,  and along  the  north  slope of  Big  Sicker 

l i g h t  grey siltite. Most of it is schis tose,  and the   in tens i ty  of 
schisting  increases  northward;  the  outcrops shown  on Figure 1 are white 
t o   l i g h t  brown quartz-mica  schists. This s c h i s t  belt is in te rpre ted  t o  
be a d i f f u s e   f a u l t  zone. The l a r g e s t   s i n g l e  movement apparently  occurred 
i n  the siltites a t   the   contac t   wi th   the  mafic volcanic rocks  but  the 
t o t a l  movement was dis t r ibuted  over  a considerable  thickness of rock. 
Bands  of ch lo r i t e   s ch i s t   i nd ica t e   t ha t  some  movement took p lace   in   the  
volcanic  rocks. An undisturbed  shonkinite dyke angles  acrosg  the 
contact,  consequently  the movement is pre-shonkinite. 

INTRUSIVE ROCKS 

A few small dykes of quartz   fe ldspar   porphyry  occur   in   the  schis t   bel t . ,  
and are schis ted  a long w i t h  the siltites, but none have been found to   the  
north. 

Three,  or  possibly  four,  bodies of shonkinite  (mafic  hornblende  syenite) 
were found i n  the  map-area. One extends  out of the area to the north and 
appears to be a stock. A second  appears to be a thick  sheet  dipping 
gent ly  westward up the Chemainus River. It rests on Sicker  sedimentary 
rocks and is  overlapped by  Nanaimo sedimentary  rocks. A small outcrop 
south of Whitehouse  Creek may represent a fau l ted  segment of t h i s   s h e e t  
or perhaps a completely  separate body. A r e l a t i v e l y  narrow dyke angles 

an extension of the much thicker  body t h a t  underlies Crofton  Ridge. 
through  the s c h i s t  b e l t  in   the  south  par t  of the  area and appears to tle 

NANAIMO GROUP 

The  Nanaimo beds  are well exposed  along  the walls and bed of the 
Chemainus River and sporadically  elsewhere. me early  sedimentation 
varied from place to place. Along the west edge of the lobe there  is a 
thick,   coarse basal conglomerate.  In Banon Creek this conglomerate  thins 
to 30 metres. In  both  places it is overlain by sandstone which f i n e s  
upward. In   the  r iver   near   the highway, 4.5 metres of  hard g r i t  (granule 
conglomerate and poorly  sor ted  sandstone)   overl ies   the  Sicker   rocks.  The 
sandstone and grit are overlain by a thick  sect ion of dark  grey silt- 
stones and black  shales,  which i n  turn are overlain by fine-grained  sand- 
stone which is exposed  along  the highway. South of Banon Creek s i l t s t o n e  
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appears to rest d i r e c t l y  on the   S icker   in l ie r .  In the Chemainus River 
south of Banon Creek,  a  5-metre g r i t  bed has a d i sco rdan t   s t r i ke  and 
r e s t s  on rumpled s i l t s t o n e ;  it may be the  basal   uni t   thrust   nor thwest  
over  the younger  beds. 

Fossi l i ferous  sandstone dykes c u t  t he   s i l t s tones  i n  two p laces :   j u s t  
above  the  discordant  gri t  bed,  south of  Banon Creek i n  Chemainus River a t  

which is 20 to 30 centimetres  thick.  Others  are  as  thin as 5 centimetres 
the  place marked 4d. The a t t i t u d e  symbol is for  the l a r g e s t  dyke, one 

and curved. One  was seen to b i fu rca t e  upward. 

STRUCTURAL GEOLOGY 

addi t ion  the  Sicker  sedimentary rocks ( I C )  have  been folded and the  dip 
Pre-shonkinite and post-Nanaimo episodes of f a u l t i n g  occurred. I n  

of the Nanaimo beds suggests  that  the  area  has been t i l t ed   eas tward .  The 
o v e r a l l   d i p  of the  Sicker  beds is to the  south-southwest. A syncline- 
an t i c l ine   pa i r   i nd ica t e   ove r r id ing  or vergence to the  north. A shear 
zone on the  f lank of the   an t ic l ine   d ips  32 degrees  south and is  probably 
a th rus t .  The timing of t h i s   fo ld ing  and f a u l t i n g  is unclear  but it is 
probably pre-Nanaimo. 

The sense of  movement in t h e   s c h i s t   b e l t  i s  unclear .  If the mafic 
volcanic rocks to the  north are correlative with those on Mount Richards 

the  mafic  volcanics may be i n t e r c a l a t e d  i n  the  sediments i n  th i s   a rea .  
then a t   l e a s t  a  component of the movement  was north  s ide up.  However, 

A s i g n i f i c a n t  post-Nanaimo f a u l t  is indica ted  by the   abrupt   terminat ion 
of the  basal  conglomerate and by a large notch i n  the  r iver   wal l .  A 
major component  of the movement had t o  be south  side up.  Not enough work 
has  been done to i nd ica t e  its westward extension, and to the   ea s t  it 
passes  under extensive  glacial   cover.  

The Nanaimo-Sicker contact  has been o f f s e t  30 metres to t h e   l e f t  on a 
t i g h t   v e r t i c a l   f r a c t u r e  which angles   across   the   r iver  bed. A poss ib le  
t h r u s t  i n  the Nanaimo beds  has  been  noted  above. And because  the  basal 
g r i t  is not  repeated  there may be a fault   along  the  south  side of the 
Sicker i n l i e r  i n  the Chemainus River. 

ECONOMIC GEOLOGY 

No s ign i f i can t   mine ra l i za t ion  was found. P y r i t e  occurs i n  t h e   s c h i s t  
b e l t  and i n  the  mafic  volcanic  rocks. The shonkini tes   contain  sporadic  
grains  of chalcopyri te .  
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UPPER SVTTON CREEK AREA 

(92C/16c) 

By G.E.P. Eastwood 

INTRODUCTION 

This   area  l ies   south of Cowichan Lake and may be reached f r a   e i t h e r  
Honeymoon  Bay or Caycuse by main logging  roads. Local access is provided 
by Truck Road 3,  which is badly  eroded  but was still  passable by four- 
wheel-drive  vehicle  as  far  as  Sutton Creek i n  1981 (see  Figure  1).  

onto  a  f lat-floored  valley  followed by the  main haul  road. The west 
Sutton  Creek  flows down a  steep V-shaped va l ley  between two spur  r idges 

r idge is f a i r l y   f l a t   c r e s t e d .  Much of the  area is covered  with  second- 
growth  timber, and growth is th ick  on the Gordon River  slope. 

About  1971 Western Forest   Industr ies   leased  the mineral r i g h t s  to a t r ac t  

Nanairm  Railway. In 1980 the company ins t ruc t ed  its prospector,  V. 
of  land  extending  westward from upper  Sutton  Creek from the  Fsquimalt and 

Allan, t o  assess   the   minera l   po ten t ia l .  He asked  for  assistance  with  the 
geology, and the writer spent an aggregate of  13 days i n  1981 c r u i s i n g  
roads in and eas t  of the  area o f  Figure 1 and  mapping on the  west ridge. 
The company kindly  provided free accommodation for  the  writer and h i s  
a s s i s t a n t .  

GENERAL GEOLOGY 

Most  of the  area between Cowichan Lake and the main haul  road is 
underlain by Bonanza volcanic  rocks, but along  the  sect ion of the Gordon 
River  road (Figure 1) t h e  rocks  are  dark  greenish  grey  or  grey 
amygdaloidal  Karmutsen  Formation  lavas. On the   south nose of the west 
ridge  the  rock is general ly  much sheared and rubbly, a fea ture   charac te r -  
i s t i c  of the Bonanza, but creek  exposures show tha t   the   rocks   a re  Kannut- 
Sen. 

A s o l i d  mass of blue-grey  Quatsino  limestone  occupies  part of the summit 
and west slope of t he  =st ridge.  It is massive,   a  typical  feature of 
Quatsino  l imestone  that   has been  moderately  metamorphosed. A few 
andes i te  dykes occur i n  the  l imestone  a t   the   north end of the  exposure. 
Both north and south  the  area is largely  covered,  but numerous sink holes  
indicate   extension of the  l imestone. On the  south part of the  r idge 
crest   smal l   outcrops of limestone are interspersed  with  outcrops of 
massive  andesite,  and limestone is  exposed in two road  cuts. No lime- 

on Vancouver Island  the  Quatsino  l imestone is extensively  intruded by 
stone was found  below the  road. In the Kennedy Lake area and elsewhere 

of Karmutsen volcanism.  Intrusion  into  the  lower part of the  limestone 
massive andes i te   o r   basa l t ,  which is believed to  represent  a  resurgence 
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Figure 1.  Upper Sutton  Creek  area. 

on the west ridge  has  completely  disaggregated  the  limestone ;so it now 

of Truck Road 3 the  rock is mostly  amygdaloidal JCarmutsen lava. 'Ryo out- 
occurs  as  blocks i n  the  andesi te .  Along the  south  part  of the   th i rd   l ey  

body s t r ikes   northeastward.  Here the  limestone is succeeded .to the  north 
crops of limestone  occur on the   eas t   r id*  and suggest   that  the limestone 

by a  reddish  grey  volcanic  rock which is assumed to  be Bonanza. Near t he  



end of the east branch of Truck Road 3 the  reddish rock passes  northward 
to  a  chert-like  rock  such  as is seen in  lower Bonanza i n  other  areas.  
Westward, the  l imestone does  not  reach  the Gordon River  road w i t h i n  the 
map-area. It must e i t h e r  be faul ted  or   dip  a t   a  low angle to the  north 
and pass under the  covered  area  around  the  first  switchback. 

After a covered  interval ,  the second  leg of Truck Road 3 cuts  through 
andesi te   containing bands of limestone and c a l c a r e o u s   a r g i l l i t e .  Some 

comprises 10 metres of t h i n l y  banded l i g h t  grey  limestone.  This  section 
thin  l imestone bands are  black and resemble  Parson Bay Formation,  but  one 

metre  monzonite dyke and by many small dykes of f ine-grained  l ight   grey 
has no counterpar t  on the  east   r idge.  The andes i te  is intruded by a 4.5- 

feldspar  porphyry.  Shear  zones  cut a l l   t h e  rocks i n  s eve ra l   d i r ec t ions .  

On the  east  ridge  the  Bonanza-like  rocks  are  cut by d i o r i t e  dykes up t o  
25 metres wide.  These i n  turn  are   cut  by small dykes of fe ldspar  
porphyry. A t  the  road  junction on the west ridge  a  similar  porphyry  dyke 
intrudes  l imestone and in t rus ive   andes i te ,  and far ther   north  another  
intrudes  a  nondescript  grey  rock. 

STRUCTUm GEOLOGY 

The d i s t r i b u t i o n  of the  Quatsino  limestone  suggests  that: it d ips  
moderately  northwestward on the east ridge and *nt ly  toward  the west- 
northwest on the west r idge.  A flow contact  in  Kannutsen on the Gordon 
River  road, 365 metres south of the  foot  of Truck Road 3, s t r i k e s   e a s t -  
west and dips 25 degrees  north. The banded  limestone  strikes 050 
degrees and dips 55 degrees  northwest. However, the belt south of 
Cowichan Lake is i n t r i c a t e l y   f a u l t e d  and i s o l a t e d   a t t i t u d e s  may not  be 
s ign i f icant .   Ind iv idua l   shear  zones are  legion,  but no major f a u l t s  have 
been  demonstrated. 

ECONOMIC GEOLOGY 

. Two mineral  occurrences have  been  found i n  the map-area. A t  the   point  

arsenopyrite  occur  with  pyrite i n  a  rusty,  altered,  dense  rock. A t  t h e  
ind ica ted  on Truck Road 3 (Figure 1)  a l i t t l e   c h a l c o p y r i t e  and 

p i n t  ind ica ted  i n  Sutton Creek  a l i t t le  wire s i lver   occurs   wi th   pyr i te  
i n  a  shear zone i n  Kannutsen  lava. However, there  is much barren 
shear ing i n  the  area and the  prospects  are  poor.  There is also  a   lack of 

a l t e r a t ion   u sua l ly   occu r s  where mineralizing  solutions  migrate  through 
skarn  development i n  andesi te   intrusions  into  Quats ino  l imestone;   such 

the  rocks. 
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CAROLIN MINE - COQUIHALLA GOLD BELT P R O J ~ T  

(92H/6, 11 ) 

By G.E. RAY 

INTRODUCTION 

This   project  was i n i t i a t e d  i n  June 1981, and has  been  centred  around the 
Carolin  gold mine ( M D I  No. 092H/NW/007), si tuated  approximately 18 
kilometres  northeast  of Hope. The main object ives   are:  

Regional mapping to out l ine   the   re la t ionship  between %he Coquih.slla 

between  these u n i t s  is of economic interest  because the Carolin 
Serpentine Belt and the  adjoining Ladner Group. The contact  

mine, several  former  gold  producers, and numerous gold  occurrences 

confined to an a rea   s t re tch ing  13  kilometres  south and 5 kilometres 
l ie close to it. Regional mapping dur ing   th i s  in i t ia l .  season wss 

east of the  Carolin mine (Figure 1 1. 

Detailed mapping a t  the  Carolin  gold mine, w i t h  particular  emphasis 
on in te rpre t ing   the  s t r u c t u r a l   h i s t o r y  of the rocks  hosting  the 
gold  mineralization (Figures 2, 3, and 4; Table 1 ) .  

Geochemical ana lys i s  and, where poss ib l e ,   mic ro foss i l   i den t i f i -  
ca t ion  on rock  samples  collected from the entire region. 
Mineralogical and trace  element  studies w i l l  be undertaken on 
underground  ore  samples  taken from the  Idaho 7nne a t   ( a r o l i n  mine 
and from other  former  gold mines in   the  area.  

TABLE 1. STRUCTURAL  HISTORY OF THE  CAROLIN  MINE  AREA 

Sporadical  iy developed, minor conjugate  folds  associated  with 
k ink  banding and crenulat ion cleavage. 

Open t o   t i g h t ,  disharmonic  folds  having  sub-vertlcai t o  
easterly  dipping,  southeast-str iking  axlal  planes and north- 
west t o  southeast, gently  plunging axes. it i s  the domin.snt 

axial  planar  slaty  cleavage and mineral  l ineation. Some 
f o l d  episode In   the   a rea  and i s  assoclated  with a  wldesproad 

disrupt ion  a long  fo ld  l imbs and ax ia l  planes. 

Widespread s t ruc tu ra l   invers im  o f   the  Ladner Group and 
greenstone  voicanics,  probably  related to  maJor recumbent 
folding. No associated  axial  plane  fabric  recognized. 

Ear ly t o  Middle  Jurasslc 7 Unconformable depos i t im  of the  Ladner Group !sediments on a 
greenstone  volcanic  unit  of unknown  age. 

HISTORY AND PREVIOUS WORK 

By the   ear ly   par t  of this   century,  numerous gold-bearing  quartz  veins  had 
been  discovered  in  rocks  adjacent to the  eastern edge of the  Coquihalla 
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Flgure 1. Reglonal  geology of the Coqulhalla  Rlver  area. 

88 



89 



C 

. . . . . . . . . . , . . . 

. .... . . .  . .  . ..... 
.:;;?.;,7,,,,; 

. .  . .  
, . .I .: ".. . ..' 

. .. . 0 
. . . . ~  

100 I - 

Flgure 3. Geological  sectlons AB, Bc (see Figure 2) In the  Caroi ln mine area. 

Figure 4. Geological  sections CD, DE (see Figure 2) across  the  Idaho Zone, Carol ln 
m i  ne. 
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Serpentine B e l t .  These discoveries   eventual ly   led to underground 
production from three  deposits,  the  Pipestem,  Rnancipation, and Aurum 
mines (Figure 1 ). A l l  th ree   p roper t ies   a re  now closed and the 
mineral izat ion and geology a t  these sites are described by Cairnes  (1914, 

cu t t i ng   a l t e r ed  volcanic rocks  whereas a t  Pipestem the gold-hearing v e i n s  
1929).  Mineralization a t  the  Emancipation mine was in   quartz   veins  

cut  sedimentary  rocks of the  Ladner Group. I n  both  deposits  gold is  
assoc ia ted   wi th   s i lver ,   pyr i te ,  and arsenopyrite,   while  pyrrhotite,  
chalcopyri te ,  and ca l c i t e   a r e   r epor t ed  from the  Emancipation  property. 

Ltd. (Cardinal, 1981 ). The Rnancipitation area was recent ly  re-examined by rquarius  Resources 

Spectacular  values of free  gold,  hosted i n  a ta lcose  shear ,  rare found i n  
In 1927, the Aurum gold mine was discovered  just   south of the  Idaho Zone. 

the Hozameen f a u l t  which is a major f r ac tu re  marking the eas te rn  margin  of 

pyr rhot i te ,   pyr i te ,   cha lcopyr i te ,   a r senopyr i te ,  and possibly millerite 
the Coquihalla  Serpentine Belt. A t  Aurum, gold is associated  with 

(Cairnes,  1929). 

Surface  exposures of the Idaho Zone (Figure 4 ) ,  the  gold  deposit which 
comprises  the  current  Carolin mine operation, were original ly   descr ibed by 
Cairnes  (1929). A t  t h a t  time the gold  values were not  economic but   the 
increased  pr ice  of  gold in   the  ear ly   1970's   led  Carol in  Mines LU. to 

Current out l ined ore  reserves are as follows: 
conduct a major explorat ion and development  program on the  pr(3perty. 

Tonnes Oz./tonne  Cut-off Grade 

2 OM1 000 
1 500 000 

0.128 
0.141 

0.05 oz./ton Au 
0.08  oz./ton Au 

Carolin mine s ta r ted   p roduct ion   in  December 1981, and the mill. should 
handle  approximately  1,500  short t o n s  of ore  per day. 

Br i e f   de t a i l s  on the geology of the Idaho Zone were given by Barr (1980), 
bu t  most w r k  on the  deposit  is in  unpublished  form; this includes work 
by Cochrane. et  al. (1974) .  Griff i ths  (1975) ,  and a mineralogi.ca1 and 
petrographic  study on the  ore zone by Kayira  (1975). 

The regional  geology,  involving  early  major work  by Cairnes  (1924,  1929), 
was compiled  by Monger (1970).  Additional work relevant  to the  area 
includes  that  by McTaggart and Thompson ( 1967),  Coates ( 1970, 1974),  and 
Anderson (1976). 

REGIONAL GEOLOGY 

In the  Carolin mine vicinity,   the  Coquihalla  Serpentine B e l t  forms  an 
elongate  north-northwest-trending  unit  that separates  rocks of the Ladner 

margins of the belt appear to represent  major long-lived  tectonic 
and Hozameen Groups to the e a s t  and west respectively  (Figure 1 ) ;  both 

f r ac tu res .  In the  Coquihalla  River area, the  belt   exceeds 2 kilometres 
i n  width,  but it gradually  thins  to the north and sou th   un t i l   i n   t he  

9 'I 



Flgure 5. Schematlc  stratlgraphlc  successlon In the  Carolfn  mlne  area  (not to 

carbonaceous  argillites (black); (2) late F2 high-angle  reverse  faulting 
scale): ( 1 )  F2 folding of the Ladner  Group  sedlmentary  rocks  contalnlng 

limb; (3) hydrothermal eplgenetlc  emplacement of sulphlde-gold 
localized  along the carbonaceous horizon (black)  within the F2 fold 

nlnerallzatlon tstlppled)  along the fault  shatter  zone;  and (3) late 
normal  faultlng (F)  causlng  displacement of the mlnerallzed  zone. 
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Boston Bar and Manning Park a reas  (Monger, 1970; Coates, 1974) the 

Faul t  marks the eastern boundary  of the b e l t  w h i l e  the f rac ture   a long   the  
Hozameen and Iadner Groups a re  i n  direct f au l t   con tac t .  The Hozameen 

belt's western margin (Figure 1)  is cu r ren t ly  unnamed. Near Carolin mine 

of probable  peridotite  parentage  (Cairnes,  1929) and medium to coarse-. 
the b e l t  is dominated by two major rock types: massive dark   se rpent in i te  

grained, massive and highly  a l tered  hornblende  dior i te .  The b a s a l t s ,  
d iabases ,  and multiple sheeted  dykes  observed by Anderson (1976) were not 
seen i n  t h i s   po r t ion  of the  bel t .  

Se rpen t in i t e  is the dominant  rock  type and charac te r izes  the belt, except 
i n  the  Serpentine Lake vicini ty   (Figure 1 )  where d i o r i t e  is abundant and 

and genet ic   re la t ionships  between these two rock  types are rmknown 
forms sub-paral le l   sheets  and lenses  up to 250 metres i n  width. The age 

because  their   rarely  observed  contacts are highly  sheared. 

The  Hozameen Group i n  the map-area cons i s t s  of p h y l l i t i c   a r g i l l i t e s  
i n t e r l aye red  with both massive and ribbon  cherts.  They have been 

other  than  the  r ibbon  layering i n  the   cher t s ,  no sedimentary  structurces 
subjected to intense  deformation and lower greenschis t  metamorphism, ,and 

have  been p o s i t i v e l y   i d e n t i f i e d .  Some s c h i s t o s e   a r g i l l i t e s   c o n t a i n  high- 
l y  deformed clasts, but it is uncertain  whether  these  represent sedimen- 
t a r y  or tectonic  features.   Elsewhere,   the Hozameen  Group includes spil- 

and p l i t e s  (Daly, 1912; Cairnes, 1924; McTaggart  and 'Ihompeon, 1967; 
l i t i c  basal ts   (greenstones)  and  minor l imestones  inter layered  with  cher ts  

Monger, 1970). Monger (1975) i n t e r p r e t s   t h e  group as a supracrus ta l  
oceanic  sequence  of  possibly h iass ic  or pre-Triassic age. 

The Ladner Group (Cairnes,  1924) cons i s t s  of a thick  sequence of f ine-  
grained,  poorly bedded, b l a c k   s l a t y   a r g i l l i t e s  and  well-bedded,  grey- 
co loured   s i l t s tones  w i t h  minor  amounts  of coarse   c las t ic   sedimentary 
rocks. Most outcrops show evidence of low grade metamorphiam with the 

t h e   o r i g i n a l  sedimentary s t r u c t u r e s  are c l e a r l y  preserved. Graded  bed- 
imposit ion of a w e a k  to in tense   s la ty   c leavage ,  but   in  many ins tances  

ding is commonly observed i n  t h e   s i l t s t o n e s  and coarse clastic un i t s ,  
while  other,  less common, sedimentary  structures  present  include  cross- 
bedding,  ripple  marking,  scouring, flame, load cas t ,  ball  and pillow 
s t ruc tu res ,  and chaotic  slumping. Graded  bedding and scour   s t ructures  

including  those  hosting  the  gold  mineralization a t  Carolin mine, are 
i n d i c a t e   t h a t  most Ladner Group rocks  adjacent to the  Serpe,ntine B e l t ,  

s t ruc tura l ly   inver ted   (F igures  3 and 4 ) .  

A broad  stratigraphic  sequence is recognized in the  Ladner Croup 

assortment of coarse  clastic,   partly  volcanogenic,   sedimentary  rocks,  
cons i s t ing  of a th in ,  lowermost uni t   charac te r ized  by a heterogeneous; 

bedded s i l t s t o n e s .  These are overlain i n  turn by a thick  uni t  of very 
tha t   pass  upwards i n t o  a th i cke r  sequence  of f i n e  to medium grained v e l 1  

fine-grained,  organic,  and i r o n - r i c h   a r g i l l i t e s   ( F i g u r e  5 ) .  The lower 
clastic unit   hosts  the  Carolin  gold  mineralization; it includes 

poss ib l e  reworked tuffs   with  intervening u n i t s  of a r g i l l i t e  and f i n e l y  
discontinuous wedges of qreywacke, l i t h i c  wacke, conglomerate,  and 

bedded  volcanogenic  siltstones.  Pebbles of volcanic   or igin are common 
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with  lesser  amounts  of  quartz,  jasper,  and  chert;  one  extensive 
conglomerate  unit  contains  fragments  of  limestone  that  are  derived  from 
an unknown  source.  Cochrane,  et  al. (1974) mentions  possible  welded 
tuffs  and  volcanic  bombs  in  the  lowermost  section,  while  Anderson (1976) 
notes  the  presence  of  'serpentine  (clasts)  recognizably  derived  from 
Coquihalla  Belt  rocks'  but  these  observations  were  not  verified  in  this 

progressive temporal change from shallow to  deeper  water  conditions.  The 
study.  The overall upward fining of  the Ladner  Group  suggests  a 

initial  rapid  and  chaotic  deposition  of  near-shore  clastics  was 
superceded by early  siltstones  (proximal  turbidites)  and  later  argillites 
(distal  turbidites). 

The  Ladner  Group  overlies  a  volcanic  greenstone  (Figure 5) of  unknown 
age,  whose  relationship  to  the  other  major  rock  units  in  the  area  is 
controversial (see Discussion).  Consequently,  the  greenstone  is  pro- 
visionally  separated  from  the  Ladner  Group  (Figures 1, 2, and 5 ) .  This 

eastern  side  of the  Hozameen fault,  and  now  structurally  overlies  the 
greenstone  unit can be traced discontinuously  for 13 kilometres  along  the 

Ladner  Group  because  of  the  regional  tectonic  inversion.  Thus,  its 
thickest  development,  up  to 400 metres  in  outcrop  width,  occurs  on  higher 
ground,  while  along  the  bottom  of  the  Ladner  Creek  valley,  south of 
Carolin  mine  the  unit  disappears,  and  the  Ladner  Group is in  faulted 

is  a  highly  altered,  fine  to  medium  grained  rock  of  probable  andesitic 
contact  with  the  Coquihalla  Serpentine  Belt  (Figure I). The greenstone 

composition  (Cairnes, 1924) .  Outcrops  vary  from  massive  to  very  weakly 
layered  and,  in  places,  excellent  pillow  structures  are  preserved  with 

Many  greenstone  outcrops  contain  numerous  dark  green  angular  fragments, 
some  interpillow  breccias,  which  in  one  instance  include  chert  clasts. 

in  a  lighter  green  matrix  which  could  represent  evidence  of 
autobrecciation  within  the  lavas.  Some  greenstones  north of Carolin  mine 
also  show  evidence  of  tectonic  brecciation  and  shearing  (Shearer,  pers. 
COmm.) . 
greenstones  are separated by a  fault whereas further south the contact 
I n  the  vicinity of  the  Emancipation mine,  the Ladner Group and the 

appears  to  represent an unconformity.  Near  the  junction  of  Dewdney  Creek 
and  the  Coquihalla  River,  the  pillowed  greenstones  are  overlain  directly 
by  finely  laminated,  volcanogenic  siltstones  of  the  Ladner  Group,  but 
northeast  of  Serpentine  Lake  the  contact  is  marked by a  coarse 
conglomerate  varying  from 1 to 200 metres  in  outcrop  width  (Figure 1 ) .  

A variety  of  intrusive  rocks  cut  the  Ladner  Group.  East  of  Ladner  Creek 
the  metasediments  are  intruded by the  Needle  Peak  Pluton  which  has  been 
dated  at 39 Ma by K-Ar methods  (Monger, 1970). The  metasediments 

metamorphic  aureole  up  to 0.75 kilometre  wide,  which  is  marked  by  the 
adjacent  to  this  granodiorite  body  are  characterized by a  thermal 

growth  of  biotite  and  cordierite. 

Other  intrusive  rocks  within  the  Ladner  Group  are  broadly  separable  into 
granitic  and  mafic  types.  The  latter  form  dykes,  sills  and  sub-rounded 
masses up to 0.3 kilometre  in  width  that  comprise  a  highly  varied  suite 
ranging  from  leucogabbroic  to  ultramafic  rocks  (Figure 1 ) .  Granitic 
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intrusive  rocks  form  narrow  dykes  and  sills  generally  less  than 10 metres 
wide  that  have  been  mapped  as  either  quartz  or  feldspar  porphlyries;  the 
latter  are  locally  of  syenitic  composition  (Cairnes, 1924). Some  dykes 
contain  disseminated  pyrite  and  arsenopyrite  and  are  cut by quartz 
veining;  Cairnes (1924,  1929) considered  these  bodies  to  be  genetically 
related  to  some  of  the  reef-hosted  gold  in  the  district. 

GEOLOGY  AND  STRUCTURAL  HISTORY  OF  THE  CAROLIN  MINE  VICINITY 

The  surface  geology  around  the  Carolin  mine  is  shown  on  Figun? 2 and  the 
structural  history  of  the  area  summarized  on  Figure 6 and  in  'Table 1. 
The  Hozameen  Fault  dips  steeply  northeast,  and  detailed  geOlO'giCa1 
sections  across  the  mine  area  reveal  that  most  of  the  stratigraphic 
sequence,  including  that  hosting  the  gold-bearing  Idaho  Zone,  is 
structurally  inverted  (Figures 3 and 4). After  this  early F1 tectonic 
overturning,  the  supracrustal  rocks  were  deformed by the F2 folding andl 
overprinted by a  weak  to  intense  slaty  cleavage  which  forms  the  d0minan.t 
tectonic  foliation  in  area.  Thus,  the  slaty  cleavage  was  imposed on 

occurred,  particularly  along  the F2 fold  axial  planes  and  limbs. An 
inverted  beds.  Several  generations  of  fault  movement  subsequently 

early  phase  of  fault  shattering  appears  to  be  spatially  related  to 

or  feldspar  veining  and  pervasive  sulphide  mineralization  (Figure 4). 
several  zones  of  alteration  which  are  marked by either  quartz,  calcite, 

phase  of  generally  normal  faulting  which  post-dates  and  displaces  the 
However,  most  of  the  fractures  shown  on  Figures 3 and 4 belong  to  a  lat.er 

earlier  alteration  zones.  The  Idaho  Zone  (Figure 4), 150 metres  east  of 
the  Hozameen  fault,  forms  the  largest  surface  exposure  of  alteration  and 
is the  only  one  to  date  in  which  economic  gold  mineralization  has  been 
found.  At  a  cut-off  grade  of 0.05 ounce  per  ton  gold  it  appears to form 
an irregular,  steeply  inclined  ore  body  approximately 35 metres  wide, 1100 
metres  deep,  and  over 300 metres  in  length  which  is  still  open  down 
plunge  (R.  Niels,  pers.  comm.).  The  deposit  passes  upward  into 
unmineralized  chloritic  schists,  and  the  top  of  the  ore  zone  plunges 
gently  northward  at  approximately 25 degrees (W. Clarke,  pers.  comm.). 

plagioclase ( A I I ~ - ~ ) ,  carbonate,  chlorite, pyrrhotite,  arsenopyrite,  and 
The  predominant  mineral  assemblage  in  the zone  comprises  quartz, 

pyrite;  other  rarer  opaque  minerals,  in  decreasing  order  of  abundance, 
include  magnetite,  chalcopyrite,  bornite,  and  gold  (Kayira, 1975). In 
outcrop,  the  zone  is  characterized  by  abundant  sulphides,  intense 
hydrothermal  alteration  which  weathers  to  give  a  distinctive  black  or 
grey-coloured  rock,  and  a  multi-stage  network of quartz,  calcite  and 
albite  veining. Many veins  are  orientated  parallel  to  the  slaty 
cleavage,  demonstrating  that some alteration  in  the  Idaho  Zone  post-dat.es 
the  main  F2  structural  event.  Mineralization  involved  the  spasmodic 
introduction  of  silica,  carbonate,  Na, Fer Cu,  As, Mo, Sb,  and  Au,  and 
Table 2 shows  the  results  of  some  trace  element  analyses  completed  on 
fresh,  underground  samples  collected  from  mineralized  and  unmineralized 
portions  of  the  Idaho  Zone.  Cochrane  (pers.  comm.)  notes  that  soils  over 
the  surface  exposures  of  the  Idaho  Zone  contain  anomalous  mercury  value!s, 
but underground  ore  samples  (Table 2)  show  no  significant  enrichment  in 
this  element.  Thus  a  vertical  zoning  of  mercury  could  exist in the 
deposit. 
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F igure 6. Postulated  evolut lonary  h istory of the  Coquihalla  Serpentine  Belt: 

( 1 )  pre-Trlasslc to   T r l ass l c   depos i t i on   o f   t he  tbzameen  Group (HG) 

oceanlc  supracrustal  rocks  (bnger, 1975). Jurassic  (Calrnes, 
1924; Coates. 1974) deposit lon of the Ladner Group  (LG) arc  trench 
gap sediments  onto ocean volcanic  rocks (Anderson, 19761. IX = 
oceanlc  crust; OV = oceanic  volcanic  rocks. 

Manning Park  area  (hates, 1974); E = present  erosion level i n   t h e  
serpentinized ocean crust  causlng F1 s t ruc tura l   invers ion   in   the  

Carol i n  mine  area. 

(21 eastward  overthrusting of the  tbzameen Grwp  along a horlzon  of 

(3) F 2  fo ld lng   resu l t i ng  I n  a steepenlng of a l l  un i ts   inc lud ing   the  
Coquihalla  Serpentine  Belt (CSE), wi th  later  developnent of the  
Hozameen f a u l t  ( H F I .  035 = Dewdney Creek Series  (Cairnes, 1924). 
NOTE: Gran i t i c   p lu tons   a i t t ed ;   l eng th  of sect ion 3 approximately 
15 k i   I m t r e s .  
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The  eyact  controls  of  mineralization  are unknown. Clarke  (pers.  corn.) 

preferential  enrichment  of  the  more  brittle,  coarse-grained  sediments  and 
notes  that  selective  replacement has occurred  in  the  ore  zone  with 

a  tendenc'y  for  less  mineralization  to  be  present  in  the  finer  grained 
argillites.  Detailed  surface  mapping  indicates  that  the  Idaho  Zone  is 

noteworthy  that  the  top of the  ore  zone  and  the F2 fold  axes  both  have 
located  close  to  the  disrupted  limb  of  an F2 fold  (Figure 4)  and  it  is 

very  simi'.ar  plunges.  Consequently,  the  Idaho  Zone  is  believed to 
represent  an  epithermal  replacement  deposit  (Kayira, 1975) that was laid 
down  alonq  a  high-angle  reverse  fracture  of  late F2 age  (Figure 7 ) .  
The  presence of carbonaceous  metasediments  adjacent to the  orebody 
(Cochr,me, et  al., 1974: Kayira, 1975) could  also be significant. 

movements  and later  provided  a  favorable  reducing  geochemical  environment 
InitiaLly  this incompetent  horizon  may  have  localized  the  reverse  fault 

West East 

Figure 7. Postulated development of the Idaho Zone, Carolin  nlne. 
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for  the  deposit ion of sulphides and gold when hydrothermal  solutions 
passed up the  fracture  (Figure 7 ) .  This   postulated  l i thostructural  
con t ro l  of the  gold  mineralization may help  outline  underground  exten- 
s ions of the  Idaho Zone and assist explorat ion  for  similar daposi ts  i n  
the region.  Subsequent to gold  emplacement, l a t e  normal faul-tin9  rejuve- 
nated  the  mineralized,  pre-existing  fracture zone.  This  intense  late 
f au l t i ng   cu t   t he  orebody (R. Niels, pers. comm.) but  apparently  played no 
ro le  i n  ore  genesis  (Figure 7 ) .  

DISCUSSION 

The pillowed  volcanic  greenstones which separate  the Ladner Group from 
the Hozameen f a u l t  i n  the  Carolin mine area  are  a problematic  unit  
because  the  fol lowing  s t ra t igraphic   re la t ionships  are possib:Le: 

( 1 )  They could form p a r t  of the  oceanic  supracrustal Hozamf?en  Group a s  
suggested by Cairnes (1924). However, t h i s  seems unlikely  because 
they  are  separated by the  fault-bounded  Coquihalla  Serpntine B e l t ,  
which has probably been the  locus of  major tec tonic  movements. 

( 2 )  They could  belong to the  Coquihalla  Serpentine B e l t ,  a possible  
oceanic  crustal  assemblage,  as  advocated by Anderson ('1976). This 
i n t e rp re t a t ion  would sugges t   tha t   re la t ive ly  minor movements 
occurred  along  the Hozameen Fault ,  and that   the  Ladner Group 
unconformably  overlies an older  oceanic  volcanic  basement.  This 
p o s s i b i l i t y  is indirectly  supported by observations  in  the 
Emancipation mine area where the  volcanic  rocks  are  intruded by 
dior i te   bodies   (Cairnes ,  1924,  1929) t h a t  bear a supe r f i c i a l  
resemblance to dior i tes   within  the  Coquihal la   serpent ine B e l t  
(Cardinal,  pers. comm.), while these   in t rus ives  have not been 
observed  cutting  the  Ladner Group. Furthermore, no proof ex is t s  
t h a t  volcanism  occurred  during  the Ladner Group sedimentation i n  
t h i s   a r ea ,  and the volcanogenic  character of the  coarsely clasti,?, 
lowermost  sediments may merely reflect the i r   e ros iona l   der iva t ion  
from  an older  volcanic  terrane.  

( 3 )  The greenstones may have no genet ic   re la t ionship  with any rocks 
west of the Hozameen f a u l t ,  and instead  represent   the :Lowest 
exposed  portion of the  Ladner Group, as suggested by Cochrane 
(pers .  comm.). I f   t h i s  is correct,  the  volcanic-sedimentary 
unconformity is  probably of r e l a t i v e l y  minor  importance!. 

Deta i led   s t ruc tura l  mapping along  the  Coquihalla  River  suggests  that  the 
volcano-sedimentary  sequence  between  Ladner  Creek and the Hoxameen f a u l t  
occupies the inverted  limb of a major F1 synform which is overturned b, 
t he   ea s t  and  whose ax ia l   t race   p robably  lies along  Ladner  Creek (Figurce 
6 ) .  Further  southeast ,  i n  Manning Park,  the  Coquihalla  Serpentine Belt 

adjacent  t o  the Hozameen f a u l t  (Coates, 1974).  Thus,  the  tectonic 
is absent and the  Ladner Group forms an essent ia l ly   upright   sequence even 
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inversion of the L3dner Group appears to be s p a t i a l l y   r e l a t e d  to the 
Coquihalla  Serpentine Belt rather  than  the Hozameen fau l t .   This  raises 
t h e   p s s i b i l i t y  that the belt and the F1 recumbent  folding  share a 
gene t i c   r e l a t ionsh ip .  One possible   explanat ion is that  the  Coquihalla 
Serpentine Belt or ig ina ted  as a th in ,   sub-hor izonta l   un i t  of obducted 

direct ion  (Figure 6). Serpentinization  presumably accompanied t h i s  
oceanic  crust   over which the Hozameen Group w a s  t h r u s t   i n  an e a s t e r l y  

movement w i t h  the b e l t  forming the lubricated,   sub-horizontal  sole below 
a nappe s t ruc tu re  whose eas t e r ly   t r anspor t   r e su l t ed   i n   t he  F1 t ec ton ic  

would explain  the absence of a F1 t ec ton ic   fo l i a t ion   i n   t he   I adne r  
inversion of the underlying Ladner Group (Figure 6).  This mechanism 

Group which was probably   un l i th i f ied  and not  deeply  buried  during  this 
overturning  event.  Subsequent F2 deformation  caused a re fo ld ing  of the 
F1 synformal  structure  (Figure 6) and steepened  the  Coquihalla 
Serpentine B e l t  i n t o  its present   sub-vert ical   posi t ion,  as suggested by 
McTaggart and Thompson (1967) and  Anderson (1976). This model implies 
t h a t  major tectonic  dislocations  occurred  along  both  margins of the  
Serpentine Belt and tha t   t he  Hozameen f a u l t  is a late, normal  and 
r e l a t i v e l y  minor f r ac tu re   l y ing   c lose  to one of the   ear ly   th rus t   p lanes  

se rpen t ine   be l t s  i n  the  region may a l s o  represent  obducted  oceanic 
(Figure 6).  I f  t h i s   i n t e r p r e t a t i o n  is correct, other  'Alpine-type' 

ma te r i a l  marking ea r ly ,   r e fo lded   t h rus t  zones. 

CONCLUSIONS 

The Carol in  mine orebody  (Idaho Zone) is hosted i n  a s t r u c t u r a l l y  
inverted  sequence of Iadner Group sedimentary  rocks, close to t h e i r  
faul ted  contact   wi th  the Coquihalla  Serpentine B e l t .  

The Idaho Zone represents  hydrothermal  replacement  mineralization  that  
involved  the  mult is tage  introduct ion of s i l i ca ,  carbonate,  Na,  Ek, As, 
Mo, Sb, Cu, and Au. 

Mineral izat ion was emplaced a long   an   ear ly   reverse   fau l t   tha t   occupies  
the  disrupted limb of an  overturned  fold.  Incompetent  carbonaceous 
sedimentary  rocks  lying  close to the ore  zone may have loca l ized  the 
r eve r se   f au l t i ng  and geochemically  controlled the subsequent  gold 
mineral izat ion.  

The widespread tectonic inversion of the Ladner Group appears to be 
s p a t i a l l y  and gene t i ca l ly   r e l a t ed  to the  Coquihalla  Serpentine Belt. The 
Belt could  represent   oceanic   crust   that  was obducted and serpent in ized  
dur ing   eas te r ly   d i rec ted ,   subhor izonta l   th rus t ing .  These mvements 
caused the s t ruc tu ra l   i nve r s ion   i n   t he  Ladner Group and subsequent 
folding  steepened  the belt i n t o  its present   sub-vert ical   posi t ion.  
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AGE OF THE COLDWATER STOCK AND NICOLA BATHOLITH, NEAR MERRITT 

(92H) 

By W . J .  McMillan 
B r i t i s h  Columbia Ministry of h e r g y ,  Mines  and Petroleum  Resources 

and 

Department of Geologial  Sciences, 
R.L. Armstrong and J. Harakal, 

University of Br i t i sh  Columbia 

The Coldwater  stock  intrudes L a t e  Triassic Nicola Group volcanic  rocks 
(Figure 1 ) .  A previous  attempt to date  the  stock by K-Ar methods  gave 
discordant  results of 215 to 234  and  267 Ma (Preto,  e t  a1 ., 1979). 
S t r a t ig raph ica l ly ,  this apparent  age was d i f f i c u l t  to reconcile. 
Consequently, a series of samples was collected  (Table 1; Figure 1 )  and 
subsequently  analysed by K-Ar and %-Sr methods (Table 2; Figure 1 ) .  

Figure 1. Generalized  geological  setting and location of age dating sample suite,  
Coldwater  stock. 
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K-Ar analys is  of b i o t i t e  from sample RA 1 gave an apparent age of 208f7 Ma; 
hornblende from the same sample gave 21 2+7 Ma. Rb-Sr r e su l t s   a r e  summarized 
i n  Table 1. Samples 1, 3,  4, and RA 1 gave an isochron of 194fl0, whereas 
Rb-Sr i n  b i o t i t e  from RA 1 gave  age 219f10 Ma a t   i n i t i a l   s t r o n t i u m   r a t i o  
0.7035 (Figure 2 ) .  The small  range of rubidium and s t ront ium  concentrat ions 
limits the  precision of these  resul ts .  

0.705 I 

0.703 t 
1 I I I I I 
0 0. I 0.2 0.3 0.V 0.5 0.6 

e7Rb/e6~r  

Flgure 2. Plot of rubldlm-strontlm lsotoplc  analyses,  Coldwater  stock. 

Coldwater  stock.  Ihe  age  accords well with those from other   in t rus ive  
I n  summary, i so topic   da t ing   ind ica tes  an age of approximately 210 Ma for   the 

bodies tha t  cut  Nicola Group rocks and the  stock is not  anomalously  old  as 
suggested by earlier data .  

NICOLR BATHOLITH 

New Rb-Sr i so topic   da ta  from the  Nicola  Batholith are in t r igu ing .   Ea r l i e r  
K-Ar m r k  (Preto, e t   a l . ,  1979) gave  a  range of ages   for   b io t i tes  from 37.3 
to 59.8 Ma and for  hornblendes from 60.2 to 70.6 Ma. Among the  samples were 
two biot i te-hornblende  pairs   that  gave near ly   concordant   resul ts  of 56.9 and 

s a t e l l i t i c   s t o c k   a t  Fey Lake gave a la tes t   Cre taceous  age of 68.9f2.5 Ma 
63.6 Ma and suggest   that   the   bathol i th  is of Paleocene  age.  Biotite from a 

(McMillan, 1974). 

The  new da ta   sugges t   t ha t   a t  least some of the  deformed g r a n i t i c   o r   g n e i s s i c  
rocks i n  the  Nicola  Batholith  are  Eirly  Jllrassic  or  older (minimum 185 Ma). 
The younger dates   probably  represent  new magmatic mater ia l   that   in t ruded  the 
older  pluton,  although it could be remobilized  older  material .  
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THE BLACK DOME MOUNTAIN GOLD-SILVER PROSPECT 

(920/73, 8W) 

By B.N. Church 

This  report  is an update of an e a r l i e r  review  of  exploration  for  gold  and 
s i l v e r  i n  the Black Dome llbuntain  area, 70 kilometres  northwest of 
Clinton  (Geological  Fieldwork, 1979, Paper 1980-1. pp. 52-54). 

Recent  geological  studies  shed  l ight on the  age re la t ionships  of the  main 
l i t ho log ica l   un i t s .  A remnant  volcanic  vent  deposit  considered  to be 
younger  than  the  vein  mineralization forma the summit of Black Dome 
Mountain.  This cons i s t s  of basal t   lava and agglomerate ( N o .  1, Table 1 )  

TAELE 1 .  CHEMICAL  ANALYSES OF VOLCANIC ROCKS FRCM THE 
BLACK OCME MJUNTAIN AREA 

1 2 
O x i d e s   r e c a l c u l a t e d  t o  100- 

T i 0 2  3.26 

A1203 14.97 18.43 

1.79 

FeO 
Fe203 4.65 4.1 I 

5.88 3.15 
MnO 0.14 0.11 

7.41 
CaO 8.60 
Na2O 

7.65 
3.25 4.03 

s i 0 2  50.96 53.92 

MgO 4.86 

K20 0.88 1.95 
100.00 100.00 

3 

62.77 
1.29 

17.09 
5.46 
I .05 
0.11 

3.96 
2.33 

3.56 
2.37 

100.00 

4 

64.43 
1 . 1 1  

16.90 

2.37 

0.08 
2.72 

3.90 
1.78 

4.10 
2.61 

100.00 

5 

75.46 
0.38 

14.83 

1.08 

0.01 
0.51 

0.14 
0.16 
2.96 
4.52 

100.00 

6 

72.72 
0.43 

15.12 

1.65 

0.02 
0.33 

0.18 
I .38 
4.18 
3.99 

100.00 

Oxides  and  elements as determined-  

H20+ 0.13  0.13 I .69 1.63 
H20- 

1.02 
0.27 

0.27 
0.53 0.77 0.25 0.40 
0.07 

0.67 

S 0.01 0.01 0.01 0.01 
0.07  0.07 

'2'5 0.87 

0.01 
0.97 

0.01 
0.50 

S r O  
0.57 

0.13 0.11 
0.08 

0.04 
0.32 

BaO  0.04  0.13 
0.02 

0.13 
0.02 0.02 

0.13 0.14 0.16 

co2 0.07 0.26 0.48 

R.I. 1.590 1.570 1.534 1.534 1.490 1.498 

Key t o   A n a l y s e s  

1 - B a s a l t   l a v a ,   B l a c k  Dome Mounta in  (peak)  (BKM-16). 
2 - B a s a l t i c   a n d e s i t e   l a v a ,   F l a p j a c k  Peak  (summit) (BKM-287). 
3 - H o r n b l e n d e   d a c i t i c   a n d e s i t e ,   w e s t   s h o u l d e r  of sack Dome Mountain.  
4 - D a c i t i c   l a v a  'dome, '   on  main  r idge  south of B lack  Dane Mountain.  
5 - P o r c u p i n e  C r e e k  r h y o l i t e ,   s o u t h  of B l a c k  Dome Mounta in.  
6 - Churn Creek rhyo l i te ,   above  Churn   Creek  t o  t h e   e a s t .  
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having an apparent K/Ar age of 20.5 Ma similar t o  rocks on Flapjack E'eak, 
9 kilometres  to  the  southwest,  24 Ma (Table 2). 

TABLE 2. RMICMETRIC AGE OCTERMINATIONS 

No. Locat I on Materlal  K Ar Apparent Age 
per  cent M3 

BKM-16 Black O m  Mountaln 

BKM-287 FlapJack Peak (summlt)  whole  rock 1.49 1.91 x 10- cc/gm 20.5k0.8 
( s m m l t )  whole  rock 0.697 0.6552 x Ig-6cc/gm 2 4 . W . 8  

(Argon determlnatlon and  age calculat lon by J.E. Harakal,  Unlverslty of k l t l s h  Columbia). 

The principal  units  hosting  the  gold-silver  veins  are  hornblende  daci. t ic 
andes i te  and rhyo l i t e  which a r e  exposed on the  lower s lopes and the  south 
r idge of Black Dome Mountain. A s e r i e s  of d a c i t i c  'domes' disconfornlably 
over ly ing   the   rhyol i te  on the  south  r idge are now correlated  with the! 
hornblende  daci t ic   andesi te  on t he   bas i s  of petrographic  and  chemical. 
similarities (Nos. 3 and 4 ,  Table 1 ) .  

In   the past year an intensive  diamond-drill program has been  completed by 
Blackdome Exploration  Ltd.   totall ing 8 700 metres i n  106 holes. The 
r e su l t i ng   r e se rve  estimate for   the  No. 1 vein  system ( M D I  Kto. 0920/0!53) 

crosscut  tunnel  has been driven i n t e r s e c t i n g  the  'Ridge Zone' of No. 1 
is  284 000 tonnes  averaging 12 ppm gold and 110 ppm s i l v e r .  Also, a 

vein 143 metres westerly from a p o r t a l  at  the 1 960-metre  ].eve1 on the 
east f lank of the  main ridge  south of B l a c k  D ~ m e  Mountain (Figure l ) . .  
Examination  of  the  crosscut shows that   the   mineral izat ion  cont inues below 
the   rhyo l i t e .  The rhyo l i t e   d ips  15 degrees   easter ly  and  hits  been t r a -  
versed by the  tunnel  through  to  underlying  fine-grained dacite a t  a p o i n t  
about 50 metres west of t he   po r t a l .  

Current  plans by Blackdome Exploration  Ltd.   require 600 metres of 
d r i f t i n g  and ra i s ing   to   conf i rm and fur ther   de l inea te  an  estimated 

114.5 p p m  silver according to the diamond-dril l   results.  
103 000 tonnes of ore  i n  the 'Ridge Zone' averaging 17.5 p p  gold an(3 
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Figure 1. Geology In the  vicinity of the Ridge zone of No. 1 veln, Black Dane 
Mounta 1 n prospect. 
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GEOLOGY AND LITHOGEOCHEMISTRY  OF  THE  CAPOOSE  SILVER  PROSPECT 

(93F/3, 6) 

By B.N. Church  and L. Diakow 

This  description  is  based  on  recent  investigations of  the  Capoose  silver 
prospect of Granges  Exploration (AB) in  the  Fawnie  Range 110 kilometras 
southeast  of  Burns  Lake.  The  property is centred  on a geochemical 
anomaly  discovered by Rio Tinto  Canadian  Exploration  Ltd. Rio worked  on 
the  property  from 1969 until 1971. 

GEOLOGICAL  SETTING AND MINERALJXY 

The  area is underlain  mainly by Jurassic  lava8  of  rhyolite t.0 dacite 
composition  with  minor  amounts  of  interlayered  argillite.  Mineralized 
areas  form  conspicuous  gossans  throughout  the  Fawnie  Range.  Recent 
trenching  and  drilling  has  focused  on  garnetiferous  rhyolite!  lava  and 
breccia  on  the  ridge  immediately  north  and  northwest of the  Granges  camp- 
site  (Figure 1 ) .  Highest  silver  values  coincide  with  the  oc:currence ,of 
galena  and  sphalerite. 

LITHOGECCHEMISTRY 

were  collected  randomly  from  bedrock  exposures.  These  were  subsequently 
In  the  course  of a geological  survey  of  the  Fawnie  Range,  hand  specimens 

analysed,  courtesy  of  Granges  Exploration,  for a selection  of  path- 
finding  elements.  The  results  on 45 samples  are  as  follows,: 

Geanetrlc  Maan"  Deviation 
Ppn ppm 

Ag 
CU 
Pb 
Zn 
AS 
S 

16 

134 
16 

0.6 

9.6 
0.162 

0.2-5.5 

7-200 
4-90 

40-500 

0.3-1.3W 
2-75 

*Owing to a  range in values  through  several  magnitudes It Is necessary to use i0!3 
transforms to calculate  means and  standard  devlatlons. 

The  behaviour  of  element  pairs  is  demonstrated  as  follows: 

Pb 0.69  0.46 
Zn 0.65 0.51 0.93 
As 
S 0.05 0.01 0.12 0.11 -0.04 

0.02 0.14  -0.01 0.07 

" " . . 
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GEOLOGY AND LITHOGEOCHEMISTRY  OF  THE  CAPOOSE  SILVER  PROSPECT 

(93F/3, 6) 

By B.N. Church  and L. Diakow 

This  description  is  based  on  recent  investigations of  the  Capoose  silver 
prospect of Granges  Exploration (AB) in  the  Fawnie  Range 110 kilometras 
southeast  of  Burns  Lake.  The  property is centred  on a geochemical 
anomaly  discovered by Rio Tinto  Canadian  Exploration  Ltd. Rio worked  on 
the  property  from 1969 until 1971. 

GEOLOGICAL  SETTING AND MINERALJXY 

The  area is underlain  mainly by Jurassic  lava8  of  rhyolite t.0 dacite 
composition  with  minor  amounts  of  interlayered  argillite.  Mineralized 
areas  form  conspicuous  gossans  throughout  the  Fawnie  Range.  Recent 
trenching  and  drilling  has  focused  on  garnetiferous  rhyolite!  lava  and 
breccia  on  the  ridge  immediately  north  and  northwest of the  Granges  camp- 
site  (Figure 1 ) .  Highest  silver  values  coincide  with  the  oc:currence ,of 
galena  and  sphalerite. 

LITHOGECCHEMISTRY 

were  collected  randomly  from  bedrock  exposures.  These  were  subsequently 
In  the  course  of a geological  survey  of  the  Fawnie  Range,  hand  specimens 

analysed,  courtesy  of  Granges  Exploration,  for a selection  of  path- 
finding  elements.  The  results  on 45 samples  are  as  follows,: 

Geanetrlc  Maan"  Deviation 
Ppn ppm 

Ag 
CU 
Pb 
Zn 
AS 
S 

16 

134 
16 

0.6 

9.6 
0.162 

0.2-5.5 

7-200 
4-90 

40-500 

0.3-1.3W 
2-75 

*Owing to a  range in values  through  several  magnitudes It Is necessary to use i0!3 
transforms to calculate  means and  standard  devlatlons. 

The  behaviour  of  element  pairs  is  demonstrated  as  follows: 

Pb 0.69  0.46 
Zn 0.65 0.51 0.93 
As 
S 0.05 0.01 0.12 0.11 -0.04 

0.02 0.14  -0.01 0.07 

" " . . 
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There is excel lent   posit ive  correlat ion for the Pb-Zn pair,  good 

Pb, Zn and  Ag. Li t t le  correlation is seen comparing these  metals and 
correlation comparing Aq with Pb and Zn, but only f a i r  comparing Cu with 

sulphur or arsenic .  

Element concentrations  (Figure 1)  were contoured  according to the 
procedure outlined  in  Geological  Fieldwork, 1980 (Paper 1981-1, p. 2 7 ) .  

Figure 1. Llthogeochenlcal  contours f o r   s l l v e r  and sulphur I n  the vlclnlty of the 
Capoose prospect. 
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Sulphur  at  the 0.25 per  cent  level  and  higher  coincides  with  the  gossans 
and  the  area of pyritization on the  north  and  west  side of the  ridqr 
north of Fawnie  Nose;  sulphur  abundance  rises  toward  Green  Lake. Si:I:rer 
contours  crosscut  sulphur  contours  and  define  a  northeast-trending 
anomaly  with  concentrations  in  excess of 2 ppm  in  vicinity of the  Grrnges 
campsite  and  to  the  north  and  west.  The  patterns for copper, lead,  cnd 
zinc  are  similar  to  that of silver. 

DISCUSSION 

A broad  silver  lithogeochemical  anomaly  has  been  delineated .in the 
vicinity  of  current  diamond  drilling  by  Granges  Exploration  'near  Capoose 
Lake.  This  coincides  with  locally  high  values  for  lead,  revsaled  by  Rio 
Tinto  Canadian  Exploration  Ltd. (1970) .  

The  predominantly  felsic  composition  (Figure 2) and  subarea1  and 
submarine  setting  of  the  volcanic  rocks  give  wide  scope  for a 
volcanogenic  interpretation of the  origin  of  mineralization.  However,  in 
the  opinion  of  the  senior  author,  detailed  evidence  points  to  the  Capc'ose 
granitic  intrusion,  located  just  west of the  map-area,  as  the  ultimate 
source. As in mny porphyry-type  deposits,  widespread  disseminated 
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Figure 2. Cmpositlon  frequency of Capoose prospect. 
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RHYOLITE 1 DACITE 1 ANDESITE I BASALT 

Refractive Index of  Glass 

Flgure 3. Fracture frequency plot for the area  near the Capoose prospect. 

pyrite  near  Green  Lake  and  in  the  area  to  the  south  is  peripheral  to  the 
granite.  The  mineralizing  solutions  were  apparently  channelled  along 

northeasterly  to  northeasterly  trending  cross-fractures  (Figure 3 ) .  This 
southwesterly  dipping  beds  (Figure 1) and  a  set  of  strong  east- 

mineralizing  event  is  superimposed  on  the  pyritic  halo  around  the 
granite. 

Dispersed,  low-grade  mineralization  combined  with  the  remoteness  of  the 
area  has  hampered  exploration  of  the  prospect. 
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AN INVESTIGATION OF THE PALYNOLOGY OF THE PEACE RIVER COALFIELD, 
NORTHEASTERN BRITISH COLUMBIA 

Department of Geological  Sciences 
By Jane  Broatch 

University of Br i t i sh  Columbia 

INTRODUCTION 

Attention  has  been  focussed on the  Peace  River  Coalfield of northeastern 
Br i t i sh  Columbia (Figure 1) as a r e s u l t  of an agreement to sell 115 
million  tonnes of thermal and coking  coal to Japan  over  the next  15 
years. Mining  and exp lo ra t ion   ac t iv i t i e s  have been accelerated  but   are  
hampered  by the complex s t ruc tu re  and poorly  understood  stratigraphy cNf 
the footh i l l s   reg ion .  

The 1981 f ie ld   season was s p e n t  sampling Upper Jurassic-Lower  Cretaceous 
coa l -bear ing   s t ra ta  i n  the southern  half of the coa l f i e ld  to determine 
whether foss i l   po l len ,   spores ,  and dinocysts can be used to generate a 
type-section of microfossi ls  to a id   i n   so lv ing   s t ruc tu ra l  an43 
s t r a t i g r a p h i c  problems  and a s s i s t  i n  seam corre la t ions .  

Rapid evolution of both  f lora  and  fauna  during the Cretaceous, as well a s  
the  appearance of flowering  plants  (angiosperms)  toward  the end of the 
Lower Cretaceous,   resul ted  in   diverse   species   with  res t r ic ted 

cys t s  produced by marine d ino f l age l l a t e s  are extremely  durable and t h e i r  
stratigraphic  ranges.   Pollen and spores  produced by land plants and 

r e l a t i v e  abundance in   f iner   grained  sediments  creates the   po ten t ia l   for  a 

pa r t i cu la r ly   su i t ed  to s tudies  i n  palynology  because of the i r   h igh   p lan t  
f a i r l y  complete microfossil  record.  Marine-influenced  coal  :neasures  are 

content,  their r e l a t i v e l y  high proportion of muds and clays, and because 
marine  and  continentally  derived  microfossils   overlap as a r t z s u l t  of wind 
t ranspor t  of pollen and spores .   This   overlap  a l lows  direct   correlat ion 
between non-marine f ac i e s  and l a t e ra l ly   equ iva len t  marine  fat-ies. 

PREVIOUS WORK 

of  the Peace  River d i s t r i c t  have  been car r ied  out  by Zeigler and Pocock 
Studies of Upper Jurass ic  and Lower Cretaceous macroflora and microflora 

( 1960) i n  the Minnes Group, by Singh ( 1971 ), and  by  McGregor for   the 
Gething  Formation as reported by  Raghes (1964) and S t o t t  (1968) .  Studies 
of the  adjacent  Plains  region have  been published by Pocock (19621, Singh 

w i t h  es tab l i sh ing  age and reg iona l   cor re la t ion  of strata, not  
(19641, and Norris (1967). Much of this   previous work has bsen concerned 

s t ra t igraphy.  
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AREA OF STUDY 

Flgvre 1. Peace River coal district. 
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STRATIGRAPHY 

The  general  stratigraphy  of  the  Peace  River  Coalfield  is  outlined on 
Figure 2. In  the  southeast,  coal  occurs  in  economic  amounts  in  the  non- 
marine  Gates  Member,  in  the  central  part  in  the  Gething  Form.stion,  and  in 
the  northwest  in  Hughes'  Brenot  Formation.  Non-marine  strat,%  have  been 

which m y  in part  be responsible for the disappearance of  co,sl  in  some 
identified on a  gross scale  and there are a  number  of marine  incursions 

areas  (R.D.  Gilchrist,  pers.  corn.).  Detailed  descriptions  ,of  the 
lithologies  and  structure  may  be  found  in  Hughes (1964, 1967) and  Stott 
(1968, 1973). They  will  only be discussed  here  in  relation to specific 
stratigraphic  problems. 

Two sets  of  terminology  (Figure 2 )  are  currently  in  use  in  exploration  as 
a  result  of  a  number  of  unresolved  problems  which  include: 

A lack  of  identifiable  stratigraphic  horizons  both  locally  and 

as  a  thin  (less  than 0.5 metre)  glauconitic  sandstone  h,>rizon  at  the 
regionally.  The  one  exception  is  the  Bluesky  Formation.  It  occurs 

The  Cadomin  conglomerate  is  used  as  a  stratigraphic  horizon  but 
top  of  the  Gething  Formation  in  the  eastern  part  of  the  coalfield. 

varied  thickness,  rapid  fining  to  the  northwest,  and chse 
resemblence  to  the  Gething  conglomerates,  both on surfaze  and  in 
drill  holes,  make  it  extremely  difficult  to  identify  in  many  cases. 
Only  its  log  character  appears  consistent  (R.D.  Gilchrist,  pers. 
corn.). 

Certain  members  and  formations  are  difficult  to  distinguish,  for 

Member  and  Gething  Formation,  the  Gething  and  Cadomin 
example,  the  Hulcross  Member  and mosebar Formation,  the  Gates 

conglomerates. 

Lateral  variations  in  certain  units  over  the  length  of  the 
coalfield,  specifically  the  Cadomin/Dresser  Formations  ,and  the 
formations  that  comprise  the  Minnes  Group. 

The  difficulty of recognizing  marine  incursions  in  non-marine 
sequences  because  marine  macrofossils  are  scarce. 

Determination  of  the  paleoshorelines.  Studies  in  progress  reveal 
that  many  are  not  oriented  along  the  strike  of  the  coa1,Eield  as  was 
previously  believed. 

Determination  of  the  nature  and  significance  of  the  'unconformity' 
at  the  base  of  the  Cadomin  Formation  (see  Stott, 1968). 

Until  recently  workers  in  the  Peace  River  Coalfield,  with  the  exception 
of  Stott  and  Hughes,  have  concentrated on locating  economic  (coal 
deposits.  Attention  is  now  being  focussed on stratigraphic  problems. 
New  information  should  eliminate  the  need  for  a  dual  termino:togy  and 
facilitate  future  exploration,  mine  planning,  and  reserve  estimates. 
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FIELD  AND  LABORATORY WORK 

A sampling  program  was  carried  out  in  the  coal-bearing  Upper  Minnes 
through  Gates  section  between  the  Narraway  River  in  the  southeast  and 
Burnt  River  in  the  northwest.  Very  fine  clastic  rocks  in  seven  surface 
sections  and  thirteen  drill  holes  were  sampled  (Figure 3). 

Complete,  undisturbed  surface  sections  were  difficult  to  find..  Extens:tve 
thrust  faulting  and  poor  outcrop  exposure  resulted  in  gaps  in.  surface 

and  the  recessive  nature  of  the mdstones and  shales  frequently  made  it 
coverage.  Where  relatively  complete  sections  are  available,  steep  dips 

difficult  to  obtain  fresh  samples  at  the  desired  30-metre  int,ervals. 

Drill  holes  were  selected  to  compliment  the  surface  sections  and  were 
'pieced  together'  to  obtain  a  complete  sequence  of  strata.  Core  samples 
were  obtained  from  core  storage  facilities  of  the  British  Columbia 
Ministry  of hergy, Mines  and  Petroleum  Resources  at  Charlie  Lake, 
British  Columbia.  It  is  expected  that  the  core  samples,  which  were  taken 
at  15-metre  intervals,  will  provide  more  complete  and  reliable  results 
than  surface  samples. A total  of  238  core  samples  and 89 surface  samp:tes 
was  taken. 

Processing  of  the  samples  is  currently  underway  in  a  laboratory  at  the 
University  of  British  Columbia.  The  rock mst be  completely  dissolved  in 
acid  to  release  the  palynomorphs  which  are  then  treated  as  necessary to 

procedures  employed  are  described  in  the  Appendix.  To  date  one  complete 
concentrate  and  bleach  them  for  mounting  and  identification.  The  general 

section  of  core  from  the  Mount  Belcourt  area  has  been  processed  and 
mounted. 

PRELIMINARY  RESULTS 

palynormorphs. menty samples were examined by Dr. Glenn muse: half  of 
Of  the 60 samples  processed  to date, approximately 85  per cent  contain 

the  Minnes  and  Gething  samples  contain  diagnostic  spores  and/or 
dinocysts;  fewer  Moosebar and Gates samples  appear to contain  diagnostic 
palynomorphs  but  exact  statistics  are  not  yet  available.  However,  Gates 
samples apparently  contain  angiosperm pollen. There has not been time 
yet  to  attempt  to  identify  them. 

The  Minnes  samples  contain:  the  diagnostic  fern  spores 
Cicatricosisporites  dorogensis  and C. mohrioides;  the  conifer  pollen 
Podocarpidites  multesimus;  and  one  sample  contains  the  dinocysts 
Gonyaulacysta cf.  exilicristata, G. cf.  cretacea  and  Cyclonephelium 
distinctum.  Correlation  with  assemblages  found  in  the  Quartz  Sand-Upper 
Develle  Members  of  the  Mannville  Group  (Pocock,  1962;  Zeigler  and  Pocock, 

metres  of  the  Minnes  Group. 
1960) suggests  a  Valanginian  to  Early  Barremian  age  for  the  upper  340 

The  Gethiny  samples  contain  the  diagnostic  fern  spores  Appendicisporites 
tricornitatus, A. cf.  problematicus,  Cicatricosisporites  australis,  and 
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Figure 3. Surface  sectlons and d r l l l  hole locations,  Narraway  Rlver-Burnt  Rlver. 
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Trilobosporites  apicerructus.  Although  the  assemblage  appears  to  be 
dominantly  terrestrial  the  presence  of  dinocysts  in  one  sample  suggest!; 
occasional  marine  incursions.  This  assemblage  correlates  with  the 
Calcareous  Member  of  the  Lower  Mannville  Group  (Pocock, 1962) and  in  the 
Gething  and  Calcareous  Member  (zeigler  and  Pocock, 1960) sugqesting  a 
Late  Barremian  age. 

The  presence  of  dinocysts  in  several  of  the  Gates  samples  and  one  of  the 
Gething  samples  supports  the  proposal by Gilchrist  that  marine  incursions 
have  occurred  in  the  non-marine  sequences.  Macrofossils  found  in  core  by 

palynomorph assemblages described above. 
P.  McL. D. Duff  should provide  a useful  check  of  the  relative  ages  of  the 

These  preliminary  results  suggest  that  the  unconformity  at  tb.e  base  of 
the  Cadomin  Formation  does  not  represent  a  significant  time  qap  in 
deposition.  Mudstone  samples  from  a  coal-bearing  lens  in  the  Cadomin to 
the  north  may  provide  a  better  indication  of  the  temporal  relationship  of 
this  unit  to  those  above  and  below. 

Only  one  section  has  been  processed  to  date  and  it  is  not  yet  possible  to 
recognize  palynological or stratigraphic  horizons.  However,  the  presence 
of  marine  beds  in  non-marine  sequences,  and  the  abrupt  appearance  of 

horizons. 
species or assemblages  holds  much  promise  for  the  existence ctf such 

SUMMARY 

primarily  with  locating  economic  coal  deposits.  Complex  structure  and  a 
Until  recently  work  in  the  northeast  coal  block  has  been  concerned 

poor  understanding of  the  stratigraphy  have  hampered  the  search  and 
attention  is  now  being  turned  to  solving  these  problems.  Initial  resu1.t~ 
of  a  study  of  the  palynology  indicate a potential  for  determining  age 
relationships,  locating  stratigraphic  horizons  and  laterally  correlating 

nation,  and  marine  units in non-marine  sequences  have  been  identified. 
strata.  Distinct  assemblages  in  the  Upper  Minnes  Group  and  Gething  For- 

section  will  be  generated  which  will  serve  as  a  useful  tool i n  its own 
It  is  hoped  that  as  processing of samples  continues  a  microfossil  type- 

progress. 
right  and  add  support  to  other  stratigraphic  studies  currently  in 
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APPENDIX 

Extract lng  Palynmrphs 

Wash approxlmately 50 grams of sample, crush t o  pea slze, and p lace  In   p last lc  
beaker; r l n s e   t w l c e   t o  remove clay and  danaged palynonorphs. 

Test fa carbonates  uslng  a  IO-per-cent  solution  of HCI; when  no  more f l zz lng  Is 
evldent  rlnse  sanple  three  t imes  wlth water. 

Place beaker wlth sample In a water bath  In  a fumehood  and  add fu l l   s t rength  HF ac ld  
In   ma l l   l nc rmen ts   ( t o   p reven t   ' bo l l l ng   ove r ' )   un t l l   t he  volume of  acid I s  
approxlmately I O  t lmes  that  of sample; place on magnetlc s t l r r e r ,  add spln bar, and 
leave 24 t o  48 hours ( Ins lde  the funehood). 

Remove fran s t l r r e r  and a l l o w   t o   s e t t l e   u n t l l   a c l d  I s  almost  clear; pour spent  acld 
I n t o  waste bottle;  rlnse  sanple  three  t lmes  In  water  allowlng t o   s e t t l e  between eac:h 
wash sa that  very  f lne  clay  remalnlng  In suspenslon may be siphoned  of!. 

Rinse  through 210 steve t o  remove coarse  fragments re ta ln lng  the  I lqu ld   f ract lon;  
pour through 20 yn s leve  re ta ln lng sediment trapped  In sieve; r lnse  Into  centr l fuget 
tube. 

Examlne by placlng  a  drop  of sample on a  g lass  s l ide t o  determlne  degree o f  
carbonlzatlon  of  palynonorphs ( I f  present) and mount  of  mlneral  matter s t l l l  
present. 

Bleach  black and dark brown palynonorphs t o  reduce the l r   spec l f l c   g rav l t y   (be fo re  
carry lng out heavy l lqu ld   separa t lon)   o r   to   l lgh ten   to   pa le   to   go lden yella, for 
eas ler   ldent l f lcat lon;   r lnse  three  t lmes  to  remove bleach. 

Concentratlon  of  bleach and length  of  bleachlng  vary for each sanple - s ta r t   w l th  low 
concentrations (5-10 per  cent)  for  short  perlods  of  t ime (2-5 mlnutes) and Increase 
as necessary. 

Remove unwanted mlneral ma t te r  by neut ra l l z lng   In  I O  per  cent %I acld and 
c e n t r l f q l n g   I n  ZnBr2 w l th  a spec l f l c   g rav l t y   o f  3.4; plpet te   organlcr ;   ( ' f loat '  
mater la l )   Into a clean  test  tube, neutralize agaln wlth 10 per  cent HCI and r l n s e  
three  t imes  wlth water. 

Bleachlng may break down unwanted organlcs  permlt t lng  thelr  removal by a second 20 
slevlng. 

drop  of  elvanol on a  coversl ip  wlth 1 or  2 drops o f  sanple; s t l r   t o   d l s t r l t u t e  evenly 
Staln semple wlth  Safr lnln  (red); make flne. medlun and coarse mount placlng  a 

and dry  slowly on hotplate cf In  desslcator;  place  a  blob  of  gelva on R glass  s l lda 
and Invert   the  coversl ip  wl th  sanple  onto It; press t o  spread  gelva; label. 
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TOODOGGONE  RIVER 

(94E ) 

BY T.G. Schroeter 

INTRODUCTION 

of Smithers.  Access  is by aircraft  because  there  are no roads  into  the 
The  Toodoggone  River  area  is  situated  approximately  300  kilometres  north 

area.  During  the 1981 season,  a  great  variety  of  aircraft  were  used  for 

a  Cessna 180, Cessna  206,  Beech-18,  Otter,  Beaver,  Goose,  Islander, Dc-3, 
supply  and  freight  services  to  and  from  the  Sturdee  strip;  these  included 

and  Hercules.  All  were  routed  through  Smithers.  The  strip  has  a  useable 
length  of  620  metres  and  is  equpped  with  landing  lights. Du Pont  of 

on  duty  during  daylight  hours.  The  area  discussed  in  this  report  forms  a 
Canada  Exploration  Ltd.  maintain  the  strip  and  have  a  traffic  controller 

northwesterly  trending  belt  80  kilometres  in  length, 35 kilometres  in 
width,  and  approximately  centred  on  the  Baker  mine  (Figure 1). The  area 
of economic  interest may continue  several  more  kilometres  to  the  west- 
northwest. 

During  July  and  August 1981, the  writer  commenced  geologic  field  mapping 
with  the  aid  of  an  especially  contracted  topographic  base  map  at  scale 

Property  investigations,  ongoing  since  1974,  were  continued.  Much  of  the 
125 000. The  area  covered  by  this  base  map  is  shown on Figure 1. 

writer's  effort  was  concentrated  in  the  area  bounded  by  the  Finlay  River 

Panteleyev  with  the  British  Columbia  Ministry  of  Energy,  Mines  and 
on the  southeast  and  Abesti  Creek  on  the  northwest.  In  addition,  Andrejs 

Petroleum  Resources  and  rarry  Diakow,  a  graduate  student  at  the 
University  of  Western  Ontario,  joined  the  project  in  August  and  expanded 
the  area  of  mapping  south  of  the  Finlay  River  (see  Panteleyev,  this 
report)  and  Mount  Graves.  A  preliminary  geological  map  of  the  Toodoggone 
area  should  be  available by the  spring  of  1983. 

During  1979-80,  approximately  2 000 mineral  claim  units  were  staked  in 
the  area. In 1981, approximately 1 300  more  units  were  staked.  In 
addition,  after  part  of  the  area  was  opened  to  placer  staking  in  November 
1980,  a  placer  staking  rush  occurred  during  the  winter  of  1980-81  (see 
Figure 1). The  reader  is  referred  to  Geological  Fieldwork,  1980  (Paper 
1981-1) for  a  description of the  history of the  camp. 

GEOLOGY 

Typical  epithermal  mineralization  in  the  camp  is  related  to  a  period of 
Early  Jurassic  intermediate  to  acidic  volcanism.  Mineralization  occurs 
both  within  Late  Triassic  alkaline  andesitic  rocks  (Takla  Group)  and 
Early  Jurassic  calc-alkaline  volcanic  rocks  (Hazelton  Group).  The  host 
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volcanic  rocks were deposited i n  an island  arc  environment  during  the 
t rans i t ion   per iod  from submarine to subaerial  volcanism. 

The regional  geology is covered in Paper 1981-1 and only  minor  additions 
are offered  here .  The Toodoggone volcanic  sequence  consists of a p i l e  of 
complexly in t e rca l a t ed  and var ico loured   subaer ia l   andes i t ic ,   dac i t ic ,  and 
t r a c h y t i c   t u f f s ,  ash  flow sheets,  and minor ep ic las t ic   rocks   tha t  is 

very  Early  Jurassic  rocks of the  Hazelton Group. K-Ar and Sh-Sr dates 
1 000 metres  or more in thickness .  They a re   t en t a t ive ly   co r re l a t ed  w i t h  

obtained  fran whole rock and mineral  samples,  including  alunite from 

pulse of epi thermal   mineral izat ion) ,  range between 179 and 1510f7 Ma. 
Alberts Hump (which is believed to be contemporaneous w i t h  the major 

This   re la t ive ly   o ld  age compared to   s imi la r   depos i t s  i n  Nevada, Colorado, 
and Mexico may be a par t icular ly   important   factor  i n  the  future   discovery 
of similar  epithermal  deposits i n  B r i t i s h  Columbia ( f o r  example, 
Premier).  

are  probably  coeval  with  associated Ckni-neca In t rus ions .  It is a lso  
It is worth re -s ta t ing   tha t   the  Toodoggone volcanic  rocks and in t rus ions  

have  anomalous  gold and silver  contents  (Paper 1981-1, p. 128). Quartz 
significant  that   porphyry  deposits  associated  with  the Omineca In t rus ions  

feldspar  porphyry  dykes may i n  f a c t  be feeders  to the Toodogqone volcanic 
sequence. 

Regionally,  the lower volcanic  division  consists  dominantly of 
py roc la s t i c  maroon agglomerate and grey t o  green t o  maroon andes i t i c  and 
d a c i t i c   t u f f s .  It is overlain by the  middle  volcanic  division  consisting 
mainly of rhyo l i t e s ,   dac i t e s ,  and an intermediate  to  acidic  assemblage of 
orange  crystal  to l i t h i c   t u f f s ,  minor  welded t u f f s ,  and quar tz   fe ldspar  
porphyries. A young,  upper volcanic-sedimentary  division is loca l ly  
present .  In  areas,   major  structural   breaks and mineral iz ing  events   ( for  
example,  Lawyers) coincide wi th  the  contact between  the  lower and midd:le 
volcanic   divis ions.  

STRUCTURE 

The s t r u c t u r a l   s e t t i n g  was probably  the most s ignif icant   fact .or  i n  
a l lowing  mineral iz ing  solut ions and vapours to  migrate  through  the  thick 
volcanic   p i le  in the Toodoggone area. Major f a u l t  systems with  attendant 
splays  extend  tens of ki lometres   ( for  example,  McClair, Lawyers - Cliff  
Creek).  Some are   postulated  to  be re la ted   to   vo lcanic   cen t res ,  
pa r t i cu la r ly   co l l apsed  ones ( f o r  example, Kodah, Alberts Hump). 

MINERALIZATION 

S ty l e s  of mineralization  are  discussed in Paper 1981-1, pages, 128 and 
129. The precious and base  metal  epithermal  type  are  the ml.n 
exploration  targets.  Preliminary  chemical  data  (Tables 2 and 3) suggest 
the  following: 
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Figure I .  Toodoggone map-area. 
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TABLE 2. SELECTED CHMICAL 

Lab. No. F l e l d  No. 
24233 
24234 

24235 
24236 

24237 
24238 

24239 

24240 
24241 

24242 
24243 
24244 

24245 

24246 

24247 
24248 

24249 

24250 

24251 

24252 

24253 

La 80-6-21 I 
La  80-13-21.8 m 

La 80-13-94 rn 
La  80-14-116.5 m 

La  80-4-81.7 m 
La  80-4-104.5 m 

La 80-1 1-1 I 111 

K 74-3-48.5 m 
La 80-6-105.4 m 

La  80-5-113.4 m 
X 2-80-4 
JC 6-80-24 

Met 80-9 

AH 80-2 

PI 11-80-1 
T 80-6 

La 80-7 

JC 4-80-4 

JC 7-80-13 

X 7-80-15 

X 9-80-6 

F l e l d  DBSCrlptlon  Locatlo" S102 

Orange crys ta l  t u f f  
Upper crystal t u f f  Lawyers 

L a y e r s  

Chocolate b r m n  dust t u f f  Lawyers 
Green f w t w a l l  crystal  Lawyers 

without  quartz ayes 

t " f  f 

Green to purp le  cryste l  

Flw-banded andesite 
t"f  f 

L?.VWS 

LII*"BTS 
Lawyers 

Lawyers 
Northeast of C I l f f  Creek 
NOrthwst  of Mamot Lake 

Metsantan 

Rlber ts  Hump 

PIIlar West (Nub Creek) 
Above tm ponds, crest 

between Lawyers and 
Baker 

Northeast dO*nSlOpe of 
L a y e r s  Knob 

Duke's Oemlse - southeast 
end 

600 metres r e s t  of Marmt 
Lake 

1 2% metres  northwest of 
Mamot Lake 

Kodah Lake 

60.21 
57.58 

68.02 
56.06 

62.93 
64.86 

72.85 

58.94 
80.97 

46.03 
59.76 
60.40 

56.38 

55.58 

62.15 
58.20 

49.76 

61.03 

59.42 

61.79 

57.77 

A I 203 Tota I 
"2'3 

15.27 5.29 
14.89 5.29 

13.13 3.17 
15.06 6.01 

14.78 3.34 
12.91 5.48 

12.00 2.65 

12.65 6.05 
6.21 2.29 

15.39 5.53 
16.68 9.62 

14.88 5.70 

15.65 6.02 

17.43 0.46 

15.96 3.99 
15.42 5.62 

17-43 10.36 

16.92 5.53 

14.61 5.69 

15.14 5.58 

17.72 5.97 

Rock Nae* Cu Pb zn k4 
P p n   P p n   P p n  Ppn 

A" 
Ppn 

Trachyte 
Trachyte I 1  

5 14 82 0.4  0.029 
15 

Trachyte 
71 

27 
0.8 co.02 

41  167  48.0 
Trachyandeslte 

0.027 
8 18 113 

Trachyte 35 
4.2 0.022 

44  118  11.0 
Norma I dac l ts  40  41 214 29.0 

0.042 

Norm1 r h y o l   I t e  19  13 
0.092 

N o m 1  andeslte 
61 

37 30 82 4.4 
5.3 0.056 

0.031 
69 93 233 34.0 

Sub-alkaline mflc phonol i te  90 
3.36 

Norm1  andeslte 
12 133 

17 
1.0 <0.02 

Nom01 andesite 
3 

16 
78  <0.4 (0.02 

10 77  <0.4 <0.02 
Trachyte 
Sub-alkallne t rachyte 

19 10  215 <0.4 <0.02 
4 

Trachyte 
26 100 <0.4 (0.02 

7  420 138  <0.4 (0.02 
Noma1 andeslte 7 
Basalt-andesite 

17 
33 

77  <0.4 <0.02 

Trachyte 8 
11  106 <0.4 <0.02 

Normal andesite 15 
9 85 (0.4 <0.02 
IO 68 <0.4 

Trachyte 16 10 
0.068 

85 
Normal andesite 4  19  111 <0.4 <0.02 

0.6 (0.02 

""" 
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ANALYSES, TCOOOGGONE  AREA 

MnO P205 

0.13 0.22 
0.085 C O . 0 8  

0.075 0.11 
0.142 tO.08 

0.073 0.18 
0.104 0.15 

0.092 0.15 

0.143 0.13 
0.072  tO.08 

0.257 0.13 
0.158 0.23 
0.133 0.23 

0.274 0.18 

t0.002 0.09 

GO2 

2.42 
5.10 

S H20-  H20+ 

2.18 3.07 3.375 5.602 0.562 
1.67 3.24 1.593 8.782 0.550 

tO.008 0.79 1.83 
0.02 0.55 0.85 0.30 99.10 

1.04 99.36 

0.04 0.14 1.28 
0.37 t0.1 1.54 

0.042 0.18 1.7 
0.008 0.44 1.26 

a.008 0.80 1.04 

1.14 99.88 
1.44 99.73 

1.52 99.59 
0.82 98.29 

0.24 98.19 

-0.30 96.91 
0.04  97.74 

2.84 1.94 0.878 9.588 0.520 
1.50 0.37 0.191 9.026 0.483 

2.00 0.68 0.931 6.616 0.435 
1.50 0.76 0.848 9.498 0.532 

0.23 1.17 0.987 6.683 0.326 

3.17 4.30 0.128 4.293 0.459 
1.64 0.51 0.060 2.934 0.156 

5.91 2.30 4.533 2.041 1.151 
2.80 4.30 2.971 3.514 0.617 
2.66 2.68 3.476 3.523 0.566 

1.56  2.00 0.210 10.64 0.610 

<0.08 t0.22 0.335 3.832 0.139 

1.32  2.18 3.823 6.266 0.437 
1.92  5.34  3.457  3.096  0.579 

2.62 
4.88 

3.59 
3.30 

0.81 

6.34 
2.86 

7.37 

0.95 
1.39 

4.81 

0.18 

2.57 
I .43 

0.012 1.33 1.0s 
0.04 0.15 0.19 

0.014 1.84 3.31 
0.008 1.38 3.00 
0.008 1.88 5.04 

0.016 0.34 0.66 

6.19 0.17 7.13 

CO.008 0.29 0.97 
0.014  0.96  2.38 

1.47 97.49 
1.62 98.28 
3.16 98.36 

0.32 98.68 

6.96 91.50 

0.68 98.58 
1.42  97.98 

0.132 0.18 
0.141 0.22 

3.93 7.87 3.025 3.688 1.040 

1.99 2.85 4.841 3.318 0.518 

1.33 4.44 4.155 3.367 0.572 

2.82 1.56 2.242 6.608 0.561 

2.19 5.24 3.536 4.039 0.562 

0.182 0.30 

0.152 0.13 

0.146 0.23 

0.142 0.19 

0.158 0.15 

to. 10 

0.99 

3.28 

0.70 

to. 10 

0.012 0.73 1.5s 

0.008 0.53 1.82. 

t0.008 1.21 1.29 

0.04 0.50 1.94 

0.008 0.33 1.55 

0.86 98..43 

1.30 99..56 

0.08 97-32 

0.44 97..82 

0.22 97..54 

Hg 
PPb 

40 
45 

t10 
47 

67 
37 
45 
42 
37 
42 
25 
47 

<lo  
18 
29 

27 
29 

13 
10 

35 
25 

per cent 
sro 

per cent 
Ea0 

Ppn 
AS 

Ppn 
S" 

Ppn 
Se 

Ppn 
w 

Ppn 
Th 

Ppn 
U 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.07 
0.01 

0.05 
0.02 

0.02 
0.01 
0.08 
0.02 
0.08 
0.16 

0.02 
0.03 

0.01 
0.05 

0.15 
0.18 
0.18 
0.19 

28 
I8 

26 
24 
30 
20 

<lo  

23 
23 

21 

20 
18 

21 
14 

t10 
(10 
<lo  
22 

<IO 
18 

<lo  

2.0 
1.8 

(1.0 
1.8 

tl.O 

8 

3 
3 

5 

6 

3 
6 

d 

5 
5 

8 
9 
<7 
tl 

3 

6 
5 

7 
14 
6 
6 

0.13 
0.13 

0.19 
0.19 

0.04 
0.14 
0.19 

~. ~ 

5 4 t7 
9 
7 
(7 

6 

<l.O 
2.4 
2.7 
5.3 
3.7 
2.2 

1;8 
<3 

5 

3 8 
3 
4 

C 3  
6 
5 

<3 

3 
5 

5 
3 
5 
3 
5 
3 

5 
3 

3 

8 
5 
<2 
<2 

(7 
t7 
I 1  

<3 
3 
4 

6 
5 

<3 
6 

4 

~. ~ 

0.19 
0.17 
0.03 
0.20 
0.21 
0.23 
0.16 
0.20 

13 
8 

7 

. .  

tl.O 
tl.0 

2.2 
1.2 

3.5 
1.5 

<l.O 
<l.O 

C 3  
4 

4 

6 

2 
2 

2 
t7 
9 <i 

<2 
(2 
2 
2 

<7 
t7 
<7 

4 
4 
6 
6 <7 

(7 
0.20 
0.17 <l.O 3 8 9 
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TABLE 3. GEOCHEMICAL  RANGE OF SELECTED  HIGH-GRADE  SPECIMENS 
FRCM TOODOGGONE PITHERMAL PROSPECTS 

( A l l  values i n  ppm unless othenrise indicated.) 

As 4 0  to 30 
8 <2 

Ga <3 to i o  Se <5 'to 272 
Ge 6 S" < I  tn 5 ~ 7  

Ba 8 to  2 140 6 66 to 2 800 ppb Sr Q to 250 
Be (1 La 4 0  Te 5 to 45 
Bi <3 to  17 
Cd <0.2 to 388 

L i  7 to 76 
Ma* 2 to 91 

Th CI to 16 
u <3 to 5 

~. ._ _._ 

Cr 19 to 52 
Co <1 to 16 NI 9 to 31 H Q to 16 

Pb 24 to 0.835% 
c5 (4 to 8 Rb (5 to 150 
Cu 35  to 0.94% Sb <3 to 8 

Zn 45 to 65 

*Excluding one high-grade  sample  at Baker mine  with 0.235 Mo. 

There are   three main c l a s ses  of rocks:  varicoloured,  andesit ic,  and 
dac i t i c   py roc la s t i c   t u f f s   ove r l a in  by t r achy t i c   py roc la s t i c   t u f f s .  

The r a t i o  ~ ~ o / t ? a ~ O  increases  toward mineral izat ion.  

Sulphur  values  are  very low - average <0.04 per cent  S .  

Trace  elements  are  not  enhanced  near  mineralization  (Table 2 ) .  
However, there is some hope for  mercury as  a pathf inder  element. 

The ove ra l l  Ag:Au r a t i o  is approximately 20:l. 

There are   three  s tages  of of veining. A pre-ore  stage  consists of t h in  
bands of amethyst and adular ia  with very minor mounts  of c a l c i t e .  This 
was followed by the  ore-bearing  stage  consisting of open space f i l l i n g s ,  
and post-ore  deposit ion of c o a r s e l y   c r y s t a l l i n e   c a l c i t e  and minor  amounts 
of z e o l i t e s .  

ALTERATION 

Typ ica l   l a t e ra l  and v e r t i c a l   a l t e r a t i o n   p a t t e r n s   f o r   e p i t h e r m a l   d e p o s i t s  
e x i s t .  There is an outer   p ropyl i te  zone, cons is t ing  of c h l o r i t e ,  
e p i d o t e ,   c a l c i t e ,  and pyr i te   tha t   g rades  inward to an a r g i l l i c - p h y l l i c  
zone cons is t ing  of sericite, mon tmor i l l on i t e ,   i l l i t e ,  and s i l i c a  and 
f ina l ly   t he re  is a s i l i c i f i e d   c o r e  zone t h a t  is ad jacent  to the vein 
system and cons i s t s  of s i l i ca ,   adu la r i a ,   and /o r   a lb i t e .  Hematite i s  
ubiquitous  but  appears to bo especially  abundant i n  mineralized  zones,  as 
does manganese oxide.  Locally  there  are zones of intense 
kaolinite+silicafalunitefsulphate a l t e r a t i o n   ( f o r  example, Alberts Hump 
area) .   S imi la r  zones  occur a t  the  upper, low pH regions of other  

observed i n  these  s i l ica-r ich  rocks.  When they  are mapped  on a regional  
epithermal  systems.  Native  gold,  hematite, and minor p y r i t e  have  been 

of  a  major co l lapse   s t ruc ture .  
scale,   they occupy  a  crude  concentric  fracture  system and are   ind ica t ive  
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Bleaching  appears to be more common i n  the  hangingwall;  chlorite is more 
common i n  the  footwall.  Epidote,  pyrite, and laumontite  are  abundant i n  
regionally  altered  zones.  

GEOCHEMICAL S I G N A T U R E S  

Regional and d e t a i l &  follow-up s i l t ,  s o i l ,  and rock  geochemical  surv~9Y 
have been  key tools i.n explor ing  for  and de l inea t ing  mineral. deposi ts .  
They rank  second o n l y  to good prospecting.  Analyses  for  gold and S i 1  I:.'- 
alone have  proven successful  but  lead,  zinc,  and copper are a l so   us f f ' ; ,  . 
values of anomalous clold i n  silts range from 20 ppb to 1 500 I?pb, a94 
s i l v e r  from 3 pyn to  400 p p m .  S i l i f i c a t i o n  is accompanied by anomalous 
values i n  rock  geochemistry. 

As mentioned earlier,   these  mineralized  systems  appear to b e '  relativ.-!: 
f r e e  of contamini!nts  such as   a rsen ic  and antimony. On a det.ailed t";~::, 
the writer he l ieves   tha t  mercury  might be a useful   pathf inder ,   espe"?  3i iy  
i f  the  analyses e r e  properly done i n  the f i e l d .  

PROPERTIES 

BAKER M I N E  (previous1,y  Chappelle) ( M D I  No. 0943/026) 

The Baker gold-silver m i  ne, formerly  Chappelle, is cur ren t ly  operd: ; na3 a t  
a r a t e  of 100 t o n s  per day. Published  mineable  reserves  arc 100.3FO 
short   tons  containing 0.92 t roy ounce of gold and 18.7 troy  ounces  of 
s i lver   per   ton.   Puring  the  fa l l  of 1980. surface  cut  mininq down to 
about 6 metres was carr ied  out .  Since then  underground  minihg hiis be'en 
i n  progress from the 5500 l eve l  and  development work has proceeded on the 
5400 level .  

Seven quartz.  vein  systems,  mostly  occupying f a u l t  zones,  have  been 
i d e n t i f i e d  i n  the area of the mine. The main  vein (Vein A )  ac tua l ly  
cons is t s  of tw or more subpara l le l   ve ins   tha t  have  been tr;iceJ more than 

a t   l e a s t  150 metres. Individual  veins  within  the sys tem Val:) from 0.5 
435 metres, have a width of 1 0  to 70 metres, and have a verl-ical depfh of 

metre to greater  than 9 m+?tres i n  width. A var ie ty  of quarj-' :rein 

mineralization  with multip2.e s tages  of deposition.  Fine-gra;ned 
tex tures  and crosscut t ing   re la t ionships   ind ica te  a complex ! , I  : : tory of 

acanthi  te,   pyrite,   el .ectrur; . ,   chalcopyrite,   bornite,  n a t i v e  ']"id, 
spha ler i te ,   ga lena ,  chi1?c? t e ,   cove l l i t e ,   po lybas i t e ,  and .itromeyerite 
occur in this   highly Tracti! .-rd and brecciated  quartz  system i I Takla 
Group andesi te  and dac i te   ( see  Barr, 1980 for   detai led  descr : ,pt ion) .  

quar tz ,  some of which contai .ns  visible  acanthite.   Alteration  minerals 
Higher  grade  mineralization is most obviously  associated wii::i grey 

include  pervasivn  laumcntite,   chlorite,   pyrite,   anhydrite,  and s i l i c a .  

per c e n t  molybdenum. During '981, dore  bullion  with a 95-pt:r-cent 
I t  is i n t e r e s t i n g  t o  note tha'. one sample of high-grade  ore  assayed 0.23 

precious metal content that   cmtained  approximately 950 oun(:es per t o n  
s i l v e r  and 50 ounces  per  ton  "'Id, w i t h  minor copper,  lead, .and zinc,  was 
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sh ipped   d i rec t ly  from the  minesite by air to Vancouver. Results from an 
addi t ional   surface  diamond-dri l l ing program to t a l l i ng   ove r  1 500 metres 
on surrounding  quartz  vein  systems were discouraging. 

LAWYERS 

north of  Baker mine and is now connected by a four-wheel-drive access 
The Lawyers gold-silver depos i t  is located approximately 15 kilometres 

road. lb date  some 40 surface  diamond-drill  holes on a three- t ier   system 
have  been  completed and the Amethyst  gold breccia zone has been traced 
over a north-south  length of 610 metres, a width of 60 to 75 metres, and 
a vertical depth of 75 metres. Recently Serem L t d .  completed an 
underground  program  consisting of approximately 730 metres of a d i t ,   f i v e  
c rosscuts ,  and  minor d r i f t i n g  from the 1750 level  approximately 110 
metres below the  highest   surface  expression. 

This  preliminary  underground work has  outl ined  mineralization  along a 
length of 200 metres with a maximum width   in   any   s ing le   s i l i c i f ied   sys tem 
of 20 metres. Underground d r i l l i n g  is planned  for  next  season. 

Fine-grained  acanthite,  electrum, and na t ive   s i l ve r ,   w i th  minor p y r i t e ,  
chalcopyrite,   galena,  and sphaler i te ,   occur   in  a gangue  of  amethystine to 
white  quartz and adular ia   with minor  amounts of calcite. Secondary 
minerals include  malachite,   chalcocite,  and cerussite. The s t r u c t u r a l l y  
control led,   s teeply  dipping,   brecciated,   s i l ic i f ied,  and mineralized 
zones are located i n  a sequence  consisting of green  quartz-eye  footwall 
andes i t ic   tu f f   over la in  by aphani t ic   chocolate  brown t u f f ,  welded t u f f ,  
and  orange  trachyte. The orange  trachyte  generally occurs a t  

Toodoggone area. Younger altered  mafic  phonolite  dykes  cut the e n t i r e  
s t r a t i g r a p h i c a l l y  and topographical ly   high  e levat ions  within  the 

products.  Typical  open-spaced  epithermal  textures  occur  within  the 
sequence.  Specular  hematite and  manganese oxide are common a l t e r a t i o n  

exceed 20 ounces per ton  gold and 700 ounces per ton   s i lver .  
f i s s u r e  zone.  Grades  of mineral izat ion are erratic but some assays 

The geologic  environment a t  Lawyers in   pa r t i cu la r   has  many s i m i l a r i t i e s  
to   epi thermal   deposi ts  i n  Nevada, Colorado, and  Mexico. 

The C l i f f  Creek breccia  zone is  located  approximately 2 kilometres west 
of the Amethyst gold  breccia zone. It has been t raced  for   several  
kilometres on surface.  Assay r e s u l t s  are good  and t h i s  zone represents  
a n   i n t e r e s t i n g   t a r g e t   f o r   d r i l l i n g .  To date  only a few holes  have been 
d r i l l e d .  The geologic   se t t ing  is i d e n t i c a l  to t h a t  a t  Lawyers. 

JD (McClair) ( M D I  No. 0943/032) 

Mines Ltd.) JD claim are  located on a ridge  immediately  south of McClair 
The Schmitt and Carbonate  Breccia  showings on the  Texasgulf  (Kidd  Creek 

Creek and north of Kodah Lake. F i s s u r e  zones  of rebrecciated,  
mineralized  rock  occur  within a sequence of massive,  varicoloured  green, 
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grey, brown, and maroon feldspar  and hornblende  porphyrit ic  andesite,  
t rachyte ,  and l a t i t e   t u f f s  of the  middle  volcanic  division cd the 
Toodoggone volcanic series. Locally,  tuffaceous  agglomerate and volcanic 
breccia   exis t .   At tendant   a l terat ion  zones  include  kaol ini te ,  gypsum,  and 
pyrite  with  conspicuous manganese oxide and jaspery  hematite. Rounded t o  
subangular  fragments of quartz ,   cher t ,   jasper ,  and sulphides  ( including 
galena,   sphaler i te ,   chalcopyri te ,  and p y r i t e )  occur i n  a fine-grained 
matrix of brecciated and s i l i c i f i e d   t u f f .  Assays are e r r a t i c   w i th  some 
as   high  as  9.5 ounces per ton  gold and several  hundred  ounces per ton 

and minor  amounts of ba r i t e .  To date ,   only  l imited  surface  blast ing  has  
s i l v e r .  Gangue minerals  include  amethystine to whi te   quar tz ,   ca lc i te ,  

been car r ied   ou t ;  a much  more aggressive program including diamond 
d r i l l i n g  is planned  for  next  year. 

ALBERTS  HUMP, GOLDDI FURLONG, RIDGE 

The Alberts Hump area  includes an area bounded by Alberts Hump - Tuff 
Peak and the Metsantan  pospect.  It may be underlain by a collapsed 

surface by a roughly  concentric  broken  ring of  massive 
s t r u c t u r e   ( f o r  example,  volcanic  core) which is now expressed on the 

ancient   hot   spr ings  indicat ive of the  uppermost part or  'cap' of an 
silica?kaolinitefsulphate-bearing rocks. These may be examples  of 

wi th   e r ra t ica l ly   d i s t r ibu ted   na t ive   go ld  exists.  me host  rocks 
epithermal  or  high-level  hydrothermal  system.  Hematitic  fracturing 

volcanic   divis ion of the Tbodoggone volcanic series. Significant  zones 
include  typical   hornblende-feldspar   andesi t ic   tuffs  of the  middle 

conta in ing   a luni te   (espec ia l ly   Alber t s  Hump) occur  within  this area. A 
K-Ar age  date on a lun i t e  from Alberts Hump yielded 190+7 Ma. This dat.e 

Toodoggone volcanic  rocks i n  the area. Consequently, these deposi ts  
f o r   a l t e r a t i o n  is compatible  with  other age dates   obtained  for  

are Early Jurassic, s ign i f icant ly   o lder   than  most other  epithermal 
deposi ts .  Erratic gold and s i lver   va lues  have  been obtained from 
a l t e red  zones  but much  more de t a i l ed  work is required to f u l l y  
understand  this  area.  

METSANTAN 

The Metsantan  prospect is located on the  southeast   f lank of ,a mountain 
immediately east of the abandoned Indian  vil lage of Metsantan. During. 
1980-81 Lacana  Mining Corporation  identified  six  zones of 
mineral izat ion.  They have  an overall  northwesterly  trend,  having been. 
traced  over 1 100 metres i n  length and 300 metres i n  width and may have 
a ver t ical   range of 200 metres. Zones of higher  grade  miner,alization 

gold values a t  surface  give way to higher   s i lver   values  a t  d'epth. Rase 
range from 4 to 7 metres i n  width. Present   indicat ions are t h a t  higher 

metal mineralization, which includes  chalcopyrite,  galena, and 
s p h a l e r i t e ,  i s  associated  with  orange  trachytic  tuff and a p p a r s  to be 
more abundant a t  Metsantan  than  elsewhere i n  the Toodoggone. Gold  and 
s i lver   va lues  are associated  with  pyri te ,   specular   hemati te ,  and 
sericite. The l a r g e s t  zone,  the  Metsantan  gold  breccia  zone,  has been 
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t raced and  sampled by hand-dug  and blasted  trenches  along a length of 
600 metres and across  a width of 1 2 0  metres. Diamond d r i l l i n g  i s  
planned for next  year. Gangue minerals  include  amethystine  to white 
quar tz ,   kaol in i te ,  and ba r i t e .  

MOOSEHOREl 

The Moosehorn prospect of Great Western Petroleum  Corp. is i n  Moosehorn 
gulley,  approximately 2 kilometres  upstream from the  junction with the 
Toodoggone River.  Amethystine to white  quartz and pyr i te   occur   in  two 
s i l i c i f i e d  zones t h a t   a r e  450 metres i n  length and 1 to 5 metres i n  
width. The veins   are  i n  t yp ica l  Toodoggone hornblende-feldspar  andesit ic 
tu f fs .  

OTHER PROSPECTS 

Other   epi thermal   prospects   in   the  bel t  w i t h  surface showings include: 

Mount Graves - a quartz-amethyst  stockwork  in Toodoggone and 
Hazelton  volcanic  rocks. 

Silver Pond - a l a rge   a l t e r ed  zone  which may represent  a leached  cap 
zone. 

Mess - a massive  barite-galena  vein. 

Kem (At tyce l ly)  - a galena,   sphaler i te ,  and bar i te   ‘ve in . ’  

Shas - gold-si lver   mineral izat ion i n  a stockwork. 

molybdenite i n  quartz   veins  i n  Tbodoggone volcani-  rocks. 
Saunders - a gold anomaly  and cha lcopyr i te ,   pyr i te ,   spha ler i te ,  and 

P i l la r  West - gold-si lver   mineral izat ion in a s i l i c i f i e d  zone i n  
Toodoggone volcanic  rocks. 

PLACER GOLD 

Tamarik Ltd. conducted  preliminary  studies tnat i:lclurled shal lcw  blast ing 
and  overburden d r i l l i n g  on  many ulacer  lease4  covicing  the W(1:3ir and 
Toodoggone Rivers. ‘a1:i found is very fi?e. ii. I-. i s  sche3ule.i t o  
continue  next  year. 

.~ 
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TOODOGGONE MLCANICS SOUTH OF FINLAY RIVER 

By A. Panteleyev 

Systematic  geologic mapping was s t a r t e d   i n  August i n   t h e  Tc,odoggone map- 
a rea ,  94E. in   o rder   to   descr ibe   l i tho logies ,   s t ra t igraphy,   s t ruc ture , ,  and 
mineral izat ion of the 'Toodoggone volcanics '  (Carter, 1971). A major 
ob jec t ive  of t h i s  program was to  determine  the  extent of the  volcanic 
be l t   south  of Finlay  River. Work in   the  area was done i n  c!onjunction 
with T.G. Schroeter, District Geologist,  Smithers (see accntpanying 
repor t ,  t h i s  volume) and L.J. Diakow, cur ren t ly  a graduate  student ai: t h e  
University of Western  Ontario.  In 1982 th i s   coopera t ive  mapping w i l l  be 
concentrated  in  the area north of Finlay  River and extend t:oward the  
northern boundary of the Toodoggone volcanics  near  the  Chukachida River. 

GEOLOGY 

The  Toodoggone volcanics form a d i s t inc t   r eg iona l  map uni t   cons is t ing  
mainly  of a i r f a l l  ash tuffs  with  subordinate  ashflows,  coarse 
pyroclastics,   lava  f lows, and lenses  of epiclastic  sedimentary  rocks.  
This  assemblage  forms a northwesterly  trending belt a t   l e a s t  90 kilo~ne- 
tres long and 25 kilometres wide along  the  northeastern margin of t h e  
Sustut   basin.  From Finlay  River Toodoggone rocks were traced as a con- 

boundary of map-area 94E and continue  for  about 2 kilometres   into 
t inuous map un i t   fo r  27 kilometres  southward. They extend beyond t h e  

McConnell Creek  map-area, 94D (see Figure 1 ) .  

A t  its southern and southwestern  boundary,  rocks of the Toodoggone 
volcanic belt appear t o  be s t r u c t u r a l l y  conformable  with Tinkla rocks. 
Alternatively,   they may ove r l i e  them w i t h  gentle  angular  unconformity. 
E l s e w h e r e  Toodoggone volcanics are general ly   in  fault cont,%ct w i t h  bedded 
Takla, bedded Hazelton  or Omineca intrusive  rocks.  A t  lealst   locally,  
Omineca gran i t ic  rocks  intrude Toodoggone volcanics. Alont3 i t s  southeast  
boundary the Toodoggone volcanic   bel t  is overlapped by Pahozoic   Asi tka 

p la tes .   In   th i s   reg ion  Toodoggone rocks  dip  steeply and 2-shaped 
and Triassic Takla  rocks. The contact   area is a series of stacked  t.hrust 

norther ly   t rending Eolds with  amplitudes of a t  least 20 metres occur. 

where gently  dipping  beds  in  t i l ted  fault   blocks  or  broad open folds  with 
This is i n  marked con t r a s t   t o   t he   a r ea   fu r the r   no r th   i n  thts vo lcanic   be l t  

horizontal   axes   are   the norm. 

In   de t a i l ,   s ix   s t r a t ig raph ic   subd iv i s ions  of Toodoggone vblcanic  rocks 
were =de south of Finlay  River. These are based on general  outcrop 
appearance,  rock  mineralogy,  texture, and mode of deposit ion.  The 
geologic   sect ion  there  is probably  the most complete  section  exposed 
anywhere i n  the  Toodoggone volcanic   bel t .  The basa l   un i t   (un i t  1) is 
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exposed  southeast  of  Kemess  Creek;  successively  younger  map  units  crop 
out to the  north.  The  section  is  as  follows: 

Unit 1: 

Unit 2: 

Unit 3: 

Unit 4: 

Unit 5 :  

Unit 6: 

Andesite - purple  to  brown  and  maroon,  fine-grained  hornblende 
feldspar  porphyry  flows.  Closer  to  the  southern  boundary  flows 
are  interfingered  with  recessive  mauve  to  pink  airfall  crystal 
ash  tuff.  Along  the  southern  contact  crystal  ash  tuff  forms a 
thin  veneer  on  Takla  'basement.' 

Dacite - grey to pale  green  lithic  ash to lapilli  tuff  and 
crystal-lithic  ash  tuff.  Outcrops  are  resistant,  dark  grey  in 
colour,  and  massive  in  appearance.  There  is  no  obvious  bedding. 
Some  indication  of  layering  is  given by alignment  of  lapilli  and 
breccia-sized  clasts.  Characteristically  this  unit  has  clasts 
of  Takla  rock;  rarely  it  carries  Asitka  clasts. 

Dacite - the  rock  is  variably  brown  to  orange  or  grey,  biotite 
(chloritized)  quartz  feldspar  crystal-lithic  ash  and  lapilli 
tuff.  The  orange  clasts  consist  of  medium-grained  feldspar 
phenocrysts  set in a vitrophyric  matrix.  In  thin  section,  the 
vitrophyre  consists  of  radiating  spherules  of  quartz-adularia- 

tuff,  and rare  lahar lenses. 
stilbite. The  unit also  includes  crystal  ash  tuff,  lapilli 

Basalt - dark  green to maroon,  amygdaloidal  feldspar  porphyry 
flows  that  are  up  to 50 metres  in  total  thickness.  These  cap  up 
to 10 metres  of flaw or  coarse  pyroclastic  breccia.  Mafic 
phenocrysts  are  pervasively  chloritized. 

Andesite  (Dacite,  Trachyte) - grey,  purple,  and  pink,  predomi- 
nantly  hornblende-biotite-quartz-bearing  feldspar  crystal  ash 
and  crystal-lithic  ash  tuffs  with some lapilli  tuff  and  lahar 
deposits  and  rare  agglomerates.  Immature  sandstone  and 
conglomerate,  that  is  in  part  fanglomerate,  form  epiclastic 

Deposition of  tuffs  was mainly  from airfall deposits.  Outcrops 
lenses  up to 50 metres in  thickness but  of local  extent. 

are  stratified,  poorly  consolidated,  and  recessive.  Despite 
their  recessive  nature,  rocks  of  map  unit 5 form  the  thickest 
and mst extensive  unit  in  the  lbodoggone  area;  its  total 
thickness  apparently  exceeds 600 metres. 

Dacite - grey  to  grey-green  rocks  that  weather  dark  grey  to 
brown.  The  rocks  form  resistant  outcrops  that  commonly  give 

homogeneous  with biotite-hornblende-quartz-feldspar-dacite 
rise  to  blocky  jointed  scarps.  The  rocks  are  relatively 

porphyry  clasts  set in crystal-ash  tuff  matrix  of  similar 
composition.  The  clasts  are  oriented so they  impart a faint 
foliation  to  the  rock.  Compaction  is  locally  evident,  but  there 
is no  evidence  of  welding  in  this  unit.  The  unit  apparently 
represents a subaerial  ash  flaw  sheet  that  was  up  to 150 metres 
in  thickness. 
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Map units 3, 4, and 5 are l a rge ly  penecontemporaneous. Each was 
deposi ted  f ran  separate ,   adjoining  volcanic   vents .  Map un i t s  3 and 4 are 
very  local ized  but   uni t  5 is widespread. 

Two small  volcanic centres were recognized and a r e  shown on Figure 1 a s  
solid  black  dots.  The smaller cent re   in  map unit 3 is appraximately 35 
metres in  diameter and cons i s t s  of f i n e l y  comminuted dark brown powdery 
dust  and ash  vent f i l l i n g  with bombs  up t o  60 cent imetres  i n  s i ze .  The 
larger  volcanic  centre  near sample site AXT 3 has a 100-metre-wide 
feldspar   porphyry  intrusive neck  emplaced along  the  margin of  an erupt ive 
vent of  about  the same s ize .   This   cen t re  is surrounded i n  a l-kilometre- 
s ized  area by agglomerate and breccia.  Outward from the  coarse 
pyroclast ic   rocks are flanking  aprons of l i t h i c   l a p i l l i   t u f f   g r a d i n g   t o  
a sh   t u f f .  In  bo th   vo lcan ic   cen t r e s   so l f a t a r i c   a l t e r a t ion  rims up to 10 
metres wide mark the  periphery of the  volcanic  vent. 

Map un i t s  5 and 6 are known to occur  north of Finlay  River. Both u n i t s  
a r e  found east and northeast  of Baker mine and map unit 5 Eorms the 
country  rock in the  area of the  Lawyers depos i t .   Lacus t r ine   ep ic las t ic  
sedimentary  rocks  (unit 7) are found i n  a f e w  l o c a l i t i e s   n o r t h  of Finlay 
River. Map u n i t s  5, 6, and 7 as described  here  correspond  to map u n i t s  1 
t o  4 as   descr ibed by Schroeter  (Geological  Fieldwork, 1980, Paper 1981-1, 
p. 125). The correspondence is as  follows: 

Map uni t   ( th i s   s tudy ,   F igures  1 and 2) Map uni t   (Schroeter ,  1980) 

5b 
5a 

6 3 Upper Volcanic-1:ntrusive 'Div. 
2 Middle Volcanic Div. 
1 Lower Volcanic Div. 

7 4 Volcanic-Sedimentary Div. 

DISCUSSION - MAP UNIT 5 

Preliminary  chemical  data  for Toodoggone volcanic  rocks (see Schroeter,  
t h i s   r e p o r t )  show tha t   the   major i ty  are andes i t ic .  However, the amount 
of quar tz ,  commonly as quar t z   c rys t a l s  in ash   t u f f ,   va r i e s  from 
negligible t o   a s  much as 15 per cent. Therefore, when modal quartz  was 

For  example, the  area dominated by purplish  quartz-bearing  volcanic  rocks 
conspicuous i n  a series of outcrops,  the  rocks were mapped as ' dac i te .  ' 

was d is t inguished   as  map u n i t  5a (Figure 1 ) .  Elsewhere, and probably 

Within  these  rocks  Schroeter  has  found  areas  containing more than 10 per  
overlying map u n i t  5a,  quartz-poor  rocks are andes i t i c  ( m a p  uni t   5b) .  

cen t  K20. The ' andes i tes , '   therefore ,  of map unit 5b are, a t  least i n  
par t ,   t rachyte .  

The geologic map (Figure  1) is generalized and s implif ied.  The northern 
pa r t   (un i t   5b )  is predominantly  andesit ic  crystal   tuff  and the  southern 
pa r t   (un i t   5a )   qua r t z -bea r ing   l i t h i c -c rys t a l   t u f f  and, therefore ,  
' d a c i t i c . '  I n  r e a l i t y   t h e r e  are s i g n i f i c a n t   v e r t i c a l  and l a t e r a l  
va r i a t ions  i n  map un i t  5. Quartz-bearing and quartz-poor  rocks  interfin- 
ger because s l i g h t l y   d i f f e r e n t  rock  types were erupt ing penecontemporane- 
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ously  from  adjoining  eruptive  centres.  In  the  southernmost  part  of  the 
map-area  much  of  the  basal  part  of  unit  5a  is  crystal-lithic  tuff.  The 
matrix  is  quartz-rich  crystal  ash  tuff  which  carries  numerous  granitic 
clasts. 

ALTERATION  AND  MINERALIZATION 

Hydrothermal  alteration  in  the  mapped  area  is  fracture  controlled  and 
consists  mainly  of  the  zeolites  laumontite  and  stilbite  with  calcite;  it 
may  be  deuteric.  Calcite,  natrolite,  and  thompsonite  fill  arnygdales  in 
dyke  rocks  but,  overall,  are  rare.  Intergranular  calcite  is  pervasive  in 

contain  epidote  clots  and  feldspars  are  altered to a pink  colour. 
the  epiclastic  rocks.  Throughout  the  district  large  areas  of  tuffs 

economic  interest.  One  such  area  occurs  in a strongly  faulted  zone  in 
Zones  in  which  fine-grained  pyrite  accompanies  the  epidote  are  of  more 

pervasive  clay  alteration  is  developed  in  the  most  westerly  fault  bounded 
map-unit  5b  between  Attycelley  Creek  and  Finlay  River. A large  area  of 

block in this  vicinity.  Clay  minerals  identified by X-ray  diffraction. 

grabbed  from a tenuous  quartz  stockwork-veinlet  system in the  clay- 
include  kaolinite  and  pyrophyllite. A composite  sample  of  rock  chips 

altered  zone  yielded 676 ppb  gold  (sample  AXT 5). Other  composite grab 

canic  rocks  contain  trace  amounts  of  gold.  Values  are  shown  in  Table 1 
samples cmprised of chips  of  quartz-veined  material  from  silicified  vol- 

(see  Figure 1 for  locations). 

TABLE 1 .  COMPOSITE  GRAB  SAM'LES  FRCM SILICIFIED ZONES 

Sample ALl 
ppb 

Ag 
ppm 

A X T  1 26 

Two occurrences  of  vein  or  breccia  mineralization  are  known  in  the  map- 
area.  One  is  at  sample  site 3 (AXT 3)  where  green  fluorite  and  barite 
accompanies  hematitic  chalcedony  and  calcite  in a fault  zone.  The  fault 
may  be a radial  structure  related  to  the  larger  of  the  two mall volcanic 
centres  described  previously.  The  second  occurrence  (shown on Figure 1 
as Pb, Zn, Ea) is a quartz-calcite  vein  with  base  metal-barite 
mineralization.  It  occurs  along  the  faulted  contact  between  Toodoggone 
rocks  and  Takla  rocks  containing a porphyritic  syenite  dyke. 

CONCLUSIONS 

The  'Toodoggone  volcanics' fonn a distinctive  sequence  of  subaerial 
volcanic  rocks  that  can  be  readily  subdivided  into a number  of 

throughout  the  volcanic  belt,  others  are  very  localized. 
lithologically  similar  map  units. Some map  units  are  distributed 
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Published  radiometric  dates  vary from 179 to 189 Ma (Gabrielse,  et a l , , ,  
1980).  These, as well as a new date on hydrothermal  alunite of 190 Ma 

and re la ted   minera l iza t ion .  These  age data are compatible  with  the 
(see Schroeter,   this  volume),   suggest an Ear ly   Jurass ic  age of deposi t ion 

observat ion  that  Toodoggone volcanics rest d i r e c t l y  on T r i a s s i c  Takla 
rocks and  can be c o r r e l a t e d   i n  age with  older   par ts  of the  Hazelton 
Group. 

The region  south of Finlay  River has similar l i t ho log ie s ,   f au l t   zones ,  
and evidence of hydrothermal   act ivi ty  as the   minera l ized   te r rane  of the  
Toodoggone epithermal  gold-silver camp north of Finlay  River. The area 
shown  on Figure 1 appears to of fer   bount i fu l   oppor tuni t ies  for add i t iona l  
epithermal  deposits.  Close  attention  should be paid to lar$fer 
f r ac tu re / f au l t  zones  with  associated  hydrothermal  al teration,  particu- 

bleached clay o r  a luni te-bear ing zones t h a t  might represent  low-pH 
l a r l y   i f  there  is s i l i c i f i c a t i o n .  Attention should  also be pa id   to  

cappings  over  buried  precious  metal  deposits. A l l  s i l i c i f i e d  zones, 
including  breccias  and weakly  developed  chalcedonic  veinlet  systems  and 
stockworks,  should be sampled fo r  gold. 
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AKIE  RIVER  PROJECT 

( 94F ) 

BY D.G. MacIntyre 

The  mapping  project,  which  was  initiated in the  Driftpile  Creek-Akie 
River  Ba-Zn-Pb  district  in 1979, was  continued  during  the 1981 field 
season.  This  year  the  project  involved  two  helicopter-supported  mapping 
crews  operating  from a base  camp  at  Pretzel  Lake.  The  following  work  was 
completed: 

(1) Detailed  mapping  and  measurement  of  stratigraphic  sections in the 
vicinity  of  the  Kwadacha  barite  deposit (94F) (see  separate  report, 
this  publication). 

River’ (94F/lW, ZE; Figure 1 ) .  

by J.  Lowey  at  the  University of Calgary. 

( 2 )  Continuation  of  regional 1:50 000-scale  mapping  south of the  Akie 

( 3 )  Sampling  of  strategic  Devonian  sections for a  lithogeochemical  study 

( 4 )  Examination of ESSO Resources Reb prospect (94C/16W). 

LEGEND 

MIDDLE TO UPPER DEVONIAN 

mUD Shale, S i l t y  shale.  minor s i l t s tone,  sandstone, cong lmra te ,  limestone; 
c h e r t .   S l l l C e W s   a r g l l l i t e ,   p y r i t i c  and b a r i t i c   s h a l e  

LOWER TO MIDDLE  DEVONIAN 

ImD FOsSi I l f e r W s  i Imestone; minor  calcarenite,  calcareous 51 itstone, and 
quartzite. 

ORDOVICIAN TO SILURIAN 

ROAD RIVER FORMATION 

os 
mlnor Ilmestone,  quartz, chert  
Do lan l t l c   s i l t s tone,   g rap to l i t i c   b lack  shale, calcareous  si l tstone; 

KECH I KA FORMAT I ON 

CO 
s i  I tstone 
Nodular p h y l l l t l c  mudstone, Wavy banded, llmestone, platy  calcareous 

symbols 

High-angle  faul t ;   bai l  on darnthrarn  side ................................ 
Thrust  faul t  ............................................................. 9 
Mineral  occurrence x55 Ant i fon;  synform ........................................................ ....................................................... 0 

Exhal i te  hor lzon ................................................................. 
*To be released as a Preliminary Map, Spring 1982. 
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Figure 1. Generalized geology of 92F/IW, E .  
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I n  addi t ion,  L. Diakar  spent 10 days  mapping and sampling  the Kwadacha 
bar i te   depos i t  (see separa te   repor t ,  t h i s  publ ica t ion) .   Tenta t ive   p lans  

between Kwadacha Park and the   Dr i f tp i l e  Creek occurrence.  Geochemical, 
for   the 1982 f ie ld   season   a re  to continue  regional mapping i n  the  area 

paleontological ,  and pe t rographic   s tud ies   a re   cur ren t ly  i n  progress on 
samples  collected  to  date and r e s u l t s  w i l l  be published when a l l  w r k  is 
completed. 

STRATIGRAPHIC AND STRUCTURAL SETTING 

The Devonian s t r a t ig raphy  and s t r u c t u r e  of the Akie River  area have  been 
discussed i n  two previous  reports  (MacIntyre, 1980,  1981). In  general ,  
the  Devonian cons i s t s  of a lower  succession of quartzose and calcareous 
t u r b i d i t e s  and shallow  water  carbonates  that  typically  grade  basinward 
in to   f iner   g ra ined   reduced   s i l ty   sha les  and s i l t s t o n e s .  These rocks, 
which on i n t e r b a s i n   r i s e s  have been removed by a  Middle Devonian 
erosional  event,  range i n  age from Early  to  Middle  Devonian and a r e  
unconformably  overlain by a d i s t i n c t i v e  unit of rhythmically bedded  black 
cher t ,   s i l i ceous   a rg i l l i t e ,   ca rbonaceous   b lack   sha le ,  and minor 
limestone. These  rocks i n  part c o r r e l a t e  w i t h  Middle  Devonian shelf 
carbonates of the MacDonald Platform and carbonates of the A k i e  and 
Pesika  Reefs.  These  reefs, which apparent ly  grew on the  uplifted  edges 
of westward t i l t e d   f a u l t   b l o c k s ,   d i v i d e d   t h e  Devonian basin i n t o  p a r a l l e l  

profoundly  influencing Devonian sedimentation. 
troughs  during  Early and Middle Devonian time  (MacIntyre, 19811, thus 

The Devonian s t r a t ig raphy  i n  the   cur ren t  map-area (Figure 2) is a 
cont inuat ion of that   observed to the  north  (MacIntyre, 1981). The lower 
part of the  succession locally includes a unit of  medium to thick-bedded 
quar tz   s i l t s tone ,   sands tone ,  and conglomera te   tu rb id i tes   (un i t  1) t h a t  
unconformably overlies  grey,  pink, and red   weather ing   p la ty   s i l t s tones  
and b lack   cher t s   a t   the   top  of the   S i lur ian   sec t ion .  The quartzose u n i t  
grades up section  into  interbedded  calcarenites,   l imestone  debris  f lows, 

presumably  grade  into  the Lower Devonian limestone unit ( u n i t  2a) found 
and grapto l i t i c   (Pragian)   b lack   sha le  ( u n i t  2 ) .  These t u r b i d i t e s  

a t   t he   base  of both  the Akie and Pesika  Reefs  (Figure 3 ) .  Basinward t h e  
ca lcareous   tu rb id i tes   g rade   in to   b lack   s i l ty   sha les   tha t  have minor black 
che r t  and pe lag ic   l imes tone   in te rca la t ions   (un i t  3 ) .  T h e  v e r t i c a l  
succession of rocks  suggests  progressively  deeper  water  conditions with 
time,  perhaps due to an Early  Devonian  episode of crustal   subsidence.  

Where it has  not  been removed by erosion,  the Lower Devonian 
t ransgress ive   cyc le   (un i t s  1, 2 and 3)  is over la in  by a unit of  medium t o  
thick-bedded  shallow  water  l imestone  that   varies i n  thickness  from over 
200 metres i n  the  core of the  Pesika and Akie Reefs to   less   than a  metre 

double  axial   canals ( ' 2  ho le r s ' )   t yp ica l ly  occur  near  the  top of the 
i n  adjacent  troughs. B ioc la s t i c  beds r i ch  i n  c r ino id   oss ic les   wi th  

un i t .  The abundance of such os s i c l e s   i nd ica t e s  a probable   ear ly  Middle 
Devonian  age  (Taylor and MacKenzie, 1970). 
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Figure 2. Ideal ized  s t rat igraphic  column for   the  Peslka Creek  area showing 
apparent  position of si I Iceous  exhal i tes  (black bands) and b a r l t e  
mineralization  (cross  hatched). 
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In contrast   to   the  succession  north of the  Akie River,  the  Middle 
Devonian l imestone  in   the  current  map-area is overlain by a re l a t ive ly  
r e s i s t a n t   u n i t  of black  rusty  weathering shale that  locally  exceeds 100 
metres in   th ickness   (un i t  5 ) .  The s i l i c e o u s   a r g i l l i t e ,   c h e r t  and shale 
u n i t   ( u n i t  6), which host   the  bedded b a r i t e  and massive  sulphide  deposiits 
of  the Akie River d i s t r i c t ,  lies s t r a t ig raph ica l ly  above the  rusty  sha.le 
un i t  in the   ea s t e rn   pa r t  of the map-area but  appears  to be discontinuous 
i n  the  westernmost  shale belts. Where present ,   the   s i l iceous unit is 
overlain by bluish  grey  to  brownish  grey-weathering banded s i l t y   s h a l e s  
of probable  Late Devonian to   Mississ ippian age (un i t   7 ) .  In the  
westernmost  exposures of the Devonian sec t ion   th in  u n i t s  of sandstone and 
s i l t s t o n e   t u r b i d i t e s   ( u n i t  8 )  occur   s t ra t igraphica l ly  above the   s i l i ceous  
uni t   in   the  Late  Devonian transgressive  shale  sequence. In the  same area 
a 1-metre-thick  greenish  grey  to  orange-weathering  pyritic  tuff bed 
occurs  within  unit  5 ,  a few metres above the  Middle  Devonian limestone. 
U n i t s  4 and 5 may represent a short- l ived  t ransgressive  cycle   that  
preceded a period of tec tonic  and exhal i t ive   ac t iv i ty   tha t   h .e ra lded   the  
beginning of a major  episode of progressive,  eastward  advancing  crustal 

and  volcanism occurred t o   t h e  west but shifted  eastward  during 
subsidence i n  Middle to Late Devonian time. Concomi tan t   c rus t a l   up l i f t  

Mississippian time. Th i s   up l i f t  may be related  to  the  beginning of 
accre t ion  of oceanic te r ranes   fur ther  west a t  the  leading edge of the 
cont inenta l   p la te .  

MINERAL OCCURRENCES 

The widespread  Late Devonian b a r i t i c  and/or p y r i t i c   s i l i c e o u s   e x h a l i t e  
un i t ,  which is ubiquitous  north o€ the  Akie River,  appears to be only 

Anvil 's  Gin claims and Cominco's  Pesika claims but   surface  mineral izat ion 
loca l ly   p re sen t   i n   t he   cu r ren t  map-area. This   uni t  is exposed on Cyprus 

is r e s t r i c t e d   t o   t h i n  beds and laminae of nodular and  massive barite. 
These  occurrences (Nos. 1 and 3 on Figure 1) are on s t r ike   wi th  a long 
belt of barite-sulphide  occurrences  that  extends  northward t:o the  
D r i f t p i l e   c r e e k   d i s t r i c t .  The deposits  appear to have formed i n  a l i n e a r  
s t ruc tura l ly   cont ro l led   t rough bounded by t h e  Akie  and Pesika reefs. 

Two other  showings are  also  located  within  or  near  the 1981 map-area. 

p y r i t e  i n  a brecciated  quartzi te   host .  The qua r t z i t e  is int:erbedded  with 
Cominco's Ern showing (No. 2, Figure 1 )  comprises  stratabound massive 

dark  grey  calcareous  si l tstones,   black  chert ,  and limestone.,  Similar 
rocks  have  been  observed  elsewhere  in  the map-area;  typical!.y they  oc'cur 
near  the  top of the  Silurian  section,  immediately below the  Lower 

pos i t i on  is suggested  for  the Ern showing. 
Devonian q u a r t z i t e  u n i t  ( u n i t  1, F i g u r e  2). A s imi l a r   s t r a t ig raph ic  

ESSO'S Reb prospect (No. 4, Figure  1) is loca ted   s l igh t ly   south  of the  area 
mapped i n  1981. The showing is located i n  a small creek va l ley  and cons is t s  
of several   f inely  laminated  pyrite  bands  in a sequence of interbedded  black 
sha le ,   cher t  and s i l t s tone .   Grap to l i t e s   co l l ec t ed  from  an outcrop of shale 
upstream from the  showing indica te  an Ordovician age for   the  mineral izat ion.  
The Ordovician  section on the  Reh property appears t o  be anomalously  thick 
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r e l a t i v e  to those t o  the  north,   suggesting  the  presence of a local  sedimentary 
basin or trough. 
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KWADACHA BARITE DEPOSIT 

(94F/10W) 

By D. MacIntyre and L. Diakow 

INTRODUCTION 

During  the 1981 f i e l d  season  the Kwadacha ba r i t e   depos i t ,  which is 
located  immediately  north of the  confluence of the Kwadacha and  North 
Kwadacha Rivers  within Kwadacha Wilderness  Park, was the   subjec t  of de-. 
t a i l ed   r eg iona l  and property scale mapping. This   mrk was done over a 
10-day pe r iod   i n   l a t e  June and involved  three  two-person  field crews. 
The deposi t ,  which is well exposed i n  a series of f a u l t  and fold  repeat.s 

he l icopter .  
a long   the   c res t  of a north-trending  r idge,  is accessible  only by 

REGIONAL GEOLOGY 

The geology i n  t he   v i c in i ty  of the  Kwadacha ba r i t e   depos i t  is shown on 
Figure 1. This part of the Rocky Mountain Fold and Thrust Belt is 
underlain by Cambrian to L a t e  Devonian c l a s t i c  and carbonate  rocks 

MacOonald Platform predominate and these  grade westward i n t o  time equiva- 
(MacIntyre, 1981). Northeast of the  deposi t ,  shelf  carbonates of the  

l e n t  clastic fac ies .  The rocks have  been fo lded   in to  a s e r i e s  of north- 
west-trending  asymmetric,  overturned  antiforms and synforms  t,hat  have 
both  southwest and northeast-dipping  axial   surfaces .  The l a t t e r   a r e  

nor theas t  with mst of the t h r u s t  mvement  occurring  along the southwent- 
somewhat enigmatic i n   t h a t  s t r u c t u r a l   t r a n s p o r t  is genera l ly   to  the  

d ipping   ax ia l   sur faces  of major fold  s t ructures .   Folds   with  northeast-  
d ipping   ax ia l   sur faces   a re   in te rpre ted   to   resu l t  from gravity back- 
s l i d i n g  of an incompetent  thrust   plate  as it moved upward along a 

the  high-angle normal f a u l t s ,  which typ ica l ly  have downthrown blocks t o  
southwest-dipping  fault  surface  rooted in competent  shale  units. S o m e  of 

t h e  west, may a l so  be r e l a t e d  to back-sliding and break up of the  
over thrus t  plate. 

STRATIGRAPHIC  SETTING 

The s t r a t i g r a p h i c   s e t t i n g  of the Kwadacha ba r i t e   depos i t  is d m i l a r  t o  
t h a t  of other   bar i te-sulphide  deposi ts  i n  t he   Dr i f tp i l e  Creek-Akie River 
District (see MacIntyre, 1981). I n  gene ra l ,   t he   ba r i t i c  zone occurs near  
the  top of a r e s i s t a n t   u n i t  of rhythmically bedded b lack   cher t ,   s i l i ceous  

th i ck   s ec t ion  of monotonous black  shale and underlain by shallow  water 
a r g i l l i t e ,   s i l t y   s h a l e  and  minor limestone.  This  unit is overlain by a 

medium t o  thin-bedded  grey fossi l i ferous  l imestones and calcamenites. 
Several  beds wi th in   th i s   l imes tone   un i t   a re   r ich   in   c r ino id   oss ic les ,  

ldegroot
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Flgure 1 .  Generalized geology In the vlclnlty of the Kwadacha  barite deposlt. 
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LEGEND 

DEVONIAN 

D Shale,  siltstone,  chert, siliceous  argillite; minor  limestone 

LOWER TO MIDDLE DEVONIAN 

ImD Fossiliferous limestone,  calcarenite;  quartz  sandstone, quartz 
slitstone,  conglanerate;  minor  shale. 

ORDOVICIAN TO SILURIAN 

os Dolanltic  siltstone,  graptoiltic  black  shale,  calcareous  siltstone, 
limestone,  dolostone;  minor  chert,  mafic volcanic  rocks 

CAMBRIAN TO ORDOVICIAN 

co Nodular  phyllitic  mudstone,  calcareous  siltstone; m i n w  shale, 
limestone, calcarenlte 

Symbols 

Geologic  contact ........................................................ 
Thrust  fault ............................................................ 
Normal fault (ball  on  downthrown  side) .................................. 
Antictine;  syncline ..................................................... 
Known surface trace of barltic  and/or  pyritic  exhalite  horizon 

Stratigraphlc  section  location .......................................... A 

Barite-sulphide  deposit, 1 . Kwadacha; 2 . Cirque ....................... 
Boundary of Kwadacha  Wilderness  Park .................................... 

5 
.................... 56 

some with  double  axial   canals ( ' 2  ho le r s ' )   i nd ica t ing  a probable Middle 
Devonian  age (Taylor and MacKenzie, 1969). 

The basa l   pa r t  of the  Devonian succession  consis ts  of  graded beds of 
quartz  sandstone and s i l t s t o n e  which are locally  crosslaminated and 
contain  angular  shale  rip-up clasts. These quartz-rich  rocks; 
unconforrnably ove r l i e  a u n i t  of pink,  grey,  and  red  platy  weathering 
laminated  s i l ts tone w i t h  minor limestone and che r t  intercalat.ions t h a t  is 
apparent ly   the uppermost part of the   S i lur ian   sec t ion .  The quartzose 
u n i t  is less than 10 metres thick i n  t he   v i c in i ty  of the Kwadacha b a r i t e  
depos i t   ( s ec t ion  a, Figure 2 )  but i s  mre than 50 metres th ick  on the 
ridge  immediately  east of the   depos i t   ( sec t ion  b, Figure 2 ) .  A similar 
westward thinning is noted  €or  the  limestone  unit;  overlying  siliceous 
rocks, on the  other  hand, apparently  thicken westward. Westward thinn.ing 
and f i n i n g   a r e   c h a r a c t e r i s t i c  of mst of the Lower Devonian u n i t s   t h a t  
occur  along  the  shelf  margin,  suggesting  these  sediments were! deposited 
by tu rb id i ty   cu r ren t s  moving down a westward dipping  slope.  Basinward 
thickening of t he   s i l i ceous   un i t ,  on the  other  hand,  suggestti 
accumulation of s i l ica-r ich  sediments  was favoured i n  the  deeper  water, 
more euxinic  environment. Some of t h e   s i l i c a  may have  been introduced by 
submarine  exhal i t ive  act ivi ty   that   preceded and  accompanied  formation of 
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Figure 2. Stratlgraphlc  fence dlagrarns shalng thlckness  variations In Devonlan 
unlts and stratlgraphlc  posltlon of the Kwadacha  barlte  deposlt: l- 
dolornltlc  slltstone,  rnlnor  chert,  and  Ilmestone; 2 - quartz  sandstone, 
calcarerns  slltstone; 4 - Interbedded  black  chert, slilceous  arglllite, slltstone,  and conglowrate; 3 - thin-bedded  limestone,  calcarenlte,  and 
and shale; 5 - msslve bedded  barlte,  nodular  barlte; 6 - black shale 
(sea Flgure 1 for  locatlon of sections). 
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the  Kwadacha bar i te   depos i t .   Overa l l ,   the   ver t ica l   s t ra t igraphic  
succession from near  shore  high  energy  quartz-rich  sandstones upward in to  
reduced  bl.ack  shale and progressive  onlapping of these  units  eastward 
w i t h  time  are  evidence  for a major marine t ransgress ion   tha t  kegan in 
Early Devonian  time.  This  transgression was probably  the  result   of 
eastwarrl advanci.19 crustal   subsidence.  

BARITE MINERALIZATION 

Bedded bar i te  is repeated by imbr ica te   th rus t   fau l t s  and folding  a long 
t h e  cr-:st of a north-trending  r idge  (Figure 3 ) .  The b a r i t e  is r e s i s t a n t  

backs. ‘I110 bar i t e  zones  are  present  separated by a 10 t o  15-metre-thick 
and outcrops a; a s e r i e s  of jagged,  low-amplitude,  southwest-dipping  hog 

i n t e r v a l  of recessive  black  shale  with a thin  grey  weathering  limestone 
interbed. The lower zone cons is t s  of several  10 t o  15-centi.metre-thick 
in t e rva l s  of  laminated and nodular  barite  that   occur  in  the  upper 10 t o  

?he upper  zone, which va r i e s  from 1 to 10 metres in thickness , ,   consis ts  
15 metres of t he   i n t e rbedded   che r t ,   s i l i ceous   a rg i l l i t e  and shale   uni t .  

(of massive,  finely  laminated barite with  thin  argi l laceous  par t ings.  A 

b a r i t e  a t  the  top of the zone was noted and is a t t r i b u t e d   t o  $an increase 
colour gradation from light  grey-white  barite  at   the  base to Clark grey 

i n  admixed argil laceous  material   up-section. 

The upper b a r i t e  zone contains no visible   sulphide  mineral izat ion  but  
t h i n  laminae of very  f inely  disseminated  pyrite were found in the 
underlying  si l iceous  shale  unit .   Outcrops of b a r i t e  were sampled  along 

top and are  being  analysed to determine  variations in major  and trace 
the  ent i re  length of the   r idge from s t r a t ig raph ic  bottom t o   s t r a t i g r a p h i c  

element  content  tl~roughout  the  unit.  Results w i l l  be published when the 
anaLytica1 work is completed. 

black  shale  host   occur  close  to  the base of the   s i l i ceous  unit and i n  
Thin,  discontinuous  beds of d i sc re t e  and coalescing  bar i te   nodules  i n  a 

black  shales  immediai?ly  overlying  the  upper  massive  barite zone. Thes:e 
beds probably o r i y i n a + > d  from the precipitation of Bas04 f r o m  meteoric 
solut ions  l iberaten  during  diagenesis .  

DEFORMATION 

Deformation  related to northeast-directed  supracrustal   shortening is 
readi ly   apparent  i n  the v i c in i ty  of the Kwadacha bar i te   depos i t .  
Sil.urian and Lower nevcnian  f ine  c las t ic  and chemical  sedimentary  rocks: 
have h e n  folded  into major upright and overturned  southeast-plunging 

Middle and  Upper Devonian uni t s   a re   charac te r ized  by t ight ly   appressed  or  
an t ic l ine-syncl ine   pa i r s .  In cont ras t ,   the  less competent  shale-rich 

i s o c l i n a l  fo lds  with a penetrative  axial   planar  cleavage. The upper 
massive barite un i t ,  which is underlain and overlain by shale ,  behaved 
plast ical ly   during  deformation and in te rna l   fo ld ing  and thickening i n  t h e  
hinge area of fo lds  i s  commonplace. 
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Flgure 3. Geology of the  Kradacha bar l te   deposi t  (mapplng by L. Dlakar) .  
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Numerous  subparallel,  southwest-dipping  thrust  faults  along  the  hinges  of 
shear  folds  produced  a  stacked  succession  of  single-limb  half  folds.  lhe 
frequency  of  faulting  is  greatest  in  the  shale-rich  sections  and  at  the 
base  of  a  thin  limestone  bed  underlying  the  upper  massive  barite  unit.  In 
this  stress  regime,  limestone  acts  rigid  and  detaches  easily  from  the 
underlying  shales. 

Structural  thickening  of  incompetent  shale  sections  and  dragging  of  beds 
adjacent  to  fault  planes  is  widespread. 
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CASSIAR GOLD DEPOSITS 
McDAME MAP-AREA 

(104P/4, 5 )  

By A. Panteleyev and L.J. Diakow 

INTRODUCTION 

A study of the   Cass ia r   go ld   depos i t s   in i t ia ted  in 1980 was continued 
during  July of 1981. Addit ional   f i l l - in   geological  mapping a t  scale 
1: 10 000 was done west of Quartzrock  Creek  and  north of Troutline  Creek, 
along  Finlayson  Creek, to the  south of WDame Creek,  and  along  the 
northern  boundary o€ the  1980 map-area (see  Figure 1, t h i s   r e p o r t  and 
Figure 18, Geological  Fieldwork, 1980,  Paper 1981-1, p. 5 6 ) .  

Par t i cu la r   a t t en t ion  was paid to de l inea t ing  major quartz  vein  systems. 
A number of northeaster ly   to   east-northeaster ly   t rending  f racture   zones 

mineralized  areas and individual  veins of  economic i n t e r e s t  were mapped 
containing  quartz   veins  are out l ined  on Figure 1.  Within  these  zones, 

a t  1:lOOO scale .  

Mining and exp lo ra t ion   ac t iv i ty   i n   t he  Cassiar gold b e l t  w a s  b r i ske r  
during 1981 than i n  previous  years.   For  the  third  consecutive  year 
mining  and  exploration were conducted on Table  Mountain by Erickson Gold 
Mining  Corporation  (Jennie  vein MDI No. 104P/029). 'lWo new mi l l s  were 
commissioned in  August. On August 14th  the  United  Hearne - Taurus 

Benroy, Copco) ( M D I  No. 104P/012), 8 kilometres east of Cassiar.  On 
Resources  Limited's  plant  turned  over a t  the Hanna gold mine (Cornucopia, 

adjoins   the Cassiar road 3 kilometres  southeast   of Hanna mine. Mill feed 
August  17th  Plaza  Mining  Corporation  started  milling at  t h e i r   p l a n t   t h a t  

fo r   s t a r t -up  of both new m i l l s  came from stockpiled  ore.  A t  Hanna  mine 
(Cornucopia),  ore was provided by underground  development work whereas a t  
plaza it came from a small open p i t  loca ted   a t   the   eas te rn   ex tens ion  of 

SYLVESTER GROUP IMlSSlSSlPPlAN TO ? PERMIAN1 

2 GREENSTONE-CHERT ASSEMBLAGE: MASSIVE ~~t~~~~ 4 BASALT: WIDESPREAD PILLONS. SOME BRECCIA. 
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also  occur  (Bruce  Spencer,   pers.   corn.) .   These  suspected  thrust   faults 
are   seen i n  new underground  mrkings and diamond-drill  cores.  If  these 
s t r u c t u r e s  a r e   p a r t  of t h e  same f a u l t   t h a t  is present  i n  outcrops  south 
and west of Snowy Creek,  then a major f l a t   f a u l t   o r  series of f a u l t s  
underlie  the  lower  reaches of Trout l ine and Quartzrock  Creeks:. 

QUARTZ VEIN SYSTEMS 

Auriferous  quartz  veins and placer   deposi ts  in the  Cassiar  region  have 
been  described i n  cons iderable   de ta i l  by mndy (1931, 1935, 1937). These 
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the  Vollauq  vein  (MDI  No.  104P/019) on Table  Mountain. A l l  three  of  the 
operating mills in  the  Cassiar  gold  belt  have  rated  capacity  of 100 to 
150 tonnes  per  day. 

GEOLOGY 

presented  in  Geological  Fieldwork 1980 (Paper 1981-1). During  current 
Fill-in  mapping  affirmed  the  stratigraphic  and  structural  interpretations 

mapping  map  units  described  in 1980 were  extended;  chert  and  tuffaceous 
chert  of  map  unit 2A was  found  to  underlie  the  northeastern  part  of  Table 
Mountain  along  Pinlayson  and  McDarne  Creeks,  and  greenstones,  clastic 
rocks,  and  basalt  of  map  units 2, 3, and 4 were  noted  to  the  north  of  the 
previously  mapped  area. 

The  presence  of  at  least  one  major,  westward  dipping  thrust  fault was 

Quartzrock  Creek.  Other  flat-lying  to  locally  eastward  dipping  faults 
confirmed  by  mapping  ridges  north  of Snowy (Snow)  Creek  and  east  of 

reports  provide  a  historical  record  of  exploration  as  well  as  sound 
descriptive  and  assay  data. 

Few  new  veins,  with  possible  exceptions  of  the  Cusac, ESSO, and  Berube 
vein  systems,  have  been  found as a  result of recent  work.  However,  much 

geologic IMP (Figure 1) shows  the  locations  and  current  names of the  main 
information  has  been  gained  fran  new  exposures  of  known  veins. A 

quartz  vein  systems. 

In  this  study  veins  were  divided  into  two  fundamental  types.  Type 1 
veins  are  hosted by 'greenstone'  and  Type 2 veins  occur  at  bedding 
contacts  between  greenstone  and  argillite. 

TYPE 1 VEINS 

The  host  rocks  for  Type 1 veins  are  mainly  metamorphosed  andesitic  flows 
or  tuffs,  pillowed  basaltic  flows,  and  rarely  diabasic  dykes,  sills, or 
flows.  These  rocks  are  now  greenstones  as  a  result  of  greenschist 
metamorphism  or  propylitic  alteration.  Type 1 quartz  veins  consist  of 
fine  to  coarse  granular  milky  white  quartz  with  small  amounts of 
erratically  distributed  ferroan  carbonate  and  rare  vugs  with  clear, 
terminated  quartz  crystals.  The  veins  occupy  sets  of  steeply  dipping, 
generally  northeast  to  east-northeasterly  trending,  subparallel  fractures 
or en  echelon  gashes.  Type 1 veins  are  generally  short  and  narrow.  Even 
those  in  the  larger  shear  zones  tend  to  pinch  and  swell  along  strike. 
Many  veins  are  arcuate  or  cymoid  (sigmoidal)  and  terminate  either  by 
pinching  out, by splaying  into  'horsetails,'  or  locally  by  forming 
bulbous  quartz  'knots'  that  are  generally  less  than 1 metre  in  diameter. 
Where  a  vein  terminates  in  quartz  'knots,'  it  is  common  to  see  another 
quartz  vein  developed  in  the  hangingwall  of  the  first  vein.  These 
hangingwall  veins  are  wispy  and  thin  near  the  quartz  'knots'  but  increase 
in  thickness  along  strike. A typical  Type 1 quartz  vein  would be up  to 1 
metre  wide  and  as m c h  as 60 metres  in  length;  rare  veins  are  up  to 5 
metres  wide  and  persist  for  hundreds  of  metres  (for  example,  the  Elan 

158 



vein  system). En echelon  veins and ladder  veins which common1.y  show 
preference for cer tain  beds  are   general ly   short ,   rarely more t.han 10 
metres  in  length.  

Type 1 veins  have  characterist ic  bleached  wallrock  alteration  envelopes.  
The al terat ion  envelopes are commonly 5 to 10 times as w i d e  as: the   quartz  
veins  that   they  surround and mostly  have  sharp,  knife-edged  margins. I n  
some cases   a l t e r a t ion  zones up t o  100 metres wide surround small 
discontinuous  quartz  veinlets,   such as in   t he  Hanna mine (Cornucopia)- 
Quartzrock  Creek  area. 

The a l t e r a t i o n  zones  serve  as  excellent  exploration  guides  because  they 
give rise t o   d i s t i n c t i v e  orange-brown soils  over  buried  vein 13ystems. 

mine ra l s ,   py r i t e   c rys t a l s  and r a r e   c h l o r i t e  and epidote. The quartz  
The bleached  altered  greenstone  consists of a lbi te ,   carbonate , ,   c lay 

veins i n  the  most highly altered zones   conta in   se r ic i te  and tourmaline  in 
addi t ion  to ankeri t ic   carbonate .  

t o   n o r t h  these include: 
Type 1 veins occur i n  four main zones as shown on Figure 1. From south 

Zone 1: Call ison - McDame Lakes  system ( M D I  No. 104P/017,  018): The 
vein  system  includes  the ESSO, Gold Hill, and  Davis  (Nora)  veins 

Most veins  have a shor t   s t r i ke   l eng th  and are controLled by 040 
i n  a  zone tha t   t rends  a t  055 degrees for a t  least 2 500 metres. 

to 050 degrees  trending  joint  sets. The recently  discovered 
ESSO vein is one of the  few veins   that   fol lows  shear   joints ;  it 
t rends  020 degrees. The Davis  (Nora)  vein  str ikes a t  070 t o  085 
degrees,   the most common trend of the  larger   veins  i n  the  McDame 
map-area. 

Zone 2: Quartz Centre - Wings  Canyon - Snowy Creek  System ( M D I  No. 
104P/013,  014,  015): l%is is the most p e r s i s t e n t  of the  vein 
systems. It gives rise to a  mineralized belt approximately 5 
kilometres  long and 150 metres wide. This system  includes the 
Reo, Blueberry H i l l ,  Wings Canyon (Red Rock),  and Snowy Creek 
veins  including the Rlch vein, Snow Creek, and  Berube veins. 
The  Reo veins  are  unusual i n  t h i s   d i s t r i c t  in t h a t  two ages of  
quar tz  are evident.   Older  veins  are massive and trend 090 t o  

older   veins .  
115 degrees;  younger  veins  trend a t  045 degrees and t runcate  t.he 

zone 3: Quartz  City - Upper Snowy Creek  System (MDI No. 104P/Oll,  012): 
This belt is marked by a wide a l t e r a t i o n  zone with  a  large 

Quartzrock  Creek (Mack, Mac) veins,  and the Hanna  mine 
number of small   quartz  veins.  The larger   veins   include  the 

(Cornucopia)  vein  system. 

Zone 4: Elan vein  system: A number of large  quartz   lenses  up to 8 
metres wide  occupy a shear zone that trends  east-westerly  over 
a s t r ike length of 3 kilometres.  
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TYPE 2 VEINS 

This  second  type  of  quartz  vein  occurs  at  bedding  contacts  of  greenstone 
and  argillite.  Invariably  greenstone  is  in  the  footwall  and  argillite i n  
the  hangingwall. Most Type 2 veins  occupy  the  bedding  plane  contact; 
locally  the  veins  are  entirely  in  greenstone  or  splay  into  strands,  some 
of  which  pass in and  out of greenstone.  Where  the  quartz  veins  pass  into 
argillite,  they  become  ribboned  with  abundant  graphitic  lamellae  and 
commonly  pinch  or  feather  out. In  some workings,  the  quartz  veins  are 
split by basic  dykes  about 1 metre  wide.  Within  the  veins  the  dykes  are 
pervasively  bleached  and  carbonate  altered  and  become  'felsite.' 

Movement  took  place  along  many  of  the  bedding  plane  contacts  before  and 
after  emplacement  of  Type 2 veins.  For  example, on Table  Mountain  blocks 
of  dyke  rock  and  dismembered  limestone  beds  are  contained  in  contorted 
argillites  that  overlie  the  plane  of  decollement.  Mandy (1937) 
considered  this  setting  to be a  major  thrust  fault  in  which  the  Vollaug 
vein  was  developed. 

The  Vollaug  vein,  a  graphitic,  ribboned  quartz  vein,  is  a  good  example of 
a  Type 2 vein.  It is an  east-westerly  trending,  gently  northward 
dipping,  vein  up  to 2 metres  in  width  that  has  been  traced  nearly 2 

more  steeply Jennie  vein  is  another  example. The  Cusac  veins  occur  at 
kilometres  as a  semi-continuous  structure. The  east-northeast-trending, 

the  same  major  greenstone-argillite  contact  but  consist  of a number  of 
small  quartz  veins  that  are  confined  mainly to steep  fractures  in  the 
footwall  greenstone.  Other  Type 2 veins  are  found  individually  or  in 

map  unit 2A and 3 contacts with unit 4 i n  the Snowy Creek area. 
groups  along the contact of map units 2 and 3 on Troutline Creek,  or  near 

Alteration in the  footwall  greenstones  associated  with  Type 2 veins is 
similar  to  that  in  Type 1 veins,  though  less  intense. I n  hangingwall 
argillites,  there  is  little  alteration  evident  other  than  a  thin  zone  of 
carbonate  veining  and  a  slight  increase  in  pyrite  content. 

MINERALOGY 

Both  vein  types  contain  free  gold,  small  amounts  of  pyrite,  tetrahedrite, 
chalcopyrite,  and  arsenopyrite,  and  traces  of  sphalerite  and  galena. 
Covellite,  azurite,  and  malachite  occur  in  weathered  zones. In  some 
veins,  for  example  the Reo, Elan,  and  West Hope (Hopeful),  tetrahedrite 
is  the  main  ore  mineral.  Tetrahedrite  is  erratic  in  its  distribution but 
locally  can be so abundant  that  it  produces  spectacular  silver  grades. 
Gold in Type 1 veins  is  associated  with  pyrite,  ankeritic  carbonate,  and 
arsenopyrite. In  weathered  specimens  free  gold  occurs  as  grains  in 
cellular  boxworks  or  plates  cavity  walls. In  Type 2 veins,  gold 
accompanies  tetrahedrite  or  occurs  with  graphite.  The  average 
gold/silver  ratio  in  Type 2 veins  is 1: 1. 

160 



QUARTZ-CARBONATE-MARIPOSITE ROCK (LISTWANITE) 

Numerous bodies of l i s twani te   tha t   vary  from a few metres  to 700 metres 
i n  length have  been noted. They appear  to be  endemic to  the  gold-bearing 

veins.  Listwanites  are  metasomatized zones  formed a long   fau l t s  and 
region  but have no d i r e c t   s p a t i a l   r e l a t i o n s h i p   t o   a u r i f e r o u s   q u a r t z  

bedding  contacts.  Boundaries  are  sharp or gradat ional .  The;;e pecu l i a r  
rocks  are  derived mainly from basic  flows  but  also from tuff13 and 

a rea  mapped these  small   serpentine  bodies  consti tute  lenses  that   also ap- 
tuffaceous  sediments.  Locally  they accompany serpentine  bodles. I n  t he  

pear to be derived from the  basic  volcanic  wallrocks.  

The r e l a t ionsh ip  of quartz   veins ,   l i s twani te   bodies ,  and ran?  serpent ine 
lenses   appears   to  be l a rge ly  a s t r u c t u r a l  one - they  occupy  the same 
f r ac tu re  zones. 

AGE OF GOLD MINERALIZATION 

Hydrothermal  white mica from a tourmaline-bearing  auriferous  vein from 
Snowy Creek yielded a  potassium-argon  age  date of  131*5 Ma. In  view 
of the  73”a  Late  Cretaceous  dates  reported  for  the  closest   raniti tic 
in t rus ions  west of the  Cassiar  gold belt (Panteleyev,  1980), t h e  gold 

pre-date and are  independent of major g r a n i t i c  emplacement. 
mineral izat ion  appears   to  be r e l a t ed  to structure-metamorphic  events  that 
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MIDWAY  OCCURRENCE 

(1040/16W) 

By D.G. MacIntyre 

INTRODUCTION 

The  Midway  stratabound  massive  sulphide  discovery  which  is  located 
approximately 96 kilometres  west of Watson  Lake,  Yukon  Territory,  was 
examined  on  September 9 and 10. The  property  comprises  240  Yukon  claims 
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Figure 1. Generallzed  geology In  vlclnlty of the Mldway shalng, Jen:llngs  Rlver 
map-area;  geology  and  legend m o d l f l e d  f r a  Gabrlelse 11969). 
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and 881 British  Columbia  claim  units  accessible  via  a  rough  four-wheel- 
drive  road  that  connects  with  the  Alaska  Highway  near  Rancheria  (Milepost 
702). The  property  was  acquired by Cordilleran  Engineering on behalf  of 
Regional  Resources  Ltd.  during 1980 and  is  currently  under  option to Amax 
of  Canada  Ltd. 

STRUCTURAL  SETTING 

The  Midway  showing  is  located  within  a  north-trending  belt  of  Middle to 
Late  Devonian  basinal  facies  sedimentary  rocks  (Figure 1). These  rocks  are 
preserved  within  the  core  of  a  major  synclinorium  that  is  bounded  and 
intruded by the  Cretaceous  Cassiar  Batholith (Kqm) to  the  west  and  the 
Lower  Cambrian  carbonates of the  Atan  Group  to  the  east  (Gabrielse, 1969). 
Unlike  areas  east of the  Rocky  Mountain  Trench,  deformation  within  the 
synclinorium  is  relatively  minor  and  broad  open  folding  is  the  predominant 
structrual  style.  The  stratigraphic  succession  is  locally  offset  by  high 
angle  normal  and  reverse  faults. 

STRATIGRAPHIC  SETTING 

The  host  rocks  for  the  Midway  showing  are  black  silty  shales  and  siliceous 
argillites  of  the  lower  part of the  Sylvester  Group.  These  rocks 
conformably  overlie  Middle  Devonian  McDame  limestone  (mD)  (Gabrielse, 1969) 
and  therefore  are  probably  late  Middle  to  Early  Late  Devonian  in  age. 
Detailed  mapping  and  measurement  of  stratigraphic  sections by Cordilleran 
Engineering  and  Amax  Exploration  geologists  has  defined  three  major 
coarsening  upward  sedimentary  cycles  (units 1, 2, and 3, Figure 2) in  the 
lower  part of the  Sylvester  Group  (uD)  (Figure 2 ) .  These  cycles,  that 
typically  begin  with  a  relatively  thin  sequence of interbedded  shale,  silty 
shale  and  baritic  and/or  pyritic  exhalite,  grade  up  section  into 
progressively  coarser,  thicker,  and  more  calcareous  turbidites.  These 
coarsening  upward  cycles  suggest  an  increasing  proximity  to  a  source  area 
with  time,  perhaps  as  a  result of eastward  advancing  crustal  uplift. 
Coarse  clastic  rocks  of  unit 3 are  overlain by mafic  to  felsic  volcanics  of 

to be  largely subaerial  in  origin. 
the  upper  part of  the  Sylvester  Group  (DMv).  These  volcanic  rocks  appear 

MINERAL  OCCURRENCES 

massive  pyrite  that  averages 2 metres in  thickness  over  a  strike  length  of 
Trenching on the  property  has exposed a  zone  of  stratabound  recrystallized 

approximately  40  metres.  High-grade  concentrations  of  zinc  mainly  as 
diffuse  bands  of  blonde-coloured  sphalerite  occur  locally  within  the 
massive  pyrite.  Minor  amounts  of  galena  are  also  present.  Elsewhere on 
the  property  several  baritic  and  pyritic  exhalite  horizons  have  been 
discovered  that  can be traced  for  considerable  distances  north  and  south  of 
the  showing. A 4-metre-thick  bedded  barite  Occurrence  (Ewen  barite) was 
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discovered i n  the  northeast   corner of the  property  near   the  Bri t ish 
Columbia-Yukon boundary. 

Six diamond-dril l   holes,   totall ing 853 metres, were completed late i n  t h e  

N e w s  Release, November 23, 1981). Resul ts  of t h i s  work ind ica t e   t he  
yea r   i n   t he   v i c in i ty  of t h e  Discovery  showing (see Regional  Resources 

presence of three  southeast-dipping  mineral ized  wnes.  The Lower Zone 
which is loca l ly   absent   over l ies  Middle  Devonian dolostone,  varies from 1 
t o  2.5 metres in   th ickness ,  and has combined zinc-lead  grades  ranging 
from 2.65 to 23.39 per   cent  and s i lver   values   ranging from 1.24 t o  22.59 
ounces per ton.  This zone is loca l ly   l ead- r ich .  

The  Lower  Zone is over la in  by 70 metres of a r g i l l i t e s  and sandstones 
which are  the  footwall   rocks of the  Middle or  Discovery Zone. D r i l l  
i n t e r s e c t i o n s   i n d i c a t e   t h a t   t h i s  zone v a r i e s  from 4.6 t o  11.2 metres  in 
th ickness  and has combined zinc-lead  grades  ranging from 4.56 t o  13.36 
per cent  and s i lver   grades  ranging from 1.26 t o  5.03 ounces  per  ton. Ten 
t o  12 metres above the  Discovery Zone is the  Upper  Zone which ranges from 
0.43 to 3.2 metres th i ck  and has combined lead-zinc  grades  ranging  from 

ounces  per  ton. Both the  Discovery  and Upper Zones are predominantly 
2.62 t o  13.15 per cent and silver  grades  ranging from 0.63 t o  6.52 

zinc-rich.  Interbedded a r g i l l i t e s  and  sandstones  overlie  the Upper Zone. 
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O T H E R  I N V E S T I G A T I O N S  

MULTIVARIATE MODELS FOR RELATIVE MINERAL POTENT'IAL 
SLOCAN SILVER-LEAD-ZINC-GOLD CAMP 

(82F) 

By A.J .  S inc l a i r  
Department  of  Geological  Sciences 

University of Br i t i sh  Columbia 

ABSTRACT 

One hundred  and thirty-eight  vein  deposits  forming the wes,tern par t   of  
Slocan camp are  used to d e v e l o p   s t a t i s t i c a l  models  based on known ore 
production and average  grades of production.  Relative siz,e of depo!rits 
as  estimated by the  biased  variable  'production'   (short  tons of o r e )  i s  
used a s  a re la t ive   va lue  measure to (a )  serve as a dependent  variab:te f o r  
multiple  regression models, and (b) form the  basis  for  subdividing  data 

models.  Both types of models appear  useful  judging by t h e i r  abilit!y to 
i n t o  low, medium, and high-tonnage  groups  for  discriminant,  analysis 

eas te rn  part of Slocan camp. Results  suggest  that   multiple  regression is 
fo recas t  known production  for a target  production of depos,its from  -the 

more useful  than is discr iminant   analysis  i n  c lass i fying  deposi ts   wi th 
respec t  to po ten t i a l   s i ze .  

INTRODUCTION 

S t a t i s t i c a l  methods  have  been applied  over a wide range of sca l e s  in 
attempts to develop a rigorous  approach to measuring  absolute  or  relative 
resource  potential   (Kelly and She r i f f ,  1969; Sinc la i r  and Woodsworth, 

approaches are used w i d e l y  i n  evaluat ing o i l  and gas po ten t i a l  ( for  
1970; Orr and S inc la i r ,  1971; Godwin and Sinc la i r ,  1979). Comparable 

example,  Harhaugh, e t  a l . ,  1977). L i t t l e  e f f o r t  has  been  expended on the 
appl icat ion of s t a t i s t i c a l  models to the  evaluation of spec i f i c  
polymetal l ic   mineral   deposi ts   in  terms of grades of economically 
important   metals ,   par t icular ly   in   vein camps. 

Such models  have two important   appl icat ions  viz:  

( 1  1 Newly located  deposits can be sampled and the  average  grades  used t o  
estimate po ten t i a l   s i ze  and thereby  provide  an  evalua.tion of the 
usefulness of addi t ional   explorat ion.  

( 2 )  A s t a t i s t i c a l  model may iden t i fy  known deposits  with low 
product iv i ty   tha t  have  grade  characterist ics of large  deposits,,   thus 
ind ica t ing   spec i f ic  known deposits  that   appear t o  warrant more 
detailed  examination. 
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O r r  and S inc la i r  (1971 ) attempted to use  multiple  regression i n  Slocan 
City  vein camp as a means of es t imat ing  re la t ive  value of a deposi t .  
Average  production  grades  for  si lver,   gold,   lead, and z inc  here used as 

re la t ive   va lue   ind ica tor   (dependent   var iab le) .   S ta t i s t ica l ly   s ign i f icant  
the  independent  variables and recorded  production  tonnage was the 

models were described  but no da ta   ex is ted  by which the geological  
v a l i d i t y  of a model could be tested.   Furthermore,   their  models were of 

depos i t s  were very  small and of l i t t l e  genera l   in te res t .  
l i t t l e  p r a c t i c a l  in terest  because  they  pertained to a camp i n  which 

More than 200 vein  deposits i n  Slocan camp have  produced from 1 t o  
700,000 tons of ore   for  which average  grades of total recorded  production 

provide an unusually  comprehensive  information base fo r   t e s t ing   t he  
a re  more or less completely known ( O r r  and S inc la i r ,  1971 ). These da t a  

of a deposi t ,  and the   po ten t i a l  of such  models as an  exploration tool. 
v a l i d i t y  of var ious   s ta t i s t ica l   approaches  to the  estimation of 'value'  

PROCEDURE 

Deposits i n  Slocan camp were divided i n t o  tw groups  for the purpose  of 
th i s   s tudy .  One hundred  and thirty-eight  deposits  forming  the western 
two-thirds of the camp were taken as a t r a in ing  set for  the  development 
of s t a t i s t i c a l   n o d e l s  to determine  re la t ive  'value '  of ind iv idua l  
depos i t s .  The eastern p a r t  of the camp contains  65, more dispersed 
depos i t s   t ha t  form a target   populat ion.  Averge production  grades and 
tonnages  are known for   these 65 deposi ts  so real values  can be compared 
with  values  calculated  according to various models, and a rigorous test 
of the   p red ic t ive   capabi l i ty  of a model can be conducted. 

RELATIVE VALUE MEASURE 

Sinclair  (1979)  has  discussed  the  problem of re la t ive   va lue  measures f o r  
multi-commodity deposi ts .  Metal content is an ideal   value  es t imator   for  

s i g n i f i c a n t l y  to total value of a v e i n  depos i t ,   fo r  example, s ize  is 
s ingle  commodity deposi ts   but  where several  commodities  contribute 

commonly a more meaningful  relative  value  measure.  Production  ore 
tonnage,  despite  obvious  limitations, can be used a s  an adequate 
es t imator  of r e l a t ive   depos i t  s ize ,  and therefore  of re la t ive  value.  

We never know the  true s ize  (volume or  tonnage) of a deposit  because we 
are  never  sure  that  it has  been  completely worked out   or  had a l l  the 
reserves  outlined.  Consequently,  ore  production  tonnage is  a biased 
est imator  of s ize  and of re la t ive   va lue  that is always low r e l a t i v e  to 
the  true  value.  Furthermore,  the  bias may not be the same fo r  a l l  s izes  
because of s e l ec t ive  mining, hand so r t ing ,  and so on. Nevertheless, as a 
relative measure,  production  tonnage is st i l l  adequate except fo r :  
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( 1 )  many pa i r s  of deposits  with  identical   or  nearly  similar  prcductj .on 

( 2 )  some depos i t s   tha t   rea l ly   a re   l a rge   desp i te   the   fac t   they  have 
tonnages (a t r i v i a l   c a s e ) ,  and 

produced  only  small amounts of ore to date.  

t h i s   l a t t e r   c a s e  is not a problem,  rather it is a s i tua t ion   t ha t  we hope 

predic t ive  models. 
exis ts  so that such deposi ts  can  be recognized  eventually by our 

In the  present  case,  production  tonnage is accepted as an adequate 
re la t ive   va lue  measure. A probability  qraph  for  production  tonnage,s 
shown  on Figure 1 for  both  the  training set and the  target  population, 
i nd ica t e s   c lo se   s imi l a r i t y  of s t a t i s t i ca l   dens i ty   func t ions  between the 

area,   al though the  average s ize  is somewhat lower i n  the  tiwget 
tw areas .  Tm populations are present   in  i d e n t i c a l  proport ions  in   each 

population  than i n  the  t ra ining set. The probabi l i ty   graph  for   the 
t r a in ing  set has been par t i t i oned   i n to  two populations with mean s i zes  
t h a t   d i f f e r  by several   orders  of magnitude.  This f a c t  empllasizes t h e  
d e s i r a b i l i t y  of a numerical model t ha t   mu ld   a l low  d i s t inc t ion  between 
high  tonnage  deposits of economic interests and the low tonnage 
population of l i t t l e  economic i n t e r e s t .  

1 2  10 30 50 70 90 L 

E 

CUM % 
Figure 1. Probabll i ty  graphs  of  ore  productlon tonnage for   the   t ra ln ing  se 

l f i l l e d   c l r c l e s )  and the  target   populat lon (fllled tr1,angies). 

through  constructim  polnts (open clrcles)   der ived fran t h e   t r a t  
s t r a l g h t  llnes are   the  two interpreted lognormal populatlons  dra 

serve  curve. 
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The p r inc ipa l  metal cont r ibu tor  to value i n  Slocan camp is s i l v e r ,  which 
is plotted  versus  production  tonnage on Figure 2. From t h i s  diagram it 
is d i f f i c u l t  to a sce r t a in  whether two dis t inc t ive   popula t ions   ex is t ,   each  
with i t s  own average  grade and dispers ion of average  grades, or whether, 
on average  there is a continuous  variation i n  metal content and s i z e  
(production  tonnage). Both p o s s i b i l i t i e s  will be tested,   the  continuous 

discr iminant   analysis .  
case u s i n g  mult iple   regression and the  discontinous  case u s i n g  
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Figure 2. Scatter  dlagran of average Ag grade  versus  ore  production  (tonnage for 

t ra in ing   se t ) .  

MULTIPLE REGRESSION MODELS 

Multiple  regression models  have the  form 

V = 6, + B I X 1  + p 2 X 2  ----- 6nXn + e, 

where v is a dependent  variable  (value  measure  in our case ) ,  6 ' s  are 
constants ,  e is the  s tandard  error ,  and X ' s  are independent  (geological) 

here to i l l u s t r a t e   t h e   v a r i a t i o n   i n  results. Model 1 relates ore 
var iables .  We have  examined a va r i e ty  of po ten t i a l  models and quote two 

production  tonnage to the  four metal grades   ( s i lver ,   go ld ,   l ead ,   z inc) ;  
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model 2 relates ore  production  tonnage  to  three metals (s i lver ,   l ead ,  
z inc) ,  and the  percentage of vein  sulphides. 

Model 1 

Log ( tons)  - 1.6853 - 0.4222 log (Ag) - 0.0146 (Pb) 
- 0.2607 log (Zn)  - 1.0429 10'3 (Au) 

R2 = 0.6565 
S2 = 0.9770 

Model 2 (omitt ing A u )  

Log ( tons )  - 3.836 - 1.1784 log (Ag) - 0.0140 (Pb) 

R2 = 0.3467 
S2 = 1.1489 

- 0.4518 log (Zn)  + 1.151 log (% sulphides) 

of t he   dens i ty   func t ion .   S t a t i s t i ca l ly   t he   r e su l t s   a r e   s ign i f i can t .  
In  both  models  log  transformations were used where d ic ta ted  by the form 

However, we want to know i f   t he  models  have prac t ica l   appl ica t ion   over  
t h e i r   e n t i r e  range. 

The f ive   h ighes t   ca lcu la ted  and observed  ore  tonnages  for  the  training 
set are shown as  a scatter diagram  (Figure 3)  fo r  model 1. The f i t  j.s 
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r e  4. Observed versus calculated  ore  productlon tonnages for  19 deposlts  In 

the target  area, Slocan canp. 

apprec ia t ion  of the   in te rna l   cons is tency  of the model for large  tonnage 
reasonably good v i sua l ly  and Figure 3 provides a q u a n t i t a t i v e  

p o t e n t i a l .  However, a proper test of the model involves   appl ica t ion   to  

Such a comparison is shown on Figure 4 for  the 19 depos i t s   i n   t he  
the  target   populat ion,  a set of data   not  used i n  developing  the model. 

t r a i n i n g  set fo r  which average  grades were a v a i l a b l e   f o r   a l l   s i l v e r ,  
gold,  lead, and zinc.  It is apparent   tha t  the model is a r e l a t i v e l y  good 
forecaster1  Other  multiple  regression models ( f o r  example, model 2) were 
not  so successful  and r e s u l t s  w i l l  not be discussed  here,  although  high 
values for model 2 a r e   p lo t t ed  on Figure 3. 

The model has been shown to be an adequate  forecaster of re la t ive   va lue  
(ore  production  tons) of individual   veins   in   Slocan camp. Unfortunately 

metals incorporated i n  the model are ava i lab le   on ly   for  about one-third 
appl ica t ion  of the model is limited  because  average  grades of the  four  

of the depos i t s  i n  the camp. It was fo r   t h i s   r ea son   t ha t  we attempted to 
develop models omit t ing gold ( f o r  example, model 2). It is unfortunate  

work has shown t h a t  gold is by far   the  most important  single component i n  
that  gold  grades are not   ava i lab le   for  more of the  deposi ts   because  this  

our models. Gold assays,   a long  with  s i lver ,   lead,  and z i n c ,  should be an 
i n t e g r a l   p a r t  of eva lua t ing  any  vein  deposit  in  Slocan camp. 
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DISCRIMINANT  ANALYSIS 

Discriminant  analysis is a method by which k c l u s t e r s  of data  in  n- 
dimensional  space  are  separated as e f f i c i e n t l y  as possible  by (k-1) n- 
dimensional  l ines.  These 'd iscr iminat ion '   l ines   are   arranqed between 
p a i r s  of c l u s t e r s  such that   the  two clusters   project   onto  the l i n e  with a 
minimum overlap  (Figure 5, from Klovan and Bi l l ings ,  1967),.  

Slocan  data were divided i n t o  high-tonnage, medium-tonnage, and low- 

using  the  probabili ty  graph of Figure 1 .  The tm groups of average 
tonnage  groups  based on thresholds of 1,000 tons and 16,000 tons  selected 

production  grades  corresponding to high and low-tonnage  groups =re 
transformed as i n  the  multiple  regression  study and l inear   'd iscr iminant '  

2 4 b .I 1.0 10. 1W. 
PERCENT  POROSITY 

A 

I PERCENT POROSITI 

HORIZONTAL  PERMEABRITY Imd I 
B 

0 2 4 6 8 1 0  
PERCENT SOPOSlTI 

D 
C 

Flgure 5. Conceptual model of  dlscrlmlnant  functlon  analysts as a mare e f f l c l e n t  
means of  separattng  clusters  In two-dimensional  space  than e i ther   o f   the  
varlables  alone; f r m  Klovan and B l I I l n g  (1967). 
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functions  were  calculated  between  adjoining  data  clusters. These 
functions  were  then  used  to  classify  deposits  into  high-tonnage  and low- 

population  showed  very  high  proportions  of  apparently  correct 
tonnage  categories.  Results  for  both  the  training  set  and  the  target 

classifications  (that  is, >EO per  cent  correct)  when  the  discriminant 

tonnages. 
classifications  were  compared  with  the  corresponding  known  ore  production 

The  misclassifications of particular  interest  are  those  thought  to  be 
small based on low  ore  production  tonnages,  but  which  appear  to  be  high 
tonnage  according  to  the  discriminant  classification.  Such  deposits  are 
listed  in  Table 1 for  the  training  set.  Of  course,  these  results  must  be 

model  has  been  applied  to  the  same  subset  of 19 deposits  that  formed  the 
interpreted  in  light  of  the  validity  of  the  model.  Consequently,  the 

basis  of  a  test  of  the  multiple  regression  model.  Results  are  summarized 

apparent  in  the  multiple  regression  model.  Consequently,  results  of  the 
in  Table 2 where  it  is  apparent  that  more  ambiguity  exists  than  is 

discriminant  analysis mst be viewed  cautiously  and  further  validation  is 
desirable. 

TABLE 1 

Deposlts  with l b l  know productlon  classed as havlng  hlgh-tonnage  potential, by 
discr lmlnant  funct ion  analysls of t r a l n l n g  set  deposits,  Slocan canp. 

Deposit Name Production  Probabl I I t y '  

S I  lver  Ridge 395 
Grey  Copper 

0.99 
66 

Freddy Lee 
0.86 

817  0.91 
Deadman 616 0.73 
Leadsmith-Noonday 383 0.72 
Echo  and Graphic 896 0.69 

'The p robab i l i t y   t ha t  a depos l t   fa l l s   w l th in   the  hlgh-tonnage  category  according t o  a 
discr lmlnant model  based  on average  grades of Ag,  Pb, Zn, and Au. 

TABLE 2 

La-tonnage (<1,000 tons) and medium-tonnage (1.000-1.600 tons)  deposi ts  in  target 
production  classed as havlng  hlgh-tonnage  potential (>16,000 tons) by dlscr lminant model, 
S I ocan camp 

Depos It Name Product ion  Probabi l   l ty*  
Recorded 

(short   tons) 

Ooherty 6.097 
Black Fox 

1.00 
1.577 1-00 

Highland  Surprlse 3; 027 
Jackson 

0.96 
6,314 

Glbson-Daybreak 676 
0.98 
0.92 

F I   l n t  351 0.85 
W e 1  I lngton 1,961  0.74 

'Probabi l i ty   that   the  deposi t   fa l ls  In the  hlgh-tonnage  category according t o   t h e  
discr lmlnant model. 
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CONCLUSIONS 

a t t a i n a b l e  goal  providing data of adequate qua l i t y  are avai lable .  The 
S t a t i s t i c a l  modelling of r e l a t i v e  value of vein  deposits  appears an 

study  reported  here is only a small   part  of much more extensive  research 
into  exploration  modelling. The principal   appl icat ion of s t a t i s t i c a l .  
models is in  (1)  identifying  deposits  with  high  tonnage  potential  which, 
t o   d a t e ,  have  produced  only  small  tonnages,  and ( 2 )  evaluat ing newly 

appears a more appropriate  approach to  exploration  modelling  in  Slocan 
found  deposits i n  the camp t o  which a model applies. Multiple  regression 

camp than  does  discriminant  analysis.  Gold assays  should form an 
i n t e g r a l  part in   the   evolu t ion  of a l l   d e p o s i t s  i n  the  Slocan camp. 
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FOR MULTI-ELEMENT  REGIONAL  STREAM  SEDIMENT  SURVEYS 
RAPID  ANOMALY  RECOGNITION  AND  RANKING 

By P. Matysek, A. J. Sinclair,  and W. K. Fletcher 
Department  of  Geological  Sciences 
University  of  British  Columbia 

INTRODUCTION 

As part  of  our  continuing  study  of  rapid,  thorouqh  evaluation  procedures 
for  multi-element  stream  sediment  data  (for  example,  Sinclair  and 
Fletcher, 1979; Matysek,  et  al., 1980), we  have  developed  a  systematic, 
computer-oriented  method  of  recognizing  and  ranking  anomalous  samples. 
O u r  detailed  procedure  utilizes  the  type  and  quality  of  data  incorporated 
in various  regional  programs  undertaken by the  British  Columbia  Ministry 
of  Energy,  Mines  and  Petroleum  Resources  but  can be adapted  easily  for 
data  for  other  programs. 

Regional  multi-element  stream  sediment  surveys  of  the  type  carried  out  in 
British  Columbia  under  terms of the  Uranium  Reconnaissance  Program 

provenance  region  of  each  sample.  Consequently,  the  following  procedure 
contain  coded  information on the  principal  rock  unit  forming  the 

for  determining  multi-element  background  models is intended  to be applied 

this  purpose  is  never  perfect: some basins  may be underlain  by  two  or 
to  sample  subsets  based on provenance  (rock  type).  Rock-type  coding  for 

more  important  rock  types,  other  drainage  basins m y  be  miscoded,  perhaps 
because  of  the  scale  of  geological  base  maps  available.  In  any  case  it 
is  apparent  that  some  apparently  anomalous  metal  concentrations  arise 
from  incorrect  assignment  of  the  dominant  rock  type  or  from  mixing  of 
sediments  derived  from  several  rock  types. 

GENERAL  METHODOLOGY 

Our  general  approach  to  recognition  and  ranking  of  anomalous  samples  is 
summarized  on  Figure 1. In  brief  the  method  involves  the  following 
steps: 

( 1 )  Sorting  of  data  into  provenance  groups,  that  is,  predominant  rock 
type  in  drainage  basin  above  the  sample. 

( 2 )  Evaluation  of  simple  statistics  and  probability  graphs  for  each 
element  in  each  provenance  group. 

( 3 )  Threshold  selection  using  the  method of Sinclair (1976) to isolate 
anomalous  samples  from  background  samples. 

( 4 )  Selection  of  one  or  more  elements  to  serve  as  the  focus  of  the  study 
(for  example,  zinc) . 
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.nomalous rod.. 

I 
I luroui 

Figure 1 .  Sequential approach to anomaly recognltlon and rankllg. 

(5) Backward  stepwise  regression  of  each  provenance  group  to  develop 
background  models  for  zinc  in  terms  of  other  elements. 

( 6 )  Ranking  individual  samples  in  terms  of  (a)  their  contamination  code 
and  (b)  the  regression  model  and  threshold. 

(7) Output  of  sample  information  in  a  manner  convenient  for  practical 
use  in  follow-up  examination. 

SORTING  INTO  PROVENANCE  GROUPS 

Data  for  each  provenance  group  should be dealt  with  separately.  Means 
and  standard  deviations of all  raw  and  log-transformed  metal  abundances 
provide  insight  into  levels  of  abundance,  dispersion,  and  general  aspect 
of population  densities  (histogram).  Correlation coefficienss indicate 
metal  associations  of  geological  importance (for  example,  Si:nclair  and 
Tessari, 1980). If only  background  values  are  considered,  these 
associations  commonly  reflect  differences  in  background  environments  and 
are  not  related  directly  to  anomaious  samples. 

THRESHOLD SELECTION 

Separation of  background  and  anomalous  samples  is  essential 'to our  method 
because  it  leads  directly  to  statistical  models  for  backgrou~ld  metal 
abundances.  Consequently,  the  method  of  threshold recogniti'm is 
important.  We  have  adopted  the  probability  graph  approach OE Sinclair 
(1976) because  this  procedure  is  systematic  and  has  been  shorn  by 
numerous  examples  to  provide  effective  thresholds  for  many  types  of 
geochemical  data. 
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ELEMENT SELECTION 

We must decide which element  or  elements are of direct   concern  to  our 

molybdenum, tungsten-uranium, or others?  Of course, we may want  t o  
search problem. Are we interested  in   s i lver- lead-zinc,   copper-  

i nves t iga t e  many assoc ia t ions  of the  sor t   l i s ted,   but   in   our   approach 

metal assoc ia t ion  it m y  not be necessary to  deal  thoroughly  with a l l  
each  association would be dealt   with  separately.   Within a p a r t i c u l a r  

elements  because some may be redundant,  others may not show adequate 
geochemical con t r a s t ,  and s t i l l  o the r s   my   p re sen t   l imi t a t ions   r e su l t i ng  
from analytical   problems. I n  our case we  w i l l  use  zinc  data  as a b a s i s  
for evaluat ing  regional  s i l t  samples in   terms of s i lver- lead-zinc and 
lead-zinc  associat ions  typical  of our study  area (map-area 82F). 

MULTIVARIATE MODELLING OF BACKGROUND VALUES 

Multiple  regression  has been shown  by  many to be an e f f e c t i v e  method of 
demonstrating  empirical   relationships between a par t icular   e lement  
(dependent  variable) and a group of other  elements  (independent 
var iab les ) .   In  many cases  a high  proportion of the v a r i a b i l i t y  of the 
dependent  variable is explained  in terms of var ia t ions  in   the  independent  
va r i ab le s   (S inc la i r  and Fletcher ,  1980). Where such methods are applied 

example, z inc )  can be expressed as a linear combination of the  abundances 
to background  samples  only, the abundance of a dependent   var iable   ( for  

(or  logarithms of abundances) of many other  elements to provide a 
mul t iva r i a t e  background model. 

We have experimented  with two approaches to the se lec t ion  of samples used 
t o   e s t a b l i s h  a mult iple   regression model. In  our f i r s t   a t t e m p t s  sample 

group  with  only  those  values below the  threshold  (based on p robab i l i t y  
s e l ec t ion  was based on the dependent  variable  for a single  provenance 

graphs)  being  selected.  I n  a later refinement we ed i ted  the data  base 
f o r  a s ing le  provenance  group by omitting  samples  that were a l s o  
obviously anomalous with  respect to any of the  independent  variables.  

The s p e c i f i c  method we use for mul t iva r i a t e  background  modelling is 
backward, stepwise regression which starts with a l l  independent  variables 
in   the  data   base and sequent ia l ly   drops  those  that  make no s t a t i s t i c a l l y  
s ign i f i can t   con t r ibu t ion   t o   exp la in ing   t he   va r i ab i l i t y  of the dependent 
variable.   Eventually a poin t  is reached where a l l  remaining  variables 

equation is obtained of the form 
a r e   s t a t i s t i c a l l y   s i g n i f i c a n t   ( a t  the 0.05 l eve l ,   f o r  example) and an 

Log (zn)  = B o  t 6, log  (X,) + 6, log (x,) + f19 l og  (x,) etc. 

where 6 's  are constant  and Xi's are abundances of metal i. 

RECOGNITION AND RANKING OF ANOMALOUS SAMPLES 

For each sample we determine a series of ranks from 0 to 3 by comparing 
the  observed value of the  dependent  variable  with the values  calculated 

178 



by each of the provenance  group  multivariate models. Significance of the  
rank numbers is shown  on Figure 2. We then  calculate a 4-digit  ranking 
code for  each sample where the f i r s t   d i g i t  is the number of  rock  types 
f o r  which rank  3 was obtained,  the  second  digit is the number of rock 
types  for  which rank 2 was obtained, and so on. If there are seven  rock 
types a l l  with  very  high  zinc  values  (rank 3)  the  ranking  code  muld be 

three rock  types, ( 1  ) fo r  two rock  types, and (0) for  one rock. type to 
7000; in   another  case rank  might be ( 3 )  for  two rock  types, (:!) f o r  

give a ranking code of 2321. 

The main advantage of this  procedure is as  a refinement i n  the   se lec t ion  
of anomalous  values  relating to the  probability  graph  procedure and the 
assigning of r e l a t i v e   p r i o r i t i e s  to anomalous  samples.  Values  above t l  
(Figure 2) are  recognized  as  being  anomalous  without the a id  of multip1,e 

METAL (log ppm obs.) 

Flgure 2. Sample ranklng In r e l a t l m   t o  flelds on a p l o t  of 
observed value versus a  value  calculated from a multi- 
variate model. 

regression. I n  addi t ion,  however,  values  below tl  that depart  

model ( 1  and 2 on Figure 2)  a re   a l so   ou t  of the ordinary and warrant 
subs t an t i a l ly  from the  expectation  according to a m u l t i p l e  regression 

examination. In pa r t i cu la r ,  w are in te res ted  in those  values below t.l 
t h a t   a r e  much higher  than the corresponding  calculated  values. Such 

o ther  elements. On Figure 2 the  suggestion is  made graphica l ly   tha t  
samples  are anomalous i n  one element ,   re la t ive to a l i nea r  combination of 

errors  greater  than  values  calculated  according to the multiple 
samples a re  anomalous if observed  values are more than two standard 

regression model. 
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OUTPUT  PROCEDURES 

We have  designed an output  system by which  samples  can be ordered i n  
terms of decreasing  pr ior i ty   for   fol low-up  explorat ion.  A l l  anomalous 
samples  recognized by the  foregoing  procedures  are  ranked  according  to 

known mines, man-made meta l l ic   fea tures ,  or f e r t i l i z e r ,  on a scale of 0 
the  estimated l ikel ihood of sample contamination from such f ac to r s  as 

t o  3. Our f i r s t  rank of anomalous  samples is based on t h i s  coded 
parameter,  zero  contamination  being of most i n t e r e s t .  Within t h i s  group 
we code a sample for  each  background model a s  3, 2, 1, or 0 as described 
previously and a 4-digit   ranking  code is used to list samples  within  each 
contamination  group  in  order of decreasing  ranking code. Mcat ions   for  
each  sample are listed as is the observed  abundance of the dependent 
var iab le  and the sample number. These items are arranged  in  such a 
manner as to promote e f f i c i ency  of evaluat ion of each  sample.  In 
addi t ion ,  he use  plot   locat ions of  anomalous  samples  with their 
i d e n t i f i c a t i o n  number and ranking  code. 

CASE  HISTORY (MAP-AREA 82F) 

approximate  sample  density of one sample per 1 2  square  kilometres. 
Multi-element  data  are  available  for sample sites i n  map-area 82F a t   a n  

mercury,  tungsten, and molybdenum. Samples here grouped i n i t i a l l y  on the 
Samples are   analysed  for   z inc,   lead,   n ickel ,   cobal t ,  manganese, copper, 

bas i s  of coding as to dominant  rock  type in  the  provenance  region. D a t a  
for  each  element  in  each  provenance  group were examined as a p robab i l i t y  

anomalous  and  background)  using  the method of S inc la i r  (1976). We chose 
graph  and a threshold  selected  separat ing two populations  (presumably 

to examine zinc as the dependent  variable  described  here  because of the 
associat ion  s i lver- lead-zinc i n  known vein  deposi ts   in   the  area.  

obtained  for  each of the  seven  provenance  groups  for which we have 
Background mul t ivar ia te  models for   z inc  i n  terms of other  elements were 

adequate  samples.  Three of these models are summarized i n  Table 1 to 
i l l u s t r a t e   t h e  type of results ob ta ined .   S t a t i s t i c s   fo r   a l l   s even  
provenance  group  models for zinc  are  given  in  Table 2 to i l l u s t r a t e  the 
statist ical  q u a l i t y  of the background models. 

All samples  coded in one of t h e  seven  provenance  groups  for which w e  
could  calculate  background  models were t r ea t ed  by each of the  background 
equat ions  separately.  me calculated  zinc  background  according to  a 

for  each  background model a sample received a ranking from 0 t o  3 
given model was then compared with  expectations for t h a t  model so t h a t  

times, once for  each model. These  rankings  were  accumulated i n t o  a 
inclusive  (compare  Figure 2). In  our case  each  sample was ranked  seven 

anomalous were d iv ided   in to  three contaminat ion  c lasses   with  pr ior i ty  
single  ranking  code.  Samples  recognized as anomalous o r   p o t e n t i a l l y  

contamination  category  samples  are  ranked  according  to  decreasing  numeric 
decreas ing   as   cer ta in ty  of contamination  increases. For each 

part of the  0-contamination  category is l i s t e d .  
value of the  ranking  code. An example is shown in  Table 3, where a small  
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GRANITE 

LOX (zn) 0.4726  0.0713 log  (.Cu) + 0.2420 log  (Pb) f 0.0529 log ( N i )  

+ 0.3994 log ("I) + 0.4189 log (Fe) - 0.2334 log (Co) 
R2 = 0.62 

Se = 0.1277 
n = 393 

QUARTZITE 

log  (Zn) = 1.1020 + 0.2721 log (Pb) + 0.1316 log ( N i )  + 0.4891 log (Fe) 
i- 0.1412 log (Mo) + 0.0399 log  (Hg) 

R2 - 0.74 
se = 0.0915 

n = 287 

SCHIST 

log (Zn) = 0.8392 + 0.4100 l o g  (Pb) + 0.2244 log ( N i l  + 0.560:; log (Fe) 

+ 0.2412 l o g  (W) 
R2 = 0.76 

Se = 0.1008 
n = 27 

TABLE 1 .  EXAMPLES OF  MULTIVARIATE  REGRESSION BACKGROUND MODELS FOR Z I N C  
MAP-AREA 82F 

PROVENANCE GROW 

GRNT 

.92 .84 .84 .86  .79 R 

56 57 100 287  393 n 

ARGL ANDs SLTE QRTZ 

R2 

s, 

.as .70 .70 -74 .62 

.1271 .0812  .lo31 .1184  .0915 

GNSS 

53 

3 5  

.71 

.0940 
- 

SCST 

21 

.87 

.76 

.loo8 
d 

TABLE 2 .  SUMMARY S T A T I S T I C S  FOR  MULTIVARIATE BACKGROUND Z I N C  MODELS 
SEVEN PROVENANCE  GROUPS 

MAP-AREA 82F 
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17 

28 

29 

30 

31 

3 1  

33 

34 

35 

36 

37 

38 

39  

4 0  

4 1  

4 1  

43 

.4 

4 5  

46  

47 

48 

49 

50 

SI 

52 

53 

5 3 6 1 0  5457758 

507056 55t8881 

476055 5450823 

482531 5461913 

501599 9526605 

489601  5443717 

484807  5518468 

487496  3456218 

416166 5487364 

480507  5487605 

476597 5458197 

475075  5488439 

502653 5508315 

179646  5495841 

494963  5528151 

474792  5451528 

489916  5458581 

509423 5500800 

514914  5447471 

448185  5533845 

462164  5538222 

487885 5451555 

489443  5499169 

549914 ssla2& 

481276 5463771 

484487  5484729 

141779  5442706 

7000 

7000 

7000 

7 m  

7000 

7000 

7000 

7000 

7000 

T W O  

7000 

7000 

7000 

7000 

7000 

7 0 W  

7 0 W  

6iW 

61W 

G I 0 0  

6103  

6 100 

6 1 0 0  

GWI 

4 3 w  

4300  

4 W 3  

354 

359 

345 

314 

309 

304 

199 

195 

199 

199 

174 

119 

279 

164 

155 

144 

239 

114 

114 

214 

109 

191 

198 

I91  

IO6 

181 

186 

ORTZ 

SCST 

ANOS 

AM)S 

S L t E  

SLTE 

GPNT 

SLTE 

GRNT 

GRNT 

ANOS 

GIINT 

SL7E 

ARGL 

SLTE 

ANOS 

SLTE 

SCST 

OR12 

SCST 

GRN7 

GRNT 

GPNT 

O R T I  

APGL 

CRNT 

GNSS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

773118 

777314 

77 1076 

719 I26 

7772?4 

713056 

77 I I 9 8  

173086 

777198 

777136 

77 I103 

777302 

777159 

771100 

771306 

771077 

7751 I6 

773237 

775100 

779163 

775328 

777112 

777212 

777 182 

771094 

771203 

77501s 

TABLE 3. PART of A TABLE LISTING ANMALOUS SAMPLES IN ORDER OF DECREASED RANKING CODE” 

From  a  total  of 1 259 samples,  this  procedure  produced 115 anomalous 
samples  in  the  0-contamination  category. Our procedure  is  to  list  these 

anomalous  sample  locations  as  illustrated on Figure 3. 
samples  in  tabular  form  in  Table 3 and  to  produce  computer-drawn  plots  of 

In addition  to  ranking  information,  original  raw  data,  and  coordinates, 
the  output  table  contains  a  simple  consecutive  numeric  identifier  used 
for  clarity on the  map  output  and  permitting  easy  combined  use  of  the 
tabulated  data  and  the  output  map.  The  output  map  is  of  particular  use 
because  it  identifies  the  most  obvious  anomalous  samples (for example, 
7000) from  those  that  might  escape  detection  (for  example, 0520) .  The 
scale  of  the  location  plot  should be identical  to  geological  base  maps  of 
the  area so the  two  can  be  studied  together  without  ambiguity.  We  tested 
sensitivity of the  regression  procedure  for  determining a multivariate 
background  for  zinc by establishing  such  models  based on two  training 
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Flgure 3. Plot  of an area of anomalous samples redrafted  fran computer output. 

t h e  same data  set minus any samples t h a t  appeared  to be anomalous i n  any 
sets: ( 1 )  a l l  samples  indicated  as having background zinc  values,  and ( 2 )  

element  other  than  zinc.  Tables 1 and 2 are   based  ent i re ly  o n  the  second 
t r a i n i n g  set. Figures 4 and 5 i l l u s t r a t e   t h e   c o n t r a s t i n g   r e s u l t s  
obtained i n  background  definition. It is clear   that   the   'c leaner '   data  
s e t  (number 2 previously)  leads t o  a bet ter   mult iple   regression 

values. The problem  with  using  the  second  training  set i s  t h a t  more work 
r e l a t ionsh ip ,   t ha t  is, wi th   l ess   sca t te r  of calculated and observed 

anomalous  category. 
is r equ i r ed   t o  set it up and more samples w i l l  be included i n  t h e  
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Figure 4. Observed versus  calculated  zinc  values  for  provenance 

group, 'ARGL.' map-area 82F; calculated  values based on 
a m d e l  determined fran a l l  saples wlth background z lnc 
va 1 ues. 

JISCUSSION 

The  methodology  described  here  would  appear  to  have  a  wide  range  of 
applications  to  geochemical  data  evaluation,  perhaps  with minor 
modifications  to  suit  particular  data  sets.  For  example,  many 
geochemical  surveys m y  not  record  the  likelihood  that  a  sample  is 

precise  limits  to the  coding regions  illustrated on Figure 2 can  be 
contaminated,  and this  level of  ranking  might  have  to  be  omitted. The 

changed  to  suit  a particular bias  to  anomaly  selection,  resulting  in  a 
slightly  different listing  of anomalous  samples. 

One  of  the  serious  problems  is  the  question  of  initial  grouping  of  data 
on the  basis  of  dominant  rock  type  that  underlies  the  drainage  basin  of 
each  sample,  a  classification  which  is  fundamental  to  our  procedure. A 
substantial  amount  of  effort  is  required  to  code  this  rock-type 
information  even  if  the  data  are  available.  If  rock  type  has  not  been 
coded  it  may be necessary  to  use  some  less  satisfactory  method of 

approximation  of  background  geology  for  each  sample.  In  some 
grouping  data,  such  as  the  use  of  factor  analysis  to  provide  an 

environments,  of  course,  some  other  parameter m y  be more  useful  than 
rock  type  for  grouping  data. 
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Log Zn ( o b 4  

Flgure 5. Observed  versus calculated  zlnc  values  for provenance  group, 'ARGL,' wp-area 
82F; calculated  values based on a model d e t e n l n e d  from those  sanples  wlth  zlnc 
background values  that a l s o  are not anomalous I n  any other  element  (that i s ,  a 
'cleaner'  subset  of  the  data used for  Figure 4) .  

CONCLUSIONS 

A method  of  anomaly  selection  and  ranking for multi-element  regional 
stream  sediment  data  has  been  described.  The  procedure  offers  the 
following  advantages: 

( 1 )  The  method  is  rigorous  in  making  use of established  statistical 
methods  for  treating  geochemical  data  such  as  a  probability  graph 
analysis  and  backward  stepwise  regression. 

( 2 )  The  procedure  is  computer  based  and  is  rapid  and  thorough. 

( 3 )  The  methodology  ensures  that  some  anomalous  values  which  are  not 
obvious  (that  is,  are  not  higher  than  a  simple  threshole,)  will  be 
recognized. 



( 4 )  A  novel  ranking  procedure  is  described  that  assigns  relative 
priorities  to  samples  for  further  investigation.  Details  of  the 
ranking  procedure  are  subjective  but  a  system  of  ranking  codes 
clearly  describes  the  manner  in  which  a  sample  is  anomalous. 

(5) Because  samples  are  tested  against  every  rock  type,  the  procedure 
incorporates  an  evaluation  as  to  whether  other  rock  types  might  be 
contributing to the  provenance  area  of  a  particular  sample. 

with  available  geological  maps. 
Possible  additional  rock  types  are  identified  and  can  be  compared 
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STRUCTURAL SETTING ALONG THE NORTHWEST FLANK OF FRENCHMAN CAP DOME 
MONASHEE  COMPLEX 

(82M/7) 

~y J. Murray Journeay 
Department of Geological  Sciences, pleen's University 

INTRODUCTION 

The Monashee  Complex of southeastern  Bri t ish Columiba is one o:E many 
metamorphic  core  complexes i n  the  internal  zone  of the western Cordi l lera  
(see Crit tenden, Coney, and Davis, 1980). The Monashee  Complex cons i s t s  
of Aphebian basement gneiss and mantling  metasedimentary  racks which are 
exposed i n  an elongate  fenster  within  Proterozoic to Middle  Mesozoic 
cover  sequences of the  Selkirk  Allochthon (as defined by  Read  and  Brown, 
1981; and shown here on Figure 1 ). 

Frenchman Cap  dome, the northernmost of four   s t ructural   culminat ions  with 
the Monashee  Complex, records an extensive  his tory of complex folding, 
over thrus t ing  (Dl, D2, and D3) and late-stage  arching (D3/Dq)  
believed to be associated w i t h  Ju ra s s i c  to L a t e  Cretaceous/Early  Tertiary 
( ? )  periods of c rus ta l   shor ten ing  (Read and Brown, 1987 ). Superposed on 
t h i s   s t r u c t u r a l   s e t t i n g  is a prominent set of norther ly   t rending 

more br i t t le  episode of Early  Tert iary crustal  extension  (Price,  e t  a l . ,  
f r ac tu re s ,  dyke swarms, and normal f a u l t s  (Dq) re la ted  to a regional,  

1981 1. 

Middle to upper  amphibolite  facies  regional metamorphism is associated 
with  second  generation  folding i n  the  north-central  Frenchman Cap  dome 
( D z )  and is believed to be cor re la t ive   wi th  Middle Jurassic   regional  
metamorphism developed i n  s t ructural ly   overlying  rocks of the  Selkirk 
Allochthon  (for  further  discussion, see Read and  Wheeler, 1976; Pigage, 
1977; Read and Brown, 1981 ). 
Coherent   l i thostrat igraphic  successions (Brown and Psutka, 1979; Hay and 
Brown, 1981) and  major s t r u c t u r a l  and tectonic  elements  (wheel,er, 1965; 

margin of Frenchman Cap  dome from the Columbia River f a u l t  zone to   the  
HOy, 1979; Brown, 1980) have  been successful ly  traced  around the northern 

Cottonbelt  region  north of Ratchford  Creek  (Figure 2 ) .  A similar 
l i thos t ra t igraphic   success ion  has been traced  around  the  soutklern umrgin 
of the dome from the  plydeformed  Jordan  River area (Fyles,  15170; Brown 
and  Psutka, 1979) to the  headwaters of Perry  River and Myoff Creek (Hoy,, 
1980; Hoy and McMillan, 1979; McMillan, 1973). These studies  have 
demonstrated  both  stratigraphic and s t ruc tu ra l   con t ro l  on the  occurrence 
of stratiform  lead-zinc  mineralization  within  mantling metasecliments  of 
Frenchman Cap  dome. 

The purpose of th i s   s tudy  is to complete s t r a t ig raph ic  and s t r u c t u r a l  
correlat ions  a long the west flank of Frenchman Cap  dome as  shown  on 
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Flgure 2. Regional  geologlc map of the Frenchman Cap d m  del lneat ing sources of  
deta l led mapplng data, and major I I thostrat lgraphic,   structural ,  and 
tectonic elements; modlfled frm a recent  regional +?eologlc compilatlon 
map o f  the  eastern  margin of t h e  Shuswap Complex (Hoy and W a n ,  1981). 
M p  unlts  are  referenced on Flgure 3. The r e s u l t s  of Journtpay ( t h i s  
report)   are  not  Included  for  the  north-central  Frenchnan Cap done. 

Figure 2. Spec i f i c   ob jec t ives   a r e :   (1 )   t o  map the  minera1i:zed 
'Cottonbelt  sequence' f rm i ts  type   loca l i ty  on Grace  Mountain  (Hoy, 
1979) to  the  headwaters oE Perry  River; (2) to  trace  the  KirSyville-Grace 
Mountain syncline  (Wheeler, 1965; HOy, 1979) in to   re fo lded   s t ruc tures  of 
the  Perry River-Myoff Creek region (McMillan, 1 9 7 3 )  : ( 3 )  t o  extend map- 

possible; and ( 4 )  t o  present pre l iminary   in te rpre ta t ions  of the deforma- 
ping of the Monashee d&collement (Brown, 1980a,  1980b) as Ear south  as, 

t i o n  and s t r u c t u r a l  evolut ion of the  northwest Frenchman Cap  dome. 
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This  report  is  based on the  results  of  detailed  mapping in the  Cottonbelt 

regions  (Journeay,  this  study)  combined  with  three-dimensional  structural 
(Hoy, 1979).  Perry  Fiver  (McMillan,  1973),  and  Fatchford-Myff  Creek 

modelling by the  author  during  the 1980/81 seasons  (Figure 2). The 
results  of  this  study  are  part of an  M.Sc.  thesis on the  structural 

University  under  the  joint  supervision  of John M. Dixon,  Dugald M. 
evolution  of  the  north-central  Frenchman  Cap  dome  in  progress  at ween' s 

Carmichael,  and  Richard L. Brown  (Geotex  Consultants  Ltd.). 

STRATIGRAPHY 

Three  main  lithostratigraphic  subdivisions  are  recognized  along  the  west 
flank of Frenchman  Cap  dome  (Brown  and  Psutka,  1979;  Hoy  and  McMillan, 

structural  levels  of  the  dome  is a sequence  of  intercalated  orthogneiss 
1979;  Hoy  and  Brown,  1981;  and  Figures 2 and  3).  Exposed in the  deepest 

and  paragneiss  yielding  Fb-Sr  whole  rock  ages  of  2.17 Ga (Armstrong  and 
Brown,  in  prep.). Unconfomably overlying  this  basement  complex  is a 
mantling  sequence of platform-type  metasedimentary  rocks  locally  intruded 
by a suite  of  alkalic  gneiss  tentatively  dated  at  773 Ma (Okulitch,  et 
al., 1981). These  data  suggest  possible  time-stratigraphic  correlation 
of  mantling  metasediments  with  the  Furcell  Supergroup  (Okulitch,  et al., 
1981). The  Monashee  d6collement  separates  mantling  metasediments from an 
allochthonous  sequence  of  pegmatite-laced  feldspathic  paragneiss  and 
amphibolite  that  may be correlative  with  Hadrynian  sequences  of  the 
Horsethief  Creek  Group  (Brown,  1980). 

APHERIAN  CORE  GNEISS 

Aphehian  core  gneiss  can be subdivided  into  lower  paragneiss, 
intermediate  orthogneiss,  and  upper  paragneiss  in  the  Patchford-Bourne 
Creek  region  (Journeay,  in  prep.). The structurally  lowest  exposed  unit 

and  semi-pelitic  schist,  and  quartzofeldspathic  gneiss  of  unknown  thick- 
(In) consists of intercalated  biotite-quartz-feldspar  paragneiss,  pelitic 

ness,  and  is  overlain  and  locally  intruded by alkali-feldspar  augen 
gneiss  (1B).  Feldspar  augen  gneiss  grades  upward  into  intercalated  gar- 

migmatitic  biotite-hornblende  leucoqneiss  (lD),  and  homogeneous  biotite- 
net-hornblende-clinopyroxene gneiss  and  alaskitic  gneiss (le), banded  and 

quartz-feldspar  gneiss  (1E).  The  upper  paragneiss  (2)  unit  consists of a 
heterogeneous  sequence  of  semi-pelitic  schist,  quartzofeldspathic  gneiss, 
amphibolite,  biotite-feldspar  augen  schist,  and  some  quartzite.  Biotite- 

tion  of  overlying  autochthonous cover  rocks. 
feldspar  augen  schist  is  locally absent  due  to  erosion  prior to deposi- 

AUTOCHTHONOUS COVER (HELIKIAN 7 )  

Mantling  metasedimentary  rocks  along  the  west  flank  of  Frenchman  Cap  dome 
attain a stratigraphic  thickness of nearly 2 kilometres.  The  succession 

pelitic  schist,  biotite-quartz-feldspar  paragneiss,  calc-silicate,  and 
consists  predominantly of quartzite,  quartz-mica  schist,  semi-pelitic  and 

thin  but  laterally  continuous  marble  horizons.  Within  this  sequence, 
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Figure 3. Geologic  compllatlon map of the  northwest  flank  of Frenchman Cap d m ;  
geofogy after  McMII lan  (1973),  f6y (19791, and Journeay ( th ls   repor t ) .  
Sources of data  are  referenced on Flgure 2. 

basa l   qua r t z i t e  (3q) and marble  layers  (Wheeler, 1965; E'yles, 1970; 
McMillan, 1973) and loca l ly   carbonat i te  and mineralized  layexs (McMillan, 

elements.  Detailed  sections of pa r t i cu la r ly   u se fu l  marker  horizons, and 
1973; Hay, 1979) are  used  as  marker un i t s   t o   de l inea te  major s t r u c t u r a l  

Creek, are  presented on Figure 4. Local ly   def ined  s t ra t igraphic   sect ions 
t h e i r   p o s i t i o n  i n  a s t ra t igraphic   success ion  due south of Rat.chford 

i n  remaining portions of the platform  sequence  exhibit   lateral   facies 
va r i a t ions   t ha t   p roh ib i t   de t a i l ed   r eg iona l   co r re l a t ion .  
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An i n s t r u c t i v e  example of lateral f a c i e s  changes  occurs  alon'3  the  upper 

Ratchford Creek (Figure 3 ) .  Calc - s i l i ca t e  and micaceous sch i s t   nea r  
limb of the  Kirbyville-Grace Mountain syncline between Grace Mountain and 

Grace  Wuntain  grade  laterally  into  f ine-grained  bioti te-quartz-feldspar 
paragneiss and b i o t i t e   s c h i s t  to the  south. It is unlikely  that   these! 

perseverance of both a marble-carbonatite  marker  to  the  east and marb1.e- 
are s t ructural ly   induced  l i thologic   var ia t ions  because of the 

qua r t z i t e   ho r i zons   t o   t he  west. Primary  sedimentary  structures 
i n d i c a t i n g   s t r a t i g r a p h i c  top directions  are  poorly  preserved in complexly 
deformed  zones  throughout  the field  area.  Crossbedding has been loca l ly  
observed i n   b a s a l   q u a r t z i t e   u n i t s  above the  basement-cover  contact andl 
conf i rms   the   s t ruc tura l   in te rpre ta t ion .  

ALLOCHTHONOUS COVER (HADRYNIAN 7 )  

Allochthonous  cover  sequences  have  not  yet  been mapped i n   d e t a i l   b u t  
consis t   pr imari ly   of   fe ldspathic  grits, amphibolite,  hornblende  gneiss, 
micaceous s c h i s t ,  and calc-s i l icate ,   abundant ly   laced w i t h  both 
concordant and discordant  pegmatite. This d i s t i n c t i v e  sequence  forms the 
hanging wall of the  Monashee d6collement  along  the west f lank of 
Frenchman Cap dome and is apparent ly   t raceable   in to  known exposures of 
Horsethief Creek Group along  the  northern  margin of the  dome (Brown, 
1980). 

DEFORMATION 

S t ruc tu ra l   ana lys i s  i n  the  north-central  Frenchman Cap  dome has  outl ined 
three  generat ions of penetrative  deformation  that  are bel ieved  to  be 
associated  with  Jurassic  to L a t e  Cretaceous/Early  Tertiary ( ? )  periods of 
c rus t a l   sho r t en ing  (Read and Brown, 1981). Each generation  (Dl, D2, 
and D3) represents  a period of progressive  deformation which can be 
recognized i n  t h e   f i e l d  by the   r e l a t ionsh ip  of  minor s t ruc tu . r e s   t o  
regional  metamorphic mineral assemblages, and by cons is ten t   overpr in t ing  
r e l a t ionsh ips  on both  macroscopic and mesoscopic scales. The o ldes t  

both Aphebian basement gneiss and autochthonous  metasediment,ary rocks 
recognizable s t ruc tu res  i n  the north-central  menchman Cap dome deform 

t h a t  unconformably ove r l i e  them. This  suggests  that  pre-Helikian ( 7 )  
deformation  has  either been pervasively  overprinted by younqer orogenesis 
o r  is non-exis ten t .   S t ruc tures   re la ted   to   a l l   th ree   genera t ions  of 
deformation  are  superposed and modified by a prominent set c8f nor ther ly  
t rending   f rac tures ,  dyke swarms, and  normal fau l t s   assoc ia ted   wi th  a. 
younqer  episode (Dq) of regional  crustal extension (Price, et al., 
1981). A similar hierarchy of deformation is manifest   in  afl jacent  parts 
of Frenchman Cap dome and has been previously  descr ibed by Wheeler 
(1965),  Fyles  (19701, McMillan (19731,  PSutka  (19781, Brown and Psutka 
(1978),  Hoy (1979),  Brown (1980a.  1980b),  and Read and Klepacki  (1981 I .  

Figures 5 and 6 summarize both  the geometry  and i n t e r p r e t e d   s t r u c t u r a l  
Ser ia l   c ross -sec t ions  and sequential  deformation  diagrams  presented in 

evolut ion of the  northwest Frenchman Cap dome. 
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Dl  STRUCTURES 

First  generation  megascopic  folds  are  characterized by easterly  verging, 
shallow  plunging  isoclines  that  have  been  variably  reorienta?d by 

are  recognized  in  the  field  area  and  can  be  traced  into adjxent parts  of 
subsequent  deformation. Two orders  of  first  generation  iso8:linal  folds 

the  north-central  Frenchman  Cap  dome  (Journeay,  in  prep.). 

The  Kirbyville-Grace  Mountain  syncline  (Hoy,  1979;  Brown,  1'380)  has 
exposed  limb  lengths  in  excess  of 7 kilometres  and  dominateis  the 
structural  setting  of  the  northwest  flank  of  Frenchman  Cap Some (Figu.res 
3  and 5). This  structure  is  defined by stratigraphic  facin'g  directions 

marble-carbonatite marker  in unit 4 (Hoy, 1979). The axial  surface  trace 
in  lower  quartzites of  unit 3,  and by  the repetition of  a  distinctive 

of the  Kirbyville-Grace  Mountain  syncline  extends  from  the  southern 
headwaters  of  Kirbyville  Creek  (Hoy, 1979; Brown,  1980a),  through  the 
Cottonbelt  region  (Hoy,  1979),  and  has  been  projected  south  of  Fatchford 
Creek by Hoy  and  McMillan (1979). Both  limbs of the  Kirbyville-Grace 
Mountain  syncline  have now been  traced to the  west  branch  headwaters  of 
Myoff  Creek  and  Perry  River  where  they  are  refolded by mcroscopic second 

Mountain  syncline  is  correlated  with  the  westernmost  isoclinal  fold 
generation folds (Figures  3  and 5 ) .  The  closure  of  the  Kirbyville-Grace 

closure  of  McMillan  (1973). 

Second  order,  first  generation  isoclines  are  well  exposed  in  the  hinge  of 
a  major  second  generation  fold  near  the  headwaters  of  Perry  RLver and 
Myoff  Creek  (Figures  3  and 5 ) .  Basal  quartzite  of  unit  3  delineates a 
refolded  anticline-syncline  pair  (McMillan,  1973)  with  limb  lengths  of  3 
to 4 kilometres.  These  first  generation  isoclines  structurally  underlie 
the  southern  extension  of  the  Kirbyville-Grace  Mountain  syncline.  Ar:ial 

hinges  of  major  second  generation  folds in the  Perry  River-Myoff  Creek 
surfaces  of  these  second  order Dq structures  can  be  traced  around  the 

area  (McMillan,  1973;  and  Figure S ) ,  and  extend  into  the  north-centra.1 
Frenchman  Cap  dome  where  they  become  periclinal  in  character  (Journeay, 

generation  anticline-syncline  pair  suggests  that  it  may  be  either  a 
in  prep. 1 .  The  apparent  vergence  and  limb  length  of  this  first 

syncline,  or  related  to an episode  of  Dl  deformation  prior  to  or 
second  order  structure on the  lower  limb of the  Kirbyville-Grace  Mountain 

synchronous  with  emplacement of the  Kirbyville-Grace  Mountain  syncline 
(Figure 6). 

A  homotaxial  northwest-facing  sequence  of  lower  quartzite  (3q),  calc-. 
silicate  (3c),  interlayered  pelite-quartzite  (4p, q) and  marble-car- 
bonatite (4% ct)  is  exposed on adjacent  limbs  of  two  first  generation 
isoclinal  folds  near  the  western  headwaters  of  Perry  River  (Figure  3). 
The  repetition  of  this  distinctive  sequence  strongly  suggests  that  the 
Kirbyville-Grace muntain syncline  may  have  been  displaced  northeastward 
along  a  low-angle  thrust  fault  relative  to  underlying  Dl  isoclinal 
folds  (Figures 5 and 6). Displacement  along  this  fault  clearly  pre-dates 
D2 deformation  and  Middle  Jurassic  regional  metamorphism.  The  lateral 
extent  and  timing  of  this  fault  with  respect  to  the  development of second 
order Dl isoclinal  folds  have  not  yet  been  determined. 
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On a mesoscopic sca l e ,   f i r s t   gene ra t ion   fo lds   gene ra l ly   con ta in  an a x i a l  
planar f a b r i c   t h a t  i.s subpa ra l l e l  to compositional  layering  along 
at tenuated  fold  l imbs.   This   axial   p lanar   fabr ic  is defined by t h e  
f l a t t e n i n g  of quartz  and fe ldspar ,  and by the   p refer red   o r ien ta t ion  ,of 
p l a t y  metamorphic minera ls .   This   sugges ts   tha t   f i r s t   genera t ion   fo lds  
were  developed e i t h e r   d u r i n g   i n i t i a l   s t a g e s  of  Early-Middle Ju ras s i c  
regional  metamorphism or an older  episode of  low-grade  metimorphism. The 
p o s s i b i l i t y  of multi-episodic first generat ion  folding is recognized,  but 
has  not  yet been  documented. 

D2 STRUCTURES 

The no tab le   t r ans i t i on  from first and second order  Dl isocl.ina1  folds 
along  the  northwest  flank of Frenchman Cap  dome t o   t h e  complexly refolded 

macroscopic  second  generation folds below the  Monashee d6collement. 
s t ruc tures   south  of Fatchford Creek r e f l e c t s   t h e   s p a t i a l   d i s t r i b u t i o n  of 

Basal  quartzite  of  the  mantling  platform  sequence  (3q)  outlines two broad 
reclined,  second  generation  fold closures which form a d i s t i n c t i v e  Z- 

Creek (Figures 3 and 5) .  This   rec l ined   fo ld   s t ruc ture  (McMillan,  1973) 
shaped s t ructure   adjacent   to   the  headwaters  of Perry  River and Myoff 

is character ized by west-southwest  dipping  axial  surfaces and west- 
southwest-plunging  fold  axes  that  are  subparallel to a prorninent 
southwest-northeast-s t re tching  l ineat ion i n  a l l   u n i t s  below the  Monashee 
d6collement. A nea r ly   i den t i ca l   fo ld   s ty l e  is observed on a mesoscqpic 
s c a l e  and is well developed  throughout  the  northern Frenchman Cap dolae. 

Axial surface traces of  megascopic ~2 folds   are   t runcated  a long  the 
western margin of Frenchman Cap  dome  by the  Monashee d6collement and: 
associated  secondary  shear  zones. Second order D2 asymmetric  folds can 
be traced  over  the  culmination of north-central  Frenchman Zap  dome where 
they  reverse   their   p lunge  direct ion and are overprinted by nor ther ly  
t rending  third  generat ion  folds   (Journeay,   in   prep.  ) .  A very  Simi1a.r Set 
of  second generat ion  recl ined  folds   are  documented by Read and Klepacki 
(1981) i n  the   s t ruc tura l   depress ion  between Frenchman Cap  dome and I'hor- 
Odin nappe. 

Cons is ten t   overpr in t ing   re la t ionships  on both  macroscopic and mesosoopic 
scales ind ica t e   t ha t  D2 f o l d s  were developed  during  Middle Ju ras s i c  
syn-metamorphic deformation  (Figure 6). This   interpretat ion is Supported 
by the  widespread  occurrence of medium grade  metamorphic  minerals  such a s  
kyani te  and s i l l i m a n i t e   t h a t  are oriented  with  their   long  axes sub- 
p a r a l l e l   t o  second generation  fold  axes and prominent  southwest- 
nor theas t - s t re tch ing   l inea t ions .  

The Monashee d6collement (Brown,  1980a,  1980b; Read and Brown, 1981) i s  
defined  along  the  western  margin of Frenchman Cap  dome by a wide  zone  of 
myloni t ized   fe ldspa th ic   g r i t s  and semi-pelitic metasedimentary  rocks:. 
The f a u l t  zone appears   to  be a major s t r u c t u r a l  discontinuity  separa.t ing 
platform-type  metasediments  in  the  footwall from rocks  that  may be 
correlat ive  with  the  Horsethief  Creek Group i n  the  hangingwall  (for 
f u r t h e r   d e t a i l s  see Read and Brown, 1981).  Preliminary  fabric  analyses 
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of f a u l t  zone mylonites from seve ra l   a lp ine   l oca l i t i e s   sou th  of Ratchford 
Creek  suggest an eas te r ly   sense  of displacement of hangingwall  with 
respec t  to footwall  rocks. This i n t e r p r e t a t i o n  is based on the  asymmetry 
of minor fo lds ,  and the   angular   re la t ionship  of f l a t t en ing   f ab r i c s   w i th  
respect t o   n y l o n i t i c   f o l i a t i o n s  i n  t h e   f a u l t  zone. 

D3 and Dq STRUCTURES 

with  northwest-trending axial  surfaces   (Figure 6). In   the  north-central  
Third  generation  folds  are  easterly  verging,  post-metamorphic  structures 

wester ly   t rending open fo lds   t ha t   a r e   be l i eved   t o  be associated  with 
Frenchman Cap  dome, third  generat ion  fold  axes   are   refolded by broad, 

subsequent  arching  events. Along the  western  margin of Frenchman C a p  
dome, th i rd   genera t ion   fo lds  are well developed  north of mtch fo rd  Creek 
but  decrease i n  amplitude and i n t e n s i t y  toward  the  polydeformed Myoff 
Creek-Perry  River  region.  Fold  styles  vary from  asymmetric  kink fo lds  
and c renu la t ions   i n  well layered  metasedimentary  rocks  to  broad  open 
f o l d s  and  warps i n  massive  quartzofeldspathic  gneiss of t h e  basement 

between a r i g i d  basement and a thinly  layered  metasedimentary  cover  that  
complex. This   var ia t ion   in   fo ld   s ty le  may r e f l e c t  a competency con t r a s t  

was accentuated  during waning s tages  of regional  metamorphism. On a 

phic  minerals and  deform  prominent  southwest-northeast  stretching  linea- 
mesoscopic scale, t h i r d  generation folds crenula te  medium grade metamor- 

t i o n s   i n d i c a t i n g  a late to post-metamorphic age of deformation  (believed 
t o  be younger  than  Late  Jurassic and older  than  Eocene). 

Late s tage  arching,  which  produced the   overa l l  domal charac te r  of the  
northern Monashee Complex, apparent ly   pos t -da tes   th i rd   genera t ion  
deformation  (Figure 6). No minor s t ruc tures   assoc ia ted   wi th   th i s   a rch ing  
event are recognized i n  t he   f i e ld   a r ea   (F iqu re  3 )  west of Myoff Creek o r  
the  headwaters of Ratchford  Creek. 

Overprinting a l l  e a r l i e r   s t r u c t u r e s  i n  the  northern Frenchman Cap dome is 
a prominent set of no r the r ly   t r end ing   b r i t t l e   ex t ens ion   f r ac tu res  and 

metres i n  width and are commonly f i l l e d  by undeformed  lamprophyre  dykes 
associated  bimodal dyke swarms. These f r a c t u r e s   r a r e l y  exceed 3 to 5 

and/or  granit ic pegmatites. Overpr in t ing   re la t ionships   in  one a l p i n e  

post-dates   the  intrusion of g r a n i t i c  pegmatites. 
l o c a l i t y   i n d i c a t e   t h a t   t h e  emplacement  of  lamprophyre  dykes  (Eocene ?)  

The Perry  River   faul t   (Figures  3 and 5) is the  only major normal f a u l t  
exposed i n   t h e   f i e l d   a r e a ,  and c lear ly   pos t -da tes   ear l ie r   genera t ions  of 
deformation.  Displacement  of  second  generation  macroscopic  fold  axes i n  
the  Perry River-Myoff Creek region  indicates   several  hundred metres of 
r e l a t i v e  west-side-down  normal movement across   the   wes te r ly   d ipping   fau l t  
surface.  

S imi l a r   b r i t t l e   ex t ens ion   f ea tu re s  have  been described  throughout  the 
Frenchman Cap dome (Wheeler, 1965; Fyles, 1970; McMillan, 1973; Psutka, 

record a t r a n s i t i o n  from periods of crustal shortening (Dl,  D2, and 
1978; Brown and Psutka, 1978; Read and Klepacki, 1981) and apparent ly  

198 



D3)  to  periods of crustal  extension (Dq). The  nature of thh transi- 
tion  and  its  tectonic  implications  for  the  Early  Tertiary  evolution  of 
Frenchman  Cap  dome  are  not  yet  fully  understood. 

MINERALIZATION 

A  sphalerite-galena-magnetite  layer  occurs  as  part  of  the  stratigraphic 
success  ('Cottonbelt  sequence')  in  both  limbs  of  the  Kirbyville-Grace 
Mountain  syncline  north  of  Ratchford  Creek (Hoy, 1979). In  tracing  t.his 
marble-carbonatite-bearing sequence  (unit 4m, ct)  south  of  Ratchford 
Creek,  two  additional  exposures  of  disseminated  oxide-sulphide 
mineralization  were  discovered.  The  first  showing  cccurs  on  the  upper 

disseminated molybdenite,  pyrite,  chalcopyrite, and  hematite immediat.ely 
limb of the Kirbyville-Grace  Mountain  syncline and  consists mainly of 

adjacent to a  thin  marble  unit  of  the  'Cottonbelt  sequence.'  This show- 
ing  is  located  near  the  hinge  of  a  first  order  D2  fold  near  the  western 
headwaters  of  Perry  River,  and  is  marked by an 'x' on Figures  3  and 5. 
Oxide-sulphide  mineralization  also  occurs  in  a  sequence  of  calcareous 
skarns  near  the  hinge  zone  of  the  Grace  mountain  syncline,  approximat.ely 

Mineralization  appears  to  be  zoned  and  consists  primarily  of 
1.75 kilometres  south  of  Ratchford  Creek (MJ-720, Figures 3 and 5 ) .  

glomeroblastic  magnetite,  pyrite  and  minor  sphalerite in the  centre,  and 
grades  outward  into  disseminated  pyrite-molybdenite  along  its  margins. 

Assay  values  for  two  grab  samples  within  this  mineralized  zone  are  pre- 
sented  below. 

Sarnp I e Au Ag Pb cu Zn Mo 
NO. oz./ton  oz./ton per  cent  per  cent  per  cent  per  cent  per  cent 

wo3 

ore ore 

MJ-720 A t race 0.25 0.02 t race  0.04 t r a c e  0.04 

MJ-720 B t race 0.10 0.02 t race 0.03 t race t race  
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I N  THE INSULAR BELT OF THE CANADIAN CORDILLERA 
USING GALENA-LEAD ISOTOPE ANALYSES 

PRELIMINARY  MAMINATION OF GOLD METALLOGENY 

By A. Andrew, C.I.  Godwin, and A.J .  S i n c l a i r  
Department of Gzological Sciences 

University of Br i t i sh  Columbia 

ABSTRACT 

Lead isotope  data from quartz-gold  vein  deposits and volcanogenic  and 
re la ted   depos i t s   in  the Insular  Belt group f a l l  i n  f o u r   d i s t i n c t   c l u s t e r s  

hos t  rock  category. Two para l le l   evolu t ionary   t rends   in   the   l ead  
on Pb-W p lo t s .  Each cluster  corresponds to a specific deposit   type and 

isotopic   composi t ion  exis t :  ( 1 )  Sicker-hosted  volcanogenic  deposits to 

paramagmatic  deposits to Karmutsen and Bonanza-hosted veins.  The t rends 
Sicker-hosted  veins, and ( 2 )  Karmutsen and Bonanza-hosted  volcanogenic or 

ind ica t e  a gene t ic   re la t ionship  between host  rock and i so topic  
composition. These observations  favour a host   rock  source  for  the  lead 
i n  vein deposits and, by assoc ia t ion ,  a comparable source for gold. 
Plutonic   or   abyssal   d i rect   sources  of metals   are   not   consis tent  w i t h  the  
lead isotopic data. 

We suggest  that  the  gold was ex t rac ted  from the  country  rock, 

plutons.  Vein deposi ts  are i s o t o p i c a l l y   d i s t i n c t  from volcanogenic and 
concentrated as veins by hydro thermal   ac t iv i ty   re la ted  to Tbrt iary 

related  deposi ts ,   providing a model for   dis t inguishing  syngenet ic  from 
epigenet ic   deposi ts  i n  a general  way. Karmutsen and Bonanza-hosted 
depos i t s  are more depleted  in  207Pb than similar deposi ts   in   Sicker  Q-oup 
rocks ,   ind ica t ing   s ign i f icant ly   d i f fe ren t   sources   for   vo lcanic  components 
of  these two impor tan t  rock  units. 

INTRODUCTION 

been  compiled a t  the University of Br i t i sh  Columbia since 1978 as part of 
Galena-lead  isotope data  from mineral depos i t s   in   Br i t i sh  Columbia have 

a systematic  study of galena-lead  isotopes  applied to metallogeny  in  the 
Canadian  Cordillera. One aspect  of that  data  considered  here  concerns 
isotopic  compositions of lead from volcanogenic and re la ted   depos i t s  and 
quartz-gold  veins  in  the  Insular Belt, as they relate to the metallogeny 
of gold-bearing  deposits. 

A l l  the  data  used  in  this  study  are  l isted  in  Table 1. Information 
regarding the geological   se t t ing,   mineral   associat ions,  and deposit   type 
was ex t rac ted  from MINDEP and M I N F I L E  computer f i l e s  of mineral   deposi ts ,  
annual  reports o f  the   Bri t ish Columbia Ministry of h e r g y ,  Mines  and 
Petroleum  Resources, and assessment  reports  submitted to the   Br i t i sh  
Columbia  government. Ihe appendix  describes the 18 depos i t s  used i n  this 
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TABLE 1. LEAD  ISOTOPE  ANALYSES  ON  GALENA  FRO\I  MINERAL  DEPOSITS 

I n s u l a r   B e l t ,  B.C. 

G79CL Cowichan CL 48.7  124.3 

G79CL Cowichan CL 48.7  124.3 
-001 Lake 

-002 Lake 
G79CL Cowichan CL 48.7  124.3 

*average f o r  Cowichan  Lake 
-003  Lake 

*G79IC Iron Clad I C  48.85  123.68 

LN 48.87  123.78 
-001 

-001 

-002 

G79LN Lenora 

G79LN Lenora 

*average for Lenora 

LN 48.87  123.78 

*G79TY 
-001  Tyee "Y 48.87  123.78 

G79W Western: WM 49.57  125.59 

679W Western: UM 49.57  125.59 
-001 Nyra 

-002 Myra 2 
G79!i?l Western !+W 49.57  125.59 

Standard   devia t ion  = S 
Standard error = S G k  
Clus te r  2 :  Upper T r i a s s i c   - J u r a s s i c  

*30335 Nutcracker  335  49.75  124.59 

*30366 Ban 366  50.26  126.67 

30314 S t a r l i g h t  314 49.02  124.71 

-001 

-001 

-001 
Average for  C l u s t e r  2 (n=2) 

Standard   devia t ion  = S 
Standard error = S n 4  

c l u s t e r   3 :   T e r t i a r y  

30317 Lone Star 
-001 -ReyOro 

317 50.02  126.79 

30317 Lone Scar 317 50.02 126.79 
-001 -ReyOro 

 er age for   one Star-ReyOro 

*30318  White Star  31LI 50.03  126.81 

"30320 P e e r l e s s  320  50.04  126.84 

*30334  Lucky S t r i k e  334 50.06  126.84 

*30349 P r i v a t e e r  341 50.03 126.81 

-001 

-001 

-001 

-001 

-001  Beta 
~ ~ e r a g e  f o r  C lus t e r  3 (n=5) 

Standard   devia t ion  = S , 
Standard error mean = Sn-* 

G79AB Alpha  and AB 48.73  124.09 

Lead Isotooe Data ( r e l a t i v e  :. S ~ I T O T  as 5 )  
208pb,20dpb 

18.646(.03) 

18.666(.02) 

18.702(.07) 

18.671(.04) 

18.682(.08) 

18.534(.04) 

18.562(.08) 

18.548(.06) 

18.558(.08) 

18.506(.06) 

18.488(.07) 

18.484(.06) 

[18.595(.06)1 
18.493(.06) 

0.081 
0.036 

18.609(.07) 

18.587(.06) 

18.592(.07) 

D8.598(.07U 

0.016 
0.011 

18.940(.08) 

18.950(.10) 

18.945(.09) 

18.867(.10) 

1 8 . 9 w . 0 6 )  

18.827(.05) 

19.011(.08) 

1 8 . 8 8 2 ( . 0 3 )  

p8.926(.07)1 

0.078 
0.035 

* A s t e r i s k   d e n o t e s   a n a l y s i s  used i n   c a l c u a l t i o n  of averages 

zo7Pb/204Pb 

15.581(.05) 

15.589(.07) 

15.546(.10) 

15.572(.07) 

15.581(.07) 

15.538(.09) 

15.572(.08) 

15.555(.08) 

15.577(.07) 

15.579(.04) 

15.554(.07) 

15.551(.09) 

[15.569(.07)1 
15.561(.07) 

0.011 
0.005 

15.521(.09) 

15.526t.04) 

15.562(.09) 

n5.524(..07fl 

0.004 
0.003 

15.569(.03) 

15.571(.06) 

15.57 (.OS) 

15.499(.04) 

15.56 (.IO) 

15.532(.03) 

15.581(.09) 

15.581(.05) 

D5.548(.06fl  

0.033 
0.015 

38.276(.10) 

38.396(.10) 

38.086(.30) 

38.252(.16) 

38.304(.12) 

38.216(.04) 

38.23  (.09) 

38.223(.06) 

38.123(.11) 

38.186(.07) 

38.089(.06) 

38.115(.03) 

[38.206(.10)1 
38.130(.05) 

0.079 
0.035 

38.048(.10) 

38.086(.10) 

38.196(.05) 

p8 .067(  .08)] 

0.027 
0.019 

38.445(.07) 

38.378(.03) 

38.4111 .as) 

38.245(,05) 

38.4531.08) 

38.405(.09) 

38.505i.06) 

38.406:.07) 

p8.411:.05)1 

0.099 
0.044 
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TABLE 1 (Continued) 

Si l lp le  
Ncmber Deposit  Name Name North West 

~ a p  Lato Long' Lead Isotope  Data  (re lat ive  1 S error as I )  

206Pb/zo4Pb  207Pb/204Pb  zo8Pb/204Pb 

C l u s t e r  4 :  T e r t i a r x ?  

*30313  Golden  313 49.11  124.59  19.007(.08)  15.621(.07)  38.577(.12) 

*30315 V i c t o r i a  
-001 Eagle 

-001 
315 49.18  124.66  18.828(.04)  15.646(.04)  38.733(.04) 

30323 Fandora 323  49.25  125.68 18.856(.07) 15.526(.04) 38.290(.04) 

*30355 Cream Lake 355  49.49  125.54 19.171(.04) 15.585(.04) 38.796C.07) 
-001 

-001 
Average f o r  C lus t e r  4 (n=3) 

S tandard   devia t ion  = S 
Standard error mean = S n 4  

@9.002(.05)]  p5.617(.05)l  [r38.702(.08)1 

0.172 
0.099 

0.031 
0.018 

0.133 
0.065 

* Aste r i sk   deno tes  analysis used i n  c a l c u l a t i o n  of averages.  

s tudy and lists the  chief  sources of information  for  each.  Locations of 
the deposi ts  are shown  on Figure 1. 

ANALYTIC&  TECHNIQUES 

was obtained  using  anion columns and anodic  electro-deposit ion.  Samples 
Lead i n  galena from the samples was dissolved  using HC1. Purif ied  lead 

were analysed  using  single-filament si l ica gel  techniques on a 90-degree, 
12-inch,  solid  source mass spectrometer.  In-run  precision,  reported in 
the   tables  as per cent   s tandard  deviat ion  within  the  brackets   fol lowing 
mean i so top ic   r a t io s ,  i s  general ly  better than 0.1 per cent a t  one 
standard  deviation.  Multiple  analyses of  Broken H i l l  No. 1 s tandald 
shows that the reproducib i l i ty  of sample analyses is about 0.1 per c e n t  
a t  one standard  deviation. A l l  data   in   the  tables  have  been normalized 
t o  the Broken Hill No. 1 standard;  normalizing  procedures assumed the 
following  composition  for  this  standard:  207Pb/204W = 15.389, 
206W/204Pb = 16.003,  208Pb/204Pb = 35.657. All analyses were done i n  
the  Geology-Geophysics  Laboratory,  the  University of B r i t i s h  Columbia. 

DATA 

Galena-lead  isotope  data from Table 1 faLl i n t o  f o u r   d i s t i n c t   c l u s t e r s  on 

deposit   type and host  rock  group. Vein depos i t s   a re   cons is ten t ly  more 
the W-Pb p lo t s  of Figures 2 and 3. Qch cluster  corresponds to a 

hosted  deposits are general ly  more enriched i n  207Pb  than  the  Karmutsen 
enriched i n  206E% than  are  volcanogenic and related  deposits.   Sicker- 

and Bonanza-hosted deposi ts .  ?he c lus t e r s ,  numbered 1 to 4 (Figures 2 
and 3) ,  are described i n  more d e t a i l  below. 
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206?b/204?b 
Figure 2. Galena- led  p lo t   o f  207Pb/20%'b versus 20%'b/204Pb (Table 1).  Open 

symbols are used fo r   ve lns ;   c i rc les  denote  deposlts  related  to Karmutsen 
or Bonanza  Group rocks;  square symbols are  tor  deposits  related t o  
Sicker Group rocks.  Unreasonable  analyses  are  crossed and are  not used 
In our Interpretat ion.  Bars mark standard  error  of  the mean and l i nes  
extends t o  standard  devlatlon.  Lines 1 and 2 represent  the  evolut lon ot 

known wi th   cer ta in ty   (see  text ) .  The average grarth  curve shown i s  
lead from t l  t o  t2 for  varying  values  of )I; t2 for Cluster 4 i s   n o t  

Stacey and Kramars (1975) curve for average crustal   lead growth. 

CLUSTER 1: SICKER GROUP VOJXANOGENIC AND RELATED DEPOSITS 

The Sicker Group is made up  of dominantly  andesit ic  volcanic  rocks and 
interbedded  sedimentary and limestone units of  Carboniferous-Permian age 
(Northcote, e t  d l . ,  1972). On the   basis  of paleontological  evidence 
(Muller and  Carson,  1969),  an  age of 270 Ma has been  assigned i n  this 
study to the depos i t s  which make up t h i s  cluster. 

contained  in  the Sicker Group, the best known being Western Mines 
Several  volcanogenic massive sulphide  deposits  (and  related  showings) are 

(Figure 1 ). Lead isotope  data  from these  deposi ts  form a t i g h t  cluster 

and Kramers (1975)  curve  for  average  crustal  lead  growth,  but  within  the 
i n  the pb-Pb plo ts   (Clus te r  1 ,  Figures 2 and 3)  centred below  the  Stacey 

f i e l d  of  'ocean volcanics '   described by b e  and ar tman  (1979) .  me 
compositions are too  enriched  in 2 0 6 ~  and too  depleted  in  207F?J to plot  
on any 270-Ma isochron of the Stacey and Kramers (19751, Cumming and 
Richards ( 1975).  or Doe and Zartman ( 1979)  lead  evolution  models. 
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N 38.25- 

18.1  18.3  18.5  18.7 18.0 10.1 
-2 

19.3 

20sPb/204pb 
Flgure 3. Galena-lead  plot of 20$b/20+b versus 206pb/204Pb (Table 1);  for symbol 

descrl tplon see Figure 2. Llnes 3 and 4 represent the evcNlutlon of lesad 
frm t l  to t2 for  varylng  values  of w I f  K Is 3.3 and 3.9 respect lvely 
(Table 2). 

The Iron  Clad  deposit  (Appendix) has not been c lass i f ied   p rev ious ly   as  
volcanogenic. We n o t e  t h a t  the composition of the  lead is the same am 
other  volcanogenic  deposits i n  the Sicker Group. Consequently, we 
bel ieve   th i s   depos i t  to be cogenetic  with  volcanogenic  deposits  within 
the  Sicker Group. 

CLUSTER 2: KARMUTSEN AND BONANZA GROUP VOLCANOGENIC AND RELATED DEE’OSITS 

Karmutsen Group volcanic  rocks form a thick  sequence of Triassic ( c i r c a  
200 Ma) t ho le i i t i c   p i l l ow  basa l t s ,   f l ows ,  and breccias ,  which a re  similar 
in   chemistry to those of mid-ocean r idges (Monger, e t  a l . ,  1972). Muller 

which formed close to a trench. They ove r l i e  the  Sicker Group i s l and   a r c  
( 1971 ) and souther (1977) suggested  that  they are  volcanogenic arc  rocks 

assemblages and lack  gabbro,  chert, and ultramafic  rocks which usual ly  
are associated  with  ocean  basalts. In other  words,  they  probably 
represent volcanic  rocks  generated  above a B n i o f f  zone during  ear ly  
s tages  of subduction. 

Bonanza  Group volcanic  rocks  are flows and pyroc las t ic  layers ranging i n  
composition from basa l t  to rhyol i te .  ‘Ibey overl ie   the Karmutsen Group 
and are dated as Middle Ju ras s i c   ( c i r ca  160 Ma) on the  basis  of 
radiometric ages from coeval  granitic  plutons  (Muller and Carson, 1969). 
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"vn depos i t s   def ine  C l u s t e r  2; both are enclosed by Karmutsen volcanic 
rocks;  consequently, an  age of 200 Pa was assigned to hoth deposi ts   for  
our purposes i n  in te rpre t ing   lead   i so topic   da ta ,  C l u s t e r  2 p l o t s  below 
the  growth  curve of Stacey and Kramers ( 1  975)  for  average  crustal   lead 
(Figure 2) and is more deple ted   in  207Pb than  Cluster 1 .  If the age 
d i f fe rence  between Clusters  1 and 2 is taken  into  account,   the  difference 
i n  isotopic  composition would be more pronounced,  since  Cluster 2 would 
have been even less radiogenic a t  270 Pa. 
The twu deposi ts  which def ine  this   c luster   are   not   demonstrably 
volcanogenic and the t e r m  paramagmatic (White, e t  al.,  1971) may be more 
su i tab le .  Paramagmatic is the name given to epigenet ic   deposi ts  which 
can  be  shown to be a n  i n t e g r a l   p a r t  of a magmatic event. The lead 
isotopic  composition of such a deposi t   probably  ref lects   the  composi t ion 
of lead  in   the magma a t  its time of formation. We think  that   the 
relatively  non-radiogenic  Pb-isotope  character of Cluster  2 r e f l e c t s   t h e  
i s o t o p i c   c h a r a c t e r i s t i c s  of the  enclosing Karmutsen volcanic rocks. "ne 
Star l igh t   depos i t   (Table  1 ,  Appendix)  might  belong to t h i s   c l u s t e r ,   b u t  
no mention is m d e   i n   t h e   l i t e r a t u r e  of its host rock  group,  although  the 
lead-isotopic  composition  plots  within an area  underlain by the Karmusten 
Group on regional  geological maps (Muller,  1963). We exclude  this 
deposi t   in   our   calculat ions  but   inclusion of t h i s  datum wuuld make l i t t l e  
d i f fe rence  to the mean pos i t ion  of C l u s t e r  2 .  

CLUSTER 3: TERTIARY VEINS I N  KARMUTSaJ OR BONANZA GROUP VOICANIC ROCKS 

gold  veins from which,  galena-lead  isotope  data wre obtained. "nese 
Bonanza  and Karmutsen Group volcanic  rocks are host  to several   quar tz-  

carbonate and general ly   contain pyrite, spha ler i te ,   cha lcopyr i te ,   ga lena ,  
veins  vary i n  width. They are predominantly of quartz  with  minor 

quar tz   d ior i te   s tocks   (Nor thcote  and bb l l e r ,  1972). "nree of the w i n s  
arsenopyri te ,  and gold.   Spat ia l ly   they  are   c losely  re la ted to T e r t i a r y  

are within the Eocene Zeballos  pluton  (Appendix).  Consequently, an age 
of 30 Ma was assigned to th is   c lus te r   (Bancrof t ,  1940; Stevenson, 1950; 
Wanless, et  a l . ,  1967). 

Galena from the veins which make up C l u s t e r  3 has a uniform  lead 

Cluster  1 ,  but is enriched i n  206Pb, 207Pb,  and 208Fb relative to Clus te r  
composition,  the  average of which is depleted  in   207Pb  re la t ive to 

2. The data  plot   beneath  the  Stacey and Kramers (1975)  curve  for  average 
c r u s t a l   l e a d  and the average  has a fu ture  model age. 

Alpha and B e t a  deposit   (Table 1 ,  Appendix)  belongs  with  Cluster 3 on 
geological  evidence,   but was excluded from calculations  because of a 
highly anomalous  207Pb/204Fb  value  (Figure 2 ) .  It plots   with  Cluster  3 
on Figure 3 but  with  Cluster 4 on Figure 2. Its high  value i n  207Pb 
poss ib ly   resu l t s  from a n a l y t i c a l   e r r o r  which is g rea t e r   fo r  207Fb than 
f o r  2 0 6 ~  and  208Pb. 
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CLIJSTER 4: TERTIARY VEINS I N  SICKER GROUP ROCKS 

Quartz-gold  veins in   S icker  Group rocks  that  form C l u s t e r  4 on Figures 2 
and 3 have the same general  appearance and mineralogy as those of Cluster 
3 (Muller and Carson,  1969). 

Although C l u s t e r  4 forms a d i s t i n c t l y   d i f f e r e n t  group relative to C l u s t e r  
3, there   are   only  three  data   points  which are qui te   widely  scat tered on 

radiogenic  than  the  average  for any of the  other   c lusters .  Although  the 
the Pb-Fb p lo t s .  The average  composition of the   c lus te r  is more 

age of those  veins is not known w i t h  c e r t a i n t y  an  age of 30 Ma was 
assigned on the basis of t he   s imi l a r i t y   i n  206Pb  content  with  (Cluster 3, 
and the  assumption  that  they  are  related to the same phase of :intrusive 
a c t i v i t y .   v i c t o r i a  showing  (Table 1, Pppendix) may be an o1de:c deposi t  
re la ted  to the Jurassic   Is land  Intrusions.  The age t2  of C l u s t e r  4, 
however, is n o t  crucial to the  hypothesis  proposed i n  this  study. 
Fandora deposit  (Table 1, Appendix)  belongs to t h i s  group on geological 
grounds,  but was not  included i n  the discussion  because of its 
anomalously low radiogenic  lead  contents;  the  sample is to be re- 
analysed. 

LEAD ISOTOPE  MODELS 

pa ra l l e l   t r ends .  One is from Sicker-hosted volcanogenic to vein  deposits 
Distr ibut ion of the four clusters on Figure 2 gives  the appearance of two 

( l i n e  1,  Clusters 1 and 4) ,  the other  from Karmutsen and Bonanza-hosted 
volcanogenic and related  deposi ts  to vein  deposits ( l i n e  2 ,  Cl.usters 2 
and 3 ) .  

Four possible  explanations  for  these  groupings are: 

( 1 )  vein  lead is unrelated to the volcanogenic  lead, 
( 2 )  vein  lead lies on an isochron  with  the  volcanogenic  lead, 
( 3 )  vein  lead lies on a growth  curve  with  volcanogenic  lead,  and 
( 4 )  vein  lead  l ies   c lose to a growth  curve  with  volcanogenic  lead  but is 

preferent ia l ly   enr iched  in   radiogenic  lead. 

The f i r s t   hypothes is   appears   un l ike ly  on the  general  grounds  that  the 
r e l a t i v e   p l o t   p o s i t i o n s  of the two 'volcanic '   c lus te rs  are ident ical   wi th  
the r e l a t i v e  plot pos i t ions  of  the tm younger vein clusters. One 
'volcanic '  and one v e i n  cluster have evolved i n  environments  with low 
uranium/lead  ratios ( C l u s t e r s  2 and 3) compared w i t h  the  other  volcanic- 
vein  pair  of c lus t e r s .  %is seems an unreasonable  coincidence. It is 
more l ikely  that   volcanic-vein  pairs  of c l u s t e r s  are somehow genet ica l ly  
re la ted .  The re l a t ionsh ip  was tes ted by ca lcu la t ing  the slopes of the 
l ines   that   pass   through  Clusters  1 and 2 (Figure 2, Lines 1 and 2), wi-th 
p a i r s  of ages 270 and 30 Ma, and 200 and 30 Ma respectively,   using 
Equation 3 (Table 2 ) .  In both  cases t h e  l i n e s  pass  through the i r  

clusters (Figure 2). This result shows tha t   the   para l le l   t rend  is 
respect ive v e i n  clusters but  not  through the  averages of  the v e i n  

s i g n i f i c a n t  and therefore  hypothesis one can be eliminated. 



Equation 1 : [%] = + u(e h l t l  - e h t 2 )  

'04Pb t2 '04Pb tl 

Equation 3 :  M207-206 = 1 207Pb/204Pb1f2 - - [ 
137.88 

206Pb/204Pb]t2 - [ 

P =  

X1 = 0.155125 x lo-' (Jaffey &., 1971) 
X2 - 0.98485 x lo-' (Jaffey " e t   a l . ,  1971) 

X3 = 0.049475 x lo-' (LeRoux  and Glendenin, 1963) 

238 204pb u/ k =  232Th/w8U W = ku 

M207-206 and M208-2Q6 are  slopes of  isochrons on t h e  Pb-Pb plo ts .  

TABLE 2. EQUATIONS USED IN LEAD ISOTOPE MODEL CALCULATIONS 

Hypothesis two can be dismissed on geological  grounds since there  is 
c l e a r l y  a large age  difference between  the  syngenetic  wlcanogenic 
depos i t s  and epigenetic  veins.  The d i s t i n c t i o n  between  vein  and 
volcanogenic  lead  in z06Pb/204Pb r a t i o  is marked  and provides a method 
for   dis t inguishing  epigenet ic   versus   syngenet ic   deposi ts   in  the Insu lar  
Belt. A l l  the   epigenet ic   deposi ts  have  206Pb/204Pb r a t i o s  greater than 

is an  example of one  showing  which was thought to be epigenet ic   but  which 
18.8, and the  syngenetic  deposits have ratios less than 18.7. Iron Clad 

is l ike ly   syngenet ic  on the  basis  of its isotopic  composition. 

Hypothesis  three  can be tes ted  by calculat ing  the apparent 238U/204F% ( p )  
value which would be required to produce  the vein lead  compositions from 
the volcanogenic  lead  compositions  in  the time i n t e r v a l s  270 to 30 Ma and 

the assumption  that  the volcanogenic  lead is representa t ive  of the  
200 to 30 Ma, using  equations 1 and 2 (Table 2) .  lhis method is based on 

composition of the  lead  in   the volcanic host  rocks a t  their time of 
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formation ( t , )  to the time of vein  mineralization ( t2) .  The amount Of 

change i n  the rat ios   over  any time in t e rva l  depends on the va.lue Of 
238~/204pb ( p )  and 232~h/204pb ( w ) .  Apparent p values were clalculated 
and  found to be h igh   re la t ive  to expected  values  (Fame, 1977; Coe and 
Zartman,  1979). %us, the v e i n s  are mre enriched  in  radiogenic  lead 
than would be expected i f  they f e l l  on growth  curves w i t h  the  
volcanogenic  lead. mis causes us  to reject hypothesis th ree .  %e 
apparent  high p values  noted  above,  however,  might be because  radiogenic 
lead is mre e a s i l y  removed  from source  rocks  than is common lead 
(because of its unstable   posi t ion i n  mine ra l   l a t t i ce s ) .  An ore-forminq 
f lu id   wu ld   t he re fo re  be able  to scavenge more radiogenic 1ea.d than 

high  apparent u. This process of radiogenic  enrichment  has been observed 
common lead and so would give rise to a lead  deposit  w i t h  an a r t i f i c a l ' l y  

a t  Beaverdell  (Watson, e t  a l . ,  i n  preparat ion)  and in   the  Mississ ippi  
valley  (Heyl, e t  d l . ,  1974) and supports hypothesis  four. 

Strong  support  for  hypothesis  four comes from the observatiorls  that lines 

clusters, have slopes which give  geologically  reasonable 232Tph/238U (k )  
3 and 4 (Figure 3 ) ,  which pass through the centres  of both pairs of 

values. k values were calculated  using  equation 4 (Table 2) and found to 
be 3.9 for  l i n e  3 and 3.3 fo r  l i n e  4. These values  are  close to those 
l is ted  for   volcanic   rocks by Faure  (1977). 

SOURCE  OF GOLD 

summarized t h r e e   p o s s i b i l i t i e s :  
The Source of gold in   vein  deposi ts  is controversial .  Boyle 1:1979) 

(1 ) gold comes from an abyssal  source  such as the  mantle, 
( 2 )  gold comes from a plutonic  source,  and 
( 3 )  gold comes from the  host  rocks by processes  such as metilmorphic 

secre t ion  OK hydrothermal  extraction and deposit ion.  

Each of these  hypotheses is discussed w i t h  respect  to the  lead  isotope 
data, based on the assumption  that the or ig in  of the lead is the same as  
that  of the associated  gold.  

due to the absence of uranium and thorium-rich  minerals i n  tho  mantle 
Lead from an abyssal source would have a depleted  isotopic  composition 

(Faure,  1977).  Galena i n  the Bonanza and Karmutsen-hosted  veins  (Cluster 
3, Figures 2 and 3) is notably  depleted  in  207Pb and must therefore have 
a source which is less radiogenic  than  the  Sicker  volcanic  rocks ( C l u s t e r  
1 ,  Figures 2 and 3 ) .  If   this  source was the r m n t l e ,  then a l l  the quar tz -  
gold  veins of the sa.= age and within a limited  geographical  area, would 
have a uniform  lead  composition  irrespective of host  rock  group. 

corresponding to d i f f e r e n t  h o s t  rock  groups,  tends to negate  this 
Recognition of two groups of veins w i t h  d i f f e r e n t  isotopic  compositions,  

hypothesis. The unradiogenic  nature of the KdKmUtSen  and  Bonanza 
volcanic  rocks  (Cluster 2, Figures 2 and 3 )  provides an  adeqlmte  source 
for  the  lead  without  appealing to an  ahyssal  source. 
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Cluster  3 (Figures 2 and 3)  depos i t s   (Pr iva teer ,  White Star,  an3 Lone 

occur  within  the  pluton itself (Appendix).  If  the  source of the metals 
Star) are a l l  s p a t i a l l y   r e l a t e d  to the  Zeballos  pluton,  the lat ter two 

i n  each  vein was plutonic,   then one might expect to see e i t h e r  a uniform 
composition of lead   in  the veins,   unrelated t o  host  rock, or var i a t ions  
i n  the vein  lead  compositions  corresponding to d i f fe ren t   p lu tons .  The 
c lose   cor re la t ion  between  vein  composition and host  rock  group is too 
persuasive to a l l o w   f o r   a l l  of the metal t o  have  been introduced from 
plutons.  

C lose   spa t i a l   a s soc ia t ion  of the quartz-gold  veins to Ter t ia ry   quar tz  
d io r i t e   i n t rus ions   sugges t s   t ha t  the plutons  play a ro le   in   the  
mineralizing  process.  We sugges t   tha t  the plutons  provided a heat  source 
that   c i rculated  hydrothermal   f luids   through  the  host   rocks;   these  f luids  

prec ip i ta ted   these  metals in  quartz  veins.  This model i s  in  accord  with 
extracted  radiogenic  lead and gold from the  volcanic  terrane and 

Boyle’s  third  proposit ion,  namely t h a t  the host  rocks  provided the metals 
which were mobilized and concentrated by igneous,  hydrothermal  activity. 
Consequently,  the  isotopic  composition of the lead   i n  the veins is a 
r e f l e c t i o n  of i t s  host  rock. 

CONCLUSIONS 

Lead isotope  data from volcanogenic and quartz-gold  vein  deposits  in  the 
Insu lar  Belt suggest that the gold in   veins  was derived from the i r   hos t  

hydrothermal  fluids  mobilized  in  geothermal cells generated  adjacent to 
rocks.  Extraction,  concentration, and deposi t ion were probably  by 

Tert iary  plutonic   centres .  

Lead isotopic  compositions  for  quartz-gold  veins of the  southern  Insular 
Belt are depleted i n  207Pb r e l a t i v e  t o  s i lver-bear ing  veins   in  the Yukon 
Ter t ia ry  (Godwin, et  a 1  ., i n  press ), r e f l e c t i n g  the more primitive 
volcanic  source  terrane of the Insular  Belt. The uniformity of the vein 
lead  compositions of Clus te r  3 contrasts   with the l inea r   pa t t e rns  of da t a  
for  vein  deposits  elsewhere i n  the  Cordi l lera  ( D o e  and Zartman, 1979; 
Godwin, e t  al., i n  p r e s s ) .  There is  also  evidence  that   radiogenic  
ewichment of lead in veins ,   noted  in  the Insular  Belt quartz-gold  veins, 
occurred  in   other   s i lver-gold  veins ,  for example, i n  the Beaverdell camp 
in   south-cent ra l   Br i t i sh  Columbia (Watson, e t  al., i n   p repa ra t ion ) .  

From a p r a c t i c a l  p a i n t  of  view, isotopic   analyses  of galena  appears 
u se fu l   i n   d i s t i ngu i sh ing  young epigenetic  vein  deposits from older  
volcanogenic  deposits  (parhaps w i t h  related ve ins ) .   Th i s   d i s t i nc t ion  
will have an e f f e c t  on the  approach to detai led  explorat ion  within  the 
Insu lar  B e l t .  
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APPENDIX 

Western Mlnes:  Lat. 49.57';  Long.  125.59';  92F/12E 

Samp I e Nos. : G79WM-001, 002. and 003. 
Descript ion: I t  Is a kuroko-type  masslve  sulphlde  deposit. Lenses, velns. and mDDLses 

of  pyrl te,  chalcopyrlte,  sphalerl te. and galena  occur In  Sicker GroUF' 
r h p l l t i c   v o l c a n l c  rocks. 

Metals Recovered:  Copper, zlnc, lead,  gold, s l lver ,  cadmium,  and bar l te .  
Reference: MDI No. 092/071. 

Lenora: Lat. 48-87.;  Long.  123.78.;  92B/13W 

Sample Nos. : 
Descript ion: 

G79LN-001  and 002. 
Thls i s  descrlbed  as a 'replacement' ore, but Is probably a volcanogenic 
masslve sulphide  In  Slcker Group folded  tuffs. Two ore  types  occur: 
b a r i t e   o r e  Is a flne-gralned  mixture  of  pyrite,  chalcopyrlte, 
sphalerl te, and galena I n  a bar l te,   calc i te,  and quartz gangue;  and 
quar tz   ore Is malnly  quartz and chalcopyrite. 

Metals Recovered:  Zlnc, copper, s l lver,   bar l te,  and  lead. 
Reference: M)i No. 092F/O01. 

Tyee:  Lat. 48-87.;  Long.  123.78.;  92B/13W 

Sample No.: 
Descript ion: 

G79TY-001. 
Thls Is descrlbed as a 'replacement'  ore, but Is probably a voIcanogenlc 
masslve sulphlde  In  Slcker Group folded  tuffs. Two ore  types  occur: 
b a r l t e   o r e  Is a flne-gralned  mlxture  of  pyrite,  chalcopyrlte, 
sphalerlte. and galena  In a bar i te,   calc l te.  and quartz gangue;  and 
quartz  ore i s  mainly  quartz and chalcopyrite. 

Cowlchan  Lake: Lat. 48-7.;  Long. 124.78.; 92C/16W 

Samples Nos. : G79CL-001. 002, and 003. 
Descrlptlon:  Penno-Carbonlferws  Buttle Lake Fonnatlon  limestone (Sicker Group) I!; 

underialn by Slcker Group cherts,  tuffs, and brecclas and over la ln  by 
Karmutsen Formation  basalt and dlabase. 

p.  16. 
References: B.C. Mln ls t ry   o f  Energy, Mines 6 Pet. Res., Bull .  40,  p.  46; B u l l .  3 1 .  

Iron Clad:  Lat. 48-85.;  Long.  123.68';  92B/13E 

Descript ion: 
Sampls No.: G791C-001. 

Sphalerite,  pyrrhotlte, and chalcopyrite minera l i za t lon   occurs In a 
shear zone of   quartz-ser lc l te  schlst  of Slcker Group. 

Metals Recovered: Zlnc and copper. 
References: Min is te r   o f  Mines, B.C.,  Ann. Rept.  1904, p. 253; Assess%ent  Report 19. 

Bon : Lat. 50.27.;  Long.  126.67.; 92L/7E 

Samp I e No. : 
Descrlpt lon: 

30366-001. 

Kannutsen  Formation In  the  type  area (GEM, 1970,  pp. 274-278). Pr lnc lpa l  
The E m  mlneral  Occurrences  are  In  predmlnantly  volcank  rocks  of  the 

e l t h e r  magnetic  or  pyrrhotlte. h e  con f i l c t i ng   repo r t   sages t5   t ha t  Ebn 
showlngs are  replacements  of  certain  volcanic  layers by jkarn  wlth 

Is I n  Bonanza  Group rocks (Assessment Report 1821). 
Metals Recovered: Iron and copper. 
References: B.C. Mln ls t ry   o f  Energy, Mlnes d Pet. Res., GEM, 1970,  pp.  274-278; 

Assessment Report 1821. 
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Lat. 49.75';  Long.  124.59.; 92F/IC€ 

30335-001. 
Brown p o r p h r i t e  (Karmutsen ?) i s   t raversed by several f i s s w e  zones  3 
t o  4 feet wide, r a r e l y   c a p l e t e l y   f i l l e d   w i t h  quartz.  Usually  narrow 
ve in le t s  occupy t h e  zones. A contact  with  the  Marble Bay Llmestone 

MDI No. 092/359; Assessment Report 6414. 
occurs t o   t h e  southeast. Galena and chalcopyr i te occur in  the  quartz. 

Nutcracker: 

Descript ion: 
Sample Nos. : 

References: 

S tar l igh t :  

Descript ion: 
Samp I e Nos. : 

References: 
Metal  Recovered : 

Cream Lake: 

Samp I e No. : 
Descript ion: 

Lat. 49-06.;  Long.  125.54.; 92F/3E 

30314-001. 
Fine-grained  free  gold I s  associated  wlth  galena  that I s  f i n e l y  

t%ld. 
disseminated  through  extensively  altered diabase. 

M)I No. 092/216; Geol. Surv.,  Canada, Nap 49-1963. 

Lat. 49-49.;  Long.  125.54';  92F/5E 

30355-001. 
Velns o f   quar tz   w i th   lesser   s lder l te  and ca lc i te   conta ln   va lues  In  
s i l ver ,  gold,  zinc, and  copper. They are  underlain by volcanic  rocks 
and lesser  sedimentary  rocks  of Permian age  and over la in  by Karmutsen 

two. The Western Mines' orebodies l i e   t o  the  north  wi th in t h i s   b e l t .  
volcanic rocks. A d i s t i n c t  band o f  Permian limestone  occurs between the  

Metals Recovered: G o l d ,  s l i ver ,  copper, and zinc. 
Reference: Assessment Report 1884. 

Golden  Eagle: 

Sample No.: 
Descript ion: 

Metal Recovered: 
References: 

Victor ia:  

Samp I e No. : 
Descript ion: 

Lat. 49.11.; Long.  124-59';  92F/2E 

Gold occurs  In a vein of ribbon  quartz  and'pyrite  with  other  minor 
30313-001. 

Gold. 
sulphides  in a small Intrusion  of   fe ldspar porphyry. 

MlI No. 092F/080; Geol. Surv.,  Canada, Paper 68-50. 

Lat. 49-18.;  Long.  124.66'; 92F/2E 

Gold and pyr i te   are  assoc iated  wi th   quar tz   ve ins  In  sheared sect ions  of  
30315-001. 

andesitic  f lows and tu f fs .  The rock  groups observed were placed 
ten ta t i ve l y   I n   t he   S i cke r  Group, though gove rmen t   geo log i s t s   l e f t  them 
in  the  Island  serles. The depos i t   i s  adJacent t o  a s tock   re la ted   to   the  
Coast Range B a t h o l i t h   ( t h a t  Is. t h i s   v e i n  I s  probably an older  vein  than 
the other<> - . . ._ - . . . -. - . 

Metals Recovered: Gold, s i l ver ,  and copper. 
References: MDI No. 092F/079; Geol. Surv.,  Canada, Paper 68-50; Assessnent Report 

4914. 

Fandora: Lat. 49.25.;  Long.  125.68'; 92F/5E 

Sampl e No. : 
Descript ion: 

30323-001. 

c r y s t a l l i n e   p y r i t e ,  and ra re l y   l e r l t e   cu t   a l t e red   vo l can ic   rocks  near 
Gold and si lver-bearing  veins of quar tz   wi th  sane carbonate, f i n e l y  

andesl t lc  dykes In  one working  ciow, t o  a small mass of   ln t rus lve  quar tz  
dior i te.  

Metals Recovered: Gold, s i l ver ,  copper,  lead, and zinc. 
References: MDI No. 092F/040; Geo l .  Surv..  Canada, Paper 68-50. 
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Whlte  Star: Lat. 50.30';  Long.  126.81.;  92L/2W 

Sample No.: 30318-001. 
Descript ion: 

dykes and subsequently j o in ted  I n  three  direct ions.  puartz  veins w l t h  
Quar t z   d lo r l t e   o f  Eocene Zeballos  pluton i s  cut  by feldspar  porphyry 

pyrl te, galena, arsenopyrlte,  sphalerlte, and gold occur In gangue  and 
breccia zones along which f a u l t   m o v m n t  has taken  place. lhe sulphlder; 
are  usually  concentrated  In bands along  the wal I s  of   the velns. 

Metals Recovered: Gold, s i l ver ,  lead, and zinc. 
References: MDI No. 092L/010;  Geol. Surv.,  Canada, Paper 40-12. 

Lone Star-Rey-Oro:  Lat. 50.02';  Long.  126.79.; 9W2W 

Descrlption: 
Sample No.: 30317-001. 

Quartz d i o r i t e  of Zeballos  pluton Is  c u t  by a p l i t e  and ande:;ltic and 

chalcopyrite, and sphaler i te occur In  shears In   j o ln ted   qua r t z   d lo r i t e  
feldspar porphyry. Fbny quartz  veins  with galena, arsenopyrite, gold, 

and the  dykes. 

References: 
Metals Recovered: Gold, s l l ver ,  zinc, lead, and copper. 

M)I No. 09W015; MINDEP 05841. 

Sample No. : Peer less: Lat. 50.04.; Long. 125.84.;  92L/ZW 

Descrlpt lon: 
30320-001. 
A quartz  vein 5 centimetres wide fol lows a contact between 23 feldspar 
porphyry dyke and feldspathlzed  andeslte  of Lower Jurassic  lbnanza 
Group. Quartz  contalns abundant c a l c i t e  and small amounts (of spha ler i te  
and chal copyr I te. 

Metals Recovered: Gold. zlnc, and copper, 
References: MDi No. 092L/025; MINDEP  05851. 

Pr ivateer:  Lat. 50.03.;  Long. 126.81'; 9K/2W 

Sample No.: 30349-001. 
Descript ion:  puartz  veins  wlth  pyri te,  sphalerl te. galena, arsenopyrite,  pyrrhotite, 

and nat ive  gold  cut  massive Bonanza  Group volcanlc rocks, lime 
s l l i ca tes ,  and small  bodies  of JuraSSlC lntruslve  quartz  d ior i te.  

Metals Recovered: Si lver,  gold,  copper, and lead. 
References: M)i No. 092L/008; Geol. Surv.,  Canada, Paper 1940-12. 

Alpha, Beta: Lat. 48.73';  Long.  124.09';  92C/9E 

Sample M.: 
Descrlpt lon: 

G79AB-001. 
Frank1 in Creek  (Karmutsen Formation)  andesite and lenses o f  Quatslno 
limestone  are  cut by dykes of   granodlor l te.   granl te porphyry, and 
d i o r i t e  porphyry. Llmestone, andeslte, and granod lor l te   a re  p a r t l y  
a l te red   to  garnet-epldote-pyroxene  skarn  with  chalcopyrite,  magnetite, 
and pyr i te   loca l l y .  

p. 291; 1 9 7 1 ,  p.  226. 
References: M ) I  No. 09'E/039; B.C. Min is t ry  of Energy, Mines h Pet. Res., GEM, 1970, 

Lucky S t r l  ke: Lat. 50.06';  Long.  126.84.;  92L/2W 

Sample No.: 
Descript ion: 

30334-001. 
The Vancarver4 1 shear, whlch folicus a feldspar  porphyry dyke I n  
d i o r i t e  and granodlorlte  breccia,  contalns  lenses of quartz 5 t o  7.5 
centimetres wide w i th   py r i t e  and free gold. 

Metals Recovered: l .01  No. 092L/030; MINDEP 05856; Geol. Surv.,  Canada, Mem. 272, p. 59. 
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PLATINOIDS  IN  THE  TIJLAMEEN  ULTRAMAFIC  COMPLEX 

(92H) 

Department  of Geology, University  of  Alberta 
By Robert M. St. Louis 

INTRODUCTION 

The  Tulameen  Ultramafic  Complex  is  approximately 22 kilometres  west  of 
Princeton,  and 48 kilometres  north  of  the  Canada-United  States  border. 
The  complex  has  a  surface  of  about 57 square  kilometres  and  is  largely 
concordant  with  the  regional  northwest-southeast  structural  grain.  It 
has  been  tentatively  dated  as  Late  Triassic  (Findlay, 1969). 

The  Tulameen  River  area  has  been  known to be a  gold  and  platinum  producer 

production  has  been  from  placers  in  the  Tulameen  River  and  its 
for mnre  than  one  hundred  years.  Essentially  all  of  the  precious  metal 

because  information  about  the  platinum  distribution  within  the  complex  is 
tributaries. No hard-rock  mining  of  platinum  has  been  attempted,  mainly 

lacking.  The  purpose of this  project  is to establish  the  distribution of 
the  platinum  group  elements  (PGE)  and  determine  if  they  have  any 
mineralogical  associations.  This  research  is  being  conducted as part of 
the  requirements  for  an  M.Sc.  degree  at  the  University  of  Alberta. 

REGIONAL  GEOLOGY 

The  Tulameen  Complex  intruded  Late  Triassic  NicOla  Group  metavolcanic  and 
metasedimentary  rocks.  The  intrusion  took  place  at  the  same  time  as 
major  folding  was  in  progress  in  the  Nicola  Group  (Findlay, 1963). The 
Eagle  granodiorite  lies  just  west of the mrgin of  the  complex.  This  acidic 
intrusion  is  slightly  younger  than  the  Tulameen,  and  may  contact  the 
ultramafics  at  depth  (Findlay, 1963). 

The  Tertiary  Princeton  Group,  which  consists  of  terrestrial  coal-bearing 
sedimentary  rocks,  volcanic  rocks,  and  basalt  flows,  unconformably 
overlies  the  eastern  margin  of  the  Complex  (Findlay, 1963). In  addition, 
glacial  deposits  cover  much  of  the  ultramafic,  making  outcrops  scarce, 
especially  in  the  southern  half  of  the  area. 

GEOLOGY  OF  THE  COMPLEX 

As shown on Figure 1, the  Tulameen  Complex  is  oval  with  long  axis 
trending  northwest. It  is  imperfectly  concentrically  zoned.  The  general 
pattern  of  zonation,  from  core  to  margin  is:  dunite,  (peridotite), 
olivine  clinopyroxenite,  hornblende  clinopyroxenite,  syenogabbro,  and 
syenodiorite  (Findlay, 1963,  1969). Because  they  are  common  along  the 
southeastern  coast of  Alaska  ultramafics  with  this  type  of  zoning  are 
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Flgure 1. Generalized geology of the T u l a e e n  Complex. 
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ca l l ed  Alaskan pe r ido t i t e s .  The Alaskan pe r ido t i t e s  are a spec ia l  
va r i e ty  of a lp ine   per idot i tes   bu t   they   d i f fe r  i n  zoning and chemistry. 
Both are found in  geosynclinal  orogenic  zones  (Wyllie,  1967). In 
addi t ion to the  zoning,  Alaskan  intrusions  characterist ically  lack 
orthopyroxene and fe ldspars ,  and contain  highly magnesian o l iv ine ,  on the 
order  of Fo75-93 (Wyllie, 1967). In  the  'hlameen Complex the 
bulk Fe r a t io   i nc reases  from core to margin,  feldspars are only present 
i n  the  gabbroic  units,  and no orthopyroxene has been  found  (Findlay, 
1963). 

The ,dunite  unit   occurs a t  the northwest end of the complex and is  a l s o  
elongated to the northwest. It contains  chromite i n  va r i ab le   quan t i t i e s ,  

are common. Serpent ine  general ly   const i tutes  less than 50 per  cent of 
generally  ranging from 2 to 20 volume per cent.   Serpentine and magnetite 

the  rock and is commonly i n  zones of deformation and a t   c o n t a c t s .  

Pe r ido t i t e  is volumetr ica l ly   ins igni f icant  and does  not   const i tute  a 
mappable unit .   Olivine/serpentine and diopside  comprise 45 to 90 per 
c e n t  of the  rock. The p e r i d o t i t e  is generally  located a t  the 
dunite-olivine  clinopyroxenite contact, but  also  occurs  within  the 
olivine  clinopyroxenite  (Findlay, 1963). 

extends  southward as a s ing le  zone. It cons i s t s  of 70 to 80 per cent  
Olivine  clinopyroxenite  partly  envelopes  the  dunite  unit  on the south and 

diopside,  10 to 25 per cent o l iv ine  and serpentine, some magnetite,  and 
local  chromite . 
Hornblende clinopyroxenite  comprises the outer  unit   around most of the  
complex. It contains 30 to 75 per cent diopside,  5 to 70 per  cent 
hornblende, 5 to 25 per  cent  magnetite,  and accesso ry   b io t i t e .  

Gabbroic  rocks  comprise a la rge  mass along  the  eastern part of the 
complex. The syenogahbro  generally  contains 30 to 50 per  cent  diopside, 

b i o t i t e  and magnetite.   Syenodiorite  contains 10 to 25 per  cent  diopside 
25 to 35 per cent   plagioclase,  15 to 20 per cent  K-feldspar, and  minor 

and  hornblende, 35 to 55 per  cent  andesine  plagioclase (An40), 15 to 
35 per cent  K-feldspar, and accessory  biot i te ,   magnet i te ,  and a p a t i t e  
(Findlay, 1963). These two un i t s   a r e   t yp ica l ly   s aussu r i t i zed ,  and 
altered  areas  resemble one another  in  outcrop. 

Contact3  between  gabbroic and ul t ramafic   rocks  are   sharp.  However, the  
ultramafic  rocks  grade  into one another  (Findlay, 1963). In general ,  
contacts  between u l t ramaf ic   un i t s  are marked  by xenol i ths  of one type i n  
the  other .  Near contacts,  hybrid  mixtures of the two contac t ing   un i t s  
are common (Findlay, 1963). 

The Tulameen Complex is geologica l ly   in te res t ing   for  a number of reasons. 
I t  is one  of the  very few Alaskan pe r ido t i t e s  found i n  Canada (one of the 
others  being  the  Turnagain Complex, northern  British  Columbia). Also, it 
is unusual i n  t h a t  the mlameen gabbroic  rocks are potass ic ,  whereas 
those of o ther   Alaskan   per idot i tes   a re   tho le i i t i c .   In   addi t ion ,   bo th  
ul t ramafic  and gabbroic  rocks of the 'hlameen su i te   a re   undersa tura ted  i n  
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silica (Findlay,  1969).   Finally,   platinum  in Tulameen placers  is par t   of  
a spec ia l  class; it occurs as nuggets. Other placers  of t h i s  type  are 
found i n  the  Ural  Mountains and i n  Alaska. 

PLATINM GROUP ELEMENTS 

Tulameen Complex.  However, he did  not  analyse  for  the  other  platinoids, ,  
Findlay  (1963)  performed some analyses  for  platinum and palladium  in t h t ?  

and  Cabri  (1976),  Cabri,  mens, and LaFlamme (1973), and Cabri and Hey 
and did  not  develop a de ta i l ed   p i c tu re  of the PGE dis t r ibut ion.   Raicevic  

(1974) examined PGE from Tulameen placers. They recognized one new  PGE 
mineral   ( tulameenite) and helped  es tabl ish some of the p la t ino id  
chemistry and mineralogy. 

Alaskan per idot i tes   a re   charac te r ized  by high P t / ( P t t O s t I r )  r a t i o s  and 
high  Pt/Pd  ratios,   relative to large  layered  ultramafic  intrunions 

Tulameen m t e r i a l   ( R a i c e v i c  and Cabri, 1976; Findlay,  1963). 
(Raicevic and Cabri,  1976). It should be noted  that  Fd is rare in   t he  

Overall,  Findlay  (1963)  found the highest   concentrations of Pi: in   dun i t e  
and peridotite.  In  rock  samples, he found  the  highest P t  content to be 
0.225 gram per short   ton i n  dunite on Olivine  Mountain. The background 
P t  content i n  the dunite is 0.08 to 0.09 gram per shor t  t o n  (:Findlay, 

highest   value of 7.34 grams per  short   ton P t .  Findlay  (1963)  also found 
1963).  Chromite  segregations  within  the  ultramafic  rocks  retllrned  the 

t h a t  pt is enriched i n  the  magnetic  fraction of chromite  samples  relative 
to   t he  non-magnetic f rac t ion .  

Although  Findlay  (1963)  gives a brief  sketch of the d is t r ibu t ion   of  
platinum  within the "hlameen Complex, he has not   systematical ly  
determined the ove ra l l  PGE dis t r ibut ion  or   mineralogical /chemical  
associat ions  for   the PGE. The author  hopes to establ ish  both of these., 

During  the 1981 f ie ld   season some 300 rock  samples from the Complex were 
col lected  (Figure 2) .  Most weighed 4 or 5 kilograms. The samples 
represent  all the major un i t s  of the complex, although  the  greatest 
sampling  density was i n  the  Olivine-Grasshopper  Nountain  area. The 
sampling  dis t r ibut ion is l a rge ly  a funct ion of access and outcrop 
a v a i l a b i l i t y .  

Analysis  for a l l  s i x  PGE and gold w i l l  be car r ied   ou t  on the  University 
of Alberta slowpoke reactor .  A selective  group  separation scheme for  
radiochemical  neutron  activation,  described by Nadkarni and Morrison 
(1977),  will be used.  This  technique  allows  for  precise  precious meta:ls 
determinations to less than 20 ppb leve ls  of concentration. About 150 
samples will be analysed i n  this manner. 

Once the PGE concentrat ion  in  the samples is  known, r e f l ec t ed   l i gh t  and 
t r ansmi t t ed   l i gh t  microscopy w i l l  be used to determine  mineralogical 
associations.   Electron microprobe analys is  will be used to supplement 
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t h i s  work. These observations will be of in te res t   no t   on ly   wi th  respect 

ul t ramafic  complexes. 
t o  the Tdlameen  Complex, bu t   a l so  to those  seeking PGE in   o the r  Alaskan 
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MANTLE  PROCESSES AS DEDUCED FROM  ALPINE  ULTRAMAFIC3 

By John V. Ross and Martin  Engi 
Department  of  Geological  Sciences 
University of B r i t i s h  Columbia 

INTRODUCTION 

been i n i t i a t e d  i n  the hope t h a t  some pos i t ive   s ta tements  may be made 
T h i s  study of mantle processes, a s  deduced from alpine  ul t ramafics ,   has  

concerning  the  predictabi l i ty  and condi t ions of occurrences of chromite 
deposi ts   wi thin  Bri t ish. ,  Columbia. Several  well-exposed  alpine  ultramafic 
bodies  have  been  chosen for  study. They are a l l   w i t h i n  Upper Paleozoic 
rocks and thus may be slices of the  same or ig ina l  mantle material t h a t  have 
since been  welded to the  craton.  

In t e rp re t a t ion  of condi t ions of equi l ibr ium and deformation  processes 
depend upon accurate  determination of  geothermometry and geobarometry of 
the  consti tuent  phases.  Methods €or   calculat ion of these   condi t ions   a re  
based upon ca l ib ra t ed  exchange e q u i l i b r i a  among ol ivine,   pyrox.ene(s) ,  and 

have examined three   a lp ine   u l t ramaf ic  bodies whose rock type   d i s t r ibu t ion  
sp ine l .  These requi re  accurate probe analyses of f r e sh  materi.al. Thus,. w e  

has  been mapped previously  in  some d e t a i l .  These are the  Bridge  River 
ultramafic  (Wright, 1974), the   northern end of the  Shulaps  ult.ramafic 
complex (Leech, 19531, and the  Blue  River  ultramafic  (Wolfe, ‘1965) north of 
Cassiar  . 

GENERAL DESCRIPTION 

These  ultramaEics were chosen  because  they  reportedly  lack  or have only a 
moderate  degree of se rpent in iza t ion .  Complete s t r u c t u r a l   s e c t i o n s  were 

probe  analysis.  
mapped across  each of the bodies and samples co l l ec t ed  for t h h  section and 

A t  t h i s  time, preliminary  examination o€ t h in   s ec t ions   i nd ica t e s   t ha t  t h e  
Bridge  River and Shulaps  ultramafics are remarkably similar. Both are 

minor  websterite and wehrl i te .  Where they are in t e rd ig i t a t ed ,   dun i t e  and 
composed e s s e n t i a l l y  of harzburgite  with  interlaminated  dunite and very 

harzburgi te  are present  i n  almost  equal  proportions and ind iv idua l   l ayers  
vary  in  thickness from a few centimetres to severa l  metres. Macroscopia 

the   ea r l i e s t   r ecogn izab le   s t ruc tu re ,  and i n  some instances it is poss ib le  
layer ing  def ined by complex i n t e r d i g i t a t i o n s  of harzburgi te  and duni te  is 

to infer   the   o r ig ina l   fac ing   d i rec t ion  of c r y s t a l l i z a t i o n .  AI: seve ra l  
l o c a l i t i e s   t h i s   l a y e r i n g  i s  involved  in   t ight   folds ,  some near   isocl inal .  
These fo lds   a r e  on the  outcrop  scale  (Figure 1) and i n  many instances 
elongate  orthopyroxenes  outline a f o l i a t i o n   t h a t  i s  l o c a l l y  parallel to 
the i r   ax i a l   su r f aces .  
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On a regional  scale,   the  layering and orthopyroxene  foliation are folded 
i n t o  broad open structures  with  angles between t h e i r  limbs of  approxima.tely 
60 degrees and  whose axes appear to be coaxial  with  those of t h e   e a r l i e r  
t i g h t   f o l d s .  Near the  core  regions of these open folds   e longate  
orthopyroxenes  are  very well aligned parallel with  the  axial   surfaces clf 
these   l a te r   fo lds .  

It is  frequently  observed  that  small s t r inge r s  of orthopyroxe:%e and duni te  
a l s o   p a r a l l e l   t h e   a x i a l   s u r f a c e s  of the two fold sets, wherea:~  chromite, 
where present i n  any concentration,  appears  al igned  only  with  the  earliest  
fold  set   e lements .  

The general   petrographic and ea r ly   s t ruc tu ra l   cha rac t e r  of the  Blue R i v e r  
ultramafic  appears to be similar to tha t   jus t   descr ibed .  owing to 
subsequent  intrusion of the  Cassiar  Batholith (Wolfe, 1965), however, 

of th i s   u l t ramaf ic  body, as   wel l  as adjacent  sedimentary  rock3 and andes- 
there  are  notable  differences i n  later development. The northern  portion 

d isp lay  a series of c lear ly   def ined  isograds.  These  have  been mapped along 
i t e s ,  are thoroughly  contact-metamorphosed by the  bathol i th  and loca l ly  

several   s t ructural   t raverses .   Within  the  contact   aureole   pervasive  recrys-  
t a l l i za t ion   pa r t ly   des t royed  mesoscopic s t ructural   e lements  and ob l i t e r a t ed  
microscopic  features. The southern part of the body,  however,, provides 
some mater ia l   tha t  can be d i r e c t l y  compared to specimens from the  other two 
bodies. However, se rpent in iza t ion  is  much  more intense  here and outcrop 
conditions  are  generally  poorer.  

OUTLINE OF LABORATORY INVESTIGATIONS 

petrographical ly ,   specif ical ly   with the aim of ident i fy ing   sec t ions  most 
The sample ma te r i a l   co l l ec t ed   t h i s  summer is presently  being examined 

charac te r iza t ion .  The exten t  and d e t a i l  of these  fur ther   s tudies  will 
suitable  for  geothermometric and -barometric work and for  mic~:ostructur,al  

depend to a large  degree on the consistency of the  picture  emerging. 
Par t icu lar   ques t ions  we hope to answer  include  the  following: 

( 1 )  what were the physico-chemical and rheologic  conditions of (de-) 

( 2 )  How did  the  crustal  emplacement a f fec t   these   condi t ions  2nd what 

( 3 )  what controls  the  occurrence,  abundance, and composition of chromi.te 

formation of the m n t l e  assemblages and mineral   fabric? 

conditions  prevailed  during and a f t e r  emplacement? 

(as pods,   s t r ingers ,   or  i n  disseminated  form) i n  these  ul.tramafics? 
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BOWRON RIVER  PROGRESS  REPORT 

By R.K. Linds 
University of Br i t i sh  Columbia 

This  study of the Bowron R i v e r  coal  deposit ,   supported by grants  from thle 
B r i t i s h  Columbia Ministry of h e r g y ,  Mines and Petroleum  Resources and 
cont r ibu t ing  to an M.Sc. degree, is now in   t he   f i na l   s t ages .  It includes 

Borovic in   associat ion  with Norco Resources  Ltd. and  combines a 
two and a half seasons of m r k  i n  the Bowron River  valley  under I. 

compilation of previous work and p r e s e n t   d r i l l   r e s u l t s .  The most recent. 
resul ts   included were obtained  during the spring and summer of 1981. 

a meaningful  study of the   s t ra t igraphy and l i t ho log ie s  of the  coal 
Pr ior  to t h i s   d r i l l  program there  was insuff ic ient   information to conduclt 

deposi t .  Data co l l ec t ion  time was lengthy due to spacing of t h e  d r i l l  
programs and adverse  dr i l l ing  condi t ions.  

During  the two seasons of d r i l l i n g  22 holes  were at tempted(l0  rotary  and 
1 2  diamond-dri l l   holes) .  Also during  this   per iod  l imited seismic and 
geomagnetic  surveys were conducted.  Further  dri l l ing is requi red   to  
accu ra t e ly   de l inea te   t he   f au l t   con tac t  between the  sedimentary  rocks and 

ve r sus   l i t ho fac i e s  changes. Norco Resources  Ltd.  plans to continue 
the underlying  volcanic  rocks, and to resolve  problems  regarding  faulting 

d r i l l i n g  late t h i s   f a l l .  

Between d r i l l i n g  programs, the l i tho log ie s  and s t r a t ig raphy  of the 

s tudies   included  def ini t ion of the  l i thologies  and associated  sedimentary 
sediments ware analysed a t  the  University of B r i t i s h  Columbia. These 

s t r u c t u r e s ,  ana lys i s  and mapping of the   l i thofac ies ,   de te rmina t ion  of the 
l i thofac ies ,   de te rmina t ion  of the  subsurface  structure,   maceral  and 
r e f l e c t i v i t y   a n a l y s i s  of the  coals,  X-ray d i f f r ac t ion   ana lys i s  of some of 
the shales ,  and petrology of the  conglomerates and sandstones. Some of 
the resul ts   obtained from these s tud ie s  are as follows: 

T h i r t e e n   d i s t i n c t   l i t h o l o g i e s  ex i s t  within  the Bowron River basin.  
The l i t ho log ie s  may occur  singly,  or  in  combinations of severa l  

basin.  These are greenstones of the  Antler  Formation and two 
types. TWJ l i t ho log ie s  of the Mountain Group Sl ide  crop out   in   the  

different   l imestones which have  been assigned to the  Greenberry 
Limestone Member of the   myet  Formation. 

Sediments in   the Bowron River  basin can be broadly  separa.ted  into 
three  facies  groups.  These are a l acus t r ine   f ac i e s ,  an  adluvial   fan 

both   l acus t r ine ,  and a l l u v i a l   f a c i e s .  
t o  plan fac i e s ,  and a t r a n s i t i o n a l   f a c i e s  which contains  elements of 

A pred ic t ab le   s t r a t ig raphy  is bes t  developed i n  the lacustrine 
f a c i e s ,  and most poorly  developed i n  the   a l luv ia l   fan  to plan 
fac ies .  

227 

ldegroot
1981



( 4 )  Subsurface  s t ructure   involves  l i t t l e  folding  except  locally  along 

f a u l t s .  'Itro p a t t e r n s  of f a u l t i n g   e x i s t :  one set of f a u l t s   p a r a l l e l  
f au l t   con tac t s .  The s t r u c t u r e  is dominated by high-angle  block 

the  basin.  The general  form of the  basin  appears   to  be a f au l t ed ,  
to the  t rend of the  basin.  The other  trends  northeastward  across 

asymmetrical  syncline. 

(5) The coal  has  sub-hituainous  rank.  Maceral and r e f l e c t i v i t y   a n a l y s i s  
are i n  general  agreement  with  previous work by Donaldson  of the  
Geological  Survey of Canada. The coa l   cons is t s  of v i t r i n i t e ,  
v i t r i n i t e   p r e c u r s o r s  ( t e l i n i t e  and c o l l i n i t e ) ,  and var ious   ex in i tes  
of which resisite and c u t i n i t e  were the  most abundant .   Reflect ivi ty  
values  were variable  but  generally  agreed  with  those  obtained by 
Donaldson.  There was no apparent   increase   in   re f lec t iv i ty   wi th   depth  
of bu r i a l .  

(6) Examination  of some of   the  shales ,   par t icular ly   those  with  swel l ing 
p rope r t i e s ,  showed tha t   they   cons is t  of q u a r t z   c h l o r i t e ,   i l l i t e ,  and 
micas. Despi te   the  swel l ing  or   disaggregat ing  nature  of these   sha l e s  
on exposure to  rain  water,   only one  sample  contained  abundant 
smectites. 

( 7 )  Shales from the   l acus t r ine  facies were tested fo r  palynomorph 

cor re la tes   wi th  Middle to Late  Paleocene  assemblages. The f l o r a  
content .  Most possessed an abundant  palynomorph assemblage t h a t  

represents a w a r m  to temperate, wet paleoclimate.  This is the f irst  
documented Paleocene  assemblage  described  in  British Columbia. 

( 8 )  Conglomerates and sandstones were sampled and  examined  under a 
petrologic  microscope. They cons i s t  of quar tz  of various  types,  
a r g i l l i t i c  and phy l l i t i c   c l a s t s ,   l imes tone  clasts, and carbonaceous 
mater ia l s .  On t h e  basis of composition  the most l ike ly   sou rces   fo r  
the  Bowron River  sediments  are  the Guyet Formation and the  upper 
Cariboo Group. 
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PRELIMINARY  RESULTS OF A FLUID INCLUSION STUDY OF SAM GOOSLY DEPOSIT 
EQUITY MINES LTD., HOUSTON 

Department of Geological Sciences 
By K. Shen and A.J.  S i n c l a i r  

University of B r i t i s h  Columbia 

INTRODUCTION 

Sam Goosly copper-silver  deposit  ( M D I  No. 093L/001) of Equity Mines Ltd. 
i s  35 kilometres  southeast  of  Houston. The deposi t  was put  i.nto 
production  in 1980 with  about 35 million  tonnes of reserves  qrading 0.33 
per  cen t  copper, 87 grams s i l v e r  per tonne, and small but s i g n i f i c a n t  

Wetherell ,  e t  a l . ,  1979; Wodjak, 1974; and Ney, e t   a l . ,  1972) have l ed   t o  
amounts  of  gold and antimony.  Recent studies  (Wetherell ,  1979; 

proposal of several   genet ic  models. O u r  f lu id   inc lus ion  work  has  been 
undertaken to obtain  information  concerning  the  ore-forming  process as a 
means o€ es t ab l i sh ing  a genet ic  model €or t h e  deposit .  Samp1.e~  used in 
our  study were obtained from a co l l ec t ion  made o r i g i n a l l y  by Wetherell 
(1979) r e p r e s e n t i n g   a l l   p r i n c i p a l  stages of the  paragenetic  sequence  that  
he  described. It also  includes  samples from a l l   the   p r inc ipa .1  centres of 
mineral izat ion known  on the  property.  

Four mineralized zones are located on the  property.  The Main. and 
Southern Tail zones are the most important  deposits;  present  production 

a small  porphyry-type copper-molybdenum w n e  in   the   quar tz  nmnzonite 
is e n t i r e l y  frcm the  Southern  Tail zone. The Tourmaline Brec!cia  zone .and 

stock are of spec ia l  interest  because  they may be gene t i ca l ly   r e l a t ed   to 
ore  (Wetherell,  1979). 

Sulphides  in  both  ore  zones  consist  mainly of p y r i t e ,   t e t r a h e d r i t e  and 

py r rho t i t e ,  and var ious   su lphosa l t s .  These  minerals  occur  mostly a s  
chalcopyrite  with less abundant  arsenopyrite,   galena,   sphalexite,  

Dominant gangue minerals are quartz  and sericite w i t h  lesser amounts O E  
stockworks,  veins, and disseminations.  Locally  they form rnarlsive wne:;. 

The two ore zones are p a r t  of a s ingle ,   larger   mineral ized zone t h a t  i :3  
chlor i te ,   tourmaline,  corundum, andalus i te ,  calcite, and pyrophyl l i te .  

apparent ly   epigenet ic  and crosscuts   s t ra t igraphy.  

METHOD OF STUDY 

Twelve samples were selected  for  detailed  f luid  inclusion  study,  seven 
from the  Southern  Tail  zone, one  from the Main zone, two from the 

monzonite  stock, and  one  from the  porphyry-type  Occurrence  within  the 
Tourmaline Breccia zone, one from a vein a t  the  contact  of the  quartz  

quar tz  monzonite  stock. Doubly polished plates were prepared  for  each 
sample to   l oca t e   f l u id   i nc lus ions  and severa l   ch ips   conta in ing   f lu id  
inc lus ions  were se lec ted  from each  doubly  polished  plate  for  heating  and 
freezing  experiments .   Fi l l ing and last   melting  temperatures were 
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determined  using a Chaixmeca  stage.  Temperature  measurements e r e  
producible to about 0.1 degrees C with  the  freezing  stage  and  to  less 
than 5 degrees C with  the  heating  stage.  Inclusions  in  quartz  were 

examined and the  presence  of quartz in  most  stages  of the paragenetic 
studied most commonly  because of  the ease  with  which they could  be 

sequence.  Associated  minerals  and  indications  of  any  stages of 
deposition  were  noted.  Several  samples  of  sphalerite  and  calcite  and  one 
of  vein  andalusite  were  also  examined. 

RESULTS 

Three  types  of  inclusions  are  recognized  based  on  phase  relations  at  room 
temperature. 

Type I: 

Type 11: 

Type 111: 

Two-phase  inclusions  consisting  of  liquid  and a small  gas 
bubble  generally  comprising 10 to 20 volume  per  cent of 
the  inclusion. 

Two-phase  inclusions  consisting of a large  bubble  and a 
condensed  liquid.  The  bubble  generally  occupies  more 
than 60 volume  per  cent  of  the  inclusion. 

bubble  (about 15 volume per cent  of  the  inclusion),  and 
Multi-phase  inclusions  consisting  of  liquid, a small 

most  commonly  halite  although  hematite  has  been 
one  or  more (up to four)  solid  phases.  Solid  phases  are 

identified  and  sylvite  is  suspected  in  some  cases. 

Primary  inclusions  are  recognized  in  all  paragenetic  stages  examined, 
largely by relations to crystal  growth  zones.  In  many  cases,  however, 
individual  inclusions  cannot be proved  with  certainty to be primary  or 
secondary.  Many  inclusions  are  clearly  secondary  relative  to  their  host 
mineral,  although  it seem likely  that  many of these  may  represent 
younger  stages  in  the  primary  paragenetic  sequence. 

A histogram  of  filling  temperatures  is  shown  on  Figure 1 where  peaks 
correspond to specific  stages  in  the  paragenetic  sequence.  The  filling 
temperatures  are  not  corrected  for  pressure,  but  indicate a regular 
decrease  in  filling  temperature  (and  therefore  temperature  of  deposition) 
with  increasingly  young  stages  of  mineralization.  Most  of  the  filling 

paragenetic  stages.  However,  it  is  of  interest to note  that  calcite is 
temperatures  represented on Figure 2 are  for  quartz  from  various 

relatively  low.  Similarily,  inclusions in pale  sphalerite  have  relative- 
late  in  the  paragenetic  sequence  and  filling  temperatures  in  it  are all 

more  restricted  range. A single  inclusion  fran  vein  andalusite  has a 
ly  low  filling  temperatures,  comparable to those  in  calcite,  but  with a 

filling  temperature of about 305 degrees C. 

Freezing  temperatures  (Figure 2)  indicate a wide  range  of  salinities. In 
general,  the  lower  temperature  stages  of  mineralization  have  higher 
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. 

FILLING TEMP ("C) 
Flgure 1. F i l l i n g   t a n p e r a t w e s   f o r  147 incluslons, Sam Goosly deposit. 

Most are  for quartz  (blank);  other symbols are  deflned on Figure 
2. Numbered peaks related  to  speclf lc   mlneral   assenblages  as 
follows: 1 - porphyry-type  mlneralizatlon, 2 - T o u r m l i n ~ s  
Breccla zone, 3 t o  5 - % i n  and Southern Tal l  zones. 

melting  temperatures and therefore  lower salinities. Highest sa l in i t ies  
are indica ted   for   f lu id   inc lus ions  €ran the  porphyry-type  occurrence €or 
which ha l i t e   c rys t a l s   d i s so lved  between 360 degrees C and 425 degrees C .  

In t e rmed ia t e   s a l in i t i e s  were obtained  €or  f luid  inclusions frcm the  
Tourmaline  Breccia, and a range of low salinit ies is indicated  €or most 
of t h e  stages of mineral izat ion i n  t h e  Main and Southern Tail  zones. 

DISCUSSION 

The temperature of f i l l i n g  of primary  inclusions  decreased  with time, as 
shown by the  relationship  with  paragenetic  sequence  i l lustrated on Figure 
2. In addi t ion,   there  is a s p a t i a l  component to var ia t ions  in f i l l i n g  
temperatures.  Highest  temperatures  are €or porphyry-type  mineralization 
direct ly   associated  with a quartz  monzonite  stock. Somewhat 'lower 
f i l l i n g   t e m p e r a t u r e s   r e l a t e   t o  a Tourmaline  Breccia zone north of the  ore  

paragenet ic  sequence ex is t s   wi th in  the Main and Southern Tail zones. 
zones and a wide range of f i l l i n g  temperatures c losely  re la ted t o  

These data  are  consistent  with  the model proposed by Wetherell  (1979) i n  
which the  quartz  monzonite  stock  just west o€ the   p r inc ipa l   o re  zones 
provided  the  energy to dr ive a circulating  geothermal  system.  Periodic 
f ractur ing  during  mineral izat ion combined with a generally  de(:reasing 

veining. 
temperature   regim  led t o  a c l ea r ly  deEined  paragenetic  sequence  of 
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LAST MELTING  TEMP ("C) 
Figure 2. Freezing  ( last  nelt lng)  temperatures  for 115 f l u i d  

Incluslons. Sam Goosly deposit. 

Freezing  data  indicate  high  salinity  for  mineraliztion  within  the  quartz 
monzonite  stock,  moderate  salinity for mineralizing  fluids  of  the 
Tourmaline  Breccia  zone  and a range  of  lower  salinities  for  the  Main  and 
Southern  Tail  zones. In the  Wetherell  model,  the  quartz  monzonite  is  the 
centre  of  the  mineralizing  system.  These  salinity  data  indicate  that 
high  salinity  fluids  came  from  within  the  quartz  monzonite  stock,  whereas 
a substantially  more  meteoric  water  component  was  involved  elsewhere in 
the  hydrothermal  system. 

CONCLUSIONS 

A preliminary  evaluation of fluid  inclusion  data  for  the Sam Goosly 
deposit  suggests  that  all  of  the  principal  mineralized  zones  formed 
during a single  episode of mineralization.  The  hydrothermal  system  was 
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apparent ly   centred on and driven by the  quartz  monzonite  stock which 1.i.e~ 
j u s t  west of the two pr inc ipa l   o re  zones. Mineralization  proceeded 
under  conditions  of  gradually  decreasing  temperature and in t e rmi t t en t  

f l u id   i nc lus ions  t h a t  c o n t a i n  h a l i t e  as a daughter  product suggest tha t  a 
f r ac tu r ing  so a well-defined sequence of veining  resul ted.  High s a l i n i t y  

very small proportion of t he   o re   f l u id  had an igneous  origin. Most of 
the   o re   f l u id ,  however, was of r e l a t i v e l y  low cu t   va r i ab le   s a l in i ty   i nd i -  
c a t i n g   t h a t  meteoric water was the  dominant component in the hydrothenma1 
system. 
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CHROMITE OCCURRENCES I N  MITCHELL RANGE 
ULTRAMAFIC ROCKS OF THE STUART LAKE BELT 

CACHE CREEK GROUP 

(93N) 

Department of Geology, Carleton  University 
by Peter J. Whittaker 

INTRODUCTION 

The Mitchell  Range map-area, located 240 kilometres  northwest of Prince 
George, i s  within  the  Stuar t  Lake Belt of the Cache Creek Group (Permian). 
The Cache Creek Group consists  predominantly of massively bedded carbonate 
rocks  with minor  amounts of laminated  cher t -s i l ts tone and sha ly   s i l t s tone .  
The carbonate  succession  extends from the  Mitchell Range 120 kilometres 
southeastward to the  Fort  St. James area where it a t t a i n s  a thickness of 8 
kilometres  (Armstrong, 1949). 

The southeast-striking  carbonate  succession is folded  into an open 
an t ic l ine-syncl ine  pair immediately  south of the  Mitchell Range ul t ramafic  
rocks. The open folds  have  subhorizontal   east-southeast-trending  fold axes 
suggesting  compression from the south-southwest  associated  with  thrust  
f a u l t i n g  and obduction of the  Mitchell Range allochthonous  rocks. 

Chromite  occurrences in   the  Mitchel l  Range  were documented in  Armstrong's 
1949 memoir. Little (1947) descr ibed   u l t rabas ic  and associated  rocks of 
the Middle  River Range, approximately 70 kilometres  southwest of the  
Mitchell  Range ultramafic  rocks.  Since  then  various  companies and 
individuals  have shown an i n t e r e s t   i n  the chromite and nephr i t e   ( 'B r i t i sh  
Columbia j ade ' )   po ten t i a l  i n  the  area. 

PREVIOUS WORK 

Previous  geological work w a s  of a reconnaissance  nature,   primarily  by 
geologis t s  of the  Geological  Survey of Canada.  Selwyn (1872) examined the 
area between  Quesnel and Peace  River,  followed a few yea r s   l a t e r  by Dawson 
(1878, 1881 1. McConne11 (1896) reported on the areas  drained by the  Finlay 
and Omineca Rivers and a l so   v i s i t ed   t he   p l ace r   go ld   f i e lds   a t  Germansen 
Landing and Manson Creek,  northeast of the  Mitchell Range ultramafic  rocks. 
Camsell ( 1916) reported on the   nor thern   in te r ior  of Br i t i sh  Columbia, 
Hanson (1925) on the  area from Prince  Rupert to Burns  Lake, and Lay (1 926- 
19391, of the   Br i t i sh  Columbia Department of  Mines,  examined  numerous 
mineral deposi ts  and p l a c e r   f i e l d s  i n  the  northeastern  mineral  survey 
d i s t r i c t .   I n  1934 Kerr examined placer   deposi ts  a t  Manson and S l a t e  
Creeks.  Regional mapping  of the Fort St. James area began i n  1936 and 
ended i n  1944; it was coordinated by J.E. Armstrong (1949) .  
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GENERAL GEOLOGY 

MITCHELL RANGE ALLOCHTHON 

Allochthonous  rocks  within  the  Mitchell Range cons is t   p r imar i ly  of 
harzburyite  with minor dunite  (Figure 1); they are everywhere  serpen- 
t inized.  Sparse  pre-tectonic  orthopyroxenite  veins and gabhro  dykes are 

obduction.  Alteration  dykes o€ a l b i t i t e - r o d i n g i t e  are simi1.ari ly deformed. 
deformed and r e f l e c t   i n t e r n a l  deformation  presumably  developed  during 

Chromit i te   layers  and layers  with  disseminated  chromite  exhibit  variable 
degrees of deformation  within  the  harzburgite, from isoc l ina i l   fo lds   to  
br i t t le  segmented planar   layers .  

Xenoliths of Cache Creek Group rocks up to several   square  kilometres .in 
area  that   occur   in   the  serpent inized  ul t ramafic   rocks  (Fiqure 1) appear t o  
have  been rotated  during  t ransport .   Contacts  between harzburgite  and 
xenol i ths   regular ly   exhib i t  a 0.5-metre-thick,  highly f i s s i l e  zone; 
r a re ly ,  a 1 t o  2-metre-thick  amphibole-rich  alteration zone is deve1o:ped i n  
the  harzburgi te .  

La ter   in t rus ions   a re  now seen as meta-gabbro (Figure 1) and meta-diorite 
dykes.  Clinopyroxene in the  dykes has been a l t e r e d   t o  amphibole  but 
primary  sub-ophitic and equigranular  medium-grained textures   are   preserved.  
These  dykes may be derived from the   d io r i t i c -g ranod io r i t i c   H i t che l l  Range 
Batholith  (Armstrong, 1949) which occurs 2.5 kilometres west of the 
u l t ramaf ic  body. 

STRUCTURE 

The Mitchell  Range ul t ramafic   a l lochthon is bounded by north-northeast  and 
east-trending  l ineaments  (Figure 1).  Rocks of the Cache Cnsek Group occur 

Jurass ic )   c rop   ou t   to   the   nor th ,  and the  Mitchell   Batholith (Upper Ju.rassic 
to   the  south and east,  Takla Group volcanic  rocks (Upper Triassic to Upper 

t o  Lower Cretaceous;  Armstrong, 1949) has  intruded to the  west. 

Serpentinized  harzburyite of the Mitchell  Ranye allochthon exh ib i t s  a 
strongly  developed  penetrative  north-northeast-trending ductile shear 
fo l i a t ion   (F igu re  2 ) .  Dip of the   fo l i a t ion  changes Eran westerly i n  the  
western part of the area t o   e a s t e r l y   i n   t h e   e a s t .  The contour maxima. on 
Figure 2 i nd ica t e  a preferred  north-northeast   fol ia t ion  but   they are 
centred  about an east-southeast  great c i r c l e   g i r d l e ,   i n d i c a t i v e  of a broad 
north-northeast-trending  antiform.  Internal  breccia zones  occur i n  t h e  
harzburyite  with  well-rounded, randomly oriented,  pebble  to  cobble-sized 
fragments set in  a f i n e l y  comminuted serpent in ized  matrix. The nor theas t  
and eas t -cent ra l   a reas  of the  ultramafic  massif  are  underlain by tect.onic 
breccia   (Figure 1 ) .  The breccia  has  sub-angular  fragments up t o  2 metres 

This  coarse  tectonic  breccia  appears to represent   the  sole  of t h e  
i n  s i z e  t h a t  are predominantly of harzburgite  with minor  amounts of dunite.  

allochthonous  ultramafic  rocks. 
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Figure 2. Contoured  stereo-proJection of poles to fol  latltm 
planes,  Mitchell  Range (135 poles);  contour 
Interval, 2 per  cent  per  1-per-cent  area. 

TECTONIZED  HARZBURGITE 

Tectonized  and  serpentinized  harzburgite  comprise  approximately 90 pe!r cent 
of  outcrop  in  the  Mitchell  Range  allochthon.  Its  mottled,  foliated 
weathered  surface  is  deep  brown  with  pale  silvery  brown  talcose  patches. 
On fresh  surfaces  it  is  mottled  black-green  to  black-brown.  Talcose 
patches  are 0.5 to  1.5  centimetres  in  size  and  are  pseudomorphic aftw 
sheared  orthopyroxene.  Intense  shearing  in  some  outcrops  has  resulted  in 
mechanical  segregation of orthopyroxene  and  olivine  into  granular,  1.0  to 
1.5-centimetre-thick,  discontinuous  layers. A braided,  rippled  weathered 

olivine-rich  layers.  More  extensive  shearing  led to  development  of well 
surface  results  because  orthopyroxene-rich  layers are  more  resistant  than 

rounded 2 to  10-centimetre  augen-shaped  clots  of  coarse-grained 
orthopyroxene  pseudomorphed by talc.  Orthopyroxene  augen  in  fine-grained 
olivine-rich  harzburgite  usually  exhibit  length  to  width  ratios  of 3: 1. 

Less  intensely  foliated  harzburgite  showing  pre-tectonic  cumulate  texture 
crops  out  discontinuously  in  a  narrow  zone  along  the  east-central  part of 
the  ultramafic  massif.  It  is  variably  medium  to  coarse-grained  with 

coarse-grained  harzburgite  exhibits  primary  magmatic  olivine  poikilitically 
subhedral  orthopyroxene  and  anhedral  olivine. On the  northeast  ridge,  very 

enclosed  in  orthopyroxene;  both  are  anhedral. 

Harzburgite  hosts  all  but  one  of  the  layered  and  nodular  aggregate  and 
massive  chromitite  Occurrences.  Disseminated  accessory  chromite  occurs 
throughout  the  ultramafic  rocks  and  varies  fran  a  trace  to 2 per  cent  of 
the  rock. 
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DUNITE 

Dunite  occurs in approximately 1 to 2 per  cent of the  outcrqp  area as 
con to r t ed ,   i r r egu la r ly  shaped  patches  that   ref lect   the   internal   deformation 
in the   ul t ramafic  body. A planar   duni te   layer ,  15 metres  long and 30 
cent imetres   thick is one exception.  Dunite  weathers  with a smooth,  orange- 
brown surface and is waxy brownish  green on f resh  surfaces .  It cons i s t s  of 
f i n e  to medium-grained anhedral  olivine.  It is f o l i a t e d  so is f i n e l y  

grained and subhedral. With the  exception of one chromiti te  layer  (Table 
f i s s i l e  on weathered  surfaces.  Accessory  chromite is f ine   t o  medium 

1, l oca t ion  X5) no other  anomalous concentrat ions of chromite were observed 
in   t he   dun i t e .  

PRE-EMPLACEMEW GABBRO 

Segmented and deformed  gabbro  dykes  occur pr imari ly  in the   cen t r a l  and 
southwestern  parts of the  Mitchell  Range allochthon. They are f i n e  
grained,  serpentinized, and vary i n  thickness  from 5 cent imetres   to   1 , .5  
metres. Dyke segments or  boudins  are up t o  3 metres long and  form open to  
i soc l ina l   fo lds .  The dykes  have associated  dyke-l ike  a l terat ion zones  with 
planar  or 'pinch and swell' t o  boundinaged s t ruc tu res .  These a l t e r a t i o n  

equiqranular.  Colour var ies  from bone white t o  pastel shades  of brown, 
zones  consist of rod ingi te  and are   very   f ine   g ra ined   to   aphani t ic  and 

green, and pink.  Contacts between harzburgi te  and t h e   a l t e r a t i o n  zones are 
sharply  defined  with a 1 to 3-centimetre  aphanitic  black-green  selvage. 

POST-EMPLACEMEW GABBRO 

Generally  north-south-trending  gabbro  dykes  (Figure  1) up t o  15 metres 
th ick   in t rude   the   harzburg i te  i n  the  north,   central ,  and southern parts of 
the  massif.  This  gabbro is f ine  to medium grained  with  sub-ophitic t s D  

equigranular   t ex ture  and is not   serpent inized.  In places  clino-pyrox,ene 
has  been a l t e r e d   t o  amphibole, and pale  green  plagioclase w a s  
s aussu r i t i zed .  

CACHE CREFX  GROUP 

area,   occur in the   southern  par t  of the  massif. Smaller xenol i ths  of 10 
Xenoliths of the  cache Creek Group (Figure  1) up to 1 square  kilometre i n  

xeno l i th s  c o n s i s t  of  limestone and dolos tone ,   s i l t s tone  w i t h  che r t  
t o  300 square metres are dis t r ibuted  through  the  northern  par t .  The 

laminae, and sha ly   s i l t s tone .  

Limestone  xenoliths are th i ck ly  bedded  and f i n e  grained w i t h  equigranular  
texture.   Small ,  2 t o  10-centimetre,  chert  nodules  in  the  carbonate  blocks 
are contorted  with  thin,  1 to 3-mill imetre,   quartz  veins  originating from 
them.  Black s i l t s t o n e   x e n o l i t h s  have  grey  0.5 t o  2-millimetre che r t  
laminae which are highly  contor ted and brecciated.  
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CHROMITE  OCCURRENCES 

and  southwestern  parts  of  the  Mitchell  Range  allochthon,  although  several 
Chromite  occurrences  (Figure 1, Table 1) are  concentrated in the  central 

occurrences  are  scattered  on  the  northeast  ridge.  The  Bob  and  Simpson 
deposits  described  by  Armstrong (1949) were  examined  and  sampled. 

Chromite  occurs  in  disseminated  and  layered  form,  as  aggregate  and  massive 
chromitite  in  layers,  and  as  discrete  nodules  (Figure 3 ) .  Chromite 
nodules  exhibit  both  aggregate  and  massive  chromitite  textures. 

Accessory  chromite  is  widely  disseminated  throughout  the  ultramafic  rocks 
and  varies  from  a  trace  to 2 per  cent.  In  this  form  it  is  very  fine to 
fine-grained  and  subhedral  to  euhedral.  Medium-grained,  disseminated 
chromite  occurs  rarely  and  is  either  anhedral  or  forms  aggregates  of  two 
to four grains. 

Layered  chromite  (Table 1; XS,.,: 9, 16, 17) consists  of  massive 
chromitite  and  aggregate  chromltlte;  as  well  as  concentrations  of 
disseminated  chromite. 

Outcrops  of  massive  chromitite  are wooth textured  and  freshly  broken 
surfaces  display  coarse  hackly  fracture  and  sub-metallic  black-blue 
lustre.  These  layers  range  in  thickness  from 2 (Table 1; X,) to 75 
centimetres  (Table 1; X8, 9 )  and  are  truncated by joints  (Figure  3c)  or 
breccia  zones  in  host  harzburgite.  Layer  contacts  with  harzburgite  are 
sharply  defined  and  they  are  usually  parallel to the  foliation. 

Aggregate  chromitite  and  disseminated  chromite  layers  consist  of 
disseminated  fine to medium-grained  chromite.  Aggregate  chromitite  layers 

sharply  defined  contacts  with  harzburgite.  Internally  they  display  a  fine 
(Table 1; X 1 6 ,  17) contain  greater  than 75 per  cent  chromite  and  exhibit 

to  medium-grained  subhedral to anhedral  texture.  Layers  are  plastically 
deformed  into  open  and  isoclinal  folds  and  display  pinch  and  swell 
structures.  Granular,  fine  to  medium-grained  chromite  fragment  trains 
extend  from  the  ends  of  deformed  layers.  Brittle  deformation  has  resulted 
in some layers  being  faulted  into  angular 2 to 5-centimetre  fragments  with 
displacements  of 10 to 20 centimetres. 

Disseminated  chromite  layers, 2 to 25 centimetres  thick,  responded  to 
deformation in a  ductile  fashion  because  silicate  minerals  between  chromite 
grains  absorbed  most  of  the  strain.  Contacts  between  disseminated  chromite 
layers  and  harzburgite  are  gradational  Over 2 to 3 millimetres  and  are 
gently  undulatory.  Pinch  and  swell  structures  are  developed as well as 
both  open  and  isoclinal  folds.  Along  strike  from  the  ends  of  disseminated 
chromite  layers,  detached  chromite  augen  may  occur. 

Thicker  massive  chromitite  layers  (Table 1; X8, 9)  contain  irregularly 
shaped 3 to 10 centimetre  coarse-grained  patches  of  aggregate  chromitite. 
These  consist  of  anhedral  1-centimetre  chromite  grains  in  an  open  framework 
separated by approximately 10 per  cent  interstitial  blue-grey  aphanitic 
serpentine.  The  coarse-grained  patches  are  highly  irregular. 
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Chromite  and  aggregate  chromite  to  massive  chromitite  nodules  display  fine 
t o  medium-grained subhedral  to  anhedral  textures.  Nodules  range i n  size 
from 1 cent imet re   to  1.3 metres and are rounded to augen-like. Some appear 
t o  be t h i n  ( 0 . 5  centimetre)  selvages on shear  surfaces  whereas most extend 
to  depths of a t  least several   centimetres.   Chromiti te  nodules  exhibit  
massive,  aggregate, and disseminated  textures. B r i t t l e  f r ac tu r ing  is rmre 
evident  in  increasingly  massive  chromiti te.   Larger  nodules  (Table 1; X7, 

11, 14) usual ly  have a massive  chromitite  core  with  discontinuous ] r ims  
of disseminated  chromite. Rims pinch and swell from 0.5 to 5 centimetres 
and mst are o f f s e t  by late jo in t ing  and small-scale   faul t ing.  A l l  the  
textures  observed  in  layered  occurrences also occur  in  chromite  nodules. 

The progression  f ran open i soc l ina l   fo ld ing   in   chromi te   l ayers ,   to   p inch  
and swell s t ruc tu res ,  and f i n a l l y  to detached  segments of chromite  layers 
(Figure 3a. b)  strongly  suggests  that   chromite-chromiti te  nodules resu:it 
from the  shearing of primary  chromite-chrornitite  layers. Abundant 
nodules ,   the   largest   being 1.3 metres   in   s ize   (Figure 3 d ) .  an.d remnant 
chromit i te   layers  up t o  75 centimetres  thick  (Table  1)  suggest  that  
extensive  primary  chromite-chromitite  layering  existed.  This  has  since? 
been disrupted and r ed i s t r ibu ted  by duct i le   shear ing  during  tectonic  
emplacement of the  Mitchell Range allochthon. 

30cm 
d 

t o m  

Flgure 3. Sketches frm photographs of chromite 
occurrences: (a )  deformed  nodule, (b) deforned 
layer  wlth  ’pull-apart’  structure, ( c )  planar 
layered  couplet  wlth  angular  truncations,  and (dl 
deformed masslve chromltlte  nodule. 

SUMMARY 

Mitchell  Range allochthon  suggests  extensive  transport  of these  rocks 
Extensive  brecciation and penet ra t ive   duc t i le   shear   fo l ia t ion   wi th in   the  

while i n  a solid,   but  perhaps s t i l l  h o t   p l a s t i c  state. Final  movement 
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resu l ted  i n  brecciation  along  the  sole of the  ultramafic  massif.  Similar 
emplacement breccias  a t  the  soles of allochthonous  ultramafic  bodies  occur 
i n   t h e  Table  Mountain and St .  Anthony Complex oph io l i t e s  (R. Talkington, 
pers.  corn., 1981). 

The proximity of the  Mitchell  Range ultramafic  rocks to a t h r u s t  zone,  the 
predominance  of  massive  harzburgite  with  only minor patches of dunite,  and 

Mitchell  Range al lochthon  consis ts  of rocks from below the  cumulate 
the  suggestion of primary  chromite-chromiti te  layers  indicate  that   the 

dunite-layered zone as  observed a t  Murray  Ridge (Whittaker and Watkinson, 
1981) and represent  a low s t r a t ig raph ic   l eve l  i n  the   ophio l i te  
succession. 

RECOMMENDATIONS 

Detailed mapping of the  Mitchell Range al lochthon  revealed  addi t ional  
chromite  occurrences  not  previously  noted.  Additional work  on chromite 

and B i t s u t l  Mountain to the  southwest,  should  therefore he considered. 
occurrences i n  other  large  ultramafic  massifs,  such as M t .  Sydney-Williams 

now faul t -dissected  ophiol i t ic   rocks of the Stuar t  Lake Belt of the Cache 
In   add i t ion   t h i s  would a id  i n  reconstruct ing  the  ul t ramafic  part of the 

Creek Group. 
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DEPOSITIONAL ENVIRONMENTS AND PALEOCURRENT TRENDS I N  THE GATES MEMBER 
NORTHEAST COALFIELD 

Department  of  Geological  Science 
By S.M.M. Carmichael 

University of B r i t i s h  Columbia 

INTRODUCTION 

The Lower Cretaceous Gates Member is an important  coal-bearing 
s t r a t i g r a p h i c   u n i t  i n  the Rocky Mountain Foo th i l l s  of northeastern  Bri t -  
i s h  Columbia.  During the past two years,   deposit ional  environments  in 
the  Gates have been s tud ied  between the Wolverine  River and the Mount 

paper, some of the  preliminary results of this study are presented. 
Belcourt   area,  using  outcrop, core,  and geophysical log data .  In  t h i s  

LITHOSTRATIGRAPHIC NOMENCLATURE 

The l i thostrat igraphic   nomenclature  of the Lower Cretaceous  in the 
Foo th i l l s  and the   s t ra t igraphic   equiva len ts   in   the   subsur face  to the 
e a s t ,  is i l l u s t r a t e d  on Figure 1.  In the  Foothi l ls ,   south of the Pine 
River, the Gates,  together  with the €kIlcross  and  Boulder  Creek, are mem- 
bers  of the Commotion Formation.  In the subsurface to the e a s t  the 
s t r a t ig raph ic   equ iva len t s  to the Gates are the  Falher and the Notikewan 
Members. 

In recent   years ,  two new terms have come into  informal   use:   Transi t ion 
Beds, to descr ibe  an  interval  of t h i n l y  bedded sandstones and claystones 
between the underlying Moosebar Formation and the Gates; and the Torrens 

p a r t  of the Gates. Neither of these   un i t s  has  been formally described. 
Member, fo r  a thick,  reg iona l ly  extensive,  marine  sandstone i n   t h e  lower 

TECTONIC SETTING AND REGIONAL PALEOGEOGRAPHY 

During Early  Cretaceous time, nor theas t e rn   Br i t i sh  Columbia occupied part 
of the Rocky Mountain foredeep b a s i n ,  a rapidly  subsiding  sedimentary 

the   nor theas t  by the  Interior  Platform. A thick  sequence of molasse was 
t rough  that  was bounded to the  southwest by the Columbian Orogen and t o  

deposited  in  the  foredeep; it was derived  mainly from the   t ec ton ica l ly  
a c t i v e  area to the  southwest. The sediments here deposi ted  in   both 
marine  and  non-marine  environments. 

During the Early  Cretaceous, a major embayment  of the  Boreal Sea l a y   t o  

regress ive   cyc les  show tha t   t h i s   s ea   t r ansg res sed  southward on seve ra l  
the north  (Douglas, e t   a l . ,  1976). A series of major t ransgress ive /  

occasions. Wide areas of m r i n e  muds and silts were deposited  during 
major t ransgressions whereas  non-marine deposi t ion was more widespread 
during  regressions.  The Gates Member, which m n s i s t s  of non-marine  and 
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Flgure 1. L l t h o s t r a t l g r a p h l c   n m n c l a t u r e   o f   t h e   L w e r  
Cretaceous  In  the  FOathlIIs and the  strat lgr i tphlc 
equlvalents  In  the  subsurface  to  the  east;  f r a  
Stot t ,  1968. 

nearshore  marine  sediments, was deposited  during a general   per iod of 
regression.  

DUMB GOAT MOUNTAIN SECTION 

Dumb Goat  Mountain* is located  in   the  southern  par t  of the area, 
approximately 3 kilometres  northwest of Mount Belcourt.  Outcrop is good 
and a f a i r l y  complete sec t ion  was measured from the  base of the Moosebar 
Formation to the top of the Hulcross &&er (Figure 2 ) .  lPle  interval:^ 
are described as follows: 

( 1 )  Moosebar Formation: Twenty-seven metres of g rey ,   s i l t y   c l ays tones ,  
deposited i n  a marine environment. "ne lower contact  with  the 
Gething  Formation is abrupt and represented by a th in ,  10 to 20- 
centimetre-thick  conglomerate  overlying 1 metre of bicmturbated 
sandstones.  This  conglomerate was deposited  during the marine 
t ransgression which occurred a t  the base of the Moosebar. 

*Dumb Goat M u n t a l n  - an informal nme used by coal  capany  geologists in 
t h e  area. 
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Figure 2. Moosebar,  Gates, and Hulcross section on Dumb Goat  Mountaln. 
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(2)   Trans i t ion  Beds  and Torrens Member: The Moosebar Formation is 
overlain  gradat ional ly  by two major coarsening-up  cycles  in  the 
Transi t ion Beds  and Torrens Member.  The lowermost  cycle  consists  of 
t h i n l y  bedded,  very  fine-grained  sandstones, and in te rbedded ,   s i l ty  
claystones.  The sandstones  occur as ind iv idua l   un i t s  15  to 30 
centimetres thick,  or  as  composite  units up to  2.5 metres thick.  
Contacts are genera l ly   abrupt   o r   s l igh t ly   e ros iona l ,   as   ind ica ted  by 
the  presence of small   clay rip-up c l a s t s .  Bedding is predominantly 
hummocky c r o s s   s t r a t i f i c a t i o n  (HCS) but   there  is some hclrizontal 
bedding.  Symmetrical wave ripples are  occasionally present on the 
top  surfaces of the  sandstones,  as are burrows,  tracks, and trail::. 

The second  coarsening-up  cycle  consists  init ially of t h in ly  bedded 
HCS sandstones and s i l t s t o n e s  l i k e  those  in   the lower cycle,   but 
they are overlain by a th ick   un i t  of f i ne  to medium-grained 
sandstone. The th in ly  bedded sandstones and s i l t s t o n e s  i n  the  lower 
cycle and the lower p a r t  of the second  cycle  are  assigned to the  
Transi t ion Beds; the thick  sandstone a t  the  top of the !:econd cycle 
is assigned to the  Torrens Member. On the  basis of sedimentary 
s t ruc tu res ,  three un i t s  are recognized i n  the Tbrrens. The 

has  large,  shallow  troughs,   horizontal   to low-angle  bedding,  and 
lowermost is fine-grained  sandstone  that  is 4.6 metres .thick. It 

occasional  planar  crossbedding similar to swaley  cross 
s t r a t i f i c a t i o n  (Walker,  1981). The overlying  10.8-metr<?-thick  unit 
cons is t s  of large scale, trough  crossbedded and hor izonta l ly  bedded, 
fine-grained  sandstones. It has  occasional  pebbly  streaks  near  the 
base. The upper u n i t  cons is t s  of 5.4 metres of hor izonta l ly  bedded, 

wood fragments  occur  along  the  bedding  planes. 
and occasional  planar  crossbedded, medium-grained sandstone. Small  

deposi ts  formed during a period of coastal   regression.  Thin-bedd.ed 
The Wansi t ion Beds and 'Ibrrens Member are in te rpre ted  to be marine 

HCS sandstones i n  the  lower pat are in te rpre ted  to be offshore 
storm-generated  deposits,  whereas  thick  sands of the  Torrens Member 
were deposited closer to shorel ine.  

(3) Non-Marine Part of the Gates: The  main part of the  Gates  section. i s  
a 259-metre-thick  sequence of non-marine sandstones,   s i l ts tones,  
claystones,  and occasional  coal seam (mostly  covered),  that 
includes three major conglomerate  intervals. 

The conglomerates occur a s  massive un i t s  10 to 24 metres  thick. 
Their lower contacts   are   erosional  and impressions of large  t ree  

interbedded  with  coarse,  pebbly  trough and planar  crossbedded 
trunks  are common nea r  the  base. Up section  the  conglomerates are 

hor izonta l ly  bedded sandstones and s i l t s t o n e s .  A coal seam 
sandstones which grade upward in to   f ine-gra ined   r ipp led   to  

generally  caps  these  fining-up  sequences. 

The conglomerates  are  mainly  clast  supported  with  coars,e  sand  in  the 
matrix. Most of the  pebbles  are  rounded and  show considerable 
var ia t ion  i n  s ize .  The l a r g e s t   c l a s t  measured was 16 by 7 by 7 
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centimetres;  the average  pebble  diameter is 1 to 3 centimetres.  
Bedding is uncommon but  pebble  imbrication  zones  are  very common and 
local ly   impart  a weak h o r i z o n t a l   s t r a t i f i c a t i o n .  

Comparison with the Donjek v e r t i c a l   p r o f i l e  model (Miall ,  1977) 

environment. In the Gates, the  conglomerates  are  associated  with 
suggests   that  these conglomerates were deposited i n  a bra ided   r iver  

deposi ts  may r e s u l t  from l a t e r a l   c h a n n e l   r e s t r i c t i o n  on the 
f a i r l y   t h i c k  overbank  deposits.  In  braided river deposits,  overbank 

floodplain,  coupled  with  rapid  subsidence (Miall, 1977). 

In  the  upper  part of the Gates, there  are several   f ining-up 
sandstone  units.  Their vertical p r o f i l e  and sedimentary structures 

smaller and  lower  energy r i v e r  system (? meandering) compared to the 
suggest  that   they  are  channel  deposits.  However, they  represent a 

underlying  conglomerate  channels. 

Although  they  are  largely  covered,  coal  seam  in  the  section are 
in fe r r ed  from coal  bloom and occasional  pieces of c o a l   i n  float. 
The thickest   coal  zones are i n  the lower p a r t  of the  sequence,  above 
the TOrrens  Wmber. Above the  upper  conglomerate coals occur a t  the 
top of fining-up  sequences.  These  coal seams appear to be thinner ,  
bu t  more numerous, than those i n  the lower part of the Gates. 

( 4 )  Hulcross Member: The marine  transgression a t  the top of the Gates 

The conglomerate rests on a thin  coal  seam and is overlain by 2 
is marked by a 30-centimetre-thick, c las t  supported  conglomerate. 

recognized;  the  top  cycle  resulted  in the development of a thick,  
f i ne  to medium-grained  marine  sandstone  (basal  Boulder  Creek  unit). 

predominantly  massive to hor izonta l ly  bedded. They have abrupt  
The sandstones  in  the  Hulcross  are 5 to 50 centimetres  thick and 

bases and tops. Hummocky c r o s s   s t r a t i f i c a t i o n  is p resen t   i n  80me 
and symmetrical wave ripples are common  on the  top  surfaces.  Small 

sandstones are in t e rp re t ed  to be offshore  storm  deposits and 
load   s t ruc tu res   my  be present  on basal surfaces.  Ihe t h i n l y  bedded 

turbidi tes ,   whi le   the  thicker   sandstone a t  the top represents 
relat ively  nearshore  condi t ions.  

REGIONAL CORRELATION OF THE MOOSEBAR  FORMATION, GATES AND HULCROSS 
MEMBERS 

A r eg iona l   co r re l a t ion  of the Moosebar Formation  and Gates and  Hulcross 
Members for a dis tance of 85 kilometres from Dumb Goat Mountain in   t he  
south to the Murray area i n  the north is shown on Figure 3. Marine  and 
non-marine i n t e r v a l s   i n  the Gates are shown  on this   sect ion  together   with 
the locat ions of major non-marine  conglomerates and the major coal zones. 
This c o r r e l a t i o n   i l l u s t r a t e s  the following  important  points:  

( 1 )  The non-marine p a r t  of the Gates thickens to the south, while  the 
marine Moosebar to  Torrens and lb l c ros s   i n t e rva l s   t h in   i n  that 
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di rec t ion .  Also the number of coarsening-up  marine  cycles  in  the 

Mountain to f ive  in   the Murray area.  
Transition  Beds/Torrens Member increases from two on I h m b  Goat 

?tlo major  marine  transgressions  are  present  within  the Gates Member. 
Both come from a nor ther ly   d i rec t ion  and extended  as  far  south .as 

nondepositional, most of the  marine  sediments were deposited dulring 
the Monkman area.  These t ransgressions are essential1.y 

the  following  phase of regression. 

Three  major  non-marine  conglomerates are recognized. A l l  occur a t  
cons is ten t   s t ra t igraphic   l eve ls   th roughout   the  area. I n  the  case of 
conglomerates 1 and 3, deposit ion was followed by periods of marine 
t ransgression.  

The marine u n i t   i n  the upper p a r t  of the Gates has  not  previously  been 
formally  recognized  or  described. It is well developed in   t he  Babcock 

metre-thick  unit of sandstones  with  occasional  conglomerates and thin 
and  Murray areas ,  where it cons is t s  of a l a t e ra l ly   ex t ens ive  25 to 40- 

claystones.  These,  together  with  the  underlying non-marine conglomerate, 
form a d i s t i n c t i v e   l i t h o l o g i c a l   u n i t   t h a t  Denison  Mines' geologis ts  (call 
the Babcock Member. 

Marine bivalves were found i n  the  sandstones.  Subsequently  they were 
ident i f ied   as   pec t in id   b iva lves ,   p robably   h to l ium and Camptonectes 'by 
D r .  Paul  Smith a t  the  University of Br i t i sh  Columbia.  Further  evidence 
fo r  a marine depositional  environment i s  provided by t r a c e   f o s s i l s ,  .which 
a r e   f a i r l y  common and easily  recognized i n  cores.  These  include  several 
d i s t inc t ive   types  of marine  burrows. The base of the  marine  sands i:3 

marked  by a thin  layer  of very  coarse  conglomerate  that is in te rpre ted  to 
be a marine  lag  deposit formed during  the  transgression. The overlying 
marine  sandstones form a coarsening-up  sequence, i n  which severa l  
l i thofacies   are   recognized.   Detai led  core   s tudies   suggest   that   them 
were deposi ted  in  marine shelf  and t ida l ly   in f luenced   coas ta l  
environments. 

COAL OCCURRENCES 

Between the Monkman and  Murray a reas ,  four dis t inc t   coa l   zones*   a re  
recognized. The locat ion of these  zones is shown on Figurf! 3. 

ZONE I A :  This zone occurs between tw marine u n i t s  i n  the lower p a r t  of 

general ly  less than 1 metre thick; seams thicken to the south 
the  Gates and contains one or two thin  coals .  The coal is 

and pinch  out to the  north.  Coals  in this i n t e r v a l  were 
deposited a t  the  top of a regionally  extensive,   coarsening-up 
marine sequence  during a short-lived  regressive  phase. 

ZONE 1B: This zone occurs above  the next  coarsening-up ma:sine Unit  and 
represents  the  beginning of the main phase of non-marine sedi-  

*Coal zones: refers to an Interval r l t h  one or more coal seans. 

249 



>- 

a- 
3 
5 

a a 

0 
Y 

0 
0- 
m 
m a 

.................. ......... 

008 
8 
c3 

0 
4 

0 
z 
0 

v) 

z 
3 
w z 

k 

E a 
5 

...... ...... ............ ...... .:.:.:.:.:.: 

.:.:.:.:.:.: ...... ...... ...... 

250  



ZONE 2: 

ZONE 3: 

mentation  in  the Gates. In the Babcock area,  up to three 
closely  spaced seams are  present i n  this in t e rva l .  Ihe thic'k- 
e s t  of these,  seam J, has an average  thickness of 6 metres. 

This zone occurs  above zone 1B and below the marinl? un i t   i n   t he  
upper p a r t  of the Gates. On Babcock, t h i s  zone contains  four  
to f ive  seams, each w i t h  an average  thickness of approximately 

tops of fining-up  cycles. On Babcock, two of the seams i n  tbis 
2.5 to 3.5 metres. Typically, these coals  are  developed a t  the 

zone, seams E and G, w d g e   o u t   l a t e r a l l y  and are r'zplaced by 
channel  deposits. 

This zone occurs  between  the Upper Gates  marine  sands and the 

portant .  On Babcock there are three seams, A, B, and C, whi.ch 
Hulcross Member. Coals i n  it are   th in  and not  economically i m -  

r a r e l y  exceed 0.75 metre in  thickness.  Seam B, the middle 
seam, is the  thickest  and most pe r s i s t en t .  

PALEOCURRENTS 

Figures 4 to 7 show paleocurrent   data ,   p lot ted as a series of rose 
diagrams,  for  the  following  intervals: 

Transi t ion Beds:  Measurements i n   t h i s   i n t e r v a l  were made  on axe3  of 
symmetrical wave r ipp les ,  and f l u t e  and groove marks from th in ly  
bedded sandstones  that  were deposi ted  in  t h e  of fshore   a rea   as  a 
r e s u l t  of s torm  act ivi ty .  The axes of symmetrical wave ripples  give 
an  approximate  guide to the  trend of the  paleocoastl ine,   while  f lute 
and  groove marks ind ica te  the d i r ec t ion  of the paleoslope.  This 
data  suggests an average  east-northeast  - west-southwest  orientation 

paleoslope. The f l u t e  marks indicate   that   sediment  wazi derived from 
for   the  paleocoast l ine and a north-northwest - south-southeast 

the  southeast  . 
in the non-marine part of the Gates between the Tvbrrens Member and 
'Middle' Gates: D a t a  is from f luvial   sandstones and conglomerates 

the  conglomerate i n  the Upper Gates. Measurements wen? made o f  
trough  crossbedding,  planar  crossbedding,  pebble  imbri(:ation, and 

an  average  paleocurrent  direction to the north-northea,st  although 
the  alignment of logs from the  base of channels. The 'data ind ica t e s  

Pa r t  of the spread  in   paleocurrent   direct ions is from using 
the  range  includes  directions between  northwest and east-northeast ,  

d i f f e ren t   k inds  of pa leocurrec t   da ta   for   d i f fe r ren t   types  of f l u v i a l  
sys tems  in   th i s   in te rva l .  

from  the  conglomerate  below  the marine sands  in the upper p a r t  of 
'Upper' Gdtes Conglomerate:  This map shows paleocurrent information 

Measurements are from pebble  imbrication,  log  orientation, and 
the Gates and from conglomerate 3 on  Dumb Goat Mountain. 

planar  cross-bedding.  Conglomerate 3 on Dumb Goat  Mountain show a 
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PALEOCURRENT  DATA 

TRANSITION BEDS 

Figure 4. Paleocurrent data - Transltlon Beds. 
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PALEOCURRENT  DATA 
MIDDLE  GATES 

Figure 5. Paleocurrent  data - 'Mlddle' Gates. 

253 



Flgure 6. Paleocurrent  data - 'Upper'  Gates c o n g l m r a t e .  
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UPPER  GATES  MARINE  UNIT  AND  HULCROSS  MEMBER 
PALEOCURRENT DATA 

Flgure 7. Palmcurrent data - 'Upper' Gates rrmrlne u n l t  and Hulcross Umber. 
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paleocurren t   d i rec t ion  to the north,  while fur ther  to the  north  the 
average  direct ion is to the northwest.  Planar  cross-bedding from 

opposi te   direct ion,  toward  the  east-southeast.  This is in t e rp re t ed  
sandstones near the top of the  conglomerate  suggest  currents  in the 

destructive  phase a t  the  onset of marine  transgression which occurs 
to   represent   deposi t ion  associated  with  the start of the marine 

a t  the top of the  unit .  

( 4 )  Marine Units of the 'Upper'  Gates/Hulcross:  Paleocurrent 
measurements from these  intervals  were made  on the axes of 

conglomerates. The conglomerates  occur a t  the base of the Upper 
symmetrical wave r i p p l e s  from t h in ly  bedded  marine  sandstones  and 

Gates and Hulcross  marine  transgressions and are believed to !.E the 
r e s u l t  of  marine  processes. I n  addi t ion,  measurements were made  on 
the  long ax is  o r i en ta t ion  of large  pebbles   in  the ' l ag '   depos i t  a t  
the base of the Upper Gates  transgression on Babcock. 

In the Babcock  and Murray a reas   t h i s   da t a   i nd ica t e  an average  east-  
west trend  for the paleocoastl ine.  On Babcock, the data  suggest an 
east-southeast  - west-northwest  orientation  for  the  upper  Gates 
paleocoast l ine.  

DISCUSSION 

( 1 ) Gates Nomenclature 

The l a s t  comprehensive  description of Lower Cretaceous  s t ra t igraphy 
in   t he   Foo th i l l s  was that by S t o t t  ( 1 9 6 8 ) .  Since then, much  new 

companies.  Consequently,  there is a need for a review of the 
information  has become ava i lab le  as a r e s u l t  of d r i l l i n g  by coa l  

s t ra t igraphic   nomenclature .  Some of the  problems w i t h  regard to the  
Gates nomenclature are as follows: 

The type  section of the Gates (McLearn, 1 9 2 3 )  is in  the-Peace 
River Canyon, e a s t  of Hudson Hope. The Gates there  is 
predominantly marine and very   d i f fe ren t   in   charac te r  from the 
Gates fur ther  to the south  along  the  length of the  coalf ie ld .  

The Gates in   the  Peace  River  area  has  formation  status,  but i n  

member s ta tus   wi th in   the  Commotion Formation. 
the Pine  Pass and the Footh i l l s  to the south, it is given  only 

The Torrens Member i s  a name frequent ly  used for  a th ick ,  
re la t ive ly   cont inuous  marine sand i n  the lower part of the 
Gates. This  unit ,  however, has  not been formally  described and 
there  i s  some ambiguity  in  deciding which marine sand it r e f e r s  
to .  For  example, in   the   reg iona l   cor re la t ion   sec t ion   (F igure  
3 ) ,  does the Torrens Member re fe r  to the  sand  above or below 
coal zone 1 A, or  both? 

Eollowing  suggestions may be of value  in  a future   revis ion  of  
nomenclature: 
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( a )  The Gates is a su f f i c i en t ly   impor t an t   i n t e rva l   fo r  it to be 
given  formation s t a t u s  along  the  length of the coa l f i e ld .  

(b)  Several  marine  units  within  the  Gates can be recognized and 
correlated  over a f a i r ly   l a rge   a r ea .   (T race   fo s s i l s   a r e  
par t icular ly   useful   in   ident i fying  these  marine  uni ts) .  These 
uni t s   increase   in  number to the  north and are  replaced by non- 

u n i t s  be given member s ta tus   within the Gates Formation. The 
marine sediments to the  south. It is proposed that  these marine 

marine uni t   in   the  Upper Gates is p a r t i c u l a r l y  well developed i n  
the Babcock area i s  re fer red  to as   the Babcock Member  by Denison 
geologis ts .   This   uni t  is probably  equivalent to p a r t  of the 
Notikewan Wmber in  the  subsurface to the east. 

( 2 )  Paleocurrents 

Many of the  published  paleogeographic maps of the Lower Cretaceous 
show the main f l u v i a l  systems  trending  to  the  east  or northeast ,  ai: 
r i g h t  angles to t h e  t ec ton ic   s t r i ke .  These a re   f requent ly  
hypothe t ica l   d i rec t ions  and they   d i f fe r  from  measured paleocurrent 
direct ions  presented i n  t h i s  paper and those of Leckie ( 1981 ) for  i:he 
Gates north of the  Wolverine  River. Both s tudies  show a more 

paleocoastl ine  oriented  approximately  east-west.  
norther ly  component for the   f luvial   paleocurrents  and a 

Measured paleocurrent   data   indicates ,   therefore ,   that  the main 
drainage patterns in  the  Gates weke longitudinal,   subpara.l le1 to the 

d i r ec t ion  of flow of the  major  rivers is longi tudinal ,   sc ibparal le l  
t ec tonic   s t r ike .   In  the present  day Himalayan molasse basin,  the 

similar drainage  patterns  are found in  the  Gates, which  formed i n  a 
to   the   t ec tonic   s t r ike .  It is not   surpr is ing,   therefore ,   that  

s imi la r   t ec tonic   se t t ing .  

3 )  Conglomerates,  Tectonics, and Marine Transgressions 

The interdependence of sedimentation and tectonics  i n  mol.asse basi:ns 
has heen described i n  some d e t a i l  by Miall (1978).  I n  the Gates, 
three major conglomerates  are  recognized a t  cons i s t en t   s t r a t ig raph ic  
levels  throughout  the  area. These are   in te rpre ted  as ind ica t ing  
three  separate  phases of t e c t o n i c   a c t i v i t y  i n  the  source  area. 

~n the Gates, deposit ion of conglomerates 1 and 3 was followed by marine 

isostatic adjustment and increased  subsidence  in  the  foredeep  basin 
t ransgressions.  It is postulated  that   these  t ransgressions  rwulted from 

following  periods of increased  tectonic   act ivi ty .  Other f ac to r s  such  as 
sediment  supply and eustatic  sea  level  changes can also  cause a marine 
t ransgression.  me relative  importance of these  in  the  Gates has yet to  
be fu l ly   eva lua ted .  
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GEOLOGY OF THE  MCDAME  TUNGSTEN  SKARN  PROSPECT 

( 104P/5) 

Department of Geological  Sciences 
E y  B.J. Cooke  and  C.I.  Godwin 

University of British  Columbia 

INTRODUCTION 

The  McDame  tungsten  skarn  prospect  (MDI  No.  104P/004)  lies  s.pproximately 
6 kilometres  north of Cassiar  in  northern  British  Columbia  (Figure 1). 

and  a  four-wheel-drive  track.  The  property,  consisting of 'IO claims  .and 
Road  access  is  available  from  Cassiar  via  the  Cassiar  Asbestos  mine  road 

109  units,  is  presently  under  option to Shell  Canada  Resources  Ltd.  Two 
main  zones of economic  interest  have  been  identified:  the A zone, on 
which  the Kuhn tungsten-molybdenum  skarn  showing  occurs, and the B zone, 
which  includes  the  Dead  Goat  tungsten  skarn  and  the  Contact  lead-silver 
vein  occurrences  (Figure 1 ) .  

LATE  CRETACEOUS 
r n 3 . K A . N  
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TABLE 1. REGIONAL CORRELATION OF GEOLOGICAL UNITS 
- 

TECTONIC ELEMENT, 
AGE *No GROUP 

GABRIELSE 
1 9 6 3  

PANTELFYEY 
1 9 7 9  

M S Y  
1 9 7 8  

I'RITZ 
1980 THIS REPORT 
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Early  prospecting i n  the  Cassiar   area  concentrated on gold  placer  and 
asbestos   vein  deposi ts .  The Contact  vein was explored  in 1954 by the  
Harvest Queen Mill and Elevator Company (McDougall, 1954).  Fort  Reliance 
Minerals  later  at tempted  to  high-grade  the  vein  (Minister of Mines, B.C., 
Ann. Rept.,  1962) and i n  1961 discovered  the Lamb Mountain (MD:C No. 
104P/003)  tungsten-molybdenum skarn showing north of the  McDamta property 
A zone  (Cook, e t   a l . ,  1979).  Prospector B. Kuhn restaked t h e  Lamb 
Mountain prospect   in  1977 for  Union Carbide and subsequently  discovered 
s imi la r   minera l iza t ion  on strike to   the  south  ( the Kuhn and Dead Goat 
showings on the  McDame proper ty) .  

REGIONAL GEOLOGY 

The geology  of the  Cassiar  area  has been mapped on a reg iona l   sca le  by 
Gabrielse  (1963)  and  Panteleyev  (1978,  1979).  Three  major  lithotectonic! 
elements have  been ident i f ied   (F igure  1 ) :  

( 1 )  Cassiar  platform, a miogeoclinal  continental   t-errace wedge developed 
along  the  eastern margin of the  North American craton i n  Late 
Proterozoic   to   Early  Paleozoic  times (Monger, e t   a l . ,   1979) .  

( 2 )  Sylvester   a l lochthon,  an oceanic  basin  assemblage  tectonically 
emplaced i n  Middle  Mesozoic times (Monger, e t   a l . ,   1979) .  

( 3 )  Cassiar  complex, a Late Mesozoic p lu tonic  complex,  probatlly r e l a t e d  
t o   a n a t e x i s  of cont inenta l   c rus t  (Tempelman-Kluit,  1979). 

Gabrielse  (1963) showed tha t   the   Cass ia r  complex lies in   the c!ore of a 
northwest-trending  anticlinorium  flanked on t he   ea s t  by the  Ca.ssiar 
platform, which forms the southeast-plunging McDame synclinorium. The 
Sylvester  al lochthon now occupies  the  core of the  syncl inorim!  (Figure 
1 ) .  

PROPERTY GEOLOGY 

Rocks on the McDame property have  been subdivided  into  six main u n i t s  

Kechika Group metasedimentary  rocks ( U n i t s  1 to 3 respec t ive ly)  are  
(Table 1 ) .  Lower Hadrynian to Lower Ordovician  Ingenika, A t a n  and 

crosscut  by minor Mesozoic mafic in t rus ions  ( U n i t  4)  and Idte Wsozoic 
f e l s i c   i n t r u s i o n s  ( U n i t  5 ) .  Skarn ( U n i t  6) occurs  along  favourable 
stratigraphic  horizons  in  the  metasedimentary  rocks  near  the iielsic 
in t rus ions .  

The s t r a t ig raphy  forms the  upright and steeply  east-dipping  western l i m b  
of the WDame synclinorium. Minor folding was observed  but the main 
f o l i a t i o n ,   l i n e a t i o n ,  and f rac ture   d i rec t ions   cor respond  resp tc t ive ly  
w i t h  the a x i a l  plane, fo ld   ax i s ,  and a-c j o i n t s  of the WDame 
synclinorium. Only one f a u l t  w i t h  an apparent   l e f t -hand   s t r ike   o f fse t  of 
about 120 metres was mpped i n  the A zone (Figure 2 ) .  
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Flgure 2. Geology of the A zone. 
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INGENIKA GROUP 

Contact  showings  (Figure 1 ) .  These rocks  represent  the  hesternmost 
Ingenika Group rocks  underlie  the B zone and contain  the Dead Goat  and 

exposures of s t r a t i f i ed   rocks  on the McDame property and are d iv ided   i n .b  
three  metasedimentary  units. From west to east these are: 

(1)  interbanded  bioti te  hornfels,   white  marble,  and garnet-pyroxene 
skarn;  these form the  country  rocks i n  contact  with  fe1si .c  intrusive 
rocks of the Cassiar stock to the west. 

( 2 )  banded graphite  marble and massive  grey  marble  that make  up a 
carbonate band which contains  rare  patches of zebra-textured 
graphitic  dolomite and pods of concent r ica l ly  banded s t ruc tu res  up 
to 20 centimetres  across  (stromatoporoids 7 ) .  

( 3 )  spot ted   cord ier i te   hornfe ls   (Uni t   l i ,   F igure  2) t ha t  forms a th ick  
uni t   wi th  minor b i o t i t e  and muscovite  hornfels  bands and rare  white 
marble  bands. 

and c l a s t i c   l a y e r s  i n  the upper part of the  Stelkuz  Formation mapped  by 
These three  rock  bands  correlate  respectively w i t h  the  redbed,  carbonatre, 

Mansy (Mansy, et  a l . ,  1978; Mansy, 1979)  elsewhere in   the  Cassiar  
Mountains  (Table 1 1. 

ATAN GROUP 

Atan  Group rocks  underlie  the  western  part of the A zone and contain  the 
Kuhn showing (Figure 1 ) .  The s t r a t a   a r e  conformable with the  Ingenika 
Group  and cons i s t  of two metasedimentary  units. From west to eas t   these  
are : 

( 1  ) interbanded  hornfels  that  form a thick band which includes  the 
fol lowing  l i thologies:  

Banded b io t i t e   ho rn fe l s ,  U n i t  2h, is rusty  weathering, brown, 

muscovite  hornfels  layers. 
and very  fine  grained,  with minor cord ier i te ,   quar tz ,   o r  

brown to grey,   fol ia ted,   very  f ine  grained,  and 
Spot ted  cordier i te   hornfels ,  U n i t  2 i ,  is rusty  weatblering, 

disseminated  pyrrhotite is common. 
porphyroblastic,  with minor b io t i t e   o r   qua r t z   ho rn fe l s ;  

Foliated  muscovite  hornfels, U n i t  Zj, is bleached  weathering, 
t a n ,  and aphani t ic ,  and general ly  forms par t ings   in   quar tz  
hornfels.  

Massive quartz   hornfels ,  U n i t  2k, is rusty  weathering,  white, 
and  very f i n e  grained,  with  moderate  muscovite  hornfels  bands 
and minor cordier i te   or   biot i te   hornfels   bands;   quar tz-  
tourmaline  veins and pods are common. 
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( 2 )  interbanded  marble and dolomite form a  carbonate band which includes 
the  fol lowing  l i thologies  : 

Banded graphite  marble, U n i t  2a, is grey  weathering,  black  to 
white, and medium grained,  with  moderate  grey or white marble 
bands and rare hornfels  bands. 

Massive grey  marble,  Unit Zb, is grey  weathering and medium 
grained and is almost  pure calcite. 

Massive  white  marble,  Unit 2c, is grey  weathering and coarse 
grained and occurs as bleached  fracture  envelopes or bands 
within the other  marbles. 

Zebra graphite  dolomite,  Unit 2d, is tan weathering,  black t o  
white,   f ine  grained and sucrosic,  with  moderate  grey or white 
dolomite  bands, minor marble or hornfels  bands, and r a r e  
dolomite  breccias or nodular pods; the   breccias  c o n t a i n  
concent r ica l ly   l ayered   s t ruc tures   ( s t romatoporo ids  ?) and the 
pods contain  elongate  ovoid  structures up to 5 centimetres  long 
(Archeocyathids ?) ;  well-developed  zebra  texture is 
c h a r a c t e r i s t i c  of this rock. 

Mottled  grey  dolomite,  Unit Ze, is tan weathering,  f ine 
grained,  and sucros ic  and is almost  pure  dolomite. 

Massive white dolomite, Unit 2f, is t a n  e a t h e r i n g ,   f i n e  

or bands within the other  dolomite. 
grained, and sucros ic  and occurs as bleached  fracture  envelopes 

Banded graphi te   hornfe ls ,  U n i t  29, is grey  weathering,  black, 
and aphani t ic  and forms r a re  bands within marble or dolomite; 
disseminated  pyrrhotite is common. 

The tm metasedimentary  units of the Atan Group are l i t h o l o g i c a l l y  

Rosella  Formations as mapped  by F r i t z  (1978,  1980) elsewhere  in  the 
s imi l a r  to clastic and carbonate  sedimentary  rocks of the Boya and 

Cassiar  Mountains (Table 1 ). 

K E C H I K A  GROUP 

Kechika Group rocks  underl ie   the  eastern  par t  of the A zone (Figure 1 ). 
The rocks are conformable  with the Atan Group and c o n s i s t  of  handed 
hornfels,   with minor marble,  including  the  following  lithologies: 

Banded graphi t ic   hornfe ls ,  U n i t  39, is similar to U n i t  29. 

Banded b i o t i t e   h o r n f e l s ,  U n i t  3h, is similar to Unit 2h. 

Banded graphitic  marble,  Unit 3a, is s imi l a r  to U n i t  2a. 

Massive  white  marble, U n i t  3c, is similar to Unit 2c. 
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These  rocks  are  l i thologically  comparable w i t h  clastic and carbonate 
rocks of the Kechika Group a s  mapped  by Gabrielse  (1963) and lanteleyev 
( 1978,  1979, 1980) near  Cassiar  (Table 1 ) .  

MAFIC INTRUSIONS 

Mafic intrusions  occur as dykes cu t t i ng  the o l d e r   s t r a t i f i e d   r o c k s  
( Figure 2 ) : 

Massive  lamprophyre  dykes,  Unit 4a, are green,  very  fine  grained, 
and subophi t ic   to   porphyri t ic   with  biot i te ;   chi l led  mrgi .ns;  i n  
places, there  is a s t rong   fo l ia t ion .  

Fractures  in  the  lamprophyre  occasionally  contain  skarn  surrounded by 
bleached  envelopes,   suggesting  that   the  mafic  intrusions are older  than 
skarn. They are probably of Middle  Mesozoic  age. 

FELSIC INTRUSIONS 

Felsic intrusions  occur as four   discrete   s tocks on the McDame property 
(Figure  1)  and conta in   th ree   d i f fe ren t   l i tho logies :  

porphyr i t ic  w i t h  K-feldspar  mantled by Na-feldspar  (rapalrivi 
Bioti te  quartz  monzonite,  Unit 5-3, is pink,  coarse  grained, and 

tex ture) .  lhis u n i t  is typical  of the Cassiar and Contact  stocks. 

plartz  feldspar  porphyry,  Unit Sb, is grey,  fine  grained,.  and 
s t rong ly   j o in t ed ;   b io t i t e  and hornblende  are  accessory  minerals i n  

s t o c k .  
the Kuhn stock and quartz-muscovite  patches  occur  in  the Windy 

A p l i t e  and pegmatite sills, Unit Sc, are  white,   f ine to coarse 
grained, and equigranular;  they cut both the sedimentary and other 
plutonic  rocks. 

U n i t s  Sa and 5b and l i t h o l o g i c a l l y  comparable w i t h  Panteleyev's  (1978) 
Units B and C respect ively as mapped i n  the Cassiar area (Table 1 ) .  

SKARN 

c l a s s i f i e d   i n t o  s i x  main f ac i e s :  
Skarn  forms  several  bands on the McDame property  (Figure 2) and is  

( 1  ) Massive calc-s i l icate   skarn  occurs  as semi-continuous  zones up to 10 
metres  thick  along  the weste.rn contacts  of the  carbonate  bands  in 
the  Ingenika and A t a n  Groups. This  skarn  type  also forms; lenses  
along  the  eastern  contacts of the two carbonate  bands and within  the 
carbonates  themselves. The fol lowing  l i thologies  were olmerved: 
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Massive garnet  skarn,  U n i t  6a, is red to brown  and coarse 
grained,  with a f a i n t  banding  occasionally  apparent from 
va r i a t ions   i n   g ra in  size and  mineralogy. This u n i t  is the most 
common massive calc-s i l icate   skarn on the  property. 

Massive  pyroxene  skarn,  Unit 6b, is green to white and coarse 
grained; it general ly   occurs   in   the A zone as narrow  bands i n  
garnet  skarn  or as bands separat ing  garnet   skarn from country 
rocks. 

Massive  amphibole  skarn, U n i t  6c. is white and very  coarse 
grained and occurs as small pods i n  dolomite  near  quartz 
feldspar  porphyry  dykes i n  the A zone. 

Massive epidote  skarn,  U n i t  6d, is green and medium grained  and 
forms r a re  bands associated  with  garnet  skarn and quartz  skarn 
in   the  A zone. 

Spot ted  biot i te   skarn,  U n i t  6e, is va r i ab le   i n   co lou r  and gra in  

marble and hornfels  where garnet  skarn is absent.  
s i ze ;  it occurs as rare  bands i n  the A zone between Atan Group 

Banded w l l a s t o n i t e   s k a r n ,  Unit  6f, is white and very  coarse 

hornfels  and white  marble a t  the  north end  of the A zone. 
grained; it is  found  only i n  one outcrop of Kechika graphi te  

( 2 )  Banded ca lc -s i l ica te   skarn  forms tm major  bands on the McDame 
property: 

Banded quartz  skarn,  Unit 6q, is l igh t   co loured  and aphani t ic  
t o   f i ne   g ra ined ;   t ex tu res   i n   t h i s   un i t   r e f l ec t   o r ig ina l  
features .   Quartz   skarn  in  Kechika Group hornfels  forms  narrow, 
bleached  quartz and calc-s i l icate-r ich  envelopes on bedding 
plane and a - c   j o i n t   f r a c t u r e s .  Where f r ac tu re   dens i ty  is high, 

stock,  the  quartz  skarn forms a d i s t i n c t   a l t e r a t i o n   h a l o  and 
the  original  rock  can be bleached  throughout;  near  the Kuhn 

quartz  skarn to biot i te   hornfels   f ragments   enclosed  in  a 
the  Kechika Group rocks are generally  brecciated,   with banded 

s i l i c e o u s  matrix containing  disseminated  sulphides; two other  
minor quartz  skarn  zones  occur i n  Atan  Group horn fe l s   i n   t he  
southern part of the A zone  and are associated  with  quartz 
feldspar  porphyry  dykes. Banded calc-s i l icate   skarn  within  the 
Ingenika Group i n   t h e  B zone discrete   f ine-grained calc- 
s i l i c a t e  bands  with  bleached  quartz-rich  envelopes and remnant 
b i o t i t e   h o r n f e l s  and white  marble  bands. 

( 3 )  Vein sulphide  skarn f i l ls  f r a c t u r e s   i n  Atan  Group dolomites  in the A 
zone north of the Kuhn showing and includes:   vein  chlor i te   skarn,  
and Unit 6h which is green and fine  grained,  with  disseminated and 
v e i n  py r rho t i t e  and py r i t e .  

( 4 )  Massive sulphide  skarn  forms  pods and veins up to 1 metre t h i c k   i n  
massive  garnet or pyroxene  skarn. Tne following  units  are  defined: 
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Massive pyrrhot i te   skarn,   Uni t   6 i ,   that  is bronze and coarse 
grained,  with minor disseminated  chalcopyri te ;   th is  is the most 
common t y p  of massive  sulphide  skarn. 

Massive sphalerite  skarn,   Unit  6j, which is black and coarse 
grained and  commonly intergrown  with  pyrrhotite;   sphalerite is 
most common south of the Kuhn and Dead Goat showings i n  the A 
and B zones. 

( 5 )  Vein oxide  skarn  forms a unique set of f r a c t u r e   f i l l i n g s   i n  Atan 

banded magnetite skarn, Unit 6k, which is black to green and f i n e  
Group dolomites north of the Kuhn showing in   t he  A zone and includes 

grained and commonly contains  sulphide and c a l c - s i l i c a t e  minerals. 
This   fac ies   loca l ly  forms  bands  between  dolomite and massive  garnet 
o r  pyroxene  skarn. 

( 6 )  Gossan oxide  skarn is simply  the  weathering  product of massive and 
vein  sulphide and oxide  skarns and consists of the  following: 

ear thy.  
Goethite  skarn, Unit 6i ,  is yellow to brown, f ine  grained,  and 

ear thy.  
Hematite  skarn, U n i t  6m, is red to brown, f ine  grainctd,  and 

MINERALIZATION 

Mineralogy and texture  vary i n  both  the A and B zones. A t  the Kuhn 
showing, schee l i te ,   powel l i te ,  and molybdenite,  associated  with minor 
pyr rhot i te ,   pyr i te ,  calcite, quartz ,  and f l u o r i t e ,  form coarse.-grained 
disseminations and veins i n  massive  garnet and pyroxene  skarn.  North of 
the Kuhn showing, powell i te  and scheel i te   occur   as   f ine-grained 
disseminations and veins  within  vein  chlorite and magnetite  skarn.  South 

massive  pyrrhotite  skarn,  but  only minor schee l i t e  is found i n  the more 
of the Kuhn showing, s ign i f icant   d i sseminated   schee l i te  is found  with 

change i n  mineralogy  occurs i n  the B zone. Significant  disseminated 
sphaler i te-r ich  skarn toward the south end of the A zone. A s imi la r  

scheeli te  occurs  in  massive  garnet,   pyroxene, and pyrrhot i te   skarns  a t  
the Dead Goat showing,  but  only minor schee l i t e  is found  with mmssive 
py r rho t i t e  and sphaler i te   skarns  toward the  south end of the B zone. 

CONCLUSIONS 

mineral izat ion i n  the Cassiar a r e a   a r e   a l l   s p a t i a l l y   r e l a t e d  to f e l s i c  
Cn a regional scale (Figure 1 )  metamorphism, metasomatism,  and 

in t rus ions .  These intrusive  rocks  are   acidic ,   porphyri t ic ,  and jointed.  
They represent h igh - l eve l ,   l a t e   d i f f e ren t i a t e s  of g r a n i t i c  magma. On 
property  scale,   skarn and ore  minerals are concentrated  along  favourable 
s t ra t igraphic   horizons  (Figure 2 ) .  ?he country  rocks  are  interbedded 
c l a s t i c  and carbonate  beds  typical of continental   shelf   sedimentary  rocks 
i n  a cratonic  environment. 
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Mineralized  zones  containing tungsten-molybdenum, tungsten-copper,  and 

major  marble-hornfels  contacts  in  the  Ingenika and Atan Groups. Banded 
tungsten-zinc occur within  massive  calc-sil icate and sulphide  skarn  along 

mineral izat ion,  i n  hornfe ls  of the  Ingenika,  Atan, and Kechika  Groups 
ca lc -s i l ica te   skarn  forms several  zones,  normally  barren of 

ad jacent  to the Cassiar and Kuhn stocks.  Minor amounts  of tungsten 
mineral izat ion are contained  in  vein  sulphide and o x i d e   s k a r n s   t h a t   f i l l  
f rac tures   wi th in  Atan Group dolomites. 

Detailed  study of these  skarn  deposi ts  is in   p rogress .  However, f i e l d  
mapping indicates  the  following to be s ign i f i can t   exp lo ra t ion  
parameters : 

Favourable  country  rocks are composed of interbedded  carbonate  and 
clastic sedimentary  rocks  that   contain major elements  such  as silica 
and calcium  that are necessary  for  skarn  formation.  Bleached 
hornfels  zones are a potent ia l   source of i ron ,  z inc ,  and sulphur and 
bleached  marble and dolomite are potent ia l   sources  of sulphur. 

Favourable  intrusive  rocks are f e l s i c   s t o c k s  of anatectic o r ig in .  
These are  capable of supplying  l i thophi le  and atmophile  elements 

minera l iz ing   f lu ids  (Godwin, et  a l . ,  1980). 
such as tungsten, molybdenum, f l u o r i t e ,  oxygen, and sulphur to the 

Extensive  skarn  development i n   h o r n f e l s   ( f o r  example quartz   skarn)  
indicates   proximity to favourable   intrusive  rocks whereas skarn 
between  marble and ho rn fe l s   ( fo r  example, garnet   skarn)   def ines  
favourable   s t ra t igraphic   horizons.  

Minor tungsten-zinc  mineralization  within massive skarn   ( for  
example, py r rho t i t e   ska rn )  may mark t h e   d i s t a l  end of a zoned 
hydrothermal  system which contains  proximal tungsten-molybdenum 
mineral izat ion.  
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REGIONAL  GEOCHEMICAL SURVEY 
HOPE, ASHCROFT, AND PEMBERTON  MAP-AREAS 

(92 H,  I, and J)  

By W . J .  McMillan 

The B r i t i s h  Columbia Ministry of Energy, Mines  and Petroleum  Resources 
conducted a regional  geochemical  survey of map-areas 92H, 921,  and  92J 
during  the 1981 f ie ld   season .  I t  is an t i c ipa t ed   t ha t   ana ly t i ca l  work w i l l  
be  completed  and  the  data  compiled  in  late May of 1982. Resu:Lts of the 
survey w i l l  be released  in  June  or  July,  depending on  snow condi t ions,   in  
t h e  form of sample locat ion maps and data shee ts   s imi la r   to   those  of 
previous  surveys. 

Stream  sediment  and stream water  samples were co l lec ted  i n  a .truck-supported 
ground  phase where possible  and with  hel icopter   support   in  more remote 
locat ions.  Sample density was similar to   that   for   previous  s i l rveys,   about  
1 per 15 square  kilometres. 

The sampling crew  and  equipment for   the  program were provided by ROO1 
Enterprises  Ltd.  Helicopter  support was from Quasar  Aviation  Ltd.  Ministry 
supervision was supplied by W . J .  McMillan  and W.M. Johnson. 

Sample preparat ion was done by Kamloops Research E, Assay  Labo:ratory L t d .  
The stream sediments were analysed  for   a l l   o ther   e lements  by 'Chemex 
Laboratories  Ltd.  Stream  waters were analysed by Bondar-Clegq and Company 
Ltd . 
The stream sediments were analysed  for  zinc,  copper,  lead,  nickel,  cobalt, 

and  antimony.  Stream  waters were analysed  for  uranium,  fluorine,  and pH. 
s i l v e r ,  manganese, i ron ,   a rsen ic ,  molybdenum, tungsten,  mercu:ry, uran ium,  

Data processing was performed by the  Geological  Survey of Canada data 
processing  group. 

Figure 1 shows map areas  covered by previous  surveys and those  covered by 

May 26, 1981. 
this survey. Results of the  1980 program i n  areas  9 3 A  and 933 were released 
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