
600065 
ZEBALLOS ORES 

Zeballos River Area. 

Vancouver I s l a n d 

fey 
R. F. Ohlson 

Geology 9 February 1939 



INDEX 

Page 
I n t r o d u c t i o n 1 
Lo c a t i o n 2 
A c c e s s a b i l i t y 2 
Topography 3 

Climate 4 
H i s t o r y 4 
General Geology 5 
Economic Geology 7 
Mineralogy 10 

The Minerals 10 
Ores 

P e e r l e s s 13 

P r i v a t e e r 15 
Gold Peals 16 
T r i t e s 17 

Conclusions IS 

Addenda 
Engineer 20 
Delphine 20 

P l a t e s of Microscopic Sections 22 
Map of the Zeballos Area 29 



-1 -

ZEBALLOS ORE 

INTRODUCTION: 
The f o l l o w i n g i s a report based on p u b l i c a t i o n s on 

the area s i n c e 1930 by the f o l l o w i n g : -
(1) Stevenson J.S. : Annual Report of the B r i t i s h 

Columbia M i n i s t e r of Mines, 1935» pages F 38 to 
F 40, i n c l u s i v e . 

(2) Stevenson J.S. : Lode Gold Deposits of the 
Zeballos Area, 1937, made f o r the B.C. Depart­
ment of Mines. 

(3) Gunning Hi-C. : G e o l o g i c a l Survey of Canada, 
Summary Report, 1932, Part A - 2 , pages 29 to .50, 

Zeballos R i v e r Area, Vancouver I s l a n d , B.C. 
(4) Bancroft M.F. : Geolog i c a l Survey of Canada, 

Memoir 204, 1937, Gold-bearing Deposits ofthe 
West Coast of Vancouver Island between Esperanza 
I n l e t and A l b e r n i Canal. 

( 5 | C l o t h i e r G.A• : Annual Report of the B r i t i s h 
Columbia M i n i s t e r of Mines, 1929, page 376: 1930 

page 441: 1932, page 205: 1933, page 252 to 254. 

(6) Recent newspaper comments On the area w i t h regard 
to mining and m i l l i n g a c t i v i t i e s and gold output 
of some of the mines as t o l d i n "The Vancouver 
Province " and "The News Herald". 

I should l i k e to thank Dr. Warren of the G e o l o g i c a l 



Department of the U n i v e r s i t y of B r i t i s h Columbia f o r h i s 
generous advice and a s s i s t a n c e i n o b t a i n i n g the samples and 
h e l p i n g me to c o - r e l a t e the minerals examined i n s e c t i o n s 
made from the group of p r o p e r t i e s s t u d i e d . 
LOCATION: 

The Zeballos area i s l o c a t e d on the Zeballos r i v e r 
which drains i n t o Esperanza i n l e t on the west coast of 
Vancouver I s l a n d about 180 miles n o r t h ot V i c t o r i a . The 
l a t i t u d e i s 50° n o r t h and l o n g i t u d e 126° 50 ' west. I t i n c l u d 
the v a l l e y of the/river and i t s watershed i n c l u d i n g Van I s l e , 
Spud, G-oldvalley, Bibb,Granite and Lime creeks with the two 
main t r i b u t a r i e s Nomash creek and the drainage from Z e b a l l o s 
l a k e . The main development so f a r i s on the watershed w i t h i n 
f i v e miles of the town of Zeballos s i t u a t e d at t i d e water on 
Esperanza i n l e t at the r i v e r mouth. The population i s at 
present over one thousand;; persons; Acontaining a p o s t - o f f i c e , 
deputy mining recorder's o f f i c e , general s t o r e , and e t c . 
AC CESSABILITY: 

Due to the c o a s t a l l o c a t i o n , cheap t r a n s p o r t a t i o n 
and communication i s a v a i l a b e through Canadian P a c i f i c Steam­
ships which maintain a t r i m o n t h l y s e r v i c e , l e a v i n g V i c t o r i a 
on the f i r s t , eleventh, and twenty f i r s t of each month and 
a r r i v i n g at Zeballos at noon of the t h i r d day. This along 
w i t h Frank Waterhouse Steamers w i l l be a u s e f u l o u t l e t i n the 
event that l a r g e q u a n t i t i e s of concentrates f o r smelters, 
need to be shipped out. The area i s only two hours by plane 



from Vancouver by e i t h e r Canadian Airways L i m i t e d or Ginger 
Coote Airways. Good unloading f a c i l i t i e s are provided at the 
beach by a government dock f o r steamers and a f l o a t i n g dock 
f o r aeroplanes- In the immediate v i c i n i t y i s a truck road, 
usable i n p r a c t i c a l l y a l l w e a t h e r , up the main v a l l e y to Spud 
creek and up t h i s creek to the G o l d f i e l d s property, and by 
t r a i l up the main v a l l e y as f a r as the North S t a r property. 

TOPOGRAPHY: 
Zeballos i s very rugged, being a part of the west 

s i d e of the Vancouver I s l a n d small range of the I n s u l a r 
Mountain system, and'having a ver^^rregular fjorded coast 
l i n e t r e n d i n g N55° West. J u s t south of here,behind Nootka 
Sound, are the highest mountains on the Island, grading to 
those w i t h l e s s a l t i t u d e i n the north and south from a 
maximum of 7000 f e e t . Esperanza I n l e t i s no doubt, an o l d 
drowned r i v e r v a l l e y where the a l p i n e g l a c i e r s moved out 
towards the P a c i f i c . In the main Ze b a l l o s R i v e r v a l l e y 
there i s a canyon h a l f a m i l e long, two-thirds of a m i l e 

up from tidewater. Above t h i s the r i v e r flows on a g r a v e l 
bottom 2 to 400 f e e t wide and f u r t h e r upstream i t often 

disappears underground i n channels i n limestone. The 
t r i b u t a r y ' c r e e k s flow i n narrow v a l l e y s and come i n t o the 
main v a l l e y on steep gradients of 6uu to 800 feet per m i l e . 

These might be used s u c c e s s f u l l y to generate e l e c t r i c power. 
Mountains on e i t h e r s i d e r i s e t o a-hight of 4000 f e e t . These 
erosion mountains show g e o l o g i c a l l y advanced youth as shown 
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by t h e i r k i i f e l i k e edges and deep "V" v a l l e y s cut by g l a c i a l 
drainage, and i s o l a t e d i c e , and c l u s t e r e d mountain peaks. The 
slopes of these are h e a v i l y wooded by a stand of good timber 
w i t h no excessive undergrowth. The timber includes hemlock, 
cedar, f i r and balsam. One of the best remaining stands of 
Douglas f i r on the I s l a n d i s i n the upper Nimpkish v a l l e y . 

The worst underbrush i s 1 to 2 miles from s a l t water. The 
trees serve as b u i l d i n g f o r m i l l s and houses, f u e l , and f o r 
mine timbers. Z e b a l l o s Lake at an e l e v a t i o n of 1046 feet 
i s h a l f a mile above the fork of the r i v e r , s l i g h t l y over 
7 miles from the townsite. The woods, and a f a i r l y heavy 
overburden make prospecting an. d overland t r a v e l d i f f i c u l t 
to impossible on the slopes, and as a r e s u l t p r a c t i c a l l y a l l 
v e i n d i s c o v e r i e s have been made i n creek beds. 

CLIMATE; 
Zeballos has one of the heaviest r a i n f a l l s on the 

west coast, and although no accurate records have been kept, 
i t i s estimated an average of 100 inches per annum f a l l s . 
The major part of t h i s f a l l s between September ??nd May, and 
two to three inches of snow near sea l e v e l are considered 
excessive, whereas, snow higher up i s tremendous as i t remains 
i n q u a n t i t y t i l l on i n t o June and J u l y . Winter however i s 
g e n e r a l l y short and no extremely cold weather Is experienced. 

HISTORY: 
1899 -- W i l l i a m J . Sutton and Carmichael, found quartz v e i n s 



near the A l b e r n i e Canal w i t h values of gold and 
s i l v e r and advised prospecting. 

1902 — Haycock and Webster worked along the west coast, 
: being i n t e r e s t e d mainly i n copper, gold and magne­

t i t e ores . 

1920 — V. Dolmage, d i d s h o r e l i n e mapping and geology 
i n c l u d i n g Z e b a l l o s . 

1932 — H. C. Gunning reported on the Zeballos area o f f 
Esperanza I n l e t . 

1933 Gold was found i n the g r a n o - d i o r i t e which up to t h i s 
time was b e l i e v e d unproductive and avoided. Here 
gold was found i n f l o a t i n the bed of Spud Creek. 
At present 25 companies hold 258 claims and 8 

f r a c t i o n s ( Oct. 24/38. ) most of them having been staked 
s i n c e 1932. Three m i l l s , P r i v a t e e r , Ray Oro and Spud V a l l e y 
Ore are i n operation at present, the f i r s t gold from these 
being shipped out i n October 1938 when Ray Oro sent a b r i c k 
of 260 ounces of gold to Vancouver. The f i r s t P r i v a t e e r 
b r i c k was sent out i n mid-October valued at $ 4 9 , 0 0 0 . In 
November the production increased to 4 n r , 9 H from 2,288 tons 
of ore g i v i n g 3 ,332.86 ounces of gold and 1,111.89 ounces of 
s l i v e r . 

GENERAL GEOLOGY: 
The general trend of the outcropping formations i s 

p a r a l l e l to the mountain system, north-westerly, s o u t h - e a s t e r l y . 
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The main b e l t i s the Zeballos b a t h o l i t h which crosses the r i v e r 
about four miles from the mouth and i s three quarters of a mile 
wide, d i v e r g i n g to more than twice t h i s width on both sides 
of the r i v e r . W ithin the area i t i s composed mainly of 
g r a n o d i o r i t e though v a r y i n g i n other l o c a l i t i e s from gabbro 
to quartz monzonite. This b a t h o l i t h has intruded the upper 
T r i a s s i c sedements or Vancouver group, and Is assuned to be 
of J u r a s s i c age. Northwest of t h i s band, averaging about a 
mile wide i s the Quatsino formation. I t c o n s i s t s of s e v e r a l 
hundred f e e t of pure dark grey to white c r y s t a l l i n e limestone 
w i t h minor i n t e r c o l a t i o n s of green flows and f i n e grained 
grey-green or brown t u f f s . This i s the middle s e r i e s of these 
upper T r i a s s i c beds and dips mainly towards the b a t h o l i t h at 
about 25° to 45° being folded and f a u l t e d on the Zeballos 

R i v e r a m i l e above the j u n c t i o n w i t h Nomash Creek. Northeast 
of t h i s and l y i n g conformably beneath w i t h a sharp contact i s 
an o l d e r , wide, extensive band of Karmutsen v o l c a n i c s com­
p r i s i n g andesite to b a s a l t w i t h some t u f f , and l e n t i c u l a r beds 
of limestone. The v o l c a n i c rocks are dark green to black, 
w i t h b r e c c i a , amygdaloidal, and p i l l o w l a v a s t r u c t u r e s . South­
west of the g r a n i t e i s the uppermost s e r i e s , the Bonanza group 
d e f i n a t e l y upper T r i a s s i c , of andesite, d a c i t e , r h y o l i t e , 
seme b a s a l t , b r e c c i a , t u f f , a r g e l l i t e and limestone. The 
v o l c a n i c flows and interbedded sediments r e s t conformably on 
the Quatsino limestone and contain many amygdaloid and p i l l o w 
s t r u c t u r e s and c o n t a i n i n g mainly a more a c i d i c , green and 



grey andesite. The Recent alluvium and g l a c i a l d r i f t i s found 
i n the r i v e r bottom up to one h a l f mile i n width, and i s 
q u i t e continuous from Nomash Creek j u n c t i o n downstream. 

The s t r u c t u r e s of the Vancouver group are mainly 
monoclinal f o l d s , but the formations are badly broken up w i t h 
f o l d s overturned both west and east. This f o l d i n g has been 
accompanied or followed by f a u l t i n g . The most important 
f a u l t t r e n t s s l i g h t l y west of north along, the no r t h fork of 
the Zeballos River and dips s t e e p l y east where abserved. 
The east side i s b e l i e v e d to have moved down and west i n r e ­
l a t i o n to the west aide. The pre-mineral f a u l t s and 
f r a c t u r i n g cut the fo l d e d rocks and t h e i r included b a t h o l i t h s 
i n such a way as to develop major shears along northwest-
southeast l i n e s and minor shears counter to the regional trend. 
The m a j o r i t y of known gold-bearing veins on Vancouver I s l a n d 
s t r i k e northeast and southwest, and such veins are p a r t i c u l a r l y 
w e l l defined i n the g r a n o d i o r i t e of the Zeballos mineral area. 

The veins show pronounced ribbon s t r u c t u r e , due to f r a c t u r e 
planes. The accompanying g e o l o g i c a l map i n d i c a t e s the geolog­
i c a l Contacts • f a u l t s and some topographical f e a t u r e s . This 
map was adopted from the g e o l o g i c a l survey of Canada; Woss 
Lake, West H a l f . 

ECONOMIC GEOLOGY: 
In the Zeballos area the ore Is mined mainly f o r the 

gold and s i l v e r v a lues, though considerable z i n c , copper and 
lead occur i n some of the veins i n a s s o c i a t i o n w i t h t h e 
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precious metals. S i l v e r on the west coast i s u s u a l l y present 
i n t e t r a h r e d r i t e but none was found i n any of the ores ex­
amined. Gold deposits of the region are of d i f f e r e n t types, 
from high temperature, deep-seated deposits to low temperature 
deposits some dista n c e removed from igneous contacts. In 

Zeballos there are vari o u s types represented i n the Vancouver 
v o l c a n i c s and the Zeballos g r a n o d i o r i t e , the gold ores 
ranging from extremely complex ones to simple quartz veins 
c a r r y i n g n a t i v e gold and a u r i f e r o u s p y r i t e . In the main the 
veins occupy f r a c t u r e s and f r a c t u r e zones, s t r i k i n g n o r t h 
73° to north 30° e a s t . I t i s apparent that these are almost at 
r i g h t angles to the general trend of the formations. There 
are four types of f r a c t u r e s c o n t a i n i n g gold deposits as l a i d 
down by J . S. Stevenson; 

(1) ;Clean-cut, s i n g l e f i s s u r e s i n the g r a n d o d i o r i t e 
which are completely f i l l e d w i t h quartz-sulphide veins; such 
vei n s may range from 1/4 to 6 inches i n width. 

(2) Clean-cut f i s s u e s i n e i t h e r greenstone or grano­
d i o r i t e , completely f i l l e d by quartz and abundant sulphides, 
but whichrtend to weave s l i g h t l y and to have branch quartz-
s u l p h i d t e s t r i n g e r s coming i n from a s i d e . 

(3) Composite fracture-zones, i n e i t h e r greenstone 
ore g r a n o d i o r i t e , that range from 4 inches to 4 feet i n width; 
these' c o n s i s t mostly of crushed, leached rock, t a l c o s e gouge, 
and varying amounts of quartz-sulphide vein-matter• The v e i n -
matter u s u a l l y occurs as a s i n g l e band that ranges from lenses 
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3 f e e t t h i c k to hands of more constant widths, from 6 inches 
to a mere s t r i n g e r ; the v e i n m a t e r i a l may even die out complete 
l y , hut i t may occur f a r t h e r along i n the same shear. 

(4J Sheeted zones, up to 4 feet i n width, that con­
s i s t of j o i n t s spaced 2 to 8 inches apart and which contain 
e i t h e r gouge-seams or l/8 to 1/2 inch quartz-sulphide s t r i n g e r s 

There are, according to K. C. Gunning, four types 
of mineral deposits a l l of which are toelieved to be r e l a t e d 
to the coast range i n t r u s i v e . 

(1) Pyrometasomatic or contact metamorphic replace­
ment i n limestone and calcareous sediments and l e s s commonly 
i n flows and fragrnental v o l c a n i c s . Thes contain c h a l c o p y r i t e 
s p h a l e r i t e and. some magnetite but not much gold. 

(2) Replacements i n v o l c a n i c s or calcareous 
sediments but of a lower temperature. 

(3) Veins of quarts , and quartz and c a l c i t e 
contain gold plus c h a l c o p y r i t e , p y r i t e , p y r r h o t i t e , galena, 
s p h a l e r i t e and a r s e n o p y r i t e found i n flows and tuffaceous 
sediments, are a l a t e r low temperature phase. 

(4) Some gravels of Zeballos contain gold, and 
f i v e or s i x ounces were recovered i n 1932. 

The main number of p r o p e r t i e s , so f a r l i e e i t h e r 
i n the g r a n o d i o r i t e or the Bonanza v o l c a n i c s near the south­
w e s t e r l y contact. At the P r i v a t e e r mine the veins run i n 
the sediments normal to the sediment-granodiorite contact. 
Underground the veins have pushed through a number of grano-



d i e - r i t e tongues w i t h no apparent change i n value i n the v e i n s , 
however the pre-mineral f a u l t i n g which caused the sheer zone 
has a f f e c t e d d e p o s i t i o n since the veins f i n g e r out i n t o the 
shee r i n g , 
MINERALOGY: 

The various megoscopic and microscopic observations 
of each ore studied w i l l be given and an attempt made to give 
a paragenesis of the mineral occurences of each d e p o s i t . 
For t h i s determination the ideas of B a s t i n were used as l a i d 
down i n Economic Geology, volume #26, September 1931, page 561. 
Lindgren does not put much f a i t h i n the microscopic mehtods 
used f o r determining ore r e l a t i o n s an d explains several 
pseudo-eutectic types i n Economic Geology, Vol #25* page 1 
and page 658 to s u b s t a n t i a t e h i s b e l i e f s ; however there i s 
no doubt that c e r t a i n age r e l a t i o n s may be postulated w i t h 
a considerable degree of c e r t a i n t y from a microscopic study of 
pol i s h e d s e c t i o n s , 

The Minerals_;_ 
Gold: The most important of the economic minerals 

now mined i n Zeballos, from which age r e l a t i o n s could be 
0/7/y 

detirmined, was found to o c c u r A i n the samples of the T r i t e s ore. 
Here i t i s q u i t e course and as a l a t e mineral associated 
c l o s e l y In contact w i t h galena, though not included i n i t ; 
secondly In f r a c t u r e s i i p y r i t e and t h i r d l y occuring w i t h 
s p h a l e r i t e , galena and sometimes quartz w i t h mutual boundaries. 
The gold apparently shows a preference to r e p l a c i n g p y r i t e 
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rather than quartz as I t Is never found unless i t i s i n 
contact w i t h s u l p h i d e s , and seldomn without galena or s p h a l ­
e r i t e being i n c l o s e v i s c i n i t y . No source of the high s i l v e r 
production of Zeballos was found though t e t r a h e d r i t e i s s a i d 
to be the source mineral . 

P y r i t e ; This i s the most abundent mineral i n most 
sections c o n s t i t u t i n g about 50$ of sulphides observed. I t 
i s d i s t i n c t l y the e a r l i e s t sulphide, f i l l i n g the primary f i s s u r e s 
and being l a t e r f r a c t u r e d p e r m i t t i n g the l a t e r incoming of the 
quartz and sulphides at a p o s s i b l e lower temperature. For the 
p y r i t e i t was decidedly d i f f i c u l t to ob t a i n a good p o l i s h 
due to f r a c t u r e s and hard r e s i s t a n t p r o p e r t i e s of the m i n e r a l . 

Galena; I t i s determined by i t s t r i a n g u l a r p i t s 
showing the cubic cleavage. I t i s l a t e r than the p y r i t e and 
deformed only s l i t l y as i n the Writes s e c t i o n s . I t occurs 
e x c l u s i v e l y r e p l a c i n g p y r i t e i n the f r a c t u r e s and along margins 
of g r a i n s . 

S p h a l e r i t e ; This i n a l l cases small to l a r g e amounts 
of exsolved c h a l c o p y r i t e which c r y s t a l l i s e d out along c r y s t a l 
boundaries when the s o l u t i o n s cooled, due to a reduced power 
of s o l u b i l i t y of s p h a l e r i t e at lower temperature as explained 
by Newhouse i n Economic Geology 1930. The s p h a l e r i t e i s 
contemporaneous i n most cases w i t h the galena and seperate 
c h a l c o p y r i t e occurences. 

C h a l c o p y r i t e ; This occurs as regular blebs or 
s t r i n g e r s i n the sphalerate as explained, and a l s o as a 
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d i s t i n c t l y seperate mineral approximately the same age as t 
the s p h a l e r i t e and galena. This appears to he the c h a l c o p y r i t e 
which the s p h a l e r i t e was unable to take i n t o s o l u t i o n even 
at a high temperature, as i t appears that the s e c t i o n w i t h 
f r e e c h a l c o p y r i t e have the greater amount of c h a l c o p y r i t e i n 
the s p h a l e r i t e . 

F y r r h o t i t e ; This mineral occurs i n most of the ores 
and i s thought to b e l a t e r than the p y r i t e , s i n c e i n no 
cases i s i t f r a c t u r e d and skeleton s t r u c t u r e s i n d i c a t e that 
the p y r i t e has been replaced by i t . Though many w r i t e r s 
b e l i e v e p y r r h o t i t e to be a high temperature mine r a l . , i t appears 
here to be d i s t i n c t l y mesother.nal having mutual boundaries 
w i t h s p h a l e r i t e and w i t h the c h a l c o p y r i t e as seen i n the Peer­
l e s s s e c t i o n , ( p l a t e #4) In t h i s l a t t e r s e c t i o n i t i s h i g h l y 
twinned and i s very d i f f i c u l t to t e l l from cubanite as no 
microchemical t e s t s could be made without i n c l u d i n g some 
c h a l c o p y r i t e to give a p o s i t i v e copper t e s t . A l l occurences 
appear to be w e l l twinned and very h i g h l y a n i s o t r o p i c , the 
co l o r s comparing w i t h those of pyrrhotite i n other s e c t i o n s . 
No gold i s found i n contact w i t h i t however, so i t s presence 
does not seem important here, 

Q,uartz; This i s i n most cases l a t e r than the«pyrite 
though i t too i s f r a c t u r e d i n the Gold Peak ore, ( p l a t e #3) 
and was younger i n some P r i v a t e e r s e c t i o n s of Mr. Lanb, that 
were examined. ^here has e v i d e n t l y been a c o n t i n u a l i n f l u x 
of quartz throughtout the formation of the mineral deposits 
since i t appears to have mutual boundaries w i t h a l l minerals 
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i n some s e c t i o n or other, unless i t be the P y r i t e i n Gold 
Peak which s t i l l might have pushed the quartz aside to form 
c r y s t a l s due to p y r i t e ' s strong c r y s t a l l i z i n g powers. I t i s 
found to be l a t e r than the gold i n T r i t e s #2. 

Ars e n o p y r i t e ; This occurs qu i t e frequently r e p l a c i n g 
p y r r h o t i t e along the boundaries ( p l a t e #4) and a l s o r e p l a c i n g 
p y r i t e and quartz. The mineral shows a tendency p r e f e r e n t i a l 
replacement of quartz and i s t y p i c a l l y found as galena-white 

-diamond shaped c r y s t a l s i n i t . No l a r g e c r y s t a l occurences 
were found and i t s t o t a l percentage volume of the ore i s very 
s m a l l . 

O R E S 

PEERLESS: 
Only one s e c t i o n of Pee r l e s s was made as t h i s appeared 

to have a l l of the a s s o c i a t i o n s of the major part of thefiiinerals 
gold being d i f f i c u l t to f i n d i n any s e c t i o n and depending 
considerably on l u c k , though through persistance,and an ample 
supply of ore In which i t was c e r t a i n gold existediwould no 
doubt reveal i t s a s s o c i a t i o n . I t i s however believed i n t h i s 
d i s t r i c t that the gold has mainly the same type of occurence 
throughout and can thus be c o r r e l a t e d from t h ^ t of one property 
to another. iAegoscopically the ore i s i n bands and shows a 
sucession of d e p o s i t i o n as p y r i t e , then quartz and l a t e r 
s p h a l e r i t e and qua r t z . 

Pfi?rogenesis_ 
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P y r i t e 1 
A r s e n o p y r l t e ) • 
Quartz \ 
S p h a l e r i t e j . 
C h a l c o p y r i t e j • 
Galena j _ 
P y r r h o t i t e | 

P y r i t e was the f i r s t mineral deposited, p o s s i b l y 
i n a f r a c t u r e zone as a f i s s u r e d e p o s i t . This was h i g h l y 
f r a c t u r e d and p a r t l y c a r r i e d away, replaced d i s s o l v e d by 
l a t e r hydrothermal s o l u t i o n s . The f r a c t u r i n g was followed by 
incoming quartz which was l a t e r replaced by s p h a l e r i t e w i t h 
a small amount of exsolved c h a l c o p y r i t e . The c h a l c o p y r i t e 
disceminated i n the s p h a l e r i t e i s extremely f i n e grained. 
F o l l o w i n g these minerals was an i n f l u x of contemporaneous 
galena and c h a l c o p y r i t e . In a l l cases a h i g h l y twinned 
p y r r h o t i t e appears to be c l o s e l y associated with t h i s l a t e r 
galena and c h a l c o p y r i t e , e s p e c i a l l y along the borders of the 
l a t t e r w i t h s t r e i g h t l i n e c o n t a c t s . A small amount of 
a r s e n o p y r l t e occurs that d i s t i n c t l y o l d e r than the galena, 
c h a l c o p y r i t e and s p h a l e r i t e s i n c e i t has been replaced by 
them, but none was found i n contact w i t h the p y r i t e . I t i s 
however believed to be l a t e r than the p y r i t e as i t i s 
u n f r a c t u r e d . Much of the quartz shows an indented sucession 
of convex curved surfaces to galena and s h p a l e r i t e showing 
the method of replacement by the s u l p h i d e s . Many euhedral 
c r y s t a l s of quartz a l s o stand out i n c h a l c o p y r i t e , galena and 
s p h a l e r i t e i n d i c a t i n g a loose c r y s t a l l i n e structue p e r m i t t i n g 
the i n f l u x of the s u l p h i d e s ; but these c r y s t a l faces show 
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only s l i g h t replacement and miner c a v i t i e s w i t h i n , i n d i c a t i n g 
how c r y s t a l s are more r e s i s t a n t than n o n c r y s t a l l i n e or broken 
up minerals to replacement by s o l u t i o n s , 

PRIVATEERS . 
Eight s e c t i o n s were stud i e d i n c l u d i n g s i x belonging 

to Mr. J . Lamb, which he so k i n d l y permitted me to examine. 
In the hand specimens the ore i s a t y p i c a l coarse banded 
v e i n type w i t h a band of quartz then a band |- inch wide of 
s p h a l e r i t e , galena and quartz, then a -J- to 1 inch band of 
p y r i t e w i t h some c h a l c o p y r i t e i n quartz, followed by very 
coarse t r a n s l u s c e n t quartz c r y s t a l s 2 inches l o n g . A l l 
minerals have comparatively coarse c r y s t a l s , and the gold 
i s a l s o said to be mainly q u i t e coarse. The ore veins 
vary i n width from 4 inches to 24 inches but u s u a l l y average 
about 10 to 11 Inches. 

Pgrrc£enes_is; 

Quartz I I — 
P y r i t e £ } 
Arse n o p y r i t e \ i 
P y r r h o t i t e \ * 
Galena j I -
C h a l c o p y r i t e j ' 
S p h a l e r i t e i * • — 
L l a r c a s i t e . j 
C a l c i t e ? * 

P y r i t e and arsenopy r i t e are contemporaneous and 
have both been s l i g h t l y f r a c t u r e d . Next was a generation 
of quartz and then more arsenopy r i t e and l a t e r galena, 
c h a l c o p y r i t e and s p h a l e r i t e . These were s l i g h t l y f r a c t u r e d 
and quartz has come i n along the f r a c t u r e s . No gold was 
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v i s i b l e except i n ore s e c t i o n made by Mr- Lamb, where the 
age of the mineral could not be determined, ( p l a t e #2a) . 
Some very small occurences of marcasite are found f i l l i n g 
the l a t e f r a c t u r e s . 

Some pieces of p y r i t e have been d i s s o l v e d and 
c a r r i e d away l e a v i n g only a rim of the former c r y s t a l . Some 
of these vacancies have been p a r t l y f i l l e d by p y r r h o t i t e 
but the lar g e number i n the b a k a l i t e sections remain un­
occupied except f o r p o s s i b l y a s l i g h t covering of c a c i t e , 
s i n c e the cavaties efforvesced v i g o r o u s l y on the a p p l i c a t i o n 
of 1:1 HNO-̂ . These outer rims are almost always i n contact 
w i t h quartz. One s e c t i o n made' by Mr. Lamb i s almost complet-
l y p y r r h o t i t e i n quartz w i t h a rim of p y r i t e around the p y r r ­
h o t i t e i n a l l cases. I t appears that hydrothermal s o l u t i o n s 
have a l t e r e d the p y r i t e to p y r r h o t i t e except that small f r i n g ­
es i n contact w i t h the qua r t z . Further study might r e v e a l 
a reasorr. f o r t h i s phenomena. 

GOLD P£AK: 
The ore i s very f r i a b l e and as a r e s u l t aections 

were made by crushing the ore and mixing i t with a percent­
age of b a k e l i t e . F i v e s e c t i o n s were made i n an attempt to 
f i n d the a s s o c i a t i o n o f the gold but none was found. 

Here the a s s o c i a t i o n i s s i m i l a r t o the P r i v a t e e r 

only no p y r r h o t i t e was found 
P a r a m n e s i a : 
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P y r i t e 
Quartz 
Ars e n o p y r i t e 
Galena 
S p h a l e r i t e 
C h a l c o p y r i t e i 

{ 
P y r i t e i s e a r l i e s t as galena i s found around i t . 

C h a l c o p y r i t e and s p h a l e r i t e are l a t e r than some of the galena 
because they have entered i n t o f r a c t u r e s along shattered 
c r y s t a l s of galena. Numerous arsenopy r i t e diamond shaped 
c r y a s t a l s are found i n the quartz r e p l a c i n g i t . Quartz' 
has come i n a f t e r the p y r i t e but has been f r a c t u r e d and 
replaced by l a t e r s u l p h i d e s . The blebs of c h a l c o p y r i t e 
along the c r y s t a l boundaries i n s p h a l e r i t e are quit e large 
and c h a l c o p y r i t e i s comparatively abundent. 

Four sections were made from samples taken fro:.: v a r ­
ious p a r t s of the mine but a l l have about the same mineral 
content of p y r i t e , a r s e n o p y r i t e , galena, c h a l c o p y r i t e , 
s p h a l e r i t e and g o l d . 

P y r r h o t i t e 
Quartz 
Arsenopyrite 
Galena 
S p h a l e r i t e 
C h a l c o p y r i t e 
Gold 

F i r s t there was f i s s u r i n g i n t o which p y r i t e came, 
was r e f r a c t u r e d and recieved an i n f l u x of quartz which 
continued to co-.e i n l a t e r . The e a r l y quartz was f r a c t u r e d 

TRITES: 

Paragenesis: 
P y r i t e 
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and followed by a small amount of p y r r h o t i t e and then 
a r s e n o p y r i t e . This l a t t e r mineral shows a p r e f e r e n t i a l 
replacement of quartz and i s most commonly found as diamond 
shaped c r y s t a l s , the sulphides of l e a d , copper and z i n c 
are found mostly r e p l a c i n g p y r i t e and are s c a r c e l y ever 
found i s o l a t e d i n q u a r t z , P l a t e #4 i s unusual i n that i t 
shows arsenop y r i t e r e p l a c i n g p y r r h o t i t e . Along w i t h l a t e r 
quartz comes S p h a l e r i t e w i t h exsolved c h a l c o p y r i t e i n a 
semblence of a p a t t e r n ; galena and c h a l c o p y r i t e are contemp 
oraneous w i t h t h i s s p h a l e r i t e . Gold i s found i n q u i t e 
course c r y s t a l s i n these s e c t i o n s mainly associated w i t h 
galena. I t i s however found i n f r a c t u r e s i n p y r i t e and 
a l s o a ssociated w i t h s p h a l e r i t e and c h a l c o p y r i t e on the edge 
of these minerals, but never contained i n them. Quartz 
has come i n a f t e r the l a s t d e p o s i t i o n of gold since i t i s 
found seperating two pieces that were formerly together. 
In t h i s s e c t i o n the coarse c r y s t a l l i s a t i o n of numerous 
hexagonal quartz c r y s t a l s are v i s i b l e showing the l a r g e 
i n t e r s t i c e s l e f t f o r the l a t e r are bearing s o l u t i o n s . These 
c r y s t a l faces are only s l i g h t l y r e l p l a c e d by these l a t e r 
s o l u t i o n s showing them to be of only moderate temperature. 
From microscopic examinations i t i s evident that the gold 
increases y^ith the increase of m e t a l l i c sulphides of le a d , 
z i n c and copper. 

CONCLUSIONS: 
The Zeballos ore i s apparently of hydrothermal, 
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moderate temperature o r i g i n and should thus continue i n depth. 
The gold i s associated w i t h the sulphides, mainly w i t h 
those of le a d and z i n c and increases p r o p o r t i o n a l l y w i t h 
them. I t i s comparatively coarse and should he mainly 
recoverable by a combination of cyanidation and amalalgamation 
w i t h moderately f i n e g r i n d i n g . The small percentage of 
very f i n e gold In the p y r i t e w i l l r e q u i r e f u r t h e r treatment 
to be recovered. The aucession of d e p o s i t i o n i s i n general 
p y r i t e and ars e n o p y r i t e ; f r a c t u r i n g ; a r s e n o p y r i t e , pyrrhot­
i t e ; s p h a l e r i t e , c h a l c o p y r i t e , galena; gold; marcasite a&d 
c a l c i t e . Quartz was f i r s t to deposit i n the f r a c t u r e s 
caused by the b a t h o l l t h i c i n t r u s i o n and has continued through­
out and a f t e r d e p o s i t i o n of" the main sul p h i d e s . This quartz 
i s of thejwhite t r a n s l u s c e n t v a r i e t y w i t h a c l o s e l y f i l l e d 
comb texture of p a r a l l e l p r i s m a t i c c r y s t a l s , normal to the 
v e i n w a l l s . When the ore i s broken the break comes between 
these c r y s t a l s not across them i n d i c a t i n g the open spaces 
which were f i l l e d by a loose aggregate of sulphides which 
makes f o r b e t t e r gold d e p o s i t i o n than replacement of gouge 
or w a l l rock. The area as a whole appears to have a b r i g h t 
f u t u r e . 
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A^uENDA: 
Two other sw^s^ts studied were the Engineer (one 

section) and the Delphine (three s e c t i o n s ) . 
e o 

Engineer: This s e c t i o n a l s o contains a l l ^ m a n t i t e 
as does the Delphine, hut two l a r g e c i r c u l a r spots appear 
on the p o l i s h e d surface. No d i f f e r e n c e In r e a c t i o n of etch 
reagents could be determined but i n r e f l e c t e d l i g h t the spots 
appeared blue and the main mass a s i l v e r - b l a c k . This may 
p o s s i b l y be due to a v a r i a t i o n i n c r y s t a l o r i e n t a t i o n or 
a d i f f e r e n c e i n age. 

The a l l a m a n t i t e i s apparently contemporaneous with 
the only other mineral i n the s e c t i o n , c a l c i t e , s i n c e the 
two fhow mutual boundaries. I t was a l s o noted that patches 
and bands of the mineral de- not t a r n i s h p o s s i b l y due to p 

a more compact c r y s t a l s t r u c t u r e m these p l a c e s . 
Delphine; The ore was a sample of b o t r ^ o i d a l 

b r i t t l e j^ir&mantite, an a r s e n i c , antimony compound, which 
appears very much l i k e n a tive a r s e n i c . The ore supposedly 
contains high values i n gold and s i l v e i ; though no f i r e 
assey was run, no micrchemical t e s t f o r gold and s i l v e r could 
be obtained. The specimens p o l i s h e d up b e a u t i f u l l y and only 
showed there s h e l l e d or ringed d e p o s i t i o n on being allowed 
to stand f o r s e v e r a l weeics, when the t a r n i s h o u t l i n e s the 
s t r u c t u r e , No v a r i a t i o n i n composition could be determined 
throughout the s e c t i o n s . The gangue mineral i s c a l c i t e , 
l a t e r or contemporaneous w i t h a l l a m a n t i t e , since i t does 
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not appear replaced by i t and cannot replace t h i s mineral 
( a m e t a l l i c l o o K l n g a l l o y ) . ( See p l a t e #6.) 
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F l a t e #1. 
PEERLESS. 

Legend: 
Galena:- 6 af 

X 4-3.2 dicim. 

C h a l c o p y r i t e : c h P y r i t e "'r * 

Remarks: 

This p o r t i o n of th'e/polished s e c t i o n i n d i c a t e s the 
a s s o c i a t i o n of the f r a c t u r e d p y r i t e to the contemporaneous 
galena and c h a l c o p y r i t e , which came i n l a t e and flowed around 
the p y r i t e g r a i n s . The surface of the p y r i t e was d i f f i c u l t 
to p o l i s h and the numerous holes i n the s e c t i o n are due to 
t h i s and the extreme f r a c t u r i n g of the e a r l y sulphide. 
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Legend: 
P y r r h o t i t e : -
Quartz: -u 

P l a t e #2. 

PRIVATEER #1. 

X 43.£ dtarr>. 

S p h a l e r i t e : -
C h a l c o p y r i t e : -

P y r i t e : -

Remarks: 
The p l a t e i n d i c a t e s that p y r i t e came i n f i r s t and 

was replaced by p y r r h o t i t e . The s p h a l e r i t e here appears 
to be contemporaneous with the p y r r h o t i t e as the boundaries 
are very s t r a i g h t at the contact with no spacing between 
the mineral g r a i n s . The s p h a l e r i t e i s of the general type 
w i t h a s l i g h t amount of exsolved c h a l c o p y r i t e . The age of 
the quartz here appears to be l a t e r than the sulphides as 
i t surrounds them and there i s no f r a c t u r e s l e a d i n g to the 
quartz through which they might have reached t h e i r p o s i t i o n . 
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P l a t e #2a. 

PRIVATEER #2. 

Legend: 
P y r r h o t i t e : -
P y r l t e : - I 

Gold;* 

Reu arks; 
The s e c t i o n shows the a s s o c i a t i o n of gold i n a s s o c i a t ­

ion w i t h quartz. This quartz apparently came i n qui t e e a r l y ; 
was replaced by p y r i t e which i n turn was replaced by pyrrhot­
i t e except f o r remnants along the borders of the former 
boundary. The gold i s i n the m'-Juuopyrite w i t h small spots 
of quartz but'the age r e l a t i o n s cannot be detirmined from 
t h i s occurence. 
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P l a t e #3 
GOLD PEAK 

Legend: X +3.£ di<*m. 

S p h a l e r i t e : - ISrtfflltil C h a l c o p y r i t e ; - I I P y r i t e : - I I 
Quartz:-I I B a k e l i t e ; - I I 

Remarks: 
Quartz here i s shown to be fr a c t u r e d s e v e r l y . I t 

i s you"ger than the p y r i t e which i t formerly enclosed. The 
l a t e breakage cracks have been d i v e r t e d around the more 
r e s i s t a n t p y r i t e and caused the quartz to break away from 
It rather than the f r a c t u r e going through the p y r i t e . The 
s p h a l e r i t e , c o n t a i n i n g some exsolved c h a l c o p y r i t e , i s l a t e , 
probably r e p l a c i n g a former c r y s t a l of quartz. 
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P l a t e #4. 
TRITES #1. 

Legend: 
S p h a l e r i t e : -
P y r r h o t i t e : 

X \85 Dtameters 

C h a l c o p y r i t e : - A r s e n o p y r i t e : -
B Quartz: -L 

Remarks: 
The s e c t i o n shows the r e l a t i o n of the p y r r h o t i t e to 

the other minerals. This patch and one which appears i n the 
p y r i t e about l /8 of an Inch away were the only occurences 
found i n t h i s ore. Here the p y r r h o t i t e i s believed to be 
the e a r l i e s t followed by quartz and then arsenop y r i t e 
r e p l a c i n g the p y r r h o t i t e along the borders. Then followed 
the s p h a l e r i t e w i t h a small amount of exsolved c h a l c o p y r i t e 
and c h a l c o p y r i t e of about the same age as the s p h a l e r i t e . 
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P l a t e #5. 
WRITES #2A. 

Pyrites-i;.--- ) Quartz:- [ 

Remarks: 
This s e c t i o n i n d i c a t e s the high degree of f r a c t u r i n g 

of the p y r i t e and the i n f l u x of quartz i n t o the l a r g e r 
f r a c t u r e s . Here the quarts has been l a t e r replaced by the 
l a t e r galena and s p h a l e r i t e along the borders i n contact 
w i t h the p y r i t e . The close a s s o c i a t i o n of the gold and 
galena i s demonstrated, and even i n the lower small bleb 
of gold there i s some galena found i n contact w i t h i t on 
examining the s e c t i o n under a higher m a g n i f i c a t i o n . 
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P l a t e #6. 

DELPHINE #2. 

Remarks: 
I t i s exceedingly d i f f i c u l t to t e l l the age r e l a t i o n s 

between the a l l a m o n t i t e and the c a l c i t e i n the samples 
st u d i e d . Both are l a t e , low temperature minerals but 
since no c a l c i t e i s found w i t h i n the a l l a m o n t i t e and c r y s t a l s 
or blebs of a l l a m o n t i t e are found surrounded by c a l c i t e , 
i t ±s b e l i e v e d that the c a l c i t e i s the l a t e r of the two 
minerals . 
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MESOZOIC: 

Ge o l o g i c a l Time Table. 
Recent, a l l u v i u m and g l a c i a l d r i f t 

Coast Range I n t r u s i v e s : quartz monzonite, grano­
d i o r i t e , quartz d i o r i t e , gabbro. 

Bonanza Group.:_ Andesite, d a c i t e , r h y o l i t e ; some 
b a s a l t ; b r e c c i a , t u f f ; a r g i l l i t e , l i r a e s t o e . 

£uatsino_B'orraa_tionj_ C r y s t a l l i n e 1 imestone ; minor 
amounts of v o l c a n i c rocks. 

Karmutsen V o l c a n i c s : Andesite, b a s a l t ; b r e c c i a , 
some t u f f ; minor beds of limestone. 


