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RECOMMENDATIONS 

1. Mapping of o r ientat ions and frequency of minera l ized f ractures and 
veins is c r i t i c a l . Density contro ls grade; o r ienta t ion contro ls 
trend and dip; i n t e r s e c t i o n s of mineral ized f racture sets control 
plunges of ore shoots. 

2. Grade est imat ing should be based on mineral ized f racture and vein 
density and the mineralogy of each f rac ture set combined with b l a s t 
hole assays. This approach should make c o r r e l a t i o n s from bench to 
bench more r e l i a b l e . At other mines ( for example, Is land Copper) 
estimates from p i t mapping and b las t hole assays must be m u l t i p l i e d 
by a 'geologica l constant ' that has been e m p i r i c a l l y developed before 
they c o n s i s t e n t l y match mi l l head grades - p i t estimates are 
c o n s i s t e n t l y too high there. 

3. A proposed scheme i s appended (Figure 1) ; i t concentrates on features 
re la ted to grade c o n t r o l . It could e a s i l y be dupl icated and used for 
' c h e c k - o f f mapping in the p i t ; data c o l l e c t e d could e a s i l y be made 
computer a c c e s s i b l e . Mapping could be done in say 5 or 10-metre wide 
s t r i p s to s impl i fy data c o l l e c t i o n . 

4. Other factors may be important. Bornite d i s t r i b u t i o n should be 
mapped for the reason that i t i s more copper-r ich than c h a l c o p y r i t e . 

5. It may be important to map secondary b i o t i t e a l t e r a t i o n , p a r t i c u l a r l y 
i f Reed and Jambor's i n t e r p r e t a t i o n i s cor rect and i t represents the 
main stage of m i n e r a l i z a t i o n . 

6. Secondary K- fe ldspar i s general ly vein and f racture c o n t r o l l e d a l b e i t 
much of i t comprises a l t e r a t i o n selvedges; i t i s assoc iated with ore 
minera ls . Information from my sampling program i s i n s u f f i c i e n t to 
def ine i t s d i s t r i b u t i o n and potent ia l s i g n i f i c a n c e . 

ALTERATION 

Introduct ion 

The general leve l of a l t e r a t i o n in the rocks i s highly v a r i a b l e and very 
much re la ted to the density of minera l ized f r a c t u r e s . F resh- look ing 
rocks and more a l te red rocks l i e side by s ide; widespread pervasive 
a l t e r a t i o n zones are not common. Mapping should be done in blocks of say 
5 or 10-metre width in terms of r e l a t i v e percentage of weak, moderate, 
and intense p l a g i o c l a s e a l t e r a t i o n . P lag ioc lase a l t e r a t i o n ind icates the 
i n t e n s i t y of the hydrothermal a c t i v i t y ; i t may re la te to ore grade. 



Summary of A l t e r a t i o n Sequence in terpreted by Reed and Jambor (1976) 

Timing A l t e r a t i o n Mineralogy 

ear ly potass ic core and 
p r o p y l i t i c f r inge 

B i o t i t e K- fe ldspar 
c h l o r i t e epidote a l b i t e 

p h y l l i e Quartz, f lakey s e n c i t e 

p r o p y - a r g i l l i c overpr int S e r i c i t e k a o l i n i t e mont-
m o r i l l o n i t e c h l o r i t e epidote 

arg i11 ic k a o l i n i t e 

p r o p y l i t i c c h l o r i t e epidote a l b i t e 

l a t e c a l c i t e , z e o l i t e veins 

Secondary B i o t i t e D i s t r i b u t i o n 

Secondary b i o t i t e was ev ident ly widespread. It f i l l e d f r a c t u r e s , 
replaced primary hornblende, and formed overgrowths on primary b i o t i t e 
(Reed and Jambor, 1976; th i s study) . This event was ear ly ; much of the 
secondary b i o t i t e developed was subsequently c h l o r i t i z e d and/or 
e p i d o t i z e d . Recognit ion now rests on textura l i n t e r p r e t a t i o n but can be 
done with a hand l e n s ; a l te red hornblende c r y s t a l s have a d i s t i n c t i v e 
f e l t e d texture and grain borders are f i n e l y ragged, not sharply def ined . 

The d i s t r i b u t i o n of secondary b i o t i t e should be studied to def ine i t s 
r e l a t i o n s h i p , i f any, to ore d i s t r i b u t i o n . It seems to be most common in 
the ore zone and near the Gnawed Mountain dyke. 

P l a g i o c l a s e A l t e r a t i o n 

P l a g i o c l a s e a l t e r a t i o n should be considered from two points of view. On 
one s ide , fresh p lag ioc lase is glassy but as i n t e n s i t y increases grains 
become completely c louded. On the other s i d e , the colours r e f l e c t the 
a l t e r a t i o n mineralogy. Grey colour is genera l ly caused by c lays and 
s e r i c i t e , chalky white by k a o l i n i t e ; greenish white by 
s e r i c i t e - c a r b o n a t e - e p i d o t e ; o l i v e green or pink by s e r i c i t e and 
carbonate; and emerald green by s e r i c i t e . 
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K-fe ldspar D i s t r i b u t i o n 

K-fe ldspar is a r e l a t i v e l y common vein and a l t e r a t i o n product in the East 
P i t . Most forms a l t e r a t i o n f r inges on veins and f r a c t u r e s ; some is in 
quartz veins or quartz s e r i c i t e zones. Pervasive K-fe ldspar a l t e r a t i o n 
i s rare . 

K-fe ldspar i s a shade of pink that i s d i s t ingu ishab le from other pink 
p lag ioc lase a l t e r a t i o n . The other a l t e r a t i o n s represent e i t h e r a dust ing 
of hematite or s e r i c i t e plus carbonate a l t e r a t i o n . 

Primary K-fe ldspar is i n t e r s t i t i a l and 10 to 15 per cent by volume. I t 
often was destroyed in o l i v e green a l t e r a t i o n zones. 

Flakey S e r i c i t e D i s t r i b u t i o n 

Flakey s e r i c i t e i s common in better grade copper zones and general ly 
present in lower grade zones. In accordance with Reed and Jambor's 
i n t e r p r e t a t i o n (1976) i t i s a good i n d i c a t o r mineral for ore grade 
material and i t s d i s t r i b u t i o n should be c a r e f u l l y mapped in the 
depos i ts . 

D i s t r i b u t i o n maps show that f lakey s e r i c i t e i s poorly co r re la ted with 
molybdenite, unless there is a co inc ident molybdenum-copper h igh . 

While i t does not always i t s e l f const i tu te ore, the d i s t r i b u t i o n of 
m i n e r a l i z a t i o n in veins and f rac tures assoc iated with f lakey s e r i c i t e 
a l t e r a t i o n more or less del ineates the East P i t orebody (Reed and Jambor, 
1976; t h i s s tudy) . 

C h l o r i t e and Epidote D i s t r i b u t i o n 

C h l o r i t e is ubiquitous but mapping degree of mafic a l t e r a t i o n (1 f r e s h , 
2 weak, 3 moderate, 4 t o t a l ) and d i s t i n g u i s h i n g areas of s e r i c i t e 
a l t e r a t i o n of mafics w i l l be worthwhile. 

Epidote occurs in veins and f rac tures and as an a l t e r a t i o n product in 
mafic minerals or p l a g i o c l a s e . It i s found throughout the deposit but 
i n t e n s i t y var ies and should be mapped to see i f i t re la tes to grade 
d i s t r i b u t i o n . A l t e r a t i o n and f r a c t u r e - c o n t r o l l e d types should be 
d i s t ingu ished from one another. The d i s t r i b u t i o n of epidote and c h l o r i t e 
shows that p r o p y l i t i c a l t e r a t i o n character i zes the ore zone. It i s , 
judging by a l t e r a t i o n of ear ly developed b i o t i t e , a re t rogress ive 
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o v e r p r i n t . Per ipheral p r o p y l i t i c a l t e r a t i o n , however, was an ear ly event 
(Reed and Jambor, 1976). 

Other A l t e r a t i o n Minerals 

Other a l t e r a t i o n minerals that occur are a c t i n o l i t e and tourmaline. 
A c t i n o l i t e occurs both in f ractures and rep lac ing primary amphibole. 
Tourmaline is f racture cont ro l l ed and is an important const i tuent in 
brecc ia zones (see Reed and Jambor, 1976). 

HYPOGENE MINERAL ZONING 

Hypogene mineral patterns are re lated both to the Gnawed Mountain dyke 
and f r a c t u r e swarms. Although the dyke apparently acted as a heat 
source, hot f l u i d s probably dominated heat t r a n s f e r ; therefore f racture 
density probably c o n t r o l l e d temperature d i s t r i b u t i o n . The rock mass as a 
whole was hot but the temperature was not l i k e l y as high as that 
represented by the hydrothermal ve ins . Zoning patterns are subpara l le l 
to the dyke (see Reed and Jambor, 1976). Although the bornite zone i s 
mainly in and near the dyke, ' f i n g e r s ' of i t extend out into the p y r i t e 
zone. These co inc ide with zones of higher copper grade that are 
c o n t r o l l e d by northeast f racture swarms; permeabi l i ty was a f a c t o r . 
F l u i d s moving outward in highly permeable zones ev ident ly moved fas te r 
and stayed hotter than those in adjacent, less permeable zones. 

The r e l a t i v e abundance of bornite r e l a t i v e to cha lcopyr i te w i l l be 
important in p r e d i c t i n g grades and grade t rends . The mineralogy and 
frequency of minera l ized veins and f ractures is a lso important. For 
example, at HE11 (Figure 2) veins with f lakey s e r i c i t e halos are born i te 
r i c h and c o n s t i t u t e ore, even though they comprise only one f rac ture 
se t . 

HIGHMONT STRUCTURE 

Copper D i s t r i b u t i o n i n the East P i t 

Introduct ion 

Copper contours show very c lear trends that re late to several f rac ture 
d i r e c t i o n s (Figures 3 and 4 ) . However, several i n t e r p r e t a t i o n s are 
poss ib le for weaker trends because overlapping patterns become d i f f u s e . 
P i t mapping ind icates (G. Sanford, personal communication) that average 
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dominant trends are 025 degrees, 040 to 050 degrees, and 140 to 150 
degrees; l e s s e r trends are 075 and 095 degrees. 

Copper 5270 Level 

On 5270 l e v e l , contoured b las t hole assays for copper give patterns that 
allow more than one i n t e r p r e t a t i o n , although dominant elements are 
common. 

Two poss ib le i n t e r p r e t a t i o n s of dominant trends in the patterns are as 
fo l lows: 

Interpretat ion I (based on contour patterns only) 

035 
060 
120 
090 

Interpretat ion II [based on patterns and on f i e l d information from 
G. Sanford (personal communication, 1983)] 

025 
140 
060 
090 

I t i s c l e a r that contoured b las t hole assays confirm that mineral ized 
vein and f r a c t u r e o r ientat ions l a r g e l y control copper grade pat terns . 
However, anomalies remain that require mapping to resolve; why is there a 
s l i g h t angular discrepancy between dominant northeast and southeast 
trends estimated v i s u a l l y and those measured during p i t mapping? 

Grade trends on 5270 leve l confirm very strong development of 
nor theaster ly o r i e n t e d , be t te r grade copper zones. From west to east 
these apparently fan s l i g h t l y - from 040 to 060 degreesin the west, to 
030 to 040 degrees c e n t r a l l y and in the east . 

This northeast pattern is dominant c e n t r a l l y ; i t i s weaker in the west 
and weaker s t i l l in the east , where southeast-trending f ractures are 
prominent. The southeast set trends c o n s i s t e n t l y 115 to 125 degrees 
across the width of the p i t . It seems l i k e l y that the northeast 
f ractures are younger; they apparently overpr int the southeast s e t . 

Adjacent to and in the Gnawed Mountain dyke, grade patterns are elongated 
p a r a l l e l to the borders of the dyke. 
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The inf luence of f ractures trending 140 to 150 degrees is not evident 
from contoured b las t hole assays - p i t mapping is needed. 

Copper 5310 Level 

Near the dyke on 5310 l e v e l , east-west trends predominate. Elsewhere 
dominant trends are northeast and southeast, subpara l le l to those on 5270 
leve l (descr ibed above). 

Or ientat ion of Copper Zones 

Copper zones d ip , plunge, coa lesce , s p l i t and reor ient between 5310 and 
5270 l e v e l s . In sp i te of the v a r i a t i o n s , though, general trends are 
f a i r l y c o n s i s t e n t . Zones that trend 025-035 degrees range in dip from 45 
degrees northwest through to s u b v e r t i c a l . East-west zones along the 
Gnawed Mountain dyke have moderate north or moderate south dips; zones 
t rending 060 degrees general ly dip about 60 degrees southward. Bet ter 
grade zones tend to form dipping sheets. Zones trending 120 degrees dip 
steeply southward and tend to form e l l i p t i c a l p i p e - l i k e zones at 
junct ions with northeast-trending zones; these pipes usual ly plunge 
northwestward. 

In several instances zones dominated by northeast f ractures on 5310 leve l 
are dominated by northwest f ractures on 5270 l e v e l . An example is near 
76000N 115000E. 

Summary 

Higher copper grades r e f l e c t strong f r a c t u r i n g in a northeast d i r e c t i o n ; 
grade patterns ind i ca te i n t e r a c t i o n of several cross ing f rac ture s e t s . 
The f ractures are not v e r t i c a l (G. Sanford, personal communication, 
1983), so better grade ore zones can be expected to be in the form of 
d ipping sheets or plunging e l l i p t i c a l ' p i p e s . ' Fracture mapping should 
enable ore trends and plunges to be p r e d i c t e d . 

Molybdenite D i s t r i b u t i o n in the East P i t 

Introduct ion 

Molybdenite occurs in thick quartz veins with cha lcopyr i te and in 
f ractures and veins with cha lcopyr i te and l e s s e r b o r n i t e . The th ick 
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veins general ly have an o l i v e green a l t e r a t i o n selvedge several metres in 
width. As at Lornex, they apparently post-date main stage 
m i n e r a l i z a t i o n . Molybdenite is apparently not abundant in the older 
veins and f r a c t u r e s . In the East P i t , veins of th i s type s t r i k e about 
030 degrees or 060 to 080 degrees and dip 040 to 060 degrees, usual ly 
toward the northwest. 

D i s t r i b u t i o n Patterns 

Molybdenite in the East P i t i s more r e s t r i c t e d in d i s t r i b u t i o n than 
copper but better grade copper zones c o r r e l a t e reasonably well with zones 
i n which the molybdenum grade exceeds 0.016 per cent (Figures 5 and 6 ) . 

L o c a l l y , p a r t i c u l a r l y along the east s ide of the p i t on 5270 l e v e l , 
molybdenum highs occur in areas with low copper concentrat ions . Another 
such area is near 111250E, 76200 N on both 5310 and 5270 l e v e l s . 
Molybdenite values are r e l a t i v e l y low near the Gnawed Mountain dyke. 

Fracture and vein mineralogy show at l e a s t two d i s t i n c t episodes of 
molybdenum m i n e r a l i z a t i o n . The e a r l i e r accompanied c h a l c o p y r i t e - b o r n i t e 
m i n e r a l i z a t i o n ; the l a t e r occurs in quartz veins with c h a l c o p y r i t e — 
some are up to 1 metre wide. 

The thick younger veins may carry spectacular molybdenum values and could 
be missed i f b l a s t hole d r i l l i n g i s not accompanied by mapping. For 
example, between sample s i t e s Ml and M2 there i s a molybdenite vein that 
s t r i k e s 080 degrees and dips 040 degrees northward. Contours drawn only 
from the b l a s t hole assay data would not show real grade trends - part of 
the vein would be designated waste! S i m i l a r l y , the vein between s i t e s M9 
and M10 was in tersected by only one b las t hole and most of i t would show 
as waste. 

On 5270 l e v e l molybdenum values are r e l a t i v e l y low c lose to the Gnawed 
Mountain dyke, e s p e c i a l l y on the east side of the p i t . Dominant f r a c t u r e 
systems are apparently northeast (about 025 to 045 degrees) and 
east-northeast (090 to 095 degrees) . Weaker zones are or iented southeast 
(115 degrees) . 

The dominant c o n t r o l l i n g f rac ture set for molybdenum minera l i za t ion on 
5310 level trends 030 to 045 degrees. D i s t r i b u t i o n patterns of 
molybdenum are complicated by i n t e r a c t i o n of these and less intense 
f rac ture sets at 050 to 060 degrees, 085 to 090 degrees, and 120 to 125 
degrees. 
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These trends c o r r e l a t e c l o s e l y with those c o n t r o l l i n g copper 
m i n e r a l i z a t i o n on both 5310 and 5270 l e v e l s . 

Or ienta t ion of Molybdenite Zones 

Molybdenite zones apparently plunge and dip; they narrow s l i g h t l y from 
5310 to 5270 leve l and zones that are coherent on 5310 level may s p l i t on 
the lower l e v e l . 

Near Gnawed Mountain dyke, centered on 110600E, 75800N, ameboid zones 
apparently plunge 30 degrees eastward. Away from the dyke and from west 
to east , four major northeast-trending zones apparently dip northwest at 
about 45 degrees. Associated east to southeast-trending f racture systems 
apparently e i t h e r dip southwest or are v e r t i c a l . 

Copper and Molybdenum Trends 

Better grade copper and molybdenum zones are general ly c l o s e l y associated 
i n Highmont East P i t . Overlays of assay plans a lso show s i m i l a r dips for 
zones of copper and molybdenum m i n e r a l i z a t i o n . P i t mapping should define 
the f rac tures c o n t r o l l i n g d i s t r i b u t i o n of each metal and aid in 
p ro jec t ion of ore to depth. I t i s noteworthy that molybdenite zones 
apparently diminish in s i ze and begin to s p l i t from 5310 to 5270 l e v e l . 

CONCLUSION 

The Gnawed Mountain dyke acted as a heat sink that inf luenced the 
hydrothermal regime at Highmont. A l t e r a t i o n and hypogene mineral zoning 
patterns are i r r e g u l a r in deta i l but subpara l le l in general to the dyke 
(Reed and Jambor, 1976). Near the dyke bornite i s an important ore 
minera l ; away from i t cha lcopyr i te becomes dominant, then there is a weak 
p y r i t e J h a l o . ' Ore grades occur l o c a l l y in the p y r i t e halo and parts of 
the borni te zone are waste. S i l i c a t e a l t e r a t i o n assemblages were 
s i m i l a r l y inf luenced but more intense a l t e r a t i o n zones r e f l e c t f r a c t u r e 
i n t e n s i t y , hence p o r o s i t y , more than proximately to the dyke. 

Fracture density during m i n e r a l i z a t i o n c o n t r o l l e d permeabi l i ty and ore 
f l u i d flow paths. Fractures occur in swarms; they are not uniformly 
d i s t r i b u t e d . Therefore grade and a l t e r a t i o n pat terns , which were 
c o n t r o l l e d by the ore f l u i d s , are i r r e g u l a r in out l ine and var iab le in 
i n t e n s i t y . 
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Fractures that control ore zones have several o r ientat ions and moderate 
to steep d i p s . Therefore ore zones dip and zones that are c o n t r o l l e d by 
i n t e r s e c t i o n s of f racture swarms plunge. Careful mapping, p a r t i c u l a r l y 
of minera l ized f racture o r i e n t a t i o n , density and mineralogy, is needed to 
enable accurate downward project ions of ore zones. 



APPENDIX 

HIGHMONT SAMPLES 
September, 1983 - U . J . McMil lan 

Synopsis of Thin Sect ion Ana lys i s 

M1E Skeena granod ior i te - weakly a l t e r e d . 
C h a l c o p y r i t e - p y r i t e veins cut q u a r t z - p y r i t e (K-fe ldspar halos) 
Mafics c h l o r i t i z e d in a l t e r a t i o n ha los . 
Sulphides f rac ture c o n t r o l l e d and in a l te red maf ics . 
Feldspars a l te red to hydromica ( s e r i c i t e ) and c l a y s . 

M2E-1 Skeena granodior i te - pink and green a l t e r a t i o n . 
Quartz bornite cha lcopyr i te veins carry molybdenite a l s o . 
Sulphides in veins and disseminated; pervas ive . 
The quartz sulphide vein is cut by quartz - f lakey s e r i c i t e -
carbonate f r a c t u r e s . 
P l a g i o c l a s e pervas ive ly replaced by K- fe ldspar . 

M2E-2 Skeena granodior i te with o l i v e green a l t e r a t i o n . 
Cut by l a t e carbonate f r a c t u r e s . K- fe ldspar vein c o n t r o l l e d ; 
s e r i c i t i c f ractures have c h a l c o p y r i t e and b o r n i t e . 
P l a g i o c l a s e only weakly a l t e r e d . 

M3E-1 Skeena granodior i te with pink to green a l t e r a t i o n (moderate). 
Primary K-fe ldspar destroyed. 
P l a g i o c l a s e s a u s s u r i t i z e d ( m i c a - z o i s i t e , e t c . ) and mafics gone 
to c h l o r i t e and ep idote . 

M4E Skeena granodior i te - grey. 
Epidote i s a minor component in a l t e r e d maf ics . 
P l a g i o c l a s e averages 15% a l t e r a t i o n to s e r i c i t e and c lay (?) 
(with loca l ep idote) . 

M5E Skeena granod ior i te . 
K- fe ldspar envelopes occur on quartz epidote bornite v e i n l e t s . 
K- fe ldspar a lso f i l l s f r a c t u r e s . 
P l a g i o c l a s e a l t e r s to s e r i c i t e , K- fe ldspar , carbonate and 
ep idote . 
C a l c i t e veins are la te stage. 
Maf ics a l t e r to c h l o r i t e epidote carbonate and a c t i n o l i t e -
there may be some secondary b i o t i t e 



M6E-1 Skeena granodior i te - weakly a l t e r e d . 
Mafics are f r e s h . B i o t i t e has minor secondary b i o t i t e 
overgrowths. 
P l a g i o c l a s e i s weakly a l tered to hydromica and c lays (?) 
Accessory minerals are magnetite, apat i te and sphene. 

M6E-2 Skeena granodior i te - weakly a l t e r e d . 
Veins of quartz K-fe ldspar bornite cha lcopyr i te + epidote 
with l e s s e r c h l o r i t e and a c t i n o l i t e have pink K- fe ldspar 
a l t e r a t i o n halos; these are cut by quartz s e r i c i t e sulphide 
f rac tures which have assoc iated epidote a l t e r a t i o n . 
Away from vens, a l t e r a t i o n i s l i k e M6E-1. 

M7E Skeena granod ior i te - dark o l i v e green a l t e r a t i o n . 
P y r i t e and cha lcopyr i te are f rac ture c o n t r o l l e d and 
disseminated. 
P l a g i o c l a s e is ha l f a l te red to s e r i c i t e and carbonate; mafics 
were replaced by c h l o r i t e , epidote and leucoxene (?) 

M8E Skeena granodior i te - weakly a l t e r e d , grey. 
Has quartz K-fe ldspar epidote c h l o r i t e veins that carry 
c h a l c o p y r i t e and p y r i t e . Sulphides are a lso in a l t e r e d 
hornblende c r y s t a l s . Fractures carry quar tz , K - fe ldspar , 
c h a l c o p y r i t e and M0S2. 
Hornblende was la rge ly a l te red to b i o t i t e that i s now mainly 
c h l o r i t e . 
P l a g i o c l a s e i s weakly to pervas ive ly a l te red to s e r i c i t e and 
c l a y (?) 

M9E-1 Skeena granodior i te - pink and green a l t e r a t i o n . 
Veins are tourmal ine-epidote with bleach halos that carry weak 
secondary K- fe ldspar but in which primary K-fe ldspar was 
destroyed. Fractures carry quar tz -cha l copyr i te -MoS2 , 
c h l o r i t e - b o r n i t e , or z e o l i t e . 
Mafics are now c h l o r i t e , epidote and sphene (not sure i f i t i s 
primary or secondary). 
P l a g i o c l a s e i s pervas ive ly replaced by s e r i c i t e and carbonate 
(the pink colour does not i n d i c a t e K-fe ldspar a l t e r a t i o n ) . 
Carbonate f ractures are l a t e . 

M9E-2 A vein of quartz , M0S2, carbonate and minor f lakey s e r i c i t e 
that i s mult iphase. Late carbonate f ractures cut i t . 



M9E+15 Skeena granodior i te - weakly a l t e r e d , greyish white. Veined by 
epidote-carbonate. Fractures have a r g i l l i e a l t e r a t i o n . 
Primary K-fe ldspar has been destroyed. 
P l a g i o c l a s e mostly 10-20% s e r i c i t i z e d . 

M10E Skeena granodior i te - o l i v e green a l t e r a t i o n . 
Dark zones have bornite s e r i c i t e f r a c t u r e s . There are a l s o 
quartz borni te ve in le ts with minor K- fe ldspar . Primary 
K-fe ldspar has been destroyed. One v e i n l e t c a r r i e d quartz -
M0S2. 
Late barren quartz cuts minera l ized q u a r t z - s e r i c i t e ve ins . 
P l a g i o c l a s e i s pervas ive ly gone to s e r i c i t e and c lay (?) with 
loca l carbonate. 

M10E-2 Quartz-veined rock with cha lcopyr i te bornite and molybdenite 
m i n e r a l i z a t i o n . Mult iphase. 

M11E-1 Skeena granodior i te - weakly a l t e r e d . 
Cut by quartz cha l copyr i te bornite vein with quartz f lakey 
s e r i c i t e ha lo . 
B i o t i t e i s c h l o r i t i z e d ; hornblende apparently a l te red to b i o t i t e 
that i s now replaced by c h l o r i t e and ep idote . 
P l a g i o c l a s e i s 15 to 75% a l t e r e d to s e r i c i t e and carbonate. 

M11E-2 Skeena granod ior i te with weak pink and green a l t e r a t i o n halos 
around epidote c h l o r i t e bornite f r a c t u r e s . It i s a l t e r e d 
p l a g i o c l a s e , not K- fe ldspar . 

M12E Skeena granodior i te - s e r i c i t i z e d , emerald green p lag ioc lase and 
f lakey s e r i c i t e occur; molybdenite and cha lcopyr i te are 
disseminated and f rac ture c o n t r o l l e d . 
P l a g i o c l a s e i s a l t e r e d to s e r i c i t e and carbonate; mafics are 
gone to s e r i c i t e and c h l o r i t e . 

M13E Skeena granod ior i te - moderate pink and green a l t e r a t i o n . 
Three sets of c h l o r i t e - b o r n i t e f r a c t u r e s . Primary K- fe ldspar 
has been destroyed adjacent to some f r a c t u r e s . One zone of 
quar tz - f l akey s e r i c i t e - K - f e l d s p a r c a r r i e s bornite and 
molybdenite. 
B i o t i t e i s c h l o r i t i z e d ; hornblende was replaced by a c t i n o l i t e or 
c h l o r i t e - s e r i c i t e and carbonate. 
P l a g i o c l a s e i s par t l y replaced by s e r i c i t e and carbonate. 



M14E Grey moderately a l te red Skeena granodior i te cut by granophyric 
quartz K-fe ldspar zones with assoc iated cha lcopyr i te which are 
cut by c h l o r i t i c f r a c t u r e s . K-fe ldspar elsewhere i s primary and 
open i n t e r s t i t i a l . 
In th in sect ion the granophyric zone cons is ts mainly of quartz 
and K- fe ldspar . K-fe ldspar i s a l igned normal to vein borders; 
quartz zones cons i s t of i n t e r l o c k i n g networks of c r y s t a l s . It 
i s cut by carbonate f r a c t u r e s . Mafic minerals are a l t e r e d to 
c h l o r i t e - s e r i c i t e or c h l o r i t e - e p i d o t e or c h l o r i t e - c a r b o n a t e . 
P l a g i o c l a s e i s 30 to 80% a l t e r e d to very f ine s e r i c i t e and 
c lay ( ? ) . F ibrous texture in the a l t e r e d hornblende suggests i t 
may have been replaced by b i o t i t e . 

M15E A l t e r e d Skeena granodior i te with quar tz -K- fe ldspar -cha lcopyr i te 
veins with pink K-fe ldspar a l t e r a t i o n halos , and f ractures with 
f lakey s e r i c i t e ha los . Most primary K-fe ldspar has been 
removed; that seen is mainly in f ractures and a l t e r a t i o n ha los . 
Mafics are c h l o r i t i z e d or a l t e r e d to secondary b i o i t e ( ? ) . 
In th in s e c t i o n , mafic i s a l t e r e d to c h l o r i t e epidote quartz and 
carbonate and p lag ioc lase pervas ive ly to s e r i c i t e , c lay and 
ep idote . Remnants of p lag ioc lase twins are s t i l l v i s i b l e . 

M16E Grey weakly a l te red Skeena granodior i te cut by c h l o r i t e - b o r n i t e -
c h a l c o p y r i t e f ractures less than 1 centimetre apart . There are 
a l s o cha lcopyr i te f lakey s e r i c i t e f ractures ( p a r a l l e l ) . The 
f rac tures have quartz and some K-fe ldspar a l s o . Most K- fe ldspar 
i s i n t e r s t i t i a l and primary. The f ractures cut coarse 
quar tz -K- fe ldspar veins ( " a p l i t e " ) . 
In th in s e c t i o n , red-brown b i o t i t e i s l o c a l l y kinked and has 
subt le overgrowths of brown to greenish brown hydrothermal 
b i o t i t e . The b i o t i t e has knots of s e r i c i t e stretched out in the 
c leavage. Hornblende i s a l t e r e d to b i o t i t e - now gone to 
c h l o r i t e in par t . Elsewhere i t i s a l t e r e d to a mixture of 
b i o t i t e , a c t i n o l i t e , c h l o r i t e and other products . P l a g i o c l a s e 
i s r e l a t i v e l y fresh and complexly zoned and twinned. Fractures 
carry quartz b i o t i t e and c h l o r i t e with minor ep idote; they have 
s e r i c i t i c a l t e r a t i o n halos in p lag ioc lase (not f lakey 
s e r i c i t e ) . 



M17E-1 Weakly a l te red grey Skeena granodior i te cut by a K - f e l d s p a r - r i c h 
vein zone that i s cut by b i o t i t e - c h l o r i t e - c h a l c o p y r i t e f rac tures 
that are 3 mi l l imet res to 1 centimetre apart . The 
K - f e l d s p a r - r i c h zone has bleach ha los . The f ractures also have 
K-fe ldspar a l t e r a t i o n envelopes. 
In th in sect ion the f rac ture f i l l i n g s are seen to be b i o t i t e 
c h l o r i t e and quartz with l esser carbonate and opaques. 
Hornblende has been pervas ive ly replaced by b i o t i t e , a c t i n o l i t e 
and a c l e a r minera l . P lag ioc lase a l t e r a t i o n i s too f ine to be 
sure but may also be to b i o t i t e in par t . 

M17E-2 Skeena granodior i te cut by quartz tourmaline epidote bornite 
veins with pink K - f e l d s p a r - r i c h a l t e r a t i o n envelopes; there are 
a l so bornite-MoS2 f rac tures with s e r i c i t e - q u a r t z - K - f e l d s p a r 
envelopes. The sta ined specimen i s networked with K- fe ldspar 
f r a c t u r e s . 
P l a g i o c l a s e away from veins i s moderately a l tered to products 
too f i n e to i d e n t i f y and s e r i c i t e , carbonate and ep idote . Maf ic 
minerals have been replaced by c h l o r i t e and epidote . Near veins 
p l a g i o c l a s e i s widely a l t e r e d to K-fe ldspar ( in patchy zones). 
Where K- fe ldspar a l t e r a t i o n i s recognizable in th in s e c t i o n , 
p l a g i o c l a s e twinning has been wiped. Veins are q u a r t z - c h l o r i t e -
carbonate-opaque, tourmaline (sheafs) -ep idote-quartz -sod ic 
p l a g i o c l a s e . Carbonate veins cut tourmaline veins and 
quar tz -ser i c i te -opaque zones. There i s one quartz-MoS2 
f r a c t u r e that may be cut by a quartz bornite v e i n . 

M18E Grey weakly a l t e r e d Skeena granodior i te cut by quartz s e r i c i t e 
zones with quartz c h a l c o p y r i t e borni te ve ins . A vuggy quartz 
f r a c t u r e cuts the f lakey s e r i c i t e zone. S ta in ing shows only 
i n t e r s t i t i a l primary K- fe ldspar . 
In th in s e c t i o n , quartz s e r i c i t e zones are crossed or assoc iated 
with c h l o r i t e v e i n l e t s . 
Mafic minerals have been var iab ly replaced by c h l o r i t e and 
ep idote . B i o t i t e may be r e l a t i v e l y fresh but with secondary 
overgrowths. Hornblende may be replaced by a mixture of b i o t i t e 
and quar tz . The secondary b i o t i t e i s greenish brown to almost 
tourquoise in co lour . P l a g i o c l a s e i s l i g h t l y a l t e r e d , except 
near quartz s e r i c i t e zones where a l t e r a t i o n i s in tense . 
Fractures with secondary b i o t i t e a lso occur. Some with f lakey 
s e r i c i t e halos cons i s t of quartz carbonate epidote and 
su lph ides . 



HE1-1 Grey f resh- look ing Skeena g r a n o d i o r i t e . K-fe ldspar i s primary 
and open i n t e r s t i t i a l (12%). 
In th in s e c t i o n , b i o t i t e i s red-brown, hornblende i s fresh but 
has interna l b i o t i t e (primary ? ) . Mafics are l o c a l l y par t ly 
c h l o r i t i z e d . P lag ioc lase i s general ly only very l i g h t l y a l tered 
to s e r i c i t e . 
Fractures are coated by carbonate-kao l in i te ( a r g i l l i e 
a l t e r a t i o n ) . 

HE1-2 Skeena granodior i te that i s grey-green and weakly a l t e r e d . 
Fractures are coated with c h a l c o p y r i t e - b o r n i t e . K-fe ldspar i s 
mainly primary but some f ractures with bornite carry 
K- fe ldspar . 
Thin sect ion shows minor secondary b i o t i t e overgrowths on 
b i o t i t e and replacement of hornblende. A l l mafics are p a r t i a l l y 
a l t e r e d . P lag ioc lase i s general ly 30 to 60% a l t e r e d to s e r i c i t e 
and c lays ( ? ) . 

HE1-3 Dull o l i v e green moderately a l te red Skeena granod ior i te . 
Molybdenite coats f r a c t u r e s . K- fe ldspar i s primary; much of the 
p l a g i o c l a s e takes a pale s ta in ( s e r i c i t e ? ) . 
P lag ioc lase a l t e r s mainly to s e r i c i t e but i n t e n s i t y var ies from 
15 to 85%. B i o t i t e i s f resh with narrow secondary b i o t i t e 
overgrowths; hornblende i s par t l y c h l o r i t i z e d or p a r t i a l l y 
b i o t i t e a l te red - epidote i s a minor product. 
B i o t i t e coats some f r a c t u r e s . Networks of carbonate f r a c t u r e s 
are la te stage features; they pinch and swell depending on the 
minerals being c u t . Quartz i s coarse and anhedral to open 
i n t e r s t i t i a l ; i t i s c r a c k l e d . 
Accessory minerals are magnetite, a p a t i t e and sphene. 

HE1-4 Molybdenite coats f ractures in t h i s pink a l te red rock. It has 
no K- fe ldspar ; mafics are bleached. Carbonate f ractures network 
the rock. 
The rock shows tecton ic brecc ia zones with carbonate and 
s e r i c i t e in the matr ix . These carry molybdenite. 
A l t e r a t i o n i s pervasive; fe ldspars are pink and replaced by 
microscopic s e r i c i t e , carbonate and hydromica. 
Y e i n l e t s are carbonate and quar tz -ser i c i te -MoS2 . 



HE2-1 Moderate pink and green p lag ioc lase a l t e r a t i o n in Skeena 
g r a n o d i o r i t e . Sulphides occur in f ractures and in c h l o r i t i z e d 
maf ics . One quartz cha lcopyr i te c h l o r i t e 'zone' has associated 
K-fe ldspar a l t e r a t i o n . There are three sets of su lphide-bear ing 
f r a c t u r e s . 
P l a g i o c l a s e i s heavi ly dusted by a l t e r a t i o n products - i n c l u d i n g 
s e r i c i t e . Mafics are c h l o r i t i z e d but hornblende was probably 
prev ious ly a l te red to secondary b i o t i t e . Some grains have 
adjacent zones of epidote a l t e r a t i o n . B i o t i t e i s a l t e r e d to 
c h l o r i t e and epidote . 
Cut by epidote carbonate and quartz K-fe ldspar epidote c h l o r i t e 
sulphide v e i n l e t s with K- fe ldspar a l t e r e d ha los . 

HE2-3 Dull o l i v e green a l t e r e d Skeena granodior i te in which a l l 
primary K-fe ldspar has been destroyed. Mafics are s e r i c i t i z e d . 
Carbonate coats f r a c t u r e s . 
Hornblende i s replaced by carbonate, apat i te and pale green 
c h l o r i t e . B i o t i t e i s dark and a l t e r e d but the minerals are not 
determinable (perhaps s e r i c i t e and Fe carbonate). P l a g i o c l a s e 
i s mainly a l t e r e d to f i n e ' f l a k e y * s e r i c i t e . The remnant matr ix 
mineral i s of lower r e l i e f than the o r i g i n a l p l a g i o c l a s e . 
S e r i c i t e f rac tures and loca l quartz s e r i c i t e zones occur . 

HE3-3 Pink and green a l t e r e d Skeena granod ior i te ; i t a lso has pink 
(not K- fe ldspar) a l t e r a t i o n adjacent to quartz c h a l c o p y r i t e 
f r a c t u r e s ; ocherous hematite carbonate-bearing v e i n l e t s occupy 
the same f r a c t u r e . A l te red mafics carry c h a l c o p y r i t e . Some 
f r a c t u r e s carry K- fe ldspar and some have K- fe ldspar a l t e r a t i o n 
h a l o s . Primary K-fe ldspar 1s i n t e r s t i t i a l . Much of the 
p ink-co loured a l t e r a t i o n i s not K- fe ldspar . 
Mafic i s a l t e r e d to c h l o r i t e and carbonate or s e r i c i t e . 
P l a g i o c l a s e i s pervas ive ly dusted by s e r i c i t e and some 
carbonate. 
Rock cut by carbonate-quartz and carbonate-epidote f r a c t u r e s . 



HE3-4 Grey Skeena granodior i te i s bleached or a l te red to pink and 
green colours near ve ins . Quartz cha lcopyr i te bornite veins 
have a pink K-fe ldspar a l t e r a t i o n halo that gives way outward to 
pink and pale o l i v e green p lag ioc lase a l t e r a t i o n . Later quartz 
f r a c t u r e s along or with bleach zones cut the quartz cha lcopyr i te 
born i te vein and are cut by q u a r t z - s e r i d t e - c h l o r i t e -
c h a l c o p y r i t e f ractures (these have n e g l i g i b l e a l t e r a t i o n h a l o s ) . 
Other f rac tures are coated with k a o l i n i t e ( a r g i l l i e a l t e r a t i o n ) . 
S t a i n i n g shows loca l K- fe ldspar a l t e r a t i o n adjacent to s e r i c i t i c 
f r a c t u r e s ; primary K-fe ldspar has been destroyed in vein 
a l t e r a t i o n halos . 
Hornblende i s a l te red to c h l o r i t e , epidote and carbonate; i t may 
have been b i o t i t e a l t e r e d e a r l i e r . Primary b i o t i t e i s genera l ly 
a l t e r e d to a dark f ibrous mat (secondary b i o t i t e ?) with 
spindles of s e r i c i t e along c leavages. Some c r y s t a l s are kink 
f o l d e d . P lag ioc lase i s pervas ive ly a l t e r e d ; gra ins are dul l 
brown with s e r i c i t e dusted through a lower r e l i e f matr ix . In 
t h i n sect ion only s e r i c i t i c f rac tures were seen. 

HE4 Weakly a l te red grey Skeena granodior i te cut by K- fe ldspar 
tourmaline cha lcopyr i te s t r ingers and cha lopyr i te -bear ing 
c h l o r i t i c f r a c t u r e s . Bleached zones have no obvious s t r u c t u r a l 
contro l but probably represent an outer envelope on mineral ized 
f r a c t u r e s - the sequence was f r a c t u r i n g then greenish 
p l a g i o c l a s e a l t e r a t i o n then b leach ing . 
P l a g i o c l a s e i s general ly pervas ive ly replaced by s e r i c i t e [50% 
disseminated s e r i c i t e ; remnants of twins preserved; in one area 
a l t e r a t i o n i s l i g h t (10%)]. B i o t i t e i s a l t e r e d to c h l o r i t e , 
s e r i c i t e , carbonate and miscel laneous semi-opaque products. 
In less a l t e r e d zones, hornblende i s par t l y a l t e r e d to 
a c t i n o l i t e and carbonate and b i o t i t e i s 80% c h l o r i t i z e d . 
Fractures contain quartz c h l o r i t e and carbonate with su lph ides . 
No tourmaline was seen in th in s e c t i o n . 

HE5-1 Weakly a l t e r e d Skeena granod ior i te with loca l zones that have 
green and white p lag ioc lase a l t e r a t i o n . Mafics look r e l a t i v e l y 
fresh in hand specimen. Primary K-fe ldspar i s open 
i n t e r s t i t i a l ; most i s destroyed in the quartz c h l o r i t e vein 
a l t e r a t i o n ha lo . 
In the th in sect ion p lag ioc lase i s clouded by s e r i c i t i c 
a l t e r a t i o n ; grain cores have loca l dustry epidote carbonate (?) 
zones. B i o t i t e i s par t l y or wholly c h l o r i t i z e d with f i n e l y 
c r y s t a l l i n e s e r i c i t e spindles along cleavage p lanes. Hornblende 
i s a lso a l t e r e d to c h l o r i t e s e r i c i t e and carbonate. Loca l l y 
textures suggest b i o t i t e replaced hornblende. 



HE5-2 Pervasive dark o l i v e green p lag ioc lase a l t e r a t i o n and 
s e r i c i t i z e d mafics i n Skeena g r a n o d i o r i t e . Primary K-fe ldspar 
has been destroyed. Magnetite has also been hematized. The 
rock i s c r i s s - c r o s s e d by a f ine network of carbonate f r a c t u r e s . 
S e r i c i t e and carbonate pervas ive ly replace p l a t i o c l a s e . Mafics 
are replaced s e l e c t i v e l y along the cleavage by white mica 
(hydromica ? b i re f r ingence low, length slow) or s e r i c i t e 
carbonate and opaque products. 

HE5-3 Cream and green a l te red Skeena granodior i te that i s cut by 
quartz-epidote-tourmal ine v e i n l e t s . A l l primary K-fe ldspars has 
been destroyed. 
P l a g i o c l a s e i s a l te red pervas ive ly to s e r i c i t e c h l o r i t e , epidote 
and carbonate. Mafic minerals a l t e r e d to c h l o r i t e epidote and 
opaque products. 
Tourmaline i s dark brown to tan or dark tourquoise; i t i s 
intergrown with c h l o r i t e , quartz and carbonate. Sphene i s 
abundant nearby; perhaps i t i s a vein mineral here. 

HE6-1 R e l a t i v e l y f resh Skeena granodior i te i s a l t e r e d to pink and 
green adjacent to a f rac ture f i l l e d by epidote and c h l o r i t e . 
There are loca l c h l o r i t e - c h a l c o p y r i t e f r a c t u r e s . Primary 
i n t e r s t i t i a l K- fe ldspar was destroyed in the a l t e r a t i o n ha lo . 
Mafics are fresh to c h l o r i t i z e d . 
P l a g i o c l a s e i s general ly s e r i c i t i z e d but l o c a l l y s a u s s u r i t i z e d 
(epidote masses); loca l areas are almost una l tered . In these 
areas hornblende i s p a r t l y c h l o r i t i z e d and b i o t i t e i s a l te red to 
f ib rous masses or eroded grains with loca l secondary b i o t i t e 
overgrowths. In more a l t e r e d areas hornblende i s par t l y b i o t i t e 
a l t e r e d . 
Fractures contain epidote and c h l o r i t e . 

HE6-2 Grey-green weakly a l t e r e d Skeena granod ior i te cut by 
c h a l c o p y r i t e - c h l o r i t e epidote carbonate and borni te cha lcopyr i te 
c h l o r i t e f r a c t u r e s . 
P l a g i o c l a s e i s l i g h t l y s e r i c i t i z e d along f rac tures general ly (5 
to 10%). Hornblende i s p a r t l y a l t e r e d to b i o t i t e c h l o r i t e 
epidote and carbonate. B i o t i t e i s fresh to c h l o r i t i z e d ; l o c a l l y 
i t has narrow secondary b i o t i t e overgrowths. 
The c h l o r i t i c f ractures have q u a r t z - s e r i c i t i c a l t e r a t i o n halos 
that are of var iab le width. 



HE-7 Dark o l i v e green fe ldspar a l t e r a t i o n of Skeena granodior i te 
character i zes t h i s sample. It i s cut by c h a l c o p y r i t e - b e a r i n g 
quartz c h l o r i t i c carbonate f r a c t u r e s . One f racture set with 
K - f e l d s p a r - s e r i c i t e a l t e r a t i o n halos i s cut by a second set with 
no ha los . 
V e i n l e t s are quartz-chlor i te-carbonate-opaque; halos are 
K - f e l d s p a r - s e r i c i t e - c a r b o n a t e . Fractures f i l l e d with carbonate 
are common and cut other ve ins . 
Away from v e i n l e t s p lag ioc lase i s l i g h t l y a l te red to s e r i c i t e . 
B i o t i t e i s red-brown with loca l narrow secondary overgrowths. 
Hornblende i s a l t e r e d to c h l o r i t e , carbonate and opaques. 

HE-8 Dark grey-green a l t e r e d Skeena g r a n o d i o r i t e . Cut by 
c h a l c o p y r i t e and cha lcopyr i te bornite f ractures and two sets of 
c h a l c o p y r l t e - c h l o r i t e f r a c t u r e s . Primary K-fe ldspar has 
surv ived; p lag ioc lase takes a pale potassium s t a i n . 
P l a g i o c l a s e i s r e l a t i v e l y l i g h t l y a l t e r e d (10 to 15%) o v e r a l l . 
Hornblende has a l t e r e d to b i o t i t e c h l o r i t e epidote carbonate and 
a l b i t e ( ? ) . B i o t i t e i s fresh or s l i g h t l y c h l o r i t i z e d . 
Fractures included networks of carbonate, b i o t i t e - c h l o r i t e , and 
c h l o r i t e - q u a r t z - c a r b o n a t e . 

HE9-2 F a i r l y intense dark o l i v e green fe ldspar a l t e r a t i o n in Skeena 
g r a n o d i o r i t e . Primary i n t e r s t i t i a l K- fe ldspar has s u r v i v e d . 
One quar tz -cha lcopyr i te f rac ture and minor p y r i t e were noted. 
In th in s e c t i o n , su lphide-bear ing f rac tures a lso carry b i o t i t e 
and hydromica or s e r i c i t e . 
P l a g i o c l a s e i s tan co loured, dusted with s e r i c i t e (40%) or 
carbonate and hydromica (?) or k a o l i n i t e ( ? ) . Mafic minerals 
have a l t e r e d to hydromica, opaque and quartz . 

HE10-2 O l ive green p lag ioc lase a l t e r a t i o n and dest ruct ion of primary 
K- fe ldspar h i g h l i g h t t h i s sample. Cha lcopyr i te occurs on 
f r a c t u r e s . 
P l a g i o c l a s e away from veins 1s weakly s e r i c i t i z e d (10 to 35%). 
Maf ics are gone to c h l o r i t e , carbonate and ep idote . C h l o r i t e 
replaces secondary b i o t i t e and in one instance the b i o t i t e i s 
preserved. 
F ractures carry carbonate-ch lor i te-opaque, quartz-carbonate, 
carbonate (younger) and there is a q u a r t z - s e r i c i t e - c a r b o n a t e -
opaque zone. 



HE11-1 Grey Skeena granodior i te cut by quartz f lakey s e r i c i t e zones 
with cha lcopyr i te and quartz cha lcopyr i te v e i n l e t s and a pink 
K-fe ldspar quartz zone. Z e o l i t e and carbonate f ractures occur. 
Primary b i o t i t e has secondary overgrowths and there are b i o t i t e 
c h l o r i t e f r a c t u r e s . The q u a r t z - s e r i c i t e zones have pockets of 
b i o t i t e that may be part of the zone. Primary b i o t i t e i s 
p a r t i a l l y a l t e r e d to c h l o r i t e and epidote; hornblende i s 
completely a l t e r e d . 
Most of the secondary b i o t i t e i s brown; some i s green and 
d i s t i n g u i s h a b l e from c h l o r i t e only by b i r e f r i n g e n c e . 
Accessory minerals are a p a t i t e , sphene and magnetite. 

HE11-2 The rock has one well developed set of minera l ized f rac tures 
with narrow f lakey s e r i c i t e se lvages. They carry cha lcopyr i te 
and b o r n i t e . P lag ioc lase i s grey and weakly a l t e r e d . Primary 
K- fe ldspar survived except in f lakey s e r i c i t e ha los . 
Hornblende has a l t e r e d to brown and green b i o t i t e and c h l o r i t e , 
and quartz (?) (or fe ldspar ? ) . Primary b i o t i t e i s par t l y 
c h l o r i t i z e d , often bent, and l o c a l l y has overgrowths. 
P l a g i o c l a s e i s general ly weakly s e r i c i t i z e d . 
Fractures of c h l o r i t e and b i o t i t e have halos in which s e r i c i t i c 
a l t e r a t i o n i s enhanced in adjacent p lag ioc lase c r y s t a l s . 

HI1-3 More a l t e r e d Skeena granod ior i te with wider f lakey s e r i c i t e 
quartz born i te zones with centra l quartz borni te ve ins . Pink 
a l t e r a t i o n (K-fe ldspar ?) along f rac tures has loca l tourmaline 
b lebs . Fractures are z e o l i t e coated. 
P l a g i o c l a s e i s v a r i a b l y weakly to pervas ive ly a l te red to 
s e r i c i t e . Mafics a l t e r to c h l o r i t e , epidote and quartz . I f 
there was secondary b i o t i t e i t i s c h l o r i t e now. 
V e i n l e t s are quartz a l b i t e c h l o r i t e and tecton ized (?) k a o l i n i t e 
quar tz . 

HE11-4 Weakly a l t e r e d granod ior i te cut by a p l i t i c s t r ingers and epidote 
f r a c t u r e s . Mafics are apparently a l t e r e d to secondary b i o t i t e ; 
they carry c h a l c o p y r i t e . F ractures carry c h a l c o p y r i t e - b i o t i t e . 
The K-fe ldspar s t a i n i n g worked poorly but primary K- fe ldspar 
apparently survived and the a p l i t e i s K- fe ldspar r i c h . 
P l a g i o c l a s e a l t e r a t i o n i s weak to l o c a l l y f a i r l y intense i n 
s e r i c i t e and c lays ( ? ) . Hornblende has been replaced by 
secondary b i o t i t e . 
Primary b i o t i t e looks p a r t l y a l t e r e d ; i t has overgrowths. 
There are pods with epidote a l t e r a t i o n , v e i n l e t s of ep idote-
c h l o r i t e - q u a r t z and a vein of quartz-epidote cemented by f ine 
carbonate. 



HE11-5 Weak grey-green fe ldspar a l t e r a t i o n , c h l o r i t i z e d mafics and 
loca l epidote a l t e r a t i o n character i ze the rock. 
S t a i n i n g and s labbing reveal quartz tourmaline veins with 
K- fe ldspar - f ree borders and c h l o r i t i c f ractures that cut quartz 
K- fe ldspar ve in le ts that have no a l t e r a t i o n f r i n g e s . 
P l a g i o c l a s e i s moderately to weakly a l t e r e d to s e r i c i t e and 
carbonate. 
Maf ic minerals are gone to c h l o r i t e , carbonate and epidote . 
C h l o r i t e i s pervasive but textures suggest secondary b i o t i t e as 
a precursor . 
F ractures contain q u a r t z - c h l o r i t e and c h l o r i t e - e p i d o t e with or 
without intense adjacent f i n e s e r i c i t i c a l t e r a t i o n of 
p l a g i o c l a s e . They have several o r i e n t a t i o n s . 

HE11-6 Grey Skeena (?) granodior i te cut by quartz K-fe ldspar born i te 
veins that are cut (?) by quartz s e r i c i t e cha lcopyr i te f ractures 
with centra l quartz v e i n s . Fractures have intense a r g i l l i e 
a l t e r a t i o n . Some mafics are f r e s h . Minera l i zed f ractures are 
less than 1 centimetre apart . 
P l a g i o c l a s e i s moderately a l te red to s e r i c i t e . 
Zones of quartz s e r i c i t e carbonate r e f l e c t several events; most 
have quartz sulphide ve ins . B i o t i t e i s f resh or s l i g h t l y 
c h l o r i t i z e d ; hornblende i s p a r t i a l l y a l t e r e d to b i o t i t e . 
Some quartz s e r i c i t e zones have pockets of secondary b i o t i t e . 


