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INTRODUCTION 

This r e p o r t i s an attempt to communicate the r e s u l t s of a d e t a i l e d 
p e t r o y r a p h i c e l e c t r o n microprobe examination of 55 samples s e l e c t e d from 
diamond d r i l l core from the Eskay Creek gold prospect near Stewart, B r i t i s h 
Columbia. 

A l l samples were examined i n r e f l e c t e d and t r a n s m i t t e d l i g h t and r e l e v a n t 
m i n e r a l s were analysed with a OLOL 3XA-8600 e l e c t r o n microprobe equipped with 4 
wavelength spectrometers and an energy d i s p e r s i v e X-ray d e t e c t o r , EOS. The 
b a c k s c a t t e r e d e l e c t r o n d e t e c t o r BSE was used e x t e n s i v e l y to i n v e s t i g a t e the 
degree of c o m p o s i t i o n a l v a r i a t i o n i n i n d i v i d u a l s u l p h i d e g r a i n s and to document 
the t e x t u r a l r e l a t i o n s h i p s of complex intergrowths of v a r i o u s s u l p h i d e mineral 
s p e c i e s . The BSE d e t e c t i o n image d i s p l a y s through grey l e v e l s i n the image, 
v a r i a t i o n s i n the mean atomic number of v a r i o u s domains, u s u a l l y m i n e r a l g r a i n s 
in the area r a s t e r e d by the e l e c t r o n beam on the microprobe. I t i s d i f f i c u l t 
to p o r t r a y i n the same image d i f f e r e n t domains of h i g h l y c o n t r a s t i n g mean 
atomic number, such as HgS or PbS i n a q u a r t z , muscovite and c h l o r i t e m a t r i x . 
The c o n t r a s t and gain s e t t i n g s which p o r t r a y r e l a t i o n s h i p s between high mean 
atomic number s u l p h i d e s p e c i e s n e c e s s a r i l y r e s u l t i n the l o s s of d e t a i l 
concerning t e x t u r a l l y r e l a t e d s i l i c a t e and carbonate low mean atomic number 
mineral species which appear black i n the BSE photograph. Despite t h i s 
shortcoming the BSt d e t e c t i o n i s considered a u s e f u l t o o l and was used 
e x t e n s i v e l y i n t h i s study. The BSE images which d i s p l a y domains of high Hg and 
Ag i n i n o i v i d u a l s p h a l e r i t e and t e t r a h e d r i t e g r a i n s throughout t h i s r e p o r t are 
t r u l y s p e c t a c u l a r and could not be portrayed i n any other way. 

An i n i t i a l r e p o r t concerning 13 d r i l l core samples from Eskay Creek was 
provided to 3.D. B l a c k w e l l dated May 15, 1989. In the w r i t e r ' s view the 
o b s e r v a t i o n s and i n t e r p r e t a t i o n s i n t h i s i n i t i a l study are l a r g e l y 
s u b s t a n t i a t e d by the present work. However, the s i g n i f i c a n c e of c e r t a i n 
m i n e r a l o g i c a l a s s o c i a t i o n s and t e x t u r a l f e a t u r e s such as pseudomorphous 
replacement r e l a t i o n s h i p s i n these 13 samples was not f u l l y a ppreciated and 
where necessary c e r t a i n i n t e r p r e t a t i o n s have been modified i n the l i g h t of 
i n f o r m a t i o n provided by the much l a r g e r and more r e p r e s e n t a t i v e sample s u i t e . 
I t should ever be thus. 
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In a d d i t i o n t e x t u r e s and assemblages i n t h i s l a r g e r sample s u i t e h i n t at a 
number of processes and f l u i d compositions not addressed i n the f i r s t r e p o r t . 
These are discussed subsequently. However, i n the w r i t e r ' s view t h i s i s s t i l l 
onl> p a r t of the s t o r y . The Eskay Creek gold d e p o s i t formed i n a t r u l y complex 
set ot g e o l o g i c a l , s t r u c t u r a l and f l u i d dominated hydrothermal processes not 
yet f u l l y a p p r e c i a t e d . 
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SULPHIDE ANALYSES, PROCEDURES AND SPECTRAL OVERLAPS 

This s e c t i o n i s an attempt to o u t l i n e the r a t i o n a l e and techniques used i n 
g e n e r a t i o n o f the s u l p h i d e analyses i n t h i s r e p o r t . A d i s c u s s i o n of the 
shortcomings of the use of the energy d i s p e r s i v e , EDS X-ray detector to 
p o s i t i v e l y i d e n t i f y unknown, high atomic number sulph i d e m i n e r a l s i s included 
at the request of 3.D. B l a c k w e l l . 

The b a s i c o p e r a t i n g p r i n c i p l e s of an e l e c t r o n microprobe are q u i t e simple 
i n theory. A beam o f e l e c t r o n s drawn o f f a hot tungsten f i l a m e n t i s 
a c c e l e r a t e d i n a 20 KV p o t e n t i a l d i f f e r e n c e , i n the case of high atomic number 
su l p h i d e m i n e r a l s , and focused on a sample with electromagnetic l e n s e s . The 
e l e c t r o n beam i s approximately 2-5 microns i n s i z e . Incoming energy of the 
e l e c t r o n beam e n e r g i z e s the e l e c t r o n s i n the v a r i o u s sp and d o r b i t a l s s h e l l s 
i n a l l atoms present i n the r e g i o n of impingement of the e l e c t r o n beam. The 
energized e l e c t r o n s s t a t i s t i c a l l y r i s e and f a l l between the v a r i o u s o r b i t a l 
s h e l l s i n the atoms present i n the sample and emit X-ray energies that are 
co n s t r a i n e d by the bond st r e n g t h s of the i n d i v i d u a l atoms presents and i n a 
sense c h a r a c t e r i z e t h a t atom. For example, i r o n and n i c k e l have a d i f f e r e n t 
mass number and the bond strengths between e l e c t r o n o r b i t a l s i n each atom are 
d i f f e r e n t . Thus the X-ray energies r e s u l t i n g from e l e c t r o n t r a n s i t i o n s between 
the d i f f e r e n t o r b i t a l s h e l l s have s u b t e l y d i f f e r e n t energies or wavelengths 
which can be used to c h a r a c t e r i z e the amount of the atom present as a f u n c t i o n 
of the i n t e n s i t y of the emergent s o - c a l l e d c h a r a c t e r i s t i c X-ray l i n e . The 
c h a r a c t e r i s t i c X-ray l i n e s emerge as energy s p i k e s above a background or 
continuum of energy t h a t r e s u l t s from a confuseo v a r i e t y of e l e c t r o n sample 
i n t e r a c t i o n s . I t i s the a b i l i t y of the a n a l y t i c a l system to s t a t i s t i c a l l y 
d e t ect a c h a r a c t e r i s t i c X-ray l i n e or peak above t h i s background t h a t i s the 
l i m i t i n g f a c t o r i n determining accuracy and the d e t e c t i o n l i m i t i n microprobe 
ana l y s e s . 

The technique i s comparative i n t h a t the count r a t e s f o r the v a r i o u s K, L, 
M X-ray l i n e s of the atoms of i n t e r e s t obtained from standards placed under the 
e l e c t r o n beam are stored with r e l a t e d background count r a t e s on e i t h e r side of 
the peak, i n computer memory. Peak and r e l a t e d background count r a t e s f o r the 
same X-ray l i n e s are then obtained from the sample or unknown placed under the 
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e l e c t r o n beam. The compositions of the standaras are i d e a l l y a c c u r a t e l y known 
values and standard count r a t e s are compared with the peak ana background of 
the unknown mineral ano an approximate composition i s obtained by o i r e c t 
comparison. Once these values have been obtained for a l l the atoms present i n 
the unknown, the r e s u l t s are mooifieo to some degree by a c o r r e c t i o n proceaure 
using a computer program and a composition of the unknown mineral i s thus 
o b t a i n e a . 

The procedure i s fraught with p o t e n t i a l problems t h a t lead to i n a c c u r a c i e s 
i n the data. C l e a r i > the composition of the standards must a c c u r a t e l y be known 
as r e s u l t s are to a g r e a t extent only as good as the standards used. An> 
s i g n i f i c a n t v a r i a t i o n s i n tne a n a l y t i c a l system such as vacuum, e l e c t r o n i c 
l e v e l s i n the counting c i r c u i t s , or a b i l i t y of the p h y s i c a l mechanism i n the 
wavelength X-ray spectrometer to move tne d e t e c t i o n c r y s t a l L i F , PET, T a P from 
the p o s i t i o n of one X-ray .li n e to the other r e s u l t s i n e r r o r . Also the 
p o s i t i o n of the e l e c t r o n beam on the sample i s c r i t i c a l as any X-ray energies 
from adjacent m i n e r a l s which are included i n the " a n a l y s i s " w i l l c l e a r l > lead 
to e r r a t i c ana i n a c c u r a t e r e s u l t s . There i s a lower l i m i t to s i z e of a mineral 
g r a i n which can be analysed l a r g e l y c o n s t r a i n e d by the s i z e of the e l e c t r o n 
beam. I d e a l l y the area or volume of the stanoard ana the sample from which 
X-ra\ s p e c t r a are compared should be i d e n t i c a l . 

Sulphide analyses i n t h i s r e p o r t were obtained with wavelength X-ra\ 
spectrometers u t i l i z i n g mineral standards appropriate to the s u l p h i d e mineral 
s p e c i e s analszeo i . e . HgS, ZnS, Sb2S3, PbS for cinnabar, s p h a l e r i t e , s t i b n i t e 
and galena. This procedure minimizes c e r t a i n inadequacies i n the c o r r e c t i o n 
programs t h a t p a r t i c u l a r l y i n v o l v e sulphur. For example, S i n the PbS stanoara 
may indeed oe a c c u r a t e l y known, but using the emergent X-ray count of S K i n 
PbS as the r e f e r e n c e stanaara c o n s i s t e n t l y y i e l d s i n a c c u r a t e r e s u l t s for S i n 
the ZnS or HgS stanaard t r e a t e d as an unknown. 

For any s p e c i f i c m i neral such as s p h a l e r i t e , the procedure used was to 
c a l i b r a t e the system for a l l elements against pure metal, Au, Ag, or 
c o m p o s i t i o n a l l y simple s u l p h i d e standards FeS, ZnS, PbS, HgS, Sb2S3« 

The ZnS standard was then analysed a g a i n s t i t s e l f to e s t a b l i s h a c e r t a i n 
l e v e l of accuracy for the major elements Zn, S and to e s t a b l i s h proper 
background l e v e l s for the " t r a c e " elements on e i t h e r s i d e of the s p e c i f i c 
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wavelength p o s i t i o n e s t a o l i s h e d on the major element stanoards. I t i s c r i t i c a l 
i n the a n a l y s i s of t r a c e elements to r e - e s t a b l i s h the proper background count 
r a t e s for any s i g n i f i c a n t change i n composition as t h i s determines the mean 
atomic number of the sample which s i g n i f i c a n t l y a f f e c t s the background l e v e l 
and thus count r a t e s . These consider a t i o n s are very important i n the a n a l y s i s 
of important elements such as Au i n s p h a l e r i t e i n the Eskay Creek samples which 
i n some cases have a zoned or patchy domainal s u b s t i t u t i o n of Hg for Zn. 

V a r i a t i o n s i n Hg at a 2.00 weight percent l e v e l s i g n i f i c a n t l y e f f e c t the 
l e v e l of the continuum or backgrouno i n the environment of the Au peak p o s i t i o n 
and s p e c i e s values of 0.10 - 0.20 can e a s i l y be a consequence of a f a i l u r e to 
p r o p e r l y e s t a b l i s h or measure backgrounds on t h i s new composition. Conversely, 
stored oackgrounas on Hg r i c h domains would be too high for more Zn r i c h 
domains and e f f e c t i v e l y mask the presence of 0.10 - 0.20 weight percent Au. 

Yet another problem i n wavelength d i s p e r s i v e analyses has to do with 
s p e c t r a l i n t e r f e r e n c e s and the proper X-ray l i n e must be chosen. Two s p e c t r a l 
l i n e s may be used to q u a n t i f y the presence of gold i n any mineral M or L . 
Unfortunately t h e r e i s a small Zn peak i n the continuum near the p o s i t i o n of 
Au L and d e s p i t e the measurement of proper backgrounds on ZnS near the Au L 
p o s i t i o n , analyses of ZnS for gola using the Au L l i n e g e n e r a l l y r e s u l t i n 
spurious gola c o n c e n t r a t i o n s i n the range 0.20 - 0.40 weight percent. There i s 
a more s i g n i f i c a n t s p e c t r a l i n t e r f e r e n c e between Pb L ana As which leads to 
s i g n i f i c a n t l y e rroneously enhanced lead c o n c e n t r a t i o n s i n a r s e n i c r i c h 
m i n e r a l s . This i n t e r f e r e n c e i s a problem i n the a n a l y s i s of t e t r a h e d r i t e ana 
the Pb As Sb Ag S s u l p h o s a l t mineral species present i n the Eska\ Creek 
samples. The Pb M l i n e was used. 

Despite a l l the p o t e n t i a l problems however, with c a r e , r e l a t i v e l y accurate 
analyses of c o m p o s i t i o n a l l y complex s u l p h i a e mineral species can be achieved. 

Such i s not the case with s u l p h i d e a n a l y s i s using EDS or energy d i s p e r s i v e 
X-ray d e t e c t o r s and numerous energy ove r l a p s have rendered such systems 
e s s e n t i a l l y u seless for q u a n t i t a t i v e a n a l y s i s of complex high atomic number 
su l p h i d e s p e c i e s . In f a c t even use of EDS systems to r a p i d l y assess the 
presence or absence o f c e r t a i n elements can lead to s e r i o u s and important 
mistakes. On a l l EDS systems t h e r e i s a s e r i o u s energy o v e r l a p between S, Pb 
M , Hg M , Au M such t h a t a l l of these peaks appear at almost the same energy 
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p o s i t i o n on an EOS spectrum. In r e a l i t y i f the e l e c t r o n beam i s r e s i d i n g on a 

volume of galena, a s i n g l e peak at the S, Pb H energy p o s i t i o n r e s u l t s and 
inaeed i t i s not p o s s i b l e to be c e r t a i n i f the m a t e r i a l i s indeed pure S, pure 
Pb, PbS, pure Hg, pure HgS, or n a t i v e Au. The i m p l i c a t i o n s of the use of an 
EUS system on a stand alone b a s i s without the use of wavelength specrometers to 
examine the complex s u l p h i d e assemblages at Eskay Creek are obvious. The high 
ctorr.ic elements Pb, Hg, Au have other l i n e s , L l i n e s at higher energies i n the 
energy d i s p e r s i o n system. However, the count r a t e s for these l i n e s are low a r ia 

thus the d e t e c t i o n l i m i t using these higher energy l i n e s i s poor. For example 
the £US spec t r a for s p h a l e r i t e with 5.00 weight percent hg generated using the 
wavelength specrometers has oni> a barely a i s c e r n a b l e minute peak at the higher 
energy Hg L p o s i t i o n . 

S i m i l a r o v e r l a p d e t e c t i o n l i m i t problems a r i s e using an EDS system to 
attempt to e s t a b l i s h the presence or absence of Au i n hgS. An overlap prevents 
use at the Au M - Hg M p o s i t i o n where count r a t e s ana thus a reasonable 
d e t e c t i o n l i m i t i s high. Count r a t e s are low anc c o n s t r a i n s an u n r e a l i s t i c 
d e t e c t i o n l i m i t at the higher energy Au L p o s i t i o n . Any suggestion that hgS 
may or may not c o n t a i n submicroscopic domains of gold on the b a s i s of an EDS 
spectre i s i n the w r i t e r ' s view completely r i d i c u l o u s . An EDS system i n the 
wrong hands i s a dangerous t h i n g . however , such systems are qu i t e u s e f u l for 
r apid compositional assessment of unknown mineral species with a wavelength 
spectrometer system i n r e s e r v e . 
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SULPHIDE, GOLD, AMALGAM ANALYSES IN ESKAY CREEK SABLES 

Throughout the course of t h i s study s p e c i a l a t t e n t i o n was given to the nature 
o f the s u l p h i d e m i n e r a l s present i n each sample. A l l samples were examined i n 
r e f l e c t e d l i g h t but i n f o r m a t i o n provided by t h i s technique was g e n e r a l l y 
i n c o n c l u s i v e due to the f a c t the "opaque" mineral s p e c i e s i n the Eskay Creek 
ore have very s i m i l a r and ambiguous r e f l e c t e d l i g h t o p t i c a l p r o p e r t i e s , being 
v a r i o u s shades of white and grey. The back s c a t t e r e d e l e c t r o n d e t e c t o r was 
used e x t e n s i v e l y and the s u r f a c e o f a l l samples was examined at low 
m a g n i f i c a t i o n , 40-500X, to i d e n t i f y " b r i g h t r e g i o n s " of high atomic number. 
These re g i o n s were then i n v e s t i g a t e d i n d e t a i l at higher m a g n i f i c a t i o n , 1000-
3000X, using the EDS system to t e n t a t i v e l y i d e n t i f y the m i n e r a l s of i n t e r e s t . 
These were then analysed w i t h the wavelength spectrometer a n a l y t i c a l system. 
The w r i t e r f e e l s t h a t most v o l u m e t r i c a l l y s i g n i f i c a n t s u l p h i d e mineral species 
i n the Eskay Creek ore have been i d e n t i f i e d , although the minor occurrence of 
a d d i t i o n a l m i n e r a l s i s a c e r t a i n p o s s i b i l i t y . 

A l l m i n e r a l s t e n t a t i v e l y i d e n t i f i e d are l i s t e d i n the i n d i v i d u a l t h i n s e c t i o n 
d e s c r i p t i o n s . Analyses of amalgam, g o l d , complex PbSbAs (Hg,Ag,Cu,Zn) 
s u l p h o s a l t s s p e c i e s , s p h a l e r i t e Zn (Hg Fe)S, and t e t r a h e d r i t e are presented i n 
Tables 1-4, r e s p e c t i v e l y . Samples i n which s u l p h i d e m i n e r a l s were analysed are 
l i s t e d below. The number of analyses i n these t a b l e s i s i n no way r e l a t e d to 
the abundance of the s u l p h i d e mineral i n any samples and i n many samples only 
s e v e r a l minute aomains of the mineral were noted. These are represented by a 
s i n g l e a n a l y s i s i n the r e l e v a n t t a b l e . These s i n g l e analyses are considered 
u s e f u l i n the documentation of the occurrence and composition of the mineral 
fo r m e t a l l u r g i c a l purposes and to add to the data base a l l o w i n g assessment of 
p o t e n t i a l s p a t i a l m i neral c o m p o si t i o n a l zoning i n the Eskay Creek d e p o s i t . 

6-97.5 - s p h a l e r i t e , t e t r a h e d r i t e , HgS, PbSbAsS 
9-74.9 KLB - s p h a l e r i t e , s t i b n i t e , HgS, PbSbAsAgS, a k t a s h i t e 
9-74.9 CA-5 s p h a l e r i t e , HgS, s t i b n i t e 

s p h a l e r i t e , HgS 
t e t r a h e d r i t e , AgSbS 

9-75.2 
9-102.5 
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11-144.5 - s p h a l e r i t e , PbS 
12-75.6 - NiSbS, u l l m a n n i t e 
12-65.2 - s p h a l e r i t e , t e t r a h e d r i t e , Pi 
12-92.3 - s p h a l e r i t e , t e t r a h e d r i t e 
12-119.7 - t e t r a h e d r i t e , PbSbAgS 
12-121.6 - PbSbAgS 
13-65.5 - t e t r a h e d r i t e , HgS, PbSbAgS 
14-55.2 CA-12 - t e t r a h e d r i t e , P D S 

15-73.0 - t e t r a h e d r i t e 
15-75.1 - s t i b n i t e , PbS, HgS, amalgam 
16-63.5 - s p h a l e r i t e , PbSbHgAgS 
16-65.7 - t e t r a h e d r i t e , PbSbAsS 
16-77.0 - PbSbS 
16-106.3 - s p h a l e r i t e 
1b-106.6 - s p h a l e r i t e 
16-200.4 - s p h a l e r i t e , t e t r a h e d r i t e 
21-59.1 - PbSbAgAsS, a k t a s h i t e , g o l d 
21-66.9 - PbSbAgS 
55-95.6 - s p h a l e r i t e , PbSbCuS 

S t i b n i t e , galena and cinnabar were i n v e s t i g a t e d c o m p o s i t i o n a l l y i n most samples 
where noted and analyzed i n d e t a i l i n c e r t a i n samples l i s t e d above with s p e c i a l 
a t t e n t i o n given to the p o s s i b l e presence of Au and Ag. Care was taken to 
e s t a b l i s h the proper background i n t e n s i t i e s during these analyses. The pure 
end member HgS and Sb S standards were analyzed a l t e r n a t e l y with the i n d i v i d u a l 
"unknown" m i n e r a l s i n each sample to e l i m i n a t e the p o s s i b i l i t y of improper 
background i n t e n s i t i e s t h a t woula lead to spurious Au, Ag c o n c e n t r a t i o n s . 

In the w r i t e r ' s view galena, cinnabar and s t i b n i t e are e s s e n t i a l l y end member 
PbS, HgS and Sb2S3 compositions i n the Eskay Creek ore. I f present at a l l i n 
the s t r u c t u r e of these m i n e r a l s , g o l d and s i l v e r n e c e s s a r i l y must be present at 
c o n c e n t r a t i o n l e v e l s below the d e t e c t i o n l i m i t o f the e l e c t r o n microprobe, 0.02 
weight per cent or 200 ppm. Analyses of these m i n e r a l s have not been included 
i n t h i s r e p o r t as to have done so would be an e x e r c i s e i n the a b i l i t y of the 



Table 1. Akta s h i t e , Amalgam and Gold Analyses. 

1 
9-74.9 

2 
9-74.9 

3 
9-74.9 

4 
21-59.1 

5 
21-59.1 

6 
21-59.1 

7 
15-75.1 

8 
15-75.1 

9 
15-75.1 

10 
15-75.1 

11 
15-75.1 

Au 0.00 0.00 0.00 0.00 0.00 84.82 0.26 0.26 0.26 0.26 0.72 
Ag 0.29 0.54 0.64 0.53 0.46 9.55 63 .50 63.89 63.89 64.11 64.35 
Hg 30.84 32.10 32.05 31.28 31.09 5.00 35.04 33.90 34.61 34.86 34.96 
S 25.40 25.79 25.16 25.94 26.70 - 0.00 0.00 0.00 0.00 0.00 
As 14.50 17.12 17.38 11.73 12.06 - - - - - -
Cu 24.15 23.81 23.57 25.89 26.11 - - - - - -
Zn 0.47 0.47 0.41 0.60 0.65 - - - - - -
Fe 0.19 0.13 0.14 0.17 0.18 - - - - - -
5b 1.62 2.76 2.75 4.01 3.85 - - - - - -
Pb 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 

Total 97.66 1U2.72 102.11 
Cu Hg 5b S 

100.16 101.10 99.37 
gold 

98.79 98.08 99.38 
amalgam 

99.86 100.06 
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Table 2. Pb 5b Hg Ag As 5 Analyses. 

1 2 3 4 5 6 7 8 9 10 11 12 13 
• 

9-74.9 9-74.9 12-88.2 12-88.2 12-119.7 12-119.7 12-119.7 12-119.7 12-119.7 12-121.6 12-121.6 13-88.5 13-88. 

Au 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 
Ag 10.12 10.35 0.00 0.00 5.83 11.76 5.91 6.05 10.44 3.50 3.50 10.33 10.23 
Hg 3.88 3.89 0.00 0.00 0.00 o . o o 0.00 0.00 0.00 0.00 0.00 0.00 , 0.00 
S 24.46 24.96 19.92 19.71 19.14 22.13 18.74 19.65 20.60 19.91 19.52 21.63 21.32 
As 6.13 6.45 1.02 1.13 0.29 0.56 0.46 0.49 0.54 1.71 1.66 4.00 3.90 
Cu 0.72 0.57 13.35 13.22 0.49 0.10 0.56 0.63 0.30 0.66 0.66 0.76 0.69 
Zn 0.68 0.35 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Fe 0.06 0.05 0.04 0.05 0.46 0.65 0.05 0.05 0.00 0.67 0.70 2.02 2.38 
5b 33.18 33.70 23.82 23.72 29.27 40.91 29.79 29.64 39.56 29.28 29.09 38.06 36.84 
Pb 20.93 21.39 42.23 40.87 43.81 22.45 44.82 42.19 25.79 42.72 43.43 22.96 24.28 

Total 100.09 101.70 100.38 98.70 99.36 98.58 99.85 98.77 97.24 98.45 98.54 100.77 100.64 



Table 2 (continued) 

14 15 16 17 18 19 20 21 22 23 24 27 26 
16-83.5 16-83.5 16-85.7 16-85.7 18-77.07 18-77.07 21-59.1 21-68.9 21-68.9 21-68.9 21-68.9 55-98.8 55-98^ 

Au 0.00 0.52 0.00 0.00 0.00 0.05 0.00 0.09 0.02 0.00 0.00 0.00 O.OC 
Ag 9.74 9.58 10.66 10.55 0.27 0.37 11.08 10.22 10.18 10.32 10.67 0.00 O.OC 
Hg 3.74 5.07 2.33 2.58 0.00 0.00 0.78 1.93 2.02 0.74 1.57 0.00 O.OC 
S 22.81 22.61 22.19 22.32 22.82 22.33 23.51 23.04 23.11 23.11 23.07 20.00 20.6C 
As 4.14 4.42 4.74 3.48 1.79 1.85 6.14 1.67 1.63 1.60 2.08 0.64 0.5C 
Cu 0.84 0.94 2.07 0.44 0.33 0.23 0.47 1.02 0.90 1.02 0.98 13.45 13.36 
Zn 0.00 0.06 0.16 0.01 0.02 0.00 0.03 0.01 0.09 0.03 0.27 0.00 O.OC 
Fe 0.52 0.59 0.18 0.09 0.02 0.00 0.00 0.55 0.57 0.17 0.38 0.00 O.OC 
Sb 36.36 35.72 35.20 36.96 44.21 44.15 38.87 40.47 39.68 39.95 40.25 24.20 24.50 
Pb 21.08 22.60 23.55 23.46 32.92 31.10 19.75 21.47 19.90 20.60 21.07 43.15 40.81 

J . — , • „ . I 

Total 99.25 102.11 101.07 99.88 102.38 100.07 100.62 100.46 98.10 98.54 100.34 101.43 99.86 



Table 3. Sphalerite Analyses. 

1 2 3 4 5 6 7 8 9 10 11 12 
9-74.9 9-74.9 9-74.9 9-74.9 9-74.9 9-74.9 9-74.9 9-74.9 9-74.9 9-74.9 9-74.9 9-74.9 

Au 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.04 0.00 0.00 
Hg 33.40 33.02 10.99 21.43 31.09 28.86 30.10 23.10 18.62 28.03 27.34 14.25 
S 25.66 26.66 30.16 28.36 26.53 27.43 29.31 29.90 30.87 28.91 29.45 32.55 
Zn 40.16 40.48 56.32 48.81 41.99 43.14 38.78 44.05 47.43 41.27 41.42 52.32 
Fe 0.15 0.28 0.09 0.15 0.20 0.18 0.16 0.14 0.12 0.19, 0.19 0.17 
Mn 0.66 0.66 0.51 0.95 1.18 1.09 - -

Total 102.82 101.00 98.07 99.63 101.00 100.70 99.37 97.30 97.22 98.90 98.61 97.07 
core i n t margin 

3-4-5 - zoned g r a i n P l a t e 9-74.9-12 
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Table 3 (continued) 

13 14 15 16 17 18 19 20 21 22 23 24 
9-74.9 9-74.9 9-74.9 9-74.9 9-75.2 9-75.2 9-75.2 9-75.2 9-75.2 9-75.2 9-75.2 9-75.2 

Au 0.00 0.00 - - 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 24.94 28.38 26.45 23.79 28.81 26.26 26.00 26.89 27.27 27.17 27.02 28.20 
S 29.65 28.67 29.37 28.73 28.67 28.51 28.73 28.48 28.67 28.08 28.26 26.64 
Zn 43.10 41.10 42.26 40.80 40.69 44.92 44.93 45.85 45.41 43.08 43.97 41.72 
Fe 0.18 0.19 0.17 0.16 0.20 0.14 0.08 0.09 0.10 0.08 , 0.04 0.11 
Mn - 1.11 1.16 1.04 0.96 1.01 0.49 0.90 

Total 98.16 98.93 98.46 98.73 98.45 101.07 100.85 102.35 102.34 99.44 99.79 97.57 



Table 3 (continued) 

25 26 27 28 29 30 31 32 33 34 35 36 
11-144.5 11-144.5 11-144.5 11-144.5 11-144.5 11-144.5 11-144.5 11-144.5 12-88.2 12-88.2 12-88.2 12-88.2 

Au 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.03 
Ag 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.44 2.02 1.73 
S 34.97 34.30 35.28 33.03 33.16 33.06 33.24 33.28 32.92 32.81 31.69 32.37 
Zn 60.51 62.10 62.04 62.20 61.49 62.54 60.92 61.27 63.67 64.04 63.03 65.62 
Fe 4.15 3.89 4.21 3.65 3.29 2.98 3.94 4.27 0.27 0.45 0.35 0.02 
Mn 0.00 0.00 0.00 0.27 0.24 0.18 0.30 0.29 0.11 0.23 0.21 0.07 

Tot a l 99.63 100.44 101.55 99.15 98.18 98.76 98.39 99.11 97.03 97.98 97.30 98.85 
C C M M 



Table 3 (continued) 

37 38 39 40 41 42 43 44 45 46 47 48 
12-88.2 12-88.2 12-88.2 12-88.2 12-88.2 12-88.2 12-92.3 13-88.5 13-88.5 13-88.5 13-88.5 13-88.5 

Au 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.09 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 2.32 1.74 0.03 1.84 2.01 0.41 1.80 0.57 0.96 0.64 0.73 0.69 
S 32.76 33.04 33.40 33.19 32.70 32.96 31.57 32.72 34.34 33.17 34.25 33.62 
Zn 64.02 63.55 64.66 63.45 63.55 65.20 63.06 64.77 64.98 64.72 64.08 64.40 
Fe 0.35 0.22 0.53 0.21 0.25 0.38 0.34 0.64 0.63 0.67 0.56 0.64 
Mn 0.29 0.17 0.22 0.30 0.27 0.21 0.13 0.03 0.05 0.05 0.07 0.05 

Total 99.74 98.71 98.85 99.09 98.78 99.20 96.89 98.74 101.06 99.25 99.69 99.41 
C M M 



Table 3 (continued) 

49 50 51 52 53 54 55 56 57 58 59 60 
13-88.5 16-83.5 16-83.5 16-83.5 16-83.5 16-83.5 16-83.5 16-83.5 16-95.1 16-95.1 16-95.1 16-95.1 

Au 0.00 0.08 0.00 0.00 0.03 0.06 0.15 0.00 0.00 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.03 0.00 0.00 0.00 0.00 
Hg 0.82 8.74 8.63 8.37 8.58 9.57 9.29 8.99 1.22 1.34 4.13 3.38 
5 33.10 31.38 31.46 31.83 31.96 32.41 31.77 31.89 32.48 32.53 31.78 31.84 
Zn 65.34 59.39 59.75 58.95 59.88 58.11 58.68 57.72 66.72 66.65 62.26 64.86 
Fe 0.87 0.19 0.19 0.23 0.17 0.20 0.21 0.18 0.13 0.13 0.14 0.10 
Mn 0.06 0.67 0.81 0.70 0.74 0.70 0.86 0.84 0.34 0.44 0.75 0.57 

Total 100.18 100.44 100.83 100.07 101.33 101.30 100.90 99.66 100.90 101.10 101.00 100.75 
C M 
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Table 4. Tetrahedrite Analyses. 

1 
9-102.5 

2 
9-102.5 

3 
9-102.5 

4 
9-102.5 

5 
9-102.5 

6 
9-102.5 

7 
9-102.5 

8 
12-88.2 

9 
12-88.2 

10 
12-88.2 

11 
12-88.2 

12 
12-88.2 

Au 0.00 0.00 0.00 0.00 0.43 0.19 0.00 0.00 0.00 0.17 0.04 0.00 
Ag 15.66 15.81 11.67 12.61 35.66 36.53 15.12 10.92 11.15 12.72 11.57 12.47 
Hg 3.53 3.76 3.31 3.97 0.08 0.00 2.58 3.10 2.48 7.37 1.46 1.9* 
S 21.28 21.31 22.42 22.93 20.32 20.88 22.12 24.19 24.62 23.36 23.65 24.05 
As 0.82 0.76 4.90 4.69 1.44 1.32 0.64 2.82 2.72 2.20 2.02 1.92 
Cu 26.30 26.50 30.38 29.67 0.87 1.28 26.84 30.36 30.76 27.60 29.42 28.99 
Zn 5.47 5.57 5.86 5.70 0.06 0.15 5.74 5.30 5.53 3.43 5.96 5.73 
Fe 0.09 0.09 0.11 0.10 0.05 0.00 0.07 0.74 0.69 0.90 0.41 0.62 
Sb 25.97 26.33 30.63 21.07 40.87 41.84 27.14 24.29 24.87 23.94 25.70 25.24 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 99.13 100.13 99.27 100.75 99.77 102.20 100.26 101.71 102.82 100.71 100.22 101.02 



Table 4 (continued) 

13 14 15 16 17 18 19 20 21 22 23 24 
12-88.2 12-88.2 12-88.2 12-86.2 12-88.2 12-92.3 12-92.3 13-88.5 14-53.2 14-53.2 14-53.2 14-53.2 

Au 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.02 
Ag 12.28 11.70 13.13 10.63 12.24 17.81 16.45 15.24 15.03 15.12 11.17 13.97 
Hg 6.26 3.79 3.92 3.46 3.69 1.01 1.38 0.00 0.47 0.21 0.19 0.39 
S 23.51 23.81 22.95 23.72 23.76 23.32 21.47 23.58 25.52 25.17 25.97 25.48* 
As 2.79 2.72 1.81 2.83 1.78 0.30 0.35 0.00 6.16 5.78 7.51 5.34 
Cu 28.46 29.31 27.87 29.58 28.21 23.23 24.44 27.81 30.73 30.90 32.14 29.66 
Zn 3.71 4.99 4.95 4.98 4.98 1.55 1.12 4.00 4.20 4.43 4.26 4.47 
Fe 0.89 0.66 0.62 0.87 0.82 3.81 4.47 2.78 2.57 2.50 2.53 2.34 
Sb 23.19 24.00 25.44 23.58 25.01 25.11 25.69 27.49 18.85 19.23 16.58 19.96 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 101.23 100.98 100.68 99.65 100.49 96.15 95.37 100.89 103.55 103.36 100.34 101.62 
C M 



Table 4 (continued) 

25 26 27 28 29 30 31 32 33 34 35 36 
14-53.2 14-53.2 14-53.2 14-53.2 14-53.2 12-119.7 12-119.7 14-53.2 14-53.2 14-53.2 15-63.1 15-73.0 

Au 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 12.08 11.15 11.60 10.17 9.69 17.54 17.13 9.69 12.50 14.53 10.60 10.21 
Hg 0.40 0.14 0.00 0.00 0.00 5.69 6.01 0.00 0.00 0.00 0.00 0.00. 
S 25.48 25.57 25.53 25.40 26.62 21.66 21.37 26.62 25.85 25.07 22.61 23.77 
As 5.55 7.49 6.84 7.89 10.57 1.21 1.05 10.57 7.89 4.08 1.00 5.52 
Cu 31.29 32.78 32.15 33.40 34.17 23.02 23.63 34.17 30.93 28.73 29.68 31.91 
Zn 4.88 4.43 4.48 4.27 4.03 4.16 4.08 4.03 4.00 4.54 4.28 4.17 
Fe 2.29 2.56 2.34 2.48 2.94 6.92 0.79 2.94 3.82 2.00 3.85 2.43 
5b 19.48 17.06 17.95 16.15 12.15 24.70 24.50 12.15 15.67 22.15 25.42 20.43 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 101.49 101.18 100.98 99.77 100.16 98.91 98.56 100.18 100.66 101.10 97.44 98.44 
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Table 4 (continued) 

37 38 39 40 41 42 43 44 45 46 
15-73.0 15-73.0 15-73.0 15-73.0 16-85.7 16-85.7 16-85.7 16-85.7 18-200.4 18-200.4 

Au 0.00 0.00 0.00 0.00 0.10 0.07 0.13 0.13 0.00 0.00 
Ag 10.37 9.91 8.03 8.35 9.05 8.23 8.78 9.82 4.41 4.18 
Hg 0.00 0.57 0.24 0.00 13.38 13.34 13.07 12.88 0.00 0.00 
S 23.88 24.04 25.74 24.66 23.56 23.01 23.45 23.18 23.30 22.99 
As 5.35 6.01 8.93 8.32 10.31 10.74 9.91 10.70 0.72 0.67 
Cu 32.06 32.24 35.14 34.13 31.04 31.74 31.60 29.24 35.11 35.57 
Zn 4.12 4.54 5.46 5.43 2.36 2.23 2.30 2.05 2.94 2.96 
Fe 2.38 2.35 2.61 2.72 0.72 0.53 0.68 1.03 5.06 5.02 
Sb 20.04 19.77 16.11 16.66 11.12 10.11 11.17 10.23 28.55 28.46 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 98.20 99.23 102.27 100.28 101.63 100.00 101.09 99.27 100.07 99.85 

en n 
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composition i n c l u d e s the s u b s t i t u t i o n of Fe, Mn, and Hg f o r Zn. I r o n - r i c h 
compositions p o s s i b l y c h a r a c t e r i z e s p h a l e r i t e i n samples of a l t e r e d r h y o l i t e 
f o o t w a l l to the m i n e r a l i z e d zone. S p h a l e r i t e with galena as v e i n s i n a l t e r e d 
r h y o l i t e sample 11-144.5 a n a l y s i s 25-32, Taole 3 i s e s s e n t i a l l y unzoneo with Fe 
i n the range 2.96-4.27 weight percent and s i g n i f i c a n t l y c o n t a i n s no Hg or Mn. 
Honey colour e d s p h a l e r i t e as i s o l a t e d g r a i n s and i n veins with quanrtz i n 
massive c h l o r i t i t e i n samples 16-108.3, 16-106.6 i s e s s e n t i a l l y pure ZnS and 
c o n t a i n s minimal i r o n i n the range 0.26 - 0.87 weight percent Fe and 
s i g n i f i c a n t l y no Mn. 

In c o n t r a s t samples w e l l w i t h i n the m i n e r a l i z e d zone are s i g n i f i c a n t l y and 
s p e c t a c u l a r l y enriched i n Mn and Hg. S p h a l e r i t e i n massive r e a l g a r with 
b r e c c i a fragments of a l t e r e d c h e r t and a v a r i e t y of a l t e r a t i o n assemblages 
c o n t a i n Hg and Mn i n the ranges 26.00-26.20 and 0.49-1.11 weight percent 
r e s p e c t i v e l y , analyses 16-24, Table 3. S p h a l e r i t e g r a i n s a s s o c i a t e d with 
domains o f r e c r y s t a l l i z e d quartz and Mg c h l o r i t e a l t e r a t i o n of quartz and 
c a l c i t e veined c h e r t i n sample 9-74.9 have s p e c i f i c domains with t r u l y 
e x t r a o r d i n a r y Hg content r e a c h i n g 33.40 weight percent, a n a l y s i s 1, Table 3, 
P l a t e 9-74.9-11. C e r t a i n g r a i n s e x h i b i t a s p e c t a c u l a r zonation and core to 
margin in c r e a s e i n Hg and Mn, P l a t e 9-74.9-12. C e n t r a l r e g i o n s of t h i s g r a i n 
dark i n the B S E image c o n t a i n 0.51 and 10.99 weight percent Mn and Hg while the 
b r i g h t outer margins of the g r a i n c o n t a i n 31.09 and 1.16 weight percent Hg and 
Mn, a n a l y s i s 5, Table 3. S p h a l e r i t e i n the remaining samples analyzed e x h i b i t 
l e s s s p e c t a c u l a r Hg contents and Fe and Mn c o n c e n t r a t i o n s and may represent 
i n t e r m e d i a t e stages i n the p o s t u l a t e d d e p o s i t - s c a l e Fe - Hg Mn z o n a t i o n . 
Samples 16-63.5 p e r v a s i v e l y muscovite a l t e r e d c h l o r i t i z e d r h y o l i t e c o n t a i n s Hg 
i n the range 8.37 - 9.57 weight percent and Fe and Mn i n the ranges 0.18-0.23 
and 0.67-0.90 weight percent r e s p e c t i v e l y , analyses 50-56, Table 3. Although 
l e s s s p e c t a c u l a r than t h a t of sample 9-74.9 s p h a l e r i t e i n sample 12-88.2 and 
16-95.1 e x h i b i t s the same general core to r i m Fe - Hg Mn z o n a t i o n . 

Compositions w i t h i n the t e t r a h e d r i t e ( C u j F e j Z n J ^ S b ^ S ^ - t e n n a n t i t e 
(Cu,Fe,Zn)12^ S4^13 s o l i d s o l u t i o n s e r i e s were noted and analysed i n numerous 
samples examined, Table 4. Most analyses are d e c i d e d l y r i c h i n Sb. The w r i t e r 
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a n a l y t i c a l system to simply reproduce PbS, HgS, Sb£S3 compositional 
s t o i c h i o m e t r y . In a d d i t i o n to the c o m p o s i t i o n a l l y simple s u l p h i d e species 
FeS2, HgS, PbS, Sb2S3, AsS, trie Eskay ore c o n s i s t s of c o m p o s i t i o n a l l y complex 
v a r i e t y o f PbSb s u l p h i d e m i n e r a l s , s p h a l e r i t e and t e t r a h e d r i t e i n which there 
i s a c o n s i d e r a o l e v a r i a t i o n i n Fe, Cu, Zn, Hg ana Ag contents. As l i s t e d i n 
Table 1, a k t a s h i t e , a CuAsHgSbS phase occurs i n c e r t a i n samples. I t i s of 
i n t e r e s t t h a t t h i s m i neral occurs i n the Hemlo ores. Table 2 l i s t s a v a r i e t y 
of PbSbAsS s u l p h i d e minerals with a s i g n i f i c a n t v a r i a t i o n i n the major element 
s u b s t i t u t i o n i n Hg, Ag, As, Cu and a minor v a r i a t i o n i n Fe, Zn. I t i s beyond 
the scope of the present study to p o s i t i v e l y i d e n t i f y and name these minerals 
a s to do so i t woulo be necessary to e x t r a c t amounts of these phases and use 
X-ray d i f f r a c t o m e t r i c and X-ray power or pr e c e s s i o n camera techniques to 
e s t a b l i s h the c r y s t a l s t r u c t u r e of the r e l e v a n t mineral s p e c i e s . PbgSbi4S27 
i s z i n k e n i t e . C u g h ^ A s ^ S ^ i s a k t a s h i t e . PbCuSbS3 i s bournonite. P b 5 S b z fSii 
i s b o u l a n g e r i t e . Pb(SbAs)2S4 i s t w i n n i t e . Pbi^(SbAs)6S23 i s g e o c r o n i t e . P04 

FeSb^S^ i s jamesonite. PbCuAsS3 i s s e l i g m a n n i t e . Presumably some of the 
analyses i n Table 2 woula be p o s i t i v e l y i d e n t i f i e d as some of these mineral 
s p e c i e s . 

D e t a i l e a c r y s t a l s t r u c t u r e - c o m p o s i t i o n a l assessment would l i k e l y demonstrate 
t h a t the analyses i n Table 2 are of a v a r i e t y of d i s c r e t e Pb Sb Hg AsS mineral 
s p e c i e s in which there i s a c o n s i a e r a b l e v a r i a t i o n i n the degree of hg, Ag, As, 
Fe, Zs, Cu s u b s t i t u t i o n . 

S p h a l e r i t e and t e t r a h e d r i t e analyses i n Tables 3 and 4 r e s p e c t i v e l y o u t l i n e a 
s i g n i f i c a n t degree i n the v a r i a t i o n of Hg,Ag,Cu,Fe,Zn contents s i m i l a r to t h a t 
o f the Pb m i n e r a l s i n Table 2. However, as the i d e n t i t y of the mineral 
i n v o l v e d i s more c e r t a i n , the c o m p o s i t i o n a l v a r i a t i o n apparent i n s p h a l e r i t e 
and t e t r a h e d r i t e can be considered i n terms of elemental s u b s t i t u t i o n w i t h i n 
d i s c r e t e c r y s t a l s t r u c t u r e s . Both s p h a l e r i t e and t e t r a h e d r i t e e x h i b i t a 
c o m p o s i t i o n a l v a r i a t i o n which c l e a r l y d e f i n e s a core to r i m z o n a t i o n of c e r t a i n 
elements on a g r a i n to g r a i n b a s i s and l e s s t a n g i b l y p o t e n t i a l l y d e f i n e s a 
s p a t i a l c o m p o s i t i o n a l v a r i a t i o n or mineral zonation on the s c a l e of the Eskay 
Creek d e p o s i t . The s i g n i f i c a n t d e v i a t i o n of s p h a l e r i t e from the eno member ZnS 
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f i n d s t h i s somewhat p e c u l i a r c o n s i d e r i n g the a r s e n i c content of the Eskay Creek 
o e p o s i t as manifest by the c o n s i d e r a b l e abundance o f r e a l g a r AsS. This 
i n t e r e s t i n g f e a t u r e might w e l l be an i n d i c a t i o n t hat the t e t r a h e d r i t e achieved 
i t s composition as a f u n c t i o n of parameters o p e r a t i v e i n a f l u i d system as i t s 
composition does not appear to be c o n s t r a i n e d by o v e r a l l bulk composition 
otherwise more a r s e n i c - r i c h compositions might have been expected. 

Inaeed, the b a s i c mineral appears to have been a t e t r a h e a r i t e composition 
(Cu,Fe,Zn)i^Sb^S^ w i t h d e v i a t i o n s from t h i s composition i n v o l v i n g the complex 
s u b s t i t u t i o n of Ag ana Hg with r e l a t e d s u b s t i t u t i o n of As for Sb Sample 
l b - 2 0 0 . 4 c o n t a i n s e s s e n t i a l l y end member t e t r a h e d r i t e with Sb 26.55 weight 
percent and As 0 . 7 0 weight percent with c o n s i o e r a b l e Fe, Zn content and Ag near 
4 . 2U weight percent, analyses 45 and 4 6 , Table 4 . 

Numerous samples, 9 - 1 0 2 . 5 , 1 2 - 6 6 . 2 , 1 2 - 9 2 . 3 , 1 3 - 6 6 . 5 c o n t a i n t e t r a h e d r i t e i n 
the sense that the m i n e r a l has low As i n the range 0 . 30 - 4 . 9 0 weight percent, 
with s i g n i f i c a n t Ag and Hg contents i n the ranges 1 1 . 6 7 - 1 7 . 8 1 and 0 . 0 0 - 6 . 2 6 

weight percent, r e s p e c t i v e l y , analyses 1 -20 , Table 4 . Inaeed analyses 1 6 - 2 0 , 

Table 4 , appear to r e p r e s e n t t e t r a h e d r i t e , As 0 . 0 0 - 0 . 3 5 w i t h a spectacular Ag 
content i n the range 1 5 . 2 4 - 1 7 . 6 1 weight percent. I n c r e a s i n g Hg, Ag contents 
appear to i n v o l v e a concomitant s u b s t i t u t i o n of As for Sb as i n the example of 
sample 1 6 - 6 5 . 7 , analyses 4 1 - 4 4 , Table 4 , where e l e v a t e a Ag and s p e c t a c u l a r Hg 
c o n c e n t r a t i o n s i n the ranges 6 . 2 3 - 9 . 6 2 and 1 2 . 8 6 - 1 3 . 3 6 weight percent 
r e s p e c t i v e l y , occur i n a mineral with approximately equal Sb and As contents i n 
the order of 1 u . 0 u weight percent. As i n the case of the c o m p o s i t i o n a l l y 
complex Pb m i n e r a l s , c r y s t a l s t r u c t u r a l i n f o r m a t i o n would be r e q u i r e d to f i r m l y 
e s t a b l i s h whether or not t h i s m i n eral i n sample 1 6 - 8 5 . 7 i s Ag, Hg r i c h 
tetrahedr i t e - t e n n a n t i t e or some other mineral s p e c i e s . Indeed there i s some 
p o s s i b i l i t y t h a t the m i n e r a l may be f r i e b e r g i t e a Ag r i c h Sb As s u l p h i d e and 
the analyses i n Table 4 may r e p r e s e n t c o m p o s i t i o n a l v a r i a t i o n s w i t h i n the 
t e t r ahedr i t e - f r i e b e r g i t e s e r i e s . 

In most samples the t e t r a h e d r i t e g r a i n s , at the c e n t r e of p y r i t e spheres or as 
narrow overgrowths on p y r i t e were too small to manifest composition zonation. 
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In sample 12-66.2, however the t e t r a h e a r i t e overgrowths on s p h a l e r i t e are 
c l e a r l y zoned, P l a t e 12-86 2-4. Inner r e g i o n s of the overgrowth on s p h a l e r i t e 
c o n t a i n 1.46-1.99 weight percent Hg r i s i n g to 6.26 weight i n narrow outer zones 
b r i g h t i n the BSE image. T e t r a h e d r i t e i n samples 14-53.2 a l s o has outer zones 
enr iched i n Ag . 

This ooth s p h a l e r i t e and t e t r ahedr i t e - f r i e b e r g i t e m i n erals at Eskay Creek both 
e x h i b i t a chemical zonation by chemical s u o s t i t u t i o n of Ag and Hg i n t o t h e i r 
c r y s t a l s t r u c t u r e s i n narrow outer growth zones. This phenomenon was observed 
in a number of samples and i n the w r i t e r ' s view i s strong evidence for 
e v o l u t i o n of f l u i d s at the focus of the Eskay Creek hydrothermal system to 
i n c r e a s i n g l y Ag and Hg r i c h compositions. The f a c t t h a t s p h a l e r i t e and 
t e t r ahedr i t - f r i e o e r g i t e m i n erals both manifest outer growth zones enriched i n 
Ag and Hg i s evioence t h a t t h i s e v o l u t i o n i n f l u i d compositions took place 
w h i l e these m i n e r a l s were a c t i v e l y p r e c i p i t a t i n g . I t i s not c l e a r to the 
w r i t e r whether or not the cinnabar HgS commonly observed along cracks i n a 
v a r i e t y of s u l p h i d e minerals and thus par a g e n e t i c a l l y l a t e should be considered 
as the u l t i m a t e e x p r e s s i o n of the e v o l u t i o n of hydrothermal f l u i d s to 
i n c r e a s i n g Hg r i c h compositions enabling the s t a b i l i t y of hgS i n the Eskay 
system or the hgS along cracks i s inaeed a l a t e phase i n the sense that i t i s 
r e p l a c i n g or r e t r o g r e s s i n g sulphide minerals i n c e r t a i n r o c k volumes and merely 
an expression of the Hg anomaly in those rock volumes generated by the Eskay 
Creek hydrothermal system. 

The w r i t e r w e l l understands t h a t i t i s f a s h i o n a b l e to compare i n any way 
p o s s i b l e a developing gold prospect to the Hemlo gold d e p o s i t . However , i n the 
w r i t e r ' s view the s i m i l a r i t y of the complex Pb, Zs, Cu, Ag, Hg, As, Sb sulphide 
mineral inventory of the Eskay Creek dep o s i t with the ores of the Hemlo gold 
camp i s indeed remarkable and the comparison may be made with some i n t e g r i t y . 
To emphasize t h i s point the l i s t of s u l p h i d e minerals p o s i t i v e l y i d e n t i f i e d by 
D.C. H a r r i s o f the G e o l o g i c a l Survey of Canada and published i n GOLD 86 has 
been reproduced i n F i g u r e 1. 

A o e t a i l e d c r y s t a l s t r u c t u r e study of the s u l p h i d e m i n e r a l s at Eskay Creek 
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Finure 1: Sulphide Mineral Inventory of the Hemlo Gold Deposit (from 

D.C. H a r r i s , GOLD 8 6 ) . 

THE MINERALS IN THE MAIN HEMLO GOLD DEPOSIT. THE FORMULA LISTED FOR EACH HEMLO MINERAL 
IS THE MOST REPRESENTATIVE FOR THAT SPECIES IN THE DEPOSIT.  

ORE MINERALS 

Common species 

Native Gold 
Pyrite 
Molybdenite 
Sphalerite 
Arsenopyrite 
Stibnite 
Tetraheante 
Tennantite 
Zmkenite 
Reaiga' 
Cinnabar 
Aktashite 

Simplified formula 

Au 
F e S ; 

MoS? 
ZnS 
FeAsS 
SbiSs 
(Cu.Fe.Zn), ? Sb,S. 3 

(Cu.Fe.Zn)-. 2As,S 1 3 

PbtSbwS2, 
AsS 
HgS 
CutHg3AS«S, ; 

Hemlo 

HgO.O-22.1.AgO.O-29.1 
FeS ? 

MoS; 
HgO.O-27.5.FeO.O-1.9 
FeAsS 
AsO.0-4.8 
Hg0.CM8.6.Ag0.0-8.9 
Hg0.0-15.2.Ag0.0-8.3 
AsO.0-11.5 
SbO.0-0.5 
HgS 
Cu 6 Hg 3 (As.Sb),S 1 2 

Less common tpec les 

Aurostibite AuSb; AuSb ; 

Chaicopynte CuFeS : 
CuFeS; 

Pyrrhotite Fe-.,S Fe,.,S 
Catena PbS PbS 
Native antimony Sb AsO.0-1.3 

•— Berthiente FeSb ? Si MnO.0-134 
Bournonite PbCuSbS; AsO.0-6.0 

i Boulangente Pb^Sb.S,- AS2.4-5.8 
Native Arsenic AS AS 
Gersaorllite NiAsS Fe1.4-14.9 

' Parapierrotite TI(Sb.As)cSE T!Sb 5 S e 

Routniente TIHgAsS 3 
Cu, oT l^Hg^AS, ,Sb< 

Altaite PbTe PbTe 
Twinnite PDfSD.AS)^ Pb(Sb- ?As o e )S i 
Orpimen; A s ^ SbO.0-5.0 
Geocromte Pb:„(Sb.As ) 6S r 5 

Pb»-(Sb3.oAs3o)S23 

Rare tpec les 

Native Silver Ag Ag 
Hemlo No.1 Tl c .?Ag 0 <Au C 6 Sb 2 .oS 2 c 

Chaicostibite CuSbS; CuSbS 2 

Jamesonite Pb.FeSb 6S-„ P b i F e S b 6 S u 

Gudmundite FeSbS FeSbS 
UHmannite NiSfcS NiSbS 
Coioradoite HgTe HgTe 
GaiKhaite (Cs.TI)(Hg.Cu.2n) 6(As.Sb)4S-. s 

-
Meionite NiTe 2 NiTe 2 

'— Tvalchrelidzeite Hg, 2(Sb.As) eSi« Hg-2(Sb4?As3.3)S,5 
Baumhauente PthAS^Sg Pb 3 (As 2 ^Sb J j )S 9 

Cubamte C u F e 2 S 3 CuFe 2S3 
Seligmannite PbCuAsS 3 PbCu(As.5jSb 4 8 ) S 3 

— Dufrenoysite Pb?As ? Si Pb 2 (As 1 i S b c . 9 ) S5 
Calavente A u T e : 

AuTe 2 

Parareaigar AsS not analyzed 
St i bar sen SbAs SbAs 
Breithauptite NiSb NiSb 
Ciaustnaiite PbSe PbSe 
Wunzite (Zn.Fe)S Fe4.8Hg6.2 
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would most c e r t a i n l y demonstrate t h a t many of the minerals l i s t e d i n Figure 1 
are present. This i s not to say t h a t Eskay Creek and the Hemlo depo s i t formed 
i n s i m i l a r ways but the s i m i l a r i t y of the s u l p h i d e mineral assemblages almost 
demands that the hydrothermal regime and c e r t a i n c o m p o s i t i o n a l features of the 
hydrothermal f l u i d s at hemlo were a l s o o p e r a t i v e i n the rock volumes at Eskas 
Creek. 
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MUSCOVITE AND Hg CHLORITE ALTERATION 

O r i g i n a l l y confused w i t h t a l c due to i t s f i n e grained nature and " t a l c o s e " 
aspect i n hand specimen, d e t a i l e d microprobe analyses has demonstrated that the 
sheet s i l i c a t e phase present i n a l l a l t e r e d rock types and a l t e r a t i o n i s e i t h e r 
muscovite or Mg c h l o r i t e . The f l u i d system i n v o l v e d i n the m o b i l i t y and 
d e p o s i t i o n of gold and other metals at Eskay Creek was dominantly p o t a s s i c and 
magnesian. 

Analyses of muscovite and c h l o r i t e i n the e n t i r e Eskay Creek sample s u i t e are 
presented i n Appendix I . With each analyses are included s t r u c t u r a l formula 
parameters c a l c u l a t e d on the b a s i s of 22 oxygens and the Fe/Mg and Fe/Fe+Mg 
r a t i o s . 
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MUSCOVITE 

Two f e a t u r e s of the Eskay Creek white micas are noteworthy: 

i ) White micas i n most rocks analysed are e s s e n t i a l l y end member 
muscovite with the only d e v i a t i o n from the i d e a l end member s t r u c t u r e 
i n the oc t a h e d r a l s i t e g e n e r a l l y a s i g n i f i c a n t s u b s t i t u t i o n of Mg for 
oct a h e d r a l A l , with MgO values i n the range 1 . 5 0 - 3 . 0 0 weight percent 
c h a r a c t e r i s t i c . 

These micas may have a low but p e r s i s t e n t BaO and FeO content i n 
Delow 0 . 3 5 weight percent while c o n c e n t r a t i o n s of Na£ 0 , HO^ and MgO 
i f present at a l l i n the s t r u c t u r e are below the d e t e c t i o n l i m i t of 
the e l e c t r o n microprobe, approximately 250 ppm with 0 . 0 0 weight 
percent g e n e r a l l y obtained f o r these elements. 

i i ) Muscovite i n v o l v e d i n the replacement of c e r t a i n rock volumes the 
s o - c a l l e d c h e r t e x h i b i t a s p e c t a c u l a r barium content reaching 3 . 0 0 

weight percent BaO i n some samples. 

Despite the apparent s i m p l i c i t y the white mica s t r u c t u r e a l l o w s a wide v a r i e t y 
of complex elemental s u b s t i t u t i o n s t h a t r e f l e c t the combined i n f l u e n c e of bulk 
rock composition and s o l u t i o n chemistry i n any hydrothermal regime. The bas i c 
c r y s t a l s t r u c t u r a l f e a t u r e of micas i s a composite sheet i n which a l a y e r of 
octa h e d r a l l > c o o r d i n a t e d c a t i o n s i s sandwiched between two i d e n t i c a l l a y e r s of 
l i n k e d ( S i , Al) 0 ^ t e t r a h e d r a l . The general formula which d e f i n e s the chemical 
composition o f micas i s X2Yz F _ 6 ZG02O(OH, F ) ^ . Micas are subdivided i n t o 
d i - o c t a h e d r a l or t r i - o c t a h e d r a l c l a s s e s i n which the po p u l a t i o n of the Y 
octa h e d r a l s i t e i s e i t h e r 4 o r 6, r e s p e c t i v e l y . P h l o g o p i t e and b i o t i t e are 
t r i - o c t a h e d r a l s t r u c t u r e s and w i l l not be discussed f u r t h e r . 

White micas have the d i - o c t a h e d r a l s t r u c t u r e with the general formula 
X2Y2Zg02o(Oh,F)^. The t e t r a h e d r a l or Z s i t e c o n t a i n s predominantly S i 
s u b s t i t u t e d by A l but may c o n t a i n minor amounts of Fe^ + and T i . I t i s the X 
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ana Y s i t e s which d e f i n e s i g n i f i c a n t p o s s i b l e white mica s u b s t i t u t i o n s and upon 
which white mica nomenclature i s based. The p r i n c i p a l isomorphous replacements 
which occur i n muscovite are: 

i ) the X s i t e , K : Na, Ca, Ba, Rb, Ca 

i i ) the Y s i t e , o ctahedral A l : Mg, Fe2"**, F e 3 * T i , V, Mn, Cr, L i 

Paragonite i s the end member mica composition i n which Na completely 
s u b s t i t u t e s f o r K. O e l l a c h e r i t e i s the end member molecule i n which Ba 
completely s u b s t i t u t e s f o r K. When minor sodium s u b s t i t u t i o n s f o r K occur the 
mineral i s c a l l e d p a r a g o n i t i c muscovite. The Ca end member white mica i s 
c a l l e d m a r g a r i t e . The term phengite i s not a s t r i c t m ineral name as such but 
i s u s e f u l to d e s c r i b e a white mica i n which the S i : A l r a t i o i s greater than 3:1 
and i n which change balance a l l o w i n g f o r the v a r i a t i o n i n S i - A l s u b s t i t u t i o n i n 
the t e t r a h e d r a l s i t e i s maintained by s u b s t i t u t i o n f o r Mg and F e 2 + for Al i n 
the Y or o c t a h e d r a l s i t e . 

The w r i t e r has been invol v e d i n the a n a l y s i s of white micas from numerous 
prospects and o p e r a t i n g gold mines from rocks i n a wide v a r i e t y of g e o l o g i c a l 
environments of Archean and younger age. White micas g e n e r a l l y a s s o c i a t e d with 
most gold environments are t y p i c a l l y muscovites which manifest va r y i n g degrees 
of p h e n g i t i c s u b s t i t u t i o n , o c t a h e d r a l A l f o r T i , Fe, Mg, Cr and p a r a g o n i t i c 
s u b s t i t u t i o n , Na f o r K i n the A s i t e . Contents of Na 20 and Ti02, M9^» FeO ana 
l>203 i n the range 0.10-3.00 weight percent are common and t y p i c a l with some 
degree of chemical v a r i a t i o n g e n e r a l l y observed as an expr e s s i o n of the 
s o l u t i o n chemical and bulk composition c o n s t r a i n t s and g e o l o g i c a l process 
s p e c i f i c to each g e o l o g i c a l s i t u a t i o n . 

Muscovite from c h l o r i t e bearing lower-miodle g r e e n s c h i s t f a c i e s t e r r a i n s i n 
Archean and younger age rocks i n Appalachia and elsewhere have a t y p i c a l low to 
moderate T i , Mg and Fe content c l e a r l y an expr e s s i o n o f bulk rock composition 
i n low grade metamorphic c o n d i t i o n s . This i s not the case at Eskay Creek. The 
muscovite a l t e r e d rocks c l e a r l y have an a p p r e c i a b l e i r o n content expressed by 
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the minute p y r i t e spheres with c h a r a c t e r i s t i c c o n c e n t r i c growth t e x t u r e s . 
However t h i s i r o n content i s not manifest i n muscovite compositions. The 
muscovite compositions at Eskay Creek are thus not appar e n t l y a f u n c t i o n of 
bulk rock composition, a common fe a t u r e i n even the lowest grade g r e e n s c h i s t 
f a c i e s t e r r a i n s . The i n f e r e n c e i s t h a t the muscovite a t Eskay Creek are the 
r e s u l t o f s o l u t i o n dominated hyarothermal growth with s o l u t i o n chemical 
parameters c o n s t r a i n i n g the p a r t i t i o n i n g of a l l i r o n i n the system to 
simultaneously p r e c i p i t a t e d p y r i t e . The c h a r a c t e r i s t i c magnesium content o f 
the muscovite i s thus a r e f l e c t i o n of a s i g n i f i c a n t magnesium content of 
ambient hydrothermal s o l u t i o n s . 

In the i n i t i a l r e p o r t concerning the CA sample s u i t e the strong c o r r e l a t i o n of 
barium content of muscovite and g o l d / s i l v e r c o n c e n t r a t i o n s was t a b u l a t e d . This 
r e l a t i o n s h i p i s f u r t h e r s u b s t a n t i a t e d by subsequent analyses i n the present 
sample s u i t e . However, i n f o r m a t i o n provided i n d r i l l hole CA-16 sampled i n 
d e t a i l and the few samples from d r i l l holes CA-25 and 55 sampled by 3.D. 
B l a c k w e l i , add to the complexity and i n c r e a s i n g number of p o s s i b l e scenarios at 
Eska> Creek. 

The f a c t remains t h a t samples with e l e v a t e a to s p e c t a c u l a r barium contents i n 
c o n s t i t u e n t micas have a c o r r e l a t i v e high g o l d / s i l v e r content. However, many 
samples with high metal values c o n t a i n muscovite with barium near the d e t e c t i o n 
l i m i t of the e l e c t r o n microprobe. These f e a t u r e s i n d i c a t e that the s i t u a t i o n 
at Eska> Creek i s c l e a r l y more complicatea than suggested i n the f i r s t r e p o r t . 

D r i l l hole CA-16 t r a v e r s e s a l a r g e volume of f i n e grained m u l t i - g r a n u l a r 
s i l i c e o u s rock t h a t i s replaced i n v a r y i n g degrees o f i n t e n s i t y by muscovite. 
Many examples of perv a s i v e muscovite a l t e r a t i o n i n the middle to lower r e g i o n 
o f t h i s rock volume do not manifest a gold content s i g n i f i c a n t l y above 
background. Indeed d r i l l hole CA-16 appears to t r a v e r s e a rock volume l a r g e l y 
o u t s i d e o f or at the periphery of the Eskay f l u i d system. 

Samples from the r h y o l i t e i n t e r v a l s o f a r i l l holes CA-12,13 14-15 have 
a p p r e c i a b l e gold content and a s s o c i a t e d t e t r a h e d r i t e and PbSbAgS m i n e r a l s , yet 
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f e a t u r e s i n the o r i g i n a l r o c k , such as g l a s s shards and c a l c i t e or gypsum 
c r y s t a l s s i n c e r e p l a c e o by a v a r i e t y o f a l t e r a t i o n m i n e r a l s q u a r t z , 
arsenopyr i t e , Mg c h l o r i t e and muscovite. 

The rock volume represented by CA-66-7-109.7 may have o r i g i n a l l y e x i s t e d with 
angular g l a s s shards or gypsum c r y s t a l s i n p a r t or l a r g e l y r e p l a c e d by 
c a l c i t e . The r o c k volume was c l e a r l y a c c e s s i b l e to s i l i c e o u s s o l u t i o n which 
v a r i a b l y r e p l a c e d the c a l c i t e and/or gypsum with concomitant p r e c i p i t a t i o n of 
ar senopyr i t e . In the e a r l y stages arsenopyr i t e d i r e c t l y r e p l a c e d c a l c i t e . 
With p r o g r e s s i v e a l t e r a t i o n the product i s r a d i a l a r s e n o p y r i t e sprays i n a f i n e 
grained quartz m a t r i x . C e r t a i n patches were r e p l a c e d d i r e c t l y by p r i s m a t i c 
quartz. These apparent fragments were then attenuated and d i s r u p t e d and 
r e p l a c e o by muscovite i n a l a t e r hydrothermal deformational regime. 

Most samples with highest barium muscovite c o n t a i n t e x t u r a l evidence for a 
p r e - e x i s t i n g mineral present as blades and r o s e t t e s with c r y s t a l t e r m i n a t i o n s 
with c h e r t s t i l l c l e a r l y apparent, samples 9-64.4, 9-75.2. This mineral has 
s i n c e been pseudomor phed by q u a r t z , Mg c h l o r i t e and barium r i c h muscovite. 
Sample 55-95.6 takes on great s i g n i f i c a n c e i n t h i s d i s c u s s i o n as i t provides 
evidence for the e x i s t e n c e of bar i t e blades and c h e r t development by s o l u t i o n 
access and replacement processes i n a c r i n o i d a l m i c r i t i c l imestone. The 
i n f e r e n c e i s that the precursor mineral i n sample 9-64.4 was very l i k e l y bar i t e 
s i n c e r e p l a c e d b> hydrothermal mineral s p e c i e s . The barium micas i n these 
samples formed by d i r e c t replacement of bar i t e . Otherwise st a t e d the barium 
anomaly may have e x i s t e d i n these samples as bar i t e p r i o r to the i n g r e s s of 
mica s t a b l e p o t a s s i c hydrothermal f l u i a s . Further sample 55-98.6 a l s o c o n t a i n s 
s p h a l e r i t e , s t i b n i t e ana a Pb Sb As S phase i n a d d i t i o n to bar i t e i n c l e a r 
t e x t u r a l e q u i l i b r i u m with patches o f hydrothermal c h e r t replacement of 
l i m e s t o n e . 

These r e l a t i o n s h i p s are of utmost importance i n the g e n e t i c c o n s i d e r a t i o n s of 
the Eskay Creek gold d e p o s i t . What was the g e o l o g i c a l environment i n e x i s t e n c e 
a t the time of formation of the r o c k volume represented by sample 55-96.9. 
What were the processes o p e r a t i v e i n the apparent s o l u t i o n access determined 
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replacement of c r i n o i d a l limestone by s i l i c a to produce domains of hydrothermal 
" c h e r t " a l t e r a t i o n with concomitant development of b a r i t e and p r e c i p i t a t i o n of 
s p h a l e r i t e and s t i b n i t e ? These important questions can only be answered b> 
f u r t h e r sampling along the favourable horizon away from the zone of intense 
a l t e r a t i o n at the focus of the Eskay Creek hydrothermal system where 
overlapping hydrothermal a l t e r a t i o n processes have l a r g e l y o b l i t e r a t e d features 
of the rocks o r i g i n a l l y present. 
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Mg CHLORITITE 

Throughout the course of t h i s study Mg c h l o r i t e with a p e r s i s t e n t f l u o r i n e 
content and i n c e r t a i n samples a low i r o n content remains enigmatic, w i t h the 
u l t i m a t e s i g n i f i c a n c e of the l a r g e volumes of Mg c h l o r i t i t e r o c k samples i n 
c e r t a i n d r i l l holes u n c l e a r . 

In numerous examples Mg c h l o r i t e was c l e a r l y s t a b l e i n the e a r l y stages of 
a l t e r a t i o n of the dark hydrocarbon r i c h s i l i c e o u s r o c k s for the sake of b r e v i t y 
in t h i s d i s c u s s i o n , l o o s e l y termec c h e r t . In many examples Mg c h l o r i t e appears 
t o be e a r l y and a c t u a l l y preceed muscovite i n the par agenesis. In sample 
26-63.0 c h e r t i n c l u d e s both unaltered f e l s i t e fragments and angular g l a s s 
shards. The p e r l i t i c g l a s s shards are v a r i a b l y to p e r v a s i v e l y r e p l a c e d by Mg 
c h l o r i t e which i s i n t u r n cut by narrow v e i n l e t s and c e n t r a l zones of 
muscovite. An i n t e r v a l of Mg c h l o r i t e s t a b i l i t y and hydrothermal growth p r i o r 
to i n g ress of p o t a s s i c f l u i a s i s c l e a r l > supported by these t e x t u r e s . Evidence 
for m i g r a t i o n of e a r l y stage Mg, S i r i c h s o l u t i o n i s a l s o i n d i c a t e d i n sample 
55-95. U where c a l c i t e p o s s i b l y a f t e r h a l i t e or gypsum i s intergrown with 
r e g i o n s of f i n e grained quartz hydrothermal chert and Mg c h l o r i t e with p y r i t e . 

The immediately subjacent sample 55-96.0 s p h a l e r i t e , s t i b n i t e , a PbSbAsS 
mineral and b a r i t e are present i n t e x t u r a l l y e q u i l i b r i u m with i n t e r c o n n e c t i n g 
patchy zones of c h e r t , p o s s i b l e s i t e s of i ngress Ba, Zn, Sb r i c h s i l i c e o u s 
s o l u t i o n s . Although t h i s sample does not c o n t a i n Mg c h l o r i t e as does sample 
55-96.0, both samples provide f i r m evidence that Mg c h l o r i t e development was 
not simply some type of background a l t e r a t i o n . Least a l t e r e d r e g i o n s of chert 
i s samples 9-74.9 and 21-59.1 als o support t h i s i n t e r p r e t a t i o n . Herein d i f f u s e 
patches of Mg c h l o r i t e development i n c h e r t are a s s o c i a t e d w i t h coarse r e g i o n s 
of quartz with s t i b n i t e and s p h a l e r i t e intergrown with coarse sheafs of Mg 
c h l o r i t e . Muscovite not present i n these r e g i o n s of these samples. 

These r e l a t i o n s h i p s provide compelling evidence for the character of 
f l u i d s i n the e a r l y stages of the Eskay Creek f l u i d system. Mg, S i r i c h 
s o l u t i o n s with a s i g n i f i c a n t Ba, Sb, Zn, Pb content as i n d i c a t e d by i n t i m a t e l y 
a s s o c i a t e d sulphate and s u l p h i d e mineral s p e c i e s , were c l e a r l y ambient ana 
a c c e s s i b l e to r o c k volumes of " c h e r t " at the andesite r h y o l i t e contact or 
t r a n s i t i o n p r i o r to i n g r e s s of more p o t a s s i c s o l u t i o n s and the s t a b i l i t y of 
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muscovite. 
A number of examples of massive c h l o r i t e rock with s p h a l e r i t e ana galena 

v e i n s v a r i a b l y r e p l a c e d by muscovite and as r e l i c t s with regions of massive 
gypsum were provided f o r examination i n t h i s study. The s p a t i a l and indeed the 
paragenetic r e l a t i o n s h i p s of these samples to the Mg c h l o r i t e bearing chert 
samples i n t h i s m i n e r a l i z e d zone i s not c l e a r to the w r i t e r . Samples 11-115.1, 
16-105.3, 16-106.6 and 23-86.0 are examples of uniform f e a t u r e l e s s massive Mg 
c h l o r i t e with evenly d i s p e r s e d equant p y r i t e g r a i n s indeed c h l o r i t i t e rock 
volumes with the nature of the precursor l i t h o l o g y t o t a l l y o b l i t e r a t e a by 
a l t e r a t i o n . Sample 16-106.3 co n t a i n s s p o r a d i c g r a i n s of honey coloured 
s p h a l e r i t e while i n 16-106.6 s p h a l e r i t e and galena are c l e a r l y d i s t r i b u t e d i n 
l i n e a r v e i n l i k e r e g i o n s . S i g n i f i c a n t l y muscovite i s not present i n these 
samples and a period of Zn, Pb m o b i l i t y and v e i n i n g i n a dominantly Mg c h l o r i t e 
s t a b l e f l u i d regime i s c l e a r l y i n d i c a t e d . The nature of precursor or host 
l i t h o l o g y i s unclear but d r i l l l ogs a v a i l a b l e i n d i c a t e that these samples are 
l o c a t e d w e l l w i t h i n the rock u n i t described as r h y o l i t e b r e c c i a or near the 
r h y o l i t e b r e c c i a - c h e r t t r a n s i t i o n . 

One p o s s i b i l i t y t h a t shoula be considerea s e r i o u s l y i s that these zones of 
Mg c h l o r i t e with s p h a l e r i t e and galena represent v e i n s of e a r l y stage 
a l t e r a t i o n i n the r h y o l i t e b r e c c i a mass, temporal with the development of Mg 
c h l o r i t e and s p h a l e r i t e , s t i b n i t e i n the o v e r l y i n g chert u n i t . These zones of 
c h l o r i t i t e should thus be considered as an i n t e g r a l part of the Eskay Creek 
hydrothermal system. 

Sample 11-144.5 i s a v e i n l i k e mass of honey coloured s p h a l e r i t e and p y r i t e 
w i t h a c e n t r a l zone of galena developed w i t h i n a m u l t i g r a n u l a r quartz muscovite 
rock volume of r h y o l i t e b r e c c i a . The sample does not c o n t a i n c h l o r i t e out the 
sample might w e l l represent an example of s p h a l e r i t e galena v e i n i n g i n a volume 
r h y o l i t e not a c c e s s i b l e to c h l o r i t e s t a b l e s o l u t i o n s . 

Samples 11-115.1 and 23-86.0 are e s s e n t i a l l y massive c h l o r i t i t e with 
o c c a s i o n a l branching v e i n l e t s of muscovite quartz and c a l c i t e which c o n t a i n 
both b a r i t e and s t i b n i t e . These v e i n l e t s are considered as a m a n i f e s t a t i o n of 
an i n c r e a s i n g potassium component i n the e v o l v i n g f l u i d system as are s i m i l a r 
c h l o r i t e to muscovite paragenesis c o n s i s t e n t l y observed i n c h e r t samples. 

According to these c o n s i d e r a t i o n s , r e l a t i o n s h i p s i n sample 12-66.2 are 
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important. The sample now c o n s i s t s of a wide zone of coarse honey coloured 
s p h a l e r i t e i n a matrix of confused hg c h l o r i t e muscovite i n t e r g r o w t h aevelopea 
i n a quartz rock volume c o n s i s t i n g of s e v e r a l g e nerations of p r i s m a t i c ana 
coarse grained quartz with some s p h a l e r i t e and abundant t e t r a h e d r i t e and 
s t i b n i t e along g r a i n margins. S i g n i f i c a n t l y s p h a l e r i t e g r a i n s i n the v e i n l i k e 
s u l p h i d e h a l f of the sample are overgrown by t e t r a h e d r i t e and s t i b n i t e and most 
s i g n i f i c a n t l y the i n d i v i d u a l s p h a l e r i t e g r a i n s are c o n c e n t r i c a l l y zoned with 
broad c e n t r a l zones of uniform i r o n content near 1.00 weight percent Fe with 
narrow marginal zones o f enhanced hg reached 1.50 weight percent near the 
t e t r a h e d r i t e overgrowths. Sample 12-66.2 l i k e l y r e p r e s e n t s an example where 
c o m p o s i t i o n a l l y e v o l v i n g f l u i d s of the Eskay f l u i d system were a c c e s s i b l e to 
the same rock volume inducing c h l o r i t e to muscovite replacement and inducing a 
s i g n i f i c a n t Fe -> hg zonation i n s p h a l e r i t e . The sample may have o r i g i n a l l y 
e x i s t e d as a s p h a l e r i t e Mg c h l o r i t e v e i n i n r h y o l i t e b r e c c i a . E v o l u t i o n of 
f l u i d s to an i n c r e a s i n g potassium component r e s u l t e d i n pervasive replacement 
of c h l o r i t e by muscovite. S i g n i f i c a n t l y the s i l i c a t e h a l f of the sample 
c o n s i s t s of coarse p r i s m a t i c quartz with l i t t l e muscovite and sulphi d e s 
aeveloped along quartz g r a i n margins. The i m p l i c a t i o n i s t h a t Fe -> Hg 
zonation and t e t r a h e a r i t e overgrowths on s p h a l e r i t e i n the o r i g i n a l v e i n 
aeveloped i n response to l a t e stage access of s i l i c e o u s s o l u t i o n s r i c h i n Sb, 
Ag, Pb. Micas were apparently not s t a b l e i n t h i s predominantly s i l i c e o u s f l u i d 
reg ime. 

The strong trena to magnesium enrichment i n the sheet s i l i c a t e minerals i n 
hi g h l y a l t e r e a and m i n e r a l i z e d rock volumes at Eskay Creek has been d i s c u s s e d . 
End member Mg c h l o r i t e with a sporadic f l u o r i n e content and muscovite with a 
p e r s i s t e n t magnesium and barium s u b s t i t u t i o n are c h a r a c t e r i s t i c gangue 
assemblages i n ore grade m a t e r i a l . A number of samples of the Eskay s u i t e do 
c o n t a i n i r o n r i c h or i r o n bearing c h l o r i t e and muscovite and f o r the most part 
these i r o n - b e a r i n g compositions occur i n " l e a s t a l t e r e d " rock volumes of 
g r a p h i t i c a r g i l l i t e or ch e r t with fragments of r e l a t i v e l y f r e s h f e l s i t e . 
Sample 12-75.0 c o n s i s t s o f p e c u l i a r r a d i a l c a l c i t e , muscovite quartz b l a s t - l i k e 
f e a t u r e s i n a bla c k hydrocarbon-rich matrix of q u a r t z , sphene and Mg-Fe 
c h l o r i t e without f a b r i c . C h l o r i t e throughout the matrix and i n a l i n e a r band 
po s s i b l y r e p r e s e n t i n g bedding i n the sample i s d e c i d e d l y i r o n - r i c h with FeO i n 
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the range 17.00-20.00 weight percent. Occasional patches of p y r i t e - c a l c i t e 
throughout the matrix of t h i s sample have marginal zones of r eery s t a l l i zed 
Mg-Fe c h l o r i t e and most s i g n i f i c a n t l y r e c r y s t a l l i z e d hydrocarbon. Sample 
21-54.2 i s a b r e c c i a c o n s i s t i n g of a l b i t i c f e l s i t e fragments and r a d i o l a r i a n 
c h e r t fragments i n a c h e r t m a t r i x , v a r i a b l y r e p l a c e d by c a l c i t e with a narrow 
zone of muscovite-chlor i t e a l t e r a t i o n along fragment margins. C h l o r i t e 
throughout most of the v e i n l e t has a s i g n i f i c a n t i r o n content r e a c h i n g 9.61 
weight percent FeO. A d i f f u s e c e n t r a l zone of t h i s v e i n l e t has s i g n i f i c a n t l y 
more magnesiom c h l o r i t e with FeO content of 4.86 weight percent. 

Sample 26-63.0 c o n s i s t s of f e l s i t e fragments and g l a s s shards i n a c h e r t 
m a t r i x . Glass shards and v a r i o u s primary c a v i t i e s i n the sample have been 
r e p l a c e d and sealed by spectacular r a d i a l sheafs of c h l o r i t e with a s i g n i f i c a n t 
i r o n content i n the range 4.34-9.69 weight percent FeO. P o r t i o n s of the Mg 
c h l o r i t e have in t u r n been r e p l a c e d by muscovite. 

These samples are unique i n the Eskay s u i t e i n the elevated i r o n content 
of t h e i r c o n s t i t u e n t c h l o r i t e . I t i s not at a l l s u r p r i s i n g t h a t muscovite i n 
these samples i s a l s o r e l a t i v e l y i r o n - r i c h with FeO i n the ranges 0.71-1.81 and 
0.54-1.36 i n samples 12-75.6 ana 21-54.2 r e s p e c t i v e l y . Recognizable l i t h i c 
fragments of a l b i t e f e l s i t e are present i n sample 7-109.7 CA-1, d e s p i t e 
pervasive muscovite a l t e r a t i o n and deformation. Muscovite i n v o l v e d i n the 
consumption of these l i t h i c fragments has a h i g h l y v a r i a b l e i r o n content with 
FeO i n the range 0.10-1.97 weight percent. These 4 samples were mentioned to 
emphasize that i r o n bearing c h l o r i t e and muscovite do occur i n the rock 
sequence at Eskay Creek ana t h a t the t e r r a i n i s not simply a zone of a l l 
encompassing Mg enrichment. These samples apparently r e p r e s e n t r e l a t i v e l y 
u n a l t e r e d rock volumes of g r a p h i t i c c h l o r i t i c a r g i l l i t e and f e l s i t e - c h e r t 
b r e c c i a at the p e r i p h e r y of the Eskay Creek f l u i d system and might w e l l be 
r e p r e s e n t a t i v e o f the o r i g i n a l f e a t u r e s of l a r g e volumes o f high a l t e r e d Mg 
c h l o r i t e - m u s c o v i t e r o c k s which now comprise the ore zone. 

Sample 21-54.4 might w e l l r e p r e s e n t r e l a t i o n s h i p s i n the e a r l i e s t stages 
o f the Eskay Creek hydrothermal system where i r o n r i c h p o s s i b l y bulk rock 
dominated c h l o r i t e compositions were generated with a trend t o magnesium 
enrichment i n d i c a t e d by the Mg-Fe c h l o r i t e zoning i n t h i s sample supported by 
the l a r g e body of Mg c h l o r i t e data obtained from many other samples of the 
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Eskay s u i t e . These samples a l s o demonstrate the s p a t i a l s e l e c t i v i t y of 
s o l u t i o n access and a l t e r a t i o n at the periphery of the system as h i g h l y a l t e r e d 
rock volumes appa r e n t l y e x i s t only metres at depth i n the s p e c i f i c d r i l l holes 
from which these three samples were s e l e c t e d . 

One of the as yet enigmatic f e a t u r e s of the Eskay Creek d e p o s i t i s the 
mechanism and processes i n v o l v e d i n the generation of l a r g e volumes of 
e s s e n t i a l l y Mg c h l o r i t e rock. The c h l o r i t e g r a i n s i n each example of 
c h l o r i t i t e are c o m p o s i t i o n a l l y homogeneous with l i t t l e d e v i a t i o n about the 
c o m p o s i t i o n a l mean value of i r o n f o r each sample. 

The average FeO content of c h l o r i t e comprising massive c h l o r i t i t e samples 
and r e l i c t domains are samples 11-115.1, 16-106.3, 16-106.6, 9-102.5, 23-66.0 
ana 16-99.6 i s 1.90, 0.84, 0.71, 0.30, 0.12 and 0.10 weight percent 
r e s p e c t i v e l y . 

The v a r i a t i o n i n i r o n content i n c h l o r i t e comprising these samples of 
massive c h l o r i t i t e and r e l i c t c h l o r i t i t e domains i n more i n t e n s e l y a l t e r e d 
samples could support the i n t e r p r e t a t i o n t h a t these rock volumes developed 
through a p r o g r e s s i v e i r o n d e p l e t i o n of a precursor l i t h o l o g y i n a manner 
s i m i l a r to the generation of zones of pervasive c h l o r i t i z a t i o n f o o t w a l l to 
c e r t a i n base metal d e p o s i t s . 

In the w r i t e r ' s view these c o n s i s t e n t s p a t i a l - c o m p o s i t i o n a l v a r i a t i o n i n 
mineral compositions are not f o r t u i t o u s but represent s o l u t i o n chemical 
parameters ana o v e r a l l degree of water-rock i n t e r a c t i o n or aegree of a l t e r a t i o n 
w i t h i n the Eskay hydrothermal system. Whether or not t h i s mineral zonation 
r e p r e s e n t s a s p a t i a l v a r i a t i o n w i t h i n the hydrothermal system or i s an 
i n d i c a t i o n of a temporal v a r i a t i o n i n s o l u t i o n chemical parameters at the focus 
of the system i s as yet u n c l e a r . 

Another f e a t u r e of the Mg c h l o r i t i t e t h at remains unclear i s the u l t i m a t e 
o r i g i n and s i g n i f i c a n c e of a p e r s i s t e n t ana a p p r e c i a b l e F content i n c h l o r i t e 
throughout the d e p o s i t . The f l u o r i n e anomaly i n Mg c h l o r i t e i n c e r t a i n samples 
was a i s c u s s e d b r i e f l y i n the i n i t i a l r e p o r t by the w r i t e r but f u r t h e r data on a 
much l a r g e r sample s u i t e has provided l i t t l e a d d i t i o n a l i n s i g h t on t h i s 
matter. C h l o r i t e i n c e r t a i n samples c o n t a i n s an a p p r e c i a b l e f l u o r i n e content 
t h a t cannot be r e l a t e d f i r m l y to any rock type or stage i n the mineral 
paragenesis. C h l o r i t e i n massive c h l o r i t i t e of sample 9-102.5 wit h 0.30 weight 
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percent FeO c o n t a i n s F i n the range 0.20-0.60 weight percent. In the few 
samples which do c o n t a i n F Mg c h l o r i t e , t h i s mineral i s v o l u m e t r i c a l l y 
i n s i g n i f i c a n t compared to muscovite which i s g e n e r a l l y without d e t e c t a b l e 
f l u o r i n e and appears to predate muscovite i n the paragenesis. 

These r e l a t i o n s h i p s woulo allow the i n t e r p r e t a t i o n t hat an e a r l y stage of 
F, Mg r i c h f l u i d s g enerating F Mg c h l o r i t e s t a b i l i t y was followed by an 
e v o l u t i o n of f l u i d s to i n c r e a s i n g l y p o t a s s i c compositions without a s i g n i f i c a n t 
f l u o r i n e component. R e l a t i o n s h i p s i n sample 21-65.1 however i n d i c a t e that the 
s i t u a t i o n i s not t h i s simple. This sample c o n s i s t s of pervasive muscovite 
a l t e r a t i o n s i g n i f i c a n t l y with f a b r i c w i t h domains of c o l l o f o r m p y r i t e and 
a r s e n o p y r i t e that are c l e a r l y intergrown with Mg c h l o r i t e ana muscovite which 
c o n t a i n 1.25 ana 0.50 weight percent F r e s p e c t i v e l y . These r e l a t i o n s h i p s 
i n d i c a t e t nat f l u o r i n e - r i c n f l u i d s were a c c e s s i b l e to c e r t a i n rock volumes l a t e 
in the h i s t o r y of the Eskay Creek hydrothermal system a f t e r an i n t e r v a l o f 
deformation. 
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RHYOLITE, SIUCIFICATION AND *CTAL TRANSPORT IN SILICA-RICH FLUIDS 

Throughout the course of t h i s study r e c o g n i t i o n of domains of randomly 
o r i e n t e d p r i s m a t i c quartz i n c e r t a i n samples of m i c r o b r e c c i a and the e x i s t e n c e 
of a number of samples c o n s i s t i n g of e s s e n t i a l l y o f m u l t i g r a n u l a r p r i s m a t i c 
quartz of v a r i a b l e g r a i n s i z e provided i n c r e a s i n g l y compelling evidence that 
l a r g e volumes of rock at Eskay Creek have been a f f e c t e a by f l u i d s of 
predominantly s i l i c e o u s character q u i t e d i s t i n c t from the magnesian and 
p o t a s s i c f l u i d s which produced pervasive c h l o r i t i z a t i o n and muscovite 
a l t e r a t i o n i n c e r t a i n p o r t i o n s of the m i n e r a l i z e d zones. These s i l i c e o u s 
f l u i d s induced the growth of quartz of h i g h l y v a r i a b l e g r a i n s i z e with a 
c h a r a c t e r i s t i c p r i s m a t i c aspect and i n d i v i d u a l quartz g r a i n s i n these domains 
of s i l i c i f i c a t i o n commonly have w e l l developed c r y s t a l face t e r m i n a t i o n s ana i n 
places a vuggy aspect i n zones of apparent open space c r y s t a l growth. 
S i g n i f i c a n t l y quartz g r a i n s i n these samples are without f a b r i c and t h i s 
episode or p o s s i b l y m u l t i p l e episodes of quartz growth took place w i t h i n an 
i s o t r o p i c s t r e s s regime. Even more s i g n i f i c a n t l y many of these s i l i c i f i e d 
samples are m i n e r a l i z e d and c o n t a i n abunaant s p h a l e r i t e and t e t r a h e d r i t e and 
g o l d . 

T e x t u r a l r e l a t i o n s h i p s i n these s i l i c i f i e d rock volumes c o n t r a s t sharply 
with the p e r v a s i v e l y muscovite a l t e r e d r e g i o n s of the m i n e r a l i z e d zone which 
have clear1> been h i g h l y deformed. R e l a t i o n s h i p s i n samples from d r i l l hole 
55-16 provide some i n s i g h t i n t o the c l e a r l y complex r e l a t i o n s h i p between the 
f l u i d regimes of dominantly magnesian, p o t a s s i c and s i l i c e o u s character and 
deformation. 
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DRILL HOLE CA-88-16 

D r i l l hole CA-6S-16 was sampleo i n d e t a i l by 3.D. B l a c k w e l l as i t was 
considered one of the best holes which represent the s t r a t i g r a p h y d r i l l e d to 
date at Eskay Creek. The d r i l l hole extends from deep i n the f o o t w a l l , below 
and through the rock c a l l e d the Datum D a c i t e , up through the r h y o l i t e b r e c c i a 
u n i t , and the " f a v o u r a b l e " a r g i l l i t e h o r i z o n and i n t o the hanging w a l l 
a n d e s i t e . Hole 16 has few breaks or f a u l t s , i s c h a r a c t e r i z e d by intense 
muscovite a l t e r a t i o n with white gypsum and no massive r e a l g a r i n the 
m i n e r a l i z e d i n t e r v a l . The volume of rock described as r h y o l i t e b r e c c i a i s 
r e l a t i v e l y f r e s h i n the lower p o r t i o n of the d r i l l h o l e , 120.0 - 200.0 m with 
minijnal s e r i c i t i c aspect. The rock has i n c r e a s i n g f a b r i c and degree of 
muscovite a l t e r a t i o n upwards to the contact with the dark black hydrocarbon 
r i c h rock l o o s e l y termed tuffaceous a r g i l l i t e . The rock volume tra v e r s e d i n 
the upper r e g i o n o f DDH-16 i n the i n t e r v a l 81.6 - 99.6 m beneath the a r g i l l i t e 
i s h i g h l y a l t e r e d and c l e a r l y had a complicated h i s t o r y of hydrothermal 
a l t e r a t i o n . 

Sample CA-15; 86-16-99.6 des c r i b e d i n the i n i t i a l r e p o rt on Eskay Creek i s 
from the volume of h i g h l y a l t e r e d rock. The sample e x i s t s as i r r e g u l a r r e g i o n s 
of Mg c h l o r i t e p y r i t e i n h i g h l y contorted p y r i t i c muscovite s c h i s t . I t was 
proposed that the rock volume of sample 16-99.6 was o r i g i n a l l y massive Mg 
c h l o r i t i t e l a r g e l y replaced by muscovite with simultaneous development of 
c i r c u l a r p y r i t e and t e t r a h e d r i t e . Further samples from t h i s r e g i o n of DDH 16 
s p e c i f i c a l l y 63.5m, 85.7m, 89.1m, 95.7m and 96.7m support t h i s o r i g i n a l 
i n t e r p r e t a t i o n . Sample 16-85.7 i s indeed massive Mg c h l o r i t i t e with o c c a s i o n a l 
g r a i n s of t e t r a h e d r i t e i n s p e c i f i c muscovite patches and cinnabar developed i n 
l a t e c a l c i t e v e i n l e t s . Samples 16-89.1, 95.7 and 96.7 c o n s i s t predominantly o f 
or c o n t a i n r e l i c t r egions o f p y r i t i c muscovite s c h i s t . The contorted 
d i s t r i b u t i o n of p y r i t e i n these r e g i o n s i s e x a c t l y t h a t apparent i n sample 
CA-15 16-99.6 and i t i s the w r i t e r ' s view t h a t the e n t i r e i n t e r v a l from 81.6 -
100.0 m beneath the a r g i l l i t e c o n t a c t i n d r i l l hole 88.16 was o r i g i n a l l y 
p y r i t i c massive Mg c h l o r i t e t h a t has s i n c e been p e r v a s i v e l y replaced by 
muscovite i n a dominantly p o t a s s i c f l u i d regime. A l t e r a t i o n i n these samples 
has completely obscured the nature o f the p r o t o l i t h to t h i s o r i g i n a l pervasive 
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c h l o r i t e a l t e r a t i o n but r e l i c t r egions of m u l t i g r a n u l a r quartz and Mg c h l o r i t e 
in pervasive muscovite replacement i n sample 16-83.5 support the i n t e r p r e t a t i o n 
t h a t t h i s e n t i r e rock volume was o r i g i n a l l y r h y o l i t i c m a t e r i a l replaced f i r s t 
by Mg c h l o r i t e and then almost p e r v a s i v e l y by muscovite. Muscovite s c h i s t i s 
replaced i n patches by c a l c i t e w ith t e t r a h e d r i t e i n 16-89.1, and c a l c i t e b a r i t e 
i n sample 16-96.7 i n d i c a t i n g an e v o l u t i o n of hydrothermal f l u i d s to 
i n c r e a s i n g l y c a l c i c and C 0 £ , S O 4 r i c h compositions. 

P y r i t i c muscovite s c h i s t i s r e placed i n v e i n l e t s and p e r v a s i v e l y by 
c a l c i t e , b a r i t e , c e l e s t i t e and gypsum i n sample 16-95.7 i n d i c a t i n g a f u r t h e r 
e v o l u t i o n of f l u i d s to c a l c i c , C O 2 and S O 4 r i c h compositions. Samples 16-95.7 
and 9-102.5 are the o n l y two samples of the present s u i t e which provide 
examples of the white c r y s t a l l i n e gypsum mentioned f r e q u e n t l y i n d r i l l l o g s . 
Sample 9-102.5 now c o n s i s t s of angular masses of Mg c h l o r i t i t e with evenly 
oi s p e r s e d equent p y r i t e as i r r e g u l a r r e l i c t patches w i t h i n white c r y s t a l l i n e 
gypsum. The Mg c h l o r i t e r e l i c t domains have o c c a s i o n a l narrow v e i n l i k e regions 
of muscovite with c a l c i t e , dolomite and t e t r a h e d r i t e . These v e i n l e t s of 
e a r l i e r stage a l t e r a t i o n are c l e a r l y terminated by the replacement masses of 
white randomly o r i e n t e d c r y s t a l l i n e gypsum. 

Paragenetic r e l a t i o n s h i p s i n the sample woula suggest the rock volume was 
o r i g i n a l l y a Mg c h l o r i t e veined and then replaced p e r v a s i v e l y by gypsum. The 
paragenetic r e l a t i o n s h i p s i n both of these samples i s e s s e n t i a l l y the same, Mg 
c h l o r i t e i s veined by muscovite i n 9-102.5 then replaced by white c r y s t a l l i n e 
gypsum with c a l c i t e , Mg c h l o r i t e i s replaced p e r v a s i v e l y by muscovite i n 
16-95.7 then veined and replaced by gypsum, c a l c i t e and other sulphate s p e c i e s 
b a r i t e and c e l e s t i t e . 

R e l a t i o n s h i p s i n both samples i n d i c a t e an as yet enigmatic v a r i a n t i n 
Eskay Creek hydrothermal system, l a t e stage C O 2 , S O 4 C a - r i c h s o l u t i o n . The 
gypsum c l e a r l y t r a n s e c t s the deformation f a b r i c i n muscovite s c h i s t i n 16-95.7 
i n d i c a t i n g t h a t these l a t e s o l u t i o n s were ambient l a t e i n the complex 
hydrothermal-deformational h i s t o r y of the Eskay Creek gold d e p o s i t . The gypsum 
i s c l e a r l y cut by t e t r a h e d r i t e c a l c i t e veins i n sample 9-102.5 and the gypsum 
r i c h phase of a l t e r a t i o n appears to have been a c o m p o s i t i o n a l v a r i a t i o n of and 
an i n t e g r a l part of the Eskay Creek f l u i d system. 

A l l samples below 100m i n d r i l l hole 16 from 102.6m down to the s o - c a l l e d 
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g r a p h i t i c mudstone at 2u7.65m are v a r i a b l e p y r i t i c , m u s c o v i t i c m u l t i g r a n u l a r 
quartz r i c h r o c k s , a l t e r e d r h y o l i t e . This rock volume has c l e a r l y had a 
complicated a l t e r a t i o n - deformation h i s t o r y based on f a b r i c and c r o s s c u t t i n g 
r e l a t i o n s h i p i n t h i n s e c t i o n s but i n t e r p r e t a t i o n of the s i g n i f i c a n c e of t h i s 
r e l a t i o n s h i p i s not e n t i r e l y obvious due to the simple quartz p y r i t e muscovite 
miner alogy. This rock volume c o n t a i n at l e a s t s e v e r a l generations of muscovite 
and quartz and a spotty d i s t r i b u t i o n of K-feldspar the r e s u l t s of m u l t i p l e 
episode of p o t a s s i c a l t e r a t i o n and s i l i c i f i c a t i o n t h at p o s s i b l y developed p r i o r 
t o , d uring and a f t e r a p e riod of deformation. These c o m p l e x i t i e s are w e l l 
i l l u s t r a t e d i n sample 16-102.6. Large p o r t i o n s of the sample have a strong 
f a b r i c defined by a l t e r n a t i n g bands of quartz of v a r i a b l e g r a i n s i z e and 
v a r i a b l e abundance of muscovite and p y r i t e i n c e r t a i n bands ( P l a t e 16-102.6-1, 
2 ) . This f a b r i c i s o b l i t e r a t e d i n i l l defined patches of m u l t i g r anular quartz 
r e c r y s t a l l i z a t i o n ( P l a t e 16-102.6-3) and branching v e i n l e t s of coarse grained 
quartz which have c l e a r l y not been deformed ( P l a t e 16-102.6-4). S i g n i f i c a n t l y 
zones r i c h in f l u i d i n c l u s i o n are common i n the quartz g r a i n s i n these r e g i o n s 
of post-deformational f l u i d access and s i l i c i f i c a t i o n ( P l a t e s 16-102.6-5,6). 
I t i s of utmost s i g n i f i c a n c e t hat aggregations of s t i b n i t e occur s p o r a d i c a l l y 
i n the coarse quartz patches. S i m i l a r evidence for postdeformational episode 
of open space almost vuggy quartz growth i s present i n sample 16-105.6m as w e l l 
where a r e l a t i v e l y coarse v a r i a b l y muscovite a l t e r e d m u l t i g r anular quartz rock 
with f a b r i c i s c l e a r l y terminated by a coarse grained quartz domain ( P l a t e s 
16-105.6-1,2). 

These domains of high s t r a i n i n the r h y o l i t e volume apparently a l t e r n a t e 
w i t h zones s i g n i f i c a n t l y without f a b r i c . I t i s not e n t i r e l y obvious whether 
these are volumes of rock unaffected by s t r a i n which i s con f i n e d to planar 
zones i n the r h y o l i t e or these indeed represent zones of pervasive f l u i d access 
and complete r ecr y s t a l l i z a t i o n i n c e r t a i n rock volumes a f t e r deformation. 

Samples 16-111.7 i s a good example of t h i s t e x t u r e i n which an even 
grained m u l t i g r anular quartz rock i s l a r g e l y r e p l a c e d by muscovite t h a t i s 
without a f a b r i c ( P l a t e 16-111.7-1). S i g n i f i c a n t l y the s e c t i o n i n c l u d e s 
angular patches o f f i n e g r a i n e d m u l t i g r anular quartz i n s p e c i f i c domains t h a t 
are without muscovite ( P l a t e 16-111.7-2). Outside these zones o f pervasive 
f l u i d access and r e c r y s t a l l i z a t i o n the r h y o l i t e e x i s t s as blocky domains o f 
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f i n e grained m u l t i g r a n u l a r quartz penetrated by zones of muscovite with evenly 
d i s p e r s e d minute p y r i t e ( P l a t e 16-114.3-1) and i n places the development of 
muscovite i s almost p e r v a s i v e . However sporadic patches of coarse quartz with 
f l u i d i n c l u s i o n s ( P l a t e s 16-130.2-1) would suggest t h a t l a r g e p o r t i o n s of t h i s 
rock volume were p e r v a s i v e l y a c c e s s i b l e to f l u i d s inducing coarse grained 
quartz growth. 

Domains of high s t r a i n apparently e x i s t to the base of the r h y o l i t e 
i n t e r v a l as a banded r i b b o n - l i k e a l t e r n a t i o n of muscovite and m u l t i g r a n u l a r 
quartz that i m p o r t a n t l y c o n t a i n extremely f i n e grained K - f e l d s p a r ( P l a t e s 
16-175.6-1,2,3; 16-185.6-1,2). These high s t r a i n zones apparently a l t e r n a t e 
w i t h a p p a r e n t l y l e s s deformed rock volumes with a decided fragmental aspect, 
with angular b l o c k s i n a m u l t i g r a i n e d quartz m a t r i x . However the blocks have a 
c e r t a i n f a b r i c terminated against the matrix and the b r e c c i a t i o n appears to be 
a po s t d e f o r m a t i o n a l phenomenon with fragments of deformed r h y o l i t e now sealed 
by m u l t i g r a n u l a r q u a r t z . 

R e l a t i o n s h i p s i n d r i l l hole 85 -16 c l e a r l y i n a i c a t e that the s o - c a l l e d 
r h y o l i t e mass has been p e r v a s i v e l y a f f e c t e d by s i l i c e o u s f l u i d s inducing a 
pe r i o d of open space vuggy quartz growth i n rock volumes which s i g n i f i c a n t l y 
have not been deformed. D r i l l hole 86-16 apparently t r a n s e c t s the s o - c a l l e d 
r h y o l i t e volume p e r i p h e r a l to a zone of more focused pervasive s i l i c i f i c a t i o n 
penetrated by d r i l l holes 86-12 and 65-13 i n d r i l l s e c t i o n 0+60S, samples 
12-90.5, 12-92.3, 19-119.7, 12-121-6, 13-86.5 CA10 and d r i l l holes 85 -14 and 
66-15 i n d r i l l s e c t i o n 0+94S, samples 14-50.3 CA11, 14-53.2 CA12, 15-63.1, 
15-73.0, 15-75.1 CA13 ana 15-62.4 CA14. A l l of these samples appear to 
represent a m u l t i g r a n u l a r quartz-muscovite a l t e r e d s i l i c e o u s rock, r h y o l i t e 
b r e c c i a , s i l i c i f i e d by s e v e r a l generations of p r i s m a t i c quartz of v a r i a b l e 
g r a i n s i z e . 

These samples c o n t a i n l i t t l e muscovite and s u l p h i d e phases are c l e a r l y 
d i s t r i b u t e d i n a network along quartz g r a i n margins ( P l a t e s 15-63.1-2 and 3. 
These rocks c o n t a i n o c c a s i o n a l r e g i o n s of r e l a t i v e l y coarse grained almost 
vuggy quartz w i t h i n w a r d l y p r o j e c t i n g w e l l terminated quartz g r a i n s which 
s i g n i f i c a n t l y c o n t a i n s c e r t a i n growth zones with abundant f l u i d i n c l u s i o n s 
( P l a t e 15-63.3-4). 

Numerous examples i n the above-mentioned samples provide compelling 
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evidence f o r t r a n s p o r t and f i x a t i o n of metals i n volumes of s i l i c i f i e d r h y o l i t e 
i n a dominantly s i l i c e o u s f l u i d regime. Indeed the m i n e r a l i z e d zone at Eskay 
Creek apparently c o n s i s t s of two primary rock types t h a t were a c c e s s i b l e to and 
m i n e r a l i z e d by f l u i d s of h i g h l y v a r i a b l e c h a r a c t e r . Volumes of g r a p h i t i c 
a r g i l l i t e and s p a t i a l l y r e l a t e d chert with a v a r i a b l e content of f e l s i t e 
fragments were r e p l a c e d by Mg c h l o r i t e and muscovite by Mg, K and Ba r i c h 
f l u i d s while volumes of r h y o l i t e were s i l i c i f i e d and m i n e r a l i z e d by f l u i d s of 
h i g h l y s i l i c e o u s c h a r a c t e r . I f the samples of the Eskay s u i t e are at a l l 
r e p r e s e n t a t i v e , the s i l i c e o u s f l u i d s were only r a r e l y a c c e s s i b l e to the volumes 
of chert and g r a p h i t i c a r g i l l i t e . Sample 55-94.2 l i k e l y c o n t a i n s domains of 
m u l t i g r a n u l a r p r i s m a t i c quartz and l i k e l y r e p r e s e n t s a r a r e example where a 
volume of hydrocarbon r i c h chert or g r a p h i t i c a r g i l l i t e was a c c e s s i b l e to the 
dominantly s i l i c e o u s f l u i d regime. 
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THE "DATUM DACITE", TRACHYTE OR K-FELDSPAR ALTERATION 

In the w r i t e r ' s view sample 13-203.3 from an i n t e r s e c t i o n of the s o - c a l l e d 
"Datum D a c i t e " i s p o s s i b l y the most important sample of the e n t i r e Eskay Creek 
sample s u i t e . The mineralogy and t e x t u r e s of t h i s sample may be the key to 
understanding the o r i g i n of the s i l i c e o u s f l u i d s i n c r e a s i n g l y important i n the 
genesis of the Eskay Creek deposit and p o s s i b l y the o r i g i n of the f l u o r i n e 
anomaly manifest i n Mg c h l o r i t e i n c e r t a i n samples. Sample 13-203.3 c o n s i s t s 
of a v a r i e t y of ovoid to c i r c u l a r c a v i t i e s f i l l e d with coarse p r i s m a t i c quartz 
o f v a r i a b l e g r a i n s i z e s i g n i f i c a n t l y with zones of f l u i d i n c l u s i o n s i n c e r t a i n 
quartz g r a i n s w i t h i n a f i n e grained matrix of K - f e l d s p a r , a l b i t e and q u a r t z . 
The K - f e l d s p a r i n t h i s matrix has a c e r t a i n f a b r i c created by a general 
alignment of g r a i n s that does not appear to be the r e s u l t of p e n e t r a t i v e 
deformation ( P l a t e 13-203.3-2). This K - f e l d s p a r has a domainal v a r i a t i o n i n 
barium content reaching 3.73 weight percent BaO i n c e r t a i n g r a i n s ( P l a t e 
13-203.3-3). I f t h i s sample were of igneous d e r i v a t i o n the t e x t u r e i l l u s t r a t e d 
i n P l a t e 13-203.2-2 could e a s i l y be termeo t r a c h y t i c . In the w r i t e r ' s view 
t h i s i s indeed the case and sample 13-203.3 prov i d e s strong evidence that the 
s o - c a l l e d "Datum D a c i t e " i s i n r e a l i t y an e x t r u s i v e v o l c a n i c rock of true 
igneous d e r i v a t i o n . The c i r c u l a r q u a r t z - f i l l e d c a v i t i e s i n t h i s sample are 
regardea as primary v e s i c l e s now sealed by p r i s m a t i c quartz of h i g h l y v a r i a b l e 
g r a i n s i z e ( P l a t e s 13-203.3-6, 7 and 6 ) . Quartz i n c e r t a i n i n f i l l e d v e s i c l e s 
have a r e g u l a r d i s t r i b u t i o n of zones of f l u i d i n c l u s i o n s near the margin of 
c e r t a i n g r a i n s ( P l a t e s 13-203.3-9,10). The o v e r a l l t e x t u r e i s c e r t a i n l y not 
one of s i l i c e o u s replacement but r a t h e r the quartz developed i n primary 
m i c r o l i t i c c a v i t i e s w i t h i n a t r a c h y t i c h i g h l y p o t a s s i c v o l c a n i c rock. The 
s i m i l a r i t y of t e x t u r e s of quartz i n the c a v i t i e s i n sample 13-203.3 with the 
v a r i e t i e s of p r i s m a t i c quartz developed i n l a r g e volumes of the o v e r l y i n g 
m u l t i p l y s i l i c i f i e d r h y o l i t e higher i n the s e c t i o n at Eskay Creek i s indeed 
remarkable. 

These f e a t u r e s are considered to be very important i n the understanding of 
the continuum process i n v o l v e d i n the generation of the Eskay Creek d e p o s i t . 
An i n t e r v a l of growth o f coarse grained terminated quartz took place i n c e r t a i n 
r e g i o n s of the Eskay Creek hydrothermal system. The o r i g i n and character of 
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t h i s f l u i d i s as yet u n c e r t a i n but fe a t u r e s i n sample 13-203.3 support the 
i n t e r p r e t a t i o n t h a t these f l u i d s were deri v e d i n part from v o l c a n i c gas 
emanations from e x t r u s i v e t r a c h y t i c flows lower i n the g e o l o g i c s e c t i o n . 

Grains o f coarse c r y s t a l l i n e quartz with f l u i d i n c l u s i o n s are s t i l l 
r e c o g n i z a b l e i n samples 15-63.1 and 73.0, although the o r i g i n a l g r a i n s have 
a l s o been re p l a c e d by muscovite and f i n e r grained q u a r t z . These features are 
important i n the understanding and i n t e r p r e t a t i o n of the o r i g i n and o r i g i n a l 
c h a r a c t e r o f the rock volume now l o o s e l y termed r h y o l i t e at Eskay Creek. 

In the w r i t e r ' s view i t i s of utmost s i g n i f i c a n c e t h a t the wide t e x t u r a l 
v a r i e t y of quartz g r a i n s observed i n c a v i t i e s i n sample 13-203.3 are e x a c t l y 
those that comprise the rock w i t h i n c e r t a i n l a r g e domains of t h i s s o - c a l l e d 
r h y o l i t e . For example, sample 15-75.1 CA 13 co n t a i n s blocky domains of 
randomly o r i e n t e d p r i s m a t i c often terminated quartz with s i g n i f i c a n t v a r i a t i o n 
of g r a i n s i z e i n adjacent b l o c k s ( P l a t e 16-75.1-1). Quartz with t h i s randomly 
o r i e n t e d p r i s m a t i c aspect occurs i n c e r t a i n c a v i t i e s i n sample 13-203.3 ( P l a t e 
13-203.3-7). The i m p l i c a t i o n s are obvious. The rock volume of sample 15-75.1 
was replaceo by p r i s m a t i c quartz i n a hydrothermal regime, p o s s i b l y cotemporal 
with and from the same f l u i a s which p r e c i p i t a t e d quartz i n these c a v i t i e s i n 
sample 13-203.3, a f r e s h u n a l t e r e d t r a c h y t e or e x t r u s i v e p o t a s s i c v o l c a n i c 
rock. 

Inaeed the e n t i r e d r i l l s e c t i o n 0 + 94S cut by d r i l l holes DDH CA 14 and 
15 takes on great s i g n i f i c a n c e i f the rocks are regarded as having been the 
r e s u l t of m u l t i p l e episodes o f s i l i c i f i c a t i o n of a precursor l i t h o l o g y by 
v o l c a n i c gases streaming from the u n d e r l y i n g t r a c h y t i c v o l c a n i c flows 
represented by sample 13-203.3. These rocks have not been deformea and the 
c o n s t i t u e n t s u l p h i d e m i n e r a l assemblages and o v e r a l l metal i n v e n t o r y , Sb, Pb, 
Au, As, Au, Ag cannot be a t t r i b u t e d to p o t a s s i c f l u i d s w i t h i n or a c c e s s i b l e to 
a deformation zone. I t i s i n t e r e s t i n g t h a t the rock volume 13-197.5 - 213.6, 
was des c r i b e d as a b r e c c i a pipe with c l a s t s up to 8.0 cm i n diameter with up to 
25% p y r i t e a s s o c i a t e d with veiri f i l l i n g s . 

In an a l t e r n a t e view sample 13-203.3 could be regarded as a m a n i f e s t a t i o n 
o f some type of pe r v a s i v e K - f e l d s p a r s t a b l e p o t a s s i c a l t e r a t i o n . The sample do 
indeed c o n t a i n p y r i t e throughout the m a t r i x , i n the quartz f i l l e d c a v i t i e s and 
i n a network of branching quartz muscovite v e i n l e t s ( P l a t e 13-203.3-5). In 
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t h i s regard the importance of K - f e l d s p a r at v a r i o u s p o i n t s i n the r h y o l i t e 
s e c t i o n cannot be overemphasized. 

In the volume represented by sample 16-175.6, the K - f e l d s p a r appears to be 
r e s t r i c t e d to planar zones which appear to dismember a rock c o n s i s t i n g 
predominantly m u l t i g r a n u l a r quartz with abundant muscovite and p y r i t e i n 
i n t e r s t i c e s . The i m p l i c a t i o n i s t h a t the K - f e l d s p a r developed i n t h i s rock 
volume i n s u b p a r a l l e l zones of deformation induced or enabled f l u i d access. 
Otherwise s t a t e d , K - f e l d s p a r i s c l e a r l y an i n t e g r a l part of the hydrothermal 
a l t e r a t i o n assemblage i n m u l t i p l y , s i l i c i f i e d , deformed, and muscovite a l t e r e d 
r h y o l i t e . 
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GENETIC CONSIDERATIONS 

The previous s e c t i o n s o f t h i s r e p o r t were an attempt to o u t l i n e some of 
the processes apparently i n v o l v e d i n the gene r a t i o n o f the t e x t u r a l l y , 
p a r a g e n e t i c a l l y and c o m p o s i t i o n a l l y complex rocks which c o l l e c t i v e l y comprise 
the Eskay Creek gold prospect. This s e c t i o n i s an attempt to r a t i o n a l i z e these 
o b s e r v a t i o n s and t e n t a t i v e c o n c l u s i o n s w i t h i n some o v e r a l l framework with 
c o n s i d e r a t i o n s of genesis of the d e p o s i t . 

Paragenetic and t e x t u r a l r e l a t i o n s h i p s would suggest that Mg, K, Ba and 
s i l i c e o u s hydrothermal f l u i d s of p o s s i b l y e v o l v i n g chemical composition were 
v a r i a b l y a c c e s s i b l e , both s p a t i a l l y and temporally i n t o a zone of hydrothermal 
a l t e r a t i o n . I n i t i a l l y the rock sequence at Eskay Creek appears to be rath e r 
uncomplicated c o n s i s t i n g of a hanging w a l l u n i t of p i l l o w e d andesite and flow 
b r e c c i a h o r i z o n s with p o s s i b l e c h i l l margin contact r e l a t i o n s h i p a g a i n s t a 
complicated i n t e r v a l of g r a p h i t i c mudstone or a r g i l l i t e and chert with abundant 
blocks ana masses of r h y o l i t e , f e l s i t e and mudstone or che r t w i t h i n a black 
carbonaceous m a t r i x . This u n i t i s u n d e r l a i n b\ a t h i c k sequence of b r e c c i a and 
l a p i l l i b r e c c i a and r h y o l i t e l o o s e l y termed r h y o l i t e b r e c c i a t h a t i s i n t u r n 
u n a e r l a i n by a sequence of muastone and d a c i t e u n i t s . 

Rocks i n the upper r e g i o n s of the s o - c a l l e d r h y o l i t e b r e c c i a and o v e r l y i n g 
muastone and che r t have a strong f a b r i c and have apparently been deformea. 
F l u i d s of the Eskay hydrothermal system were apparently focused on r o c k s i n the 
upper r e g i o n s of the s o - c a l l e d r h y o l i t e u n i t and the o v e r l y i n g g r a p h i t i c 
a r g i l l i t e and che r t b r e c c i a u n i t s beneath the contact with the o v e r l y i n g 
a n d e s i t e . F l u i d s of e v o l v i n g chemical composition were apparently a c c e s s i b l e 
to t h i s hydrothermal zone. Paragenetic r e l a t i o n s h i p s i n d i c a t e t h a t e a r l y 
f l u i d s were d e c i d e a l y magnesian and s i l i c e o u s as l a r g e volumes of the 
a r g i l l i t e - c h e r t and u n d e r l y i n g r h y o l i t e were apparently r e p l a c e d by Mg c h l o r i t e 
producing l a r g e volumes o f massive Mg c h l o r i t i t e . The p r e c i s e nature of t h i s 
p r o t o l i t h has been o b l i t e r a t e d by a l t e r a t i o n , but l a r g e volumes of a r g i l l i t e -
c h e r t and r h y o l i t e were l i k e l y consumed by t h i s c h l o r i t i c a l t e r a t i o n . 

A c e r t a i n metal content, Sb, Zn, Pb, of these e a r l y Mg, S i f l u i d s i s 
i n d i c a t e d by the common occurrence o f s t i b n i t e , s p h a l e r i t e and galena i n 
c h l o r i t e bearing assemblages apparently developed at t h i s stage of the system 
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i n examples of both a l t e r e d a r g i l l i t e - c h e r t and p e r v a s i v e l y c h l o r i t i z e d 
subjacent r h y o l i t e . A s p o r a a i c but s i g n i f i c a n t f l u o r i n e content of Mg c h l o r i t e 
i n a l t e r e d ar g i l l i t e - c h e r t and massively c h l o r i t i z e d r h y o l i t e i n d i c a t e s t h a t 
these e a r l y stage f l u i d s had an a p p r e c i a b l e f l u o r i n e content i n a d d i t i o n to 
magnesium and s i l i c a . 

An e v o l u t i o n o f f l u i d s to i n c r e a s i n g l y p o t a s s i c and barium r i c h 
composition i s i n a i c a t e d by the c o n s i s t e n t c h l o r i t e -> muscovite par agenesis i n 
a l l r o c k types. However an o v e r l a p p i n g i n t e r v a l of simultaneous Mg chlor i t e -
muscovite s t a b i l i t y i n t h i s e v o l v i n g hydrothermal regime i s i n d i c a t e d by 
e q u i l i b r i u m t e x t u r a l r e l a t i o n s h i p s between F Mg c h l o r i t e and Ba muscovite i n 
c e r t a i n samples. Arsenopyr i t e was c l e a r l y s t a b l e i n d i c a t i n g a s i g n i f i c a n t 
a r s e n i c content i n these intermediate stage f l u i d s of t r a n s i t i o n a l c h l o r i t e -
muscovite s t a b i l i t y . In an i n c r e a s i n g l y p o t a s s i c f l u i d regime a l l rock types 
a l t e r e d i n v a r i o u s degrees of i n t e n s i t y by c h l o r i t e - s t a b l e f l u i d s were consumed 
in a wave of a l l consuming muscovite s t a b l e p o t a s s i c a l t e r a t i o n with the 
i n t e n s i t y of t h i s a l t e r a t i o n l a r g e l y determined by f a c t o r s c o n t r o l l i n g f l u i o 
access. P e r v a s i v e Mg c h l o r i t e was l a r g e l y r e p l a c e d by muscovite at t h i s 
stage. Presumably the a l l p ervasive background a l t e r a t i o n of subjacent 
r h y o l i t e took place simultaneously with more forward access of p o t a s s i c f l u i d s 
in the hydrothermal zone apparently centerea on the o r i g i n a l a r g i l l i t e / c h e r t -
r h y o l i t e c o n t a c t . F l u i d s were h i g h l y focussed on t h i s c o n tact at t h i s stage 
producing a trend to extreme barium enrichment i n micas w i t h i n c e r t a i n volumes 
of h i g h l y a l t e r e d arg i l l i t e - c h e r t . A r s e n o p y r i t e development was l a r g e l y 
r e s t r i c t e d to volumes of a r g i l l i t e c h e r t a l t e r a t i o n as w e l l . The i n t e r v a l of 
a r s e n o p y r i t e development i n a r g i l l i t e - c h e r t r ock volumes apparently predated or 
was i n part synchronous with some period of deformation of undetermined o r i g i n 
as a r s e n o p y r i t e and e a r l i e r stage s p h a l e r i t e commonly e x h i b i t pressure shadows 
in s c h i s t o s e m u s c o v i t i c r o c k s o f h i g h l y a l t e r e d arg i l l i t e - c h e r t . Masses of 
s t i b n i t e w i t h i n c l u d e d masses and r o s e t t e s of Ba muscovite s i g n i f i c a n t l y 
without f a b r i c i n d i c a t e t h a t the Eskay f l u i d system was s t i l l a c t i v e a f t e r t h i s 
s h o r t - l i v e d i n t e r v a l of deformation. The main period of m i n e r a l i z a t i o n 
a pparently postdated t h i s i n t e r v a l of deformation as numerous examples of 
massive s t i b n i t e e x i s t s i g n i f i c a n t l y without f a b r i c intergrown with 
Ba-muscovite, t e t r a h e d r i t e , galena and PoSbCuZnAgHg s u l p h o s a l t s . An i n c r e a s i n g 
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C O 2 and S O 4 component i n t h i s postdeformational f l u i d regime i n a l t e r e d 
a r g i l l i t e - c h e r t rock volumes i s i n a i c a t e d by the coarse grained intergrowths of 
c a l c i t e , Mn dolomite and b a r i t e . An e v o l u t i o n of f l u i d s to i n c r e a s i n g Ag, Hg 
r i c h compositions i s i n d i c a t e d by the Ag, Hg r i c h marginal zones noted on 
c o m p o s i t i o n a l l y zoned s p h a l e r i t e and t e t r a h e d r i t e , the presence of a k t a s h i t e 
intergrown with c a l c i t e , b a r i t e and r e a l g a r and the common occurrence o f 
cinnabar c r a c k s i n massive s t i b n i t e . Presumably zones of white c r y s t a l l i n e 
gypsum with b a r i t e , c e l e s t i t e and c a l c i t e developed i n subjacent volumes o f 
muscovite a l t e r e d c h l o r i t i t e synchronous with the c a l c i t e b a r i t e dolomite 
assemblages i n volumes of a l t e r e d a r g i l l i t e c h e r t . Large volumes of subjacent 
r h y o l i t e were a c c e s s i b l e to s i l i c e o u s f l u i d s a f t e r the i n t e r v a l of deformation 
as evidenced by the abundant domains o f coarse, p r i s m a t i c o f t e n terminated 
quartz throughout the r h y o l i t e . Volumes of r h y o l i t e immediately subjacent to 
the main m i n e r a l i z e d zone have c l e a r l y experienced s e v e r a l episodes of growth 
o f coarse p r i s m a t i c quartz o f t e n with zones of f l u i d i n c l u s i o n s . S p h a l e r i t e , 
s t i b n i t e and t e t r a h e d r i t e are d i s t r i b u t e d along quartz g r a i n margins i n these 
a l t e r e d rock volumes. The "Datum D a c i t e " f o o t w a l l to the r h y o l i t e b r e c c i a i s 
p o t e n t i a l l y a horizon for h i g h l y p o t a s s i c K-feldspar r i c h primary v o l c a n i c r o c k 
t r a c h y t e with m i a r o l i t i c c a v i t i e s sealed by coarse p r i s m a t i c quartz with f l u i d 
i n c l u s i o n s and o v e r a l l aspect remarkably s i m i l a r to the zones of coarse 
p r i s m a t i c quartz i n the volumes of s i l i c i f i e d r h y o l i t e immediately f o o t w a l l to 
the main m i n e r a l i z e d zone. 

Given t h a t these o b s e r v a t i o n s and i n t e r p r e t a t i o n s are at l e a s t i n part 
r e a l i s t i c what then i s a p o s s i b l e s c e n a r i o for the genesis of the Eskay Creek 
gold d e p o s i t ? 

Least a l t e r e d samples of the a r g i l l i t e - c h e r t h orizon would suggest t h a t 
these r o c k s e x i s t e d as r a d i o l a r i a n c h e r t and p o s s i b l y c r i n o i d a l b i o m i c r i t i c 
limestone p r i o r to i n t e n s i v e a l t e r a t i o n by f l u i d s of the Eskay hydrothermal 
system. These samples provide evidence for the g e n e r a t i o n o f at l e a s t one 
v a r i e t y o f s o - c a l l e d c h e r t through the replacement o f c r i n o i d a l limestone by 
s i l i c a . These are p o s s i b l y primary d e p o s i t i o n a l f e a t u r e s of the r o c k s of the 
g r a p h i t i c a r g i l l i t e - c h e r t h o r i z o n . The r e c o g n i t i o n of r a d i o l a r i a n f o s s i l s i n 
the c h e r t may merely be an i n d i c a t i o n o f the d e p o s i t i o n a l environment of the 
c h e r t s i l i c a p r e c i p i t a t e d i n a marine environment. The probable c r i n o i d 
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fragments i n the proposed limestone may once again merely i n d i c a t e the 
o e p o s i t i o n a l environment of these c a l c a r e o u s r o c k s , as near shore calcareous 
d e p o s i t s , the d e b r i s of c a l c i t e p r e c i p i t a t i n g l i f e forms. These features may 
merely be an i n d i c a t i o n o f the environment o f d e p o s i t i o n of these rock 
volumes. They do not provide evidence that these rocks were i n a near shore 
shallow water environment at the time of generation of the Eskay Creek gold 
d e p o s i t . 

The p o s s i b i l i t y does e x i s t however that t h i s was indeed the case. In the 
w r i t e r ' s view one of the most c r i t i c a l aspects concerning the genesis of the 
Eskay Creek d e p o s i t i s the nature and o r i g i n of the o v e r l y i n g andesite rock 
u n i t . Was t h i s andesite present i n the rock sequence during the complex 
i n t e r v a l of hydrothermal a l t e r a t i o n and deformation that was c l e a r l y i n v o l v e d 
i n the genesis of the de p o s i t ? 

I f the andesite was indeed present as an i n t e g r a l part of the rock 
sequence one might expect that examples of andesite v a r i a b l y a l t e r e d by 
assemblages t y p i c a l of the Eskay Creek a l t e r a t i o n system might e x i s t i n d r i l l 
c ore. Only one example of a n d e s i t e , sample 12-56.1 was a v a i l a b l e to the w r i t e r 
for examination and t h i s sample was v a r i a b l y a l t e r e d by c a l c i t e and p y r i t e . 
The examples of c h e r t with a l b i t i c f e l s i t e fragments take on a c e r t a i n 
s i g n i f i c a n c e i n t h i s d i s c u s s i o n . Are the f e l s i t i c fragments some v a r i e t y o f 
r a p i d l y quenched border phase of the andesite or some g e n e t i c a l l y u n r e l a t e d 
rock type? These f e l s i t e fragments were c l e a r l y an i n t e g r a l p a r t of the 
s o - c a l l e d c h e r t rock volume a c c e s s i b l e to f l u i d s of the Eskay system. These 
questions are p i v o t a l to any d i s c u s s i o n of genesis of Eskay Creek d e p o s i t and 
thus extremely important i n the development of an e x p l o r a t i o n program f o r 
s i m i l a r m i n e r a l i z e d zones i n the r e g i o n . I f examples of hydrothermally a l t e r e d 
a n d e s i t e can be documented, an o r i g i n of the depos i t through access of f l u i d s 
along a zone o f deformation roughly c o i n c i d e n t with the a n d e s i t e - a r g i l l i t e / 
c h e r t - r h y o l i t e c o n t a c t may reasonably be considered as one of s e v e r a l 
p o s s i b i l i t i e s . 

I f however the andesite e x i s t s with a c h i l l e d marginal contact against 
g r a p h i t i c a r g i l l i t e / c h e r t and without demonstrable a l t e r a t i o n assemblages 
c h a r a c t e r i s t i c of the Eskay system, two p o s s i b i l i t i e s a r i s e . In the f i r s t the 
andesite may indeed have been present but was not a c c e s s i b l e to the 
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hydrothermal system f o r some reason such as s p a t i a l s e l e c t i v i t y i n f l u i d access 
c o n s t r a i n e d by a s p e c i f i c zone of deformation. In the second very important 
scenario the andesite was indeed not part of the rock sequence at the time of 
generation o f the d e p o s i t . In t h i s l a t t e r s c enario the Eskay d e p o s i t could 
e a s i l y be i n t e r p r e t e d to be the r e s u l t of near surface hydrothermal processes, 
p o s s i b l y i n a s u b a e r i a l or shallow submarine environment. In t h i s 
i n t e r p r e t a t i o n the u n d e r l y i n g t r a c h y t e flow and r h y o l i t e b r e c c i a could have 
been an e x t r u s i v e v o l c a n i c s i t u a t i o n with a r h y o l i t e dome expanding i n t o a 
sequence of v o l c a n i c b r e c c i a s and immature near shore f a c i e s marine sediments. 
The hydrocarbon r i c h s o - c a l l e d c h e r t might then be a m a n i f e s t a t i o n of s i l i c e o u s 
emanations i n a s u b a e r i a l or shallow submarine environment t h a t included 
f e l s i t e fragments as primary d e p o s i t i o n a l f e a t u r e s . 

In a more complicated or e q u a l l y p l a u s i b l e p o s s i b i l i t y the o v e r l y i n g 
andesite was not a f f e c t e d by the Eskay Creek hydrothermal system as the 
a n d e s i t e - g r a p h i t i c a r g i l l i t e / c h e r t contact may have been the plane of an as yet 
unrecognized major s t r u c t u r a l break i n the rock sequence at Eskay Creek. The 
unaltered andesite may have been s t r u c t u r a l l y juxtaposed with hydrothermally 
a l t e r e d and m i n e r a l i z e d rocks. This l a s t scenario i s not at a l l beyond the 
realm of p o s s i b i l i t i e s when one co n s i d e r s the many aspects of the Eskay sample 
s u i t e which demand the complicated i n t e r p l a y of hydrothermal a l t e r a t i o n and 
s t r u c t u r a l elements. 
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FURTHER WORK 

i ) The andesite a r g i l l i t e - c h e r t contact should be examined c a r e f u l l y and the 
an d e s i t e s c r u t i n i z e d c a r e f u l l y f or any example of a l t e r a t i o n t hat might 
reasonably be r e l a t e d to f l u i d access a l t e r a t i o n phenomena of the Eskay 
Creek f l u i d system. The sample of andesite examined i n t h i s study has 
v e s i c l e i n f i l l i n g and i s v a r i a b l y veined by c a l c i t e - p y r i t e . C e r t a i n l y Mg 
c h l o r i t e - m u s c o v i t e - s t i b n i t e assemblages would be most d e f i n i t i v e but even 
the c a l c i t e - p y r i t e a l t e r a t i o n might be s p a t i a l l y r e l a t e a to the subjacent 
hydrothermal zone. 

i i ) The nature of the a n d e s i t e - a r g i l l i t e / c h e r t c o n tact should be examined 
c a r e f u l l y and the a r g i l l i t e / c h e r t h orizon samplea e x t e n s i v e l y i n r e g i o n s 
s p a t i a l l y d i s t a n t from the hydrothermal zone. This i n f o r m a t i o n would 
provide some i n s i g h t i n t o the true d e p o s i t i o n a l environment of the 
a r g i l l i t e / c h e r t r o c k s . Does t h i s h o r i z o n c o n t a i n examples of b i o m i c r i t i c 
limestone? I s the ch e r t a deep water marine p r e c i p i t a t e as the r a d i o l a r i a 
i n sample 21-54.2 might suggest, a product of pervasive s i l i c i f i c a t i o n of 
p o r t i o n s of a zone of high s t r a i n or a form of s i l i c e o u s s i n t e r the r e s u l t 
of near surface emanation of s i l i c e o u s hydrothermal f l u i d s i n a s u b a e r i a l 
or shallow submarine environment? 

i i i ) The s o - c a l l e d Datum Dacite ana Tuff should be sampled and examined 
c a r e f u l l y . Is t h i s r o c k volume a v e s i c u l a r h i g h l y p o t a s s i c e x t r u s i v e 
r o c k , a t r a c h y t e as sample 13-203.3 might suggest? Is the p r i s m a t i c 
quartz f i l l i n g the v e s i c l e s i n t h i s r o c k a common f e a t u r e or i s t h i s 
phenomenon r e s t r i c t e d to zones i n the f o o t w a l l s p a t i a l l y r e l a t e d to the 
sup e r j a c e n t hydrothermal zone and thus g e n e t i c a l l y r e l a t e d to the zones of 
m i n e r a l i z e d p r i s m a t i c s i l i c i f i c a t i o n i n a l t e r e d s o - c a l l e d r h y o l i t e . Is 
t h i s r o c k some type o f poorly understood p o t a s s i c a l t e r a t i o n which may 
a l s o be g e n e t i c a l l y r e l a t e d to the Eskay Creek hydrothermal zone? 
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i v ) One of the f e a t u r e s l e a s t appreciated by the w r i t e r i s the paragenetic 
r e l a t i o n s h i p between m i n e r a l i z e d rock volumes with Mg c h l o r i t e and Ba 
muscovite a p p a r e n t l y the product of a l t e r a t i o n by F, Mg, K, Ba r i c h 
hydrothermal f l u i d s and m i n e r a l i z e d rock volumes c h a r a c t e r i z e d by 
p r i s m a t i c quartz e s s e n t i a l l y without c h l o r i t e and muscovite and the 
product of a l t e r a t i o n by s i l i c e o u s hydrothermal f l u i d s . I s there a rock 
volume at Eskay Creek where the c h l o r i t e - m u s c o v i t e type a l t e r a t i o n i s 
consumed by s i l i c i f i c a t i o n or are s i l i c i f i e d rock volumes penetrated and 
replaced by c h l o r i t e and muscovite? In what way are the F, Mg, K, Ba 
f l u i d s and the S i r i c h f l u i d s r e l a t e d ? Is i t p o s s i b l e that these types of 
a l t e r a t i o n represent s p a t i a l z onation due to thermal c o n s t r a i n t s w i t h i n a 
s i n g l e hydrothermal regime with pervasive s i l i c i f i c a t i o n the m a n i f e s t a t i o n 
of hydrothermal a c t i v i t y and a l t e r a t i o n i n the deeper h o t t e r p o r t i o n s of 
the system with pervasive s i l i c i f i c a t i o n producing hydrothermal chert or 
s i l i c e o u s s i n t e r the m a n i f e s t a t i o n of the same hydrothermal system i n the 
upper lower temperature r e g i o n s of the same hydrothermal regime near 
surface? 

v) One of the l e a s t understood aspects of the study i s the r o l e of 
deformation i f any i n the genesis of the Eskay d e p o s i t . P o r t i o n s of the 
deposi t have c l e a r l y been deformed yet numerous examples of a l t e r a t i o n 
e x i s t without f a b r i c and i n c e r t a i n samples m i c a - q u a r t z - s t i b n i t e v e i n s 
c l e a r l y cut the f a b r i c i n muscovite s c h i s t . What i s the nature of the 
deformation as hydrothermal a c t i v i t y appears to have a f f e c t e d c e r t a i n rock 
volumes p r i o r t o , during and subsequent to a deformational episode? Are 
there zones of high s t r a i n i n the andesite with the same a t t i t u d e and 
f a b r i c as the domains of s t r a i n i n the m i n e r a l i z e d zone and the subjacent 
r h y o l i t e ? 
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DDH CA-88-6-97.5 

massive s t i b n i t e with r e a l g a r , b a r i t e , carbonate and Ba M u s c o v i t e i n 
i n t e r s t i c e s . 

s t i b n i t e - 60% 
r e a l g a r - 25% 
c a l c i t e - 3% 
b a r i t e - 2% 
muscovite - <1% 
quartz - 2% 
s p h a l e r i t e - <2% 
cinnabar - 1% 
t e t r a h e d r i t e - « 1 X 
PbSbAsS mineral - «1% 

s e c t i o n of a t e x t u r a l l y complex array of angular to r a d i a t i n g s t i b n i t e 
c r y s t a l s cemented and sealed i n t e r s t i t i a l l y by t r a n s l u c e n t red r e a l g a r 
(P la te 6 - 9 7 . 5 - 1 ) . 

b a r i t e and quartz present as angular aggregates and stubby a c i c u l a r 
gra ins l a r g e l y r e s t r i c t e d to domains in the s e c t i o n of massive s t i b n i t e ; 
both have well developed c r y s t a l faces against and inc lude s t i b n i t e i n 
d i c a t i n g cotemporal development. 

c a l c i t e present in i n t e r s t i c e s in massive s t i b n i t e r a r e l y in a s s o c i a t i o n 
with and with c r y s t a l faces developed against b a r i t e and commonly as 
monomineralic domains that inc lude both s t i b n i t e and more commonly r e a l 
gar . 

c a l c i t e a lso present along i r r e g u l a r d iscont inuous v e i n l e t s that inc lude 
r a r e l y s t i b n i t e and more commonly t r a n s l u c e n t red r e a l g a r . 

c e r t a i n domains e s s e n t i a l l y massive r e a l g a r inc lude and e x h i b i t c r y s t a l 
faces against c a l c i t e . 

note a c e r t a i n f a b r i c to sample def ined by crude alignment of s t i b n i t e 
c r y s t a l s and e longate c r y s t a l s of b a r i t e and i n c l u s i o n s of c a l c i t e . 

Ba muscovite occurs as minute r a d i a l sheafs and masses apparent ly r e s t 
r i c t e d to domains of massive s t i b n i t e imply ing simultaneous development. 

c innabar occurs as angular gra ins and i r r e g u l a r l i n e a r zones along gra in 
margins in massive s t i b n i t e (P la te 6-97.5-2) as do occas iona l angular 
gra ins of t e t r a h e d r i t e (P la te 6 - 9 7 . 5 - 3 ) . 



P l a t e 6 - 9 7 . 5 - 1 . M a s s i v e s t i b n i t e s e a l e d b y t r a n s l u c e n t r e d r e a l g a r 





DDH CA-88-9-64.4 

f i n e g r a i n e d s i l i c e o u s r o c k p o s s i b l y o r i g i n a l l y b a r i t e o r g y p s u m b e a r i n g 
c h e r t t h a t h a s b e e n h i g h l y a l t e r e d b y f l u i d s w i t h d e v e l o p m e n t o f c o a r s e 
m u s c o v i t e , g u a r t z and Mg c h l o r i t e i n s i t e s o f f o r m e r g y p s u m ; c u t b y l a t e 
c a l c i t e r e a l g a r s p h a l e r i t e v e i n s 

q u a r t z - 40% 
m u s c o v i t e - 20% 
c a l c i t e - 5% 
b a r i t e - 4% 
M g - c h l o r i t e - 15% 
d o l o m i t e - 1% 
r e a l g a r - 5% 
s p h a l e r i t e - 5% 
c i n n a b a r - 4% 
t e t r a h e d i r i t e - <1% 

t e x t u r a l V y c o m p l i c a t e d s a m p l e b e s t r a t i o n a l i z e d i f r o c k t y p e e s s e n t i a l l y 
l i k e 5 5 - 9 8 . 3 , r e p l a c e d b y q u a r t z , m u s c o v i t e , Mg c h l o r i t e and a v a r i e t y 
o f s u 1 pn i de mi t i e r a 1 s . 

r e l i c t d o m a i n s a r e c l e a r l y u l t r a f i n e g r a i n e d c r y p t o c r y s t a l 1 i n e q u a r t z 
( P l a t e 9 - 6 4 . 4 - 1 ) ; t h i s c h e r t i s r e p l a c e d b y M g - c h l o r i t e Ba m u s c o v i t e and 
v e i n e d b y c a l c i t e i n a v a r i e t y o f s p e c t a c u l a r t e x t u r e s . 

p e c u l i a r t a b u l a r r e g i o n s now a c o m p l e x i n t e r g r o w t h o f Mg c h l o r i t e and Ba 
m u s c o v i t e o c c u r i n t h e c l e a r l y r e l i c t r e g i o n s o f h y d r o c a r b o n r i c h c h e r t 
( P l a t e s 9 - 6 4 . 4 - 2 , 3 ) . Tne o r i g i n o f t h e s e f e a t u r e s i s u n c l e a r . A p r e 
v i o u s l y s t a b l e m i n e r a l s u c h as g y p s urn o r b a r i t e i s a d i s t i n c t p o s s i b i 
l i t y . The g y p s u m m a s s e s h a v e b e e n r e p l a c e d b y c o a r s e g r a i n e d q u a r t z , Mg 
c h l o r i t e ano Ba m u s c o v i t e . 

i n c e r t a i n d o m a i n s s p e c t a c u l a r r o s e t t e s o f a r e l a t i v e l y c o a r s e g r a i n e d 
p r e - e x i s t i n g m i n e r a l a p p e a r t o n a v e d e v e l o p e d d i r e c t l y w i t h i n t h e d a r k 
h y d r o c a r b o n r i c h c h e r t ( P l a t e s 9 - 6 4 . 4 - 4 , 5 ) . S i g n i f i c a n t l y t h e g r a i n s i n 
t h e s e r o s e t t e s a r e t e r m i n a t e d b y w e l l d e v e l o p e d c r y s t a l f a c e s ( P l a t e 9¬
6 4 . 4 - 6 ) . The m e c h a n i s m by w h i c h t h e s e l d i o m o r p h i c r o s e t t e s d e v e l o p e d i n 
t h i s r o c k v o l u m e i s u n c l e a r . T h e s e r o s e t t e s a r e c l e a r l y r e p l a c e d b y i r 
r e g u l a r m a s s e s o f f i n e r g r a i n e d q u a r t z and r a d i a l Ba m u s c o v i t e s h e a f s 
and c h l o r i t e ( P l a t e 9 - 6 4 . 4 - 7 ) . 

c o a r s e c r y s t a l l i n e i n t e r g r o w t h o f Mn b e a r i n g d o l o m i t e , b a r i t e and r e a l 
g a r w i t h we 11 d e v e l o p e d c r y s t a l f a c e s o c c u r i n c e n t r a l r e g i o n s o f c e r 
t a i n r o s e t t e s ( P l a t e 9 - 6 4 . 4 - 8 ) a s s o c i a t e d w i t h Ba m u s c o v i t e s h e a f s . 

s e c t i o n c u t b y a b r a n c h i n g n e t w o r k o f t e x t u r a l l y l a t e c a r b o n a t e - r e a l g a r 
v e i n l e t s . 



The overa l l textura l s i m i l a r i t y between sample 89-55-98.8 and samples 
9-64.4 and 9-65.7 is s t r i k i n g and the samples may have a common o r i g i n , 
hydrocarbon r i c h chert which o r i g i n a l l y contained blades and r e l a t i v e l y 
coarse roset tes of gypsum or b a r i t e . In the case of sample 89-55-98.8 
these b a r i t e masses have been p a r t l y replaced by c a l c i t e . In the case 
of samples 9-64.4 and 9-65.7 they have been pseudomorphed in a myriad of 
textures by r e l a t i v e l y coarse grained quartz , Ba muscovite and Mg ch lo
r i t e . 



P l a t e 9 - 6 4 . 4 - 1 . R e l i c t r e q i o n e s s e n t i a l l y i n c l u s i o n f r e e c r y p t o o y s t a H i n e 
q u a r t z . 

P l a t e 9-64.4-2. Q u a r t z eyes and t a b u l a r r e q i o n s , now Ba m u s c o v i t e and Mg 
c h l o r i t e w i t h i n r e g i o n s of c h e r t . 
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P l a t e 9-64.4-3. T a b u l a r r e g i o n o f q u a r t z , and m u s c o v i t e in c h e r t , p o s s i b l e 
g ypSum o r b a r l t e p s e u d o m o r p h s . 

d e v e l o p e d c r y s t a l f a c e s a g a i n s t c h e r t , p l a n e l i g h t . 



P l a t e 9-64.4-5. Same f i e l d o f v i e w as 9 - 6 4 . 4 - 4 c r o s s e d p o l a r s , 
h a s c l e a r l y b e e n p s e u d o m o r p h e d b y q u a r t z and m u s c o v i t e . 

P l a t e 9-64.4-6. We l l d e v e l o p ed c r y s t a l f a c e s of m i n e r a l a g a i n s t 
c h e r t a l o ng p r e s e n t i n t e r n a t e l y a l o ng o r i g i n a l g r a i n m a r g i n s . 



P l a t e 9-64.4-7. P r e - e x i s t i n q m i n e r a l i n c h e r t , p o s s i b l y g y p sum o r b a r i t e 
p s e u d o m o r p h e d b y q u a r t z and m u s c o v i t e . 

P l a t e 9-64.4-8. C o a r s e i n t e r g r o w t h o f c a l c i t e , b a r i t e , q u a r t z and r e a l g a r i n 
t h e c e n t r a l r e g i o n o f c e r t a i n p r e - e x i s t i n g r o s e t t e p s e u d o m o r p n . 



DOH CA-88-9-74.9 

f ine grained quartz r i c h rock chert with sulphides developed in a net 
work of subpara l l e l quartz and carbonate veins and tens ion gashes. 

quartz - 55% 
muscov i te - 2% 
c a l c i t e - 15% 
Mn-dolomite - 1% 
Mg-ch lor i te - 8% 
s t i b n i t e - 15% 
real gar - 4% 
s p h a l e r i t e - 2% 
cinnabar - 1% 
PbSbAsAgS - <1% 
aktashite,CuHgSbS - <1% 

chert with a v a r i e t y of sulphide minerals developed in two i n t e r s e c t i n g 
sets of quartz v e i n l e t s and a branching network of carbonate r i c h veins 
and tension gashes (Plate 9 -74 .9-1) . 

in least a l tered domains of the chert apparent fragments of quartz are 
assoc iated with i r r e q u l a r angular patches of extremely f i n e grained Mg 
c h l o r i t e (P late 9-74.9-2) that contain t r a i l s of minute p y r i t e spheres 
with an apparent f a b r i c . These patches are interspersed and penetrated 
by v e i n l i k e regions of r e l a t i v e l y coarse grained quartz with coarse Mg 
c h l o r i t e along selvage which s i g n i f i c a n t l y contain s t i b n i t e intergrown 
with the coarse quartz (P late 9-74 .9-3) . 

these features c l e a r l y def ine the e a r l y stages of f l u i d induced hydro-
thermal a l t e r a t i o n of chert with patches and v e i n l e t s of Mg c h l o r i t e and 
at least two stages of quartz mic ro f rac ture development accompanied by 
s t i b n i t e impregnation. 

the narrow v e i n l e t s connect with larger ovoid patches of r e l a t i v e l y 
coarse qrained quartz with s t i b n i t e , rare s p h a l e r i t e assoc iated with 
coarse Mq c h l o r i t e sheafs which may represent a vein set in the t h i r d 
dimension or some type of open space f i l l i n g in the chert (P late 9¬
7 4 . 9 - 4 ) . 

a narrow v e i n l e t of r e l a t i v e l y coarse grained quartz inc lud ing s t i b n i t e 
Mn dolomite and coarse sheafs of Mg c h l o r i t e and Ba muscovite, cuts a 
region where chert is replaced by extremely f i n e grained c h l o r i t e 
(P lates 9 - 7 4 . 9 - 5 , 6 ) . It is s i g n i f i c a n t that t h i s i s the only mica in 
the sect ion as for the most part sulphides occur assoc iated with regions 
of quartz or c a l c i t e . 

c e r t a i n regions are massive s t i b n i t e with coarse grained c a l c i t e i n t e r 
s t i c e s (P late 9-74.9-7). Cinnabar occurs along gra in margins of t h i s 
s t i b n i t e (P la te 9-74.9-8). These coarse su lphide-carbonate regions are 
connected by the several sets of subpara l le l branching c a l c i t e v e i n l e t s 
which pass through intervening regions e s s e n t i a l l y chert and appear to 
have the same o r i e n t a t i o n and simply overpr int at least one set of bran
ching quartz v e i n l e t s . 



c e r t a i n late coarse grained c a l c i t e patches conta in complex intergrowths 
of cinnabar and a CuHgSbS mineral a t k a s h i t e , overgrown by rea lgar (Plate 
9-74 .9-9) . 

s p h a l e r i t e occurs as small grains with s t i b n i t e in patchy regions of 
coarse grained quartz associated with coarse Mg c h l o r i t e sheafs that ap
pear to predate the several sets of carbonate ladder v e i n l e t s . 

c e r t a i n s p h a l e r i t e grains are overgrown by PbSbAsAgS which contains 
or iented l inear blebs of cinnabar (Plate 9-74 .9-10) . 

s i q n i f i c a n t l y t h i s ZnS, p o s s i b l y a wurtz i te s t ruc ture contains up to 30% 
Hg in patchy and i r r e g u l a r domains (P late 9-74.9-11) c e r t a i n gra ins are 
s p e c t a c u l a r l y zoned in Hg (P late 9-74 .9-12) . 

These patches of Hg s p h a l e r i t e in chert are assoc iated with f l u o r i n e 
bearing Mg c h l o r i t e not m i c a s and may be a hint of the processes involved in 
cer ta in r o c k volumes before potassium f lood ing and concomitant pervasive mus
c o v i t e d e v e l o p . T h i s sample may provide evidence for impregnation and s t a b i 
l i t y o f s p h a l e r i t e i n f l u o r i n e r i c h s o l u t i o n which s t a b i l i z e d Mg c h l o r i t e . 
Tne o r i g i n o f t he f l u o r i n e anomaly and t h e o r i g i n and r o l e of Mg c h l o r i t e 
r o c k s at Eskay Creek becomes i n c r e a s i n g l y important. 

Sample q u i t e d i f f e r e n t f rom sample CA 5 9-74.9 . The present sample 
l i k e l y r e p r e s e n t s a p o r t i o n of t he r o c k vo lume o r i g i n a l l y present chert where
as CA 5 i s c l e a r l y a r e a l g a r r i c h v e i n l i k e mass i n t h i s c h e r t . 



Plate 9-74 .9-1 . F i n e g r a i n e d c h e r t w i t h c a l c i t e and r e a l g a r i n t e n s i o n 
g a s h e s . 



P l a t e 9-74.9-3. S h e a f s o f c o a r s e Mg c h l o r i t e a t m a r g i n o f z o n e o f c o a r 
g r a i n e d q u a r t z a n a s t i b n i t e . 

P l a t e 9-74.9-4. O vo i d r e g i o n o f s t i b n i t e and c o a r s e g r a i n e d q u a r t z at 
c o n j u n c t i o n o f n a r r ow q u a r t z v e i n l e t . 



P l a t e 9-74.9-5. V e i n l e t o f q u a r t z i n c l u d i n q s h e a f s o f Ba m u s c o v i t e , Mq 
c h l o r i t e and Mn d o l o m i t e . 

P l a t e 9-74.9-6. E q u i l i b r i u m c o n t a c t r e l a t i o n s h i p between s h e a f s o f Mg 
c h l o r i t e , da rk q r e y , and Ba m u s c o v i t e , l i g h t g r e y . 



P l a t e 9-74.9-8. C i n n a b a r , w h i t e , a l ong g r a i n ma rg i n s of ma s s i v e s t i b n i t e , 
grey, da r k i n t e r s t i c e s a re c a l c i t e . 



P l a t e 9 - 7 4 . 9 - 9 . A k t a s k u e , a AuHqSSh n i g r a l o v e r g r o w n b 
c i n n a b a r , w h i t e . 

Plate 9-74.9-10. C o m p o s i t i o n a l l y z o n e d s p h a l e r i t e i n c l u d e d m t e t r a h e d r i 
w i t h l i n e a r r e g i o n s o f c i n n a b a r . 
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P l a t e 9 - 7 4 . 9 - 1 1 . C o m p o s i t i o n a 1 i y z -med s p h a l e r i t e g r a i n , n l i g h t and d a -
g r e y r e g i o n s , * i t n ah j r i i i m r i n c l u s i o n s o f c i n n a b a r , wh i : e . 

r 

Plate 9-74.9-12. C o n c e n t r i c a l l y z o n e d s p h a l e r i t e ; d a r k c e n t r a l r e g i o n s ha , ' ? 
1 0 . 0 0 w e i g h t p e r c e n t Hg w h i l e l i g h t o u t e r z o n e s up t o 3 4 . 0 0 w e i g h t p e r c e n t . 



DOH CA-88-9-75.2 

rounded fragments of c h e r t , hydrocarbon r i c h t u f f , Ba muscovite a l tered 
chert and textura l v a r i e t i e s of a l t e r a t i o n , in a matrix of r e a l g a r ; very 
s i m i l a r to 9-74.9 

realgar - 60% 
Ba muscovite - 15% 
Mg c h l o r i t e - 5% 
quartz - 5% 
c a l c i t e - 5% 
s t i b n i t e - 10% 
cinnabar - <\% 
s p h a l e r i t e - 1% 

t h i s sample is from the same unit as CA-15-9-74.9 d iscussed in d e t a i l in 
report dated May 15, 1989. 

the sample is a type of microbrecc ia in which small fragments of and 
larger chunks of a l l minera log ica l and textura l v a r i e t y of c h l o r i t e , 
muscovite and carbonate a l t e r e d , chert (P late 9-75.2-1), are included in 
a rea lgar matrix which s i g n f i c a n t l y has a c e r t a i n f a b r i c ; l inear zones 
of opaque material in the rea lgar c l e a r l y wrap around the fragments 
(P la te 9-75.2-2) and in rare examples Ba mica r i c h fragments are h i g h l y 
attenuated to give a d e f i n i t e f o l i a t i o n (Plate 9-75.2-3). 

a myriad of s i l i c a t e , carbonate and sulphide mineral textures invo lv ing 
s t i b n i t e , c innabar , t e t r a h e d r i t e e t c . are apparent in the var ious f r a g 
ments of e a r l i e r stage hydrothermal a l t e r a t i o n and w i l l not be d iscussed 
in d e t a i l , as to do so would be a d e s c r i p t i o n of the Eskay deposit in 
one th in s e c t i o n . 

the mechanism by which the ore zone in the volume of t h i s sample was 
d isrupted and fragmented is a matter of some i n t e r e s t as the process 
c l e a r l y took place while the hydrothermal system was s t i l l ac t i ve and in 
the w r i t e r ' s view the rea lgar in these rock volume should not simply be 
considered " l a t e " in the sense that i t is the r e s u l t of supergene or 
weathering processes . As noted in sample CA-4, P late 9-65.7-15; Ba mus
cov i te rosettes were c l e a r l y in textura l e q u i l i b r i u m with nat ive arsenic 
at the margin of the rea lgar v e i n . 

the rea lgar vein may be " l a t e " t e x t u r a l l y in the sense that i t cuts a 
domain of p e r v a s i v e l y formed s t i b n i t e r i c h hydrothermal ly a l te red rock, 
but textura l evidence for simultaneous mineral s t a b i l i t y suggests that 
rea lgar developed as veins and masses in c a v i t i e s while Ba muscovite was 
also s imultaneously p r e c i p i t a t i n g from ambient s o l u t i o n s . 

The process i s envisaged as one in which a v a r i e t y of s u l p h i d e , s i l i c a t e 
and c a l c i t e mineral species developed almost s imultaneously as a func
t ion of subt le v a r i a t i o n in chemical potent ia l of re levant s o l u t i o n com
plexes by which the elements were t r a n s p o r t e d . 

These v a r i a t i o n s l i k e l y occurred in repsone to subt le v a r i a t i o n s in tem
perature as so lu t ions were v a r i a b l y a c c e s s i b l e to a c e r t a i n rock volume. 



A the focus of the system where s o l u t i o n f l o o d i n g took p l a c e , highest 
temperatures would be expected and r e a c t i o n s predominantly s o l u t i o n dom
inated . At the periphery of the system were access of s o l u t i o n s was 
l a r g e l y f r a c t u r e c o n t r o l l e d temperatures were l i k e l y lower, vein-type 
t e x t u r e s were predominant and c e r t a i n r e a c t i o n s would be more "rock 
dominated" with r a p i d changes i n chemical p o t e n t i a l of species i n s o l u 
t i o n r a p i d l y a f f e c t e d by the rock volumes t r a v e r s e d by one forming s o l u 
t i o n s . 

one p o s s i b l e mechanism f o r d i s r u p t i o n and recombination of the ore zone 
at Eskay Creek which should be given s e r i o u s c o n s i d e r a t i o n i s some form 
of a u t o b r e c c i a t ion process such as r a p i d b o i l i n g of s o l u t i o n s i n r e s 
ponse to r a p i d pressure loss e t c . 

Note s p h a l e r i t e occurs i n c e r t a i n rock fragments and p o s s i b l y as c e r t a i n 
l i g h t honey yellow regions i n massive r e a l g a r . I f t h i s i s indeed the 
coarse s p h a l e r i t e was s t i l l a c t i v e l y p r e c i p i t a t i n g as the p o s s i b l e auto-
b r e c c i a was recemented by r e a l g a r . 



Plate 9-75.2-1. R o u n d e d f r a g m e n t s o f c h e r t , c a r b o n a t e , s t i b n i t e a l t e r a t i o n 
a s s e m b l a g e s and m u s c o v i t e r o s e t t e s i n a r e a l g a r .nat* i x . 

P l a t e 9-75.2-2. L i n e a r t r a i l s of f a b r i c appa ren t i n ma s s i v e r e a l g a r c l e a r l y 
wrap a round f r a gmen t s o f m u l t i g r a n u l a r q u a r t z and m u s c o v i t e , r o c k volume has 
been d e f o r m e d . 



Plate 9 - 7 5 . 2 - 3 . R e g i o n o f a t t e n u a t e d Ba m u s c o v i t e i n m a s s i v e r e a l g a r , t h e 
v o l u m e h a s c l e a r l y b e e n d e f o r m e d . 



DDH CA-88-9-102.5 

discontinuous i r r e g u l a r masses of Mg c h l o r i t e and c l e a r l y replaced by 
white c r y s t a l l i n e gypsum and late i r r e g u l a r c a l c i t e sulphide v e i n l e t s 

gypsum - 65% 
Mg c h l o r i t e - 15% 
dolomite - «1% 
c a l c i t e - 10% 
muscovite - <1% 
quartz - 1% 
t e t r a h e d r i t e - 5% 
p y r i t e - 4% 
AgSbS - «1% 

rock predominantly a coarse c r y s t a l l i n e mass of gypsum grains of v a r i 
able grain s ize s i g n i f i c a n t l y without a f a b r i c (P late 9-102.5-1) . 

i r r e g u l a r discontinuous masses of f i n e grained e s s e n t i a l l y pure Mg c h l o 
r i t e occur throughout the gypsum, which are in places penetrated by a 
network of c r y s t a l l i n e gypsum v e i n l e t s (P late 9-102.5-2) and replaced by 
c a l c i t e . 

s i g n i f i c a n t l y the c h l o r i t i t e region contain an even d i s t r i b u t i o n of 
minute equant p y r i t e grains and aggregat ions, while the gypsum regions 
of the sect ion are without sulphide minera l s . 

most s i g n i f i c a n t l y the d i s t r i b u t i o n of p y r i t e def ines a weak f a b r i c in 
the regions of massive c h l o r i t e (P late 9-102.5-3) and the imp l i ca t ion is 
that t h i s rock volume was one e s s e n t i a l l y massive Mg c h l o r i t e which has 
s ince been replaced by massive gypsum. 

in c e r t a i n r e l i c t c h l o r i t i t e domains, or e a r l i e r stage of a l t e r a t i o n can 
be recognized where a narrow ve in le t of muscovite with dolomite and c a l 
c i t e that contains occasional grains of t e t r a h e d r i t e can be seem to 
penetrate and replace the c h l o r i t i t e (Plates 9-102.5-5) . This vein 
r e l a t i o n s h i p is c l e a r l y terminated by la ter pervasive gypsum a l t e r a t i o n . 

c a l c i t e in gypsum is genera l ly concentrated in regions of r e l i c t c h l o r i 
t i t e domains, l i k e l y p r e c i p i t a t e d from ambient so lu t ions as a byproduct 
of c h l o r i t e to gypsum r e a c t i o n s . 

c r y s t a l l i n e gypsum regions of the sample cut by la te c a l c i t e dolomite 
vein which include large compost ional ly zoned t e t r a h e d r i t e gra ins and a 
SbAgS phase (P lates 9 -102 .5-5 ,6) . 

This rock volume has c l e a r l y had a complicated h i s t o r y as f l u i d s of 
varying character were a c c e s s i b l e to the same rock volume; an o r i g i n a l precur
sor l i t n o l o g y was i n i t i a l l y replaced by Mg c h l o r i t e and p y r i t e then veined by 
potass ic s o l u t i o n s as muscovite, quar tz , with t e t r a h e d r i t e then pervas ive ly 
replaced by gypsum in la te sulphate r i c h s o l u t i o n s . The gypsum i s cut by late 
c a l c i t e t e t r a h e d r i t e ve ins . 



P l a t e 9-102.5-1. C r y s t a l l i n e mass o f g y p s u m n f h i g h l y v a r i a b l e g r a i n s i z e 
w i t h o u t f abr 1 c . 



P l a t e 9-102.5-4. M i c a v e i n l e t , m e d i a n g r e y , i n Mq c h l o r i t i t e , d a r k q r e y , wi 
s e l v a g e o f d o l o m i t e , i n t e r m e d i a t e g r e y , a g a i n s t mass o f g y p s u m . 
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Plate 9-102.5-5. C a l c i t e d o l o m i t e v e i n c u t t i n g mass o f c r y s t a l l i n e g yp sum 
w i t h l a r g e g r a i n s o f p y r 1 1 e and t e t r a h e d r i t e . 

P l a t e 9-102.5-6. C o m p o s i t i o n a l l y 2oned t e t r a h e d r i t e g r a m l i q h t 4q r i c h 
c e n t r a l r e g i o n s . 



DDH CA-88-11-115.1 

massive Mg c h l o r i t i t e with p y r i t e along i r r e g u l a r l i n e a r zones, and d i f 
fuse v e i n l i k e regions of muscovite development 

rock e s s e n t i a l l y massive Mg c h l o r i t e with scat tered angular grains of 
p y r i t e and i r r e g u l a r aggregations with galena developed along interna l 
cracks in c e r t a i n p y r i t e grains (Plate 11-115.1-1, 2 ) . 

narrow m j s c o v i t e - s t i b n i t e v e i n l e t s project into the massive c h l o r i t i t e 
(Plate 11-115.1-3) . 

sample p o s s i b l y represents an example of Mg c h l o r i t e a l t e r a t i o n of rhyo
l i t e l a p i l l i b recc ia or deformed r h y o l i t e , the o r i g i n of t h i s a l t e r a t i o n 
is unc lear . 

s i g n i f i c a n t l y the massive c h l o r i t e contains approximately 2.00 weight 
percent FeO and F below the detect ion l i m i t of the microprobe in cont
rast to the end member Mg c h l o r i t e noted in c e r t a i n other samples with 
detectable f l u o r i n e . 

c h l o r i t e 
muscovite 
p y r i t e 

90% 
5% 
4% 
1% 

<1% 
s t i b n i t e 
galena 



P l a t e 11-115.1-1. M a s s i v e Mg r . n l o r i t i t e w i t h l i n e a r - a g g r e g a t i o n s o f p y r i t e . 



Plate 11-115.1-3. N a r r o w v e i n l e t s o f m u s c o v i t e and s t i b n i t e w i t h p y n 
m a s s i v e c h l o r K i t e . 



Plate 11-116.3-1. A n q u l a r q r a i n s o f p y r i t e i n e x t r e m e l y f i n e g r a i n e d 
nusc ov i t e . 



DOH CA-88-11-116.3 

muscovite s c h i s t ; r e t r o g r e s s i v e micaceous shear zone i n s i l i c i e d rhyo 
1 i t e 

muscovite 
p y r i t e 
b a r i t e 
r u t i l e 

- 99% 
- 1% 
- «1% 
- «1% 

minute specks of b a r i t e and cubic to angular p y r i t e g r a i n s o f t e n i n c l u d 
ing r u t i l e i n an extremely f i n e grained muscovite matrix ( P l a t e 
11-116.3-1) . 



DOH CA-88-11-144.5 

coarse v e i n l i k e mass of sphalerite, galena and pyrite in muscovite 
quartz alteration of r h y o l i t e breccia 

coarse vein of honey s p h a l e r i t e with a centra l zone predominantly 
galena, with coarse grained often terminated quartz i n t e r s t i c e s with 
massive c a l c i t e and masses of f i n e grained muscovite (Plate 11-144.5-1, 

sect ion p o s s i b l y inc ludes a port ion of the wall rock m a t e r i a l , weakly 
banded f i n e grained quartz and muscovite with evenly dispersed equant 
p y r i t e cubes and grains (P late 11-144.5-3). 

a muscovite r i c h block or fragment within the vein has equant p y r i t e 
p o s s i b l y overgrowing s p h a l e r i t e and at least two generations of p y r i t e 
may be present . 

occas ional zones of r e l a t i v e l y coarse grained muscovite alonq grain mar
gins of the p y r i t e in the included block of wall rock with some degree 
of pre fer red o r i e n t a t i o n p o s s i b l y i n d i c a t i n g a degree of pressure shadow 
r e c r y s t a l 1 i z a t i o n in an or iented s t ress regime (Plate 11-144.5-4). 

Note: s p h a l e r i t e is unzoned and contains approximately 4.00 weight percent 
i r o n . This composition is t y p i c a l of s p h a l e r i t e elsewhere in the foot
wall to the minera l ized zone where iron r i c h compositions are found. 
S p h a l e r i t e as veins in Mg c h l o r i t e in sample 18-108.6 contains 1.00 
weight percent FeO. These compositions contrast sharply with the Hg 
bearing v a r i e t y of ZnS found in the minera l i zed zone. 

sphalerite 
galena 
muscovite 

- 45% 
- 20% 
- 10% 
- 15% 
- 1% 
- 10% 

pyrite 
c a l c i t e 
quartz 

2). 



P l a t e 11-144.5-2. C oa r s e g r a i n e d q u a r t z w i t h we l l d e v e l o p e d c r y s t a l f d L ^ s v-
i n t e r s t l t i a l r e g i o n of s p h a l e r i t e v e i n . 



P l a t e 11-144.5-3. W e a k l y b a n n e d q u a r t z and m u s c o v i t e w i t h p y r i t e , p o s s i b l e 
w a l l r o c k t o s p h a l e r i t e g a l e n a v e i n . 

Plate 11-144.5-4. P r e s s u r e shadow zones o f c o a r s e m u s c o v i t e and o r i e n t e d 
q u a r t z on p y r i t e i n i n c l u d e d b l o c k i n s p h a l e r i t e v e i n . 



OOH CA-88-12-58.0 

c a l c i t e a l te red andesite with quartz c a l c i t e pyrobitumen vein 

p l a g i o c l a s e 
c l inopyroxene 
c a l c i t e 
quartz 
pyrobitumen 

30% 
30% 
20% 
10% 
10% 

r e l a t i v e l y coarse grained example of intermediate to mafic vo lcanic 
rock, andes i te , c o n s i s t i n g of unaltered simply twinned p lag ioc lase and 
i n t e r l o c k i n g c l inopyroxene in subophit ic texture (P late 12-58.0-1) . 

c i r c u l a r amygdules and large areas of andesite are f i l l e d and replaced 
by c a l c i t e and less abundantly c h l o r i t e , c a l c i t e developed along array 
of s u b p a r a l l e l f r a c t u r e s (P late 12-58.0-2) . 

vein of coarse grained quartz along one edge with p e c u l i a r development 
of masses of black hydrocarbon r i c h mater ia l at the in te r face with the 
andesite intergrown with c a l c i t e (P late 12-58.0-2) . 

occas ional zones of or iented carbonate and quartz per iphera l to patches 
of pyrobitumen p o s s i b l y i n d i c a t i n g that the rock volume has experienced 
some moderate degree of deformation. 



P l a t e 1 2 - 5 8 . 0 - 1 . S u h - o p h i : i c t e x t u r e o f ._ I i n o p y r o x e n e i n c l u d i n g p l a g i o c l a s e 
i n a n d e s i t e . 





ODH CA-88-12-75.6 

p e c u l i a r white r a d i a l patches, 0.25 cm sca le of c a l c i t e , quartz and mus
c o v i t e in a black hydrocarbon r i c h matr ix , poss ib le a l tered f o s s i l s and 
r a d i o l a r i a 

quartz - 30% 
c a l c i t e - 20% 
a p a t i t e - 5% 
sphene - 2% 
muscovite - 20% 
Mg-Fe c h l o r i t e - 20% 
r u t i l e - <1% 
p y r i t e - 4% 
ul lmannite NiSbS - 1% 

p e c u l i a r angular b l a s t o - l i k e features of s p e c t u l a r l y r a d i a t i n g mixture 
of quar tz , c a l c i t e and muscovite in an extremely f i n e grained matrix of 
quar tz , Mg-Fe c h l o r i t e and dark hydrocarbon m a t e r i a l , rendering rock a l 
most opaque (Plate 12-75.6-1) . 

the m a t r i x of the sect ion is genera l l y without f a b r i c and i s a complex 
mixture of occasional sphene masses, and apat i te patches i n a q u a r t z 
Mg-Fe c h l o r i t e groundmass (Plate 12-75.6-2) . 

a l i n e a r band of Mg-Fe c h l o r i t e cuts the sect ion that includes several 
p e c u l i a r patches of complex r u t i l e - s p h e n e coarse Mq-Fe c h l o r i t e i n t e r 
growth (Plate 12-75.6-3, 4) that are intergrowth with coarse r e c r y s t a l -
l i z e d hydrocarbon. 

sporadic patches of coarse c a l c i t e with p y r i t e are also associated w i t h 
marginal zones of r e l a t i v e l y coarse r e c r y s t a l 1 i z e d Mg-Fe c h l o r i t e i n t i 
mately mixed with c l e a r l y r e c r y s t a l 1 i z e d hydrocarbon (Plate 12-75.6-5) . 
These are in t repreted to be s p e c i f i c s i t e s of so lut ion access i n d u c i n g 
r e c r y s t a l 1 i z a t i o n of c h l o r i t e and hydrocarbon. 

one band of the sect ion includes a myriad of c i r c u l a r features with some 
v i s i b l e s t ructures of poss ib le biogenic o r i g i n ; poss ib ly o r i g n i n a l l y 
r a d i o l a r i a ; these are now up with patchy to c i r c u l a r d i s t r i b u t i o n of 
quartz and Mg-Fe c h l o r i t e (Plate 12-75.6-6) . 

the o r i g i n of the coarse grained r a d i a l quar tz , m u s c o v i t e - c a l c i t e fea
tures i s unc lear , these are not assoc iated with any degree of r e c r y s t a l -
l i z a t i o n of the c h l o r i t e - q u a r t z matrix and these do not appear to be re
lated to processes inc lud ing so lu t ion access as was noted above; i n 
short they appear to be part of the rock. They may indeed represent 
some poor ly understood replacement of a f o s s i l of some type . 

a NiSbS mineral occurs l i k e l y ul lmannite as i s o l a t e d grains in the 
c h l o r i t e - q u a r t z matrix and as overgrowths on c e r t a i n p y r i t e grains 
( P l a t e 12-75 .6-7) . 

The sporadic c a l c i t e - p y r i t e patches and in p a r t i c u l a r the c lear textura l 
evidence for r e c r y s t a l 1 i z a t i o n of hydrocarbon mater ia l at the in ter face 
with the adjacent rock are considered quite important. These features 
i n d i c a t e that the rock, a hydrocarbon-r ich p o s s i b l y r a d i o l a r i a bearing 



s i l i c e o u s , c h l o r i t i c sediment was in existence and variably accessible 
to c a l c i t e + pyrite p r e c i p i t a t i n g solutions. The fact that the rock re
mains r e l a t i v e l y unaffected by these solutions which were so dominant in 
immediately subjacent rock volumes demonstrates that spatial s e l e c t i v e l y 
of access of f l u i d s in the Eskay Creek hydrothermal system. 



P l a t e 12-75.6-1. S p e c t a c u l a r r a d i a l g r o w t h o f c a l c i t e , q u a r t z and m u s c o v i t e 
i n d a r k h y d r o c a r b o n w i t h m a t r i x . 

Plate 12-75.6-2. I r r e g u l a r mass o f s p h e n e , w h i t e , and M g - F e c h l o r i t e , l i q h t 
g r e y , r a n d o m l y o r i e n t e d i n q u a r t z m a t r i x , h y d r o c a r b o n m a t e r i a l i s b l a c k . 



P I a t e 1 2 - 7 5 . 6 - 3 . L i n e a r b a n d p r e d o m i n a n t l y c h l o r i t e , w i t h p e c u l i a r s p h e n e 
r u t i l e i n t e r q r o w t h , n o t e r e g i o n o f a p a t i t e n e a r i n t h e c h l o r i t e r i c h z o n e . 

P l a t e 12-75.6-4. P e c u l i a r r e g i o n o f s p h e n e and r u t i l e i n t e r q r o w t h w i t h 
r e c r y s t a l 1 i z e d h y d r o c a r b o n a l o n g g r a m m a r g i n s . 



Plate 12-75.6-5. P y r i t e c e n t r a ! t o a r e g i o n o f c a l c i t e d e a f l y v i t e r g r o w r 
w i t h r e g i o n o f c o a r s e r e c r y s t a l 1 i z e d h y d r o c a r b o n , b l a c k ; a z o n e o f so 1 u t i o 
a c c e s s ? 

Plate 12-75.6-6. C o n c e n t r i c r e g i o n o f r e c r y s t a l l i z e d q u a r t z w i t h a c e n t r a 
z o n e o f M g - F e c h l o r i t e . 



Plate 12-75.6-7. G r a i n s o f N i S h S u U m a n U e i n q u a - ' t z c h l o r i t e m a t r i x . 



OOH CA-88-12-84.5 

p y r i t i c arsenopyr i te muscovite s c h i s t ; h igh ly a l te red and deformed p y r i 
t i c , hydrocarbon r i c h chert 

quartz - 10% 
muscovite - 65% 
p y r i t e - 5% 
arsenopyr i te - 20% 

l i n e a r arsenopyr i te rhombohedra as s i n g l e grains and concentrat ions in a 
contorted yet f o l i a t e d muscovite quartz matrix (P late 12-84.5-1) . 

c h a r a c t e r i s t i c pressure shadows of or iented quartz and r e c r y s t a l 1 i z e d 
muscovite marginal to most arsenopyr i te grains (Plates 12-84.5-2) . 

p y r i t e occurs as i s o l a t e d grains or as roughly c i r c u l a r masses with con
c e n t r i c growth texture r a r e l y with r a d i a l d i s t r i b u t i o n of minute mica 
gra ins in centra l region (P late 12-84.5-3) . 

r a r e l y p y r i t e with a decided framboidal aspect i s present at the centre 
of a concentr i c p y r i t e s t ruc ture (P late 12-84.5-4) . This plus the fea
ture that c e r t a i n regions of the sect ion are dark and, cloudy due to 
v a r i a b l e hydrocarbon content would support the i n t e r p r e t a t i o n that th is 
rock volume was o r i g i n a l l y a hydrocarbon or g r a p h i t i c mudstone or chert 
s ince p e r v a s i v e l y replaced by muscovite and arsenopyr i te , s ince deform
ed. 

In c e r t a i n r e l i c t domains the texture of the o r i g i n a l chert is d e a r l y 
evident and i t is s i g n i f i c a n t that these domains are without or contain 
l i t t l e arsenopyr i te (P late 12-84.5-5) . However arsenopyr i te is perva
s i v e l y developed in a muscovite matrix in other domains which were also 
l i k e l y o r i g i n a l l y c h e r t . In addi t ion c e r t a i n domains of the sample are 
muscovite without arsenopyr i te and with s i g n i f i c a n t fabr i c (Plate 12¬
8 4 . 5 - 6 ) . 

This rock volume was o r i g i n a l l y a cherty hydrocarbon r i c h sediment with 
framboidal p y r i t e of l i k e l y biogenic o r i g i n which has been a l tered by 
hydrothermal f l u i d s which induced a per iod of pervasive arsenopyr i te im
pregnation in se lected domain in the chert l i k e l y a funct ion of f l u i d 
access . This per iod of arsenopyr i te s t a b i l i t y was fol lowed by an i n t e r 
val of pervasive mica-stable potass ic a l t e r a t i o n s i g n i f i c a n t l y in which 
arsenopyr i te was not s t a b l e . 

The interconnect ing pure ly micaceous zones have c l e a r l y been deformed 
and the pressure shadows on arsenopyr i te ind icate i t s presence in t h i s rock 
volume p r i o r to deformation. 

The la te mica-stab le potass ic f l u i d s and deformation have obscured the 
paragenetic r e l a t i o n s h i i p s between arsenopyr i te and muscovite in t h i s sample. 
In sample CA 7-111.7 arsenopyr i te can c l e a r l y been seen to rep lace chert in 
r e c r y s t a l 1 i z e d quartz patches that are s i g n i f i c a n t l y without mica. Yet in 
other samples coarse quartz and muscovite are assoc iated with a rsenopyr i te . 

The i m p l i c a t i o n i s that these minerals developed as a sequence of 



mineral s t a b i l i t i e s and thus assemblages i n an e v o l v i n g hydrothermal system i n 
which there was a continum of compositional and l i k e l y thermal parameters that 
c o n s t r a i n e d the mineral assemblage. Iron and ars e n i c were c l e a r l y dominant i n 
e a r l y s i l i c e o u s s o l u t i o n that replaced the c h e r t . A b r i e f i n t e r v a l of s i m u l 
taneous mica, q u a r t z , a r s e n o p y r i t e i n i n d i c a t e d i n a f l u i d regime that c l e a r l y 
evolved to i n c r e a s i n g l y p o t a s s i c barium antimony r i c h compositions. 



P l a t e 12-84.5-1. A r s e n o p y r i t e n e e d l e s i n m u s c o v i t e s c h i s t c o n s u m i n g a r e g 
o f h y d r o c a r b o n r i c h c h e r t . 



P l a t e 12-84.5-3. C o n c e n t r i c p y r i t e s t r u c t u r e w i t h s p e c t a c u l a r r a d i a l 
d i s t r i b u t i o n o f m u s c o v i t e i n c e n t r a l r e g i o n . 

PI ate 12-84.5-4. F r ambo i da 1 p y r i t e a t c o r e o f a c o n c e n t r i c p y r i t e gr ow th 
S t r u c t u r e . 



P l a t e 12-84.5-6. R e l i c t r e g i o n s o f c h e r t cu t b y a r s e n o p y r i t e m u s c o v i t e r i c h 
z o n e s . 

m 



OOH CA-88-12-88.2 

Mg c h l o r i t e with s p h a l e r i t e masses p o s s i b l y as ve ins , in qranob last i c 
mul t igranular quartz and micas, with p e r v a s i v e development of s t i b n i t e , 
t e t r a h e d r i t e or PbSbCuS minerals 

t e x t u r a l l y complex sample with one ha l f sulphide minera ls , spha le r i te 
overgrown by t e t r a h e d r i t e and s t i b n i t e and the other ha l f predominantly 
quartz and micas with sulphide patches. 

in the ha l f sulphide of the sample the matrix is an int imate contorted 
mixture of Mg c h l o r i t e and muscovite (Plate 12-88.2-1, 2) d i f f i c u l t to 
reso lve a n a l y t i c a l l y with the microprobe; r a r e l y coarse sheafs of P Mq 
c h l o r i t e occur at the sulphide margins. 

the s p h a l e r i t e c o n s i s t e n t l y overqrown by t e t r a h e d r i t e or s t i b n i t e ( P l a t e 
12-88.2-3) . 

t e t r a h e d r i t e e x h i b i t s a patchy d i s t r i b u t i o n of Hq r i c h domains apparent 
in BSE mode (Plate 12-88.2-4) . 

narrow v e i n l e t s of dolomite cut both s p h a l e r i t e and the intimate mixture 
of muscovite and Mq c h l o r i t e i n t e r s t i t i a l regions to the s p h a l e r i t e . 

the s i l i c a t e ha l f of the sample cons is ts of domains of quartz w i t h v a r i 
able grain s i z e with v a r i a b l e amounts of muscovite and s t i b n i t e alonq 
gra in margins (Plate 12-88.2-5); t h i s ha l f has c l e a r l y undergone several 
generations of quartz r e c r y s t a 1 1 i z a t i o n , the last r e l a t i v e l y coarse 
qrained patches contain abundant s t i b n i t e and t e t r a h e d r i t e w i t h i n t e r 
s t i t i a l dolomite (Plate 12-88.2-6) , s t i b n i t e regions are commonly over
grown by a PbSbCuS mineral (P late 12-88.2-7) . 

p y r i t e gra ins in t h i s region exhibit, a spectacular concentr i c qrowth 
texture with c e r t a i n r ings of t h i s s t r u c t u r e , t e t r a h e d r i t e ; te t rahedr i te 
overgrowths on these p y r i t e s are common (Plate 12-88.2-8) . 

t e t r a h e d r i t e , s t i b n i t e and the PbSbCuS mineral occur throughout the sec
t i o n , with micas along quartz gra in marqins in the s i l i c e o u s ha l f of the 
sample and as overgrowths or s p h a l e r i t e is the o ther . Further Mg ch lo
r i t e i s apparently r e s t r i c t e d to the sulphide r i c h ha l f of the sample. 

These observat ions would allow the i n t r e p r e t a t i o n that the rock volume 
was o r i g i n a l l y a Mg c h l o r i t e veined by s p h a l e r i t e and granoblast ic 
quartz an evo lut ion of hydrothermal f l u i d s to increas ing s i l i c e o u s and 
potass ic compositions resu l ted in pervasive potass ic a l t e r a t i o n of the 

quartz 
Mg c h l o r i t e 
muscovite 
dolomite 
s p h a l e r i t e 
t e t r a h e d r i t e 
PbSbCuS 
s t i b n i t e 

40% 
10% 
20% 

5% 
20% 

5% 
5% 
5% 
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Mg c h l o r i t e and pervasive development of Pb, Sb, Ag, Cu r i c h sulphide 
mineral species throughout the rock . 

an equal p o s s i b i l i t y i s that the rock was o r i g i n a l l y r h y o l i t e replaced 
by Mg c h l o r i t e - s p h a l e r i t e as veins then pervas ive ly by quartz in Sb, Ag, 
Pb, r i c h s o l u t i o n s of probable igneous vo lcan ic d e r i v a t i o n . 

the l a t t e r i n t e r p r e t a t i o n i s favoured by the w r i t e r . 

the rock volume of sample 12-88.2 has not been deformed and the c o n s t i 
tuent su lphide minerals and o v e r a l l metal inventory PbSbCuAgAu was l i k e 
l y produced in the rocks by high temperature s i l i c e o u s f l u i d s . 

In support of these i n t e r p r e t a t i o n s as the composit ional v a r i a t i o n in 
s p h a l e r i t e . Large gra ins in the sulphide ha l f are c o n s i s t e n t l y zoned with 
large cent ra l regions with 0.27 - 0.53 weight percent Fe and narrow Hg r i c h 
margins near the t e t r a h e d r i t e overgrowth with up to 2.02 weight percent Hg. 
S p h a l e r i t e in the s i l i c e o u s ha l f of the sample has a cons is tent Hg content 
near 1.75-2.00 weight percent . An evo lut ion of f l u i d s to increas ing Hg Ag Sb 
compositions i s c l e a r l y i n d i c a t e d . 



P l a t e 12-88.2-1. S p h a l e r i t e and t e t r a h e d r i t e i n a m a t r i x o f f i n e s c a l e 
c h l o r i t e m u s c o v i t e i n t e r g r o w t h . 

t 3 



P l a t e 12-88.2-4. C o m p o s i t i o n a l v a r i a t i o n i n t e t r a h e d r i t e v e i n i l l u s t r a t e d in 
1 2 - 8 8 . 2 - 3 . N o t e t h e o u t e r Hq r i c h z o n e s b r i g h t i n t h e BSE i m a g e . 



Plate 12-88.2-5. S i l i c a t e h a l f o f s a m p l e , p r i s m a t i c , q u a r t z w i t h s u l p h i d e 
m i n e r a l d e v e l o p e d a l o n g g r a i n n a r g i n s . 



Pi ate 12-88.?-7. S t 1 b n i t e i n s i l i c e o u s h a l f i f s e c t i o n o v e r q r o w n w i t h PbSbCuS 
m i n e r a 1 . 

P l a t e 12-88.2-8. C o n c e n t r i c p y r i t e w i t h c e r t a i n n n q s o f s t r u c t u r e and 
o v e r g r o w t h o f t e t r a h e d r i t e . 
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OOH CA-88-12-90.8 

f i n e grained muscovite s c h i s t 

muscovite - 99% 
p y r i t e - 1% 

pervasive muscovite a l t e r a t i o n with occasional p y r i t e g r a i n and d i f f u s e 
regions r i c h i n hydrocarbon m a t e r i a l . 



DOH CA-88-12-92.3 

f i n e grained contorted muscovite a l tered s i l i c e o u s rock volume p o s s i b l y 
r h y o l i t e 

quartz - 10% 
muscovite - 85% 
p y r i t e - 4% 
arsenopyr i te - <1% 
s p h a l e r i t e - 1% 
t e t r a h e d r i t e - <1% 

sect ion an extremely f i n e grained mixture of mul t igranular quartz with 
muscovite along gra in margins (Plate 12-92.3-1) that grade into regions 
of extremely f i n e grained f o l i a t e d contorted muscovite with concentra
t ions of minute concentr i c p y r i t e (P lates 12-92 .3-2 ,3) ; occas ional 
rhombs of a r s e n o p y r i t e . 

the sample has an o v e r a l l blocky aspect with o r i g i n a l aspect unclear to 
due a l t e r a t i o n , p o s s i b l y a f i n e grained example of s i l i c i f i e d muscovite 
p y r i t e a l te red r h y o l i t e . 

the sample l i k e l y represents a rock volume in the s o - c a l l e d r h y o l i t e or 
s i l i c e o u s a l t e r a t i o n that was access ib le to mica stable potass ic f l u i d s 
in the low temperature waning stages of Eskay f l u i d system. Access of 
f l u i d s l i k e l y determined by s p e c i f i c planar zones of deformation. 





P l a t e 1 2 - 9 2 . 3 - 3 . C o n c e n t r i c p y r i t e i n a r e g i o n o f m a s s i v e m j s c o v i t e . 



DOH CA-88-12-119.7 

coarse grained s i 1 i c i f i c a t i o n or s i l i c i f i e d r h y o l i t e , replaced by f i n e 
grained quartz , b recc ia ted and replaced by late v e i n l e t s of granular 
quar tz , and p y r i t e with micas, galena and t e t r a h e d r i t e 

quartz - 55% 
muscovite - 15% 
p y r i t e - 25% 
PbSbAgS - 4% 
galena - 1% 
t e t r a h e d r i t e - 1% 
arsenopyr i te - «1% 

sect ion predominantly domains of u l t r a f i n e grained quartz penetrated by 
an interconnect ing network of p y r i t e mica v e i n l e t s (P late 12-119.7-1) . 

patches of r e l a t i v e l y coarse grained quartz occur o c c a s i o n a l l y with in 
the regions of f i n e grained quartz ; within these coarse quartz patches, 
o p t i c a l l y continuous quartz gra ins are segmented and replaced by micas 
along a f a b r i c which c l e a r l y continuous into the predominant f i n e g r a i n 
ed quartz regions (P late 12-119.7-2). 

at least two generations of p y r i t e , as abundant aggregations of minute 
gra ins with concentr ic growth aspect in the sulphide v e i n l e t s and as oc
cas ional r e l a t i v e l y coarse grains overgrown by and inc lud inq qalena and 
a PbSbAg su lphosa l t ( P l a t e l 2 - 1 1 9 . 7 - 3 ) . 

s i q n i f i c a n t l y these coarse sulphides are associated with marginal zones 
of r e l a t i v e l y coarse grained muscovite and quartz in s i t e s of late staqe 
f l u i d access (Plate 12-119.7-4). 

r a r e l y t e t r a h e d r i t e - PbSbAgS phases are intergrown where associated 
with l inear v e i n l i k e concentrat ions of concentr ic p y r i t e . 

patches of arsenopyr i te - PbSbAgS mineral occur c l e a r l y intergrown with 
muscovite s t rong ly i n d i c a t i n g transport and depos i t ion of Pb, Sb, Ag, As 
in potass ic hydrothermal f l u i d s accompanying deformation. 

the sample apparently ex is ted o r i g i n a l l y as r e l a t i v e l y coarse m u l t i -
grained quartz , a s i l i c i f i e d r h y o l i t e , moderately deformed now l a r g e l y 
replaced p e r v a s i v e l y by u l t r a f i n e s i l i c a , the f i n e grained s i l i c a has 
s ince been brecc ia ted and replaced by mica and l a t e r generation of 
quartz and sulphide minera l s . 



P l a t e 12-119.7-1. N e t w o r k o f m u s c o v i t e and p y r i t e v e i n l e t s i n e x t r e m e l y f i n e 
g r a i n e d m u l t i g r a n u l a r q u a r t z , n o t e r e g i o n s o f c o a r s e g r a i n e d q u a r t z . 

P l a t e 12-119.7-2. O p t i c a l l y c o n t i n u o u s q u a r t z g r a m s e g m e n t e d and r e p l a c e d by 
m u s c o v i t e and u l t r a f i n e g r a i n e d q u a r t z . 



Plate 12-119.7-3. A b u n d a n t p y r i t e w i t h w e l l d e v e l o p e d c o n c e n t r i c g r o w t h 
t e x t u r e i n s u l p h i d e v e i n l e t s . 

P l a t e 12-
m a r g i n a l 

119.7-4. C o a r s e g r a i n e d p y r i t e o v e r g r o w n b y t e t r a h e d r i t e w i t h 
z o n e o f c o a r s e m u s c o v i t e . 



DDH CA-88-12-121.6 

granob las t i c quar tz , s i l i c i f i e d r h y o l i t e , replaced by muscovite with 
p y r i t e along sinuous f r a c t u r e s 

even grained mul t igranu lar quartz replaced by micas and f a b r i c def ined 
by wispy sinuous t r a i l s of mica (Plate 12-121.6-1) and minute p y r i t e . 

assoc iated with these sinuous mica t r a i l s are p e c u l i a r patches of quartz 
which e x i s t as elongate branches or extensions into the muscovite angu
l a r quartz matr ix , yet the e n t i r e quartz gra ins have the same o p t i c a l 
o r i e n t a t i o n (P late 12-121.6-2) . 

p y r i t e occurs evenly dispersed as angular minute cubes and r a r e l y in 
l i n e a r t r a i l s of cubes al igned with the f a b r i c in muscovite; a PbSbAgS 
mineral occurs in centra l regions of occas ional larger p y r i t e grains 
(P late 12-121.6-3). 

the p e c u l i a r o p t i c a l l y continuous quartz regions are p o s s i b l y s i t e s of 
quartz r e c r y s t a l 1 i z a t i o n in a moderate s t ress regime accompanying 
ingress of mica-stab le potass ic f l u i d s . 

quartz 
muscovite 
p y r i t e 
PbSbAgS 

84% 
15% 

1% 
«1% 



Plate 12-121.6-1. F i n e m j V f i q r a n u l a r q u a r t z w i t h weak f a b r i c d e f i n e d b y 
s i n u o u s m u s c o v i t e t r a i l s . 

P l a t e 12-121.6-2. P e c u l i a r r e g i o n o f o p t i c a l l y o r i e n t e d q u a r t z i n t e r g r o w n 

w i t h m u s c o v i t e i n s i n u o u s z o n e s o f f a b r i c . 
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Plate 12-121.6-3. P y r i t e s p h e r e w i t h P b S b A g S i n c e n t r a l r e g i o n . 



DOH CA-88-13-203.3 

K-fe ldspar-quartz rock of l i k e l y vo lcanic o r i g i n , t r a c h y t i c tex ture , 
wide v a r i e t y of gra in s i ze and textures of quartz in c a v i t i e s . 

sect ions are extremely f i n e grained mixture of quartz and K-feldspar 
with evenly d ispersed angular p y r i t e grains cut and segmented by an 
i n t e r s e c t i n g branching network of r e l a t i v e l y coarse grained quartz veins 
with muscovite which connect round to ovoid patches of coarse grained 
quartz (P lates 13-203.3-1). 

the f i n e qrained quartz K-fe ldspar matrix has a c e r t a i n f a b r i c created 
by a general alignment of K-spar c y s t a l s in a texture of i t were igneous 
would be e a s i l y termed t r a c h y t i c (Plate 13-203.3-2). This qeneral a l i g 
nment of K-fe ldspar c r y s t a l s does not appear to be the r e s u l t of penet
r a t i v e deformation, that produced the f a b r i c so prevalent in many rocks 
from Eskay Creek. 

K-fe ldspar throughout the matrix has a patchy to var iab le barium content 
reaching 3.73 weight percent BaO in c e r t a i n domains (Plate 13-203.3-3). 

Indeed there is a real p o s s i b l i t y that th i s is indeed an igneous tex
t u r e . If so sample 13-203.3 takes on a great s ignf i cance as i t may 
indeed be a t r u l y igneous rock. 

one domain with in the f e l t e d matrix cons i s t s of K-feldspar with quartz 
s i g n i f i c a n t l y without f a b r i c which includes roughly c i r c u l a r patches o f 
muscovite with p y r i t e (Plate 13-203.3-4) and grains of tabular quartz . 

the f i n e grained t r a c h y t i c textured matrix is cut by a network of narrow 
p y r i t e muscovite v e i n l e t s (P late 13-203.3-5) that connect the larger 
quartz patches. 

these quartz patches exh ib i t a v a r i e t y of textures and assemblages: 

( i ) c e r t a i n roughly c i r c u l a r patches cons is t of f i n e grained tabular quartz 
with evenly dispersed p y r i t e ; quartz in some of these c i r c u l a r patches 
is dec ided ly tabular and p ro jec t inq c e n t r a l l y from the c a v i t y walls 
(P late 13-203.3-6). 

( i i ) c e r t a i n e l l i p s o i d a l c a v i t i e s are composed by quartz of a h iqh ly var iab le 
grain s i z e , with region of randomly or iented tabular g a r i n s , included 
with in much coarser grained quartz (Plate 13-203.3-7) . 

muscovite 

c a l c i t e 
r u t i l e 
pyrite 

quartz 
K-fe ldspar 

35% 
60% 
<1% 
<1% 
24% 
3% 

( i i i ) c a v i t i e s with inwardly p ro jec t ing coarse grained quartz with p y r i t e cen
t r a l l y located (Plate 13-203.3-8). 



( i v ) quartz i n c e r t a i n patches with a re g u l a r d i s t r i b u t i o n of zones of f l u i d 
i n c l u s i o n s located near the margins of some grai n s ( P l a t e 
13-203.3-9,10). 

This myrid of t e x t u r e s described takes on some degree of r a t i o n a l i t y of 
the rock described here i s indeed t r u l y igneous and the coarse ovoid quartz 
f e a t u r s are regarded or growth of quartz and p y r i t e i n m i a r o l i t i c c a v i t i e s in 
the ignous rock from l a t e stage igneous or pegmatoid f l u i d s . 



P l a t e 13-203.3-1. N e t w o r k o f m u s c o v i t e and q u a r t z v e n l e t s c o n n e c t i n g t o o v o i d 
p a t c h e s o f c o a r s e gnat t z i n a f m e g r a i n e d K - f e l d s p a r q u a r t z a l b i t e m a t r i x . 

P l a t e 13-203.3-2. F a b r i c i n f i n e q r a i n e d m a t r i x c i r c l e d b y g e n e r a l a l i q n m ? i 
o f K - f e l d s p a r c r y s t a l s , p o s s i b l y t r a c h y t i c t e x t u r e . 



P l a t e 13-203.3-4. D o m a i n o f f e l t e d K - f e l d s p a r s i g n i f i c a n t l y w i t h o u t f a b r i c 
t h a t i n c l u d e s c i r c u l a r p a t c h e s o f m u s c o v i t e . 



P l a t e 1 3 - 2 0 3 . 3 - 5 . N a r r o w p y r i t e m u s c o v i t e q u a r t z v e i n l e t s i n t h e m a t r i x r u n 
t o and c o n n e c t t h e l a r g e c o a r s e g r a i n e d q u a r t z p a t c h e s . 

Plate 13-203.3-6. E l o n g a t e q u a r t z g r a i n s p r o j e c t i n g c e n t r a l l y f r o m t h e w a l l s 

o f t h e c a v i t y . 



Plate 13-203.3-7. S i Qn i-f I c a n t v a r i a t i o n i n q r a i n s i z e and a s p e c t o f q u a r t z i n 
a s i n g l e c a v i t y . 



P l a t e 13-203.3-9. Z o n e s o f f l u i d i n c l u s i o n r e g u l a r l y d i t r i h u t e d i n q r o w t h 
z o n e s i n c e r t a i n q u a r t z g r a i n s . 

P l a t e 1 3 - 2 0 3 . 3 - 1 0 . Same f i e l d o f v i e w as P l a t e 1 3 - 2 0 3 . 3 - 9 ; n o t e f l u i d 
i n c l u s i o n on m a r g i n o f some q u a r t z g r a i n s . 



ODH CA-88-15-63.1 

a complex array of domains of quartz with variable grain size and s u l 
phides along grain margins, multiply s i l i c i f i e d r h y o l i t e , f l u i d incu-
sions in growth zones in quartz 

section a domained d i s t r i b u t i o n of randomly oriented prismatic quartz of 
variable grain si z e ; certain patches are e s s e n t i a l l y fine grained quartz 
while adjacent domains are r e l a t i v e l y coarse grained prismatic quartz 
with muscovite developed along grain margins (Plate 15-63.1-1). 

sulphide minerals occur in patches forming a network along quartz grain 
margins (Plates 15-63.1-2,3) not necessarily related to quartz of any 
particular grain si z e . 

occasional regions of r e l a t i v e l y coarse grained quartz with a vuggy as
pect consisting of inwardly projecting well terminated grains s i g n i f i 
cantly with zones of f l u i d inclusion apparent in certain growth zones 
(Plate 15-63.3-4). 

pyrite as angular grains with well developed growth zoning features with 
Pb, As enriched in certain growth rings (Plate 15-63.1-4) and galena and 
tetrahedrite present along cracks (Plate 15-63.1-5). 

note these sulphide phases occur in purely quartz as well as micaceous 
regions. 

a narrow dolomite veinlet with galena and tetrahedrite cuts a variety of 
quartz grain size domains. 

the rock volume has c l e a r l y experienced at least several episodes of 
s i 1 i c i f i c a t i o n with related sulphide impregnation t o t a l l y o b l i t e r a t i n g 
the character of the rock o r i g i n a l l y present, l i k e l y r h y o l i t e breccia. 

quartz 
muscovite 
dolomite 
pyrite 
galena 
tetrahedrite 
sphalerite 

- 85% 
- 10% 
- 1% 
- 4% 
- 1% 
- « 1 % 
- 1% 



Plate 15-63.1-1. D o m a i n s o f r e l a t i v e l y c o a r s e q u a r t z w i t h m u s c o v i t e a l o n g 
g r a i n m a r g i n s a g a i n s t a d o m a i n o f f i n e r g r a i n e d p r i s m a t i c q u a r t z . 

m i n e r a l s a l o n g q u a r t z q r a i n m a r g i n . 



P l a t e 15-63.1-3. S u l p h i d e m i n e r a l s c l e a r l y d e v e l o p e d a l o n g q u a r t z q r a - i n 

n a r g i n s . 

Plate 15-63.1-4. P a t c h e s o f r e l a t i v e l y c o a r s e g r a i n e d i n w a r d l y p r o j e c t i n g 

t e r m i n a t e d v u g g y q u a r t z . 



8829 28.8KV 

P l a t e 1 5 - 6 3 . 1 - 5 . S p e c t a c u l a r l y z o n e d p y i i t e w i t h c e r t a i n qt o w t h z o n e s 
e n r i c h e d i n P b , A s . 

8831 28.8KV X7S8 18Ki 

Plate 15-63.1-6. G a l e n a , w h i t e , and t e t r a h e d r i t e , l i g h t g r e y , a l o n g a crack 
i n p y r i t e . 



ODH CA-88-15-73.0 

multiphy s i l i c i f i e d rock volume, with sulphides along grain margins and 
in coarse patches; f l u i d inclusions abundant in growth zones in quartz 

t e x t u r a l l y complex array of randomly oriented quartz with highly v a r i 
able grain size with sulphide minerals and micas along grain marqins 
(Plate 15-73.0-1). 

s i g n i f i c a n t l y quartz grains in large regions of t h i s section display 
regular zones r i c h in f l u i d inclusion c l e a r l y related to the growth 
zones of each grain (Plates 15-73.0-2,3). 

concentration of coarse sphalerite with overgrowth of tetrahedrite and 
galena (Plate 15-73.0-3) intergrown in coarse grained quartz domains. 

concentrations of tetrahedrite and sphalerite along grain margins r e l a 
t i v e l y coarse grained quartz in patches. 

si m i l a r to 15-63.1 with more s i g n i f i c a n t sulphide content. 

a multiply s i l i c i f i e d rock volume with accompanying sulphide develop
ment . 

quartz 
muscovite 

tetrahedrite 
sphalerite 

pyrite 
galena 

- 80% 
- 10% 
- 3% 
- 2% 
- 2% 
- « 3 % 



P l a t e 15-73.0-1. R a n d o m l y o r i e n t e d p r i s m a t i c q u a r t z w i t h h i g h l y v a r i a b l e 
q r a i n s i z e and s u l p h i d e m i n e r a l a l o n g g r a i n m a r g i n s . 

P l a t e 15-73.0-2. Z o n e s o f f l u i d i n c l u s i o n i n r e g i o n o f c o a r s e g r a i n e d quart2 



P l a t e 15-73.0-3. Same f i e l d o f v i e w as P l a t 1 5 - 7 3 . 0 - 2 , i n c r o s s e d p o l a r 

< 

P l a t e 15-73.0-4. C o a r s e s p h a l e r i t e i n c l u d i n g and o v e r g r o w n b y t e t r a h e d 

and g a l e n a . 



ODH CA-88-16-83.5 

s i l i c i f i e d r h y o l i t e with c h l o r i t e veinlets segmented, veined and perva
s i v e l y replaced by muscovite. 

quartz - 20% 
muscovite - 60% 
Mg c h l o r i t e - 10% 
pyrite - 5% 
tetrahedrite - 1% 
sphalerite - 1% 
s t i b n i t e - 1% 
PbSbAgHgS phase - 1% 

irregular r e l i c t patches of r e l a t i v e l y coarse multigranular quartz in 
fine grained c h l o r i t e , segmented, penetrated by zones of muscovite and 
pervasively replaced by muscovite over large areas (Plate 16-83.5-1). 

large domains of section massive muscovite with evenly dispersed pyrite 
with diagnostic spherical growth features (Plate 16-83.5-2). 

s i g n i f i c a n t l y larger pyrite masses with clear radial growth habit are 
intimately mixed with tetrahedrite (Plate 16-83.5-3). 

sphalerite and s t i b n i t e occurs in certain i l l - d e f i n e d patches in a 
r e l i c t c h l o r i t e quartz regions as isolated minute grains and aggregates 
often intergrown with pyrite (Plate 16-83.5-4). 

pressure shadows of coarse muscovite on certain sphalerite and tetrahe
d r i t e masses throughout the schistose muscovite matrix (Plate 16-83.5¬
5). 

domain of fine grained Mg c h l o r i t e at one end of the section which inc
ludes a patch of coarse Mg c h l o r i t e sheafs ringed by s t i b n i t e (Plate 
16-83.5-6). C h l o r i t i t e domain is penetrated by linear zones of and rep
laced pervasively in marginal zones by muscovite. 

The o r i g i n a l nature of the rock has been largely obscured by pervasive 
muscovite alt e r a t i o n and related deformation. However features of the less 
altered r e l i c t patches would suggest that the rock may have been a multigranu
lar quartz rock, r h y o l i t e with irregular Mg c h l o r i t e veinlets prior to perva
sive muscovite development. 

It is s i g n i f i c a n t that the sphalerite and tetrahedrite are largely rest
r i c t e d to the r e l i c t s i l i c e o u s region l i k e l y altered r h y o l i t e , and i t is l i k e 
l y that the rock volume had a certain metal anaomly prior to retrogressive 
muscovite a l t e r a t i o n . 



P l a t e 16-83.5-1. R e l i c t d o m a i n o f c o a r s e m u l t i g r a n u l a r q u a r t z s e q m e n t e d b y 
v e i n l e t s a nd r e p l a c e d p e r v a s i v e l y b y m u s c o v i t e . 

P l a t e 16-83.5-2. P y r i t e w i t h c o n c e n t r i c g r o w t h t e x t u r e s e v e n l y d i s p e r s e d i n 

r e g i o n s o f m a s s i v e m u s c o v i t e . 



P l a t e 16-83.5-4. C i r c u l a r s p h a l e r i t e g r a m , l i g h t g r e y ; and p y r i t e , d a r k 
g r e y ; i n t e r g r o w n w i t h s t i b n i t e , w h i t e . 



J 3; 

P l a t e 16-83.5-5. C o a r s e s h e a f s o f m u s c o v i t e p o s s i b l e z o n e s o f p r e s s u r e s h adow 
g r o w t h on t e t r a h e d r i t e s t i b n i t e m a s s e s . 

P l a t e 16-83.5-6. P a t c h of c o a r s e Mg c h l o r i t e r i n g e d by s t i b n i t e in a r e l i c t 
domain o f p e r v a s i v e Mg c h l o r i t i t e at one end o f s e c t i o n . 



DDH CA-88-16-85.7 

Mg c h l o r i t i t e penetrated by l a t e c a l c i t e v e i n l e t s with cinnabar, occa
s i o n a l patches of muscovite 

quartz - 5% 
muscovite - 5% 
Mg c h l o r i t e - 85% 
c a l c i t e - 1% 
p y r i t e - 5% 
t e t r a h e d r i t e - 1% 
cinnabar - <1% 
PbSbHgAgS phase - 1% 

rock e s s e n t i a l l y a massvie Mg c h l o r i t i t e with sulphides evenly dispersed 
not n e c e s s a r i l y s p a t i a l l y r e l a t e d to i r r e g u l a r masses of muscovite 
( P l a t e 16-85.7-1). 

i n c e r t a i n regions d i f f u s e grains of muscovite are present in the Mg 
c h l o r i t i t e p o s s i b l y representing the e a r l i e s t stages of access of potas
s i c f l u i d s . 

cinnabar as occasional grains w i t h i n l a t e c a l c i t e present along c l a c k s 
i n massive Mg c h l o r i t e ( P l a t e 16-85.7-2). 

p y r i t e as evenly dispersed equant grains throughout the Mg c h l o r i t e mat
r i x o c c a s i o n a l l y overgrown by both t e t r a h e d r i t e with appreciable copper 
and an PbSbHgAg sulphide ( P l a t e 16-85.7-3). 

The s i n g l e t e t r a h e d r i t e overgrowth noted in t h i s s e c t i o n quite s i g n f i -
c a n t l y i s asso c i a t e d s p a t i a l l y with the most c r y s t a l l i n e muscovite noted and 
indeed has very narrow f r i n g e zones of muscovite. Thus i n t r o d u c t i o n of As, 
Ag, Sb, Cu minerals may be temporally r e l a t e d to ingress of po t a s s i c hydro
thermal f l u i d s . 

I t may be very s i g n i f i c a n t that the p y r i t e in t h i s Mg c h l o r i t i t e rock 
volume has a d e f i n i t e equant or cubic aspect without the s p h e r i c a l growth tex
tures commonly observed i n muscovite r i c h rocks. There may indeed be at l e a s t 
two generations of p y r i e in these r o c k s , one equant or cubic grains in Mg 
c h l o r i t i t e and s p h e r i c a l p y r i t e , c l e a r l y the r e s u l t of s o l u t i o n dominated 
hydrothermal growth in rock volumes of c h l o r i t e a f f e c t e d and replaced by mica 
s t a b l e p o t a s s i c hydrothermal f l u i d s . 

The o r i g i n a l rock volume p r i o r to p o t a s s i c a l t e r a t i o n l i k e l y e x i s t e d as 
an equant p y r i t e Mg c h l o r i t i t e . The r e a l questions are then what was the o r i 
g i n a l l y precursor l i t h o l o g y present p r i o r to pervasive Mg c h l o r i t e a l t e r a t i o n 
and what was the o r i g i n of the F, Mg s o l u t i o n s ? 



P l a t e 16-85 
d i f f u s e p a t . 

. 7 - 1 . M a s s i v e Mg c h l o r i t e w i t h p y r i t e g r a m s and a g g r e g a t e s i n 
; t i es and 1 i n e a r z o n e s . 

P l a t e 16-85 
c h l o r i 1 1 t e . 

.7-2. C i n n a b a r i n n a r r o w c a l c i t e v e i n l e t s a l o n g c r a c k s i n Mq 



P l a t e 16-85.7 -3 . A n g u l a r t o c u b i c p y r i t e q r a m s , d a r k g r e y i n t e r g r o w n w i t h 
t e t r a h e d r i t e , l i g h t q r e y and P b A s A q S p h a s e , w h i t e . 
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ODH CA-88-16-89.1 

c a l c i t e tetrahedrite patches in muscovite s c h i s t , l i k e l y pervasive 
potassic a l t e r a t i o n of Mg c h l o r i t i t e 

muscovite - 80% 
pyrite - 5% 
c a l c i t e - 10% 
s t i b n i t e - <1% 
aktashite - <1% 
tetrahedrite - <1% 
cinnabar - « 1 % 

irregular patches of coarse c a l c i t e within a highly contorted pyrite 
muscovite matrix (Plate 16-89.1-1). 

s i g n i f i c a n t l y minute pyrite spheres occur throughout the muscovite mat
r i x of the sample while tetrahedrite, aktashite and s t i b n i t e are rest
r i c t e d to the patches of coarse carbonate (Plate 16-89.1-2). 

irregular ghost l i k e regions with abundant pyrite occur throughout the 
section c l e a r l y penetrated and replaced by muscovite (Plate 16-89.1-3) 
giving the impression that a pre-existing rock l i k e l y pyrite Mg c h l o r i 
t i t e was pervasively replaced by muscovite as was the case for sample 
88-16-85.7. 



P l a t e 1 6 - 8 9 . 1 - 1 . I r r e g u l a r p a t c h e s o f c a l c i t e w i t h i n a h i n h l y c o n t o r t e d 
p y r i t i c m u s c o v i t e s c h i s t o s e m a t r i x . 

P l a t e 1 6 - 8 9 . 1 - 2 . T e t r a h e d r i t e a nd a k t a s h i t e as c o a r s e q r a i n s r e s t r i c t e d t c 
c a l c i t e p a t c h i n m u s c o v i t e s c h i s t , n o t e m i n u t e p y r i t e i n m u s c o v i t e r e a i o n s . 



P l a t e 1 6 - 8 9 . 1 - 3 . I r r e g u l a r d o m a i n s r i c h i n m i n u t e p y r i t e g r a i n s s e g m e n t e d b y 
v e i n l e t s o f and r e p l a c e d p e r v a s i v e l y b y m u s c o v i t e , p o s s i b l y r e l i c t Mg 
Ch1 o r i t e . 



OOH CA-88-16-95.7 

contorted muscovite pyrite alteration replaced in veins and pervasively 
by gypsum, c a l c i t e and minor barite and c e l e s t i t e 

quartz - 5% 
muscovite - 35% 
c a l c i t e - 15% 
barite - 3% 
c e l e s t i t e - 2% 
pyrite - 5% 
gypsum - 35% 
sphalerite - 2% 

t e x t u r a l l y complicated sample. 

large areas of section are massive muscovite with a contorted irregular 
d i s t r i b u t i o n of minute spheres of pyrite with concentric growth texture 
(Plate 16-95.7-1). 

these regions predominantly muscovite are penetrated by a branching net
work of narrow muscovite veinlets in which or i g i n a l pyrite grains have 
been removed by solutions processes (Plate 16-95.7-2). 

these muscovite r i c h r e l i c t domains are penetrated by an array of gypsum 
veinlets wich extend from large patchy regions of pervasive c r y s t a l l i n e 
gypsum alteration (Plate 16-95.7-3). 

the masses of coarse gypsum are intergrown with coarse c a l c i t e and less 
commonly c a l c i t e and SrSO^ c e l e s t i t e (Plate 16-95.7-4, 5); c a l c i t e com
monly occurs at vein margins and as an apparent reaction front between 
r e l i c t domains of muscovite type alteration and later pervasive gypsum. 

s i g n i f i c a n t l y the gypsum regions are without pyrite and sulphide phases 
and some type of sulphide-sulphate reaction c l e a r l y took place in 
regions of gypsum development. 

r e l a t i v e l y coarse grains of Hg ri c h sphalerite occur sporadically in the 
r e l i c t muscovite, that s i g n i f i c a n t l y have well developed pressure shadow 
zones of oriented muscovite r e c r y s t a l 1 i z a t i o n , sphalerite was present in 
the rock volume of muscovite prior to or during the episode of defor
mation that produced the contorted fabric apparent in r e l i c t muscovite 
domains. 

The rock volume may have been a Mg c h l o r i t i t e altered rock since perva
s i v e l y replaced by muscovite and veined and replaced by late Ca, Ba, Sr ri c h 
solutions which s t a b i l i z e d sulphate mineral species. 

The sample has a textural a f f i n i t y with the white gypsum r i c h sample 
9-102.5 wherein r e l i c t Mg c h l o r i t i t e patches are s t i l l preserved. 



P l a t e 16-95.7-1. H n n t i r t e r i a g g r e g a t i o n s o f p y r i t e i n p e r v a s i v e m u s c o v i t e 
a 1 t e r a t i o n . 



P l a t e 16-95.7-3. A r r a y o f c o a r s e c r y s t a l l i n e g y p s u m v e i n l e t s p e n e t r a t i n q 

z o n e o f p e r v a s i v e m u s c o v i t e a l t e r a t i o n . 

P l a t e 16-95.7-4. C o a r s e i n t e r g r o w t h o f c r y s t a l l i n e q y p s u m , w i t h c a l c i t e 
s e l v a g e or- i n t e r f a c e w i t h p y r i t i c m u s c o v i t e . 



P l a t e 16-95.7-5. C e l e s t i t e and b a r i t e , w h i t e , i n g yp sum m a s s , u n i f o r m g r e y , 
d e v e l o p e d i n p y r i t i c m u s c o v i t e a l t e r a t i o n . 



ODH CA-88-16-98.7 

contorted muscovite p y r i t e s c h i s t with l a t e c a l c i t e b a r i t e 

c a l c i t e 
b a r i t e 
p y r i t e 
r u t i l e 

quartz 
muscovite 

- 25% 
- 50% 
- 15% 
- 1% 
- 4% 
- 1% 

large regions of s e c t i o n h i g h l y deformed massive f i n e grained muscovite 
with the degree of contorted deformation apparent i n the evenly d i s p e r 
sed p y r i t e g r a i n ( P l a t e 16-98.7-1). 

i r r e g u l a r patches of c a l c i t e throughout which includ e sporadic grains 
and aggregates of b a r i t e ; s i g n i f i c a n t l y these l a t e a l t e r a t i o n patches do 
not contain p y r i t e which has apparently been removed by the l a t e c a l c i t e 
sulphate v e i n i n g . This was also the case i n sample 16-95.7. 

note p y r i t e occurs both as minute equant to angular grains which often 
d i s p l a y a c o n c e n t r i c growth habit ( P l a t e 16-98.7-2) with mica g e n e r a l l y 
present i n c e n t r a l r e g i o n s ; often these c o n c e n t r i c p y r i t e features have 
overgrown r u t i l e g r a i n s . 

the sample also includes several ovoid patches of pure massive muscovite 
without p y r i t e . The o r i g i n of the features are unclear but are l i k e l y 
part of the a l t e r a t i o n process. 

comparison with b e t t e r preserved r e l i c t t e x t u r e in sample 16-99.6, CA-15 
would suggest the rock volume of sample 16-98.7 was o r i g i n a l l y Mg c h l o r 
i t i t e replaced p e r v a s i v e l y by muscovite. 



P l a t e 16-98.7-1. H i g h l y c o n t o r t e d d i s t r i b u t i o n o f m i n u t e p y r i t e q r a i n s i n 

p e r v a s i v e m u s c o v i t e . 

P l a t e 16-98.7-2. C o n c e n t r i c p y r i t e r e g i o n s i n m a s s i v e m u s c o v i t e w i t h b o t h 

m u s c o v i t e a nd r u t i l e i n c e n t r a l r e g i o n s . 



Plate 16-102.6-1. S t r o n g f a b r i c i n r h y o l i t e d e f i n e d b y a l t e r n a t i n g h a n d s 

v a r i a b l e q u a r t z m u s c o v i t e and p y r i t e a b u n d a n c e . 



P l a t e 16-102.6-3. P o o r l y d e f i n e d r e g i o n o f m u l t i g r a n u l a r q u a r t z 
r e c r y s t a 111 z a t i nn w i t h doma i n s o f i / a r i a M e g r a i n s i z e , n o t e z o n e o f f l u i d 
i n c l u s i o n i n q u a r t z g r a m i n c e n t r e o f p h o t o m i c i o g r a p h . 

P l a t e 16-102.6-4. B r a n c h i n g v e i n l e t o f c o a r s e g r a i n e d q u a r t z w i t h f l u i d 
i n c l u s i o n s , z o n e s o f p o s t d e f o r m a t i o n a l f l u i d a c c e s s i n d e f o r m e d r h y o l i t e . 



P l a t e 16-102.6-5. Z o n e s o f f l u i d i n c l u s i o n s i n r e g i o n o f c o a r s e q r a i n e d 
q u a r t ? i n a d o m a i n i f p o s t d e f o rma t i o n a 1 f l u i d a c c e s s and r e c r y s t a 1 1 i 2 a t i o n , 

P l a t e 16-102.6-6. Same f i e l d o f v i e w as 1 6 - 1 0 2 . 6 - 5 , n o t e s t r o n g f a b r i c 
d e f i n e d b y p y r i t e b a n d s a t l e f t o f p h o t o m i c r o g r a p h . 



P l a t e 16-102.6-7. D o m a i n o f c o a r s e q u a r t z w i t h s t i b n i t e s i g n i f i c a n t l y w i t h o u t 
f a b r i c a s s p e c i f i c doma i n i n h i g h l y f o l i a t e d pyr 111c m u s c o v l t e s 1 1 1 c e o u s 
s c h i s t . 

P l a t e 16-102.6-8. Same f i e l d o f v i e w as 1 6 - 1 0 ? . 6 - 7 , i n p l a n e l i q h t , n o t e 
s t i b n i t e a s s o c i a t e d w i t h c o a r s e q r a i n e d q u a r t z . 



PI ate 16-105.8-1. Wei I d e v e l o p e d f a b r i c i n m u s c o v i t I c m u l t i g r a n u l a r q u a r t z 
s i l i c e o u s s c h i s t . 



Plate 16-111.7-1. P a t c h e s o f q u a r t z i n an e v e n q r a i n e d m u l t i q r a n u l a r q u a r t z 
m a t r i x w i t h e v e n l y d i s p e r s e d m u s c o v i t e , s i g n i f i c a n t l y w i t h o u t f a b r i c . 

Plate 16-111.7-2. R e g i o n o f r e l a t i v e l y f i n e q r a m e d q u a r t z w i t h o u t m u s c o v i 
i n s u e s p e c i f i c v o l u m e o f f l u i d a c c e s s . 



P l a t e 16-114.3-1. R o u q h l y c i r c u l a r d o m a i n s o f f i n e m u l t i q r a n u l a r quat t z 
p e n e t r a t e d and r e p l a c e d b y m u s c o v i t e and py r i t e i n z o n e s w i t h f a b r i c . 

P l a t e 16-130.2-1. F i n e g r a i n e d m u l t i q r a n u l a r q u a r t z m u s c o v i t e r o c k w i t h 
d o m a i n o f q u a r t z q r a i n e d q u a r t z w i t h f l u i d i n c l u s i o n s . 



P l a t e 16-175.6-1. M u s c o v i t e a l t e r e d r e l a t i v e l y c o a r s e g r a i n e d q u a r t z r o c k 
w i t h s u b p a r a l l e l p l a n a r z o n e s o f q u a r t z K - f e l d s p a r d e v e l o p m e n t . 

P l a t e 16-175.6-2. R e g i o n o f u l t r a f i n e q r a i n e d q u a r t z K - f e ! d s p a r i n t e r q r o w t i 
i n p l a n a r z o n e o f f l u i d a c c e s s . 



P l a t e 16-175.6-3. BSE image o f K - f e l d s p a r , l i g h t g r e y , i n t e r g r o w t h w i t h 
q u a r t z , d a r k g r e y . 



DDH CA-88-18-66.5 

sheared muscovite altered f e l s i c rock, r h y o l i t e with late stage veins of 
coarse stibnite-muscovite. 

patches of r e l a t i v e l y coarse grained multigranular quartz often inter
grown with s t i b n i t e scattered throughout a fine grained highly schistose 
muscovite quartz matrix (Plates 18-66.5-1, 2); th i s rock volume has been 
highly deformed. 

a myriad of minute pyrite spheres occur evenly throughout the matrix 
often with concentric rings of s t i b n i t e or zones of high arsenic in a 
s p e c i f i c structure (Plate 18-66.5-3). 

patches of coarse muscovite intergrown with s t i b n i t e occur throughout 
the sample as do coarse contorted v e i n l i k e features of stibnite-quartz 
intergrown with muscovite sheafs (Plates 18-66.5-4,5). These patches of 
coarse muscovite do not appear to be the result of pressure shadow 
growth and the features are interpreted to be true veins, the result of 
lo c a l i z e d ingress of hydrothermal f l u i d s late in the deformated history 
of the rock volume (Plate 18-66.5-6). 

the aspect of the multigranular quartz throughout the sample would sug
gest that the rock was from a volume of highly sheared muscovite altered 
rhyoli te. 

muscovite 
quartz 
pyrite 
s t i b n i t e 

- 40% 
- 50% 
- 3% 
- 7% 



P l a t e 18-66.5-1. A t t e n u a t e d p a t c h e s o f r e l a t i v e l y c o a r s e g r a i n e d q u a r t z w i t h 
s t i b n i t e i n a f i n e r - g r a i n e d s c h i s t o s e m u s c o v i t e q u a r t z m a t r i x . 

P l a t e 18-66.5-2. C o n t o r t e d v e i n o f s t i b n i t e , q u a r t z and c o a r s e m u s c o v i t e 
s h e a f s . 



15b 

P l a t e 18-66.5-3. P y r i t e s t r u c t u r e s w i t h c e r t a i n g r o w t h r i n g s h i g h a ' s e m e 
and w i t h s t i b n i t e o v e r g r o w t h s . 
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P l a t e 18-66.5-5. F i n e s c a l e i n t e r f r i n g e n n g o f s t i b n i t e and m u s c o v i t e , 
e v i d e n c e f o r s i m u l t a n e o u s h y d r o t h e r m a l g r o w t h . 

Plate 18-66.5-6. C o n t o r t e d s t i b n i t e ; q u a r t z m u s c o v i t e v e i n l e t 



DOH CA-88-18-77.0 

muscovite schist with access of f l u i d s producing quartz-stibnite veining 
late in the deformational history. 

coarse domains e s s e n t i a l l y massive s t i b n i t e and quartz and branching 
veinlets that alternate with regions of highly contorted schistose mus
covite with evenly distributed fine grained pyrite (Plate 18-77.0-1). 

i t i s s i g n i f i c a n t that angular pyrite grains throughout the matrix com
monly exhibit marginal zones of r e l a t i v e l y coarse oriented quartz and 
mica growth in pressure shadows (Plate 18-77.0-2) while the quartz and 
coarse micas associated with the regions of massive s t i b n i t e do not have 
t h i s r e l a t i o n s hip. These are thus interpreted to be the result of late 
stage postdeformational migration and access of hydrothermal f l u i d s . 

region of massive s t i b n i t e veining include p y r i t e , dolomite and quartz 
with an even d i s t r i b u t i o n of a PbSbS mineral (Plate 18-77.0-3). 

muscovite 

s t i b n i t e 
PbSbS 
dolomite 

quartz 
pyrite 

- % 
- % 
- 5% 
- 47% 
- 2% 
- 1% 



P l a t e 1 8 - 7 7 . 0 - 1 . C o n t o r t e d b r a n c h i n g l a t e s t a q e s t i b n i t e q u a r t z v e i n l e t s i n 
f o l i a t e d m u s c o v i t e m a t r i x . 

P l a t e 18-77.0-2. P r e s s u r e s h a d o w z o n e s o f o r i e n t e d q u a r t z and m i c a s on 
a n g u l a r p r y i t e i n t h e s c h i s t o s e m u s c o v i t e m a t r i x . 



Plate 18-77.0-3. M a s s i v e s t i b n i t e w i t h i n c l u d e d a n g u l a r p y r i t e and d o ! o m t e , 
b l a c k , and e v e n d i s t r i b u t i o n o f P b S b S , w h i t e . 
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DOH CA-88-18-108.3 

massive Mg c h l o r i t i t e with sporadic sphalerite 

Mg c h l o r i t e - 90% 
pyrite - 5% 
sphalerite - 5% 

occasional honey coloured masses of sphalerite and evenly dispersed 
f i n e r grained angular pyrite in an extemely fine grained massive Mg 
c h l o r i t e matrix (Plate 18-108.3-1). 

a peculiar fabric to the rock induced by contorted linear regions of 
v e i n l i k e recrystal1ized c h l o r i t e often with t r a i l s of p y r i t e . 

l i k e 18-108.6 but with less sphalerite. 





OOH CA-88-18-108.6 

Mg c h l o r i t i t e with sphalerite galena veins 

Mg c h l o r i t e 
pyrite 
sphalerite 

80% 
3% 
8% 
2% 
7% 

galena 
quartz 

linear v e i n l i k e regions of coarse honey coloured sphalerite overgrown by 
qalena in a massive fine grained Mg c h l o r i t e rock volume (Plate 18¬
108.6-1). 

the vein i s associated with marginal zones of coarse quartz which gene
r a l l y have some degree of alignment in regions of pressure shadow 
growth, an indication that the sphalerite was present in the rock during 
a weak deformational overprint (Plate 18-108.6-2). 

sample l i k e 18-108.3 with evidence for sphalerite galena quartz veining 
prior to or in the late stages of deformation. 

The o r i g i n of this Mg c h l o r i t e in thi s rock volume i s unclear. The 
c h l o r i t i t e appears to be a localized volume within an overall r h y o l i t e or 
rh y o l i t e breccia unit as indicated in d r i l l logs. The process by which the Mg 
ch l o r i t e was produced i s unclear but veining of r h y o l i t e breccia by Mg r i c h 
solutions prior to deformation is l i k e l y . It i s interesting that both sphale
r i t e and c h l o r i t e in thi s sample have a low but persistent iron content near 
1.00 weight percent FeO in contrast with the end member Mg ch l o r i t e noted in 
many other samples from Eskay Creek in the mineralized zone. 



Plate 18-108.6-1. V e i n l i k e h a n d s o f h o n e y c o l o u r e d s p h a l e r i t e and g a l e n a m 
an e x t r e m e l y f i n e gi a m e d Mg c h l o r i t e m a t r i x . 

P l a t e 18-108.6-2. R e g i o n s o f o r i e n t e d e l o n g a t e q u a r t z i n p r e s s u r e s h adow 
z o n e s a t m a r g i n o f s p h a l e r i t e . 



OOH CA-88-18-200.4 

massive p y r i t e with quartz and mica i n t e r s t i c e s 

quartz 
muscovite 
p y r i t e 
a r s e n o p y r i t e 
t e t r a h e d r i t e 
s p h a l e r i t e 

- 15% 
- 25% 
- 60% 
- « 1 % 
- « 1 % 
- « 1 % 

regions of massive pyrite and an even d i s t r i b u t i o n of pyrite cubes in a 
fine grained muscovite and multigranular quartz matrix (Plate 18-200.4-

well developed pressure shadow zones of coarse micas and elongate orien
ted quartz occur on numerous pyrite grains indicating the rock underwent 
some degree of deformation (Plate 18-200.4-2). 

r a r e l y sphalerite and tetrahedrite occur as inclusions and along cracks 
in certain pyrite grains (Plate 18-200.4-3). 

certain patches of coarse randomly oriented prismatic quartz occur 
i n t e r s t i t i a l to coarse pyri t e . These patches would suggest some degree 
of f l u i d migration and quartz growth after the period of moderate defor
mation . 

Interestingly these quartz patches have textural a f f i n i t y with the 
coarse prismatic quartz in the samples from d r i l l holes CA 12 and 13 examined. 



P l a t e 18-200.4-1. P y r i t e c u b e s and m a s s e s i n m u s c o v i t e m u l t i g r a n u l a r q u a r t 2 



Plate 18-290.4-3. S p h a l e r i t e a n d t e t r a h e d r i t e i n c l u d e d in c e r t a i n p y r i t e 
g r a i n s . 

P l a t e 18-200.4-4. R e g i o n o f r a n d o m l y o r i e n t e d t e r m i n a t e d and p r i s m a t i c q u a r t z 
i n p y r i t e i n t e r s t i c e s . 
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DOH CA-88-21-54.2 

coarse breccia consisting of l i t h i c fragments, feldspathic f e l s i t e 
dike? and fossi1iferous chert, variably c a l c i t e altered; cut by inter
secting pyrite-muscovite and later c a l c i t e quartz veinlets 

quartz - 30% 
a l b i t e - 35% 
c a l c i t e - 25% 
muscovite - 2% 
Mg c h l o r i t e - <1% 
pyrite - 8% 
sphalerite - <1% 

section predominantly of large, up to 3.0 cm in s i z e , fragments of a 
rapidly quenched f e l s i c rock type consisting of randomly oriented a c i -
cular to feathery a l b i t e c r y s t a l s ; these l i t h i c fragments are either un
altered or replaced by c a l c i t e in varying degrees of intensity (Plates 
21-54.2-1, 2). 

certain fragments are e s s e n t i a l l y massive c a l c i t e . 

cherty fragments and hydrocarbon r i c h chert comprises the matrix to the 
c a l c i t e altered f e l s i c rock or f e l s i t e ; certain domains or fragments 
have an irregular or patchy d i s t r i b u t i o n of dark hydrocarbon r i c h mater
i a l in extremely fine grained cryptocrystal1ine quartz (Plate 21-54.2¬
3). 

s i g n i f i c a n t l y d i s t i n c t i v e microfossils occur in certain cherty fragments 
strong evidence that less well defined c i r c u l a r features noted in other 
fine grained siliceous cherty samples of the Eskay suite might well have 
a biogenic o r i g i n (Plates 21-54.2-4,5,6). 

pyrite with d i s t i n c t i v e framboidal apsect occurs r e s t r i c t e d to the cher
ty domains (Plate 21-54.2-7). This pyrite type l i k e l y has a biogenic 
o r i g i n . 

the rock type produced by brecciation, variably carbonate altered f e l 
s i t e and fossi I iferous hydrocarbon r i c h chert is cut by two sets of 
later v e i n l e t s . 

( i ) a sinuous zone of coarse pyrite with sphalerite and i n t e r s t i t i a l musco
vite cuts certain f e l s i t e fragments and forms irregular interconnecting 
masses along margins of altered fragments (Plate 21-54.2-8). Most s i g 
n i f i c a n t l y certain portion of this irregular pyrite muscovite vein are 
sealed by a central region of Mg c h l o r i t e and c a l c i t e (Plate 21-54.2-9). 

This texture i s extremely important as i t demonstrates the vein-like 
o r i g i n of F Mg c h l o r i t e in the genetically early stages of the Eskay Creek 
hydrothermal system. 

( i i ) the entire complex rock as described i s cut by a late c a l c i t e quartz 
veinlet set (Plate 21-54.2-10). 



Note - The c h l o r i t e in the pyrite-muscovite veinlet has a s i g n i f i c a n t iron 
content reaching 9.61 weight percent FeO with a central region of more magne
sian c h l o r i t e with 4.86 weight percent FeO. The inference i s that in t h i s 
early stage of c h l o r i t e s t a b i l i t y in the evolving Eskay Creek f l u i d system, 
iron r i c h possibly rock dominated c h l o r i t e compositions were generated with a 
trend to magnesium enrichment indicated in t h i s sample supported by a large 
body of Mg c h l o r i t e data obtained from numerous other samples. 



P l a t e 21-54.2-1. F r a g m e n t s o f f e l s i t e w i t h f e a t h e r y a l b i t e s h e a f s i n c l u d e d i n 
c h e r t . 



P l a t e 21-54.2-3. P a t c h y d i s t r i b u t i o n o f h y d r o c a r b o n r i c h z o n e s and 
c r y p t o c r y s t a l 1 i n e q u a r t z i n t y p i c a l c h e r t . 

P l a t e 21-54.2-4. C h e r t domain w i t h w e l l p r e s e r v e d m i c r o f o s s i 1 s , p o s s i b l y 
r a d i o l a r i a . 



P l a t e 21-52.4-5 P o s s i b l e r a d i o l a r i a n m i c r o f o s s i l i n c h e r t 

P l a t e 21-54.2-6 P o s s i b l e r a d i o l a r i a n m i c r o f o s s i l i n c h e r t 



P l a t e 21-54.2-8. S i n uou s c a c i t e s p h a l e r i t e p y r i t e zone a l ong marg i n o f 
f e l s i t e f r a g m e n t s w i t h c h e r t . 



P l a t e 21-54.2-9. C h l o r i t e d e v e l o p e d w i t h c a l c i t e i n c e n t r a l r e g i o n o f t h i s 
p y r i t e m u s c o v i t e v e i n l e t . 

P l a t e 21-54.2-10. C o n c e n t r i c p y r i t e s t r u c t u r e i n l a t e c a l c i t e v e i n l e t . 



ODH CA-88-21-58.1 

fragments of chert and types of a l t e r a t i o n replaced p e r v a s i v e l y by 
a r s e n o p y r i t e Mg c h l o r i t e and muscovite, deformed 

quartz - 20% 
muscovite - 50% 
M g - c h l o r i t e - 10% 
b a r i t e - <1% 
c a l c i t e - 5% 
p y r i t e - 5% 
a r s e n o p y r i t e - 8% 
s p h a l e r i t e - 1% 
t e t r a h e d r i t e - <1% 
s t i b n i t e - 1% 
r e a l gar - « 1 % 

t e x t u r a l l y confused sample consisting of chert fragments and fragments 
of various assemblages and textures of hydrothermal alteration noted in 
other samples, pervasively replaced by Mg c h l o r i t e and muscovite; out
l i n e and aspect of many fragments obscured to completely obliterated by 
the combined effects of pervasive muscovite alteration and deformation. 

large domains of section are and were hydrocarbon r i c h s i l iceous rock, 
or chert with ch a r a c t e r i s t i c patchy d i s t r i b u t i o n of hydrocarbon mate
r i a l , spherical pyrite b a l l s and aggregations and r e l a t i v e l y clear 
domains of cryptocrystal1ine quartz (Plate 21-58.1-1). 

angular quartz eyes are well preserved in certain r e l a t i v e l y unaltered 
chert domains (Plate 21-58.1-2). 

in addition to chert a variety of alteration fragments are present as 
isolated domains within highly f o l i a t e d muscovite with or i g i n a l outline 
obscured by pervasive muscovite development and related strong fabric 
and i t is not e n t i r e l y clear whether these were original vein types 
developed within the chert lithology o r i g i n a l l y present or whether the 
rock is a true h e t e r o l i t h i c breccia; the angular outline of certain 
a l t e r a t i o n fragments would suggest the l a t t e r . 

( i ) c i r c u l a r domains of coarse randomly oriented quartz, with c a l c i t e , r e a l 
gar s t i b n i t e and arsenopyrite. 

( i i ) angular fragment of Mg c h l o r i t i t e with 25% development of c i r c u l a r 
pyrite b a l l s (Plate 21-58.1-3). 

( i i i ) c i r c u l a r region of coarse quartz intergrown with s t i b n i t e (Plate 21¬
58.1-4). 

(iv) linear angular domains of coarse randomly oriented quartz with c a l c i t e 
and s t i b n i t e , l i k e l y o r i g i n a l l y veinlets since dismembered (Plate 21¬
58.1-5). 

(v) attenuated patches of Ba muscovite, Mg c h l o r i t e with s t i b n i t e , sphale
r i t e (Plate 21-58.1-6). 

(vi) angular fragment of oriented elongate Mg c h l o r i t e , s t i b n i t e and quartz 
(Plate 21-58.1-7). 



arsenopyrite occurs throughout the section with paragenetic relationship 
obscured by muscovite a l t e r a t i o n ; large domains of recognizable chert 
ex i s t s either without arsenopyrite or contain only sporadic evenly d i s t 
ributed rhombs (Plate 21-58.1-1, 2). Arsenopyrite generally occurs in 
s p e c i f i c concentations of radiating rhombs and needles associated with 
patches of r e l a t i v e l y coarse grained quartz with minor c a l c i t e and mus
covite (Plate 21-58.1-8) or as si m i l a r r a d i a l concentration associated 
with r e l a t i v e l y coarse grained muscovite developed in pressure shadow 
zones (Plate 21-58.1-10). 

It i s not e n t i r e l y clear whether the arsenopyrite developed in this rock 
volume in an e a r l i e r stage of f l u i d access and r e c r y s t a l 1 i z a t i o n of chert, as 
noted in other samples, or 1n an overlapping interval of arsenopyrite-quartz 
f i x a t i o n with muscovite. In t h i s writer's view an interpretation of muscovite 
alte r a t i o n of arsenopyrite altered chert is favoured. 

The entire t e x t u r a l l y complex deformed rock is cut by a linear vein pre
dominantly r e l a t i v e l y coarse grained quartz with c a l c i t e and minor muscovite 
with s t i b n i t e and tetrahedrite developed along grain margins. This vein is 
aligned with the dominant fabric of the sample and indicates syndeformational 
f l u i d access As, Sb, Ag mobility and f i x a t i o n . 



Plate 21-58.1-1. R e l i c t d o m a i n o f h y d r o c a r b o n r i c h s i l i c e o u s r o c k , c h e r t , 
w i t h p a t c h y d i s t r i b u t i o n o f h y d r o c a r b o n m a t e r i a l and c l e a r r e g i o n s o f 
c r y p t o c r y s t a 1 ! i n e q u a r t z . 

Plate 21-58.1-2. A n g u l a r q u a r t z eye p r e s e r v e d i n a r e g i o n o f r e l i c t c h e r t . 



P l a t e 21-58.1-3. A n g u l a r f r agment of Mg c h l o r i t e w i t h appa ren t f a b r i c and 
even d i s t r i b u t i o n o f p y r i t e g r a i n s and a g g r e g a t i o n s . 

P l a t e 21-58.1-4. C i r c u l a r r e g i o n o f c o a r s e m u l t i c r y s t a l 1 ine q u a r t z w i t h 
s t i b n i t e . 



P l a t e 21-58.1-5. A n q u l a r l i n e a r r e g i o n o f c o a r s e q u a r t z w i t h s t i b n i t e ana 
c a l c i t e p o s s i b l y a b r o k e n and d i s m e m b e r e d v e i n l e t . 

Plate 21-58.1-6. Reg i on o f i n t e r g r o w n c o a r s e g r a i n e d s h e a f s of Ba m u s c o v i t e 
Mg c h l o r i t e w i t h s t i b n i t e and s p h a l e r i t e . 



Plate 2 1 - 5 8 . 1 - 7 . A n g u l a r a p p a r e n t f r a q m e n t o f e l o n q a t e Mq c h l o r i t e a n d 

S t i b n i t e l n t e r g r o w t h . 



P l a t e 2 1 - 5 8 . 1 - 9 . R a d i a l c o n c e n t r a t i o n s o f a r s e n o p y r i t e n e e d l e s w i t h p r e s s u r e 
s h a d o w s q r o w t h o f o r i e n t e d q u a r t z and r e l a t i v e l y c o a r s e q r a i n e d m u s o c o v i t e . 



DOH CA-88-21-59.1 

chert fragments and e a r l y stage Mg c h l o r i t e and Ba muscovite a l t e r a t i o n 
assemblages i n a r e l i c t zone included i n a vein of massive s t i b n i t e with 
p e r i p h e r a l coarse c a l c i t e , b a r i t e and quartz and r e a l g a r bands (two 
g r a i n s n a t i v e g o l d i d e n t i f i e d ) 

quartz - 5% 
Ba muscovite - 4% 
s t i b n i t e - 65% 
a r s e n o p y r i t e - 10% 
a l b i t e - « 1 % 
b a r i t e - 10% 
c a l c i t e - 10% 
dolomite - 1% 
Mg-chlorite - 1% 
s p h a l e r i t e - 1% 
a k t a s h i t e - 2% 
PbSbAgAsS - 2% 
gold - « l t 

rythmically banded sample with a complex variation in assemblages and 
textures in adjacent bands l i k e l y r e f l e c t i n g local variations in chemi
cal parameters and solution compositions with time. 

in a gross sense the sample consists e s s e n t i a l l y of central wide band o f 
massive s t i b n i t e with a i n t e r s t i t i a l barite and other sulphides a l t e r 
nating with marginal zones with abundant ba r i t e , c a l c i t e and realgar. 

most s i g n i f i c a n t l y the massive s t i b n i t e zones contains several patches 
of fine grained chert with the ch a r a c t e r i s t i c mottled aspect generated 
by d i s t r i b u t i o n of hydrocarbons and regions of clear cryptocrystal1ine 
quartz. These chert remnants are penetrated by c a l c i t e veinlets and 
subparallel bands of quartz recrystal1ization and veining (Plate 21¬
59.1-1) with s t i b n i t e in a manner quite similar to that of samples 83¬
7-111.7; CA-2 and 88-9-65.7, CA-4. The sample l i k e l y represents open 
space veining within a chert lithology at the focus of the Eskay Creek 
f l u i d system. 

the chert fragments are c l e a r l y replaced along veinlets and in wider 
marginal zones by regions of coarse c r y s t a l l i n e Mg c h l o r i t e often with 
s t i b n i t e (Plate 21-59.1-2) and r e l a t i v e l y coarse grained quartz. In 
addition patches of coarse Mg c h l o r i t e occur in the massive s t i b n i t e 
within regions s p a t i a l l y related to the r e l i c t l i t h i c fragments (Plate 
21-59.1-3). 

further a variety of highly muscovite altered chert fragments and pod
l i k e c i r c u l a r masses of coarse Ba muscovite intergrown with s t i b n i t e and 
Mg c h l o r i t e occur in a narrow band along one margin of the band of mas
sive s t i b n i t e (Plate 21-59.1-4). This band of chert fragments, Mq 
c h l o r i t e and Ba muscovite masses is interpreted to represent the rock 
l i t h o l o g y o r i g i n a l l y present in t h i s rock volume and e a r l i e r stages of 
hydrothermal alteration of this rock volume now a r e l i c t zone in later 
stage hydrothermal assemblages of s t i b n i t e , b a r i t e , c a l c i t e and a comp
lex variety of sulphide species. 



s i g n i f i c a n t l y rhombs of arsenopyrite occur sporadically in t h i s narrow 
zone of r e l i c t chert and Mg c h l o r i t e , Ba muscovite altered chert. Arse
nopyrite occurs as isolated grains in certain Ba muscovite masses (Plate 
21-59.1-5) and as irregular clusters of rhombohedra included within mas
sive s t i b n i t e s p a t i a l l y near the r e l i c t chert fragments and pod-like 
masses of Ba muscovite (Plate 21-59.1-6). 

Interpretation of these textural spatial relationships i s c r i t i c a l to 
the understanding of the position of arsenopyrite in the overall paragenesis 
at Eskay Creek. Arsenopyrite does not occur evenly distributed throughout the 
massive s t i b n i t e , as suggested by Van Pet. but i s r e s t r i c t e d to the narrow 
zone of r e l i c t chert fragments and e a r l i e r stage sheet s i l i c a t e dominant hyd
rothermal assemblages. In the writer's view arsenopyrite does not form an as
semblage with s t i b n i t e in t h i s sample. The textures i l l u s t r a t e d in Plates 
21-59.1- 5 and 6 thus demonstrate r e l i c t arsenopyrite included within paragen-
t i c a l l y l a t e r s t i b n i t e . Further in the writer's view arsenopyrite does not 
comprise an assemblage with Ba muscovite and the texture in Plate 21-59.1-6 
actually represents a r e l i c t arsenopyrite that existed in the o r i g i n a l chert 
l i t h o l o g y preserved in subsequent muscovite a l t e r a t i o n . 

sphalerite also occurs in the sample in a small domain s p a t i a l l y associ
ated with the chert fragments and Mg c h l o r i t e Ba muscovite regions with 
arsenopyrite (Plate 21-59.1-7) and is l i k e l y early in the paragenesis 
caught up in later s t i b n i t e . 

the massive s t i b n i t e includes randomly oriented blades of barite with a 
PbSbSAsAg mineral l i k e l y a suphosalt as included grains and evenly d i s t 
ributed along s t i b n i t e grain margins (Plates 21-59.1- 8 and 9). 

coarse grained b a r i t e , quartz, c a l c i t e and realgar along one margin of 
the sample (Plate 21-59.1-10) contains abundant aktashite, as an appar
ent late stage i n f i l l i n g (Plate 21-59.1-11). 

most s i g n i f i c a n t l y two grains of gold were located within t h i s zone of 
coarse grained quartz, c a l c i t e , barite and realgar along one margin of 
the central s t i b n i t e band in the sample. Various variably altered chert 
fragments occur in t h i s region as well (Plate 21-59.1-12). One grain of 
gold i s situated within a chert fragment (Plates 21-59.1-13,14) while 
the other occurs within quartz in the coarse c a l c i t e barite (Plate 21¬
59.1-15) of a marginal zone. Presumably both gold grains are cotemporal 
and developed with the late stage c a l c i t e , b a r i t e , aktashite paragene
s i s . 



Plate 21-59.1-1. F r a g m e n t o f c h e r t i n c l u d e d i n m a s s i v e s t i b n i t e , p e n e t r a t e d 
b y s u b p a r a l l e l b a n d s o f q u a r t z r e c r y s t a l 1 i z a t i o n and c a l c i t e v e i n l e t s . 

Plate 21-59.1-2. Reg i on o f c o a r s e Mg c h l o r i t e r e p l a c i n g and s p a t i a l l y r e l a t e d 
t o r e l i c t c h e r t i n c l u s i o n s . 



P l a t e 21-59.1-3. S p a t i a l a s s o c i a t i o n o f c h e r t i n c l u s i o n s w i t h r e p l a c e m e n t 
p a t c h e s o f c o a r s e Mq c h l o r i t e . 

Plate 21-59.1-4. I r r e g u l a r t o c i r c u l a r masses of Ba m u s c o v i t e a s s o c i a t e d w i t h 
Mg c h l o r i t e i n a r e l i c t zone w i t h c h e r t f r a g m e n t s . 



Plate 21-59.1-6. G r a i n s and c l u s t e r s of a r s e n o p y r i t e ove rg rown and i n c l u d e d 
w i t h i n r e g i o n s o f m a s s i v e s t i b n i t e . Dark r e g i o n s of BSE image are pa t ches o f 
Ba m u s c o v i t e and Mg c h l o r i t e . 
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P l a t e 21-59.1-7. G r a m s o f s p h a l e r i t e , d a r k g r e y , a s s o c i a t e d w i t h 
a r s e n o p y r i t e r n o m b o h e d r a , b l a c k , i n c l u d e d w i t h i n r e g i o n o f m a s s i v e s t i b n i t e , 
l i g h t g r e y , n o t e p a t c h e s o f P b S b A g A s p h a s e , w h i t e , t h r o u g h o u t t h e s t i b n i t e . 

Plate 21-59.1-8. M a s s i v e s t i b n i t e w i t h e v e n d i s t r i b u t i o n o f P b S b A g A s m i n e r a l 
t h r o u g h o u t . 



P l a t e 21-59.1-9. M a s s i v e s t i b n i t e w i t h a P b S b A s A q m i n e r a l a s i n c l u d e d g r a i n s 
and d i s t r i b u t e d a l o n g g r a i n s m a r g i n s . 

Plate 21-59.1-10. R eg i on o f c o a r s e b a r i t e , c a l c i t e , r e a l g a r , q u a r t z and 
s u l p h i d e phases a l o n g one ma rg i n o f m a s s i v e b a r i t e . 



Plate 21-59.1-11. A k t a s h i t e , a CuHqAsS m i n e r a l , w h i t e , i n c l u d i n g c r y s t a l l i n e 
b a r i t e , g r e y , and q u a r t z , b l a c k . 

Plate 21-59.1-12. Che r t f r agmen t t h a t c o n t a i n s g o l d w i t h i n c o a r s e v e i n l i k e 
r e g i o n o f c a l c i t e , b a r i t e and r e a l g a r a l ong one edge o f c e n t r a l s t i b n i t e v e i n . 
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P la te 21-59.1-13. G r a i n o f g o l d , w h i t e , w i t h a m a r g i n o f n a t i v e a r s e n i c 
i n c l u d e d w i t h i n t h e r e l i c t c h e r t f r a g m e n t . 

Plate 21-59.1-14. Same g r a i n o f g o l d as i n P l a t e 2 1 - 5 9 . 1 - 1 3 , w i t h the g o l d 
g r a i n se t at t he p r o p e r g r e y l e v e l i n the BSE image. 



Plate 21-59.1-15. G r a i n o f a o l d a l s o s u r r o u n d e d b y a z o n e o f n a t i v e a r s e n i c 
l o c a t e d w i t h i n q u a r t z w i t h t h e l a t e c o a r s e b a r i t e , c a l c i t e , r e a l g a r 
a s s e n b 1 a g e . 



DDH CA-88-21-68.9 

pervasively s i l i c i f i e d and arsenopyrite altered rock volume, possibly 
chert or r h y o l i t e with spectacular colloform growth texture of pyrite 
and arsenopyrite 

quartz - 10% 
muscovite - 60% 
arsenopyrite - 10% 
dolomite - <1% 
Mg-chlorite - 2% 
p y r i t e - 15% 
tetrahedrite - « 1 % 
PbSbAgS - 1% 

t e x t u r a l l y complex r e l a t i v e l y coarse grained quartz domains and tabular 
patches penetrated and c l e a r l y replaced by anastomosing muscovite vein-
l e t s , which often coalesce into domain of pervasive muscovite alteration 
(Plates 21-68.9-1,2). 

minute pyrite spheres with concentric growth textures and rhombs and ag
gregations of arsenopyrite occur within anastomosing muscovite regions 
and both pyrite and arsenopyrite apparently developed in this rock 
volume coincident with v e i n l i k e to pervasive mica-stable potassic a l t e r 
ation (Plate 21-68.9-3). 

pyrite spheres consistently contain central or concentric rings of s t i b 
nite (Plate 21-68.9-4). 

the rock volume has c l e a r l y been deformed as indicated by the penetra
t i v e fabric in micaceous regions; arsenopyrite grains are c l e a r l y broken 
and exhibit well developed pressure shadows of quartz (Plate 21-68.9-5); 
occasionally tetrahedrite occurs in cracks and at the conjunction of 
certain broken arsenopyrite grains (Plate 21-68.9-6). 

patches and concentrations of coarse grained arsenopyrite and pyrite 
with coarse quartz i n t e r s t i c e s occur throughout the sample (Plate 21¬
68.9-7) that s i g n i f i c a n t l y are associated with patches of coarse grained 
Mg c h l o r i t e and Ba muscovite (Plate 21-68.9-8). Most s i g n i f i c a n t l y in 
these regions arsenopyrite is often penetrated by and includes coarse 
blades of f l u o r i n e - r i c h Mg c h l o r i t e and muscovite (Plate 21-68.9-9). 
This texture i s considered as strong evidence for the s t a b i l i t y and 
simultaneous hydrothermal growth of arsenopyrite and F, Mg c h l o r i t e and 
muscovite in certain regions of the Eskay Creek hydrothermal system. 

Pyr i t e in these coarse patches exhibits a t r u l y spectacular array of 
growth textures. Certain grains have a radial pattern of s i l i c a t e and s u l 
phide inclusions (Plate 21-68.9-10) and most grains have a colloform aspect 
with contour zones in the growth structure tetrahedrite (Plate 21-68.9-11). 

Strong evidence for the simultaneous s t a b i l i t y of p y r i t e , s t i b n i t e , 
arsenopyrite and tetrahedrite i s provided by the spectacular inclusion of con
centric p y r i t e with i n f i l l e d rings of s t i b n i t e and tetrahdrite a l l included 
within a single arsenopyrite grain (Plate 21-68.9-12). 

The s i l i c e o u s aspect and textures in certain regions of t h i s sample ind
icate a strong a f f i n i t y with samples from the so-called r h y o l i t e studied in 



CA-88-16. Thus t h i s sample appears to represent a volume of r h y o l i t e near the 
i n t e r f a c e with the o v e r l y i n g chert that was a c c e s s i b l e to the same f l u i d sys
tem. The t e x t u r e s i n t h i s sample are t r u l y s p e c t a c u l a r , the d e l i c a t e banding 
i s i d e n t i c a l t o numerous textures well documented f o r hydrothermal base metal 
r i c h f l u i d systems on the sea f l o o r and i n Kuroko d e p o s i t s . The proximity to 
the o v e r l y i n g c h e r t would suggest the c o l l o f o r m t e x t u r e s formed in a very 
s i m i l a r environment and i n a s i m i l a r manner. The problem posed by these sam
pl e s i s t h a t the i n t e r s t i t i a l s i l i c a t e s are not c l a y s but r a t h e r Ba muscovite 
and F Mg c h l o r i t e , commonly though to be r e l a t i v e l y high temperature mineral 
s p e c i e s . 

A p o s s i b l e r e s o l u t i o n i s that these phenomena represent hot f l u i d s in a 
rock volume near the water rock i n t e r f a c e where a cover of sediments allowed a 
s u f f l c e n t l y high geothermal gradient t o allow s t a b i l i t y of true mica and c h l o 
r i t e s t r u c t u r e s as apposed to c l a y s . 

However, t e x t u r a l r e l a t i o n s h i p s r e l a t e d to the a r s e n o p y r i t e and coarse 
quartz p y r i t e - a r s e n o p y r i t e patches would support the i n t e r p r e t a t i o n that the 
s p e c t a c u l a r growth t e x t u r e s although t r u l y reminiscent of near surface hydro-
thermal processes, as mentioned above, d i d a c t u a l l y develop i n a post-deforma-
t i o n a l f l u i d regime. The a c i c u l a r a r s e n o p y r i t e throughout the h i g h l y f o l i a t e d 
muscovite matrix has well developed pressure shadows while c o l l o f o r m p y r i t e -
a r s e n o p y r i t e masses do not. C l a s s i c a l i n t e r p r e t a t i o n would be that the coarse 
broken blades of a r s e n o p y r i t e were in t h i s rock volume p r i o r to or at l e a s t 
developed synchronous with the deformation. 
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21-68.9-1. R e g i o n o f c o a r s e g r a i n e d m u l t i g r a n u l a r g u a r t z s i g n i f i c a n t l y 
w i t h o u t f a b r i c w i t h i n a f o l i a t e d p y r i t i c m u s c o v i t e m a t r i x . 

P l a t e 2 1 - 6 8.9 - 2 . S t r o n g f a b r i c t o m u s c o v i t e w i t h a r s e n o p y r i t e rhombs and 
abundant m i nu t e p y r i t e s phe r e s as m a t r i x t o p a t c he s of m u l t i g r a n u l a r q u a r t z . 



P l a t e 21-68.9-3. C o n c e n t r a t i o n o f p y r i t e s p h e r e s i n r e g i o n s o f h i g h l y 
f o 1 l a t e o 1 m u s c o v i t e . 



P l a t e 21-68.9-5. A r s e n o p y r i t e n e e d l e s b r o k e n w i t h w e l l d e v e l o p e d p r e s s u r e 
s h a d o w g r o w t h o f o r i e n t e d q u a r t z . 

P l a t e 21-68.9-6. T e t r a h e d r i t e at c o n j u n c t i o n o f b r oken a r s e n o p y r i t e g r a m . 
Note s h e a f s of Mg c h l o r i t e , b l a c k , c l e a r l y i n t e r g r o w n w i t h t h e a r s e n o p y r i t e . 



P l a t e 21-68.9-7. P a t c h e s o f c o a r s e g r a i n s o f a r s e n o p y r i t e and p y r i t e w i t h 
i n t e r s t i t i a l r e g i o n s o f c o a r s e m u l t i g r a n u l a r g u a r t z , m u s c o v i t e and Mg 
ch1 o r i t e . 

P l a t e 21-68.9-8. C oa r s e m u s c o v i t e and c h l o r i t e w i t h q u a r t z i n t e r s t i t i a l t o 
t h e r e g i o n s o f c o a r s e c o l l o f o r m p y r i t e and a r s e n o p y r i t e . 



P l a t e 21-68.9-9. A r s e n o p y r i t e w i t h s p e c t a c u l a r i n t e r g r o w t h o f Mg c h l o r i t e 
s h e a f s a nd a s s o c i a t e d m u s c o v I t e . 

P l a t e 21-68.9-10. P y r i t e s p h e r e w i t h r a d i a l d i s t r i b u t i o n o f s i l i c a t e ana 
s u l p h a t e i n c 1 u s i o n s . 



Plate 21-68.9-11. P y r i t e w i t h s p e c t a c u l a r c o l l o f o r m g r o w t h t e x t u r e w i t h 
c e r t a i n g r o w t h r i n g s , t e t r a h e d r i t e . 

Plate 21-68.9-12. S p e c t a c u l a r i n c l u s i o n of c o l l o f o r m p y r i t e t e t r a h e d r i t e 
w i t h i n a s i n g l e a r s e n o p y r i t e g r a i n . 



DDH CA-89-23-44.2 

framboidal pyrite bearing hydrocarbon r i c h s i l i c e o u s rock with c a l c i t e 
a l b i t e apatite pyrite Mg-chlorite muscovite alt e r a t i o n patches associat
ed with hydrocarbon r e c r y s t a l 1 i z a t i o n 

quartz - 70% 
muscovite - <1% 
c a l c i t e - 10% 
a l b i t e - 10% 
Mg-chlorite - 1% 
pyrite - 4% 
apatite - 1% 
arsenopyrite - 1% 
cinnabar - 1% 
hydrocarbon - 5% 

extremely fine grained quartz with coarse grains and masses associated 
with regions of recrystal1ized hydrocarbon (Plates 23-44.2-1,2). 

an even d i s t r i b u t i o n of c a l c i t e grains, pyrite framboids and occasional 
arsenopyrite crys t a l s (Plate 23-44.2-3); rock dark black in hand speci
men due to pervasive hydrocarbon content. 

certain angular regions possibly l i t h i c fragments but more l i k e l y speci
f i c regions of f l u i d access which consist of angular a l b i t e grains es
s e n t i a l l y cemented by pyrite that s i g n i f i c a n t l y does not have a framboi
dal aspect (Plate 23-44.2-4). 

apatite occurs as small angular grains often with a l b i t e in these 
patches and occasionally in peculiar domains more l i k e l y sites of f l u i d 
migration which are associated with coarse c r y s t a l l i n e c a l c i t e , pyrite 
and Mg c h l o r i t e (Plates 23-44.2-5,6) and most s i g n i f i c a n t l y coarse rec
ry s t a l l i z e d hydrocarbon which includes muscovite sheafs. 

In certain patches of the section concentration of pyrite with i n t e r s t i 
t i a l r e l a t i v e l y coarse grained quartz and a l b i t e represent domains of more i n 
tense f l u i d access. S i g n i f i c a n t l y pyrite in these regions occurs as aggrega
tion of cubes, not as the rounded aspect of the framboidal texture which char
acterizes the f i r s t generation of primary or biogenic p y r i t e . It i s s i g n i f i 
cant that arsenopyrite throught the section also consistently includes the 
pyrite framboids (Plate 23-44.2-7) indicating that arsenopyrite also developed 
as a result of access of hydrothermal f l u i d s of some or i g i n into a rock volume 
that already contained framboidal p y r i t e . 

It i s considered very s i g n i f i c a n t that t h i s black hydrocarbon r i c h s i l i 
ceous rock with features of primary depositional o r i g i n such as biogenic 
p y r i t e , the framboids, i s replaced by pyrite-Mg chlorite-muscovite in specific 
s i t e s of f l u i d access. These minerals of certain hydrothermal or i g i n are seen 
to pervasively replace rock volume elsewhere in the Eskay sample suite. Just 
as chert, a primary rock type, i s preserved in certain r e l i c t portions of the 
hydrothermally altered rock volume, t h i s hydrocarbon r i c h , s i l i c e o u s a l b i t i c 
rock, also l i k e l y a primary rock in the section is also preserved in r e l i c t 
volumes within the hydrothermal "zone". 

This sample i s important as the later Mg c h l o r i t e - Ba muscovite assemb
lage demonstrates that t h i s rock volume was in existence as a primary rock 
type and l o c a l l y accessible to f l u i d s which produced assemblages dominant in 
more focused regions of the Eskay system. 



P l a t e 23-44.2-1. F i n e q r a i n e d s i l i c e o u s s a m p l e w i t h s t 
p a t c h e s and c o a r s e v e i n l i k e m a s s e s o f c a l c i t e a s s o c i a t e 
r e c r y s t a l 1 i z e d h y d r o c a r b o n . 

P l a t e 23-44.2-2. Same r e g i o n as P l a t e 2 3-44 . 2 - 1 , i n p i . 
o f r e c r y s t a l l i z e d h y d r o c a r b o n . 



P l a t e 23-44.2-3. P y r i t e f r a m b o i d s . o f p r o b a b l e b i o q e n i c o r i g i n w h i t e , and 
c a l c i t e g r a m s , l i g h t g r e y , i n t h e f i n e g r a i n e d q u a r t z m a t r i x . 

P l a t e 23-44.2-4. A n g u l a r r e g i o n o f a l b i t e w i t h f i n e i n t e r s t i t i a l p y r i t e i n a 
zone o f p r o b a b l e s o l u t i o n a c c e s s , no t e i n c l u s i o n s o f p y r i t e f r ambo i d i n t h i s 
r e g i o n . 



P l a t e 23-44.2-5. A s s o c i a t i o n o f c o a r s e r e c r y s t a l l i z e d h y d r o c a r b o n , b l a c k , 
i n t e r g r o w n w i t h d i b i t s , l i g h t g r e y , a p a t i t e i n a s p e c i f i c r e g i o n o f a c c e s s o f 
h y d r o t h e r ma 1 f l u i d . 

P l a t e 23-44.2-6. S h ea f s o f m u s c o v i t e , g r e y , c l e a r l y i n t e r g r o w n w i t h pa t ches 
o f r e c r y s t a l l i z e d h y d r o c a r b o n , b l a c k , a s s o c i a t e d w i t h a p a t i t e , w h i t e i n an 
a r c u a t e r e g i o n o f s o l u t i o n a c c e s s . 



P l a t e 23-44.2-7. A r s e n o p y r i t e rhomb i n c l u d i n g f r a m b o i d a l p y r i t e a t m a r g i n o f 
s u e o f p o s s i b l e s o l u t i o n a c c e s s i n c h e r t . 



DDH CA-89-23-86.0 

p y r i t i c Mq c h l o r i t i t e replaced by network of c a l c i t e , quartz, muscovite 
veinlets 

muscovite - 2% 
c a l c i t e - 15% 
dolomite - 1% 
barite - « 1 % 
Mg-chlorite - 75% 
pyrite - 8% 
tetrahedrite - « 1 % 

rock e s s e n t i a l l y massive Mg c h l o r i t e with evenly dispersed grains and 
concentrations of p y r i t e , that s i g n i f i c a n t l y has an angular to equant 
aspect (Plates 23-86.0-1,2). 

the Mg c h l o r i t i t e - p y r i t e rock i s cut by a branching network of c a l c i t e 
veins with variable abundance of quartz, dolomite, muscovite and trace 
barite (Plates 23-86.0-3,4); s i g n i f i c a n t l y s p a t i a l l y related to the mar
gins of these late veinlets pyrite grains exhibit a characteristic hol
low to concentric growth texture considered diagnostic of hydrothermal 
growth (Plate 23-86.0-5). 

the larger equant pyrite grains throughout the c h l o r i t e are consistently 
associated with narrow marginal zones of muscovite, p a r t i c u l a r l y those 
grains with c e n t r a l l y located masses of tetrahedrite. This although the 
equant pyrite t tetrahedrite grains do not exhibit the often spectacular 
concentric growth features, the narrow marginal zones of muscovite i n d i 
cate that they developed through pervasive passage of potassic hydro-
thermal f l u i d s through a Mg c h l o r i t i t e altered rock volume. 

The problem posed by t h i s rock volume is by what process was a rock con
s i s t e n t l y of e s s e n t i a l l y Mg c h l o r i t e generated. It may be s i g n i f i c a n t that 
the c h l o r i t e in this sample does not have a fluorine content detectable with 
the microprobe compared with other c h l o r i t e r i c h samples in which the c h l o r i t e 
contains up to 1.00 weight percent F. 



P l a t e 23-86.0-1. U n i f o r m f e a t u r e l e s s m a s s i v e Mq c h l o r i t e w i t h e v e n l y 
d i s p e r s e d e q u a n t p y r i t e g r a m s . 

4 

P l a t e 23-86.0-2. Equant a n g u l a r p y r i t e g r a i n s i n ma s s i v e Mg c h l o r i t e . 



P l a t e 23-86.0-3. N e t w o r k o f c a l c i t e , m u s c o v i t e and b a r i t e v e i n l e t s and 
p a t c h e s i n Mq c h l o r i t e . 

P l a t e 23-86.0-4. Coa r se m u s c o v i t e at ma rg i n o f c a l c i t e v e i n l e t i n Mg 
c h l o r i t e . 



P l a t e 23-86.0-5. D e v e l o p m e n t o f p y r i t e w i t h c o n c e n t r i c g r o w t h t e x t u r e s i n Mg 

c h l o r i t i t e i n m u s c o v i t e and c h l o r i t i t e a t m a r g i n l a t e c a l c i t e v e i n l e t s , a 
t e x t u r e d i a g n o s t i c o f h y d r o t h e r m a l g r o w t h . 
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DOH CA-88-28-63.0 

f e l s i t e fragments in chert; replaced by c a l c i t e - p y r i t e with Mg c h l o r i t e 
and muscovite in glass shards and c a v i t i e s , replaced by muscovite in a 
late vein, weakly deformed 

f e l s i t e fragments - 40% 
pyrite - 30% 
chert matrix - 30% 
Mg c h l o r i t e - 10% 
muscovite - 15% 
c a l c i t e - 20% 
arsenopyrite - 1% 
sphalerite - « 1 % 

sample consists of fragments of rapidly quenched f e l s i c rock, f e l s i t e of 
possible volcanic origin within graphitic chert (Plate 28-63.0-1). 

the f e l s i t e consists of radial sheafs of a l b i t e in a fine grained almost 
glassy matrix, a texture ty p i c a l of rapid quench cooling (Plate 28¬
63.0-2). 

the f e l s i t e i s variably replaced by c a l c i t e and pyrite along inwardly 
projecting veinlets and pervasive zones (Plate 28-63.0-2), in places the 
pyrite is massive. 

sit e s of possible pnenocrysts in the f e l s i t e are replaced by c a l c i t e and 
v a r i o l i t i c c a v i t i e s o r i g i n a l l y sealed by glassy material are largely re
placed by Mg c h l o r i t e (Plates 28-63.0-3,4). 

chert regions of the section include a variety of altered f e l s i t e frag
ments and angular regions l i k e l y glass shards which have been largely 
replaced by Mg c h l o r i t e , c a l c i t e and muscovite in a variety of specta
cular concentric textures (Plates 28-63.0-6,7). 

a narrow zone of moderately f o l i a t e d c a l c i t e muscovite occurs at the 
interface between f e l s i t e and chert and both f e l s i t e and chert are per
vasively replaced by muscovite producing a variety of confused textures 
(Plate 28-63.0-8). 

s i g n i f i c a n t l y clusters of arsenopyrite rhombs occur in t h i s zone of per
vasive muscovite alt e r a t i o n associated with and c l e a r l y overgrowing 
pyrite (Plate 28-63.0-11). 

most s i g n i f i c a n t l y grains of honey coloured sphalerite also occur in 
t h i s muscovite. 

pressure shadows of oriented quartz occur about broken pyrite grains ad
jacent to this zone of muscovite a l t e r a t i o n (Plate 28-63.0-9), clear 
evidence of r e c r y s t a l 1 i z a t i o n accompanying deformation. 

c a v i t i e s throughout the sample have been sealed by Mg c h l o r i t e and s i g 
n i f i c a n t l y c a v i t i e s in massive pyrite are also s i m i l a r l y sealed by t h i s 
spectacularly textured radial c h l o r i t e (Plate 28-63.0-10). 



t h i s relationship indicates that the Mg c h l o r i t e developed as part of or 
even subsequent to the c a l c i t e a l teration regime l i k e l y in the early 
stages of the Eskay Creek f l u i d system. 

This sample i s important as i t provides evidence that the f e l s i t e chert 
relationships were in existence as a rock, prior to access by magnesian 
and potassic f l u i d s of the Eskay system. The angular glass shards in 
the chert are c l e a r l y the o r i g i n of certain spectacularly zoned Mg chlo
r i t e and Ba muscovite regions noted in other more intensely hydrother
mally altered and mineralized samples. 

the precise nature of the rapidly quenched rock fragments included in 
chert in t h i s sample i s c r i t i c a l . Pyroxene grains were not noted and 
the rock i s predominantly feldspar and similar to the l i t h i c fragments 
of sample 21-54.4. If t h i s f e l s i c rock was in any way related to the 
magmatism associated with t h i s overlying andesite flows, samples 21-54.4 
and 28-63.0 would provide strong evidence that the stratigraphic section 
was in place at Eskay Creek prior to the access of hydrothermal f l u i d s . 
The f e l s i t e may however have another o r i g i n unrelated to andesitic vol-
canism. Whatever this o r i g i n the l i t h i c fragments appear to have been 
included in the chert as a primary depositional feature. 



P l a t e 2 8 - 6 3 . 0 - 1 . C o n t a c t b e t w e e n f e l s i t e f r a g m e n t and c h e r t , n o t e i r r e g u l a r 
z o n e o f r a d i a l Mg c h l o n t e i n p o s s i b l e g l a s s s h a r d i n r e g i o n o f c h e r t . 

P l a t e 2 8 - 6 3 . 0 - 2 . R a p i d l y quenched r o c k c o n s i s t i n g o f r a d i a l f e l d s p a r s h e a f s , 

f e l s i t e , r e p l a c e d p e r v a s i v e l y by c a l c i t e and p y r i t e . 



P l a t e 28-63.0-3. F e l s u e r e p l a c e d b y c a l c i t e and Mq c h l o r i t e i n p o s s i b l e 
v e s i c l e s . 

P l a t e 28-63.0-4. V e s c i c l e s i n f e l s i t e s e a l e d by zoned r e g i o n of c a l c i t e , 
l i g h t g r e y , w i t h c e n t r a l zones o f Mq c h l o r i t e and m u s c o v i t e . 



P l a t e 28-63.0-5. A n g u l a r p r o b a b l e q l a s s s h a r d i n c h e r t r e p l a c e d b y Mg 
c h l o r i t e and m u s c o v i t e . 

P l a t e 28-63.0-6. Same r e g i o n as P l a t e 2 8 - 6 3 . 0 - 5 i n BSE m o d e , n o t e i n t e r g r o w t h 
o f Mq c h l o r i t e , d a r k g r e y and m u s c o v i t e , l i g h t g r e y . 



P l a t e 28-63.0-7. G l a s s s h a r d r e p l a c e d b y Mq c h l o r i t e w i t h a v e i n l i k e r e g i o n 
o f m u s c o v i t e . 
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P l a t e 28-63.0-11. A r s e n o p y r i t e c l e a r l y o v e r g r o w i n g p y r i t e i n a v e i n l i k e 
r e g i o n o f p e r v a s i v e m u s c o v i t e a l t e r a t i o n . 
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OOH CA-88-28-71.5 

Mg c h l o r i t i t e pervasively replaced by muscovite and arsenopyrite deform
ed to produce an arsenopyrite muscovite s c h i s t , with patches and vein-
lets of s t i b n i t e and quartz in si t e s of postdeformational f l u i d access 

quartz - 10% 
muscovite - 65% 
arsenopyrite - 25% 
s t i b n i t e - 10% 

large regions of the section consist of ra d i a l clusters and needles of 
arsenopyrite within an extremely fine grained muscovite matrix with a 
strong fabric (Plate 28-71.5-1). 

c i r c u l a r patches of coarse quartz and muscovite and s t i b n i t e occur 
throughtout often surrounded by radial zones of muscovite sheafs 
(Plates 28-71.5-2,3); section also cut by almost massive s t i b n i t e veins 
with coarse sheafs of muscovite as vein selvage (Plates 28-71.5-4,5). 

It is s i g n i f i c a n t that these are not pressure shadow phenomena and 
c l e a r l y represent sites of solution access inducing s t i b n i t e , quartz and 
mica re c r y s t a l 1 i z a t i o n after the episode of deformation that produced 
the dominant fabric of the sample. 

The rock volume was c l e a r l y accessible to s i l i c e o u s , Sb-rich solutions 
after an interval of deformation. 

most s i g n i f i c a n t l y occasional patches of Mg c h l o r i t i t e occur throughout 
the matrix that are s i g n i f i c a n t l y without arsenopyrite (Plate 28-71.5¬
6 ) . 

arsenopyrite c l e a r l y developed in a Mg c h l o r i t i t e rock volume in a 
regime of ingress of potassic hydrothermal f l u i d s . 



P l a t e 28-71.5-1. A r s e n o p y r i t e n e ed l e s and rhombohedra w i t h i n a h i g h l y 
f o l i a t e d m u s c o v i t e m a t r i x . 

P l a t e 28-71.5-2. C i r c u l a r r e g i o n of c o a r s e m u l t i g r a n u l a r q u a r t z w i t h s t i b n i t e 
and c o a r s e s h e a f s o f m u s c o v i t e . 



P l a t e 28-71.5-3. D o m a i n o f c n a r s e q u a r t z , s t i b n i t e and m u s c o v i t e w i t h i i n 

vein selvage. 



P l a t e 28-71.5-6. R e l i c t domain o f p y r i t i c Mg c h l o r i t i t e s i g n i f i c a n t l y w i t h o u t 
a r s e n o p y r i t e i n m u s c o v i t e s c h i s t . 



DOH CA-88-55-94.2 

possible zone of hydrocarbon r i c h chert replaced by Mg c h l o r i t e and mus 
covite with superimposed late stage pervasive s i 1 i c i f i c a t i o n 

angular masses and r e l i c t patches of opaque hydrocarbon material penet
rated by narrow veins of fine grained quartz and largely replaced in 
large areas of section by multigranular often prismatic quartz (Plates 
55-94.2-1,2). 

occasional r e l i c t angular domains of intergrowth of hydrocarbon Mg chlo
r i t e with spectacular radial features fractured and penetrated by zones 
of muscovite (Plate 55-94.2-3) replaced by multigranular quartz (Plate 
55-94.2-4). 

certain coarse grained regions of late stage quartz cut the e a r l i e r 
stages of pervasive r e l a t i v e l y fine grained quartz alteration (Plate 
55-94.2-5). 

This sample allows some speculation concerning the paragentic r e l a t i o n 
ships between alte r a t i o n assemblages at Eskay Creek. The abundant hydrocarbon 
content would suggest that the or i g i n a l rock volume was a hydrocarbon r i c h 
chert or related rock type. Mg c h l o r i t i t e development is c l e a r l y veined by 
muscovite and then pervasively replaced by prismatic to coarse grained vein
l i k e quartz. 

Thus f l u i d s of evolving character in the Eskay system were sequentially 
accessible to the same rock volume with evidence for late stage development of 
prismatic to coarse vuggy s i l i c a . 

Textures in sample 28-71.5 also support t h i s interpretation wherein 
highly f o l i a t e d arsenopyrite muscovite schist i s c l e a r l y veined by s t i b n i t e 
coarse grained quartz. 

The prismatic quartz in this sample has textural a f f i n i t y with samples 
of altered r h y o l i t e in d r i l l holes CA 88-12,13 which also demonstrate s t i b 
n i t e , tetrahedrite and sphalerite development in volumes of s i 1 i c i f i c a t i o n . 

quartz 
muscovite 
c a l c i t e 
Mg c h l o r i t e 
hydrocarbon 

60% 
10% 
5% 

10% 
15% 



P l a t e 55-94.2-1. A n q u l a r r e g i o n o f o p a q u e h y d r o c a r b o n m a t e r i a l v e i n e d and 
r e p l a c e d b y v a r i o u s g e n e r a t i o n o f m u l t i g r a n u l a r q u a r t z . 

P l a t e 55-94.2-2. R e l i c t r e g i o n o f h y d r o c a r b o n w i t h p a t c h e s d o m a i n s o f q u a r t z 
o f v a r i a b l e g r a i n s i z e , c e r t a i n r e g i o n s o f c o a r s e p r i s m a t i c q u a r t z . 



P l a t e 55-94 . 2 - 3 . A n g u l a r r e g i o n o f c o n t o r t e d h y d r o c a r b o n m a t e r i a l i n t e r g r o w n 
w i t h Mg c h l o r i t e , v e i n e d and r e p l a c e d b y m u s c o v i t e . 

P l a t e 55-94 .2-4. A n g u l a r r e l i c t h y d r o c a r b o n Mg c h l o r i t e d o m a i n w i t h i n a 
r e g i o n o f c o a r s e t o p r i s m a t i c m u l t i g r a n u l a r q u a r t z . 



P l a t e 55-94 .2-5. L a t e s t a g e v e i n l i k e r e g i o n o f c o a r s e g r a i n e d q u a r t z 
i n c l u d i n g d o m a i n o f e a r l i e r s t a q e m u l t i g r a n u l a r q u a r t z a l t e r a t i o n . 



DDH CA-88-55-98.0 

c a l c i t e chert rock, a primary rock type or early stages of Mg c h l o r i t e -
s i l i c a replacement of limestone? 

interconnecting regions of dark hydrocarbon r i c h quartz or "chert" 
alternating with patches and including regions now c a l c i t e (Plate 55¬
98.0-1). 

s i g n i f i c a n t l y the c a l c i t e regions commonly have inclusion f i l l e d central 
areas surrounded by narrow peripheral border zones of clear c a l c i t e 
(Plate 55-98.0-2) that consistently demonstrate a crudely rectangular to 
rhombic outline (Plate 55-98.0-3) against regions of chert. 

region of massive aggregation of framboidal pyrite occur within the 
chert areas of the section. 

patchy to l o c a l l y pervasive development of Mg c h l o r i t e in certain 
regions of the chert associated with the p y r i t e . 

It is not obvious whether or not the texture of t h i s sample i s one of 
hydrothermal alteration or that of a primary rock type s t i l l largely ap
parent. Some pre-existing mineral with cubic or rhombic habit has ap
parently been replaced and overgrown by c a l c i t e . Both h a l i t e and gypsum 
are p o s s i b i l i t i e s . Indeed the overall texture may have a biogenic 
origin r e f l e c t i n g some c a l c i t e p r e c i p i t a t i n g l i f e form existing in the 
chert. However, the association of patchy regions of Mg c h l o r i t e within 
and marginal to regions of so-called chert in association with pyrite 
may, as in the case of sample 55-98.8 be evidence that the chert chlo
r i t e regions developed by ingress of Mg Si solutions and replacement of 
a pre-existing rock, possibly a m i c r i t i c limestone. 

whatever the o r i g i n of the present texture a rock volume represented by 
th i s sample l i k e l y the precursor to samples CA-88-9-64.4 and 9-65.7. 
Ori g i n a l l y interpreted as growth of radial terminated quartz rosettes in 
chert (Plates CA-88-9-64.4, 9-65.7)the present sample provide strong 
evidence that c a l c i t e or even the pre-existing mineral, possibly gypsum 
was replaced by quartz and Ba muscovite in these samples. 

chert 
c a l c i t e 
Mg c h l o r i t e 

- 35% 
- 60% 
- 5% 



P l a t e 55-98.0-1. I n t e r c o n n e c t i n g r e g i o n o f dark h yd r o c a r bon r i c h q u a r t z or 
" c h e r t " i n t e r g r o w n w i t h r e g i o n s now c a l c i t e . 

P l a t e 55-98.0-2. D i s t r i b u t i o n o f i n c l u s i o n s d e f i n e the rhombohedra l o u t l i n e 
o f a p r e - e x i s t i n g m i n e r a l r e p l a c e d by c a l c i t e . 





DOH CA-88-55-98.8 227 

crinoidal b i o m i c r i t i c limestone p a r t l y replaced by b a r i t e , quartz with 
sphalerite and s t i b n i t e , early stages of siliceous a l t e r a t i o n producing 
so-called chert. 

PbSbCuS phase - <1% 

coarse cm-scale randomly oriented intersecting blades (Plate 55-98.8-1) 
of barite and irregular cuspate patches of chert in a t e x t u r a l l y confus
ed multigranular c a l c i t e matrix (Plate 55-98.8-2). 

away from the grains of gypsum and chert, regions e s s e n t i a l l y c a l c i t e 
consist of arcuate areas of r e l a t i v e l y clear c r y s t a l l i n e c a l c i t e in a 
confused cloudy fi n e r grained c a l c i t e . These features may well indeed 
be crinoid f o s s i l fragments (Plates 55-98.9-3,4) that existed in the 
ori g i n a l rock volume, fossi1iferous limestone, or micr i t e . 

a peculiar and possibly very s i g n i f i c a n t feature of the sample i s that 
regions of so-called chert are consistently surrounded by regions of 
c r y s t a l l i n e c a l c i t e e s s e n t i a l l y free of cloudy inclusions which charac
t e r i z e the c a l c i t e matrix (Plates 55-98.8-5). 

in contrast the barite blades are es s e n t i a l l y free of inclusions and in 
places appear to be broken and replaced by c a l c i t e , however i t i s not 
clear whether this texture i s indeed replacement or a consequence of 
barite growth with inclusion of c a l c i t e matrix in marginal areas. 

s i g n i f i c a n t l y patches of s t i b n i t e , PbSbAsS phase and sphalerite occur 
throughout the sample generally in barite or c a l c i t e at or near the 
interface (Plate 55-98.8-6,7) of the barite with the c a l c i t e matrix. 

in rare examples stubby grains of barite can be c l e a r l y seen to project 
into domains of so-called chert with the outline of crystal termations 
of barite against so-called chert s t i l l apparent despite c a l c i t e 
replacement (Plate 55-98.8-8). In th i s region honey coloured sphalerite 
and s t i b n i t e occur in the c a l c i t e egion and within the patches of so-
called chert (Plate 55-98.8-9). 

The textures in th i s sample are very important and provide evidence that 
at least one variety of so-called chert noted in many Eskay Creek samples 
formed by access of si l i c e o u s solutions and pervasive replacement of c r i n o i -
doal m i c r i t i c limestone. The regions of chert throughout the sample demons
trate an irregular patchy d i s t r i b u t i o n of lig h t and dark si l i c e o u s and hydro
carbon r i c h areas (Plate 55-98.8-5) and c i r c u l a r regions of unknown o r i g i n 
common in many other examples of rock loosely termed chert. 

The peculiar continguous branching texture of "chert" i l l u s t r a t e d in 
Plate 55-98.8-2 i s thus interpreted to represent zones of porosity in the 
micrite accessible to siliceous solutions. The clear c a l c i t e margins that 

c a l c i t e 
barite 
quartz 

55% 
25% 
15% 
3% 
2% 

sphalerite 
s t i b n i t e 



surround the "chert" domains are l i k e l y zones of c a l c i t e r e c r y s t a l l i z a t i o n i n 
duced by solution access. 

Most s i g n i f i c a n t l y the patches of "chert" commonly contain grains and 
clusters of sphalerite indicating that the solutions were l i k e l y not simply 
pore waters but solutions an integral part of, either in the early stages of 
or peripheral to the focus of the Eskay Creek. 

The paragenetic relationship between the barite and the hydrothermal 
chert i s unclear but certain textural relationships would suggest simultaneous 
devlopment of b a r i t e , sphalerite, s t i b n i t e and the sulphide species from Ba, 
Zn, Sb, Pb, r i c h s i l i c e o u s f l u i d s . 



P l a t e 55-98.8-1. Coa r se g r a i n e d i n t e r s e c t i n g b l a d e s of b a r i t e i n a 
m j l t i g r a n u l a r c a l c i t e m a t r i x . 

P l a t e 55-98.8-2. Cu spa t e r e g i o n s o f f i n e g r a i n e d h yd r o c a r bon r i c h q u a r t z , 
c h e r t , w i t h b a r i t e i n a c o n f u s e d c a l c i t e m a r i x . 



P l a t e 55-98.8-3. O u t l i n e o f p o s s i b l e c r i n o i d f r a g m e n t s as i n c l u s i o n f r e e 
r e g i o n i n l i m e s t o n e m a t r i x . 

P l a t e 55-98.8-4. A r c u a t e r e g i o n s o f i n c l u s i o n f r e e c a l c i t e , p o s s i b l e c r i n o i d 
f r a g m e n t s i n a d a r k l i m e s t o n e m a t r i x . 



Plate 55-98.8-5. R e g i o n s o f c h e r t , w i t h m a r g i n a l 20nes o f c l e a r i n c l u s i o n 
f r e e c a l c i t e a g a i n s t t h e d a r k p o s s i b l y m i c r i t i c l i m e s t o n e m a t r i x . 

P l a t e 55-98.8-6. B l a d e s o f s t i b n i t e and c i r c u l a r g r a i n s o f s p h a l e r i t e i n 
b a r i t e n e a r t h e i n t e r f a c e w i t h t h e c a l c i t e m a t r i x . 



Plate 55-98.8-8. C r y s t a l t e r m i n a t i o n of b a r i t e a g a i n s t a r e g i o n o f c h e r t . 



P l a t e 55-98.8-9. Honey s p h a l e r i t e w i t h s t i b n i t e i n r e g i o n o f da rk hyd ro ca rbon 
r i c h s i l i c a ; a zone of h y d r o t h e rma l s o l u t i o n a c c e s s and r e p l a c e m e n t o f c a l c i t e 
by q u a r t z . 
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0 . o n o •) . 0 6 0 4 . 0 5 1 4 . 0 5 4 • 

• u o 1 ? ft 0 . 0 0 0 4 . 0 0 4 4 . 0 0 7 » 
. U 5 5 * 1 . 6 6 4 4 1 . 6 4 7 4 1 . 4 7 1 4 
. u n i . 0 8 1 1 . 7 0 1 . 0 1 8 1 . 7 0 1 . O B O 1 . 5 2 3 
. A 4 0 0 . 0 0 0 4 . 0 6 2 4 . 0 5 1 I 

0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 3 3 3 
2 2 . U O O •> 2 2 . 0 0 0 4 2 2 . 0 0 0 4 2 2 . 0 0 0 1 

. 0 0 1 . 0 1 3 . 0 1 8 . 0 ) 1 
. 0 0 1 . 0 1 1 . 0 18 . 0 1 3 

U L K I NT) M U S C 
C T M T K A L HIIS C 
M J S C W l III U ) * C P Y I N C H E R T 
L<* M U S C A S P I ' A I M I N C O 0 ' 

; S 1 L 4 C H A N S I F L H A Y 

F R A G 

IX) 



S l J P F » P F Z A L A " r ' r u 1 1 x I : ' u s t . , p v I 1 r- A 4 " C i l L U R l T I il 4 A L r S F S » E S < A f C K F L K . I . C . 
n i 1 1 ,* 1 ) 

S 1 1 0 . 7 3 • -4 . t 7 S j . J 1 l - J . l l l 
T l o , > ' 1 • i i n , 1 1 . 1 1 . I I . U 3 
A 2 n i t ' . 1 L . \> A ? 7 . A '1 .•> ^ It . A 3 
r / n i J O •i • • j f l • u n . 0 1 - . u l 
M N n . l>r> J . i * r . u 1 - - . UO 
F l - n 0 . t i l , J 3 . ( " • - . 0 1 
H,0 V . •11 2 . •i l 1 1 . u '< 2 H . >l - Z . 
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ISj -1 . U ' 4 > . a •' •> . i M ' U 0 . U ' U » u.uuu » . 0 1 « ft . 0 3 1 • - . 0 1 0 • 
(.A . 0 *» j . II n , > . U ? l i . u 1 J > . u 1 •> ft • U l ' J ft . 0 1 5 * . 0 1 3 » 
K 1 . f ' . ' . •> : . . ' 1 i . t » J ft . u n - , > .un? .h'»J ft 1 . 1 6 3 * - . 2 7 3 * 
h « . U ' l ' , I . 3 « » 9 , U ' , U 1 . ' • 1 0 . u l l 1 . H * *• u . u O u . n i l U . U O U . U I P , U 2 J . 7 4 1 . 0 3 4 1 . 2 4 9 - . 0 1 0 - . ' 3 3 
I ' I . ' , ) " ' ! 4 u . Jn<J * 0 . u n u . U ' M . " . 1 0 0 1 1 . 0 1 1 * . 0 4 5 * . 0 0 3 • 
l . l 0 * J " •: n . i 0 . V > ' ' U n . I t u ' 1 , j . u O u ; i . , M I ' l u . u " u n . n u n u . u M o n .oun 0 .uoo 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 O . U O O 3 . 3 3 3 
It V . j l ' J 7/ • U ' l ' J ,:• p t , u n * J 2 t . u n u 7 2 . unu * 2 2 . 0 0 0 ft 7 7 . 0 0 0 4 7 2 . u n u •* 

, . 0 6 0 • u •> . n i . 1 IS J . I f l 2 . 1 5 3 . 1 6 3 . 0 9 7 
/ l " • . . r » u • U ' * . • J ' / . 1 'tU . I S A . 1 3 3 . 1 4 1 . 0 3 3 

•1 - I S C 1 J c m iMTtH H I P L AC. 
1 n r , * - I C f l S M A l -, 1 A v 1 1- A u F 
1 1 r • r - 1 - . - . . . • < 1 A V F w a u l P L tl S > I O M A 
I ' • ( I L . 11, A 7 | k A l . F M | Hi}' S I f . r i A C O 

-Ca. 



S I I P I : •> n r . A L A l V f i J P X 1 : I U ' K 1 n1 I r A J l . . i L U C I l i A N A L Y S I S . P S K A r L H f F K . n . c . 
i > 1 A s 6 7 

s i n ; A / . 4 7 . 1 1 A . . . 5 A . J j 7 * . 1 2 5 1 . 6 0 4 6 . 6 9 
T i n ? 

( 
u i . 16 . U ' l . U A O . O O . 2 1 . 0 7 

A 7 U 1 •(J . i i i 7 tl . .',1 . ' . A 1<I . 1 7 11,. i 1 2 1 . 2 3 7 8 . 5 3 
C / ' M U • J O . o u ' . 0 5 1 1 . 2 0 0 . 0 0 
K r i f i o 1 , I "I 0 A . J 1 2 1 0 . 0 0 0 . 0 0 
r i n 76 , i 1 • l '• 10 . 71 4 . / 1 1 . 1 1 . 3 4 
l t , n 7 . J l _ , . 2 1 i . ; l 2 , . . 0 0 ? A . "ib 2 . 2 3 2 . 5 6 
r a n J 1 . o > . U 1 u . u 3 1 . i 5 1 . 0 7 . 1 2 
u i H ' > . \>' 

• * - » 0 . 0 0 0 . U O . 6 9 : . 5 4 
if ? n 1 i ) . o 1 i. i r b . < S . U 1 . J 4 7 . J l 4 . A 5 
N/17,1 1 . 1 r - . i 0 o . u o 1). UO . 6 1 . 2 0 
r i i . I I 0 U . 0 1 u . I I ' 1 . I S . 14 O . U O 0 . 0 0 

'J • j l u . o i j - u l . 0 0 0 . U O U . J O 0 . 0 0 
S U M " ! . 7 6 n o . / i » i . ., u • ' 5 . 0 7 BO . / 7 " 8 . b 2 8 8 . 5 1 
- u » r T L J . u n 0. j n j . u o . 1 s 1 *• 0 . 0 0 O . U O 

I l . 76 " J . / I 8 * . 1 A .117 1 0 . 0 3 B d . 6 2 B B . 6 1 

5 1 6 . 5 1 7 4 l) , ' W - i I. . J » U 4 t . u 2 'I •> 4 . 5 4 1 ft 7 . 2 7 2 4 6 . 6 4 0 « 
l . A i a n . o u o 1 . A , V "* . o o o 1 . 1 , 7o . C U ' ' .1 . 3 7 1 H . ' I U O 3 . 2 1 8 7 . 7 . . 0 . 7 2 8 8 . 0 0 0 1 . 3 6 0 9 . 0 0 0 

A L J . 1 0 M > ] . J 'P. . J O ' J > u . u n u 4 3 . 1 3 0 4 3 . 4 2 6 4 
I I . U ^ J ft . u V - , .11 1 . u o ? u . U O U 4 . 0 2 2 ft . 0 0 7 * L p 0 . U O U a . U U ' I i . 0 0 b i .110/ . U l 5 4 . 0 32 4 0 . 0 0 0 4 
r c . 0 " 8 4 .0',? g . l ^ c 1 . - • 1 2 4 1 . 3 6 3 ft . 1 3 1 4 . 0 4 6 « 
1*0 . 1 •» 1 4 ... u ^ 1 . 1 6 7 ft l l . t i l ft t i . 2 10 4 . 4 6 8 4 . 5 4 3 * M N . O I L . O A S . U n ' i '< . n u n . o n , f, . A A ; . 0 . 1 7 . S b 1 . U 3 0 7 . 6 3 ? 0 . U O O 3 . 7 8 4 0 . 0 0 0 4 . 0 2 3 
N A . 0 1- . ft . u A 1 i . o ' . , 0 . o o o ft U . U O U ft . 2 2 1 4 . 0 5 6 ft L A . U l J » . O i l • U l i < u . U O u . 3 5 U * . 16 2 4 . 0 1 8 • 
K 1 . / ' - I , > 1 . ( , ( . / ft I . 1 / e . u O t i ft . U 0 4 ft 1 . 3 2 7 4 1 . 7 1 6 * MA . 0 A o 1 . u M i l . / i*'» . U r>' i 1 , 6 1 4 0 . O T U . ruf> U . 0 0 0 . 3 6 8 . 0 18 1 . 7 4 9 . 0 3 0 1 . 9 1 9 

U . U - 1 0 • i . 0 " 0 ft 0 .00 J . 1 •* ? > . 1 1 0 4 O . O O O 4 O . O O U 4 
C L 0 . I ' l l ) T . " u O II , u n u n . o o n 11 . U ' l J '1 . c o n u . u n u 0 . o o o >). o n u o . o o o O . U J J n . 0 0 0 0 . 0 0 0 0 . 0 0 0 
n 1 / . 0 1 111 4 ?• , t i n u 2 , . u O o pp . u n u > 2 2 . o n o •> 7 2 . o n o 4 7 2 . 0 0 0 4 

I M p 
1 " 7 _ 0 ' ' 7 i ' i i . P Ul . 2 2 4 . 2 7 4 . 0 9 5 

1 ft * i I*, j f l * i . ' > . 1 ' V . 1 H J . 2 1 8 . 0 74 

8 
4 4 . 8 0 

. 1 2 
2 8 . 5 2 

0 . 0 0 
0 . 0 0 

. 2 3 
3 . 2 1 

. 1 2 
. J ? 

7 . 5 7 
. 2 4 
. 1 3 

O . U O 
9 2 . 2 6 

. U 5 
9 2 . 2 1 

6 . 7 6 4 
1 . 2 3 6 
3 . 3 2 8 

. 0 1 2 
0 . 0 0 0 

. 0 2 6 

. 6 5 0 
0 . 0 0 0 

. 0 6 3 
. 0 1 7 

1 . 6 5 6 
. 0 1 7 
. 0 5 6 

O.OOU 
2 7 . 0 0 0 

9 .033 
> 

4 
» 
4 

4 . 3 1 6 
4 
4 
4 

1 . 7 5 5 
» 

O.003 
I 

.040 

. 0 3 7 

F 5 1 - 7 1 - 5 
H U M 
M 1 r A v r l \ L r 1 
• t , - l r M I L 

1 M i l . ft 

•I I U ' l 

5 M G - F t C I ' L 
II M | L A I U S I I U P T r i A K G . 
7 c 51 M L * I N S I I I I P Y 

b M I C A 



1 

M I P F P O F C A L A r r e ; i j * : - U b c r w I 1 • A . . 1 ( . I t , J * 1 T F 
n I- 1 1 1 1 7 

5 H « * M ' . 1 , " ' w ' . J l '• o . ur> 1 
T H 2 . u 7 . Ur> . 1 . 1 1 

"> 1 . 1 ' ?<• . " 4 . • <. -1 '• 
e n . ! . 1 . J '• . 1 '• . 1 It 
M N ' t .0 ' . J ' j . 1.1 , l " i 
r I 1 • *' . i . " . - I i . 1 ' . 
i i , n 2 . 4 * 1 t • * ! * • if . 2 / . U 1 
C A P , j • • I 7 . 1 i . 1 ' ' 
fi A n . / ? . VI 1 I . 1 r ' • I ' l 
N / n , . < • ' • 1 . >n 1 . y, 1 1* . •• " 

v .on . .- '< j » J . 1 ' 
F 0 . u " J • n i l . J / 
C L 0 . u i ! . u . u l u . u n 
M i l T . , <, 7 " I . 4 , . . . / " . . I / 
- I I * F * r i 0 . 'J 1 l i • • ) " * u . u * 1 . u 1 
M l " 4 ' l . '1 1 1 1 . 1,6 i . . i I H * . 1 

3 1 I . . I . 1 U 1 ' i • 11 1 I ' , . M : i < i . 1/7 ft A | 1 - I ' 0 A , n u n I . J ' i * i . < 1 , M l I . i i ' J " . n u n 
1 I 1 . . 1 ' , i . . i i , . 4 6 U . ,/'•) 
' 1 . u n / ft . 0 l , . 0 1 . 
C" • II i n > . O ' L . •> . J I yl . u l l 
1 I . J 1(1 ft . u '* > . <•" i 
Mr. .•m 4 . j> l u - . A ' J. I . . » / > 

1-1 . U " 2 A , 0 7 1 A . r u n U . J " U * . r ' u A . u n / A . 6 0 S 
H 1 O. 1)111 ft . . i *>•. . U ' - J . U ' t 1 
I. A . II 1 ' . ft .Of t . J ' 1 

* • l ! * 1 * •"' 
K 1 • *» 1 / 1 . / 0 t . 1 . /11 1 . J 6 » c 
H A . U 1 / 1 . r» <*n . 0 ' . J 1 . 7 1 A 1 • J ' 1 .0 w 1 . ' i 0 1 
1 U . u n o •j 0 . o O " ft J . 0 0 O . 0 M 
L l n . "on 0 . U ' M i . n u n o . J'>u o . in n U . OOO 0 . 0 0 0 

7/ . o n u > 2 / . o n o 7 7 . i j H I ft ? . o n u ft 1 / 1 . i n . , . U ?M . 1 0 7 . I ' M 
1 If •* . 0 ' ' . , . u /« . J ' • 1 . 1 ' .7 

n •« [ r 1 ? 
I n M | r /. 1 J 
II » i r A i -

SF S , F i K A . C r f F t K . n . c . 
L 1 14 

5 1 . 4 0 I f . . 4 3 
. ( I . 0 2 

' I . 1 r) 7 1 . / 5 
. 2 2 - . U l 
. 1 6 - . 0 4 

h . o n - 1 . U , 
X'j. n - 1 . 1? 

. >J - . 2 1 
1 .u 1 .H 

1 1 . U 6 J . 4 0 
. - 1 - . o 2 
. 7 1 — . Uf> 

U . U O 0 . U O 
1 1 <2 5 ri . 4 2 

. 0 9 - .01 
1 1 4 . J I M i . 4 5 

1 . <"*.U * / " . 2 9 I J 4 
2 . 2 2 U A . O U O . / 0 2 1 . 0 0 0 
l . u H l , ft 4 . 4 17. 4 

. U 1 / * . 0 0 2 4 
. 0 1 4 t - . 0 0 7 4 
. M ^ n ft - . 2 2 0 4 

2 . t> 1 A > -. bit 4 
. U l 7 1 1 1 - . 0 0 I 3 . 6 8 1 
. U M J * - . 0 10 4 
. 1 1 1 ft - . 0 4 f 4 

1 . 5 6 4 * . 4 4 » 4 
. U A ? 1 . 1 1 2 . 0 2 1 . 4 5 1 
. u n * - . 0 J i* ft u .uou o .oun 0 . 0 0 0 0 . 0 0 0 

2 2 . 0 0 0 ft 7 7 . o n o 4 
. 2 2 2 . 2 ' 4 
. 1 1 1 2 . 2 l f l 

A V F H A I . F 
A V F K.1UF P L U S J I O * A 
A V T ti A M M 1 N U S S I G M A 

C O 
-£» 
CO 



1 

SUPER &ECAL 
S i m C R O U P s i A L 

5 i n ? V ? . O h 
Tin? . 1 4 
4203 V . 14 

. 1 ) ? 
U .un 

F t n . 0 ' , 
2 . u i 

CAn • U l 
R A O . n 
K ?n IU . 0 i 
N A ? U . i r , 
F . 2 ? 
CL 0 .uo 
S U M T ; . 4 2 
- 1 1 " F*CL .uo 
S U M r» 5 . J l 

SI 
AL 
AL 
I I 
CP 
F r 
M P . 
MN 
N A 

CA 
U A 

K 
F 
CL 
U 

(. . 4 8 A 
1 . 5 lu 
3 . A r * 0 

.ui-> 

.uo? 

. un 7 

. 5 10 
o . unu 

.UAl 
. 0 0 4 
. 0 4 8 

1.691 
. 09 7 

O.UOO 
7 2 . u " u 

F / M 
F ff n 

8 .000 
* 
•» 
4 
* 
* 

A . O J l 
4 
4 
4 

1 .784 
4 

0.000 
4 

.01 J 

. U l J 

I F 5 K - ? l - 5 « . t M L S I 
I MUSC 
3 M U S C 
4 M ( ; r . H L 

A P r F •! 0 1 x 1 : M U S L O . I I F A N T " M L U » 1 • t A V A L Y S L S , E S K A Y C«EtK , n . c . 
A L T I C K F C " u MN t N A ; A 8 A K 1 i r C L 7 

? 1 4 5 6 7 (I 
4 7 . B » 4 0 . 5 4 1 0 . U 5 7 4 . 4 b 4 0 .60 7 9 . 7 7 4 5 . 8 7 

, If, , I 6 U . UO 0 . 0 0 a 1 5 0 . 00 . 08 
* 7 1 2 . 1H 2 0 . 7 4 7 0 . 4 4 1 3 . 11 72 .29 3U. 63 

u . uo 0 7 0 •uo 0 . 0 0 . 03 0 .00 . 01 
0 3 U l .118 , 1 L O . O O . 11 O.UO 
1 0 0 1 . U 9 a U 7 a 12 08 . 10 

2 . 9 ? ? . / 1 I ' l . A 1 1 J . 75 2 . 69 33. 89 7 .97 
1 1 0 4 . U H 

( 
1 4 a 1 7 0 . 00 12 

i * 14 ?*> U . U O 0 . UO I . J 2 0 .00 1 . 0 3 
4 . 4 9 t> 7 . 0 2 a U 4 4 . 4 7 . 01 8 . 4 3 

. 2 7 £ 1 U .OO . 0 2 • 24 0. 00 * 19 
. J 3 1 4 1 . i 1 1. 3 6 • 41 • 42 . 4 2 

U . J O u . u O u . 0 0 0 . 0 0 0 . 0 0 0 . 00 O.UO 
n 11'. 1 ? . J 1 . J 6 B h . J 9 0 6 . 70 8 7 . U7 9 4 . 85 

1 . U 6 . 5 5 . 5 7 
a 1 7 39 * 19 

0 4 ! 4 2 i ? . 1 2 R j . H O 8 5 . 8 ? 9 6 . 5 3 86 .68 9 4 . 6 7 

h , 3 8 4 4 u . 4 4 U 'i . 4 ? u 4 4.402 4 6 . Jb8 » 4 . 3 3 5 • 6.125 • I . o i l 8 . O U O 1 . 5 5 0 i .OuO j . 5 I J 7 . 9 ) 6 3 . 5 4 b 8 . 0 0 0 1.632 8 . 0 0 0 3 .6b6 8 .000 1 . 8 75 8 . 333 
1 . • . 2 I 4 J . 4 7o u .unu 4 .02 7 4 3.481 4 .159 4 2.445 4 

. O i l , 4 . U 1 „ j . U O U > 0 . 0 0 0 4 .016 4 0 . 0 0 0 « .008 4 
U . u n u 4 . UO / > o • U O U > U . U O O 4 .003 • 0 . 0 0 0 * .001 1 

. U l l 4 . U O J <• . U l l 1 . 0 0 4 4 .013 4 . 0 1 0 4 • O i l 4 
. 5 8 i 4 . 5 5 u 4 7 . 5 4 1 4 7 . J40 4 .504 * 7.355 * 1 . 5 9 6 • . u n j <• .OJ 3 . on t 4 . 0 ) 0 . U l O 7 . 5 o ? .014 7 .4JO 0 . 0 0 0 4.016 .014 7 . 5 3 8 0 . 0 0 0 4 . m 
. 0 7 0 4 . 0 5 4 4 0 . 0 0 0 4 . UOo 4 .061 • 0 .000 t . 0 4 9 4 
.U l '* 4 . 0 1 J t . 0 1 J 4 .022 4 .024 • 0.000 * . 0 1 7 » 
. U 7U 4 . U 0 6 4 0 . 0 0 0 4 0 . 0 0 0 4 .068 * 0.000 • . 0 5 4 1 

1 . 7 0 U 1.850 I . u 7 0 1 . ' J U B . U 0 4 . O l h . 0 0 7 .035 1 .666 1 . 8 1-7 .002 . 0 0 2 1 . 4 3 6 1 . 5 5 5 
. 1 1 ' « . 0 5 * 4 • b l O 4 .632 4 . 1 70 * .424 • . 177 4 

u . U O U n . ouo 0 . 0 0 0 0 . O U O u . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 .000 0 .000 0 . 0 0 0 0 . 0 0 0 3 . 3 3 3 
?? .unu 4 2 2 .ono 2 / . U O U 4 2 2 . 0 0 0 4 2 2 . 0 0 0 * 2 2 . 0 0 0 * 2 2 . 0 0 0 » 

.U26 . 0 1 2 . O O J .003 .026 . 0 0 3 . 0 3 7 

. 0 2 4 . 0 1 7 . 0 0 ) . 0 0 3 .025 . 0 0 3 .037 

M I C A 5 n c . C H L 
6 M I C A S H E A F I N E O U I L W C H L 
7 C U L i H f c A F 
H F t , R M A I W 1 X l)F M I C A 

CU 



S U P E R * E C M . A P P F i n 1 * 1 : M u s c n v | i c h'A0 O H U ' M U A N A L Y S E S . F $ X A Y C P F t K . B . C . 
1 1 0 1 1 17 1 3 1 4 15 1 6 

5 i r i 2 6 o • 2 o 6 7 . 6 4 5 3 . 5 ^ 6 •> . 3 6 6 1 . 4 6 4 9 . <i 7 4 8 . 0 7 4 9 . 0 1 
T . 0 7 . U 7 . U 6 . u i . U « . U 7 . u a . 1 6 . 0 6 
A ? n j 1 2 . 1 A l u . 3 2 3 1 . 1 1 4 7 9 . 6 1 2 4 . ^ 9 7 7 . 8 5 3 1 . 9 7 3 0 . 5 2 
C 2 0 3 0 . u o . U l u . u O . U 5 . 0 3 O . U O 0 . 0 0 0 . 0 0 
I N n . U 7 u . uO U . U O . U 2 . U l . U l 0 . 0 0 0 . 0 0 
F L - n . 0 " . 2 0 U . U 9 . 0 4 . U l . U 7 . 0 8 . 1 3 
M u n J . U 1 5 . 3 7 J . 3 2 3 . 3 5 3 . 7 4 3 . 6 8 2 . 5 2 9 . 0 3 
C A H . 1 8 . 2 1 . 1 4 . 2 2 . 2 7 . 2 7 . 0 5 . 2 4 
B A H I . u s . 5 3 . - * n . 6 4 . 5 7 . 6 4 1 . 3 8 . 6 8 
< 7 0 4 . ' t 2 6 . U 3 o . b 5 7 . 1 2 8 . 4 7 8 . 0 7 1 0 . 1 8 5 . 5 6 
NA 711 . 1 1 . J 8 . 1 4 . 2 3 . 2 4 . 2 5 . 1 3 
r . 3 5 . 6 7 . 3 1 . 4 7 . 3 0 . 4 9 . 5 6 . 8 1 
c u u . u i J . u o u . U O U . U O U . UO U . O O 0 . 0 0 0 . 0 0 
S U * 9 6 . 4 ? o . . . u r 0 / . 1 1 9 7 . 1 3 9 5 . 7 2 9 0 . 7 7 9 5 . 2 2 9 6 . 1 1 
- i i - F » r i _ . i s . 2 " . 1 4 . <• 0 . 1 3 . 2 1 . 2 4 . 3 4 
S U M 9 6 . 7 7 9 5 . I" 4 u . U 4 4 6 . 4 0 9 6 . 5 9 9 0 . 5 6 9 4 . 4 8 9 5 . 7 7 

S 1 6 . 5 2 6 4 6 . 7 n j • 6 . 7 7 •) 4 » b . 750 * b . 7 8 5 ft 6 . 4 1 1 * 6 . 3 0 3 • 
AL I . 4 7 5 8 . 0 0 0 I . 7 * 9 7 i . O u O 1 . 2 2 5 A , O U O i . 0 0 4 B . 0 0 0 1 . 2 5 0 9 . 0 0 0 1 . 2 1 5 8 . 0 0 0 1 . 5 8 9 9 . 0 0 0 1 . 6 9 7 8 . 3 3 3 
A L 1 . 4 1 " * J . <">7 * i . 5 I J ft J . J 1 * / * 3 . 3 4 1 ft 3 . 2 P 6 • J . 4 3 6 * Z . 9 Z 9 ft 1 ! . U O 7 ft . U O u . 0 0 8 ft . 0 3 6 ft . U O 7 » . 0 0 8 • . 0 1 b * . 0 0 6 

0 . 0 0 0 
1 

C P 0 . 0 O ( ) * . u o i U . O O U t . u o ? ft . U O J * U . O O O • 0 . 0 0 0 * 
. 0 0 6 

0 . 0 0 0 * 
F F . 0 1 0 • . U ? 1 « U . U O O ft . 0 0 A ft . U 0 4 * . U O b • . 0 0 9 « . 3 1 1 ft MC, . 6 n 6 * 1 . 0 7 1 ft • 6 7 u > . u l 1 • . 7 2 4 * . 7 ) 2 * . 6 0 1 * 1 . 7 2 5 ft MN . O O n A . 0 4 4 u . u o o 4 . 3 1 1 U . U o u 4 . 1 6 1 .U07 4 . O't 7 . U O l 4 . 0 8 5 . 0 0 1 4 . 0 3 5 0 . 0 0 0 3 . 9 6 2 0 . 0 0 0 4 . 5 7 1 
NA • U 5 l l e . U ' 2 » . 0 2 0 ft . 0 3'« ft . 0 5 8 ft . 0 6 4 • . 0 6 5 * . 0 3 2 » 
L t . U ? 5 • . 0 2 4 ft . 0 1 4 <• . 0 3 U • . 0 3 8 ft . 0 4 0 • . 0 0 7 * . 3 3 3 » 
8 A . 0 6 I a . 0 7 u ft . 0 4 - j • . U ' 2 • . 0 2 4 * . 0 3 4 • . 0 7 2 * . 0 3 4 * K I . 5 6 1 . 6 4 5 . 4 8 1 1 . O b O 1 . 1 0 7 1 . 1 H 8 1 . 1 4 / 1 . 2 A l 1 . 4 0 3 1 . 5 2 8 1 . 4 12 1 . 5 5 0 1 . 732 1 . 9 7 6 . 9 1 2 1 . 3 1 2 
1 . 1 A A 

• . 7 7U ft . 1 12 . 1 0 6 ft . 1 2 3 * . 2 1 3 • . 2 36 • . 3 2 9 ft C L o . u o o n , o u o 0 . O n O 0 . o o o o . u n u n , o o o U . U O U n . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 3 . 3 3 3 
1) 7 2 . 0 0 0 > ?i . u n u ft 7 7 . u n u « 2 7 . u n u > 2 2 . U O O ft 2 2 . 0 0 0 ft 7 7 . 0 0 0 • 2 2 . 0 0 0 * 

F 7M . O H ) . 0 2 1 0 . u o o . 0 1 0 . 0 14 . 0 1 3 . 0 1 8 . 0 3 6 
F tr M . U 7 < . U 7 u u . u n u . 0 1 0 . 0 1 3 . 0 1 2 . 0 1 8 . 0 3 6 

4 

in 
1 1 
1 ? 

M U S C 
" U S C 
F r . n 
F CM-

MA TP 1 X 'II M I L A / M I L 
I T L M I C A 

U n . J S C 
14 M J S C 
1 5 M U S C 
l b F OR M A T R I X UF H C A 



S U P F P P F C A L A r P F 0 1 X I I I J S L P V I I F A 4 0 C H I U P 1 Tr A ^ A L f S E S 
I 7 1 H I " 2 0 

s i n ? 3 7 . 4 ? A ' , . 7ts S J . 4 2 3 1 . 0 0 
f i n ? o.on . 0 " . 14 . 0 2 
*?n J ? * \ . 7 ii . 4 9 11 . u 7 ?'» . f 0 
c ? n i U . O O . U l . 1 1 1 _ . 0 1 
•mn . 0 6 . J 3 . U 7 - . 0 1 
f i n . 1 3 . 0 " . 1 1 . 0 4 

? 3 . 5 4 I U . l l 22 . i 1 - 1 . 4 4 
c a n . 1 .' . I * . 2 2 . 0 7 
RATI . 2 4 . / 4 1 . 2 0 . 2 H 
K ? n ? . t l 1 l> .1.4 l u . 2 4 ) . 0 3 
4 A 7 U . 0 4 . I S • 2 A . U 7 
F . b O . 4 3 . 7 4 
C L o .uo u • uo J . U O U . U O 

n o . / » 0 3 . /1 1 7 2 . u 2 . 7 1 
- i l - F * r . l . 3 4 . ? * > . 3 0 . 1 0 
S U 1 n u . J l 9 1 1 2 ^ . 2 1 5<< . 6 > 

s i 5,260 0 . 1 2 4 ft -> . 5 7 j ft 0 . 4 1 1 * 
» L 2 . ' A u A . 0 0 0 1 . d 70 A . O o n 2 . 3 2 7 1 . O U O 1 . 0 « * 1 . u u o 
A L 1 . 3 3 * ft 2 . t , 0 6 ft 1 . 7 7 j • . 3 0 6 ft T I U . U O U * . < » 0 d ft . U l 1 *> . U O 3 ft C « n. ono • , 0 0 1 ft . U O J < - . J O 1 ft F E . o r , . 0 0 4 ft . U l l ft • U O u ft ft a 4 . H (-> 7 2 . 0 4 1 ft 3 . 5 17 ft - . 3 4 5 ft ft* .on 7 6 . 2 2 R • U O l A . R I O . U U b ** . 32 I - . U O l 3 . 4 1 7 

N A . U ? A . U A U ft . J S U 0 . U 2 4 
c « . 0 1 ( 1 • . 0 7 I ft . 0 2 5 t . 0 1 j ft H A . O l l j ft . OA 4 ft . U 2 U ft K . n / . s s s 1 . 1 3 1 1 . 2 3 1 1 . 3 7 ? 1 . 4 4 0 . 7 1 1 . 7t>9 
1- . J M ft . 7 ? • J 1 U ft . 1 1 7 
C L n . t n u n.oon o . unu n . nun 0 . o ou n, ouo u . onu 0 . 0 0 0 
l l ' ? . o n u ) 2 7 . unu 4 2 2 • J O U j 2 2 . U O U ft F /ft . 0 0 ' , • U O u . u 0 5 . 0 10 

F /I M . cn-j . unu . U 0 5 . 0 10 

C K F E K . R . C 

1 7 
I " 

* H t S C 
A V I - B A O L 

14 A V E H A O E 
7 0 A V F K A G E 

P L U S S I G M A 
*t | NU S S I G M A 

- J 



f " - • • ^ " ^ ^ " " ^ ^ ^ ^ ^ ^ I J ft"W*"| f * l £""3 fH^J 

RE C A L A P i ' F . j n i x I : M J S L P V 1 1 F A N T C H L O R I T E A N A L Y S E S . E S K A Y CR E E X . B . C . 
1 7 3 If 5 6 7 8 

s i n ? SU. 7 3 4 7 . 0 7 4 6 . 6 7 4 H . 4 5 4 H . 6 4 4 8 . 1 7 4 7 . 3 7 5 0 . 3 6 
T i n ? . 1 " 1 A . 1 6 . 1 7 . 1 0 1 3 . 1 5 . 1 7 
A 2 U 3 V . 73 5 4 3 L . 0 8 11 . 5 4 31 . 0 7 3 0 . 9 9 3 1 . 6 9 3 2 . 1 7 
C 2 3 3 U . U O 0 4 . 0 5 . 0 2 . 0 6 U . 0 0 0 . 0 0 0 . 0 0 
M N n U . U O u . u o J . U O J . U O O .uO 0 1 0 . 0 0 0 . 0 0 
Ft n U . O O 0 7 , U « . 0 1 . 0 4 0 2 . 0 4 0 . 0 0 
i o n 2 . B O 2 . ' . 4 2 . 4 5 2 . 5 6 2 . 6 B 2 . 74 2 . 2 0 2 . 4 6 
C A O . O A 1 1 . 14 • OB . 0 8 . 1 3 . 1 2 . 1 0 
B A D 3 . S O 7 . I 3 2 .1) 1 2 . 7 4 1 . 7 5 2 . 2 6 2 . 1 4 1 . 8 7 
K 2 0 d . O A 4 . 1 2 0 . 4 7 4 . 0 6 9 . 2 4 4 . U 6 8 . 8 9 6 . 9 6 
N A 7 U . i l i 1 . 2 1 . 2 4 . 2 5 2 6 . 3 1 . 1 3 
r • 2 A 5 " . 5 0 . 3 0 . 6 1 74 . 6 9 • 6 4 
C L 0 . 0 0 0 . UO U . UO 0 . 0 0 0 . 0 0 O.UO 0 . 0 0 O . O O 
S U M OB . 0 5 0 6 •»3 . 0 6 " > . 6 6 O ' l . 4 7 9 * . . 5 1 9 1 . 6 0 9 4 . 8 6 
- 0 - F * C L . 1 0 1 . 2 1 . 1 3 . 2 1 3 1 . 2 9 . 2 7 
S U M 9 8 . 5 5 n ) . : l 5 O J . 4 5 0 ? . 6 3 9 4 . 2 1 9 4 . 2 0 9 3 . 3 1 9 4 . 5 9 

S I 6 . 6 2 4 * 6 . 4 3 6 ft 6 . 3 7 5 ( i . 6 10 « 6 . 5 1(3 * 6 . 4 7 5 • 6 . 4 1 9 « 6 . 5 9 7 » 
A L 1 . < - 7 t , A . o u n 1 . 6 ' > 4 " . 0 0 0 1 . u 7 5 " . uon 1 . «t 4 0 A . oon 1 . 4 8 2 8 , 0 0 0 1 . 5 2 5 8 . 0 0 0 1 . 5 8 1 8 . 0 0 0 1 . 4 0 3 8 . J O 0 
A L i . 4 " 4 ft 3 . 4 ) 5 4 > J . J 7 r t 4 J . < « 5 3 •* 3 . 4 7 3 • 3 . 3 8 3 ft 3 . 4 8 0 ft 3 . 5 6 3 • 
I I . 0 1 7 • . 0 1 0 * . 0 l u ft . U l 7 * . 0 1 0 • . 0 1 3 • . 0 1 5 ft . 0 1 7 * 

C » O.ono • • U O i ft .un? ft . 0 0 2 » . 0 0 b • 
0 . 0 0 0 ft 0 . 0 0 0 • 0 . 0 0 0 * 

FF U . U O O * . 0 0 7 ft . 0 0 4 1 . UO ( * . 0 0 4 • . 0 0 2 • . 0 0 5 * 0 . 0 0 0 • 
HG . 5 5 4 • . 4 9 1 ft . u O I ft . 5 0 7 • . 6 3 5 * . 5 4 4 • . 4 4 4 

• • 4 9 0 * 
M N 0 . U " 0 A . 0 5 5 0 . 0 0 0 3 . 7 6 * 1 0 . U O U 4 . c i n U . U O U 3 . 4 3 1 0 . 0 0 0 3 . 9 8 0 . 0 0 1 3 . 9 4 9 0 . 0 0 0 3 . 9 4 4 0 . 0 0 0 4 . 0 5 3 
N A . 0 5 2 • . 0 6 u a • U 5 u . U ' > 7 • . 0 6 5 • . U 6 8 • . 0 8 1 4 . 0 3 3 * 
L A . u o o • . 0 2 7 ft , U 2 U » . O I L • . 0 1 1 • . 0 1 4 * . 0 1 7 • • 0 1 4 » 
B A . 1 * 1 • . 1 1 3 * . 1 6 1 a . 1 4 J * . 0 9 7 • . 1 1 4 • . 1 1 4 * . 0 9 6 • 
K 1 . 3 1 0 1 . 5 5 8 1 . 5 7 0 1 . 7 / 1 1 . 5 6 b I . 7 4 4 1 . 5 1 5 1 . 7 5 1 1 . 5 7 4 1 . 7 4 8 1 . 5 5 3 1 . 7 5 9 1 . 5 3 7 1 . 7 4 9 1 . 1 6 3 1 . 3 0 5 
F .una » . 2 I J ft . 2 l u 7 . 1 2 f j * . 2 1 o • . 3 1 5 • . 2 9 6 * . 2 6 5 » 
C L 0 . 0 ( 1 0 O.oon 0 . uno n . oun J .unu n . ouo u . U O J 0 . ooo O . O O O 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 3 . 3 3 0 
U 7 2 . u n u • 7 2 . o n o * 7 7 . o n u « 7 2 . o n o ft 2 2 . 0 0 0 ft 7 2 . 0 0 0 • 7 2 . 0 0 0 • 2 2 . 0 0 0 * 

F tn o . o n o . 0 0 5 . 0 15 . 0 0 2 . 0 0 8 . 0 0 6 . 0 1 0 0 . 0 3 0 
F / F M U . U O U . u n - , . U l 5 . 0 0 7 . U O M . 0 0 6 . 0 1 0 0 . 0 3 0 

1 E S " - 7 L - 5 9 . H I M 1 L A 
2 M U S C 
1 M U S C 
4 nose 

5 n o s e 
6 M J S C 
7 M J S C 

b n 1 L A 

CO 



1 ' 1 

SUPfP P E T A L A P P P N O I X 1 i J S L O V 1 1 r A N ) C M L U K I r t A ' J A L Y S E S T F 5 " ( A V 
9 1 0 1 1 1 2 1 3 

s i m 1 0 . B l K ) . A S 1 J . 1 A ' 1 . U S 1 0 . 1 8 
T I P ? o . o n 0 , J ( I . 0 2 . U J 0 . 0 0 
A 2 0 3 2 2 . i f . .? 0 . u 0 2 2 . 4 1 2 2 . 1 7 
C 2 0 3 .02 U . 0 0 . 0 1 . U 2 u . U O 
i n n . 1 '• . o 5 . 1 A . I S . u 9 
F t n . 0 1 . 0 2 . I S . u n . 0 5 
i o n 1 2 . u s ? 4 . tn ? 4 , 2 7 i u . 7 2 3 1 . 1 4 
C A E ) . 0 ? . O S . 1 * . L 3 . U O 
fi A n O . O O 0 . u n . u f . 0 . 0 0 . 0 5 
K / P . U l 0 . 0 0 . I ' l . 1 2 . 1 4 
4 A 2 0 0 . U O u . u n u . u O . 1 0 . 0 7 
F . 8 7 . / A . J 2 . 8 l . H 6 
C L O . O O u . u n u . u n U . U O O . U O 
S U H 9 / . o n I ' l • 7 5 P 3 • U A n . / o 8 4 . H 4 
- I I - P » P L . J 7 . 11 . 2 2 . 1 7 . 3 6 
S O * 8 6 . 7 ? * 4 . 1 A 8 D . 1 2 8 4 . 4 8 

C M F E K , P . C 
1 4 

5 7 . 8 2 
. 1 3 

3 1 . 6 2 
U . O O 

. 0 6 
. 0 5 

2 . 4 3 
. 0 8 
. 7 6 

8 . 1 4 
. 1 8 
. 5 2 

0 . 0 0 
0 / . 7 9 

. 2 2 
0 7 . 0 7 

S ! 4 . 4 6 7 * 4 • 5 I 7 4 . tl 5 u 4 <t , 5 6 u ft 4 . 4 9 5 4 6 . 7 2 6 ft 
A L 3 . 5 3 1 a . O O n 3 . 4 4 5 i . nun 3 . 1 3 ' . n . o u n J . ' » 1 4 «. ooo J . 6 0 5 8 . 0 0 0 1 . 2 74 8 . 0 0 0 
A L . 2 0 1 ft . 6 2 . 1 1 . 1 I o . N 6 U ft . J R 5 4 3 . 4 7 0 ft 1 1 o. ooo 4 u . UOO . on* » • U 0 J ft U . O O O ? . 0 1 2 ft C P . 0 1 2 * u . o n o . 0 0 1 ft . u o / ft 0 . 0 0 0 4 O . U O O ft F F . O n i • . U U 7 ft . U l J c . u l u ft . 0 0 6 4 . 0 0 5 ft Mr, 7 . i n ? s i > . 6 0 (i * 

5 . 1 I P 6 6 . 7 * 1 4 
6 . 911 4 . 5 5 6 ft MN . 0 1 7 7 . 4 1 1 . 0 0 6 7 . 2 i 6 . 0 2 0 6 . U 2 U 7 . 2 2 7 .OIL 7 . 3 1 5 . 0 0 6 4 , 0 5 0 

H A o. unu • o . o n o •* J . o n u « . U 2 4 4 . 0 2 0 4 • 0 4 4 4 
C A . U O J > . 0 0 1 1 . U 2 U c . U 2 U » . 0 1 4 ft . O i l ft H A o . u o o * u . u n u ft . O O j ft U . U O U 4 . U O J 4 . 0 3 0 4 
K .un? . 0 U 5 u . o n o . O u " . U 2 J . 0 5 1 . 0 2 J . 0 7 1 . 0 2 7 . 0 6 4 l . 3 2 2 1 . 4 1 5 
F . J O O • J 7 ft . 2 17 . '1 1 A 4 . 4 0 5 4 . 2 0 4 4 
C L U . O O O n . ooo o . o n u n . n y n U . U O U p . n u n U . UOO 0 . o u o O . U O O 0 . ooo 0 . 0 0 0 O . O O O 
U 2 2 . o n o 4 2 2 . u n u 4 2 2 - u O u ? 2 . u n u 2 2 . 0 0 0 4 2 2 . 0 0 0 4 

F 7M . U O 1 . u o l • U P 7 . 0 0 4 . 0 0 3 . 0 2 1 
F / F M . 0 0 J , J 0 1 UO 7 . 0 0 4 . O O J . 0 2 1 

9 MG Ll ' C 
i n MG C " i . M 1 XF I) ti S T L H 
I 1 Mf, ( I L H< G 1 0 I 
1 2 C S r C ' l l. 

1 3 MG C H L 
1 4 M I C A 
1 6 M U J C 
I (, A V I k A G F 

15 
4 4 . 6 0 

.12 
11 .80 

O.OO 
.U5 
.09 

2.58 
.07 
.87 

10.36 
.1 7 
. 16 

0 .00 
9 5 . 8 7 

. 0 7 
9 5 . 6 0 

6 .533 
1.467 
3 . 464 

.012 
0 . 000 

. 0 1 0 

. 5 0 7 

.006 

.043 

.010 

.045 
1. 741 

. 0 6 7 
0 .000 

? 2 . 0 0 0 

8.000 
ft 

ft 
* 
* 

4 . 0 0 3 
ft 

• 
1 . 8 3 9 

* 
0 . 0 0 0 

ft 
.031 
. 0 3 0 

16 
4 J . 1 5 

. 1 3 
28 .91 

.01 

.05 

.04 
1 1 . 6 9 

. 1 0 
1.40 
5 .87 

. 15 

. 5 8 
0 . 0 0 

92 .08 
.24 

9 1 . 8 3 

5.912 
2.096 
2 .580 

.011 

.002 

. 0 0 5 
2.397 

• 006 
.042 
.314 
.075 

1.029 
.251 

0 . 0 0 0 
22.000 

8 .303 

ft ft ft ft 
4.773 

ft 
ft 
ft 

1 . 1 5 9 
ft 

0.333 
ft 

.004 
. 0 ) 4 

CO 

I D 



' — i — i ^ — i 

° F C A L 
1 7 

S i n ? S I . M 
T IP.2 . 1 7 A ? M J V . * n 
C2n J • U "l 
* * N n . 1 1 M n . o o 
i o n 7 A . 6 0 c A o . 1 A R A P 7. 5 r i 
K 711 1 0 . u s 

. 2 6 
F . o n 
C L o . u o 
S l l " 1 7 1 . t - l l - r * C L . 1 A 
S U M 1 » 1. 1)1 

S I 5 . 4 7 6 * A L 7 . 5 7 5 A .000 A L 1 . 5 n U « 
1 1 . 01 A ft c « . o n J ft F F . u n i t ft r i r , 3 . U " 0 » 

M N .0 1 0 =; . A M 
N A . O S 1 ft C A . O l d » 
11 A . i n / 
K I . t S ( , 1 .5 J ? 1 A 
C l u . u n u n . O u n 
u ? ? . D M • F / M 0 0 A 

F / F M o n A 

A P I ' 1 " <f11 < I : M | ) S ( . n v | 
I " 

3 A . S H 
. 0 1 

7 A . 0 7 
_ . u n 
- . U l 

. U " 
-1.7? 

. u S 

. 2 ? 
i . / 1 

. ) ' . 
u . o n 

s o . 1 ? 
. i s 

s o . 5 7 

. M A ft 
1 . ? ; » • , « . n o n 
'• . A I A •» 

. 0 0 5 * — .001 . o n u 
— . J5 7. — .0 07 4 . 0 6 6 

. 0 7 2 
. U l l 
. U l / * . • ? / .',17 
. . ' 7 1 i 

0 . o n o n . o u n 
• U O u 

. u m 
i U'M 

A VF p AP.F P L U S S | G11A 

A ^ J A L Y M ? S . F S K A f C R F l K . f l . C . 

I B A V F K A G E M I N U S S I G 1 A $ 
O 



S U P E R T C A L A P P - J O I X K - ' U S L H y 1 r i A N T C O L O R 1 f F A-J 
1 2 3 r, 

5 i r v A 4 . 1 9 1 2 . U O 4 * . 4 ? 4 4 . 0 2 
. 1 1 u . u n . 1 0 . 1 0 

« ? 0 3 1 J . 0 A » U . tt 7 3 1 . / I 1 3 . 0 ? 
c ? 0 3 . 0 ? u . UO J • u 0 • U A 
M N n 0 . 0 0 . u 6 U . u n O . O O 
F E U . 0 4 . 14 . 1 4 . 1 0 
t o n 2 . J O 1 2 . d B 2 . 4 S 7 . - < 2 
can . 0 1 . u 3 . u 2 . 0 1 
B i n . 4 0 U . J P . * 1 I . O R 
Kin U . U 1 . 4 0 I U . 1 l 10 . A " 
N A 7 0 . 2 4 u . o n . 1 7 . 7 0 
F . 2 / i . 5 1 . J 7 . 1 * 1 
C L o . u o u . o o u . u n O . U O 
S U M nt> . U P R H . U 7 0 5 . 4 7 9 t >.l , 6 
- n - r*r i . . 11 . 1 . 4 . 1 ' . 0 * 3 
S U M 5 . H o 4 / . A 1 4 ? . „ 9 b . 7 n 

S T 6 . 4 4 4 4 . u l 6 * 6 . 5 6 / e & . A 2 ? > 
A l 1 . s s i 4 . o u n i . J l ' , R • n u n I . •! 4 j n . o u o 1 . 5 / r i R . 0 0 0 
A L . 5 5 A * . 1 S I 3 . i 7 7 J . 6 1 4 ft 
1 1 . U U * u .unu » - U l O ft . 0 1 0 ft 
L R . ( 1 1 7 ft U . u n u ft U . u n u ft . 0 0 ' . « 
F F . U l O * . u l / ft . U l 7 ft . O i l * 
n r . . 4 4 7 ft 7 . 0 4 / •> , l R U ft. . A 7 J * 
MM U .ono 4 . 0 2 6 . U 0 7 7 . 2 2 ? U . J 3 0 ' . 4 , 1 2 U . O U O 4 . 0 1 7 
MA . U M * U . U O U ft . U 4 j . O S 1 ft 
C A . U O A ft . u O - , ft . u O J ft . 0 0 1 * 
HA • U A l> ft U . U O U -i . u w . 0 6 6 ft 
K 1 . 6 4 I 1 . 7 S 2 . U ' » U 1 . 0 7 / I . / O S I . 7 5 1 1 . 8 5 9 
F . 1 1 2 • / e . 1 3 3 « . 0 / 4 • 
C L o . o n o o . o o n u.uou n. nun u . u n u 3 . C O O O . U O O o . o o o 
t l 71 . 1 ) 1 0 • 2 2 . u n u ft 2 7 . u n u t 2 ? . u n o •* 

F / . 1 . 0 2 2 . U 0 3 . 0 1 2 . 0 2 3 
F / F M . 0 2 1 . U O J . 0 3 1 . 0 2 3 

1 ES < t - 2 l - 6 « . 9 M C S t M i A 
7 I N T A S S l l C S C C L ' I L 
i M U S C C S I S M | AF 
A M I I < ; ( 

L Y S E S . F S K A Y C R F E K . P . C . 
S 6 7 (1 

S O . 7 9 4 f l . 6 3 6 0 . 1 2 4 8 . 8 4 
. O S . 1 1 . 0 7 1 1 

3 0 . J B 3 1 . 1 1 2 5 . 7 4 3 0 . 6 4 
. 0 3 O . O O 0 . 0 0 0 . 0 3 

U . 0 0 0 . 0 0 0 . 0 0 0 . 0 3 
. 2 6 . 4 4 , 0 8 1 9 

7 . 3 / 2 . 4 1 2 . 3 1 5 ? 
. 1 4 . 1 3 • 0 8 I t 
. 6 7 1 . 0 6 7 3 

w 
7 9 

4 . 2 5 9 . 6 4 3 2 9 . 5 3 
. 2 4 . 2 6 1 6 2 3 
. 3 2 . 2 4 2 5 3 2 

U . U O 0 . 0 0 0 . 0 0 0 . 0 3 
9 A . 4 9 OA . 0 3 9 7 . 8 6 9 3 . 2 9 

. 1 3 . 1 0 • 1 1 1 3 
9 4 . 3 6 9 J . 4 3 9 7 . 7 5 9 3 . 1 6 

6 . 7 2 3 ft 6 . 5 3 4 4 7 . 5 3 2 • 6 . 5 8 4 1 
1 . 2 7 7 1 . 0 0 0 1 . 4 6 6 7 3 . 0 0 0 . 4 6 8 8 . 0 0 0 1 . 4 1 6 8 . 3 ) 3 
3 . 4 6 2 ft 3 . 4 6 0 4 3 . 3 3 2 4 3 . 4 5 2 ft . U 0 5 ft . 0 1 1 ft . 0 0 7 ft . 0 1 1 ft . U O 1 ft U . O O O ft 0 . 0 0 0 • 0 . 0 0 0 ft . U 2 B ft . 0 4 9 ft . 0 0 8 * . 0 2 1 ft . 4 6 8 ft . 4 4 3 ft . 4 3 1 • . 5 0 8 ft O . U O U 3 . 9 6 6 0 . o o o 4 . 0 0 3 0 . 0 0 0 3 . 7 7 8 0 . 0 0 0 3 . 7 7 3 

. 0 6 2 4 . 0 6 M ft . 0 3 9 4 . 0 6 0 » . 0 2 0 4 . 0 1 4 ft . 0 1 1 ft . 0 1 6 ft . 0 3 6 4 . 0 5 6 ft . 0 3 6 • • 0 4 2 ft I . 6 6 2 1 . 6 7 R 1 . 6 5 2 I . 7 9 4 1 . 3 3 0 1 . 4 1 5 1 . 6 3 9 1 . 7 5 5 
. 1 3 4 4 . 1 0 2 * . 0 9 4 4 . 1 3 6 ft 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 O . O O O 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 3 . 3 0 0 

7 7 . 0 0 0 4 2 2 . 0 0 0 4 7 7 . 0 0 0 ft 2 2 . 0 0 0 ft . 0 5 9 . 1 0 2 . 0 1 9 . 0 4 ? 
. 0 5 6 . 0 9 J . 0 1 9 . 0 * 3 

5 K F L F G R M I C A 
u M O S C 
/ M A i S M I C A I N 0 1 7 R I C H A R E A 
8 M I L A 



f " * * ™ ^ r ~ " " ~ 4 | ^ \ I 1 

S U P F P P F T A L A P t ' F . O 1 * 1 : M u S i n v I I r 
1 0 1 1 

S i n ? 4 9 . A O 4 0 . 0 ? s i . o n 
T L <V . o n , u / . i n 

211 . 4 n 3 ^ . 3 t , . 2 7 
C 2 P 3 0 . OO . U 6 , 0 7 
MNCt 0 . 0 0 J . o n U . U " 1 

F t n , I 7 . U 7 o . o n 
M e n B 4 2 . A 7 2 . 7 6 
C A f l 1 1 . U " . 1 0 
HAP. 7 2 . i l . 0 ? 
< en 4 . s i 4 . 3 7 0 . 4 1 
N A 2 H / 1 . 1 1 . t 0 
F •. | . 7 1 1 . 5 1 
C L 0 . 0 0 0 . u n u . u n 
S U M j ' . *>K . 11 1 0 ) . 74 
- I t - c T L . 1 A . i n . 6 4 
S U M 0 1 . •17 . U l i n j . i n 

s i 6 . 7 S A t. , t 9 A t 6 . 3 5 / ft 
A L 1 .1 4 6 i . n o " 1 o n . , A . n u n I . 6 4 1 H . O u O 
A L I . J 1 1 •> 3 . * , I •> * 1 . > 4 7 ft 
1 I •> . 0 0 7 * . u o o * 

C » •J • U l U 4 . O O o . 0 0 7 • 
F F . o n 1 . u n u * u . u n u * 
n r . . 5 7 9 ft . n tt * . 4 '.' > ft 
M N U . U O O 1 . 0 AO 0 . u n u 4 . 0 2 4 U . U O O 4 , 0 0 7 
NA . U * M , * . o 2 a ft . 0 4 7 * 
C * . 0 1 4 * . U l 1 . 0 1 J * 
H A . 0 1 b « . 0 5 0 ft . 0 A j ft 
K 1 . 6 6 A 1 . 7 6 7 1 . t , 6 o 1 . 7 5 " l . J 6 o 1 . 4 1 , 9 
F . t * * 6 ft . U ' t u ft . 5 7 ^ ft 
C L o . u o o 0 . 0 0 0 u . U O U n . o u n u . o n u n . o o n 

l l 2 2 . 0 0 0 * 71 . o n u ft 2 2 . 0 0 0 <• 
F / M . 0 3 4 . U l o u . u o o 
F / F H . 0 3 2 . U l u u . u n u 

A h l C H L O R I T E A 4 A L T S F S » T 5 X A Y CM F t < , B . C . 

9 " A S S U N F n L M ( C A 
i n M J T A : n A R K F W L F N I k r 
J l M K A 111 C . r K IIA 7 i P l l 
1 2 M i ' s c 

I 2 
4 1 3 . 139 

. 1 1 
1 1 . 7 9 

O . U O 
o .uo 

. U 5 
2 . 4 2 

. 0 7 
1 . 0 3 
o . 7 7 

. I 7 

. 4 4 
0 . 0 0 

9 - , . 7 H 
. 2 1 

4 A . 1 7 

u 
7 2 

6 . 4 9 ^ 
1 . 5 0 1 
J • A R U 

. O i l 
u . O O U 

. o n 7 
• 4 9 0 

u . u n u 
. U < " « 
. U l J 
. Ur>2 

1 . 1 , 5 7 
. 7 0 6 

U O U 
u'>u 

4 . O U O 

* 
3 . 9 7 P 

ft 
» 
ft 

1 . 7 6 6 
ft 

0 . 0 U 0 
ft 

. U I 4 
. 0 14 

9 A 

6 . B 0 5 
1 . 1 4 5 
J . 5 2 3 

. 0 0 b 

. 0 0 1 
0 . 0 0 0 

. 5 1 4 

. U 0 2 

. U 2 5 
. U 2 4 
. U 3 7 

1 . 2 2 4 
. 1 9 4 

o.uou 
2 2 . U O U 

1 3 
5 2 . 5 3 

• U P 
3 U . 4 1 

. 0 1 

. U 2 
U . U O 
2 . b 6 

. 1 7 

. 7 2 
7 1 

. 1 0 

. 4 5 
0 . 0 0 

9 6 . 0 6 
. 1 9 
,n 7 

* 
P . 0 0 0 

A . 0 4 B 

t . i D 

o.ouo « 
. 0 0 4 
. 0 0 4 

1 4 
4 7 . 3 4 

0 . 0 0 
1 0 . 7 5 

. 0 2 
0 . 0 0 

. 1 0 
2 . 6 6 

. 1 4 
• B 3 

9 . 4 9 
. 1 9 
. 3 0 

U . U O 
9 1 . 0 1 

. 1 3 
9 1 . 6 9 

1 5 
5 1 . 1 9 

. 0 6 
3 2 . 0 0 

U . U O 
. 0 6 
. 1 9 

2 . 6 9 
. 1 1 
. 7 9 

9 . 0 4 
. 1 1 
. 7 9 

0 . 0 0 
9 6 . 0 2 

. 3 3 
9 5 . 6 9 

1 6 
5 1 . 2 9 

. 0 5 
3 0 . 4 2 

0 . 0 0 
0 . 0 0 

. 1 2 
2 . 5 4 

. 1 4 

. 9 4 
H . 4 2 

. 2 3 
. 3 3 

0 . 0 0 
9 5 . 3 7 

. 1 4 
9 5 . 2 3 

6 . 4 9 7 * 6 . 6 1 9 • 6 . 7 1 1 ft 1 . 5 0 3 9 . 0 0 0 1 . 3 9 2 9 . 0 0 0 1 . 2 5 9 9 . 3 3 3 
3 . 4 7 0 ft 3 . 4 9 2 * 3 . 4 7 4 ft 0 . 0 0 0 • . 0 0 6 * . 0 0 5 ft . 0 0 7 * 0 . 0 0 0 ft O.UOU ft . 0 1 1 ft . 0 2 1 ft . 0 1 3 ft . 6 4 4 ft . 5 1 0 * . 4 9 5 ft 0 . 0 0 0 4 . 0 2 7 . 0 0 7 4 , 0 4 3 0 . 0 0 0 3 . 7 7 2 

. 0 5 1 ft . 0 2 9 ft . 0 5 b » 
. 0 2 1 ft . 0 1 5 * . 0 2 0 ft . 0 4 5 * . 0 4 0 * . 0 4 3 ft 1 . 6 5 9 1 . 7 7 5 1 . 3 2 6 1 . 4 0 9 1 . 4 9 9 1 . 5 1 3 
. 1 3 0 ft . 3 2 3 • . 1 3 7 ft 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 3 3 3 

2 2 . 0 0 0 ft 2 2 . 0 0 0 * 2 2 . 0 0 0 ft . 0 2 1 . 0 5 2 . 0 2 7 
. 0 2 1 . 0 5 0 • 0 ? 6 

1 3 U 4 R < C E N T R E O O M A I N r M U S C 
l A A O J B R 7 0 N I - M I L A 
1 5 M U S C 
1 6 F O l M I C A U l Ui LO>JC P Y 
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