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INTRODUCTION 

The area i s near the oceanward margin o f the C o r d i l l e r a n 
of genie b e l t and i s c h a r a c t e r i z e d by a complex s u c c e s s i o n of 
3 u q e o s y n c l i n a l sediments and v o l c a n i c rocks a s s o c i a t e d with 
metamorphic and p l u t o n i c rocks r e f l e c t i n g l o n g - c o n t i n u i n q 
- e c t o n i c a c t i v i t y and repeated geomorphic i n s t a b i l i t y . Sharp 
c o n t r a s t s e x i s t between contemporaneous s u c c e s s i o n s now w i t h i n 
short d i s t a n c e s of one another. 

A spreading oceanic r i d g e on the P a c i f i c ocean f l o o r meets 
the c o n t i n e n t a l margin near the no r t h end of Vancouver I s l a n d , 
where three l i t h o s p h e r i c p l a t e s meet. They a r e , from west to 
east, the P a c i f i c P l a t e , Juan de Puca P l a t e , and North America 
P l a t e , S t r i k e - s l i p f a u l t s separate the P a c i f i c and North America 
P l a t e s north of the t r i p l e p o i n t which l i e s west of the north 
^nd of Vancouvet I s l a n d . To the south, the northern end of the 
Juan de Fuca P l a t e i n t e r v e n e s between the two major p l a t e s , and 
seems to be breaking up f o l l o w i n g the c e s s a t i o n of ob l i q u e 
n o r t h e a s t e r l y subduction. These processes appear to have 
p e r s i s t e d during much of the Cenozoic Era, and t h e i r e f f e c t s 
were f e l t to a g r e a t e r or l e s s degree a c r o s s the C o r d i l l e r a n 
o r o g e n i c b e l t . Some g e o p h y s i c a l data suggest t h a t the c r u s t may 
change a b r u p t l y from a c o n t i n e n t a l t h i c k n e s s and composition 
beneath the mainland to a t h i n n e r c r u s t approaching oceanic 
composition beneath southernmost Vancouver I s l a n d . Thus Couch 
(1958) concluded from a study of g r a v i t y t h a t the Moho 
d i s c o n t i n u i t y l i e s 27 km beneath Vancouver I s l a n d , deepeninq to 

r km beneath the Coast Mountains north o f Vancouver, and to 
km f a r t h e r n o r t h e a s t . On the other hand s e i s m o l o q i s t s f a i l e d 

to r e c e i v e r e t u r n s from a r e c o g n i z a b l e Moho from e x p l o s i o n s set 
o f f at opposite ends of Vancouver I s l a n d (400 km apart) and 





hence concluded t h a t the 
(Tseng, 1968). 

Moho may l i e at l e a s t 56 km deep 

Though the broader u n i t s i n the r e g i o n are of t e c t o n i c 
o r i g i n , the d e t a i l e d topography i s an e x p r e s s i o n of e r o s i o n . The 
major mountain v a l l e y s were developed, probably s i n c e Hiccene 
time, by s u b a e r i a l and g l a c i a l a c t i o n c o n t r o l l e d p a r t l y by weak 
sediments or f r a c t u r e zones i n c r y s t a l l i n e rocks. V a l l e y s such 
as those of H a r r i s o n Lake and F r a s e r R i v e r north of Hope, are 
l o c a t e d on major f a u l t zones. V a l l e y s such as Howe Sound, 
however, t r a n s g r e s s bedrock s t r u c t u r e s and seem to have been 
e s t a b l i s h e d as more or l e s s d i r e c t routes f o r streams and 
g l a c i e r s to the lowlands. 

The mountain v a l l e y s , though probably f i r s t developed as 
stream-cut t r e n c h e s , c l e a r l y d i s p l a y the e f f e c t s of g l a c i a t i o n . 
L o n g i t u d i n a l p r o f i l e s are i r r e g u l a r and l a c k concordance with 
any common b a s e - l e v e l (Howe Sound, f o r example, has a bedrock 
f l o o r at l e a s t l o c a l l y about 800 meters below sea l e v e l , whereas 
the v a l l e y s t o the e a s t terminate i n Burrard I n l e t i n which the 
oedrock f l o o r i s l e s s than 100 meters below s e a l e v e l ) . V a l l e y s 
are deep c l o s e t o t h e i r heads and t r a n s v e r s e v a l l e y s are common, 
a l l o w i n g a r e t i c u l a t e p a t t e r n f o r former g l a c i a l d i s t r i b u t a r i e s 
and l e a d i n g t o a f r i n g e of i s l a n d s on the c o a s t a l margins of the 
mountain b e l t s . The common U-shaped c r o s s - s e c t i o n of v a l l e y s , 
however, appears t o be a composite f e a t u r e , produced by 
d e p o s i t i o n of g l a c i a l and f l u v i o g l a c i a l d e p o s i t s on the v a l l e y 
f l o o r s and a g a i n s t steep i c e - c u t bedrock w a l l s . 

Mountain summits are p r i n c i p a l l y of three types: ragged 
herns; domes, e v i d e n t l y rounded by o v e r r i d i n g g l a c i a l i c e ; and 
r e l i c s of a former u p l i f t e d e r o s i o n s u r f a c e (plateau) of low 
r e l i e f . The horns are c o n f i n e d to the higher summits and the 
a l t i t u d i n a l boundary s e p a r a t i n g these from the domes i s 
i n t e r p r e t e d as the g e n t l y s l o p i n g upper l i m i t of l a t e 
P l e i s t o c e n e i c e . Summits o n l y s l i g h t l y below t h i s l i m i t , s u c h as 
The L i o n s , near Vancouver, are but s l i g h t l y rounded horns. The 
p l a t e a u summits are most common on southern Vancouver I s l a n d , 
but a few s u r v i v e w i t h i n the Coast Mountains and have been 
c o r r e l a t e d with a s u r f a c e u n d e r l y i n g l a t e Miocene b a s a l t s on the 
n o r t h e a s t e r n s i d e of the mountain b e l t . I f t h i s c o r r e l a t i o n i s 
c o r r e c t the p l a t e a u s u r f a c e was eroded to low r e l i e f , and 
presumably a l s o to low e l e v a t i o n by l a t e Miocene time. A post-
Miocene d i f f e r e n t i a l u p l i f t can thus be i n f e r r e d ranging from 1 
to 2 km along the southern margin of the Coast Mountains to more 
than 2.5 km near t h e i r n o r t h e a s t e r n edge. On the other hand 
t e r r e s t i a l sediments b e l i e v e d t o be of Miocene age s u r v i v e 200 
to 1400 m below present sea l e v e l under the western Fraser 
lowland, and t h e r e at l e a s t , post-Miocene u p l i f t must have been 
s l i g h t or absent. 

Raised d e l t a s , s h o r e l i n e s , and a s s o c i a t e d glaciomarine 
d e p o s i t s are widespread up to 180 meters above present sea 
l e v e l , brought to t h e i r present p o s i t i o n s by p o s t g l a c i a l 
i s o s t a t i c rebound (Mathews et a l , 1970). 
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The Coast P l u t o n i c Complex forms a long (1700 km) narrow 
(96 km) p l u t o n i c and metamorphic t e r r a n e dominated by 
i n t e r m e d i a t e and b a s i c g r a n i t i c rocks. The f l a n k i n g s t r a t a 
c o n s i s t mainly of Mesozoic v o l c a n i c and sedimentary r e c k s , 
although Lower P a l e o z o i c rocks occur i n s o u t h e a s t e r n A l a s k a , i n 
the San Juan I s l a n d s and i n the a d j o i n i n g Northern Cascade 
Mountains, and Upper P a l e o z o i c rocks are a l s o known i n those 
p l a c e s as w e l l as on Vancouver I s l a n d and along the e a s t e r n 
f l a n k of the Coast Mountains. The Coast P l u t o n i c Complex was the 
s i t e of s c a t t e r e d p l u t o n i c a c t i v i t y i n pre-Mesozoic time, but 
the nature of the b e l t then i s not known. Late T r i a s s i c time was 
one of major b a s a l t i c v o l c a n i c a c t i v i t y from Vancouver I s l a n d i n 
the west to the I n t e r i o r P lateau i n the east. A s i g n i f i c a n t 
change occurred i n the E a r l y J u r a s s i c when b a s a l t i c volcanism 
gave way to a n d e s i t i c volcanism on Vancouver I s l a n d . Although 
adjacent areas i n d i c a t e plutonism and u p l i f t i n the northern 
part of the Coast P l u t o n i c Complex i n Late T r i a s s i c time, the 
f i r s t major b u r s t of i n t r u s i v e a c t i v i t y came i n the J u r a s s i c and 
the b e l t became a major p o s i t i v e f e a t u r e f l a n k e d on the e a s t by 
two troughs which l a t e r ( i n m i d - J u r a s s i c time) broke up i n t o 
t h r e e successor b a s i n s . They d i s p l a y a gradual t r a n s i t i o n from 
marine d e p o s i t i o n i n the J u r a s s i c t o nonmarine d e p o s i t i o n i n the 
mid-Cretaceous accompanied by an i n c r e a s i n g volume of g r a n i t o i d 
d e b r i s d e r i v e d from the Coast P l u t o n i c Complex. P l u t o n i c 
a c t i v i t y reached i t s height i n the Cretaceous and continued i n t o 
the e a r l y T e r t i a r y , but was f o l l o w e d by s c a t t e r e d p l u t o n i c 
i n t r u s i o n s , at l e a s t up to the end of Miocene time. 

The Coast P l u t o n i c Complex c o n s i s t s mainly of p l u t o n i c 
r ock, g n e i s s and migmatite which together form a very 
heterogeneous matrix i n which d i s c r e t e and p a r t l y d i s c r e t e 
p l u t o n s of v a r i o u s s i z e s can be d e l i n e a t e d . The most common 
g r a n i t i c rock i n the Coast P l u t o n i c Complex i s guartz d i o r i t e . 
I t was estimated i n the Vancouver area (Roddick, 1965) that i f 
a l l the g r a n i t i c rock were homogenized the r e s u l t a n t rock would 
be a b i o t i t e hornblende quartz d i o r i t e c o n t a i n i n g about 5% K-

> f e l d s p a r . An u n u s u a l l y high c o n c e n t r a t i o n of modal p o i n t s f a l l 
i n the b a s i c guartz d i o r i t e and d i o r i t e f i e l d s . Rocks more a c i d 

i than mid-quartz monzonite (adamellite) are r a r e . Chemical 
* a n a l y s e s of the common rock types a c r o s s the Coast Mountains 
9 between l a t i t u d e s 53° and 54°N show t h a t the two most common 
1 rock t y p e s , quartz d i o r i t e and g r a n o d i o r i t e , as w e l l as the 

g r a n i t o i d g n e i s s e s , each have average chemical compositions 
1 e q u i v a l e n t t o t h o l e i i t i c a n d e s i t e (average s e r i e s ) a c cording to 
^ the c l a s s i f i c a t i o n of I r v i n e and Baragar (1971), r a t h e r than 
3 a n d e s i t e of the c a l c - a l k a l i n e s e r i e s which might be expected. 
3 Although the quartz d i o r i t e and g r a n o d i o r i t e are s u b a l k a l i n e 
r r o c k s , the d i o r i t e s have an average composition e q u i v a l e n t to 
n h a w a i i t e , an a l k a l i n e rock which i s a member of the a l k a l i 

o l i v i n e b a s a l t s e r i e s . 

e As the pendants w i t h i n the Coast Mountains have y i e l d e d few 
a f o s s i l s , most of the evidence bearing on the timing of plutonism 
1 comes from r a d i o m e t r i c age d e t e r m i n a t i o n s . For the r e g i o n 

between l a t i t u d e s 52° and 55°N the e a r l i e r p a t t e r n of three 
d i s t i n c t b e l t s i s changing as a d d i t i o n a l d e terminations are 
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made. The e a s t e r n b e l t remains w e l l - d e f i n e d i n the 43 to 50 
m.y. range and c o n s t i t u t e s a l l of the Coast P l u t o n i c Complex 
l y i n g e ast of the c e n t r a l a x i s , but the two western b e l t s have 
merged i n t o a s i n g l e b e l t with E a r l y Cretaceous ages on the west 
through to Late Cretaceous ages on the e a s t . 

The i s o t o p i c age p a t t e r n i n the southern Coast Mountains 
between l a t i t u d e s 49° and 51°N i s s i m i l a r but not i d e n t i c a l t o 
the n o rthern r e g i o n . The ea s t e r n b e l t spans a gr e a t e r range, 35 
to 80 m.y. , and the western t r a n s i t i o n a l b e l t shows somewhat 
l e s s s c a t t e r , ranging from 75 t o 158 m.y. 

About h a l f of the 143 K-Ar age det e r m i n a t i o n s i n the Coast 
f o u n t a i n s f a l l w i t h i n the Late Cretaceous, and about one guar t e r 
f a l l w i t h i n the E a r l y T e r t i a r y . These ages may be i n t e r p r e t e d as 
probable minimum f i n a l c o o l i n g ages f o r l a r g e p a r t s of the Coast 
P l u t o n i c Complex, and i n d i c a t e at l e a s t t h a t the western part 
c o o l e d before the east e r n p a r t . Most of the 31 hornblende-
b i o t i t e p a i r s which have been run are more or l e s s concordant, 
with the hornblende age being g r e a t e r than b i o t i t e i n most 
p l a c e s . The range o f discordancy does not appear to be 
s i g n i f i c a n t l y g r e a t e r to the west, and i n t h i s r e s p e c t d i f f e r s 
from the e x t e n s i o n of the Coast P l u t o n i c Complex i n t o southeast 
Alaska as r e p o r t e d by Smith (1975). 

When a l l of the K-Ar dates i n the Coast Mountains are 
co n s i d e r e d only one s u b s t a n t i a l gap i s r e v e a l e d ; i t l i e s between 
115 and 140 m.y. and covers p r e - A p t i a n E a r l y Cretaceous and the 
l a s t stage o f the J u r a s s i c . The 90 to 110 m.y. dates which are 
common i n the Coast Mountains are l a c k i n g on Vancouver I s l a n d , 
whereas Late J u r a s s i c dates which are common on the I s l a n d are 
repr e s e n t e d only l o c a l l y i n the Coast Mountains. 

Z i r c o n s from g n e i s s i c p l u t o n i c rock from the southern Coast 
Mountains a t Pemberton and Cheakamus Canyon y i e l d e d somewhat 
d i s c o r d a n t O-Pb valu e s and i n d i c a t e c o n c o r d i a i n t e r c e p t s at 330 
m.y. or 540 m.y. , the range being a f u n c t i o n of the choice of 
time at which the i s o t o p i c systems were d i s t u r b e d , 0 m.y. or 90 
m.y. , r e s p e c t i v e l y . 

Bodies of v o l c a n i c , sedimentary and metamorphic rocks 
r a n g i n g i n age from a t l e a s t as o l d as Permian t o mid-Cretaceous 
are found as pendants w i t h i n the Coast P l u t o n i c Complex 
throughout i t s l e n g t h . They form a somewhat l a r g e r p r o p o r t i o n of 
the c r y s t a l l i n e b e l t between l a t i t u d e s 53<> and 55°N than 
elsewhwere. Most of these bodies are Mesozoic and are 
metamorphosed t o g r e e n s c h i s t or am p h i b o l i t e grade, but a few are 
on l y s l i g h t l y a l t e r e d and l o c a l l y c o n t a i n f o s s i l s . In the 
southern Coast Mountains v o l c a n i c r o c k s , mainly a n d e s i t i c to 
b a s a l t i c , are more abundant than sedimentary s t r a t a i n most 
pendants. 

The P l e i s t o c e n e s t r a t i g r a p h i c r e c o r d o f t h i s area, as 
r e v e a l e d i n s u r f a c e exposures, i s r e s t r i c t e d t o the l a s t two 
g l a c i a t i o n s , one i n t e r g l a c i a l between them, and one previous to 
the penultimate g l a c i a t i o n . E a r l i e r g l a c i a t i o n occurred 
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( d e p o s i t s are known i n Washington S t a t e to the south) but i n 
B r i t i s h Columbia such d e p o s i t s have e i t h e r been eroded away or 
e f f e c t i v e l y b u r i e d . The l a s t i n t e r g l a c i a l beds have y i e l d e d 
r a d i o c a r b o n dates from 47,000 years to about 25,000 years b.p. 
near Vancouver, and the e a r l i e s t p o s t - g l a c i a l dates range from 
14,000 years b.p. i n Washington to about 12,500 years b.p. i n 
southwestern B r i t i s h Columbia. Ice l i n g e r e d i n , or readvanced 
i n t o , the e a s t e r n F r a s e r Lowland, and about 11,000 to 10,500 
years b.p. c r e a t e d a l a r g e f l o o d p l a i n with a conspicuous i c e 
c o n t a c t face. At about the same time, i c e created a major 
submarine moraine i n upper Howe Sound. Before 9,500 years ago, 
the i c e disappeared from what had been the c e n t r a l area of the 
i c e sheet i n the i n t e r i o r of B r i t i s h Columbia. 

The l a s t g l a c i a t i o n of t h i s area can thus be c o r r e l a t e d 
with the f c l a s s i c a l W i s c o n s i n 1 of e a s t e r n North America. The 
penultimate g l a c i a t i o n of southwestern B r i t i s h Columbia may be 
e a r l y Wisconsin, but i n the absence of d e f i n i t i v e r a d i o m e t r i c 
d a t e s , or even of a r e c o r d o f l a t e s o i l development which might 
g i v e some estimate of subsequent time, no f i r m c o r r e l a t i o n i s 
yet p o s s i b l e . The same problem a r i s e s f o r the n o n g l a c i a l 
sediments beneath the e a r l y t i l l . 

The p r i n c i p a l source of i c e sheets was undoubtedly i n the 
v i c i n i t y of the high summits o f the Coast Mountains and the 
Cascade Mountains where s m a l l g l a c i e r s e x i s t today. D e t r i t u s 
from these mountains make up a s i g n i f i c a n t p r o p o r t i o n of the 
g l a c i a l d e p o s i t s , and a few unique rock types can be t r a c e d back 
to outcrops w i t h i n these mountains. I t i s a l s o l i k e l y , however, 
t h a t when the i c e sheet was w e l l developed i t s nourishment was 
i n f l u e n c e d by i t s own c o n f i g u r a t i o n , r e g a r d l e s s of the 
topography which i t l a r g e l y b u r i e d . In the waning stages of 
g l a c i a t i o n , moreover, the l a r g e r e s e r v o i r s of i c e , notably east 
o f the Coast Mountains, c o n t i n u e d to d r a i n outward even a f t e r 
the mountain sources had ceased t o be s i g n i f i c a n t as areas of 
accumulation. 



DAY 1 

STOP J i OUTCROP HEAR SANDY COVE 
(5.1 m i l e s ; 1.0 miles t o next s t o p . 1 ) 

About t h r e e q u a r t e r s of a mile nest of Sandy Cove part o f 
the Coast P l u t o n i c Coaplex i s w e l l exposed i n a s o u t h - s l c p i n q 
outcrop about 45 by 60 meters. U n t i l a few years ago t h i s was 
the s i t e of a q r a v e l p i t excavated i n t o an e a r l y p o s t g l a c i a l 
r a i s e d d e l t a of Cypress Creek which flows to the sea about 1/4 
mile (0.4 km) west of here. The s i t e was subsequently a c q u i r e d 
by Canada Dept. Of Environment f o r an oceanographic i n s t i t u t e 
and c l e a r e d f o r a s t i l l - a b o r t i v e b u i l d i n g program. In the 
meantime a d e t a i l e d undergraduate t h e s i s on the outcrop was 
w r i t t e n by V. Ahlborn (1971), from which most of the f o l l o w i n g 
data was taken ( F i g . 1). 

The dominant rock here i s a medium t o c o a r s e - g r a i n e d quartz 
d i o r i t e cut by th r e e a n d e s i t i c dykes. 

The guartz d i o r i t e c o n s i s t s mainly o f p l a g i o c l a s e A n 3 1 - 3 7 

(about 55%), l e s s e r quartz (20-25%) , minor p e r t h i t e ( 5%), 
b i o t i t e (5%) and hornblende (5%) p l u s c h l o r i t e , a p a t i t e , 
s e r i c i t e , e p i d o t e , and z i r c o n . In t h i n s e c t i o n the t e x t u r e i s 
seen to be formed by l a r g e i r r e g u l a r l y - s h a p e d p l a g i o c l a s e 
megacrysts and some hornblende megacrysts, s e t i n a much f i n e r -
g r a i n e d g r a n u l a r matrix of hornblende, p l a g i o c l a s e , b i o t i t e , 
g u a r t z and a c c e s s o r y minerals. The p l a g i o c l a s e megacrysts 
c o n t a i n numerous i n c l u s i o n s o f the matrix granules and e v i d e n t l y 
formed l a t e r . Thus, although the geometry i s s i m i l a r to a 
c a t a c l a s t i c or p r o t o c l a s t i c t e x t u r e , the te x t u r e i s best 
d e s c r i b e d as p s e u d o c a t a c l a s t i c . F o l i a t i o n i s developed l o c a l l y , 
e s p e c i a l l y near a n d e s i t e dykes. Hornblende megacrysts g i v e the 
rock a l i n e a t i o n p l unging s l i g h t l y t o the southwest and 
concordant with the o r i e n t a t i o n of elongated a m p h i b o l i t i c 
i n c l u s i o n s which form about 2% of the rock. 

The a m p h i b o l i t i c i n c l u s i o n s are i r r e g u l a r l y d i s t r i b u t e d , as 
i s common throughout the Coast P l u t o n i c Complex. Host are 
l e n t i c u l a r but some are subangular; o u t l i n e s vary from smooth to 
i r r e g u l a r , d i s t i n c t to g r a d a t i o n a l . Some of the l a r g e r 

1 Mileage measured from Marine D r i v e and T a y l o r Hay, West 
Vancouver. 
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F i g u r e 1: G l a c i a t e d outcrop near Sandy Cove, a f t e r Ahlbcrn 
(1971). 



1§ 
8 

i n c l u s i o n s are fragmented and penetrated i r r e g u l a r l y by 
g r a n i t o i d m a t e r i a l which i s mafic-poor and K - f e l d s p a r r i c h . 
P l a g i o c l a s e c r y s t a l s A n 2 6 ~ * ° resemble those i n both the quartz 
d i o r i t e and i n dykes i n t h e i r zoned appearance but may d i f f e r i n 
composition. 

A g n e i s s i c l a y e r 
p a r t of the outcrop 
q u a r t z d i o r i t e t o the 
laminated northern e 
the guartz d i o r i t e i n 
i s p o s s i b l y a s y n p l u t 
the two guartz d i o r i t 
the g n e i s s i c band tha 
zone are a l i g n e d para 
n o r t h e r l y north of 
the g n e i s s i c zone. 

3 to 6 f e e t wide (1-2 m) c r o s s e s the upper 
, and appears to be an i n t e g r a l part of the 
south i n t o which i t grades; the f i n e l y 

dge of the l a y e r forms a sharp c o n t a c t with 
e l u s i o n s i n the northern q u a r t z d i o r i t e and 
o n i c f a u l t . The h o r n b l e n d e / b i o t i t e r a t i o i n 
es v a r i e s but i s q e n e r a l l y g r e a t e r north of 
n south of i t . I n c l u s i o n s near the g n e i s s i c 
l l e l with i t on the south s i d e but trend 
i t . S e v e r a l p e g m a t i t i c l e n s e s occur w i t h i n 

A d i o r i t e dyke up to about 1 1/2 f e e t 
n o r t h w e s t e r l y a c r o s s the c e n t e r o f the 
n o r t h e a s t e r l y t r e n d i n g a p l i t e v e i n . 

(45 cm) wide c u t s 
exposure, c u t t i n g a 

Andesite dykes, up to 4 f e e t (1.2 m) wide, t r e n d n o r t h e r l y 
a c r o s s the q u a r t z d i o r i t e , c u t t i n g and d i s p l a c i n g the d i o r i t e 
dyke. I n t r i c a t e c o n t a c t s (see below) are l o c a l l y developed with 
the adjacent q u a r t z d i o r i t e . In many p l a c e s these dykes c o n t a i n 
c o r e s of younqer m a t e r i a l . 

The a n d e s i t e dykes c o n s i s t o f hornblende, zoned 
p l a g i o c l a s e , and some quartz meqacrysts embedded i n a matrix of 
p l a g i o c l a s e l a t h s and elongate hornblende c r y s t a l s . The 
mineralogy of the host and core dykes are s i m i l a r but not 
i d e n t i c a l ; the core dykes c o n t a i n more hornblende and opague 
m i n e r a l s , l e s s z i r c o n , and no qu a r t z . The zoned p l a g i o c l a s e 
A n 5 6 - * 5 of the core dykes i s more c a l c i c than t h a t of the host 
dykes An*°-S<> and l e s s s a u s s u r i t i z e d . The matrix of the host 
dykes d i s p l a y s an i r r e g u l a r i n t e r l o c k i n g t e x t u r e whereas the 
matrix of the core dykes shows an a c i c u l a r t e x t u r e u n a f f e c t e d by 
r e c r y s t a l l i z a t i o n . The e a s t e r n o f the t h r e e dykes at i t s 
southern end shows a sharp o f f s e t as i f cut by a l e f t - h a n d 
f a u l t , but on c l o s e i n s p e c t i o n no f a u l t can be found with e i t h e r 
dyke or host and, moreover, the dyke core shows no such o f f s e t . 
Near here are conspicuous epidote v e i n s and a s s o c i a t e d a l t e r e d 
zones up to 1 i n c h (2.5 cm wide). These v e i n s do not p e r s i s t 
i n t o the p l u t o n i c rock except l o c a l l y as h a i r l i n e f r a c t u r e s 
f l a n k e d by pale r u s t y a l t e r a t i o n . Slender spurs extending from 
t h i s dyke at th r e e p l a c e s are commonly broken. The dyke co n t a i n s 
a 9-inch (23 cm) i n c l u s i o n o f q u a r t z d i o r i t e about 15 f e e t (5 m) 
from i t s southern end. The upper end of the dyke (point L on 
F i g . 1) together with a mafic i n c l u s i o n i n the guartz d i o r i t e 
show p a r t i c u l a r l y i n t r i c a t e r e l a t i o n s h i p s . 

The c e n t r a l dyke a l s o d i s p l a y s d e f l e c t i o n with a l e f t - h a n d 

sens 
pro j 
t hei 
r eac 

s e n 
long 

STOF 

i n c ] 
(90C 
d i o i 
comf 
Coas 
dive 
cons 
repc 
more 
ares 

dar* 
(An 5 

cons 
qua i 
was 
c o n 
Caul 
pare 
Hor* 
dyk€ 
qnei 
plac 

and 
amp! 

youi 
f o l : 
(19' 
poii 

Day 1 Stop 



g r a n o d i o r i t e j u s t north of C a u l f e i l d r e t a i n t h e i r o r i g i n a l 
o r i e n t a t i o n , and s o i e appear to have remnants of C a u l f e i l d 
g n e i s s adhering to them. He p o s t u l a t e d t h a t the dykes had 
o r i g i n a l l y i n t r u d e d the g n e i s s , most o f which had l a t e r been 
removed by d e l i c a t e magmatic s t o p i n g d u r i n g i n t r u s i o n of the 
g r a n o d i o r i t e * He favoured a magmatic o r i g i n f o r the g r a n o d i o r i t e 
based mainly on d i l a t i o n - o f f s e t shown by g r a n o d i o r i t e dykes, 
r o t a t e d slabby x e n o l i t h s , and i n c l u s i o n s of widely d i f f e r e n t 
f a b r i c s i n c l o s e p r o x i m i t y t o one another. H. H. Read disaqreed 
( i n Phemister, 1945, d i s c u s s i o n ) with P h e a i s t e r ' s i n t e r p r e t a t i o n 
o f the o r i g i n of the g r a n o d i o r i t e and argued t h a t the evidence 
favoured g r a n i t i z a t i o n , and t h a t the p r e - b a t h o l i t h i c dykes could 
be more e a s i l y preserved i f the gn e i s s were removed by s e l e c t i v e 
replacement, Roddick and Armstrong, on the b a s i s of work i n the 
surrounding r e g i o n (1959), concluded t h a t the dykes were 
• s y n p l u t o n i c 1 i n the sense t h a t they i n t r u d e d the g r a n i t i c mass 
as w e l l as i t s i n c l u s i o n s and pendants when the p l u t o n i c rock 
had s u f f i c i e n t s t r e n g t h to s u s t a i n f r a c t u r e s , yet was i n a stage 
of a c t i v e c r y s t a l l i z a t i o n . The dykes i n t r u d e d a t d i f f e r e n t times 
and i n t o p l u t o n i c t e r r a n e s i n d i f f e r e n t stages of e v o l u t i o n , and 
t h e r e a f t e r partook i n the subsequent r e c r y s t a l l i z a t i o n t h a t 
completed the p l u t o n i c e v o l u t i o n . S y n p l u t o n i c dykes are an 
i n t r i g u i n g f e a t u r e of the Coast P l u t o n i c Complex but those at 
C a u l f e i l d lack the f e a t u r e s of the b e t t e r examples t h a t can be 
seen elsewhere. 

An u n i v e r s a l stage study of the zoned p l a g i o c l a s e i n the 
p l u t o n i c rock at C a u l f e i l d and v i c i n i t y by Greenwood and 
McTaggart (1957) showed a ge n e r a l s i m i l a r i t y i n seguence and 
zone composition, not only between adjacent c r y s t a l s but between 
those up to 3 miles (4.8 km) a p a r t , i n d i c a t i n g that the system 
i n which the f e l d s p a r c r y s t a l l i z e d extended at l e a s t t h a t 
d i s t a n c e . Although the work of Greenwood and McTaggart d i d not 
r e s o l v e the problem of the o r i g i n of the C a u l f e i l d p l u t o n i c 
rock, Ross (1957) favoured a magmatic o r i g i n because of the 
presence of synneusis •twins 1 i n the p l a g i o c l a s e . Roddick (1965) 
on the b a s i s of an e a r l i e r study of p l a g i o c l a s e zoning i n quartz 
d i o r i t i c rocks about 35 miles (50 km) t o the east concluded a l s o 
t h a t t h e r e e x i s t e d a qeneral s i m i l a r i t y i n the zoning of widely 
separated c r y s t a l s but emphasized t h a t even c r y s t a l s n e a r l y 
a d j a c e n t may show fundamental d i f f e r e n c e s i n d e t a i l . Having 
s t u d i e d an area of about 3400 m i 2 (9000 km2) north and e a s t of 
t h i s s t o p , Roddick concluded on the b a s i s of s e v e r a l independent 
l i n e s of study t h a t the p l u t o n i c rocks formed at depth by 
metasomatism and subsequently moved upward i n salt-dome f a s h i o n 
a t l e s s than maqmatic temperatures and i n a s t a t e wherein they 
c o u l d both s u s t a i n f r a c t u r e s and i n due course anneal them by 
r e c r y s t a l l i z a t i o n . 

INTER-STOP COMMENT. Howe Sound between Horseshoe Bay 
(mile 10.5) and the next stop has a water depth of 
about 800 f e e t (250 m), steep s i d e s , and a f l a t 
bottom. I t i s u n d e r l a i n by as much as 2400 f e e t (750 
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m) of s o f t sediment, probably Quaternary, r e s t i n g on 
an i r r e g u l a r bedrock s u r f a c e {St. John, 1972). 

STOP 3 i GAHBIBB GBOOP, ANTICLINE IN ARGILLITE BEDS 
(22.1 m i l e s ; 3.6 miles to next stop.) 

The sedimentary rocks exposed at t h i s s top are i n f a u l t 
c o n t a c t at highway l e v e l with the v o l c a n i c rocks at the l a s t 
s t a t i o n , but h i g h e r on Brunswick Mountain to the east they 
appear to o v e r l i e t h a t sequence. The sedimentary rocks c o n s i s t 
c h i e f l y of t h i n l y - b e d d e d a r g i l l i t e , s i l t s t o n e and greywacke. The 
beds, some rippl e - m a r k e d , form an a n t i c l i n e t r e n d i n g WNW, t h a t 
i s i n t r u d e d near i t s c r e s t by a gran o p h y r i c dyke ( p a r t l y s i l l ) 
about 15 f e e t (4.6 m) wide. From a s l a t y a r g i l l i t e about 1 mile 
(1.6 km) north of here H. W. T i p p e r c o l l e c t e d some ammonites 
which were i d e n t i f i e d as C l e o n i c e r a s (Grycia?) perezjanum 
(Whiteaves) of E a r l y Cretaceous (middle Albian) age by J. A. 
J e l e t z k y of the G e o l o g i c a l Survey. 

STOP JT: QUARTZ DIORITE AT PORTEAU 
(25.7 m i l e s ; 7.8 m i l e s to next stop.) 

At t h i s stop a w e l l - f o l i a t e d q u a r t z d i o r i t e i s exposed i n a 
l a r g e c l i f f and i n a s m a l l quarry. The p l u t o n i c rock i s a qood 
example of t h a t found i n many p l a c e s alonq the western s i d e of 
the Coast Mountain B e l t . I t c o n s i s t s o f a c o a r s e - q r a i n e d , 
h o r n b l e n d e > b i o t i t e quartz d i o r i t e with 5 to 10% l e n s o i d 
a m p h i b o l i t i c i n c l u s i o n s and minor bandinq, both of which 
p a r a l l e l the f o l i a t i o n . The s t r u c t u r e t r e n d s NNi, concordant 
with the r e q i o n a l t r e n d of the Coast C r y s t a l l i n e B e l t and d i p s 
4 0° to the e a s t . In t h i n s e c t i o n the quartz d i o r i t e i s seen to 
have a s t r o n g l y developed c a t a c l a s t i c t e x t u r e . The main 
m i n e r a l s , i n order of abundance are s o d i c andesine, q u a r t z , 
hornblende, b i o t i t e , K - f e l d s p a r and miner opaques. O s c i l l a t o r y 
zoninq i s common i n the p l a g i o c l a s e , but many of the c r y s t a l s 
have been broken, l e a v i n q incomplete fraqments. Although 
synneusis envelopes have not developed, the p l a g i o c l a s e has 
p a r t l y r e c r y s t a l l i z e d s i n c e , or more probably during, s h e a r i n g , ( 
r e s u l t i n g i n agglomerates of broken c r y s t a l s . Many of the j 
p l a g i o c l a s e c r y s t a l s show rounded s u r f a c e s a g a i n s t 
r e c r y s t a l l i z e d c a t a c l a s t i c m a t e r i a l , and assume an augen 
appearance; some are bent. | 

The guartz c r y s t a l s are i r r e g u l a r i n d e t a i l but g e n e r a l l y 
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rounded and i n v a r i a b l y loaded with 'ghost 1 granules. These are 
i n t e r p r e t e d as c r y s t a l s formed by incomplete annealing of f i n e 
g r a i n e d g r a n u l a r mortar guartz and not as i n c i p i e n t c a t a c l a s i s . 
I d e n t i c a l t e x t u r e can be t r a c e d from the l a r g e c r y s t a l s i n t o 
f i n e guartz mosaics, and, where f r a c t u r e s (rare) have developed 
i n the l a r g e c r y s t a l s , they ig n o r e the borders of the f g h o s t f 

g r a n u l e s . 

The f i n e - g r a i n e d c a t a c l a s t i c m a t e r i a l i s mostly quartz but 
mafic minerals are a l s o present i n t h i s i n t e r s t i t i a l m a t e r i a l . 
Hornblende i s more abundant and forms l a r g e r c r y s t a l s than 
b i o t i t e . Some of the hornblende and most of the b i o t i t e form 
i r r e g u l a r shredded shapes. 

The dark i n c l u s i o n s are a m p h i b o l i t i c . In c o n t r a s t with the 
p l u t o n i c rock, they a re f i n e r - g r a i n e d , much r i c h e r i n hornblende 
and poorer i n quartz. Quartz and f e l d s p a r p o r p h y r o b l a s t s 
developed i n the i n c l u s i o n s have c a t a c l a s t i c - t e x t u r e d borders. 
One of the l a r q e r i n c l u s i o n s exposed on the hiqhway outcrop a l s o 
shows s m a l l e r i n c l u s i o n s w i t h i n i t . 

The dark l a y e r s i n the q u a r t z d i o r i t e are a l s o a m p h i b o l i t i c 
and s i m i l a r i n composition t o the i n c l u s i o n s , but they have a 
s t r o n q e r i n t e r n a l f o l i a t i o n marked mainly by anastomosing t r a i n s 
o f s m a l l hornblende c r y s t a l s and t i n y b i o t i t e f l a k e s . 
P l a g i o c l a s e megacrysts c o n t a i n abundant m i c r o - i n c l u s i o n s of 
p l a g i o c l a s e , quartz and mafic m i n e r a l s . The m i c r o - i n c l u s i o n s i n 
one c r y s t a l are a l i q n e d a t about 10° to the f o l i a t i o n i n the 
matrix, i n d i c a t i n q p o r p h y r o b l a s t i c qrowth a f t e r development of 
f o l i a t i o n i n the amphibolite and subsequent r o t a t i o n of the 
c r y s t a l . Some of the dark bands are bordered by epidote l a y e r s . 

The q u a r tz d i o r i t e i s cut by a narrow, 1-2 inch (2.5 cm) 
wide, dark d y k e - l i k e body which has the appearance of a 
s y n p l u t o n i c dyke. I t i s i r r e g u l a r i n te x t u r e and c o n t a i n s 
p o r p h y r o b l a s t s of quartz and p l a q i o c l a s e . In t h i n s e c t i o n , 
however, the rock l o o k s l e s s l i k e a dyke. I t c o n s i s t s mainly of 
f i n e - g r a i n e d , w e l l - f o l i a t e d s i l i c e o u s m a t e r i a l that i s made dark 
by abundant carbonaceous d e b r i s ; no mafic m i n e r a l s are present. 
The m a t e r i a l i s thought to re p r e s e n t not a dyke but a 
r e c r y s t a l l i z e d shear zone. I t tren d s n o r t h e a s t e r l y and cuts the 
f o l i a t i o n i n the quartz d i o r i t e . 

The q u a r t z d i o r i t e i s cut by numerous epidote v e i n s , 
f l a n k e d i n most p l a c e s by zones of low-temperature hydrothermal 
a l t e r a t i o n . 

The i c e - p o l i s h e d s u r f a c e , f r e s h l y exposed by road 
c o n s t r u c t i o n , d i s p l a y s w e l l developed q l a c i a l s t r i a e and 
c r e s c e n t i c qouqes i n d i c a t i n q southward movement of i c e . 

Marine i n v e s t i q a t i o n s i n Howe Sound west of t h i s point have 
r e v e a l e d an enormous but t o t a l l y submerqed r e c e s s i o n a l moraine 
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known to c o n t a i n i n i t s uppermost part i l l - s o r t e d sandy g r a v e l s 
as w e l l as t i l l or stony marine c l a y . A r a i s e d d e l t a 1 km to the 
north has y i e l d e d s h e l l s and wood with r a d i o c a r b o n ages of 
11,390 and 10,690 years B.P. R e s p e c t i v e l y , corresponding to a 
sea l e v e l at about the present 200 f o o t (60 m) contour. 

INTER-STOP COMMENT. The d e p o s i t of sand and g r a v e l at 
mile 30.0, part of a r a i s e d d e l t a or kame t e r r a c e , 
o r i g i n a l l y c o n t a i n e d over 44 m i l l i o n tons, and i s 
being r a p i d l y g u a r r i e d (1-2 m i l l i o n tons per year) f o r 
use i n the Vancouver area. The townsite and 
co n c e n t r a t o r of B r i t a n n i a mine (now i n a c t i v e ) i s 
passed at mile 30.4. Discovered i n 1888, t h i s mine had 
a h i s t o r y of pr o d u c t i o n from 1905, when i t was worked 
at a r a t e o f 200 tons per day, t o 1974, with peak 
pro d u c t i o n i n the 1930s at almost 6000 tons per day. 
I t has y i e l d e d more than 1.1 b i l l i o n pounds of copper, 
270 m i l l i o n pounds of z i n c , 34 m i l l i o n pounds of l e a d , 
almost 500,000 ounces of gold and almost 6 m i l l i o n 
ounces of s i l v e r . P y r i t e , c h a l c o p y r i t e , and l e s s e r 
s p h a l e r i t e form s t r i n g e r l o d e s , massive replacements, 
and combinations of the two, i n c h l o r i t i c and 
s e r i c i t i c s c h i s t s i n a s t e e p l y d i p p i n g n o r t h w e s t e r l y 
t r e n d i n g shear zone i n v o l c a n i c rocks b e l i e v e d t o be 
mainly Lower Cretaceous. Orebodies have been found 
through a v e r t i c a l range of more than 1300 meters and 
a h o r i z o n t a l range o f 3 km (Sutherland Brown and 
Robinson, 1971; Sutherland Brown, 1975). 

STOP 5j. VIEW OF MOONT GARIBALDI 
(33.5 m i l e s ; 27.7 miles t o next stop.) 

From t h i s s top a view ( F i g . 3) can be obtai n e d i n c l e a r 
weather of Mount G a r i b a l d i f i f t e e n miles (25 km) to the 
n o r t h e a s t , a very l a t e P l e i s t o c e n e volcano of the Pelean type 
(Mathews, 1952), b e l i e v e d to have been b u i l t i n l a r g e part on 
r e s i d u a l i c e o f the l a s t g l a c i a t i o n at an e a r l y stage i n i t s 
r e c e s s i o n , while a l l land below the present 4,400 f o o t (135 m) 
contour was b u r i e d . Subsequent melting of the i c e permitted the 
f l a n k s o f the cone t o c o l l a p s e except f o r a l i m i t e d seqment 
which had been b u i l t on high, i c e - f r e e l a n d . A s e c t i o n of Pelean 
t u f f b r e c c i a s 2300 f e e t (700 m) t h i c k , i s exposed on the 
southwest f a c e . The somewhat more r e s i s t a n t v e n t - f i l l i n g forms 
the south peak o f the mountain. Younger l a v a flows mantle the 
s l i d e s c a r on the northwest f a c e , and form the north peak. The 
rocks of Mount G a r i b a l d i are d a c i t i c , c l o s e l y resembling i n 

c h e m i c a l composition the quartz d i o r i t e s on which they l i e . 
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MT. GARIBALDI FROM THE SOUTH 
Af ter W. H. M a t h e w s , 1 9 6 8 

F i g u r e 3: Mount G a r i b a l d i from the south ( a f t e r W.H.Mathews, 
1968) 

LONCH AT SHANNON FALLS 

STOP J5: ROEBLE CREEK LANDSLIDE 
(61.2 m i l e s ; 1.3 miles to next stop.) 

The c l e a r i n g here i s l e f t from a borrow p i t o p e r a t i o n 
p r o v i d i n g e a r t h f i l l f o r the Cheakamus dam ( T e r z a g h i , 1960a, 
1960b, Nasmith, 1972) about 1/4 mile (0.4 km) northwest of here. 
A l l m a t e r i a l f i n e r than 6 i n c h e s was used i n c o n s t r u c t i o n , but 
b l o c k s l a r g e r than t h i s were dragged t o the s i d e of the p i t or 
l e f t i n p l a c e . The l a r g e s t b l o c k s here are up to 14 f e e t (4.3 m) 
a c r o s s . A r e p r e s e n t a t i v e s u i t e o f r o c k s , t y p i c a l o f the head of 
the v a l l e y , 3 mile s (5 km) southeast of here are present: red 
and grey t o black d a c i t e (about 95% of the d e b r i s ) , g r e e n i s h 
sandstone ( l i t h i c wacke) with r a r e s h e l l fragments, and g r a n i t i c 
r ocks (from the g l a c i a l d r i f t ) . The assemblage has been 
t r a n s p o r t e d by l a n d s l i d i n g to t h i s s i t e . 

An area a c g u i r e d f o r r e s i d e n t i a l development 1/2 mile 
(0.8 km) south of here was condemned because of t h r e a t s of a 

Day 1 Stop 6 



16 

r e p e t i t i o n of l a n d s l i d i n g from p r e c i p i t o u s c l i f f s s t i l l e x i s t i n q exce< 
at the head and on the south wall of the v a l l e y , and was s u b j e c t i n c l i 
o f a l e g a l b a t t l e i n 1973. The judge, J u s t i c e Thomas Berger, f r a g i 
r u l e d a g a i n s t the developers on the grounds of 1 s a f e t y f i r s t 1 . f o s s 
Questions r a i s e d d u r i n g the c o u r t hearings prompted a f u r t h e r age. 
study by Dennis Moore l e a d i n g to an MASc t h e s i s quoted as the 
f o l l o w s : been 

unde 
•during the l a t e winter of 1855-56 or e a r l y s p r i n g of 1856 the 

about 33,000,000 c u b i c yards of v o l c a n i c rock s l i d from the high gran 
c l i f f known as The B a r r i e r . T h i s d e b r i s t r a v e l l e d down a r a t h e r p o i r 
sinuous path along Hubble Creek v a l l e y to i t s confluence with 
Cheakamus River about 4 miles from the B a r r i e r and about 
3400 f e e t lower. 

STOj 
The i n i t i a l m a t e r i a l appears to have t r a v e l l e d as a high ~ 

v e l o c i t y tongue of d e b r i s which swept from one s i d e of the 
v a l l e y to the other as the d e b r i s stream rounded curves 
e v e n t u a l l y t o be d e p o s i t e d on Rubble Creek f a n . V e l o c i t i e s 
c a l c u l a t e d from the s u p e r e l e v a t i o n of the d e b r i s as i t rounded 
t h r e e d i f f e r e n t c u r ves i n d i c a t e t h a t the d e b r i s was moving l a v 
between 88 and 110 f e e t per second. A minimum v e l o c i t y of 80 dev 
f e e t per second was c a l c u l a t e d u s i n g the p r i n c i p l e of bef 
c o n s e r v a t i o n of energy where the d e b r i s overtopped a s m a l l h i l l p o r 

a t the apex of the f a n . A l l of the t r e e s i n the path of t h i s 
s l i d e were uprooted and c a r r i e d away. The t r e e s adjacent to the 
s l i d e were s c a r r e d and b r u i s e d by moving d e b r i s . 

The i n i t i a l high v e l o c i t y tongue was a p p a r e n t l y f o l l o w e d by 
mud flows which d e p o s i t e d l a r g e rounded boulders and poorly 
s o r t e d , v o l c a n i c d e b r i s on an area of the fan which was not 
covered by the i n i t i a l s l i d e . T h i s m a t e r i a l was a p p a r e n t l y slow 
moving, as i t p i l e d up high on the u p h i l l s i d e of some t r e e s 
which l a t e r d i e d and f e l l a c r o s s the top o f the d e b r i s . 1 

STOP Tz CONGLOMERATE AT PARKING LOT (START OF GARIBALDI PARK 
TRAIL) 

(62.5 m i l e s ; 6.2 miles to next stop.) 

V i s i b l e up Rubble Creek v a l l e y from here i s The B a r r i e r , 
source of the 1856 l a n d s l i d e . Debris of t h i s s l i d e , reworked i n 
p l a c e s by stream a c t i o n , covers the v a l l e y f l o o r here from wall 
to w a l l , and a veneer of the same d e b r i s can be r e c o g n i z e d on 
the v a l l e y s l o p e s up to a r e l a t i v e l y sharp l i m i t from a few f e e t 
t o as much as 300 f e e t (100 m) above the v a l l e y bottom. 

About 100 yards above the p a r k i n g l o t on an o l d t r a i l up 
the v a l l e y are exposures of conglomerate, washed cle a n of d e b r i s 
by Rubble Creek. T h i s i s the b a s a l part of a t h i c k (probably 
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exceeding 5,000 f e e t (1.5 km)) c l a s t i c s u c c e s s i o n , which 
i n c l u d e s such green sandstone (seen at the l a s t stop as 
fragments i n the s l i d e d e b r i s ) some o f which c o n t a i n s marine 
f o s s i l s . Inocerami and belemnites (?) suggest an E a r l y Cretaceous 
age. Abundant g r a n i t i c d e t r i t u s , mostly of cobble s i z e , w i t h i n 
the conglomerate demonstrate t h a t p l u t o n i c rocks had a l r e a d y 
been exposed somewhere nearby. G r a n i t i c rock, presumed to 
u n d e r l i e the conglomerate here crops out on the op p o s i t e s i d e of 
the creek downstream from t h i s stop. Late Cretaceous or younger 
g r a n i t i c rocks occur 3 t o 4 miles n o r t h e a s t and east of t h i s 
p o i n t . 

STOP 8J. BRANDYWINE BASALT • ESKER• 
(68.7 m i l e s ; 3.2 miles to next stop.) 

The r a i l r o a d c u t s through a l a t e P l e i s t o c e n e s t e e p - s i d e d 
l a v a flow which forms a conspicuous elongate r i d g e . Well 
developed columnar j o i n t i n g (even b e t t e r exposed 30 years ago 
before the cut was widened - see F i g . 4) i s everywhere n e a r l y 
p e r p e n d i c u l a r t o the present upper, l a t e r a l , and b a s a l s u r f a c e s 

F i g u r e 4: Columnar j o i n t i n g p a t t e r n i n north w a l l of r a i l r o a d 
cut at Brandywine F a l l s . From a 1946 photo. 

of the flow, suggesting that these s u r f a c e s correspond to or 
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c l o s e l y p a r a l l e l the o r i g i n a l c o o l i n g s u r f a c e s of the flow. To 
e x p l a i n the r e s t r i c t e d width compared with i t s much g r e a t e r 
l e n g t h , the columnar j o i n t p a t t e r n , and the l a c k of any e x i s t i n g 
m a t e r i a l to c o n f i n e the l a v a l a t e r a l l y , i t has been suggested 
(Mathews, 1958, p. 189) that i t developed duri n g the waning 
st a g e s of g l a c i a t i o n by the passage of l a v a along a tunnel or 
t r e n c h thawed i n the i c e . I f so, the resemblance to an esker i s 
more than a c c i d e n t a l . 

STOP 9z CALLAGHAN CREEK BASALT QUARRY 
(71.9 m i l e s ; 7.5 miles to next stop.) 

Write-up by Nathan Green. 

O l i v i n e - a u g i t e b a s a l t s were erupted w i t h i n the g l a c i a l l y -
scoured Callaghan Creek and Cheakamus R i v e r v a l l e y s during f o u r 
episodes of l a t e P l e i s t o c e n e volcanism. Within the B. C. Railway 
quarry, blocky p l a g i o c l a s e - p h y r i c b a s a l t s , which r e p r e s e n t the 
f i n a l stages of the volcanism, r e s t upon 1 to 3 m of baked 
g l a c i a l t i l l s and l a c u s t r i n e s i l t s . A C 1 4 age of 34,200 yea r s , 
o b tained from carbonaceous m a t e r i a l found i n a t h i n l e n s of s i l t 
between two f l o w s , corresponds t o the Olympia I n t e r g l a c i a l 
p e r i o d . I n d i v i d u a l f l o w - u n i t s are c h a r a c t e r i z e d by u n u s u a l l y 
r e s t r i c t e d l a t e r a l extent (30 t o 50 m), anastomosing and 
meandering flow p a t t e r n s , and fanned e n t a b l a t u r e columns which 
present a dome-shaped c r o s s - s e c t i o n . One to two metre zones of 
p l a t y , v e s i c u l a t e d l a v a or " s p i r a c l e s " t r a v e r s e the columnar 
b a s a l t s immediately o v e r l y i n g the t i l l s . These f e a t u r e s may have 
formed when meltwater or i c e , trapped beneath the l a v a , was 
v a p o r i z e d . 

About 8 km north of t h i s stop i s the N o r t h a i r gold mine, 
which began p r o d u c t i o n i n 1976 at a r a t e of about 300 tons per 
day. The mine i s hosted by a n d e s i t i c to d a c i t i c p y r o c l a s t i c 
r o c k s of probable E a r l y Cretaceous age which have been 
r e g i o n a l l y metamorphosed to g r e e n s c h i s t f a c i e s . Galena, 
s p h a l e n i t e , c h a l c o p y r i t e , p y r i t e , g o l d , and a r g e n t i t e occur i n 
s t e e p l y - d i p p i n g quartz-carbonate zones. 
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OVERNIGHT AT WHISTLER 
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DAY 2 tej 
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STOP J JO: SOUTHWEST MARGIN OF SPETCH CREEK PLUTON 
(121.4 miles; 11.9 miles to next stop.) 

t o 
cor 
(Ar 

but 

T h i s outcrop of Spetch Creek g r a n o d i o r i t e i s f a i r l y 
r e p r e s e n t a t i v e of the p l u t o n s l y i n g e a s t o f the a x i s of the 
Coast P l u t o n i c Complex, but i s s l i g h t l y r i c h e r i n mafic 
m i n e r a l s , p a r t i c u l a r l y hornblende. 

Spetch Creek pluton extends 20 miles n o r t h w e s t e r l y from 
near J o f f r e Creek and i s up t o 10 miles wide. Except f o r i t s 
southern end, the pluton i s i n t r u s i v e i n t o an Opper T r i a s s i c 
v o l c a n i c seguence, which i n c l u d e s one or more g r a n i t e - b e a r i n g 
conglomerate h o r i z o n s . Most of i t c o n s i s t s of a c l e a n , 
homogeneous, medium- to c o a r s e - g r a i n e d g r a n o d i o r i t e , which i s 
massive except near L i l l o o e t Lake, where i t i s f o l i a t e d p a r a l l e l 
with the shore. Average composition of 22 specimens of Spetch 
Creek p l u t o n i s 12 percent mafic m i n e r a l s (range, 8 to 22 
percent) with b i o t i t e g e n e r a l l y dominant, 8 percent K - f e l d s p a r 
(range 0 t o 24 p e r c e n t ) , 22 percent guartz (range 
2 to 40 p e r c e n t ) , and the remainder mainly p l a g i o c l a s e . Here i t 
c o n t a i n s minor sphene. In most o u t c r o p s , a m p h i b o l i t i c i n c l u s i o n s 
form l e s s than 1 percent of the rock; l o c a l l y they form as much 
as 5 percent. Here and t h e r e e p i d o t e , a p l i t e and pegmatite v e i n s 
cut the g r a n o d i o r i t e . The mean s p e c i f i c g r a v i t y of the 22 
specimens c o l l e c t e d i s 2.70. A K-Ar age d e t e r m i n a t i o n on b i o t i t e 
from t h i s pluton y i e l d e d 84 m.y. 

In t h i n s e c t i o n the rock at t h i s outcrop shows markedly 
p o i k i l o b l a s t i c K - f e l d s p a r . The p l a g i o c l a s e (An 3 0) shows poorly 
developed normal zoning. Many of the c r y s t a l s show a complex 
i n t e r n a l s t r u c t u r e s u g g e s t i n g t h a t some of the present c r y s t a l s 
formed from o l d e r s m a l l e r c r y s t a l s without e n t i r e l y d e s t r o y i n g 
them. S e r i c i t i c c ores are seen i n a few c r y s t a l s , and some 
s e r i c i t e patches are u n r e l a t e d t o the present p l a g i o c l a s e 
s t r u c t u r e and appear to be o l d e r than the l a s t r e c r y s t a l l i z a t i o n 
o f the rock. 

About 100 yards of outcrop shows an i r r e g u l a r g r a d a t i o n 
from c l e a n Spetch g r a n o d i o r i t e to a d i o r i t i c complex which 
borders the east s i d e of a l a r g e b e l t of Upper T r i a s s i c (?) 
v o l c a n i c rocks. The dark f i n e - g r a i n e d rock i n the d i o r i t i c 
complex c o n s i s t s mainly of eguant p l a g i o c l a s e and some guartz 
c r y s t a l s , with about 25% hornblende, t r e m o l i t e , c h l o r i t e , minor 
b i o t i t e and opaques. The rock does not have a c a t a c l a s t i c 

STO 

det 
i r r 
qua 
wit 
con 
l a y 
s c r 
num 
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t e x t u r e , and, i n t h i n s e c t i o n only a moderate alignment of mafic 
m i n e r a l s . 

At the outcrop near the northeast c o r n e r of L i l l o o e t l a k e , 
the c l e a n phases of the p l u t o n i c rock are g u a r t z d i o r i t e s i m i l a r 
t o the g r a n o d i o r i t e , except f o r the l a c k of K - f e l d s p a r . I t 
c o n t a i n s , however, more and c o a r s e r hornblende. The p l a g i o c l a s e 
( A n 3 6 ) i s s l i g h t l y more c a l c i c . 

The c o n t a c t with the b e l t of v o l c a n i c rocks i s not exposed, 
but the l a t t e r are h e a v i l y p y r i t i z e d near i t . 

INTER-STOP COMMENT. 

L i l l o o e t Lake and i t s s e d i m e n t a t i o n has been 
r e c e n t l y i n v e s t i g a t e d by G i l b e r t (1973, 1975). 
L i l l o o e t R i v e r , the p r i n c i p a l stream feeding the l a k e , 
has a source area of 3580 km 2, of which 7% i s g l a c i e r 
covered. Suspended sediment i n t h i s stream commonly 
ranges between 600 and 1200 mg/1 during the summer 
months, s u f f i c i e n t to render the r i v e r water denser 
than the s u r f a c e water of the l a k e and produce 
i n t e r f l o w s or underflows. The d e l t a f r o n t of L i l l o o e t 
River has advanced approximately 1 km between 1858 and 
1969. Varves, averaging 100 mm t h i c k on the d e l t a 
f r o n t , and d e c l i n i n g t o 18 mm some 5 km to the 
southeast, have accumulated w i t h i n the l a k e . 
D e p o s i t i o n w i t h i n the l a k e has been estimated to be 
1.1 m i l l i o n c u b i c meters/yr s i n c e 1913, corresponding 
to a denudation r a t e i n the b a s i n upstream of 280 
mm/millennium. An a c c o u s t i c r e f l e c t i n g h o r i z o n w i t h i n 
the sediments i s i n t e r p r e t e d as the f B r i d g e River* ash 
( a c t u a l l y from an e r u p t i v e c e n t e r 40 miles up L i l l o o e t 
River) dated at 2400 B.P. I f so the long-term r a t e of 
denudation i s about h a l f the modern r a t e . 

STOP 11: PEHBERTOH DIORITIC COMPLEX 
~ ~ (133.3 m i l e s ; 6.8 miles t o next stop.) 

The Pemberton complex i s a very heterogeneous u n i t which 
d e t a i l e d work c o u l d probably s u b d i v i d e . I t c o n s i s t s mainly of 
i r r e g u l a r l y t e x t u r e d d i o r i t e which may e i t h e r grade up i n t o 
q u a r t z d i o r i t e or down i n t o a m p h i b o l i t e , or be i n sharp contact 
with these l i t h o l o g i e s . The rock i s commonly g n e i s s i c and 
c o n t a i n s abundant e p i d o t e veins and l a y e r s . The ampbibolite 
l a y e r s or screens are i n v a r i a b l y p a r a l l e l with the a m p h i b o l i t i c 
s c r e e n s . Besides the screens the d i o r i t e e x h i b i t s l o c a l l y 
numerous elongated a m p h i b o l i t i c i n c l u s i o n s and s c h l i e r e n . 
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Although not well-shown here, some of the e p i d o t e appears to be a r e 

o l d e r than the d i o r i t e . A m p h i b o l i t i c l a y e r s and i n c l u s i o n s with Some 
ep i d o t e cores seem to have r e s i s t e d d i o r i t i z a t i o n more d i o i 
s u c c e s s f u l l y than uncored a m p h i b o l i t e . o f 

magr, 
In t h i n s e c t i o n the rock i s seen to c o n s i s t mainly of scat 

p l a g i o c l a s e and hornblende ( p a r t l y converted to c h l o r i t e ) , with ( n o x 

minor b i o t i t e , magnetite and s p o r a d i c quartz. The p l a g i o c l a s e i s 
i r r e g u l a r i n shape and p o o r l y zoned except i n r a r e i n s t a n c e s . 
Many c o n t a i n remnants of a p r e - e x i s t i n g , more c a l c i c p l a g i o c l a s e 
which i n p l a c e s form a s k e l e t a l o u t l i n e of former zones. STOJ 
A n o r t h i t e content ranges from about A n 4 0 to A n 4 8 f o r the 
r e c r y s t a l l i z e d p l a g i o c l a s e , and about A n 6 0 f o r the r e l i c t 
p l a g i o c l a s e . C a t a c l a s t i c e f f e c t s are not conspicuous but some of 
the p l a g i o c l a s e c r y s t a l s have f r a c t u r e d cores and i n t a c t rims. 
The f r a c t u r e s commonly c o n t a i n s e r i c i t e . 

horr 
On the high r i d g e about 4 miles southeast o f here, the * m P * 

c o n t a c t with the v o l c a n i c b e l t i s exposed. The d i o r i t i c complex and 
t h e r e i s s i m i l a r t o here but commonly with patches of a 1 

s p e c t a c u l a r p e g m a t i t i c h o r n b l e n d i t e . Hear the c o n t a c t the mapi 
s t r u c t u r e i s more r e g u l a r and grades i n t o banded g n e i s s and 
c o n t a i n i n g numerous ep i d o t e l a y e r s . The a c t u a l c o n t a c t with the cons 
greenstone of the v o l c a n i c b e l t i s not exposed, but except f o r d i o i 
r a r e patches of c h l o r i t i z e d d i o r i t e does not seem to be h i g h l y n a t i 
a l t e r e d . 

Z i r c o n s from here y i e l d e d u n c o r r e c t e d p b 2 0 7 / P b 2 0 6 ages of o f 
331 and 294 m.y. on P b 2 ° 7 / P b 2 0 6 # and a K-Ar determination on aetc 
hornblende gave 52± 15 m.y. i s c 

f rac 
d i o i 
una] 

STOP 111 LANDSLIDE BLOCKS OF PEMBERTON DIORITIC COMPLEX OUtc 
(140.1 m i l e s ; 4.7 miles t o next stop.) cons 

a l t c 
i s I 
comr 

On the way to t h i s p o i n t we passed a l i g h t - w e a t h e r i n q The 
outcrop on the l e f t . I t i s a lobe o f a f a i r l y c l e a n quartz mafi 
d i o r i t e body which l i e s mainly west o f the hiqhway. I t appears c h i c 
t o be younqer than the Pemberton Complex but may be a c l e a n e r have 
phase of i t . The northern c o n t a c t i s a q a i n s t p a r t l y d i o r i t i z e d Disc 
a m p h i b o l i t e and the southern c o n t a c t i s not exposed. t h i s 

and* 
T h i s stop i s on the nose of a l a n d s l i d e t h a t has come down f a c i 

from the e a s t s i d e of Green River V a l l e y . The b l o c k s are from an the 
a g m a t i t i c * phase of Pemberton Complex. Host of the i n c l u s i o n s som« 

wid< 
*On the Coast Mountains P r o j e c t the term agmatite i s used where soul 
i n c l u s i o n s form more than 30% of rock. zon< 
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are elongate and range from a m p h i b o l i t e to f i n e - g r a i n e d d i o r i t e . 
Some are w e l l - d e f i n e d , others grade i n t o the c o a r s e - g r a i n e d 
d i o r i t e - g u a r t z d i o r i t e matrix. The p l u t o n i c rock c o n s i s t s mainly 
o f p l a g i o c l a s e ( An 3 6) and hornblende, with c o n s i d e r a b l e 
magnetite and r a r e b i o t i t e . Epidote forms both v e i n - f i l l i n g and 
s c a t t e r e d d i s c r e t e c r y s t a l s . Some of the p l a g i o c l a s e i s zoned 
(normal). No c a t a c l a s t i c e f f e c t s are v i s i b l e . 

STOP 1 3 : NORTH CONTACT OF ALTA LAKE PENDANT 
(144.8 mil e s ; 10.1 miles to next stop.) 

Since the l a s t stop we passed a c r o s s about one mile of 
h o r n b l e n d e - r i c h guartz d i o r i t e c o n t a i n i n g numerous rounded 
a m p h i b o l i t i c i n c l u s i o n s and some amphibolite screens, cut here 
and t h e r e by h o r n b l e n d i c lamprophyre dykes. T h i s was f o l l o w e d by 
a three-mile-wide b e l t of d i o r i t e and amphibolite t h a t we have 
mapped as part of the Pemberton Complex. Epidote cored s c h l i e r e n 
and screens are common t h e r e . South of the complex i s a 
c o n s i d e r a b l y c l e a n e r c o a r s e - g r a i n e d h o r n b l e n d e - r i c h guartz 
d i o r i t e which i s part o f a l a r g e body t o the southeast. The 
nature of the c o n t a c t i s not known. 

T h i s stop i s at the northern c o n t a c t of the A l t a Lake b e l t 
o f probable Lower Cretaceous metavolcanic and minor 
metasedimentary rocks. The c o n t a c t i s thought to be a f a u l t but 
i s covered i n a s m a l l g u l l y . The adjacent pendant i s h i g h l y 
f r a c t u r e d and shows s e v e r a l s l i c k e n s i d e d s u r f a c e s . In the 
d i o r i t e about 50 f e e t above the road i s a sharp c o n t a c t with 
u n a l t e r e d a n d e s i t e . T h i s appears to be a dyke as d i o r i t e 
o utcrops south of i t a l s o . The f i r s t outcrop of the pendant 
c o n s i s t s of a f a i r l y a c i d flow, probably a d a c i t e . I t i s now 
a l t e r e d t o g r e e n s c h i s t f a c i e s but i n p l a c e s the o r i g i n a l t e x t u r e 
i s preserved. Subhedral a l t e r e d p l a g i o c l a s e phenocrysts are 
commonly packed t o g e t h e r . They show f a i n t o s c i l l a t o r y zoning. 
The matrix i s mainly g r a n u l a r p l a g i o c l a s e and g u a r t z . No f r e s h 
mafic minerals are p r e s e r v e d , but they may be represented by 
c h l o r i t e and c l o t s o f e p i d o t e . Mafic minerals do not appear to 
have been abundant. Epidote a l s o forms abundant v e i n s . 
D i s c o n t i n u o u s s i l l s o r dykes are a l s o present. Other rocks i n 
t h i s p a r t of the pendant i n c l u d e g u a r t z - r i c h meta-greywacke, 
a n d e s i t e , and t u f f . Host of the rock i s i n the g r e e n s c h i s t 
f a c i e s but l o c a l l y o r i g i n a l t e x t u r e i s w e l l - p r e s e r v e d . Most of 
the rock i s massive, with deformation c o n f i n e d to shear zones, 
some of which are h e a v i l y p y r i t i z e d . 

T h i s p r o j e c t i n g arm of the pendant i s only about one mile 
wide whereas the main body i s about four miles wide. The 
southern c o n t a c t of the p r o j e c t i o n i s marked by a wide shear 
zone that extends f o r about 100 meters along the road, and i s 
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bordered on the south by a s h a t t e r e d quartz d i o r i t e . In t h i n STj 
s e c t i o n the rock i s seen through a p e r v a s i v e haze of s e r i c i t e . 
The p l a g i o c l a s e has been p s e u d o a o r p h i c a l l y converted to a l b i t e 
and the hornblende to c h l o r i t e . E p i d o t e i s abundant. Away from 
the c o n t a c t the rock shows no d i s t i n c t c a t a c l a s t i c e f f e c t s but 
the a l t e r a t i o n i s the sane. 

ro< 

Our route to the next s t a t i o n b r i n g s us near the western ca 
c o n t a c t of the A l t a Lake pendant. I t i s i n sharp v e r t i c a l a < 
c o n t a c t with a quartz d i o r i t e p l u t o n about 4 a i l e s wide which co 
s e p a r a t e s i t from the Callaqhan Creek pendant. The pendant rocks gr 
i n the c o n t a c t zone are amphibolite at t h i s stop, but elsewhere gu 
i n c l u d e b i o t i t e s c h i s t and s t r e t c h e d pebble conglomerate. P y r i t e r e 
and e p i d o t e are u b i g u i t o u s . S e v e r a l apophyses about 2 f e e t wide 
extend from the p l u t o n i n t o the a m p h i b o l i t e . These apophyses 
c o n t a i n randomly o r i e n t e d , anqular i n c l u s i o n s of a m p h i b o l i t e . gn< 
Q u a r t z - p l a g i o c l a s e v e i n s wind s i n u o u s l y a c r o s s the f o l i a t i o n i n i s 
the a m p h i b o l i t e . Thin r e s i s t a n t e p i d o t e v e i n s cut the a 
a m p h i b o l i t e with a f a i r l y c o n s i s t e n t a t t i t u d e of 105/65S. The o f 
q u a r t z d i o r i t e at the c o n t a c t i s cut by t h i n a p l i t e v e i n s and a co< 
2-to 3-foot-wide pegmatite v e i n . or: 

by 
STOP J4j, CABBONATE BED IN ALTA LAKE PENDANT l a i 

(154.9 m i l e s ; 17.5 miles t o next stop*) te 
pr< 
se 
f h 

T h i s i s the o n l y s u b s t a n t i a l carbonate bed t h a t has been 
found i n the A l t a Lake pendant. The bed i s about 250 f e e t wide. 
I t c o n s i s t s of creamy-white-weathering, f i n e - g r a i n e d c r y s t a l l i n e ab( 
l i m e s t o n e , with minor i n t e r c a l a t e d p h y l l i t i c l a y e r s and a few an( 
g u a r t z l e n s e s . The limestone c o n t a i n s s c a t t e r e d g r a i n s of ch. 
q u a r t z , t r e m o l i t e and opaques, but about 98* of the rock f i ! 
c o n s i s t s of a mosaic o f equant c a l c i t e q r a i n s . mâ  

by 
mai 
Pb-
f r< 

LONCH AT WHISTLES (0. 

Pl< 
(2 
Tai 
26! 
Pl< 
l e ^ 
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STOP J5j, QUARTZ DIORITE IN CHEAKAflUS CANYON 
(172.4 miles; 18.5 miles to next stop.) 

T h i s stop i l l u s t r a t e s s t r u c t u r e preserved i n the p l u t o n i c 
r o c k , most of which c o n s i s t s of a l i g h t grey weathering, 
g r e e n i s h , g r a n i t o i d augen-gneiss. The t e x t u r e i s markedly 
c a t a c l a s t i c with l a r g e augen of s o d i c p l a g i o c l a s e and quartz i n 
a g r a n u l i t i c - t e x t u r e d matrix o f the same mine r a l s . The matrix 
c o n s i s t s of two s i z e s of m a t e r i a l — one an almost medium-
gr a i n e d quartz mosaic, and the oth e r , a very f i n e - q r a i n e d 
g u a r t z - p l a g i o c l a s e - e p i d o t e mixture. S t a i n i n g i n d i c a t e s t h a t the 
rock c o n t a i n s no K - f e l d s p a r . The only mafic mineral i s c h l o r i t e . 

Dark bands, 1/4 to 8 i n c h e s (1/2 to 20 cm) wide i n the 
g n e i s s o u t l i n e a s y n c l i n a l s t r u c t u r e , part of the base of which 
i s d i s c o r d a n t with the f o l i a t i o n of the u n d e r l y i n g rock owing to 
a minor f a u l t on the northern limb. The dark bands are made up 
o f very f i n e - g r a i n e d p l a g i o c l a s e and q u a r t z , and somewhat 
c o a r s e r qranules of e p i d o t e but c o n t a i n no mafic m i n e r a l s . The 
o r i q i n o f the s t r u c t u r e i s not known. 

The g n e i s s i s cut by p l a s t i c a l l y deformed quartz v e i n s , and 
by undeformed b a s a l t i c dykes. The b a s a l t c o n s i s t s of a matrix of 
l a b o r a d o r i t e l a t h s and a u q i t e q r a n u l e s forminq a t r a c h y t i c 
t e x t u r e . A few phenocrysts o f a u g i t e and r a r e hornblende are 
pre s e n t . There i s a l s o a m i c r o l i t i c submatrix that i s cloudy to 
semi-opaque. These dykes are probably r e l a t e d t o the Brandywine 
f l o w s . 

Other dykes, undeformed but appa r e n t l y o l d e r than the 
above, are a l s o present. They c o n s i s t o f dark q r e e n i s h - c o l o u r e d 
a n d e s i t e which i s made up of s a u s s u r i t i z e d p l a q i o c l a s e , 
c h l o r i t e , muscovite, and c a l c i t e patches. Some c l e a r quartz 
f i l l s the i n t e r s t i c e s and appears t o be metasomatic. These dykes 
may be l a t e s y n p l u t o n i c , o r e n t i r e l y p o s t - p l u t o n i c but a l t e r e d 
by l a t e r low-grade metamorphism. Z i r c o n s from the r e l i c t 
m a t e r i a l at the base of the s y n c l i n e y i e l d u n c o rrected 
P b * 0 7 / p b * o « ages of 294 and 313 m.y. A K-Ar date from hornblende 
from s l i g h t l y deformed q u a r t z d i o r i t e at the pass, 0.5 miles 
(0.8 km) south o f here i s 158 m.y. 

From near t h i s stop one can view i n c l e a r weather a l a t e 
P l e i s t o c e n e v o l c a n i c s p i r e , Hount Fee, e l e v a t i o n 7100 f e e t 
{2160 m) to the northwest and to the southwest the rugged 
T a n t a l u s Range, e l e v a t i o n 6500 f e e t to 8700 f e e t (2000 m -
2650 m)• The l a t t e r was too high t o have been o v e r r i d d e n by the 
P l e i s t o c e n e i c e sheet, which here was a t the 6000 f o o t (1800 m) 
l e v e l . 
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STOP J 6 j SQUAMISH GRANODIORITE p 
(190.9 a i l e s ; 26.8 a i l e s to next stop.) h 

A body of g r e e n i s h a n d e s i t e , presumed to be a feeder f o r 
the upper v o l c a n i c u n i t s of the Gaabier Group, i s exposed i n a 
p r e c i p i t o u s c l i f f on the east s i d e of the road. T h i s body i s 

At t h i s stop a c l e a n l e u c o c r a t i c g r a n o d i o r i t e i s exposed i n 
a road c u t . I t i s t y p i c a l of what were thought t o be young 
T e r t i a r y p l u t o n s i n the Coast P l u t o n i c Coaplex, but t h i s 
i m p r e s s i o n has not been s u b s t a n t i a t e d ; K-Ar age d e t e r m i n a t i o n s q 
on b i o t i t e which y i e l d e d a date o f 94a.y. are comparable t o the a 

95-99m.y. dates obtained from o l d e r - l o o k i n g guartz d i o r i t e a t r 

Horseshoe Bay. The g r a n o d i o r i t e i s more homogeneous and l e s s 
f a u l t e d than the guartz d i o r i t i c rocks to the no r t h . The simple 
wide-spread j o i n t p a t t e r n permits the f o r m a t i o n of broad 
imposing c l i f f s . 3 

The g r a n o d i o r i t e c o n s i s t s o f about 47% g u a r t z , 30% 
p l a g i o c l a s e , 20* K - f e l d s p a r and 3% b i o t i t e , a l l of which are 
co a r s e g r a i n e d except f o r the b i o t i t e which normally forms 
s m a l l e r c r y s t a l s . The p l a g i o c l a s e i s a s o d i c o l i g o c l a s e and 
about h a l f of the c r y s t a l s show f a i n t o s c i l l a t o r y zoning 
(commonly about 12 zones). Quartz forms i r r e g u l a r l y shaped 
c r y s t a l s , although euhedral f a c e s are developed a g a i n s t K-
f e l d s p a r . The K - f e l d s p a r i s i r r e g u l a r l y p e r t h i t i c , shows 
m i c r o c l i n e g r i d twinning i n p l a c e s , and i s p o i k i l o b l a s t i c with 
g u a r t z and p l a g i o c l a s e m i c r o - i n c l u s i o n s . I t has r e p l a c e d 
p l a g i o c l a s e and quartz by e x t e n s i v e embaying and v e i n i n g . The Ap 
b i o t i t e forms brown, subhedral c r y s t a l s t h a t commonly c o n t a i n 
one or two a p a t i t e c r y s t a l s . Magnetite i s a minor c o n s t i t u e n t . 

Rare dark l a y e r s appear i n the g r a n o d i o r i t e and c o n s i s t of c c 

c o n c e n t r a t i o n s of s m a l l , commonly eu h e d r a l b i o t i t e c r y s t a l s . The 
c r y s t a l s show no p r e f e r r e d o r i e n t a t i o n . Small i r r e g u l a r l y -
shaped, dark i n c l u s i o n s are v i s i b l e here and there. 

A number of a p l i t e dykes cut the g r a n o d i o r i t e . They c o n t a i n G I 

more K - f e l d s p a r and much l e s s b i o t i t e ( c h l o r i t i z e d ) than the 
g r a n o d i o r i t e , and are quartz monzonite i n composition. 

The back s u r f a c e of the west s i d e of the road cut i s h i g h l y 
p o l i s h e d by g l a c i a l a c t i o n . 

GR 
STOP 17.: PARTLY POSED GRANITE INCLUSIONS IN GAMBIER GROUP 

ANDESITE 
(217.7 miles; 11.6 miles t o next stop.) IP 

MAr 
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pipe-shaped, about 1100 f e e t (350 m) from north to south and 
h a l f t h at i n width (Vaughan, 1960). A nearly v e r t i c a l c o n t a c t 
with g e n t l y d i p p i n g Gaabier group sediments i s exposed a few 
hundred f e e t south of the stop. A d i s t i n c t i v e f e a t u r e of the 
a n d e s i t e here i s the presence of s c a t t e r e d i n c l u s i o n s of 
g r a n i t i c rock up to about 3 f e e t (1 m) ac r o s s . They d i s p l a y the 
e f f e c t s of r e h e a t i n g on i n c o r p o r a t i o n i n t o the a n d e s i t e : g l a s s 
or granophyric i n t e r g r o w t h s are l o c a l l y developed, notably along 
g u a r t z - p l a g i o c l a s e c o n t a c t s ; the mafic minerals have a l l been 
a l t e r e d , p l a g i c c l a s e s are i n v a r i o u s stages of 
r e c r y s t a l l i z a t i o n , and guartz i s commonly embayed. 

STOP 18,: UPPER LEVELS HIGHWAY ROADCOT (OPTIONAL STOP) 
(229.3 mil e s ; 8 miles to end.) 
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ADJOINS GARIBALDI SECTION 

HOWE SOUND SECTION 





L E G E N D 

STRATIFIED ROCKS 
Recent 
Alluvial and glacial deposits 

Pliocene to Recent 
Cttllta Garibaldi Group: basalt, andesite. dacite and rhyodacite flows and pyroclastics 

Eocene 
Sandstone, shale, conglomerate; minor basalt flows or sills 

3 Lower Cretaceous 
Gambler Group! tuff, breccia, agglomerate, andesite, argil lite, conglomerate; 

minor crystalline limestone 

Lower to Middle Jurassic 
Argillite,andesite, greywacke; minor crystalline limestone 

Upper Triassic 
Bowen Island Group! mainly greenstone; minor chert and breccia 
Pemberton Belt! mainly greenstone, breccia; minor argillite and limestone 

Pre-Triassic (?) 
Amphibolite, schist, migmatite 

PLUTONIC ROCKS 
Quartz monzonite (granite) 

W W 
V v V V 
W W 

t t t 

Granodiorite 

Quartz diorite 

Dioritic complexes; includes diorite, gabbro, and amphibolite 

Glacier 

Radiometric Ages 

SYMBOLS 
Single determination O 
Multiple determination • 
Age determination on dyke $ 4 

PREFIXES 

Mineral! z-zircon, h-hornblende, b-biot ite, w-whole rock 

SYSTEM 

K-Potassium-Argon, U-Uranium- Lead. C - Carbon 

Ages in million years,unless indicated otherwise 


