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pul The Bell Copper Mine, owned and operated by Noranda Inc., is 
located on the Newman Peninsula, in Babine Lake, British Columbia. 
This open pit mine-mill complex is approximately 55 degrees North 
Latitude and 126.23 degrees West Longitude (NTS 93M/lE - 93L/16E) 
at an elevation of 2390 feet (728 m) A.S.L. Babine Lake is 
located on the Nechako Plateau which is part of the Interior 
Plateau physiographic region of the province. Climatic conditions 
are typical of the interior of British Columbia despite the 
moderating effects of Babine Lake. 

The minesite is located approximately 8 miles (13 km) 
north-east of the Village of Granisle which is at the north end of 
Highway 118. This highway is a 30 mile (48 km) paved road 
travelling north from Highway 16 (Yellowhead Route) at Topley, B. 
C. Access from Granisle to the minesite is by an 8 mile (13 km) 
all season gravel road along the west shore of and a 2.5 mile ( 4  
km) tug-barge route across Babine Lake (see Map 1.1.) 

The Bell Mine mineral deposit was originally examined by C. 
Newman during the mid 1920's. After years of intermittent 
prospecting the property was staked by Noranda Mines Ltd. in 1962. 
Geochemical and geophysical surveys established anomalous targets 
for drilling. Drilling results provided sufficient reserves to 
justify the construction of the Bell mine and mill. 
Pre-production stripping commenced in 1970 and milling started in 
1972 at 10,000 Short Tons per Day. In 1979 and 1980 Bell expanded 

*curJ the dimensions of the original open pit limits and upgraded 
milling capacity to what exists today. Milling tonnages at this 
time were increased to 16,500 Short Tons per Day which continued 
regularily until the mine closure in October 1982. At this 
closure approximately 38 million tons of sub-economic mineralized 
material, with a near equal amount of waste material, were 
available for mining. 

i 

The mine-mill operations resumed in August 1985 using a 
restricted ore reserves which reduced the mine life to three 
calendar years. This ore reserve optimized the amount of readily 
available ore and minimized the amount of associated waste 
material. This limited ore reserve and short term mining plan 
allowed for an expansion phase after the first year of operations. 

In order to properly evaluate this potential expansion within 
the pit limits a drilling program was initiated. A series of 
sixteen (16) size NQ diamond drill holes totalling 7494 feet (2285 
m) were completed by J. T. Thomas Ltd. of Smithers, B. C. 
However, of the sixteen (16) holes collared, only fourteen (14) 
holes totalling 6550 feet (1997 m) are included in this 
Accelerated Mine Exploratipn Promam grant application. This 
diamond drilling was all completed within the open pit limits on 
Mineral Leases M-134 and M-135 during June of 1986. 
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The purpose of the drilling program was to accurately outline 
the ore reserves on the west periphery of the open pit for a 
possible increase of ore reserves and resulting extension of 
operations at the Bell Mine. When operations resumed in September 
of 1985, a three year mine life was planned using an optimized pit 
design called ’ 2 A ’ .  The ore reserves for this pit design were 
calculated at 19.2 million tons compared to 38 million tons when 
operations ceased in 1982. A second plan, to be activated within 
one year of start up, was considered which would expand on the 
’ 2 A ’  pit design and possibly extend the mine life by up to two 
years. This extension involved the mining of deferred material on 
the west periphery of the original ’ 2 A ’  pit design but within the 
1979-80 expansion limits. The limited three year mine life and 
reasonably sucessful operating results after start-up were the 
reasons that the decision was made to further investigate this 
possible extension of operations. The drilling program was 
initiated to gain more sound information which could justify the 
extended mining and solve some other operations problems. 

W 

__ 
After operations resumed in September 1985 the mining of the 

’ 2 A ’  expected ore reserves conflicted with actual ore extraction 
due to deficiencies in the Mineral Inventory File (MIF) 
calculations. Since this geological reserve was to be used for 
the possible expansion on the west periphery of the pit and 
because of these volume losses the drilling program proceeded to 
firm up information and to develop a more accurate ore reserve in 

w the expansion area. 

The somewhat unreliable ore reserve information was partly 
due to random diamond drill hole spacing which resulted in some 
mis-interpretation in the MIF. Consequently, the drill hole 
locations were selected where areas could be best filled in on the 
drilling grid on the west periphery of the ’ 2 A ’  pit design. 

A s  stated above, t h e  south, w e s t  and  n o r t h  edges of t h e  open 
pit were targeted for expansion. In the ’ 2 A ’  mining plan a fixed 
reserve of tons and grade was calculated for this area using a 
0.300% Copper cut-off grade. However, two items reduced this 
reserve which also warranted the drilling program. First, when 
the ’ 2 A ’  mining commenced and with the operating sucess very 
sensitive to the price of copper, the cut-off grade was adjusted 
upwards from 0.350% to 0.400% Copper to be economic and thus 
reduced the ore reserve. Secondly, while mining using the must 
up-to-date MIF, some predicted ore was not available in specific 
areas or the grade was not accurate which further reduced the ore 
reserve. Although the mined grades were higher than predicted in 
the MIF a sharp cutoff rather than gradational trending to waste 
increased the stripping ratio. 

Since Bell was l o s i n g  this gradational material using the 
current MIF and since the outer periphery of the pit is not 
structurally similar to the center of the pit the drilling program 

V 
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w a s  n e c e s s a r y  t o  r e d e f i n e  t h e  expansion p o t e n t i a l  on t h e  sou th ,  
w e s t  and n o r t h  w a l l s  of t h e  ' 2 A '  p i t .  The g e o l o g i c a l  p r o f i l e  of 
t h i s  area t r e n d i n g  down from t h e  s u r f a c e  i n d i c a t e d  waste t o  l o w  
g r a d e  t o  h igh  g r a d e  m i n e r a l i z a t i o n .  The d r i l l i n g  r e s u l t s  w e r e  
a l s o  used t o  d e f i n e  t h e  g r a d e  change by e l e v a t i o n  f o r  mine 
p lanning ,  s t r i p p i n g  r a t i o s  and o v e r a l l  e x t r a c t i o n  s e q u e n c e s .  

A l l  t h e  d r i l l i n g  w a s  targeted t o  f i l l  i n  suspec ted  
g r a d a t i o n a l  areas where t h e r e  w a s  no p rev ious  d r i l l i n g  or t o  
v e r t i c a l l y  extend informat ion  where p rev ious  work w a s  l i m i t e d  by 
i n s u f f i c i e n t  dep th .  This  a d d i t i o n a l  in format ion  reduced t h r e e  
d imens iona l  b lock  parameters used t o  develop  t h e  MIF and more 
a c c u r a t e l y  determined t h e  ore reserves of t h e  B e l l  Mine. 

A surface l o c a t i o n  p l a n  showing d r i l l  h o l e  c o l l a r s  i n  
r e l a t i o n  t o  t h e  p r o p e r t y ,  minera l  leases and geography is a t t a c h e d  
(see APPENDIX I ) .  

3-16 

This  diamond d r i l l i n g  program y i e l d e d  r e s u l t s  which p rov  
t h a t  a w o n  r a t h e r  t h a n  a l l  of' t h e  expected p i t  expansion is 
qcoromically viable. The in fo rma t ion  from t h i s  diamond d r i l l i n g  
program, i n c l u d i n g  t h e  assays, d i p  tests and coded rock  types, 
were added t o  t h e  MIF and a new o r e  reserve w a s  gene ra t ed .  The 
new ore r e s e r v e  showed t h a t  t h e  s o u t h  w a l l  of t h e  ' 2 A '  p i t  w a s  
uneconomical t o  mine b u t  t h a t  t h e  w e s t  and n o r t h  w a l l s  con ta ined  
rnore_minaral_izat i on  than  o r ig  in-aay-. p x e d i c t e d z  Th e w e s t  and n o r t h  
walls of t h e  expansion area are inc luded  i n  a new p i t  design 
d e s i g n a t e d  as ' 2 C ' .  The g e o l o g i c a l  reserve of t h e  '2C 
i nc reased  an estimated 7 m i l l i o n  t o n s  to- 8 . 2  m i l l i o n  t 
a c u t o f f  g r a d e  greater t h a n  0.300 % copper.  Th i s  increase 
r e s u l t e d  i n  an complementary r e d u c t i o n  of waste t o n s  f o r  t h e  same 
areas and a more a t t r a c t i v e  s t r i p p i n g  r a t io .  

from 

- 
Although t h e  o r e  reserve inc reased  b y - t h e  s ta ted amount, and 

approval  has  been received f r o m  upper management t o  extend t h e  
mine l i f e ,  economics a p p l i e d  t o  b u d g e t t i n g  have shown t h a t  
approximately 5 . 8  m i l l i o n  t o n s  w i l l  be  mined a t  a g r a d e  c u t o f f  of 
0.350% copper or greater. The remainder of' t h i s  reserve, 
approximately 1.6 m i l l i o n  t o n s  of g r a d a t i o n a l  material, w i l l  be  
s t o c k p i l e d  f o r  l a te r  u t i l i z a t i o n  i f  prices w a r r a n t .  T h i s  tonnage  
w i l l  extend t h e  B e l l  Mine o p e r a t i o n s  by f o u r t e e n  (14) months after 
t h e  complet ion of t h e  ' 2 A '  p i t .  Closure  of o p e r a t i o n s  is now 
p r e d i c t e d  for December 1989 r a t h e r  t han  September 1988. 

S i m i l a r  rock types were encountered i n  t h e  r e c e n t  c o r e  
d r i l l i n g  t h a t  have been r e p o r t e d  by p rev ious  d r i l l i n g .  T h i s  
indicates that. the expansion a r e a  is e i t h e r  i n  t h e  p i t  c o r e  a t  
d e p t h  or on t h e  f r i n g e  of t h e  v e r t i c a l l y  s t r u c t u r e d  ore body. The 
rock types ,  w i t h  s t r a t i g r a p h i c  and l i t h o l o g i c  in format ion ,  c a n  be 
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. . ,. . .  

found on the attached paper, titled: 

"Bell Copper: Geology, Geochemistry and Genesis Of A 
Supergene-Enriched, Biotitized Porphyry Copper Deposit 
With A Superimposed Phyllic Zone" 

in that section sub-titled "Local Rock Types". This paper, 
authored by David J. T. Carson; John L. Jambor; Peter L. Ogryzlo; 
and Tom A. Richards can be found in the CANADIAN INSTITUTE OF 
MINING AND METALLURGY, Special Volume 15, titled "PORPHYRY 
DEPOSITS OF THE CANADIAN CORDILLERA, Part B, pages 245 to 263, 
1976" (see APPENDIX 11). 

Drill core evaluation commenced immediately after the 
drilling program was completed. The geological logging was 
completed by a consulting geologist, Mr. Anthony L'Orsa, of 
Smither, B. C. 

Copies of all the drill hole logs are attached to this report 
in APPENDIX 111. Although hole numbers 86-9 and 86-10 were drilled 
within the ' 2 A '  pit limits and that footage is not included in 
this grant application the logs are included in the report. A 
summary of the drill hole core logging by the consultant is also 
attached to this report in APPENDIX IV. 

The following costs were incurred by the Bell Mine from June 
12, 1986 to present. The costs include the diamond drilling by 

W contractor, being J. T. Thomas of Smithers; consultative core 
logging; in-house core splitting, pulverizing and assaying; and 
the final evaluation of results. The sixteen (16) diamond drill 
holes were all collared within the open pit boundary. However, 
two (2) of these holes have not been included in the costs because 
the holes were drilled in the existing '2A' pit or proven reserved 
ore rather than on the periphery and are not. applicable to the 
grant parameters. Therefore, a portion of the total footage is 
used for this g r a n t  application. The factor f o r  t h e  g r a n t  
application, which is 87.4 percent of the total costs, has been 
calculated into t,he listing below. 

a )  WAGES 

Dri 11 ing- included in contractors invoice 
Core Logging- included in consultants invoice 
Core Crushing- 30.5 days; $92/day; J u l y  1@ to 27; $ 2786. 14 
Core Pulverizing- 12.8 days; $10@/day; . J u l y  13 to 27; see item (f) 
Core Assaying- 23.0 days ;  $96/day; July 14 to 28; see item { f) 
Moving Drill- 3.5 days; $156/day; June 11 to 3@; 545.80 

* 
141963 M 21  

sub-total $ 3331. 9 4  
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Core Logging- inc luded  i n  c o n s u l t a n t s  i n v o i c e  
Rernainder- 'I In-house" no charges a p p l i e d  Core Logging- inc luded  i n  c o n s u l t a n t s  i n v o i c e  
Rernainder- 'I In-house" no charges a p p l i e d  

.OO s u b - t o t a l  $ 

c) TRANSPORTATION 

D r i  11 ing-  
Core Logging- 
Remainder- "In-house" 

d )  INSTRUMENT RENTAL 

inc luded  i n  c o n t r a c t o r s  i n v o i c e  
inc luded  i n  c o n s u l t a n t s  invoice 

no  cha rges  a p p l i e d  

.OO s u b - t o t a l  $ 

e)  SURVEYS 

no cha rges  a p p l i e d  

no cha rges  a p p l i e d  

f) ANALYSES 

Core Assays-  704 d e t e r m i n a t i o n s ;  Copper; $5.05 per; $ 3555.20 
O r e  Reserves- Noranda Computer; 60.5 hours ;  3033.00 

s u b - t o t a l  $ 6588.20 

REPORT PREPARATION 

Engineer ing  Department- "In-house" $ 2000.00 
s u b - t o t a l  $ 2000.00 

h) OTHER 

$ 105,782.50 
2 , 1 2 0 . 0 0  
3 ,775 .68  

D r i l l i n g -  18 days; June  11 t o  30; $16.15 per f o o t ;  

Geologis t -  10 d a y s ;  $40/hour; June  16 t o  J u l y  11; 
Fuel-  18 days ;  June  11 t o  30; $0.278 p e r  l i t re ;  

s u b - t o t a l  $ 111,678.18 

TOTAL $ 123,598.32 

The r equ i r ed  informat ion  t o  complete  t h i s  assessment r e p o r t  
i n c l u d i n g  a location map and t h e  d r i l l  logs are enc losed  i n  t h e  
appendix.  T h e  l o c a t i o n  map shows t h e  d r i l l  h o l e  c o l l a r  l o c a t i o n  
by co -o rd ina te  on t h e  mine g r i d  system. The g r i d  system is t i e d  
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also include all the assay results for copper, other mineral 
identification, rock type coding for computer analysis and 
geological description on 10 foot (3 m) increments. 

All the drill core was crushed in 10 foot sections for assay 
after the geological logging was completed. One-half portions of 
every section were bagged; identified by hole number and footage; 
and stored in wooden enclosed pallets. These pallets are stored, 
with other drill cuttings and core boxes, near the minesite 
explosives storage magazine area. 

The author, D. R. McARTHUR, is Senior Mine Engineer of the 
Bell Mine, Granisle, B. C. The author is a graduate of the B. C. 
Institute of Technology, Mining, 1972. Since 1972 the author has 
been actively employed by Granby and Noranda in all aspects of 
mine engineering positions including exploration duties,- 
surveying, pit engineer, mine engineer and, presently, is the head 
of the Engineering Department at the Bell Mine. The author is 
also a registered Applied Science Technologist of B. C., member 
Nr. 7621. 

A resume of qualifications submitted by Mr. A. L'Orsa, the 
consulting geologist, is attached to this report in APPENDIX V. w 
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Gemsis Of A Super~ene-EnI.iched, Biotitized 
Porphyry Copper Deposit With A 
Superimposed Phyllic Zone 
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David J.T. Carson, 
Noranda Exploration Co. Ltd.. Toronto 
John L. Jambor. 
Geological Sarvey of Canada. Ottawa 
Peter L. Ogryrlo, 
Noranda Mines Limited. 
Ball Copper Division. Granisle 
Torn A. Richards, 
Geological Survey of Canada. Vancouver 

Abstract 

i 

BeU Coppar was discovered in 1965 and wan put in& 
production i n  197% The Bell orebody is horseshoc-shaped - in plan, dips steeply. and i s  150 Lo 500 meters wida bu 
I000 meters long. TICS orabody follows and overlaps the 
westetn and northern. edgea of a typical Babins-type, 
Eocene. plug 'of,; .biotitd-hornbItnds-ptcrgiodas 
This plug. which'war.smplnesd along .a major bcg;a%: 
the Newman fa&, intruded. Jurassic and Crctaacsoru 
volcanic and aedimentaty rocks and Eocene rhyodacitc. 
C h a l c o m l a  and minor bornite ora the main ore minerab;  
abundant pyrils occurs in a sriphural SOO-metcr-wide 
halo. Before mining wmmcncecf g e o b g i a l  reserves were 
116 million tonnm averaging 048 par.cent copper, about 

gold and Icss,*than 0.005 per cent 'molybdenum. 
OJ&t:Eng' the Bell orebody is a hato of hydrothermal 
alteration that ir appro2imately 8SOO by 2500 meterr a t  
awface. Tha orebody is in.a zone of strong hydrothermal 
biotitization which changes outward progressively LO 
sporadic weak bio t i t i za t ia  Rocks peripheral b the biotite 
sone are strongly ehloritued.~ThG concentric b i o t i k  and 
chlorite roning is carnmon to all Babine porphyry copper 
depoaitu. However, the Belt deposit also has a concentric 
zone of rcricite-carbonate alteration which coincides with 
the Write  halo, and a n  irregularly shaped zone of intcnae 
qUorb-a&ta-p~'&-chn&o~*te  that wan superimposed 
on part o f  ths  earlier bwtite-chukopv.b ore. Tha aupcr- 
imposed alteration and sulphide mineralization wero prol- 
ably caused by an  influx of meteoric or connate water 
into the upper part of the hydrothermal s ~ s t c m  during 
late-stage structural adjustments on the Newman and 
subsidiary faulta. Copper in the supe&nposed anscmblage 
r e e m  to have been dsrivsd, by  leaching, from.thc biotite- 
chalcopyrite ore which underlies the quartr-scricitc-pyritc- 
chalcopy'ts ore. Similar leaching proccsecs may have 
occttrred in  many o the numerous other porphyq  copper 
dcposib of tha war d t h t  exhibit late-s tuge,  superimposed 
q t c a r l s a r i c i l c - p y r i t e ~ o p p e r  mineralization. 

Dispersion of copper laterally outward from the orelodu 
during the mincrali-Gg process wad very limited. In 
contrast, zinc and lead were very mobile and both metals 
occur in anomalous amounts at  the outer edge of the. 
pyrite halo. 

hloderate srcpergene chalcocite enrichmcnt occurred i i c  
the  upper 50 to 70 meters of the qirartz-scricite-pytte- 
rich segment of the orebody during pre-Pleis Loccne Lime. 

.- I 

Location, Topography and History 
TfiE BELL COPPER DEPOSIT, owned and operated 
by Noranda hfines Limited, is a t  latitude 51"59'N. 

longitude 125"14'W (NTS 93M/lE) on Newman 
Peninsula in Babine Lake. Brit ish Columbia (Fig. I). 
Originally referred to as the  Newman prospect, i t  was  
named to honour Archie hf. Bell, former manager of 
Noranda Exploration Company, Limited. Bell Copper 
is one of several porphyry copper deposits of both 
economic and sub-economic grade. including Granisle 
and Morrison, t ha t  occur in  the  Babine Lake area  
(Carson and Jambor,  1974). All are related to small 
Eocene intrusions of biotite-hornblende-plagioclase 
porphyry, known locally as B F P ,  which were emplaced 
during the latter par t  of a major  period of block-fault- - 
ing. 

The Bell orebody is in.the center of a large, relatively 
f la t  a rea  tha t  i s  2500 to 2550 fee t  in elevation a n d  

staked several claims- on Newman" Peninsula.  over a n  
area that included and  extended to the  east of some 
small lead-zinc ve im which are .exposed in  three  old , 
adi ts  on. the  eastern shore of Babine Lake opgsite  

. Newman Island (Fig. 3). Pyrite-bearing porphyry, 
similar to t ha t  at the known Cranisle deposit. was 
found o n  the  shore of Babine, Lake and  northeast  of 

A soil survey done in late 1962and-early.1963 gave 
anomalous copper values in some samples f rom about 
800 meters northeast  of the lead-zinc veins and near  
the southwestern edge of the orebody. A very s t rong  
electromagnetic anomaly tha t  extended several thou- 
sand meters northeast  of the  lead-zinc veins was later 
found to be coincident with the  southwestern p a r t  of 
the  pyrite halo a n d  the  pyrite-rich western segment 
of the  orebody. 

On the basis of t he  above work, three  holes were 
drilled in the summer of 1963. T h e  f i r s t  was  about 
100 meters northeast  of t he  lead-zinc veins, t h e  second 
was at the southwestern edge of t h e  orebody and the  
third was in its highest-grade western part. liomever. 
because i t  penetrated a narrow vertical zone of oxidized 
and leached rocks, the  th i rd  hole gave only random 
high copper values, and the drilling results, therefore, 
were not as encouraging as they should have been. 
,h;ev-crtheless, drilling was resumed in 1964 and the  
f i r s t  hole, s h u t  70 meters from the  original third. 
averaged 0.9 per cent copper over i t s  length of TO 

the- lead-zinc veins. .- - 
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riiimber.of exploration holes were drilled throughout 
h’c\t*man Peninsula, and one very small porphyry cop- 
per deposit of sub-economic grade W:IS tliscoveretl about 
3 k m  north of the Cell orebody (North Newman deposit w 

. ... f ::: _.. .*I. . .  .. 

? 

- see Carson :tiid Jambor,  1974). 
Feasibility studics completed iii 1967 showed that 

the Rell orebody had geological reserves of IIG million 
tonnes averaging 0.43 per cent copper, and niineable 
reserves of 42 niillion tonnes grading 0.50 per cent 
copper (Hall and Kraft, 19G9). Iloth were calculated 
to the 1540-foot elevatioii level (300 meters depth) 
i t n d  a t  a cutoff of 0.3 per cent copper. The stripping 
ratio for  the life of the pit was calculated to be 0.50. 
Molybdenum i n  the Bell ore averages much less than 
0.01 per cent. Cold and silver average about 0.35 and 
1.0 ppm, respectively. 

Production of :I gold-bearing copper concentrate 
began in October. 1972. A s  of January 1975, 17,150,000 
tonries of material had been removed and the pit was 
80 meters deep by 800 meters in diameter. Current 
extraction i s  scheduled at  17.700 tonnes per day, of 
which 11.350 is ore. About one-sixth of the mined 
material grades 03-0.45 per cent copper and is stock- 
piled. Waste material is used for  the construction of 
tailings-impoundment dams in the Workburn Lake 
basin (Fig. 2). 

Regional Geology 
- The regional geological setting (Fig. 1) has been 
outlined by Car te r  (1966. 1973. this  volume). Tii)ner 

V 
(1972). Richards (1974), and -Tipper  and .Richards 
(1976). Volcanic and sedimentary rocks belong to 
five major groups: the Triassic Takla Croup, the 
Jurassic I-fnzelton and Bowser Lake groups, the Cre- 
taceous Skeena Croup and the Late Cretaceous - Early 
Tert iary Sus tu t  Croup. Oldest intrusive rocks are the 
Early Jurassic  Topley intrusions. Eocene intrusive 
bodies and their  extrusive equivalents collectively a r e  
referred to  as the  Babine Igneous Suite. Exposure in 
the area i s  generally poor. 

The Takla Croup consists of black shale, siltstone. 
augite porphyry and limestone, which a re  exposed in 
a large block west of Babine Lake. The Hazelton 
Group on Newman Peninsula comprises a sui te  of 
eugeosynclinal volcanic and sedimentary rocks. The 
oldest rocks known on the peninsula, a t  least 1000 
meters thick, a r e  greenish marine calc-alkaline vol- 
canics and sediments of the Sinemurian Telkwa Forma- 
tion (Tipper and Richards, 1976). In faul t  contact 
with the Telkwa Formation a re  non-marine pyro- 
claytics of the upper par t  of the Lower Jurassic 
Nilkitkwa Formation (Red T u f f  member). These are 
overlain by shallow-water marine greywackes of the 
Rajocian Smithers  Formation. 

The Middle to Upper Jurassic Bowser Lake Group 
is not exposed on the peninsula, but  underlies much 
of the  area between Babine and Morrison lakes. I t  
comprises a lower, fine-grained, clastic, distal siltstone- 
argillite facies (the Ashman Formation, Tipper and 
Richards. 197G) and an upper, coarsegrained clastic 
marine and nonmar ine  deltaic assemblage. The mid- 
Cretaceous Skeena Group consists of both marine arid 
non-marine volcanic and sedimentary rocks of varied 
lithology. Along Babine Iake .  most a r e  shallow-water, 
silty argillite arid sandstone intercalated with b k i c  
a n d  intermediate f l o w  and coarse breccias. The 
Stlstut Group is esposed mainly to the north of Rxbiric. 

porphyry Deposits of the Canadia’n Cordillera 

FIGURE 2 -Topography of Central Newman Peninsula and 
Location of the Bell Ore Zone, Mine Buildings and Tailings- 
Impoundment Basin. 

Lake and consists of muscovite-bearing sandstone and  
conglomerate. The  upper membkrs of this  group Con- 
tain locally derived angular  clasts of rhyodacite and 
dacite. the source of which may have been the nearby 
Eabine Igneous Suite. The  Topley intrusions a r e  
probably coeval with the Hazelton Group. Composi- 
tionally, they vary from quartz  diorite to quartz mon- 
zon i te. 

Eocene intrusions and their  extrusive equivalents 
form numerous small bodies and isolated, down- 
faulted volcanic outliers. Rhyodacitic bodies a r e  the  
most common, but  these have little economic signi- 
ficance. Stocks, plugs and dykes of biotite-hornblende- 
plagioclase porphyry (BFP) a r e  hosts for  the Eocene 
porphyry copper mineralization, including the  Bell 
Copper deposit. K-Ar ages of several BFP and rhyo- 
dacite bodies overlap (Fig. 1). suggest ing tha t  they 
were emplaced during the same event, b u t  at  different  
t imes a t  different  localities. A t  Bell Copper. however. 
most BFP appears to be younger than the  rhyodacites. 
The extrusive rocks, equivalent to the intrusions, now 
form piles isolated by later block faulting. and a re  
cut by dykes of both rliyodacite and R F P .  
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Local Rock Units 
Icanic, sedimentary and intrusive 
opper have been altered intensely. 

The hydrothermal alterations are described fully in 
a subsequent section. The stratigraphic and primary 
lithological features which identify t h e  rocks are  out- 
I i  ned here. 

HAZELTON GROUP 
The oldest rocks a t  Bell Copper belong to the lower 

par t  of the Hazelton Group (Telkwa Formation) and 
a re  esposed east  of Kewnan fault (Fig. 3). The oldest 
f:icie,c a re  l igh t  green flows. aquagene t u f f ,  lapilli tuff 
and breccia tha t  contain clasts of chilled. micropor- 
phyritic and amygdaloidal basalt and minor pink and 
buff rhyolite. These rocks have a fine, green, dense 
aphanitic matrix of chlorite, epidote. calcite and 
prehnite. Few flows are amygdaloidal and bedding is 
massive escept in the finer tuffaceous units. Green 
tuffaceous argillite and siltstone of probable mid- 
Lower Jurassic age overlie the volcanic rocks. All have 
been metamorphosed to subgreenschist facies and con- 
ta in  variable ’ amounts of epidote, chlorite, prehnite, 
albite, calcite and actinolite. 

Subaerial red, maroon and  w r a l e  andesitic to dacitic 

sandstone, argillite, greet1 volcanic’al;d charred wdo 
fragments. Massive rhyod 
small sills, such as occur Or1 Ne\vm;rn Island, haLe 
intruded the volcanic pile. 

Rhyodacite Intrusibns 

The large rhyodacite intrusions exposed near Rell 
Copper a r e  white. l igh t  brown, pale greyish-green or  
buff-coloured. Some a re  coarsely to finely porphyritic, 
with phenocrysts of quartz and albite; others a re  
dense, massive or  flow-banded, and many are, in part, 
breccia bodies. 

Most rhyodacites a t  13ell itre probably coeval with 
BFP. Both are closely associated throughout the 
Babine Lake area and both yield similar K-Ar ages 
(Fig. 1). In many localities, including Bell and Mot- 
rison (Carson and Jambor. t h i s  volume), the BFT 
intrusions are central to the rhyodacites. At  Bell, BFI’ 
intrudes rhyodacite a t  several localities and, in  ad- 
dition, many bodies mapped as rhyodacite appear to  
have been much more extensively affected by Eocene 
faulting than the BFP. However, it i s  possible t h a t  
some of the  acidic intrusive and volcanic rocks shown 

lapilli tuffs  belonging to the-Red Tuff member of t he  
Lower J u  rassic Nil ki t kwa Format  ion occur near the  Biotite-Hornbfende-Plag ioc[ase-Porp h y v  (BFP) . _  

northern end of t he  peninsula and are thought to 
overlie the green volcanic and volcano-sedimentary 
rocks of the Telkwa Formation. Age relationships were 
fiot found in  the area show? in F igure  3, but  these 
rocks appear to be Toarcian in  the  Hazelton map-area 
to the north (Richards, 1973). Overlying the  red tu f f s  
a r e  fOSSiIiferOU3 lithic-feldspathic greywackes and  
wackes of the Bajocian Smithers Formation, some with 
n glauconite matrix. 

The main B F p  intrusion a t  Be11 (Fig. 3) is a plug 
tha t  is pear-shaped in plan. Although only 200 meters 
wide a t  its western end, t he  plug mushrooms to 600 
mehm in diameter in its eastern part. Several contacts 
observed in the tvestern pa r t  of the  plug dip steeply 
and have numerous small apophyses intruded along 
joints between jostled blocks of country rock. 

The western lobe of the BFP .plug .has intense 
quartz-sericite alteration and therefore has  a bleached 
appearance (Fig. 16). This  type of alteration is absent 
or only minor at other  Babine deposits. Except f o r  
this  local bu t  important effect of superimposed sericitic 
alteration, B F P  at  Bell and other  Babine porphyry 
deposits are similar. A detailed description of BFP. 
including chemical and-microprobe analyses, is giveii 
by Carson and  Jambor (1974) .  

AS a t  Morrison and Granisle (Kirkham, 1971). many 
phases of B F P  are present in  the  Bell plug. Most pre- 
date  the copper ore u>ne and  msmia ted  hydrothermal 
alterations. A large northwesterly trending apophysis 
of the  BFP plug c u b  the Skmna shales and rhyodacite 
and is the  locus of the narrow, northwesterly extension 

West of the Hazelton Group and in  faul t  contact with 
i t  a r e  interbedded, fine-grained sedimentary and p y r e  
clastic rocks of the Skeena Group. An ammonite f rag-  
mcnt from shales west of the Bell orebody was 
tentatively identified by If. W. Tipper of the Geological 
Survey of Canada as Cleonicerm, indicatins an  Albian 
agc. The Skeena sedimentary rocks a re  fine-grained 
gr i t ty  shales with common 0.16- to  2.5-cm lenses and 
laminations of fine sand. Their  minor scour marks, 
bioturbation features  and small-scale crossbedding in- 
dicate a tidal o r  pro-deltaic depositional environment. 
If ighly contorted feldspathic greywackes and fine 
t u f f  along the  west shore of the peninsula a re  tenta- 
tively correlated with rocks of the Skeena Group, but 
may be older. The shoreline rocks contain the original 
lead-zinc showings. 

BABINE fGNEOUS SUITE 
Volcanic Rocks 

Two types of coarse pyroclastic rocks of lahar or 
mudflow origin a r e  preserved along t h e  western side 
of the peninsula. These are most plausibly the ex- 
trusive equivalents of the rhyodacite and BFP intru- 
sions. One type is dominated by angular, light-coloured, 
flow-banded, dense, massive quartz-albite porphyry 
clasts, 0.G to 1.2 cm in diameter. The other type con- 
tains a chaotic mixture of unaltered mauve, purple 
and l igh t  green, fine-grained biotite-hornblende-phgio- 
cIase porphyrv clasLq u p  to 0.6 m in diameter. In places, 
clasts of both types of volcanic rocks occur with ra re  

. .  

F I G U R E  4 - Biotitized BFP. All hornblende is  replaced by 
dark brown. sucrose. hydrothermal biotite. 
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FIGURE 5 - Photomicrograph of Unaltered BFP. Phenocrysts 
of biotite, hornblende and plagioclase are unaltered. 

FIGURE 7-Hand Specimen of  Breccia from Breccia Pipe 
Near the Southwestern Edge of the BFP Plug. 

Unaltered BFP is megascopically very similar to 
biotitized B F P  from the central part of the  biotite 
zone (Fig. 4). The only major difference is tha t  in 
the biotitized variety all hornblende has been mn- 
verted to sucrose hydrothermal biotite and the  rock 
is dark grey to black. I n  the chlorite-carbonate zone, 
RFP is light, medium o r  greenish-grey. In intensely 
altered BFP of the quartz-sericite zone, the  mafic 
minerals and matrix have been completely obliterated, 
and only highly sericitized plagioclase phenocrysts are 
distinguishable (Fig. 16). In some places, the quartz- 
sulphide s t r ingers  a re  unusually wide and, because they 
a re  randomly oriented, the BFP between the s t r ingers  
has the appearance of breccia fragments. 

Breccia Pipes 
A cluster of small breccia pipes occurs in  the  western 

par t  of the BFP plug (Fig. 9). N a r k  all are adjacent 
to  the concave perimeter of the orebody, i n  rock very 
low in copper. Most are aligned along the  projected 

' trace of the Newman fault, but one is near  the western 
edge of the plug and m o t h e r  is well within the  orebody. 

FIGURE 6 - Breccla Pipe In the BFP Plug.' Note the vcrtIcal. 
sheeted contacts (arrows). ~ I 

INSET 
F R A C T U R E  O R I E N T A T I O N S  1- 

FIGURE 8 -Poles to Fractures In the Bell Open Pit. Plotted 
are 991 fracture attitudes adjusted by Terzaghi's method. 
The fractures include mineralized and unmlneralized joints 
and faults traceable vertically for at least one bench ( i o  
meters). The inset relates the diagram to the p i t  geology 
shown in Figure 9. Group "A" is  related to pre-ore fault A: 
group "8" is related to the northwestern regional structural 
trend. including the Newman fault: grotlps "C" and "0" 
are related to pre(71- and post-ore faults C and 0. 
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rocks. The refore, nios t f ragnicnts a re prcdom i 11;w t ly 
blenched, silicified and sericitized BFP, but pipes 
ne;w the edge of the  BFI’ plug contain a variety of 
rock fragments (Fig. 7). Several pipcs have a cornptct 
matr is  of grey to brownish clay; the matrix it1 others 
is ii porous mixture -of quartz and u*ell-cryst;illizctI 
pyrite. In a few pipes, fragments a r e  welded togcthcr 
with little cement and voids a re  numerous. 

The Bell breccia pipes appear to have been localizctl 
along a major conduit, the Newman fault, and along 
smallcr subsidiary joints o r  fractures. The  pipes a r c  
post-ore, but adjacent rocks seem to have been depleted 
in copper. This depletion is particularly evident around 
the small pipe about 50 meters to the northwest of the 
main cluster (Figs. 9, 10). 

Local Structures 
Three normal faults dissect the rocks of Newman 

I’eninsulii into four  northwesterly trending blocks 
(Figs. 3, 26). The block on the western side of each 

1 .  

striltiKraphic scpiiration of 700 to 1300 nicters. Th’s 
i s  the greatest known vertical displacement on faulls 
of the immediate area. 

Other. faults in the vicinity of the Bell pit iwludc 
it11 e;tst-riortticasterl). fault t ha t  terminates a t  the 
wstcrr i  edge of the SFI’, but appears to offset rhyo- 
d x i t c ,  ;inti SORIC north-northeasterly faults that  extend 
into the RFP plug and a re  therefore at  least partly 
younger th:m the BFP. Attitudes of the fracture sys- 
tems related to all major faults in the Bell open pit 
a r e  plotted on Figure 8. 

Uccauue the Bell orebody lacks apprecixble offset  
along the projected strike of the Newman fault, and 
because faulting a t  the appropriate position is llot 
visible in the pit, post-ore movement on the Newmiit1 
fault must have been small or negligible. Most of 
i t s  movement, and probably t h a t  of the other two  
major block-fmlts, seems to have been pre-Eocene. 
IIowever, although fault  contacts have not been ob- 
served, some movement apparently occurred a f t e r  t he  
Eocene igneous activity, because in many places B F P  

F I G U R E  9 - Geology of the Bell Copper Pit. The projection of the  bewman fault across the pit is  shown as a dashed line. 
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some of the volcanic rocks may have been delwsited 
in  fault-bounded valleys. 

The Newman fault has not appreci9bly offset thc 
copper zone, but i t  and others .appear to h;ive colt- 
trolled the localization and shape of the BFP pltiz 
and the distribution of copper and some hydrotherm:ti 
alteration. In  Hazelton rocks east  of the N ~ W I I I ~ I I  
fault, the  BFP plug i s  much wider than it is in the  
Skeena rocks west of the fault. As neither the  B F P  
nor the ore  zone shows offset, th is  widening must be an  
original feature. Enlargement of t h e  B F P  may have 
been easier in Hazelton than in  Skeena rocks. On t h e  
inner southeastern perimeter of t he  orebody, copper 
grades fall off  sharply along the trace of the Neivman 
faul t  (Fig. 10). The faul t  may have acted a s  a barr ier  

FIGURE 10- Copper Grade-Zoning of the Bell Orebody. The to copper mineralization at  this  locality. The fairly 
contours are based on average assays of blast holes drilled distinct saddle of copper values of less than o.4 per 
on a maximum of four levels in the open pit. The same or 
similar samples were used for MO and AU of Figures 11 cent t ha t  crosses the orebody in  northwesterly direc- 
and 12. tion along the trace of the Newman faul t  may reflect 

a similar influence during mineralization. T h a t  t he  
Newman faul t  was a major  conduit which traversed the  
BFP immediately a f t e r  its consolidation i s  strongly 

- suggested by the distributio f small breccia pipes (Fig. 9). 

Biotitic and chloritic alterations are concentric about 
the orebody and do not exhibit  s t ructural  control. I n  
contrast, the  quartz-sericite zone exhibits s t rong struc- 
tural control along i t s  eastern and northeastern edges. 
The Newman fault and others shown on Figure  9 
(faults C and D on Fig. 8) may have acted a s  barr iers  
dur ing  th i s  late-stage alteration (see Evolution). Post- 
ore  movement on faults C and D m 

I 
I 

I 

w 

f ractures  in  the  Bell orebody vary widely, s t r ingers  
of quartz-sericite-pyritechalcopyrite in the upper. 
western segment of the orebody tend to be vertical, 
with north-northwesterly and northeasterly strikes. 
Major fractures, some of which are  mineralized, paral- 
lel the main faults Of the pi t  area- 

Major 'folds have not been observed near Bell Copper 
and, except f o r  local contortion of incompetent beds 
near faults, the  bedding of all s t r a t a  dips  moderately 
to  steeply westward. 

.I. 

.Q .. 
FIGURE 11 -Molybdenum Content of Rocks In the Bel l  Pit. 

- -I--- 
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I 
FIGURE 12-Gold Zoning of !he Ocll Orcbody. 
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TABLE 1 - Analysis of high-grade quartz-sericite-pyrite- 
chalcopyrite o r e  from the  west-central par t  of the  
Bell Copper orebody 
The sample consists of 115 kg representing 370 meters of split core 
from 5 drill holes 

I 

Specific Gravity = 2.72 
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pper Deposit 

UPPER (PHYLLIC) 
ASSEMBLAGE 
Sericite-Quadz- 

,Ian (Figs. 
10, 1.7). Approximately three-fifths of the ore is withiri 
the BFP plug. The orebody plunges inward a t  atmtt 
70 degrees toward a focal point a t  a depth of about 
500 meter;. The arc-shaped southwestern limb term- 
inates abruptly near the Newman fault; the north- 
exstern limb extends 500 meters to the east of the 
Newman fault. A very low-grade gap. 70 meters wide 
and 100 meters deep, occurs in the central part  of 
the northeastern limb (cross section S - Y  of Fig. 3; 
Fig. 13). This gap  coincides with a very weakly altered 
anti mineralized B F P  dyke(?). Because the north- 
eastern limb is narrow and is low grade i n  much of 
its uppermost portion, the present open pit is largely 
in the southwestern segment, west of the Newman 
fault. However. the northeastern limb widens a t  depth 
and by the 1500-foot level comprises half of the ore 

- I Interval 
in Hole - 

(750'- 1300') 
(800'- 1 2 w )  
(700'-13W) 
(603' - 1030') 

I 
i 

FIGURE 13 -Schematic Block Diagram of the Bell Orebody 
(courtesy Of J. Kraft). 

-- -I- 

I zone. r l  few drill holes indicate tha t  the ore zone 
estends deeper than 700 meters below surface, but  - 
probably narrows and i ts  grade dccIines. 

Zoning of copper grades in the Bell orebody i s  shown 
in Figure 10. Along most of the inner southern and 
eastern edges of the orebody, grades decline sharply The major Part  of the ore zone in the Open p i t  
to less than 0.2 per cent copper. I{owever, along the  COnSiSk3 Of very intense quartz-sericite-pyrite-chalco- 
western, northwestern and northern edges, grades w r i t e  mineralization in B F P  and rhrodacite (Figs. 15. 
decline outward more gradually and a northwester1y 16, 17). Chalcopyrite is the main copper mineral. More 
extension of 0.244 per cent copper foliows along the  than half of i t  i s  finely disseminated and the remainder 
large dyke-like offshoot of the B F P  plug (Figs. 9, 10, Occurs as fracture  coatings and in 2-8-mm quartz  
13). The orebody contains two internal high-grade Stringers with pyrite. Pyrite iS largely ill fraCttlreS 
zones tha t  are 80 to 100 meters in diameter and a v e k  and in quartz stringers- . 

Minor to moderate amounts of bornite occur through- 
Molybdenum a t  Bell probably averages about 0.005 out  the orebody, but a well-formed zone of bornite i s  

per cent. Although molybdenite is closely associated not apparent. The  mineral is Present in biotitic and 
\$pith c o p v r  sulphides, the  h i g h a t  v a l u a  of u p  to quartz-sericite akeration assemblages, anfi does not 
0.015 per  cent molyMenum are peripheral to the  inner vary Srstematically with 0 t h -  frowever, a crude 
edge of the  higheregrade copper zone (Fig. 11). This  ~ a t e r a l  zonation is present in  t h a t  bornite/chalcopyrite 
Jack of coincidence is in  s t r iking contrast  t h e  i s  highest i n  the a rea  of + 0.3 per cent c o p v r .  
s t rong spatial relationship between gold and copper Among minor sulphides present in the ore zone, sparse 
(Fig. 12). I n  the portion of the ore zone which has  pr imary marcasite persists to the  bottoms of the  deepest + 0.3 per cent copper, gold and silver average ap-  holes drilled. However, the mineral was common it1 
proximately 0.45 and  1.5 ppm respectively. Zinc and the supergene zone. Pyrrhot i te  blebs in pyrite extend 
lead both average less than 0.01 per cent. Table 1 gives from surface to a depth of a t  least 300 meters. The 
the composition of high-grade quartz-sericite-pyrite- absence of such blebs a t  greater  depth m a y  merely be 
chalcopyrite ore  from the  center  of the  southwestern a reflection of the decline in abundance of the pyrite 
limb of the orebody. host. Supergene chalcocite, as coatings on pyrite and 

'age approximately 0.9 per cent copper. 

I---.--- 
Interval r- in Hate Av. Cu Av. Cu / in Hole I Av. CU 

.-_I_ 

I Intervat 

--- 
.59 (1300'- 1800') .61 ( 1 8 W - 2 W )  .41 
.s6 (1200'- IW) .TO (iew- 2001') .59 
.66 (1300'- 1650') .68 (1650'-22016') .68 
.53 (1030' - 1053') .SJ - - - - 

.61/1413' 

TABLE 2 - Copper grades of the  four sulphide-silicate zones in the western segment  of the  Bell Copper orebody as 
determined from assays in vertical drill holes (see Fig. 14). 
Holes 113. 1 IS and % are m e  lhan 600 meters deep and intersect all four zones: grades in lhese holes and I 1  1 show that the copper content of the 
quaN-sericile-pyrife-chalcopyrile zone is IS per cent higher than the copper content of the biotite-chalcopyrite f pyrite zone, and 30 per cent higher 
lhan the transithnal zone. The upper limit of the sericitequa~.chalcpyrite-pyrite zone was taken a1 300-11 deplh in order to eliminate any effects 
of supergene enrichment. 

I ---I-._ I 

in Hole Av. Cu 

................. 
115 ................... 
58 ................... 

1 1 1  ................... 

113.. 

Average 

253 Porphyry Deposits of the Canadian Cordillera 



)tiis zone. Light gre 
12 chalcopyrite este 

From approxima 
:rssemblitge occur 
and irregular pa 

te, ti te-ch:ilcopyri te 
tetrahedrite with about 11 wt. per cent silver, a n d  sists to GOO meters, belotv which i t  changes to biotite- 
native gold. Minor galena and sphalerite, accompanied ch.?lcopyrite-ailhl).drite -C traces of pyrite. The  rat io  
by very minor chalcopyrite and pyrite, occur in sparse of disseminated to veinlet chalcopyrite i s  higher in 
but widespread quartz-carbonate veins 1 cm to 30 cnl t h e  biotite-bearing, low-pyrite zones than in the  quartz- 
wide by up to 10 rn long. These veins cut all other  sericite zone. I n  some cases, it  is clear t h a t  pyrite 
mineral ized fractures. and  pyrite-sericite s t r ingers  have cu t  through, i.e. 

As shown in Figure 14, sulphide mineralization and  have been superimposed on, the biotite-chalcopyrite- 
alteration facies change with depth in  the high-grade, anhydrite assemblage. 
central  par t  of the southwestern segment of the ore  As shown in Figure 1 4  and Table 2, the  copper 

f e I 4 WESTERN SEGMENT 

W 

NORTHEASTERN EXTENSION 
174 167 me 169 43 too II x M 107 

L E G E N D  

~ O A O  POLISHED SECTIONS 

00 ORILL LOG OATA 1 ’ .I 0 P Y R l l E  > CHALCOPYRITE 

0 A PYRITE -CHALCOPYRITE 

*’ /’ , 0 0 CHALCOPYRITE > PYRITE 

‘ ,  

. ’ c’ ..XI 

I / ,  

I 0 PYRITE < 5Y. TOTAL SULPHIDES 

X NEGLIGIBLE OR NO SULPHIDES 

0 OuARTZ - SERICITE - P Y R I T E  -CHALCOPYRITE 

TRAkSITIONLL. S t R I C I T I C  - B l o T l T i c  

a BIOTITE - CHALCOPYRITE + SUBORDINATE PYRITE 

a BIOTITE -CHAlCOPYRITt - ANHYDRITE 2 VERY MINOR PYRITE 

@ % Cu IN ZONE 

1 

FIGURE 14-Vertical and Lateral Mineralogical Zoning at Bell 

- 

C ~ O S C  relationshrp between quartz-sericit- alteration and high-pyrite Copper ore. (section and between lirles c-d biotitization and e-f of and Fig. low-pyrite 9). Note ore. the 
Kaolinite dominance below approximately 300 meters in the western segment of the orebody marks t h e  mid-point of the 
transitional zone between the upper. quartz-sericite-p ritechalcopyrite zone and :he biotite-chalcopyrite -C pyrite zone 
underlying it. The four mineral0 ical zones are defincJ best i n  section cd. because these zones are best developed in 
t h e  western segment of the oretody and because all holes in’ th i s  section are within ore. Copper grades of :he four 
zones are shown on the section and are qiven in detail in  Table 2. The castern segment of the ore zone (section e-f) 
is composed mainly of ores of biotitechakopyrite f subordinate pyrite and of biotite-chalcopyrite t very minor pyrite. 
Because ccrtain holes had to be projected considerable distarlces onto t h e  section. zone limits in section e-f are 
approximate. 
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ntent of the quartz-sericite-pyrite-chalcopi‘ritc ore  
16 per cent higher than tha t  of the deeper 
alcopyritc -C pyrite ore. atid the  transitional 

zoiie between t h e  two shows A significant clcpletiori iii 
copper. The  dcepcst bioti tc-chalco~)~ritc-:~~l~lydritc :IS- 
sernblage is the lo\vcst grade of all four types of ore. 

In the northeastern limb of the ore zone, east of the 
Sewni:in fault. the quartz-sericite-pyrite<tl:ilcoI,grite 
assemblage is not abund;int (Figs. 1.I. 15) and biotite- 
chalcopyrite ? pyrite predominates. 

Origin of the vertical anti Interal changes i n  niin- 
eralogy and copper content of the Bell orebody are 
discussed i n  the scctiori on Geological Evolution. 

Pyrite Halo 
The Bell orebody is surrounded by a proniiricnt wn- 

iiular pyrite halo about 2200 meters in diameter (Figs. 
3, 15). All rocks within the halo contain abundant 
disscminatcd pyrite and abundant stringers, to 2 
cm wide, which a re  generally accompanied by sub- 
ordinate sericite, chlorite, carbonate and quartz. The 
halo averages approximately 10 per cent pyrite by 
volume, but  the pyrite ranges from 5 to 25 per cent. 
The outer boundary of the halo i s  well within the outer 
limits of hydrothermal alteration and is marked by a 
decrease in pyrite from greater  than 5 per cent to 
less than 2 per  cent. The inner boundary of the halo 
encloses a n  area about 800 meters in  diameter t ha t  
.includes the orebody. This  central area is relatively 
low in pyrite, except for the zone of superimposed 
quartz-serici te-pyri techalcopyri te. 

Hydrothermal AI teration 

GENERAL STATEMENT 
The halo of hydrothermal alteration surrounding 

thc Bell Copper orebody is approximately 3500 by 
2500 meters in  surface dimensions (Figs. 3, 15). The 
halo has concentric zones of biotite and chlorite typical 
of all Babine deposita (Carson and Jambor,  1974). In 
addition. however, the Bell halo has an irregularly 
shaped zone of moderate to very intense quartz-sericite 
and a concentric zone of sericite-carbonate alteration. 
In  plan, the  quartz-sericitc alteration envelopes much 
of the  orebody and the  ser ic i tesarbonate  alteration 
extends outward into the pyrite halo. The quartz-seri- 
cite alteration, and possibly also the peripheral sericite- 
carbonate alteration, appears to have been supcrirn- 
posed upon the earlier biotite and chlorite alterations 
in the upper par t  of the porphyry system. 

810TITE ZONE 
The biotite zone shown in Figure 15 includes all 

the hydrothermal biotite observed during detailed 
thin-section studies. I n  the peripheral part  of the 
zone. pale green and brown fine-grained hydrothermal 
biotites, accompanied by chlorite, replaced primary 
mafic minerals i n  B F P  dykes and in scdiment;ir>. a i d  
volcanic rocks. A s  the orebody is approached. chlorite 
diminishes and hydrothermal biotite becomes deeper e brown and coarser. A sub-mne of “good-quality” 
hydrothermal biotite (see Table 2 in hlorrison by 
Carson and Jarnbr ,  th i s  volume) corresponds closely 
in  plan with the  orebody (Fig. 15, inset). liydro- 
thermal biotite occurs at surface, except where t h e  

FIGURE 15 - Hydrothermal Alteration Zones at Bell Copper. 
Hydrothermal biotite Is abundant only within the sparse  
pyrite central area enclosed by the line PI, but the biotite 
zone has been enlarged to include sporadic perlpheral 
occurrences in otherwise strongly chloritized rocks. The 
Inset shows a much smaller area enclosing the orebody In 
which hydrothermal biotite is not only abundant, but is of 
good quality. The quartz-sericite and serlcitecarbonato altera- 
tion have been superimposed on the  earlier biotitic and 
chloritic alterations. Only areas of very Intense serlcitecar- 
bonate alteration are shown. 

ore  zone consists of quartz-sericite-pyrite-chalcopyrite 
(Fig. 1 4 ) .  Hydrothermal K-feldspar is present in very 
minor quantities in some quartz-biotite-sulphide vein- 
lets within the  better-quality part of the biotite zone. 

A very weakly altered postmineral BFP dyke(?)  
transects the  northeastern limb of the  Bell orebody 
in the east-central par t  of the biotite zone. 

CH LO RITE-C AR BONATE ZONE 
T h e  chlorite-carbonate zone a t  Bell is characterized 

by the  replacement of original mafic minerals in  all 
rocks by chlorite and  carbonate. Their  f i r s t  appear- 
ance, together with tha t  of minor but  anomalous 
quantities of pyrite. marks the perimeter of the 
chlorite-carbonate zone. The inner boundary of t h e  
zone is delimited by the  appearance of hydrothermal 
biotite. Epidote, common throughout the  chlorite-car- 
bonate zone, is particularly abundant  in the outer 
fringes, where i t  imparts an apple-green colour to 
many rocks. EFP i n  the chlorite-carbonate zone is 
typically greenish grey, i n  contrast  to i t s  dark grey 
colour in the biotite zone. 
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e zones. see sent. A some 
curs laterally to  the east, both at surface and at  depth 
(Figs. 14, 15). The eastern extension of the o r e h d y  
i s  almost entirely of the sparse pyrite, biotite-chalca- 
pyrite type. 

The concentric biotite, chlorite and sericite-car- 
bonate zones are centered on the  Bell ore zone. whereas 
the  superimposed quartz-sericite alteration overl;tI>s 
the orebody and shows s t rong  structural control. The 
quartz-sericite alteration is in a highly fractured zone 
within the western nose of the B F P  plu$, and the  
eastern and northeastern limits of the alteratiorl 
coincide with the Newman fault and subsidiary north- 
easterly fau l t s  (Figs. 3, S, 9, 15) .  

SER'C'TE-CAR60NATE 

arson a n  

0 U A R TZ-SER I 
hiinor amounts of sericite a r e  present throughout 

the biotite and chlorite-carbonate zones. IIowever, 
intense quartz-sericite alterxtion. accompanied by con- 
siderable pyrite and some chalcopyrite, has obliterated 
the biotite zone in the upper western par t  of the ore- 
body (Figs* 14* 15)* Parts Of the 
rhpodacites a re  cut by closely spaced quartz-sulphide 
stringers, and flooded with silica and sericite (Figs. 
IG, 17). Quartz in many of the veinlets is pale purple. 
Except for  scattered chalky feldspar phenocrysts, t he  
original rock textures have been destroyed by the  
quartz-sericite alteration. IiOweVer, intensely altered To the west, south and north, the  quartz-sericite- 
B F P  has larger and more abundant remnant P b i o -  pyrite - chalcopyrite assemblage changes relatively 
clase phenocrysts which serve to  distinguish i t  f rom sharply to sericite-carbonate-pyrite. Although da ta  
rhyodaci te. fo r  the  southeast  a r e  sparse, the sericite-carbonate 

The  quartz-sericite-pyrite zone extends to  a depth alteration appears to r ing  and overlap the  contact of 
of about 250 meters in the west-central par t  of the  the BFP plug and coincide with much of t he  pyrite 
orebody. Between 250 and 400 meters i s  a transitional halo. This  alteration formed most intensely in salic 
zone in which textural features indicate tha t  the  te rmediak  rocks, particularly rhyodaci 
quartz-sericite-sulphide veins and irregularly shaped 
bleached zones have been superimposed on d a r  
BFP which contains biotite-ch 

BFP 'lug 

eakest in shales and siltstone. 
aUSe of their high quartz content and 
, rocks of the quartz-sericite zone generally 

have a more commct.  vitreous appearance than those 

to  hornblende phenocrysts and matr ix  hornblende in 
B F P ,  and to amphibole and chlorite in  volcanic and 
sedimentary rocks. As at other Babine deposits, primary 
biotite was lzrgely stable in all alteration zones; 
only where sericitization was intense was biotite 
totally replaced. Thus,  unaltered books of biotite 
are common in B F P  throughout all but  the quartz- 
sericite and sericite-carbonate zones. In contrast, 
hornbiende has been observed a t  only two local- 
ities within the  ent i re  alteration zone; incompletely 
biotitized phenocrysts were found in BFI' a t  the  south- 
western edge of the biotite zone, and unaltered horn- 
blende occurs i n  the  late-stage. weakly altered B F P  
dyke ( ? )  in the northeastern extension of the orebodg. 

Destruction of plagioclase phenocrysts i n  EFP shoivs 
a systematic concentric variation if the  superimposed 
effects of quartz-sericite alteration a re  disregarded. 

F,CURE ,7 - Rhyodaclte W,th I'hgioclase i n  the center of the biotite zone is lamely 
Alteration and Veining. un;iItered. but replacement of plagioc1:lse by sericite, 
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the strongest par t  of the pyrite halo. Alter:~tic~n of 

chlorite-carbonate zone. 

CLAY MINERAL ZONING 

j1)lagioclase decreases out\$*iird to the e t l ~ e  ( I f  the 

Clay minerals other than illite a r c  not :ibuiidaiit iit 

Ikl l  Copper. Jambor and Delabio (1975) have stiowrl 
that  minor to nioderate amounts of kaoliuite a r e  
present in most of the Bell alteration zo~ie, whereas 
montmorillonite is restricted to the oreht ly .  No 
"classic" argillic zone peripheral to the sericitic (phyl- 
lic) alteration r ing  has been defined. 

Pr imary clay minerals in the western. quai*tz-sericitc 
segnierit of the orebody a re  zoned vertically (Fix. 14) .  
IGiolinite dominates in the deep biotite-chalcopyrite z 
pyrite ZOIIC, whereas montmorillonite O C C L I ~ S  in both 
t h i s  and the  zone transitional to sericite-quartz-pyrite- 
chalcopyrite. Sericite (= illite) is present through thc 
ent i re  vertical range, but is most abundant in the  
upper 400 meters as a result of i ts  late-stage super- 
imposition on pre-existing biotitic alteration. 

primary feature, the upper 50 to 70 meters of the 
orebody have undergone supergene enrichment and 
alteration, as described later. 

OTHER ALTERATION MINERALS 
Dolomite, calcite and some siderite a r e  common in 

all rocks in  the  chlorite-carbonate and sericite-cnr- 

A l t h o u g h t h e  clay mineral zonation i s  obviously a . 

- _ _  
bonate zones. The carbonates are also fairly common 
in the Bell orebody, but a r e  least abundant in the 
highly biotitized parts. .The  disappearance of carbon- 
a tes  clearly marks the outer edge of alteration a t  Bell, 

Veinlets of gypsum have been observed in the upper 
par t  of the orebody. Anhydrite is apparently a sig- 
nificant component in the biotitechalcopyrite as- 
semblage, but  has not been observed in other alteration 
facies, including pyrite-bearing biotitized rocks (Fig. 
1 4 ) .  hfonomineralic veinlets of anhydrite are rare. 
The  mineral is typically disseminated in BFP and is 
also a minor constituent in quartz veinlets. The a n -  
hydrite in both characteristically occurs along grain 
boundaries. 

Tourmaline occurs predominantly as microscopic 
sunbursts  in the western par t  of the ore zone, but is 
also present in the middle par t  of the pyrite halo. Al- 
though most occurrences a r e  in rocks with intense 
sericitic alteration, the association is not considered 
to be significant because of alteration superimposition 
and because the  mineral has also been noted in biotit- 
ized BFP. However, no tourmaline has been observed 
i n  tho biotite-chalcopyrite-anhydrite assemblage. 

Hydrothermal amphibole is common at  the Morrison 
deposit (Carson and Jambor,  t h i s  volume), but has 
been observed only in one thin section of B F P  a t  Bell. 

Magnetite is a pr imary disseminated constituent of 
f+esh IIFP and is also a stable component in  the  
biotite-chalcopyrite -C anhydrite alteration assemblage. 

, w Most magnetite in other  assemblages has been altered 

very common. Specularite plates and hematite veinlets 
also occur locally. generally where magnetite oxidation 
is ;it an  adv;3nccd stage. Some iron oxides :ire in  con- 
tact wi th  sulphides. and hem:ititc veinlets :ire cut 

I to  hematite, with sieve-textured pseudomorphs b e i n g  

FIGURE 18-Copper Distribution in Rocks at Bell 

locally by pyrite and chalcopyrite. There are rare in- 
dications that  magnetite also may have formed in' 
veinlets and was subsequently converted to  hematite. 

Microprobe analyses of a few grains  of primary mag- 
netite indicate t h a t  its TiO, content is variable and  
averages about 0.5%. Thus. most of the  microscopic 
rutile crystals, and turbid granular aggregates of 
rutile which a re  common in the non-potassic alteration 
zones, have apparently been derived by the  release of 
t i tanium from amphibole and both primary and hydro- 
thermal biotites. Altered mica phenocrysts are ac- 
companied by rutile granules and some a re  sagenitic. 

. 

Primary Dispersion Haloes 
Samples of diverse rock types from the Bell copper 

zone, the alteration halo and the unaltered peripheral 
rocks were analyzed for  copper, zinc, lead and mercury 
(Figs. 18-21). Because only the outermost par ts  of the 
alteration halo and the unaltered rocks beyond the  
halo a re  exposed, most samples a r e  of drill core. The  
samples were carefully chosen to avoid leached material 
and prominent veins. 

Dispersion of copper outward from the ore zone, 
which w3s the  focal part  of the hq-drotherrnal system. 
w:is remarkably limited. Copper values di:minish out- 
ward very regularly to  the 200-ppm contour. beyond 
which all analyses a r e  a t  background level. The area 
with copper greater  than 200 ppm coincidcs closely 
with the biotite zone (Fig. 16). \chcreas the area of 
Lackerouncl values includes niost of the pyrite halo 
surrounding the ore zone, and virtu:111y a i l  of the 
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chlorite-carboniite zone. Except f o r  the qu;trtz-sericitc 
zone, which overlaps the  orebody, coppcr v:ilues shou. 
no relationship to sericite distribution. 

blast-hole assays (Fig. 10) and diamond drill ass;ty 
results. All show a very sharp cutoff of copper along 
the south and southeastern edge of the orebody srld ;L 
more gradual decline to the north anti northwest, 
particularly along the northwestern apophysis of the 
B F P  plug (Figs. 3, 13). 

Blast-hole assays and diamond drill results show th:tt 
both zinc and lead average less than 100 ppm i n  the 
Be11 orebody, but are slightly higher in  the adjacent 
periphery. Rock geochemistry likewise shows that  corl- 
tents of both metals a r e  distinctly low in the orebody, 
but increase outward to maximum abtindancc near thc 
outer edge of the  pyrite halo (Figs. 13, 20). The le;~cl 
and zinc values a r e  unrelated to lithology. The largest 
veins of lead and zinc found to date  a r e  the original 
showings at  the  southwestern edge of the pyrite halo on 
the shore of Babine Lake. The  distribution of zinc a t  
Bell is remarkably similar to  tha t  at  Granisle (Carson 
and Jambor, 1974). 

Mercury is errat ic ;  some high values a r e  in the  
Bell orebody and others are in the alteration zone. Only 
very low values occu 

Additional da ta  on the  primary dispersion haloes 
at  Bell and other  Babine deposits a r e  given in  Jambor  
(1974). 

Supergene Enrichment and Oxidation 

The geochemical analyses for copper agree we 

unaltered rocks. 

Beneath the  thin mantle of glacial debris, 5 to 30 
meters thick, the western quartz-sericite-pyrite-rich 
segment of the  Bell Copper deposit had an  enriched 



but esterided to a niasinium depth of ahout 40 meters 
from bedrock surface (Fig. 22). 

In t h e  enriched arid osidized zone, averiige primary 
copper grades w r n  increased by as much as 10 to 15 
per cent  ( Fig. 22). Maximum enrichnient occurred 
20 to 35 meters below present ground surface in the 
quartz-sericite-pyrite-rich western par t  of the ore zone, 
where primary copper grades were highest. Pr imary 
sulphides were supplemented principally by sooty 
chalcocite, with common covellite and minor digenite. 

coated pyrite (Fig. 24) .  
* Principally in  the  oxidized Part  of the enriched 

zone, supergene chalcocite was in turn coated with 
very thin layers of brwhant i te  and malachite. These 

not readily evident megascopically, b u t  
they were abundant nevertheless. This  abundance w8S 
evident both from detailed mineralogical studies 
the oxidized material and from assays for oxide a p p  
as shown in  Figure 23. 

I n  plan, ' the  area of + 0.05 per cent assay CuO o 
the  2420 bench, which was approximately 30 meters 
below bedrock surface. occurred as a northeasterly oxides, the sulphides, and the  brochantite and malachite 
zone approximately 315 meters long and 30 meters mentioned previously, 'traces of intergrown devilline, 
wide. This  w n e  is shown in cross section in Figure CU.C~(SO,),(OII),.~I~O. and serpierite. Ca(Cu.Zn).- 
23 and is between drill holes 22 and 40. The zone (OH) , (S0 , ) r -3H,0 ,  occurred a s  minute flaky coatings 
consisted of two parts. a smaller northeastern one of on brochantite-coated pyrite and chalcocite. Associated 
approximately 25 by GO meters, and a larger zone with some devilline and serpierite were coatings and 
trending N 40'E which was  30 by 190 meters. Both aggregates of poorly formed crystals. averaging 0.2 
disappeared rapidly with depth - on the 2380 bench mm in  length, of deep blue posnjakite, Cu.(SO.) (OH)r- 
(only 13 meters deeper), the  area of 0.05 per cent fIzO. Other  supergene minerals identified are kaolinite, 
CuO was negligible, and the area of 0.30 per cent thin coatings of montmorillonite on chalcocite, minute 
CuO was only about a f i f th  of t ha t  on the  higher bench. yellow clusters of framboidal siderite and clear calcite 
The contours of 0.03 per cent CuO on the 2380 bench crystals up to 0.5 mm in width. Green to chocolate- 
enclosed only one fairly large northerly striking zone, brown mitridatite, Ca,Fe(OH),(H.IO)r(PO,)', was 
approximately 30 meters wide and 120 meters long. found as millimeter-thick microcrystalline coatings on 
This zone was roughly in the same plan area as the one specimen from the  pit. White  bar i te  prisms, aver- 
overlying south\wsterly par t  of the zone of 0.05 per aging 1 mm in length, were present i n  limonite-coated 
cent CuO. fractures, and  centimeter-wide pockets of ocherous 

A comparison of the  grade contours for CUO ant\ jarosite occurred in leached, porous quartz-sericite 
total copper indicates that, dur ing oxidation and en- rocks near  t h e  top of the  oxidized zone. In such rocks, 
richment. copper apparently did not move laterally quartz s t r ingers  provided a rigid framework on which 
for any significant distance. Thus,  the largcqt area supergene minerals. including new quartz  growths, 
of 0.05 per cent CuO coincided approximately \v\.itll were deposited. One of the last minerals precipitated 
tha t  of highest-grade primary copper. Oxidation and as coatings in t h i s  porous environment was white to  
enrichment may have been enhanced because this arm cream-coloured gibbsite, Al(Ofi) , .  which represented 
contained intense quartz-sericite alteration, \vas parti- the residuum of aluminum-bearing minerals leached 
cularly rich in both pyrite and chalcopyrite. and WAS above the  palm water  table. 
locally more porous and permeable than stronnly Less cer tain in origin. but probably formed during 
biotit ized rocks. recent weathering, are small amounts of hematite, 

malachite and jnrosite. abuntfnnt goethite and limonite, 

lines give the mean grades of the three classes of hypogene 
ore below the 2340-ft elevation. The sections show that: ( I )  
maximum enrichment occurred et about 2460 ft (27 m below 
bedrock surface); (2) oxidation and enrichment were limited 
to the upper 50 to 70 meters of the deposit: (31 fnaXifnum 
grades attained in the enriched zone are roughly proportional 
to the mean grade of the hypogene ore-the higher .the 
grade of the hypogenedore. the higher the grade of the 
enriched ore. From this relationship. i t  may be inferred that 
migration of copper in the supergene zone was essentially 
vertical. 
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In the paleo-oxidaticm zone, in addition to the iron 
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FIGURE 23-Profiles of Oxidation end Supergene Enrichment Across the  Western Seqment of the  Bell Copper Orebody 
(see Fig. 9. line e-b. for location]. Contours of 5%.  10% and 15% Cu oxide/total Cu ark shown. 

. I  . a  

FIGURE 24 - Photornlcrograph of Grain-Mount of Supergene 
Ore. Pyrite (py) is rlmmcd by supergene marcasite (mc). 
which is in turn rimmed by supergene chalcoclte (cc). 

FIGURE 25 - Photomicrograph of Polished Section of Super- 
gene Ore. Selective replacement of chalcopyrite (cp) by 
rims of chalcocite. with pyrite (py) unaffected. 
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and traces of wad. Smithsonite, ZnCO,, is present as 
pulverulent white coatings on sphalerite at the  lead- 
zinc showings on the lake shore west of t he  deposit. 
Several supergene minerals on the  p i t  walls obviously 
have been precipitated since mining began. Among 
these are pale green and pale blue water-soluble sul- 
phates, chiefly chalcanthite, CuS04*5H,0. Greenish 
ferroan varieties nre  common, and some cuprian side- 
rotil, (Fe,Cu)S04*5Hr0, has  been found. Also present on 
the  walls are prismatic crystals, averaging 1 mm in 
length, of cuprian melanterite. (Fe.Cu)S04-7€I,0. I n  . .  . 
areas  where such sulphates are common, the  rocks a re  
permeated with brick-red hematitic s ta ins  -and  are 
sof t  and friable because of destruction of the  feldspars 
and pyrite. Gypsum is present and ocherous coatings 

oxides are common; yel- 

I The geological evolution of Newman Peninsula and 
Bell Copper during the  early Eocene is depicted in  

units were established nnd most of t he  observable 
displacement on the bounding faul ts  had already oc- 

plug, shows little, if any, offset along the  trace 
of the Newman fault. It seems, therefore, t ha t  al- 
though block faul t ing at  Bell continued well into the  
Eocene. subsequent movement on the Newman f:cult 
waned and was a t  most only minor a f t e r  the emplace- 
ment of the BFP and deposition of the  orebody had 
begun. 

The BFP plug a t  Bell Copper \vas emplaced along 
the Newman faul t  and may have been localized a t  
i t s  intersection with a composite pre-ore fault (Fig. 8, 
faul t  A ;  Fig. 9). The plug widens east of the Newman 
fault, but its northern c o n h c t  does not  show a s h a r p  
offset  along the  f a u l t  trace. IVidening of the plug may 
.be related to the lithological change across the New- 
man fault - Hazelton rocks to i t s  east  may have been 
less constrictive than  the  Skeena rocks and rhyodacites 
to the west. Although pr imary textures  in the  western 
part of the plug were largely obliterated by quartz- 
Yericite alteration, indications a re  tha t  the  Cell plug 
is multi-phase. As a t  Morrison (Carson and J a r n h r .  
this volume), the porphyry system a t  nell X I S  estab- 
lished af te r  ne:crly all phnses of the BFP plug hati 
crystal I i zed. 

Figure 26. By earliest Eocene, the  major block-fault 

curred. The Bell orebody, which is related to  a BFP 

f r  

t 

t 
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I F E W M A N  FAULT I  

EARLIEST EOCENE- MAJOR BLOCK-FAULT UNITS AT BELL COPPER 

3000' 

2800' 

2600' 

2400' 

2200' 

2000' 

EARLY EOCENE- CONTINUED BLOCK-FAULTING, INTRUSION EXTRUSION OF RHYODACITE 

EARLY EOCENE - CONTINUED BLOCK-FAULTING, INTRUSION 
DEPOSITION OF OREZONE, WANING 

EXTRUSION' OF B.F. P., 
CESSATION OF MOVEMENT ON NEWMAN FAULT - 

I 
FIGUflE 26 -Schematic Cross Sections Illustrating the Geologfcai Evolution of Newman Peninsula and the Bell Copper 
During the Early Eocene. I 

Copper mineralization and hydrothermal alteration 
a t  Bell Copper seem to have occurred in the  following 

I 
i sequence. 

1 - Main-Stage Sulphide Deposition and  Riotite- 
Chlorite Alteration Zoning. T h e  Bell orebody formed 
along t h e  western and northwestern edges of the  BFP 
plug, and along a northwestern apophysis of the plug. 
Copper \vas accompanied by roughly proportional quan- 
tities of potassic alteration; the total area of anomalous 
copper coiricided with biotitization, and highest copper 
grades coincided with the  most intense biotitization. 
Sulphides were distributed zonally. with chalcopyrite 
and  minor bornite in  the  orebody, and pyrite peri- 
pheral. Copper is most abundant  to depths of a h u t  
GOO meters below the  present surface, below which 
grades gradually decline, residual primary maanetite 

porphyry Deposits of the Canadian Cordillera 

is present in  BFP, and the assemblage i s  biotite- 
chalcopyrite & anhydrite. 

Chloritization of mafic minerals occurred in the  
cooler, peripheral par ts  of the system and a t  t h i s  
stage,  therefore, Bell Copper was a typical concentri- 
cally zoned porphyry copper deposit. A central copper 
zone was enclosed in a potassic zone of biotite and  
K-feldspar surrounded by propylitic alteration, and 
there was a concentric, zonal distribution of copper 
and pyrite. This  main stage of development at  Ik l l  
was the  only one developed a t  hiorrison. 
2 - Initial Cooling and  I le t rograde Sericitization. 
The  formation a t  nell of sericite-carbonate alteration 
a t  the same position as the phyllic zone of many other 
porphyry copper deposits prob:ibly occurred as the  
system t i e ~ : ~ n  to  cool. :IS discussed by Carson and 
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hydrothermal. Minor influx of non- 
may have intensified sericitization 
Lead and zinc may have been dc- time. 

ter edge of the pyrite halo. A t  t he  

oxidation of pa r t  of the western segment of the orc- 
body may have occurred in the Tertiary or  a t  a later 

Environmental Considerations 
3 - Continued Cooling and  BIajor Influx of Non- The  objective is to return the disturbed land to the 
Magmatic Water. The  western nose of the altered ecological condition which existed prior to mining. 
B F P  plug was extensively shattered, conceivably as a The  rehabilitation will include contouring of disturbed 
consequence of adjustments on the Newman and sub- aress where possible and, where practicable, the stimu- 
sidiary faults. The  shattering may have facilitated the  lation of vegetation. Although no disturbed areas have 
infusion of connate and/or meteoric waters, thus reached the s tage at which final reclamation can be 
abruptly changing both the hydrothermal milieu and started,  a program of testing and research is estab- 
the environment. Initially, the hydrothermal mix was lishing the best types of natural vegetation and fertil- 
probably largely barren of copper, but the solutions izers, the beat methods of si te preparation, and field 
appear t o  have derived copper by reaction with t h e  procedures required to attain optimum results. 
existing biotite-chalcopyrite zone. Redeposition of the Concentrator tailings are pumped to the ’Workburn 
copper Was  accompanied by intense qUartZ-SeriCite- Lake tailing-impoundment basin (Fig. 2 ) .  T h e  caps- 
Pyrite‘ alteration in the upper Part  of the highly city of the basin is  continuously enlarged by the  con- 
shattered zone. Thus, t he  Upper western Part  of t h e  struction of rock-fill dams and dykes at low points 
biotitized orebody was ComPleteIy altered t o  a quartz- around its periphery. All streams flowing into the 

per grades were increased basin have been dive d, and all seepage f rom the  
concomitant depletion of basin- is rechimed fo  se. jn the  mill. Water f rom 
t occurred i n ’ t h e  ~ei&xi Babine Lake and  Hagan Arm is systematically sampled 

changing due t o  mining operations. 

ents 

hich underlies the stockwork of and analyzed to determine whether the metal content 
intense quartz-sericite-pyrite alteration. * 

The superimposition of quartz-sericite alteration on 
~ earlier potassic alteration has  been noted at many 

deposita, including Butte  (Miller, 1973; Roberts, 1973). 
Bingham and Nash* 1974)* Chuquicamatn 
(Sillitoe, 1973) and El Salvador (CUStafSOn and Hunt,  

For aid, advice and encouragement, and fo r  analyses 
and other basic d a h  required f o r  this paper, t he  

1975). D a h  f rom the Bell deposit given in this paper authors wish to  express their  appreciation to  A. hf. 
Bell, D. A. h w r i e ,  G. E. Dirom, G. C. Camsell, J. E. 
Kraft ,  Y. Khan (who draftEd the diagrams) and J 
Staniszewski of Noranda Exploration Company,’ Lim 
ited, W. A. Allan of Bell Copper Limited, N. C. Carter 
of the B.C. Department of Mines and Petroleum 
Resources, A. C. Plant, R. 1’. Kirkham, G. R. La- 

r- chance, R. N. Dclabio. A. Whitehead, A. c. Roberts 
ous small breccia p i w s  were bored along the  Newman and w. Tipper of the  Geological Survey of Canada, 
fault  and subsidiary fractures. The  main cluster of and y- Bourgoin R. Owens Of CANMET* 
pipes occurs in a zone tha t  is very low in copper. and Ottawa* 
one isolated pipe within the orebody is  surrounded by 
a distinct zone of copper depletion. This feature  may 
indicate tha t  the pipes formed while the porphyry References ! 
system was still active and copper \vas still relatively Bell, A. M. (1970): The Ncwnian project, Western bfincr, mobile. Copper i n  rocks surrounding the pipes may 
have migrated into the pipes and transferred to a Carson, D. J. T. (1969):  Iiydrothernial Alteration and 
higher par t  of the system. Copper Mineralization a t  Newman Peninsula, unpub- 

lished report of Noranda Exploration Company, Lim- 
Although negligible displaccment occurred on the  itcd. March. 1959. 

Carson, D. J. T., and Jambor. J. L. (1974): hlincralogy, 
&nal Relationships and Econoniic Significance of Newman fault  a f t e r  the Bell orebody formed, move- 

ment on the east-southeasterly and northeasterly faulta Hydrothermal Altcration a t  Porphyry Copper De- 
may have slightly offset  the western segment of t h e  posits. Babinc Lake Area, British Columbia, Clhl 
ore zone. The major block faul t  along the western side Bulletin, Vol. 67. No. 742. pp. 110-133. 
of N~~~~~~ peninsula appears to have offset BFP- Carkr. N. C. (1966): North nablne Lake Area. B.C. 

Minister of Mines and Petroleum Resources, Ann. 
related volcanic rocks, but the displacement may not Rept. 1965, pp. 90-102. 
have been very great. Cartcr, N. C. (1973):  Gcolocy of the Northern Babine 

Lake Area, U.C. Dcpt. of htincs and Pctroleuni Re- 
sources, Prel. Map KO. 12. Post-Eocene erosion exposed the copper deposit. 

and mid-Tertiary(?) supergene enrichment occurred in Carter, N. C. (1‘374) : Geology and Geochronology of 
the western. pyrite-rich half of the orebody. Chalcocite Porphyry Coppcr-5lolyhdenum Deposits. West-Central 

British Columbia, unpub. PhD thcsis. UUC. 
enrichment of copper by 12 to  15 per cent. I h b i n e  Lake (Sniithersl. B.C.. unpublishcd report of 

Noranda Exploration Company, 1,irnited. 
Iiall.  J. A.. and Kraft, J.  E. (19G3) : A Production Fcasibil- 

Iridications a re  that  the supergene enrichment was 
ity Study of the Newnian Co:)per Property. unprib- pre-Pleistoccne. because part  of the orebody is over- 

Inin by iritcrg1xi;il material that  contniris fossil wood lished report of h’orand:l Exploration C o m p ~ n y ,  

VUVVJ 

? 

VOI. 43, NO. 11. pp. 22-26. 

dewsition* to depths Of 50-70 meters, resuited in an Dirom, C. E. (19c3): Report on thc Ncxman property, 
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DRILL HOLE LOG SUMMARY 



' I  

SUMMARIES OF DIAMOND DRILL HOLES 86-1 to 86-16. July 1986. 
w 

86-1 Upper section of hole is in chloritized tuffs cut by BFP 
dykes. Below 172 ft. sericitized and silicified BFP predominates. 
Explosion and probable tectonic breccias occur in both rock types. 
Pyrite is the dominant sulphide mineral, accompanied generally 
by chalcopyrite. Hematite is present. Small amounts of molybdenite 
were noted at the bottom of the hole associated with strong 
chalcopyrite mineralization and quartz. 

W 

86-2 Altered BFP occurs throughout the hole, interrupted by sev- 
eral breccia zones. The rock is generally well fractured with 
lots o f  quartz. Alteration is mainly sericite-quartz but some 
darker coloured sections may represent fine-grained biotitization. 
'I cannot tell megascopically without petrographic support. Pyrite 
and chalcopyrite are present throughout the hole in fracture 
fillings and disseminations. Minor disseminated molybdenite was 
noted at 128ft. and 487ft. Hematite is present from about 120 ft. 
to end o f  hole. Magnetite is rarely present. 

- 86-3 Chloritized tuffs, silicic in'part, were intersected to 
60 ft., from which point the drill cored very altered (sericit- 
ized and silicified) BFP to end of hole. Silicification increases 
in lower sections of hole where local zones of pervasive silici- 
f i c a t i o n  w e r e  encountered ,  o u t  n o t  t o  t h e  e x t e n t  o f  nearby 86-1 
at lower depths. Pyrite and chalcopyrite occur in fracture fill- 
ings and disseminations throughout. Bornite ( ? )  is finely diss- 
eminated at 251 ft. Hematite was noted from about 150 ft. to EOH. 

86-4 
biotitized. Hydrothermal biotite particularly noted at 234-291 ft. 
and 317-355 ft. Breccia zones occur in sections 100-138 ft. and 
164-226 ft., with much quartz. Pyrite and chalcopyrite are pre- 
sent in fracture fillings and disseminations. Minor molybdenite 
was noted at 347 ft. Magnetite appears to be associated with bio- 
titization in a general way. It may be useful to check old mag- 
netometer maps as an aid in determining zoning. 

BFP throughout the hole: silicified,sericitized and locally 

ylrvg 
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W 

W 

I 

- 86-5 
t u f f s  ( ? )  and t h i s  a l t e r a t i o n  and rock type g e n e r a l l y  cont inued 
throughout.  A t h i n  s e c t i o n  w a s  p repared  from a sample c o l l e c t e d  
a t  92 f t .  and a pe t rog raph ic  r e p o r t  i s  a t t a c h e d  t o  t h e  d r i l l  l o g .  
Brecc ia  dykes ( exp los ion  b r e c c i a s )  were i n t e r s e c t e d  i n  t h e  550 ft.- 
570 f t .  a r e a  and inc lude  a l t e r e d  probable  BFP fragments. P y r i t e  
i s  t h e  most  abundant su lph ide  minera l .  Chalcopyr i te  occurs  l o c a l l y .  
Small  amounts o f  hemat i te  and magnet i te  were found. 

The ho le  w a s  c o l l a r e d  i n  h i g h l y  s e r i c i t i z e d  and s i l i c i f i e d  

- 86-6 Genera l ly  h i g h l y  s e r i c i t i z e d  and s i l i c i f i e d  rocks  extend 
t o  t h e  bottom o f  t h e  ho le .  Most a r e  probably igneous rocks  b u t  
a l t e r a t i o n  is t o o  i n t e n s e  f o r  megascopic i d e n t i f i c a t i o n .  There 
- is  BFP a t  t h e  bottom o f  t h e  h o l e ,  b u t  i t  is  n o t  c e r t a i n  t h a t  t h i s  
occurrence r e p r e s e n t s  t h e  main i n t r u s i o n .  A probable  BFP dyke 
w a s  cored a t  295.5-297 f t .  A h i g h l y  a l t e r e d  b r e c c i a  zone w a s  
i n t e r s e c t e d  from t h e  c o l l a r  of  t h e  ho le  t o  about  65 f t .  Explo- 
s i o n  b r e c c i a  dykes wi th  BFP fragments  were noted a t  132-136.5 f t .  

and 258 f t .  Small  amounts o f  cha l -  
c o p y r i t e  were noted below 200 f t .  

P y r i t e  is common throughout .  

86-7 
q u a r t z - s e r i c i t e  (0-240') t o  b i o t i t e  (240-3401)  and back t o  q z - s e r i .  
A dyke and explosion breccia complex w a s  c u t  between 55 and 115 ft. 
P y r i t e  i s  t h e  most abundant s u l p h i d e  mine ra l  by fa r .  
amounts of  c h a l c o p y r i t e  were noted l o c a l l y .  
i n  p l aces .  

BFP a l l  t h e  way down t h e  h o l e .  A l t e r a t i o n  v a r i e s  from 

Small  
Hematite is p r e s e n t  

86-8 
q u a r t z  and b i o t i t e  wi th  l o c a l  gypsum. A dyke and exp los ion  b r e c c i a  
complex w a s  i n t e r s e c t e d  39-67 f t .  The b r e c c i a  inc ludes  rounded 
t o  angu la r  f ragments  o f  a l t e r e d  BFP, q u a r t z  v e i n s  and q u a r t z - s e r i -  
c i t e  rock. P y r i t e  is  the  dominant s u l p h i d e  minera l  th roughout ,  
b u t  c h a l c o p y r i t e  and l o c a l  b o r n i t e  a r e  p r e s e n t .  There i s  a marked 
i n c r e a s e  i n  s u l p h i d e s  below the dyke-breccia  complex. 

This ho le  completely i n  BFP. A l t e r a t i o n  inc ludes  s e r i c i t e ,  

w 
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86-9 This  ho le  i s  probably i n  BFP a l l  t h e  way, b u t  a l t e r a t i o n  
i s  s o  i n t e n s e  between 237 f t  and 488 f t  t h a t  I cannot  i d e n t i f y  
t h e  o r i g i n a l  rock.  A l t e r a t i o n  i s  q u a r t z  and s e r i c i t e .  The exp- 
l o s i o n  b r e c c i a s  o f  nearby h o l e s  were n o t . i d e n t i f i e d ,  bu t  they  
could be i n  t h e  h i g h l y  a l t e r e d  237-488 f t  s e c t i o n .  Sulphides  
occur  throughout  t h e  ho le .  Pyri te  g e n e r a l l y  predominates b u t  
c h a l c o p y r i t e  i s  l o c a l l y  dominant (e .g .  320-330 f t ) .  

w 

86-10 The h o l e  w a s  d r i l l e d  i n  a l t e r e d  BFP o f  t h e  q u a r t z - s e r i c i t e  
zone. There i s  much i n t e n s e  s e r i c i t i z a t i o n .  Explosion b recc ia -  
dyke complex 286-320 f t  and smaller b r e c c i a  zones below. P y r i t e  

i s  t h e  main su lph ide  mineral .  Cha lcopyr i t e  i s  p r e s e n t  and minor 
- b o r n i t e  w a s  no ted .  

86-11 This  ho le  w a s  d r i l l e d  e n t i r e l y  i n  a b r e c c i a  and dyke complex, 
mainly i n  t h e  q u a r t z - s e r i c i t e  a l t e r a t i o n  zone. Hydrothermal b io-  
t i t e  is p r e s e n t  i n  p l a c e s  (e.g. 221-247 f t ) ,  i n d i c a t i n g  t h a t  t h i s  
h o l e  a l s o  c u t  some p o t a s s i c  zone rocks .  This  h o l e  may have pen- 
e t r a t e d  a ma jo r  b r e c c i a  p ipe  t o  which b r e c c i a s  found i n  nearby 
h o l e s  are r e l a t e d .  Pyrite i s  t h e  major su lph ide  mine ra l .  Chalco- 
p y r i t e  occurs  l o c a l l y .  

" 

86-12 Highly sericitized and silicified rocks were encountered 
throughout  t h e  ho le .  The upper p a r t  o f  t h e  h o l e  may be i n  a l t -  
e r e d  t u f f s ,  b u t  a l t e r a t i o n  is t o o  i n t e n s e  f o r  megascopic i d e n t -  
i f i c a t i o n .  BFP starts a t  220 f t ,  b u t  from about  249 f t  t o  end 
o f  ho le  b r e c c i a s  predominate. Breccia fragments  i n c l u d e  h i g h l y  
a l t e r e d  probable  BFP. P y r i t e  is  t h e  main s u l p h i d e ,  b u t  chalco-  
p y r i t e  i s  a l s o  p r e s e n t .  
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W 
86-13 This hole was collared in quartz-sericite rock that could 
be BFP o r  could be a tuff sequence o r  could be a bit o f  both. 
The rock is cut by a few thin explosion breccia dykes that cross 
the core at 45'. 
which are vague, in the 430-550 ft section. Some of these breccias 
may be quartz-filled shattered zones rather than explosion breccias. 
Obvious BFP was intersected at 572 ft and continued to end of the 
hole. Pyrite is the principal sulphide mineral here, but chalco- 
pyrite is relatively abundant locally. There is more hematite 
in this hole than in any other of this series. 

There are a l s o  extensive breccias, many of 

__. 86-14 The hole is generally in the chlorite-carbonate zone from 
-the collar to about 277 ft where the transition to the quartz- 
sericite zone occurs. Below 277 ft quartz and sericite are dom- 
inant, but local chlorite-carbonate alteration was encountered 
below 500 ft. Pyrite is the most abundant sulphide mineral by 
far. Magnetite is common in upper sections of the hole and 
hematite is found throughout. 

e 

- 86-15 The entire hole is in sericitized, silicified and locally 
biotitized BFP, cut by several zones of explosion breccias. 
Hematite is generally present. Pyrite is the-dominant sulphide 
mineral, accompanied by local chalcopyrite. Minor molybdenite 
was noted at 198 ft. 

86-16 This hole intersected quartz-sericite zone BFP. 
the quartz-sericite rock in upper sections of the hole is too 
altered for positive identification. Silicification is strong 
in places. Pyrite is the main sulphide mineral, but chalco- 
pyrite is generally also present. 
Two breccia dykes, up to 20 cm wide, occur in this hole. The 
rock is slightly oxidized (minor rust in fractures) down to 115 ft. 

However, 

Bornite was noted at 30 ft. 

Anthony L'Orsa, Geologist 
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CERTIFICATE 

I, Anthony T. L'Orsa, of Smithers, British Columbia, hereby 
certify that: 

1. I am a consulting geologist with business address at R.R.2, 
S . 5 7 ,  C.23, Adams Road, Smithers, B . C . ,  VOJ 2NO. 

2. I was born in and raised near Smithers, B.C. 

3. I am a graduate of Tulane University, New Orleans, La,, 
U.S.A., with the degrees of B.Sc. (1961) and M.Sc (1964) 
in geology. 

4. I have practised my profession in mineral exploration since 
1962 in western Canada, Australia and Mexico. 

5. I am a Fellow in good standing of the Geological Association 
of Canada and a member of  the Society f o r  Geology Applied to 
Mineral Deposits. 

6. I logged diamond drill holes 86-1 through 86-16 at the Bell 
mine during June and July 1986. 

Anthony L'Orsa, Geologist 






