
R V. KiRKHAM 

THE SOOKE GABBRO 
BY 

.S. MITCHELL 



LIBRARY 
GEOLOGICAL SURVEY OF C A N A D A 

6th FLOOR 
100 WEST PENDER ST. 

VANCOUVER, B. C. 
V6B 1R8 

THE SOOKE GABBRO 

by 

WILLIAM SUTHERLAND MITCHELL 

B . S c , U n i v e r s i t y of Aberdeen, 1969 

A THESIS SUBMITTED IN PARTIAL FULFILMENT QF 

THE REQUIREMENTS FOR THE DEGREE OF 

MASTER OF SCIENCE 

i n the department 

of 

GEOLOGICAL SCIENCES 

We accept t h i s t h e s i s as conforming t o the 

r e q u i r e d standard 

THE UNIVERSITY OF BRITISH COLUMBIA 

A p r i l , 1973. 



ABSTRACT 

The geology of the E a s t Sooke p e n i n s u l a comprises a core of 

o l i v i n e gabbro, p e r i p h e r a l l y u r a l i t i z e d and bounded on the n o r t h and e a s t 

by upper Eocene Metchosin b a s a l t s of submarine o r i g i n . The gabbro i n t r u d e s 

the b a s a l t s which are unconformably o v e r l a i n by sediments of the Sooke 

Formation of Miocene-Oligocene age. 

The Sooke t gabbro i n t r u s i o n i s an e l l i p t i c a l body o f s l i g h t l y d i f f e r 

e n t i a t e d o l i v i n e gabbro which i s composed of c a l c i c p l a g i o c l a s e and c l i n o -

pyroxene w i t h minor o l i v i n e and orthopyroxene. The gabbro does not e x h i b i t 

any obvious c r y p t i c o r cumulate l a y e r i n g of the type which c h a r a c t e r i s e s 

many o t h e r l a y e r e d b a s i c igneous i n t r u s i o n s . I n s t e a d s t e e p l y d i p p i n g 

s t r u c t u r e s such as weak l a y e r i n g , f o l i a t i o n and l i n e a t i o n are b e l i e v e d t o be 

f l o w s t r u c t u r e s . 

I n t e n s i t y of u r a l i t i z a t i o n o f the o l i v i n e gabbro i n c r e a s e s near the 

margin of the i n t r u s i o n and towards f r a c t u r e s which appear t o have act e d as 

channelways f o r a c o n v e c t i v e f l o w of hydrous f l u i d s w i t h i n and around the hot 

i n t r u s i o n . C o n c e n t r a t i o n s o f copper s u l p h i d e s , d e p o s i t e d from these f l u i d s , 

are found i n s t r u c t u r a l l y f a v o u r a b l e areas. 

The gabbro i n t r u s i o n i s thought to mark the p o s i t i o n of a v o l c a n i c 

neck or f e e d e r , now exposed by e r o s i o n of a t h i c k sequence of Eocene submarine 

b a s a l t s which b u i l t up from ocean f l o o r i n a manner s i m i l a r to the Hawaiian 

c h a i n o f oceanic i s l a n d s . An h y p o t h e s i s of oceanic o r i g i n f o r the b a s a l t and 

gabbro sequence i s complemented by r e i n t e r p r e t a t i o n of the g e o p h y s i c a l d a t a 

from south Vancouver I s l a n d . The Metchosin b a s a l t s and gabbro i n t r u s i o n s are 

thought t o r e p r e s e n t an oceanic s u i t e of rocks emplaced by obduction on the 

southern t i p o f Vancouver I s l a n d . 
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INTRODUCTION 

GENERAL STATEMENT 

The aim of t h i s t h e s i s was t o study a gabbro i n t r u s i o n 

at East Sooke, Vancouver I s l a n d , and t o c o n s i d e r the o r i g i n o f the 

body i n the l i g h t o f rece n t advances i n the understanding of l a y e r e d 

and massive b a s i c igneous r o c k s . 

LOCATION AND ACCESSIBILITY 

The map a r e a , c o v e r i n g f i f t e e n square m i l e s o f the 

East Sooke p e n i n s u l a , i s on Vancouver I s l a n d about s i x t e e n m i l e s 

southwest of V i c t o r i a ( f i g . 1 ) . The p e n i n s u l a i s bounded on the 

south by Juan de Fuca s t r a i t and on the west and n o r t h by Sooke I n l e t 

and Sooke B a s i n . 

The n o r t h e r n p a r t o f the area i s r e a d i l y a c c e s s i b l e from 

a secondary road which branches o f f I s l a n d Highway No. 14 about f i v e 

m i l e s east of Sooke v i l l a g e . Numerous l o g g i n g roads t r a v e r s e the 

area but many are overgrown by scrub and s a l a l . A t r a i l c o n s t r u c t e d 

i n the summer of 1971 under the O p p o r t u n i t i e s f o r Youth Program 

pr o v i d e s access along the southern c o a s t . 

TOPOGRAPHY AND GLACIATION 

R e l i e f i n the area ranges from sea l e v e l t o almost 900 f e e t 

at Mt. Maguire and Babbington H i l l ( f i g . 2 ) . The area i s cut by 

p r e c i p i t o u s n o r t h and n o r t h - e a s t e r l y t r e n d i n g v a l l e y s most of which are 
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Figure 2 TOPOGRAPHIC MAP -EAST SOOKE PENINSULA 



the topographic e x p r e s s i o n of f a u l t s . The c o a s t l i n e along Sooke 

Harbour and B a s i n c o n s i s t s of s i l t y beaches w i t h l i t t l e r o c k outcrop. 

Much of the area i s covered by v a r i a b l e t h i c k n e s s e s of 

g l a c i a l d r i f t which c o n s i s t s l a r g e l y of a m i x t u r e o f y e l l o w sand, 

g r a v e l and b l u i s h - g r e y boulder c l a y w i t h numerous bo u l d e r s and 

co b b l e s . The d r i f t forms a t h i c k b l a n k e t i n the n o r t h e a s t p a r t of 

the area where rock exposure i s g e n e r a l l y poor. Elsewhere the 

p r o p o r t i o n of outcrop to d r i f t i s v a r i a b l e . Good exposures of bedrock 

are found along c l i f f and scarp s e c t i o n s on the south coast and i c e -

s c u l p t u r e d exposures of the roche moutonnee type are common on h i l l s 

and r i d g e s . 

PREVIOUS WORK 

Copper m i n e r a l i z a t i o n i n the East Sooke gabbro was r e p o r t e d 

as e a r l y as 1893 but the geology was not d e s c r i b e d u n t i l 1912 when the 

G e o l o g i c a l Survey o f Canada p u b l i s h e d a memoir on southern Vancouver 

I s l a n d (Clapp 1912). Clapp d e s c r i b e d two s t o c k s of b a s i c p l u t o n i c 

rocks a t East Sooke and Rocky P o i n t . He a l s o noted the presence of 

s m a l l gabbroic bosses along the coast northwest o f Sooke Harbour. Clapp 

s u b d i v i d e d the gabbro i n t o amphibole gabbro, f i n e g r a i n e d a u g i t e gabbro, 

o p h i t i c gabbro, o l i v i n e a n o r t h o s i t e , a n o r t h o s i t e and v a r i o u s pegmatites. 

He noted t h a t the gabbro had s u f f e r e d from " c o n s i d e r a b l e metamorphism, 

r e n d e r i n g the rock g n e i s s i c and s h e a r i n g i t along w e l l marked and o f t e n 

e x t e n s i v e shear zones". The age of the Metchosin b a s a l t s was at t h i s 

time thought to be T r i a s s i c or Lower J u r a s s i c . Consequently Clapp 

p o s t u l a t e d an Upper J u r a s s i c age f o r the i n t r u s i o n s as they c o u l d be 



seen t o i n t r u d e the Metchosin ro c k s and t o be much o l d e r and 

unconformably o v e r l a i n by the Sooke and Carraanah f o r m a t i o n s , 

H.C. Cooke, i n a G e o l o g i c a l Survey of Canada museum b u l l e t i n 

p u b l i s h e d i n 1919, d e s c r i b e d the gabbro body of East Sooke. The 

b u l l e t i n i s accompanied by a g e o l o g i c map of the East Sooke p e n i n s u l a . 

Cooke s u b d i v i d e d the gabbro i n t o mappable u n i t s of o l i v i n e gabbro, 

a u g i t e gabbro, a n o r t h o s i t e and g r a n i t e . He found a s p a t i a l r e l a t i o n 

s h i p between these u n i t s i n t h a t the o l i v i n e gabbro occupies the 

c e n t r e and forms the main p a r t of the East Sooke mass w h i l e the a u g i t e 

gabbro and g r a n i t e l i e on the p e r i p h e r y , Cooke b e l i e v e d t h a t the 

d i f f e r e n c e s i n rock type were caused by "the processes of d i f f e r e n t 

i a t i o n a c t i n g on an o r i g i n a l l y homogeneous magma whose comp o s i t i o n 

was probably t h a t of a r a t h e r b a s i c b a s a l t " • 

By t h i s time the Metchosin b a s a l t s were r e c o g n i z e d t o be 

of Upper Eocene age. T h e r e f o r e Cooke p o s t u l a t e d a Lower Oligocene age 

f o r the Sooke i n t r u s i v e s . 

Copper d e p o s i t s of the East Sooke p e n i n s u l a ensured a 

c o n t i n u i n g i n t e r e s t i n the area and r e f e r e n c e i s made to the d e p o s i t s 

i n B r i t i s h Columbia M i n i s t e r of Mines Annual Reports of 1893, 1902, 

1908, 1915, 1916, 1917, 1918, 1919, 1925 and 1931. I n the Annual Report 

of 19A8, F y l e s summarised the economic h i s t o r y of the a r e a and 

d e s c r i b e d some of the m i n e r a l i s e d zones. 

PRESENT INVESTIGATION 

F i e l d d a t a f o r t h i s t h e s i s was c o l l e c t e d i n the f a l l o f 1970 

and the s p r i n g of 1971. The gabbro i n t r u s i o n and the Metchosin b a s a l t s 



o c c u r r i n g on the East Sooke p e n i n s u l a were mapped on a s c a l e of 

1:12,000. Other bodies of gabbro, although not mapped i n course o f 

the present s t u d y , were examined. Since the o l i v i n e and a u g i t e 

gabbros were v i r t u a l l y i n d i s t i n g u i s h a b l e i n the f i e l d , mapping was 

supplemented by m i c r o s c o p i c examination of approximately one hundred 
9 

specimens of the gabbro. 



GEOLOGICAL SETTING 

B a s a l t i c p i l l o w l a v a s of the Metchosin Formation form a 

w e s t e r l y t r e n d i n g b e l t a c r o s s South Vancouver I s l a n d , These Eocene 

b a s a l t s are p a r t of a voluminous submarine v o l c a n i c assemblage of the 

P a c i f i c North-west ( f i g . 3 ) . V o l c a n i c rocks of the M e t c h o s i n Formation 

are d i f f e r e n t from o t h e r T e r t i a r y v o l c a n i c s on the mainland o f 

B r i t i s h Columbia which a r e , as a r u l e , s u b a e r i a l f l o w s s i m i l a r to the 

Columbia R i v e r b a s a l t s . 

A s e r i e s of dyke- and s t o c k - l i k e g a bbroic bodies known as 

the Sooke I n t r u s i v e s , are i n t r u s i v e i n t o the Metchosin b a s a l t s . The 

l a r g e s t o f these gabbro masses i s the e l l i p t i c a l body which forms the 

p e n i n s u l a o f East Sooke. Other gabbroic bodies are n o t i c e a b l y e l o n g a t e 

i n a n o r t h w e s t e r l y d i r e c t i o n ( f i g . 4 ) . Carson (1968) o b t a i n e d a 

43 m i l l i o n y e a r K/Ar age (Upper Eocene) from the gabbro. 

The gabbro i s unconformably o v e r l a i n by sediments of the 

Sooke and Carmanah Formations of Upper Oligocene - Lower Miocene age. 

The Sooke Formation, found i n many p l a c e s as downfaulted b l o c k s w i t h i n 

the gabbros or b a s a l t s , c o n s i s t s m a i n ly of conglomerates w i t h minor bands 

of y e l l o w i s h sandstone. The conglomerates are d e r i v e d d i r e c t l y from the 

Metchosin Formation and the Sooke I n t r u s i v e s . 
i 

A d i s t i n c t t e c t o n i c break, the Leech R i v e r F a u l t , s e p a r a t e s 

the b e l t of Metchosin b a s a l t s from the s c h i s t s of the Leech R i v e r Formation 

which l i e n o r t h of the f a u l t . Sooke gabbro i n t r u s i v e s are not known to 

i n t r u d e the Leech R i v e r Formation which i s b e l i e v e d t o be of P a l a e o z o i c 

or Lower Mesozoic age. Thus the geology of Vancouver I s l a n d south o f the 

Leech R i v e r F a u l t which shows c l e a r a f f i n i t i e s w i t h the geology of the 

Olympic p r o v i n c e t o the south i s d i s t i n c t from t h a t of the r e s t of the I s l a n d . 



Figure 3 0 The d i s t r i b u t i o n of Eocene marine basalts 

i n the Olympic peninsula and Vancouver Is 

a f t e r Banner 1955. 



Figure 4-. The geology of S. Vancouver Island (after Carson and Muller) 
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Hypothetical cross section near 
latitude 45* North. 

Figure 5* Paleogeologic map of western Oregon and Washington 
i n early Eocene time, (after Snavely and Wagner 1963) 



11 

THE METCHOSIN FORMATION 

INTRODUCTION 

The Metchosin b a s a l t s I n the area comprise p a r t o f an 

e x t e n s i v e t r a c t of Eocene p i l l o w l a v a s exposed on south Vancouver I s l a n d 

and on the Olympic P e n i n s u l a ( f i g . 3 ) . The v o l c a n i c assemblage 

c o n s i s t s m a i n l y of submarine, b a s a l t i c l a v a s erupted on to ocean f l o o r 

occupying the area which i s now the Olympic P e n i n s u l a and south 

Vancouver I s l a n d ( f i g . 5 ) . 

The l a v a s are e s t i m a t e d to cover more than 60,000 square 

m i l e s . I n the n o r t h e a s t e r n Olympic area the l a v a s are more than 

15,000 f e e t t h i c k (Snavely and Wagner 1963) and Clapp (1917) 

co n s i d e r e d a t h i c k n e s s of 7,500 f e e t to be a moderate e s t i m a t e of the 

Metchosin v o l c a n i c p i l e on south Vancouver I s l a n d . The volume of Eocene 

b a s a l t erupted i s estimated as being a t l e a s t 40,000 c u b i c m i l e s 

(Waters 1955). A f i g u r e of 100,000 c u b i c m i l e s of Eocene b a s a l t s i s 

quoted by McKee (1972). 

Volcanism was l a r g e l y submarine and p i l l o w l a v a - p a l a g o n i t e com

p l e x e s dominate the v o l c a n i c p i l e . Some of the b a s a l t i c f l o w s are 

s p i l i t i z e d (Park 1944). Waters (1955) p o s t u l a t e d t h a t "water, a l k a l i s , 

s i l i c a and o t h e r e a s i l y removable c o n s t i t u e n t s stewed from the s l o w l y 

metamorphosing r o o t of g e o s y n c l i n a l sediments as i t was downbuckled t o 

form a tectogene" caused the " s p i l i t i z a t i o n " or a l b i t i s a t i o n o f the 

b a s a l t s . 

The b a s a l t s i n t e r f i n g e r complexly w i t h c h e r t s and marine 

t u f f a c e o u s sedimentary rocks c o n t a i n i n g pelecypod and gastropod faunas. 



Submarine e r u p t i v e c e n t r e s appear to have been i n t e r m i t t e n t l y 

a c t i v e over most of the Eocene and e a r l y Oligocene (Snavely and 

Wagner 1963). S i t e s of underwater b a s a l t or sediment accumulation 

s h i f t e d from p l a c e t o p l a c e , and because of s l i g h t d i f f e r e n c e s i n age, 

the Eocene b a s a l t s have been g i v e n many d i f f e r e n t l o c a l f o r m a t i o n a l 

names. I n western Washington, the Eocene l a v a I s known as the 

Crescent Formation. The same s t r a t a on Vancouver I s l a n d , a c r o s s the 

S t r a i t of Juan de Fuca, c o n s t i t u t e the Metchosin Formation, Other 

names are used i n the Coast Range of Oregon - T i l l a m o o k V o l c a n i c 

S e r i e s i n the n o r t h e r n p a r t o f the range, S i l e t z R i v e r V o l c a n i c s i n 

the c e n t r a l p a r t , and the Umpqua Formation toward the south end of 

the range. 

THE METCHOSIN BASALTS OF EAST SOOKE - DISTRIBUTION AND DESCRIPTION 

Metchosin rocks outcrop on the n o r t h and n o r t h e a s t e r n edge 

of the East Sooke p e n i n s u l a and are d i s t r i b u t e d p e r i p h e r a l l y t o the 

gabbro which forms the c e n t r a l core of the area. Although there i s no 

outcrop of M e t c h o s i n b a s a l t on the southwest p a r t of the p e n i n s u l a 

f a c i n g Juan de Fuca S t r a i t , l a r g e fragmented screens and x e n o l i t h s o f 

baked and p a r t l y remelted b a s a l t i c r o c k s are t h e r e e n c l o s e d by the 

gabbro. I t seems probable t h e r e f o r e t h a t the s o u t h e r l y c o n t a c t between 

the gabbro and the b a s a l t l i e s j u s t o f f s h o r e . ' 

The Metchosin b a s a l t s exposed i n the n o r t h and n o r t h e a s t 

are dark grey, commonly weathered r e d d i s h brown. 

The b a s a l t s e x h i b i t a range i n t e x t u r e s from a p h a n i t i c o r 

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



13 

M i c r o s c o p i c a l l y , the f i n e - g r a i n e d b a s a l t s are n o n c r y s t a l 

l i n e and g e n e r a l l y e x h i b i t a d i a b a s i c or s u b - o p h i t i c t e x t u r e i n which 

aggregates of pyroxene c r y s t a l s enclose long l a t h s o f p l a g i o c l a s e . 

The b a s a l t s c o n s i s t of almost e q u a l p a r t s of p l a g i o c l a s e and pyroxene 

w i t h s u b o r d i n a t e magnetite, a p a t i t e and p o s s i b l y i l m e n i t e . V a r i o u s 

amphiboles, j a r o s i t e , c h l o r i t e , e p i d o t e and s c a p o l i t e are secondary 

a l t e r a t i o n m i n e r a l s . The p l a g i o c l a s e of the b a s a l t i s l a b r a d o r i t e 

(An 60-70) and i s nor m a l l y zoned. I n some of the more a l t e r e d r o c k s 

the margins of the p l a g i o c l a s e c r y s t a l s are a l b i t i c , and h a i r l i n e v e i n s 

which cut the c r y s t a l s are f i l l e d w i t h a l b i t e , e p i d o t e and u r a l i t i c 

amphibole. The pyroxene i s a brownish c o l o u r e d a u g i t e which i s s l i g h t l y 

p l e o c h r o i c and i s g e n e r a l l y a l t e r e d , at l e a s t i n p a r t , t o u r a l i t i c 

amphibole. The a l t e r a t i o n , where not p e r v a s i v e , g e n e r a l l y takes p l a c e 

along c r y s t a l margins or along f r a c t u r e s and cleavage planes w i t h i n the 

c r y s t a l . F r e sh a u g i t e c o n t a i n s d u s t - l i k e i n c l u s i o n s o f magnetite o r 

i l m e n i t e arranged i n p a r a l l e l l i n e s n e a r l y p e r p e n d i c u l a r t o the 

p r i s m a t i c cleavage. 

Phenocrysts i n the p o r p h y r i t i c v a r i e t i e s of the Metchosin 

b a s a l t are b y t o w n i t i c p l a g i o c l a s e , the a n o r t h i t e content r a n g i n g from 

An 86 t o An 78. The p l a g i o c l a s e phenocrysts e x h i b i t normal z o n i n g . 

O l i v i n e , though u s u a l l y absent from the Metchosin b a s a l t s , i s a minor 

c o n s t i t u e n t i n some of the more p o r p h y r i t i c v a r i e t i e s . Aggregates o f 

o l i v i n e a l t e r a t i o n p r o d u c t s , m a inly s e r p e n t i n e and c h l o r i t e , commonly, 

pseudomorph the o r i g i n a l m i n e r a l . 



CHEMISTRY 

The chemical composition of f o u r Eocene Metchosin b a s a l t s 

from the Olympic P e n i n s u l a i s shown i n column 6 of Table V. Although 

the analyses of the Metchosin b a s a l t s are not i d e n t i c a l to those of 

the average ocean t h o l e i i t e s , they show g e n e r a l l y low v a l u e s of K2O, 

Ti02 and ?2°5* T h e Metchosin b a s a l t s a l s o e x h i b i t h i g h AI2O3 and CaO 

v a l u e s and a h i g h Na/K r a t i o . These f e a t u r e s are supposedly 

c h a r a c t e r i s t i c o f ocean t h o l e i i t e s (Cann 1971), The analyses of 

the Metchosin b a s a l t s are a l s o c h a r a c t e r i s e d by r e l a t i v e l y h i g h s i l i c a 

and l i m e and low a l k a l i e s as are the t h o l e i i t i c b a s a l t s of the 

Hawaiian area (column 7 ) • 

STRUCTURE 

There i s no obvious f o l d i n g of the b a s a l t s i n the E a s t 

Sooke area o t h e r than a l o c a l steepening of dip near the gabbro 

c o n t a c t s . B a s a l t s c l o s e to the c o n t a c t d i p n o r t h e a s t e r l y at 

approximately f i f t y degrees and the d i p decreases r a p i d l y away from 

the gabbro. 

P i l l o w e d sequences are found w i t h i n the b a s a l t s . The 

p i l l o w s are i r r e g u l a r bulbous and t u b u l a r masses commonly broken by 

subsequent f r a c t u r i n g . P o r p h y r i t i c v a r i e t i e s of the b a s a l t , ( f i g . 9 ) , 

g e n e r a l l y found c l o s e to the gabbro i n t r u s i o n , I n t e r d i g i t a t e complexly 

w i t h the f i n e g r a i n e d b a s a l t s . Immediately n o r t h of the Sooke B a s i n , 

s i l l - l i k e b o d i e s of medium-grained rocks which are g a b b r o i c i n aspect 

grade d i s t a l l y i n t o f i n e g r a i n e d v o l c a n i c r o c k s . 

The b a s a l t s are e x t e n s i v e l y f r a c t u r e d on a l l s c a l e s from 



15 

minor f r a c t u r e s t o wide shear zones. There i s a dominant n o r t h 

e a s t e r l y t r e n d of shears and f r a c t u r e s , many of which extend i n t o 

the gabbro. 

The c o n t a c t between the gabbro and b a s a l t s i s a sharp 

i n t r u s i v e c o n t a c t w i t h no evidence of f a u l t i n g . A s t e e p l y d i p p i n g 

f o l i a t i o n developed i n the b a s a l t s c l o s e to the gabbro c o n t a c t i s 

p a r a l l e l t o the gabbro contact and i s formed by a p a r a l l e l alignment 

o f metamorphic amphibole, p l a g i o c l a s e l a t h s and by t r a i n s o f magnetite 

g r a i n s . The f o l i a t i o n I s probably caused by r e o r i e n t a t i o n and 

r e c r y s t a l l i z a t i o n o f the o r i g i n a l b a s a l t f a b r i c t o correspond w i t h 

the s t r e s s system imposed by the i n t r u s i o n . 

METAMORPHISM 

The Metchosin b a s a l t s have been s u b j e c t e d to thermal meta-

morphism a t the c o n t a c t s w i t h the Sooke Gabbro. The t y p i c a l d o l e r i t i c 

t e x t u r e o f the b a s a l t s g r a d u a l l y disappears towards the gabbro c o n t a c t . 

The mineralogy i s unchanged but f e l d s p a r s become more equant and, a l o n g 

w i t h pyroxene, form an i n t e r l o c k i n g e q u i g r a n u l a r mosaic i n d i c a t i v e 

of r e c r y s t a l l i z a t i o n . 

Hydrothermal a l t e r a t i o n of the b a s a l t s I s most e x t e n s i v e 

a long f r a c t u r e s near the co n t a c t w i t h the gabbro. Hydrated phases are 

common. Pyroxene i s p r o g r e s s i v e l y r e p l a c e d by hornblende. Veins of 

c h l o r i t e , e p i d o t e and a c t i n o l i t e are common. P l a g i o c l a s e i s s a u s s u r i -

t i z e d e s p e c i a l l y along f r a c t u r e s i n the c r y s t a l s . Near the v e i n s and 

f r a c t u r e s i n the rock the p l a g i o c l a s e l a t h s are s t r o n g l y zoned and 

margins of some c r y s t a l s show low or n e g a t i v e r e l i e f i n d i c a t i n g an 



a l b i t e - o l i g o c l a s e c o m p o s i t i o n . S c a p o l i t e i s seen m a i n l y as a v e i n 

m i n e r a l although on o c c a s i o n i t appears to r e p l a c e p l a g i o c l a s e near 

the v e i n s . The i n t e n s i t y of hydrothermal a l t e r a t i o n i s always 

g r e a t e s t along shear zones and i t i s obvious t h a t the f r a c t u r e s 

acted as channelways f o r hydrothermal f l u i d s . The hydrothermal 

a c t i v i t y i s probably caused by a c o n v e c t i v e f l o w o f heat and f l u i d s 

around the s l o w l y c o o l i n g g a b b r o i c s t o c k ( c f . Norton 1972). T h i s 

concept i s d i s c u s s e d more f u l l y i n a l a t e r s e c t i o n on hydrothermal 

a c t i v i t y . 

AGE OF THE BASALTS 

The Metchosin b a s a l t s are p a r t of the voluminous sequence 

of submarine b a s a l t i c l a v a s i n the P a c i f i c Northwest which are Eocene 

i n age. A potassium argon age of 44±6 m i l l i o n y e a r s from hornblende 

i n a l t e r e d Metchosin B a s a l t s i s g i v e n by Kirkham (G.S.C. 70-63). 



THE GABBROS OF EAST SOOKE 

INTRODUCTION 

The gabbros comprise an e l l i p t i c a l body occupying the major 

p a r t o f the East Sooke p e n i n s u l a . The major a x i s of the i n t r u s i o n i s 

almost f i v e m i l e s i n l e n g t h ; the minor a x i s i s approximately h a l f 

t h i s l e n g t h . The gabbros can be su b d i v i d e d i n t o d i f f e r e n t members 

of the gabbro f a m i l y on the b a s i s of mineralogy. Two main groups a r e 

d i s t i n g u i s h e d , an o l i v i n e gabbro which forms the core of the area and 

a u r a l i t i z e d gabbro which l i e s on the p e r i p h e r y . The o l i v i n e gabbro 

grades i n t o the u r a l i t i z e d gabbro by g r a d u a l disappearance o f o l i v i n e 

and f r e s h pyroxene w i t h concomitant i n c r e a s e i n amount of secondary 

amphibole. Other v a r i e t i e s such as p l a g i o c l a s e — or o l i v i n e - r i c h 

'gabbros' are minor i n ext e n t and are b e l i e v e d t o r e p r e s e n t l a y e r e d 

phases of the gabbro. L e u c o c r a t i c q u a r t z d i o r i t e s a r e i n t r u s i v e i n t o 

the gabbros and are thought t o repr e s e n t l a t e d i f f e r e n t i a t e s . 

OLIVINE GABBRO 

The o l i v i n e gabbro u n d e r l i e s the major p a r t of the area and 

forms the e l l i p t i c a l core o f the i n t r u s i o n (Map A ) . The average 

u n a l t e r e d o l i v i n e gabbro i s a dark grey or b l a c k r o c k , composed o f 

approximately 45% p l a g i o c l a s e , a u g i t e c l i n o p y r o x e n e and n o r m a l l y l e s s 

than 20 per cent o l i v i n e . Accessory m i n e r a l s are a p a t i t e , sphene, 

i l m e n i t e and magnetite. Sulp h i d e m i n e r a l s are g e n e r a l l y absent from 

the o l i v i n e gabbro. 

The p l a g i o c l a s e i s p u r p l i s h or b l a c k g i v i n g r i s e t o the dark, 
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almost u l t r a m a f i c aspect of many of the gabbros. I n the f r e s h o l i v i n e 

gabbro the a n o r t h i t e content of the p l a g i o c l a s e i s c o n s i s t e n t l y h i g h 

(Table I and Map B ) , Unzoned cores o f the p l a g i o c l a s e c r y s t a l s 

c o n s i s t of c a l c i c b ytovmite. Normal zoning towards a s l i g h t l y more 

s o d i c p l a g i o c l a s e i s seen a t the margins of the c r y s t a l s . The unzoned 

core g e n e r a l l y comprises around 80 to 90 per cent o f the area of p l a g i o 

c l a s e c r y s t a l and measurements u s i n g the U n i v e r s a l stage i n d i c a t e t h a t 

the a n o r t h i t e content of the m a r g i n a l zones of the c r y s t a l s does not 

d i f f e r g r e a t l y from t h a t of the co r e . The maximum measured d i f f e r e n c e s 

of a n o r t h i t e content from core t o margin a r e o f the order of 10 to 15 

per cent An, 

There i s no n o t i c e a b l e d i f f e r e n c e i n the composition of the 

cores of the p l a g i o c l a s e c r y s t a l s i n the u n a l t e r e d o l i v i n e gabbro e i t h e r 

l a t e r a l l y o r w i t h e l e v a t i o n . The i n t r u s i o n t h e r e f o r e does not seem t o 

e x h i b i t the c r y p t i c l a y e r i n g c h a r a c t e r i s t i c of many b a s i c i n t r u s i o n s . 

The s t r u c t u r a l s t a t e of the p l a g i o c l a s e w i t h i n the o l i v i n e 

gabbro i s g e n e r a l l y low. Slow c o o l i n g of p l a g i o c l a s e a f t e r c r y s t a l l i z a t i o n 

. i s b e l i e v e d necessary t o permit s t r u c t u r a l rearrangements which l e a d t o 

the f o r m a t i o n of the more ordered s t r u c t u r e o f the low temperature 

f e l d s p a r s . 

P l a g i o c l a s e c r y s t a l s are i n v a r i a b l y twinned. A l b i t e t w i n n i n g 

i s most common. Combined a l b i t e - c a r l s b a d , c a r l s b a d , p e r i c l i n e , manebach 

and a c l i n e twins occur i n p r o g r e s s i v e l y d e c r e a s i n g i n c i d e n c e . C e r t a i n 

gabbros showing evidence of s t r a i n such as deformation l a m e l l a e i n 

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

I n such c r y s t a l s the s t r u c t u r a l s t a t e a l s o shows s l i g h t v a r i a t i o n s away 

from the ordered or low temperature s t a t e . 
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The predominant pyroxene i n the o l i v i n e gabbro i s an 

a u g i t i c c l i n o p y r o x e n e which has g e n e r a l l y c r y s t a l l i z e d l a t e r than 

both o l i v i n e and p l a g i o c l a s e . U s u a l l y the c l i n o p y r o x e n e forms l a r g e 

p o i k i l i t i c c r y s t a l s which en c l o s e p l a g i o c l a s e and o l i v i n e ( f i g . 6 ) . 

I n c l u s i o n s and t h i n i r r e g u l a r e x s o l u t i o n l a m e l l a e of a 

calcium-poor pyroxene are common w i t h i n the a u g i t e c r y s t a l s , g i v i n g 

r i s e to a s c h i l l e r t e x t u r e . Lamellae are g e n e r a l l y e x s o l v e d p a r a l l e l 

t o the (100) plane o f the a u g i t e and are probably hypersthene. 

U n a l t e r e d c l i n o p y r o x e n e shows a very s l i g h t l y p i n k p l e o c h r o i s m . 

The c r y s t a l s a l s o show a c o m p o s i t i o n a l z o n a t i o n towards the margins. 

Compositions of a number of a u g i t e c r y s t a l s were determined 

o p t i c a l l y by the U n i v e r s a l Stage, and although o p t i c a l data on the 

c l i n o p y r o x e n e s are not completely r e l i a b l e , reasonably r e p r o d u c i b l e 

r e s u l t s were obt a i n e d u s i n g u n a l t e r e d , twinned c r y s t a l s w i t h few 

e x s o l u t i o n l a m e l l a e . The c o m p o s i t i o n a l z o n a t i o n o f the a u g i t e c r y s t a l s 

was too s m a l l t o be determined by o p t i c a l methods. Compositions of the 

c l i n o p y r o x e n e s are shown on the pyroxene q u a d r i l a t e r a l ( f i g . 7 ) . The 

cl i n o p y r o x e n e s are m a i n l y d i o p s i d i c a u g i t e s but an o v e r a l l i r o n enrichment 

t r e n d can be observed. 

Calcium-poor pyroxenes are present i n s m a l l amounts i n o n l y 

some of the o l i v i n e gabbros. These n o r m a l l y occur as rims b o r d e r i n g 

o l i v i n e c r y s t a l s o r i n s m a l l c r y s t a l aggregates a s s o c i a t e d w i t h amphibole, 

s e r p e n t i n e and magnetite which appear to be r e p l a c i n g the o l i v i n e . 

Orthopyroxene does not appear t o have c r y s t a l l i z e d d i r e c t l y from the 

magma, but i t i s not p o s s i b l e t o t e l l whether the orthopyroxene and 

abundant magnetite represent o x i d a t i o n of the o l i v i n e o r a r e a c t i o n 

replacement. O p t i c a l d a ta from a number of orthopyroxenes i n d i c a t e t h a t 



Figure 6. Plagioclase and olivine p o i k i l i t i c a l l y 
enclosed i n clinopyroxene. 

Figure 7. Pyroxene compositions - trends of Skaergaard 
pyroxenes are shown by the dashed l i n e s . 



they vary i n composition from b r o n z i t e to a r e l a t i v e l y magnesian 

r i c h hypersthene ( f i g . 7 ) . 

O l i v i n e i n the gabbro does not n o r m a l l y c o n s t i t u t e more 

than 15 per cent of the rock. O l i v i n e has c r y s t a l l i z e d e a r l y and 

ap p a r e n t l y almost c o e v a l w i t h e a r l y formed p l a g i o c l a s e . O l i v i n e 

o c c a s i o n a l l y encloses s m a l l l a t h s of t h i s e a r l y p l a g i o c l a s e a l l o f 

which i s a very c a l c i c bytownite (Table I I ) , In the f r e s h rock the 

o l i v i n e forms subhedral c r y s t a l s which are commonly embayed at the 

margins. Deformation l a m e l l a e i n o l i v i n e s are common i n gabbros 

c o n t a i n i n g complexly twinned p l a g i o c l a s e . Most o l i v i n e present i n 

the gabbro shows v a r i o u s stages of r e a c t i o n and a l t e r a t i o n ranging from 

a s l i g h t e x s o l u t i o n of magnetite and rimming by orthopyroxene t o 

c r y s t a l s which a r e completely pseudomorphed by aggregates of i d d i n g s i t e , 

c h l o r i t e , s e r p e n t i n e and v a r i o u s other o l i v i n e a l t e r a t i o n p r o d u c t s . 

The c o m p o s i t i o n of the o l i v i n e i n the gabbros i s f o r s t e r i t i c . Samples 

analysed by X-ray methods range from Fo.82 t o Fo.67 (Table I I I ) . 

S m a l l amounts of magnetite are present i n the o l i v i n e gabbro. 

• T e x t u r a l r e l a t i o n s i n d i c a t e t h a t some of the magnetite which occupies 

i n t e r s t i t i a l spaces has c r y s t a l l i z e d l a t e from the magma. Other c l o t s 

and b l e b s of magnetite are d e r i v e d , as p r e v i o u s l y noted, from the break

down of o l i v i n e . I l m e n i t e , r e c o g n i s e d i n p o l i s h e d samples, i s present 

i n v e r y minor amounts. Other accessory m i n e r a l s found i n the o l i v i n e 

gabbro are a p a t i t e , z i r c o n and r a r e s u l p h i d e . An a n a l y s i s o f o l i v i n e 

gabbro i s g i v e n i n column 1 of Table V. 

M i c r o s c o p i c t e x t u r e s i n samples of the Eas t Sooke gabbro 

c l e a r l y demonstrate t h a t t h e r e i s a d e f i n i t e sequence of c r y s t a l l i z a t i o n 

of the main m i n e r a l phases. O l i v i n e i s commonly enclosed by both 
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p l a g i o c l a s e and c l i n o p y r o x e n e . Only i n a few samples does o l i v i n e 

e n c l o s e s m a l l l a t h s o f extremely . c a l c i c b y t o w n i t e . Pyroxene i s 

commonly i n t e r s t i t i a l to both p l a g i o c l a s e and o l i v i n e and u s u a l l y 

e ncloses both these m i n e r a l s p o i k i l i t i c a l l y ( f i g . 6 ) . O l i v i n e 

appears t o have c r y s t a l l i z e d f i r s t , c l o s e l y f o l l o w e d and somewhat 

overlapped by the c r y s t a l l i z a t i o n of p l a g i o c l a s e . C l i nopyroxene 

which has c r y s t a l l i z e d contemporaneously w i t h most of the l a t e r formed 

p l a g i o c l a s e , has p e r s i s t e d l a t e i n the c r y s t a l l i z a t i o n sequence. 

M a g n e t i t e , which has c r y s t a l l i z e d l a t e , occupies i n t e r s t i t i a l spaces 

between the s i l i c a t e s but seldom grows l a r g e enough to produce a 

p o i k i l i t i c t e x t u r e . There i s l i t t l e evidence t h a t a cumulus mechanism 

has operated on a l a r g e s c a l e w i t h i n the magma chamber as t r u e cumulus 

t e x t u r e s are seldom seen, except i n the o l i v i n e - r i c h gabbro. 

URALITIZED GABBRO 

O l i v i n e gabbro, which forms the core of the i n t r u s i o n , grades 

i n t o u r a l i t i z e d gabbro at the margins by g r a d u a l disappearance o f o l i v i n e 

and g r a d u a l i n c r e a s e i n the i n t e n s i t y of u r a l i t i z a t i o n . The mapped 

d i s t r i b u t i o n o f u r a l i t i z e d gabbro corresponds i n g e n e r a l w i t h the a u g i t e 

gabbro mapped by Cooke. The change from o l i v i n e gabbro t o u r a l i t i z e d 

gabbro can be d i s t i n g u i s h e d i n hand specimen as a p r o g r e s s i v e replacement 

of g r e e n i s h o l i v i n e by brown a l t e r a t i o n p r o d u c t s . 

M i c r o s c o p i c examination shows t h a t , though the u r a l i t i z e d 

gabbro i s t e x t u r a l l y s i m i l a r t o the o l i v i n e gabbro, the mineralogy 

e x h i b i t s c e r t a i n d i f f e r e n c e s . P l a g i o c l a s e cores i n the u r a l i t i z e d 

gabbro are l e s s c a l c i c than those of the o l i v i n e gabbro and range between 



An. 65 and An. 70 i n composition (Table I ) . The p l a g i o c l a s e i s 

a l s o more s t r o n g l y zoned i n the u r a l i t i z e d gabbro. 

Almost a l l the a u g i t e i s a l t e r e d t o a hornblende amphibole 

and o n l y r e l i c t cores o r b l e b s of pyroxene remain w i t h i n the amphibole. 

The amphibole i s i n v a r i a b l y an a l t e r a t i o n m i n e r a l and has not 

c r y s t a l l i z e d as a primary magmatic m i n e r a l . 

S m all c l o t s of c h l o r i t e , amphibole and i d d i n g s i t e surrounded 

by orthopyroxene are common i n many of the l e a s t a l t e r e d gabbros. 

O c c a s i o n a l l y s m a l l remnant cores of o l i v i n e occupy the c e n t r e s of the 

c l o t s . These rounded c l o t s are t h e r e f o r e c o n s i d e r e d t o be pseudomorphs 

formed by the a l t e r a t i o n of o l i v i n e . 

The u r a l i t i z e d gabbro t h e r e f o r e appears to be an a l t e r e d 

e q u i v a l e n t of the o l i v i n e gabbro of the core a r e a . The a l t e r a t i o n i s 

b e l i e v e d due t o hydrothermal a c t i v i t y and i s d i s c u s s e d more f u l l y i n 

a l a t e r s e c t i o n . 

PLAGIOCLASE- AND PLIVINE-RICH PHASES OF THE GABBRO 

P l a g i o c l a s e - and o l i v i n e - r i c h phases o f the normal o l i v i n e 

gabbro c o n s t i t u t e o n l y a s m a l l p a r t of the gabbro i n t r u s i o n and are 

g r a d a t i o n a l i n t o the o l i v i n e gabbro. Although most o f the p l a g i o c l a s e -

r i c h gabbros are i n the v i c i n i t y of Mt. Maguire, they a l s o occur 

elsewhere as minor bands and pods w i t h i n the o l i v i n e gabbro. 

The p l a g i o c l a s e - r i c h gabbro i s not a t r u e a n o r t h o s i t e but i s 

r a t h e r a f e l d s p a t h i c phase of the o l i v i n e gabbro. P l a g i o c l a s e i n the 

ro c k seldom exceeds 65 per cent (Table I V ) . Many p l a g i o c l a s e - r i c h 

v a r i e t i e s of the gabbro are c o a r s e - g r a i n e d . Large p l a g i o c l a s e 



c r y s t a l s and minor o l i v i n e are p o i k i l i t i c a l l y e n closed by l a r g e 

i n t e r s t i t i a l c l i n o p y r o x e n e s which are commonly u r a l i t i z e d . 

A s t r o n g f o l i a t i o n caused by a p l a n a r alignment of t a b u l a r 

f e l d s p a r s and o c c a s i o n a l l y of o t h e r m i n e r a l s i s u s u a l l y developed i n 

the p l a g i o c l a s e - r i c h gabbro. The f o l i a t i o n , e v i d e n t both i n hand 

specimen- and t h i n s e c t i o n , i s i n v a r i a b l y s t e e p l y d i p p i n g or v e r t i c a l . 

O l i v i n e - r i c h gabbros or hornblende p e r i d o t i t e s occur near 

the e a s t e r n margin of the i n t r u s i o n . These c o n t a i n as much as 50 to 

60 per cent o l i v i n e . Pyroxene and minor p l a g i o c l a s e make up the 

remainder of the rock. The p l a g i o c l a s e i s a c a l c i c b y townite approaching 

a n o r t h i t e i n composition. O l i v i n e forms the cumulate framework of the 

rock w h i l e p l a g i o c l a s e and pyroxene have c r y s t a l l i z e d i n the i n t e r 

s t i t i a l spaces. Pyroxene, as i n the normal o l i v i n e gabbro, has 

c r y s t a l l i z e d l a s t and p o i k i l i t i c a l l y e n closes the other m i n e r a l phases. 

A p l a t y m i n e r a l f o l i a t i o n i n the o l i v i n e - r i c h gabbros i s a l s o s t e e p l y 

d i p p i n g but i s l e s s obvious than t h a t seen i n the p l a g i o c l a s e - r i c h 

gabbro. 

LEUCOCRATIC QUARTZ DIORITES 

Sma l l bodies of l e u c o c r a t i c q u a r t z d i o r i t e , p r e v i o u s l y mapped 

as g r a n i t e s and a p l i t e s by Cooke, are i n t r u d e d i n t o the gabbro. Most of 

these are dykes and pods which i r r e g u l a r l y cut across the gabbro and 

are too s m a l l to be shown on the g e o l o g i c a l map. The l a r g e s t area of 

l e u c o c r a t i c q u a r t z d i o r i t e , on the western edge of the p e n i n s u l a , i s an 

i r r e g u l a r d y k e - l i k e pod which cuts across the f o l i a t i o n i n the gabbro. 

I t t h e r e f o r e appears to have been i n t r u d e d a f t e r the main mass of the 

gabbro had s o l i d i f i e d . 
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The l e u c o c r a t i c q u a r t z d i o r i t e s c o n s i s t m a i n l y of p l a g i o 

c l a s e and q u a r t z w i t h minor amounts of green amphibole. The p l a g i o 

c l a s e which makes up approximately h a l f the rock i s s t r o n g l y zoned from 

cores of andesine composition to a l b i t e - o l i g o c l a s e margins. F r a c t u r e s 

which cut the p l a g i o c l a s e are bordered by a t h i n band of s o d i c p l a g i o 

c l a s e . Quartz forms up t o 20 per cent of the rock. The amphibole i s 

hornblende and i s g e n e r a l l y present only i n minor q u a n t i t i e s . I n 

d e c r e a s i n g o r d e r of abundance, magnetite, e p i d o t e , sphene and z i r c o n 

are the accessory m i n e r a l s . 

The l e u c o c r a t i c q u a r t z d i o r i t e I s thought to r e p r e s e n t a l a t e 

d i f f e r e n t i a t e product of the g a b b r o i c magma. 

BASALTIC DYKES 

Many narrow, f i n e - g r a i n e d b a s a l t i c dykes i n t r u d e the gabbro 

c u t t i n g across both f o l i a t i o n and l a y e r i n g . Although most of these are 

l e s s than twelve inches wide, are s h a r p l y bounded by matching w a l l s and 

show no c h i l l i n g at the margins, there are e x c e p t i o n s . A number of 

dykes have i r r e g u l a r embayed c o n t a c t s w i t h the gabbro and show 

metasomatic r e l a t i o n s . In these the gabbro i s d e p l e t e d i n ferromagnesian 

m i n e r a l s f o r ( u p t o two inches away from the dyke contact ( f i g . 8 ) . 
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STRUCTURAL RELATIONS OF THE INTRUSIVE ROCKS 

I n t e r n a l s t r u c t u r e s - X e n o l i t h s . 

I n the southwestern p a r t of the area the gabbro enc l o s e s 

many x e n o l i t h s and screens of b a s a l t i c Metchosin country rock. Some 

of the I n c l u s i o n s are l a r g e , w i t h dimensions I n the or d e r o f a few 

hundred f e e t . Others are s m a l l angular fragments w i t h a m a t r i x which 

i s g e n e r a l l y g a b b r o i c but i n c e r t a i n areas i s the l a t e l e u c o c r a t i c 

q u a r t z d i o r i t e . 

The mineralogy of the i n c l u s i o n s i s s i m i l a r to th a t o f the 

gabbro except t h a t i n the i n c l u s i o n s , o l i v i n e i s l a c k i n g and magnetite 

i s more abundant. L i k e the gabbro, the i n c l u s i o n s have undergone v a r i a b l e 

u r a l i t i z a t i o n . There are however d i s t i n c t t e x t u r a l d i f f e r e n c e s between 

the i n c l u s i o n s and the gabbro. In the l e a s t r e c r y s t a l l i z e d i n c l u s i o n s 

the d i a b a s i c t e x t u r e or p o r p h y r i t i c f i n e - g r a i n e d t e x t u r e of the b a s a l t s 

i s r e t a i n e d . These l e a s t r e c r y s t a l l i z e d rocks are g e n e r a l l y found near 

the p e r i p h e r y o f the i n t r u s i o n as l a r g e s c r e e n s . Some o f the x e n o l i t h i c 

b l o c k s have become extremely coa r s e - g r a i n e d a t the margins i n contact 

w i t h the gabbro and show a g r a d a t i o n a l decrease i n g r a i n s i z e from the 

margins towards the cen t r e s of the x e n o l i t h s . I n o t h e r i n c l u s i o n s the 

d i s t i n c t p o r p h y r i t i c t e x t u r e of the p o r p h y r i t i c v o l c a n l c s i s prese r v e d . 

S m a l l e r i n c l u s i o n s f u r t h e r away from the probable g a b b r o - b a s a l t contact 

have been more e x t e n s i v e l y r e c r y s t a l l i z e d and have become almost as coarse

g r a i n e d as the gabbro. M i c r o s c o p i c a l l y , the r e c r y s t a l l i z e d i n c l u s i o n s 

show a medium- t o f i n e - g r a i n e d mosaic of i n t e r l o c k i n g p l a g i o c l a s e and 

pyroxene c r y s t a l s . I n the p o r p h y r i t i c v a r i e t i e s c o n t a i n i n g l a r g e 



bytownite p l a g i o c l a s e p h e n o c r y s t s , the m a t r i x c o n s i s t s of s m a l l , 

equant p l a g i o c l a s e and pyroxene c r y s t a l s ( f i g j . 0 ) . Some of the most 

completely r e c r y s t a l l i z e d b a s a l t i n c l u s i o n s e x h i b i t unusual g r a p h i c 

p l a g i o c l a s e and pyroxene i n t e r g r o w t h t e x t u r e s ( f i g . 12). A sequence 

of r e c r y s t a l l i z a t i o n t e x t u r e s from the moderately r e c r y s t a l l i z e d 

b a s a l t s to almost completely r e c o n s t i t u t e d r o c k s which are as coarse

g r a i n e d as the gabbros can be observed m i c r o s c o p i c a l l y ( f i g s . 1 0 - 12). 

I n f i g u r e 11 the pyroxene c r y s t a l s are b e g i n n i n g to c o a l e s c e g i v i n g r i s e 

t o a t e x t u r e which i s b e l i e v e d t o be the p r e c u r s o r of the g r a p h i c 

t e x t u r e shown i n f i g u r e 12. 

The s t r u c t u r a l s t a t e s of a number of p l a g i o c l a s e phenocrysts 

from the i n c l u s i o n s were determined o p t i c a l l y . Cores o f these pheno

c r y s t s g e n e r a l l y e x h i b i t h i g h i n t e r m e d i a t e s t r u c t u r a l s t a t e s , t y p i c a l 

of the d i s o r d e r e d s t r u c t u r e of q u i c k l y quenched v o l c a n i c r o c k s w h i l e the 

margins of the phenocrysts show the low s t r u c t u r a l s t a t e more t y p i c a l 

of i n t r u s i v e r o c k s . I t seems strange t h a t the s t r u c t u r a l s t a t e of the 
j 

cores d i d not change a l s o . I t i s p o s s i b l e t h a t a chemical c o n t r o l as 

w e l l as a temperature d i f f e r e n c e i s r e f l e c t e d I n the o r d e r i n g of domains 

near the c r y s t a l margins. 



4 
F i g u r e 9„ P o r p h y r i t i c b a s a l t - p h e n o c r y s t s o f p l a g i o c l a s e 

s e t i n a groundmass o f p l a g i o c l a s e and a m p h i b o l e . 



F i g u r e 11. R e c r y s t a l l i z e d b a s a l t ? p l a g i o c l a s e - g r e y s 
c l i n o p y r o x e n e - b l u e green*. 

F i g u r e 12. R e c r y s t a l l i z e d b a s a l t , g r a p h i c i n t e r g r o w t h 
o f p l a g i o c l a s e and c l i n o p y r o x e n e . 
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- F o l i a t i o n , l i n e a t i o n and l a y e r i n g . 

Q 

There i s no obvious l a y e r i n g or banding o f cumulate n a t u r e 

w i t h i n the gabbro, but at numerous l o c a l i t i e s a m i n e r a l l i n e a t i o n and 

f o l i a t i o n are w e l l developed. A common f e a t u r e of the gabbro i s a 

s t e e p l y p l u n g i n g l i n e a t i o n which i s produced by a l i n e a r arrangement 

of ferromagnesian m i n e r a l s and o c c a s i o n a l l y t a b u l a r p l a g i o c l a s e . 

F o l i a t i o n i s shown by a p l a n a r o r i e n t a t i o n of i n d i v i d u a l p l a g i o c l a s e 

and pyroxene c r y s t a l s and i n some areas i n t e r g r a d e s w i t h a t h i n 

banding or l a y e r i n g of the gabbro. The l a y e r i n g i s caused by the 

p a r t i a l s e p a r a t i o n of l e u c o c r a t i c and m e l a n o c r a t i c c r y s t a l s i n t o t h i n 

l a y e r s which g i v e the rock a f i n e banded appearance ( f i g . 13). 

F o l i a t i o n and l a y e r i n g are almost everywhere s t e e p l y d i p p i n g o r 

v e r t i c a l (Map C). I n some l o c a l i t i e s the f o l i a t i o n i s p a r a l l e l t o 

( the con t a c t between the gabbro and the b a s a l t but t h i s i s not a 

£_ g e n e r a l r u l e as the f o l i a t i o n swings around i n an i r r e g u l a r manner. 

F o l i a t i o n , a n d i n some p l a c e s l a y e r i n g are seen t o wrap around d i s c r e t e 

a u t o l i t h i c b l o c k s of gabbro which c o n t a i n no s t r u c t u r e . Some of these 

b l o c k s are round and the margins f r e q u e n t l y show evidence of a s s i m i l a t i o n 

by the e n c l o s i n g gabbros. I n other p l a c e s g a b b r o i c r o c k s o f s l i g h t l y 

d i f f e r i n g t e x t u r e and mineralogy e x h i b i t complex i n t r u s i v e r e l a t i o n s 

w i t h each o t h e r , i m p l y i n g i n j e c t i o n of magma subsequent t o a t l e a s t the 

p a r t i a l c r y s t a l l i z a t i o n of e a r l i e r gabbro. 





- Shear Zones. 

The gabbros are e x t e n s i v e l y f r a c t u r e d on a l l s c a l e s from 

minor j o i n t i n g t o e x t e n s i v e shear and f r a c t u r e zones which show up as 

marked topographic lineaments. Map D, prepared d i r e c t l y from a i r 

photographs, shows the d i s t r i b u t i o n of these l i n e a m e n t s . A s t r o n g 

n o r t h and n o r t h e a s t e r l y t r e n d i s e v i d e n t . A s t r i k e frequency diagram 

( f i g . 14) based on 739 measurements of s t r i k e s of f r a c t u r e s and shear 

zones shows a predominant n o r t h e a s t e r l y t r e n d . An i n d i s t i n c t n o r t h e r l y 

t r e n d of f r a c t u r e s can a l s o be d i s t i n g u i s h e d . 

Shear zones are now represented by wide areas of h i g h l y 

a l t e r e d r o c k . Movement has taken p l a c e even a f t e r the a l t e r a t i o n as 

secondary hornblende i s i n many cases fragmented and g r a n u l a t e d . C e r t a i n 

shear zones w i t h i n the gabbro are not s t r o n g l y a m p h i b o l i t i z e d . These 

may be l a t e r o r may not have opened enough to a l l o w the passage o f 

hydrothermal or d e u t e r i c s o l u t i o n s . I n these shear zones f l a s e r gabbros 

show extreme m i c r o b r e c c i a t i o n and m y l o n i t i z a t i o n o f f r e s h pyroxene and 

p l a g i o c l a s e which i n some cases are preserved as a n g u l a r fragments w i t h i n 

the m i c r o c r y s t a l l i n e sheared rock. The m y l o n i t i c zones vary i n e x t e n t 

from m i c r o s c o p i c bands of c rush m a t e r i a l which c u t s a c r o s s s t r a i n e d but 

u n a l t e r e d rock to zones of m y l o n i t i c gabbros up t o ten f e e t wide. J o i n t i n g 

i s common throughout both gabbro and b a s a l t . J o i n t p a t t e r n s are v a r i e d 

and complex and no r e g u l a r i t y c o u l d be determined even among conjugate 

j o i n t s e t s . . 



P i g . 1 4 

S t r i k e frequency d i a g r a m of air photograph lineaments. 

( 7 3 9, m e a s u r e m e n t s ) 



- E x t e r n a l s t r u c t u r e . 

The gabbro i s i n i n t r u s i v e c o n tact w i t h the Metchosin 

v o l c a n i c s along the n o r t h east margin of the body and a t H i l l Head 

and Pirn Head on the n o r t h e r n c o a s t . Small occurrences o f b a s a l t i n 

co n t a c t w i t h the gabbro are found at Company P o i n t on the west 

coast and a t Creyke P o i n t on the e a s t . 

Many e a s i l y r e c o g n i z a b l e screens and x e n o l i t h s are found 

along the southwest coast f a c i n g Juan de Fuca S t r a i t . They are a l s o 

r e c o g n i z a b l e near the gabbro b a s a l t c o n t a c t i n the n o r t h e a s t e r n p a r t 

of the area but are d i f f i c u l t to t r a c e because of heavy overburden. 

The preponderance of screens along the southern coast a l s o suggests 

t h a t the margin of the i n t r u s i o n i s j u s t o f f s h o r e . The East Sooke 

gabbro t h e r e f o r e appears t o be f l a n k e d on a l l s i d e s by the b a s a l t . 

The s t e e p l y d i p p i n g c o n t a c t between the gabbro and Metchosin 

b a s a l t s t o the n o r t h e a s t of the area i s a sharp, i n t r u s i v e c o n t a c t 

w i t h no evidence of f a u l t i n g . The Metchosin b a s a l t near the contact 

has, as a l r e a d y d e s c r i b e d , been r e c r y s t a l l i z e d and t h e t e x t u r e 

r e c o n s t i t u t e d . The gabbro shows no evidence of c h i l l i n g and was probably 

i n t r u d e d w h i l e the b a s a l t s were s t i l l h o t . 



DIFFERENTIATION 

There i s some evidence of d i f f e r e n t i a t i o n i n the gabbro 

i n t r u s i o n but i t s e f f e c t s are obscured by a l t e r a t i o n caused by l a t e 

hydrothermal or d e u t e r i c processes which are r e s p o n s i b l e f o r a z o n a l 

p a t t e r n of a l t e r a t i o n towards the p e r i p h e r y and shear zones. 

U n i v e r s a l stage work on c a l c i u m - r i c h c l i n o p y r o x e n e s shows 

t h a t t h e r e i s a change i n composition which i s p r i m a r i l y a p r o g r e s s i v e 

replacement of Mg by Fe ( f i g . 7 ) . The c r y s t a l s a l s o show a zoning 

t o more i r o n r i c h margins. The calcium content throughout the samples 

remains f a i r l y constant between Ca^g and Ca^y. C o m p o s i t i o n a l trends 

of a u g i t i c c l i n o p y r o x e n e s from the East Sooke i n t r u s i o n are approximately 

p a r a l l e l to the e a r l y p a r t of the Skaergaard t r e n d and a u g i t e composition 

trends i n numerous other d i f f e r e n t i a t e d i n t r u s i o n s of b a s a l t i c 

c o m p o s ition. 

Compositions of orthopyroxenes c o e x i s t i n g w i t h the c l i n o 

pyroxenes a l s o e x h i b i t a s i m i l a r t r e n d of i r o n enrichment ( f i g . 15). 

I f l o c a t i o n s of c l i n o p y r o x e n e s whose ch e m i c a l compositions 

• are known are p l o t t e d on the map ( f i g . 17) i t i s seen t h a t there i s a 

tendency f o r the more i r o n - r i c h pyroxenes t o occur near the p e r i p h e r y 

of the i n t r u s i o n . The gabbros, t h e r e f o r e , seem t o e x h i b i t a z o n a l 

p a t t e r n of d i f f e r e n t i a t i o n and the t r e n d of pyroxene compositions i s 

presumed to r e f l e c t e q u i l i b r i u m c r y s t a l l i z a t i o n of pyroxene from 

s u c c e s s i v e l y more i r o n - r i c h l i q u i d s formed by f r a c t i o n a l c r y s t a l l i z a t i o n . 

T h i s z o n a l p a t t e r n of d i f f e r e n t i a t i o n i s , however, d i f f e r e n t from the 

u s u a l case where the border i s more b a s i c than the core. 
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O l i v i n e compositions are magnesian r i c h and range from 

Fo82 t o Fo67. Some of the l e s s f o r s t e r i t i c o l i v i n e s occur I n the 

p e r i p h e r a l zone of the gabbro but the c o r r e l a t i o n o f i n c r e a s i n g i r o n 

content w i t h the p e r i p h e r a l gabbros i s much l e s s obvious than even t h a t 

observed among the cl i n o p y r o x e n e s ( f i g . 18). Although t i e l i n e s 

between c o - e x i s t i n g o l i v i n e s and pyroxenes do not show a c o n s i s t e n t 

c o r r e l a t i o n ( f i g . 1 6 ) , the range i n composition of the o l i v i n e s i s 

a l s o thought t o re p r e s e n t the same d i f f e r e n t i a t i o n t r e n d whereby l a t e r 

f r a c t i o n s of the magma become p r o g r e s s i v e l y e n r i c h e d i n i r o n . 

P l a g i o c l a s e compositions w i t h i n the o l i v i n e gabbro show a 

s l i g h t v a r i a t i o n . I n f r e s h rocks c o n t a i n i n g f o r s t e r i t i c o l i v i n e , the 

p l a g i o c l a s e i s a c a l c i c bytownite and although t h e r e are s e v e r a l 

e x c e p t i o n s , the more i r o n - r i c h o l i v i n e s a re found i n rocks which c o n t a i n 

s o d i c b y t o w n i t e ( f i g . 16). The p l a g i o c l a s e of the u n a l t e r e d o l i v i n e 

gabbro i s o n ly very s l i g h t l y zoned, much of the i n d i v i d u a l c r y s t a l b e i n g 

u n i f o r m i n composition w i t h o n l y narrow rims of s l i g h t l y l e s s c a l c i c 

p l a g i o c l a s e a t the c r y s t a l margins. These l e s s c a l c i c rims are caused, 

•at l e a s t i n p a r t , by enlargement of the o r i g i n a l p l a g i o c l a s e c r y s t a l by 

s u c c e s s i v e growth of m a t e r i a l from the c o o l i n g magma. D i f f e r e n t i a t i o n 

of the b a s a l t i c magma which formed the o l i v i n e gabbro i s t h e r e f o r e 

thought t o be the cause of both the v a r i a t i o n i n co m p o s i t i o n and normal 

zoning of the p l a g i o c l a s e . 

The most important mechanism of d i f f e r e n t i a t i o n i n b a s a l t i c 

magma i s g e n e r a l l y c o n s i d e r e d t o be f r a c t i o n a l c r y s t a l l i z a t i o n , whereby 

e a r l y formed c r y s t a l s a re e f f e c t i v e l y removed from the magma. I n the ear 

stages o f c r y s t a l l i z a t i o n , s e p a r a t i o n of magnesian o l i v i n e and pyroxene 

i n c r e a s e s the FeO/MgO r a t i o i n the melt. The l i q u i d a l s o becomes 
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Figure 15 Coexisting pyroxenes 



F i g u r e 17• D i s t r i b u t i o n o f a n a l y s e d c l i n o p y r o x e n e s * 
c f . f i g . 1 6 f o r c o m p o s i t i o n s . 
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comparatively e n r i c h e d i n s i l i c a which may even become concentrated i n 

excess of the amount corresponding to p y r o x e n e - p l a g i o c l a s e m i x t u r e s . 

I n the l a t e r stages of c r y s t a l l i z a t i o n , a f i l t e r - p r e s s e d r e s i d u a l l i q u i d 

may become g r e a t l y e n r i c h e d i n soda, potash and s i l i c a w i t h 

corresponding impoverishment i n alumina and l i m e . 

There i s ample t e x t u r a l evidence t l j a t o l i v i n e appeared e a r l y 

I n the c r y s t a l l i z a t i o n of the gabbro and was as a r u l e not s u s c e p t i b l e 

t o r e a c t i o n w i t h the magma as i t was enclosed by pyroxene or p l a g i o 

c l a s e . S i n c e the o l i v i n e i s magnesian, the FeO/MgO r a t i o i n the melt 

would be expected to i n c r e a s e . 

R e s i d u a l l e u c o c r a t i c d i f f e r e n t i a t e s , e n r i c h e d i n sodium, 

potassium and s i l i c a and impoverished i n alumina and c a l c i u m are probably 

r e p r e s e n t e d by the l e u c o c r a t i c q u a r t z d i o r i t e s . These l e u c o c r a t i c 

d i f f e r e n t i a t e s are probably f i l t e r - p r e s s e d r e s i d u a l l i q u i d s subsequently 

i n j e c t e d as dykes and pods i n t o gabbro which had a l r e a d y completed 

c r y s t a l l i z a t i o n . 

D i f f e r e n t i a t i o n by f r a c t i o n a l c r y s t a l l i z a t i o n r e q u i r e s t h a t 

the e a r l y formed c r y s t a l s be e f f e c t i v e l y separated from the magma to 

prevent any p o s s i b l e e q u i l i b r i u m readjustments w i t h the magma. G r a v i t y 

s e t t l i n g i s the most f r e q u e n t l y invoked mechanism of removing c r y s t a l s 

from the me l t . G r a v i t y s e t t l i n g a i d e d by both i n t e r m i t t e n t and steady 

c o n v e c t i o n c u r r e n t s i s the major mechanism of d i f f e r e n t i a t i o n i n the 

Skaergaard i n t r u s i o n and t h e r e i s abundant w e l l documented evidence of 

g r a v i t y s t r a t i f i c a t i o n and ot h e r 'sedimentary 7 f e a t u r e s . (Wager and Brown 

1967). 

The gabbros of East Sooke do not e x h i b i t any obvious l a r g e 



s c a l e g r a v i t y s t r a t i f i c a t i o n . Only l o c a l l y I s t h e r e any evidence 

t h a t g r a v i t y s e t t l e m e n t has o c c u r r e d . F r a c t i o n a t i o n by g r a v i t y 

s e t t l i n g must t h e r e f o r e have pla y e d o n l y a minor p a r t i n the d i f f e r 

e n t i a t i o n of the Sooke gabbro. There i s a l s o no d e t e c t a b l e c r y p t i c 

v a r i a t i o n i n composition of any of the m i n e r a l s over the h e i g h t of 

the exposed r o c k s , f u r t h e r evidence t h a t the mechanism of d i f f e r e n t i a t i o n 

i n the East Sooke gabbro i n t r u s i o n was fundamentally d i f f e r e n t from 

t h a t which operated i n the Skaergaard i n t r u s i o n . 

Other processes of d i f f e r e n t i a t i o n may have operated a t 

East Sooke. The observed outcrop of o l i v i n e - r i c h rocks would seem to 

f i t the p a t t e r n expected f o r flowage d i f f e r e n t i a t i o n . Flowage d i f f e r 

e n t i a t i o n i s an e x p e r i m e n t a l l y demonstrable process capable of causing 

c r y s t a l and chemical f r a c t i o n a t i o n i n nature ( B h a t t a c h a r j i and Smith 1964). 

I t I s b e l i e v e d to be a p o s s i b l e mechanism f o r forming o l i v i n e - r i c h 

r o c k s i n a v e r t i c a l or s t e e p l y d i p p i n g p o s i t i o n w i t h o u t p r i o r concen

t r a t i o n on a f l a t f l o o r . I t seems probable t h a t t h i s type of mechanism 

r a t h e r than cumulate, g r a v i t y s e t t l i n g formed the o l i v i n e - r i c h gabbros 

of E ast Sooke. I f cumulate s e t t l i n g had o c c u r r e d , i t i s d i f f i c u l t t o 

e x p l a i n why a l l the observed l a y e r i n g i s almost v e r t i c a l r a t h e r than 

h o r i z o n t a l or s u b - h o r i z o n t a l as i s the case i n t y p i c a l cumulate l a y e r e d 

i n t r u s i o n s . 



EMPLACEMENT OF THE GABBRO 

The abundant i n c l u s i o n s and screens o f b a s a l t w i t h i n the 

gabbro suggest t h a t s t o p i n g of the v o l c a n i c country r o c k has a t l e a s t 

p l a y e d some p a r t i n p r o v i d i n g room f o r the i n t r u s i o n . Some of the 

b a s a l t i n c l u s i o n s a r e completely r e c r y s t a l l i z e d . B a s a l t s i n c o n t a c t 

w i t h the i n t r u s i o n have a l s o been s u b j e c t to r e c r y s t a l l i z a t i o n and 

have developed a l i n e a r f a b r i c p a r a l l e l to the c o n t a c t . Such complex 

c o n t a c t r e l a t i o n s would probably e x i s t i n the lower l e v e l s o f a v o l c a n i c 

p i l e , where a conduit s u p p l y i n g magma to the ever growing p i l e would 

e v e n t u a l l y be expected t o produce i n t r u s i v e r e l a t i o n s i n the e a r l i e r 

formed v o l c a n i c s . The observed r e c r y s t a l l i z a t i o n o f v o l c a n i c rocks i n 

con t a c t w i t h the gabbro may be e x p l a i n e d by t h i s mechanism whereby magma 

r i s i n g i n the con d u i t t o supply the h i g h e r l e v e l f l o w s would pr o b a b l y 

heat and even p a r t i a l l y remelt the e a r l i e r s o l i d i f i e d but s t i l l hot 

b a s a l t f l o w s . The i n c l u s i o n s o f b a s a l t i n the gabbro p r o b a b l y r e p r e s e n t 

b l o c k s of b a s a l t i c country rock stoped from the w a l l s o f the cond u i t by 

the r i s i n g magma, which i n t u r n caused the r e c r y s t a l l i z a t i o n o f the 

i n c l u s i o n s . 

The f o l i a t i o n , l i n e a t i o n and minor l a y e r i n g observed i n the 

gabbro are b e l i e v e d to be flow s t r u c t u r e s developed i n a c r y s t a l 'mush1 

of magma r i s i n g up the vent. Flow f o l i a t i o n and l a y e r i n g i s a w i d e l y 

r e c o g n i z e d phenomenon i n la v a s and i n t r u s i v e r o c k s ( B a l k 1937), and i s 

b e l i e v e d by Thayer (1963) to be the p r i n c i p a l k i n d found i n a l p i n e 

p e r i d o t i t e - g a b b r o complexes. The s t r u c t u r e s seen i n the.gabbros o f 

East Sooke are t h e r e f o r e considered t o be fl o w s t r u c t u r e s formed d u r i n g 

the f l o w of a p a r t i a l l y c r y s t a l l i z e d magma through the v o l c a n i c v e n t . The 



i r r e g u l a r i t y i n flo w f o l i a t i o n over s m a l l d i s t a n c e s may I n d i c a t e 

complex v a r i a t i o n s i n the magmatic c u r r e n t s i n the v o l c a n i c c o n d u i t . 

S u c c e s s i v e p u l s e s of magma s u r g i n g up the vent have d i s p l a c e d and 

en g u l f e d b l o c k s o f e a r l i e r and a t l e a s t p a r t l y c r y s t a l l i n e gabbro. 

These are the a u t o l i t h i c b l o c k s around which the f l o w f o l i a t i o n i s 

wrapped. The p o o r l y d e f i n e d p a t t e r n of d i f f e r e n t i a t e d r o c k s w i t h i n 

the i n t r u s i o n may a l s o i n d i c a t e that the I n t r u s i o n r e p r e s e n t s a v o l c a n i c 

v e n t , p e r i o d i c a l l y recharged by i n f l u x e s o f p a r e n t a l magma. 

The Metchosin b a s a l t s , fed from feeders now rep r e s e n t e d by 

the gabbro i n t r u s i o n s , are thought t o have b u i l t up from the ocean f l o o r 

i n a manner comparable t o the b u i l d - u p of the Hawaiian I s l a n d s . A 

schematic r e p r e s e n t a t i o n of t h i s i s shown i n f i g u r e 19. 

AGE OF THE GABBRO 

An age of t h i r t y - n i n e m i l l i o n years from potassium-argon 

d e t e r m i n a t i o n s on hornblende i n the gabbro i s quoted by Carson (1968). 

A potassium-argon age of 44±6 m i l l i o n years from hornblende i n a l t e r e d 

M e t c h o s i n b a s a l t s i s g i v e n by Kirkham (G.S.C. 70-36). S i n c e amphibol-

i t i z a t i o n of both b a s a l t s and gabbro i s b e l i e v e d t o be r e l a t e d t o l a t e 

hydrothermal c i r c u l a t i o n caused by the gabbro, these dates a r e 

con s i d e r e d t o approximate the l a t e stages of magmatic a c t i v i t y . Much 

of the i n t r u s i v e a c t i v i t y seems t h e r e f o r e to have t a k e n . p l a c e d u r i n g 

the L a t e Eocene. 



Stage 1. Extrusion of basaltic lava as a pillowed 
sea f l o o r sequence« 

Stage 2 . Continuing build up of basaltic lava flows 
around fissure in a manner similar to the 
Hawaiian Islands. Development; of flow f o l i a t i o n 
in a p a r t i a l l y c r y s t a l l i n e magma™ xenoliths and 

screens - r e c r y s t a l l i z a t i o n of e a r l i e r extruded 
basalts' during this stage* 
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Stage 3 . Erosion to present l e v e l . 

Figure 19 . Schematic representation of the bui l d up and 
subsequent erosion of the volcanic p i l e . 



ALTERATION OF THE GABBROS 

Primary magmatic m i n e r a l s of the gabbro and b a s a l t are 

p e r v a s i v e l y a l t e r e d i n c e r t a i n areas. A l t e r a t i o n i s most i n t e n s e 

along f r a c t u r e s and shear zones i n both gabbro and surro u n d i n g b a s a l t . 

U r a l i t i z e d gabbros c h a r a c t e r i z e the p e r i p h e r a l p a r t s of the i n t r u s i o n . 

The a l t e r a t i o n which g e n e r a l l y r e s u l t s i n the f o r m a t i o n of hydrous 

phases i s prob a b l y caused by hydrothermal f l u i d s c i r c u l a t i n g along 

f r a c t u r e s and shear zones. 

P r i o r t o a l t e r a t i o n the i n t r u s i o n was' p robably a r e l a t i v e l y 

homogeneous and o n l y s l i g h t l y d i f f e r e n t i a t e d o l i v i n e gabbro c o n s i s t i n g 

of s l i g h t l y zoned c a l c i c b y t o w n i t e , c a l c i c a u g i t e and sub o r d i n a t e 

f o r s t e r i t i c o l i v i n e . I t i s m a i n t a i n e d t h a t , from t h i s r o c k , v a r i a b l e 

hydrothermal a c t i o n produced p r o g r e s s i v e a m p h i b o l i t i z a t i o n towards the 

p e r i p h e r y of the i n t r u s i o n . Hydrothermal f l u i d s a re a l s o r e s p o n s i b l e 

f o r . t h e i n c r e a s i n g i n t e n s i t y of a l t e r a t i o n towards shear zones and 

f r a c t u r e s where the gabbro i s almost t o t a l l y r e p l a c e d by a hornblende 

rock c o n t a i n i n g magnetite, p y r i t e and c h a l c o p y r i t e . 

A sequence of a l t e r a t i o n from the f r e s h o l i v i n e gabbro of the 

core r e g i o n t o the u r a l i t i z e d gabbros of the p e r i p h e r y and f r a c t u r e zones 

i s w e l l seen i n t h i n s e c t i o n s . O l i v i n e which i n the o l i v i n e gabbro 

g e n e r a l l y appears as an u n s t a b l e primary phase r e a c t i n g to form o r t h o 

pyroxene i s ve r y s u s c e p t i b l e t o hydrothermal a l t e r a t i o n . At f i r s t 

s e r p e n t i n e and magnetite form i n cr a c k s or f r a c t u r e s w i t h i n the o l i v i n e 

c r y s t a l . Consequent expansion i n volume has produced f r a c t u r e s i n adjacent 

primary magmatic m i n e r a l s which are f i l l e d w i t h a m i x t u r e o f s e r p e n t i n e 

and c h l o r i t e . I d d i n g s i t e and b o w l i n g i t e , common a l t e r a t i o n products o f 



Figure 20. Incipient alteration of o l i v i n e . 
Olivine- high r e l i e f mineral at 
centre a l t e r i n g to brown iddingsite 

and bowlingite 



o l i v i n e , occur along f r a c t u r e s and form rims around the c r y s t a l ( f i g . 20) 

I d d i n g s i t e i s r e d d i s h brown i n c o l o u r and c o n s i s t s of h a e m a t i t e , 

g o e t h i t e and an undetermined s i l i c a t e . B o w l i n g i t e c o n s i s t s mainly of 

c h l o r i t e and g o e t h i t e . Both o f these m i n e r a l s form i n hydrous 

c o n d i t i o n s . The f o r m a t i o n of i d d i n g s i t e from o l i v i n e i s b e l i e v e d t o 

be a continuous t r a n s f o r m a t i o n i n the s o l i d s t a t e brought about by 

d i f f u s i o n of hydrogen atoms i n t o the s t r u c t u r e where they become 
2+ 

a t t a c h e d t o oxygens and so r e l e a s e Mg, Fe and S i , and a l l o w t h e i r 
3+ 

replacement by Fe , A l and Ca i o n s . (Deer et a l . 1962 V o l . 1 ) . 

The pyroxene of the o l i v i n e gabbro shows i n c i p i e n t a l t e r a t i o n 

t o a secondary brown-green h o r n b l e n d i c amphibole. The a l t e r a t i o n 

b egins a t the p e r i p h e r y of the c r y s t a l or along cleavages and f r a c t u r e s 

and forms patchy areas o f c o l o u r l e s s pyroxene f l e c k e d w i t h s m a l l p l a t e s 

of u r a l i t i c amphibole. I n the l e a s t a l t e r e d r o c k s p l a g i o c l a s e remains 

v i r t u a l l y unchanged, s l i g h t s a u s s u r i t i z a t i o n b e i n g the o n l y i n d i c a t i o n 

of a l t e r a t i o n . 

F u r t h e r hydrothermal a l t e r a t i o n causes i n c r e a s e d replacement 

of o l i v i n e by a v a r i e t y of hydrous phases. I d d i n g s i t e , c h l o r i t e , 

amphibole and t a l c are more common than s e r p e n t i n e as replacement product] 

In some specimens rims of orthopyroxene surrounding the a l t e r a t i o n 

pseudomorphs p r o v i d e evidence t h a t u n s t a b l e o l i v i n e w i t h i n the o l i v i n e 

gabbro had undergone r e a c t i o n t o orthopyroxene b e f o r e b e i n g completely 

r e p l a c e d by the hydrous a l t e r a t i o n p r o d u c t s . 

At t h i s stage of the a l t e r a t i o n sequence the pyroxene i s 

p r o g r e s s i v e l y r e p l a c e d by amphibole and the r o c k , now devoid of f r e s h 

o l i v i n e , has the mineralogy of the u r a l i t i z e d gabbro of the p e r i p h e r a l 



F i g u r e 2 1 . Replacement o f p l a g i o c l a s e by a m p h i b o l e . 

F i g u r e 22, P l a g i o c l a s e c r y s t a l - a l b i t i z e d a l o n g 
.margins and f r a c t u r e s . 
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r e g i o n . The p l a g i o c l a s e of the u r a l i t i z e d gabbro a l s o shows evidence 

of i n c r e a s e d a l t e r a t i o n . Epidote- i s a common a l t e r a t i o n product r e s u l t i n g 

from the breakdown of the b a s i c p l a g i o c l a s e which i n some of the more 

a l t e r e d rocks i s almost completely s a u s s u r i t i z e d . I n h i g h l y a l t e r e d rocks 

c o n t a i n i n g no o l i v i n e and i n which the pyroxene has c o m p l e t e l y a l t e r e d to 

amphibole, p l a g i o c l a s e i s d i r e c t l y r e p l a c e d by green amphibole ( f i g . 21), 

The range of c o m p o s i t i o n a l zoning w i t h i n the p l a g i o c l a s e 

i n c r e a s e s i n the more a l t e r e d r o c k s . The v a r i a t i o n o f a n o r t h i t e content 

between the cores and margins of p l a g i o c l a s e becomes g r e a t e r w i t h 

i n c r e a s i n g i n t e n s i t y of a l t e r a t i o n , I n extreme cases, p l a g i o c l a s e w i t h 

l a b r a d o r i t e cores are zoned p r o g r e s s i v e l y t o a l b i t e o l i g o c l a s e margins. 

The observed p r o g r e s s i v e z o n a t i o n from cores to margins i n the p l a g i o c l a s e 

of the a l t e r e d rocks i s not c o n s i d e r e d t o be o n l y a primary magmatic 

f e a t u r e . S i n c e the range i n composition o f the zoning i n the p l a g i o c l a s e 

corresponds d i r e c t l y w i t h the i n t e n s i t y of a l t e r a t i o n , much of the zoning 

i s b e l i e v e d t o be caused by the hydrothermal a c t i v i t y which produced the 

a l t e r a t i o n . 

The a n o r t h i t e content of the cores of the p l a g i o c l a s e s i n 

the a l t e r e d r o c k s i s s i g n i f i c a n t l y l e s s than t h a t o f the p l a g i o c l a s e s i n 

the u n a l t e r e d o l i v i n e gabbro (Table I ) . Although i t i s u n c e r t a i n whether 

t h i s d i f f e r e n c e i s caused by primary magmatic d i f f e r e n t i a t i o n or-whether 

i t i s caused by secondary a l t e r a t i o n processes I t i s s i g n i f i c a n t t h a t , 

even i n the o l i v i n e gabbro of the core a r e a , as i n t e n s i t y of a l t e r a t i o n 

i n c r e a s e s towards f r a c t u r e s , the a n o r t h i t e content of the p l a g i o c l a s e 

decreases. T h i s r e l a t i o n s h i p i s demonstrated g r a p h i c a l l y i n f i g u r e 23. 

I t seems p o s s i b l e , t h e r e f o r e , t h a t hydrothermal a l t e r a t i o n may have had 

an e f f e c t on the a n o r t h i t e content of the p l a g i o c l a s e c o r e s . 
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The a l b i t i z a t i o n of f r a c t u r e d p l a g i o c l a s e i n the a l t e r e d 

r ocks a l s o p r o v i d e s evidence t h a t hydrothermal f l u i d s c o u l d have 

produced the observed c o m p o s i t i o n a l zoning of the p l a g i o c l a s e . The 

a l b i t i z e d c r y s t a l s show a s t r o n g z o n a t i o n towards margins of low 

r e l i e f p l a g i o c l a s e . Low r e l i e f a l b i t i c p l a g i o c l a s e i s a l s o seen t o 

b o r d e r f r a c t u r e s c u t t i n g across the c r y s t a l ( f i g , 22). Some c r y s t a l s 

e x h i b i t a z o n a t i o n towards the f r a c t u r e s w h i l e i n o t h e r s t h e r e i s no 

zoning towards the a l b i t i c p l a g i o c l a s e b o r d e r i n g the f r a c t u r e s . 

A l b i t i c p l a g i o c l a s e does not seem to have been added t o margins of 

f r a c t u r e s i n p l a g i o c l a s e c r y s t a l s , r a t h e r the p a r t o f the p l a g i o c l a s e 

c r y s t a l adjacent t o the f r a c t u r e s appears to have been d e p l e t e d of the 

a n o r t h i t e component by f l u i d s p a s s i n g through f r a c t u r e s . These f l u i d s 

are b e l i e v e d t o be the same hydrothermal s o l u t i o n s which caused the 

a l t e r a t i o n of the gabbros. 

The a l b i t i z a t i o n and p o s s i b l y the s t r o n g zoning of the p l a g i o 

c l a s e i s a p p a r e n t l y caused by a p r o g r e s s i v e c a t i o n exchange mechanism 

s i n c e the p l a g i o c l a s e s e r i e s i s the prime example of s o l i d s o l u t i o n i n v o l v i n g 

a coupled s u b s t i t u t i o n , Ca A l * Na S i to preserve charge b a l a n c e . 

E x p e r i m e n t a l work ( O r v i l l e 1972) on p l a g i o c l a s e c a t i o n exchange e q u i l i b r i a 

w i t h aqueous c h l o r i d e s o l u t i o n s demonstrates t h a t a l b i t i c p l a g i o c l a s e 

can be produced from a n o r t h i t e - r i c h p l a g i o c l a s e s by a d d i t i o n of s i l i c a 

and sodium w h i l e c a l c i u m and aluminium are removed. The p robable 

hydrothermal or d e u t e r i c r e a c t i o n c i t e d by O r v i l l e i s : 

2 N a A l S i 3 0 8 + CaCl2 * C a A l 2 S i 2 0 s + 2 N a C l 2 + 6 S i 0 2 . 

R e a c t i o n i n the l e f t hand s i l i c a - c o n s u m i n g d i r e c t i o n produces an a l b i t i c 

f e l d s p a r product whose volume i s l a r g e r than the o r i g i n a l f e l d s p a r and 

t h e r e f o r e no o p p o r t u n i t y e x i s t s f o r opening up channels i n the s t r u c t u r e 



by pseudomorphic replacement. I n o t h e r words, once a l b i t i c f e l d s p a r 

has formed at the margins of c r y s t a l s , i t seems t h a t no f u r t h e r r e a c t i o n 

can take p l a c e and the r e a c t i o n ceases. Although r e a c t i o n of t h i s type 

c o u l d have produced a l b i t i c zones at the margins and along f r a c t u r e s 

i n p l a g i o c l a s e c r y s t a l s i t i s d o u b t f u l whether i t caused the zoning 

of the c r y s t a l s b e fore the r e a c t i o n was terminated by the f o r m a t i o n 

of the a l b i t i c margins. 

Adams (1968) c i t e s a mechanism of d i f f e r e n t i a l s o l u t i o n of 

p l a g i o c l a s e i n s u p e r c r i t i c a l water whereby p l a g i o c l a s e h e l d i n water a t 

500°C t o 800°C a t 2kb. l o s e s a l b i t e components i n s o l u t i o n w h i l e the 

a n o r t h i t e components remain as a r e l a t i v e l y i n s o l u b l e r e s i d u e . A c c o r d i n g 

t o Adams, s o l u t i o n works inward from the s u r f a c e s of g r a i n s , producing 

a " r e v e r s e " c o m p o s i t i o n a l zoning i n the p l a g i o c l a s e . He a l s o noted t h a t 

the a n o r t h i t e component coul d be removed p r e f e r e n t i a l l y by a c i d i c 

s o l u t i o n s . T h i s mechanism c o u l d p o s s i b l y produce the normal zoning i n 

p l a g i o c l a s e by removal of a n o r t h i t e i n a manner s i m i l a r to t h a t which 

produced the r e v e r s e zoning by removal of a l b i t e . 

Anomalous s t r u c t u r a l s t a t e s of many of the a l b i t i z e d f e l d s p a r s 

i n d i c a t e t h a t the s t r u c t u r e has been d i s t u r b e d by the a l t e r a t i o n . The 

cores of the c r y s t a l s c o n s i s t of ordered l a b r a d o r i t i c p l a g i o c l a s e i n low 

s t r u c t u r a l s t a t e but the l e s s c a l c i c margins f r e q u e n t l y show a departure 

from low s t r u c t u r a l s t a t e to a s l i g h t l y more d i s o r d e r e d i n t e r m e d i a t e 

s t r u c t u r e (Table I ) . I n g e n e r a l , p l a g i o c l a s e , i n which the margins show 

p a r t i a l l y d i s o r d e r e d s t r u c t u r e s of i n t e r m e d i a t e s t a t e s , i s common w i t h i n 

the zone of u r a l i t i z e d gabbro. 

Most i n t e n s e a l t e r a t i o n of the gabbros and b a s a l t s occurs 
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along or w i t h i n shear, or f r a c t u r e , zones. Pyroxene has been 

completely r e p l a c e d by p l e o c h r o i c green amphibole and the p l a g i o c l a s e 

i s s t r o n g l y s a u s s u r i t i z e d o r , i n more extreme cas e s , i s r e p l a c e d d i r e c t l y 

by amphibole ( f i g . 21). The f i n a l product of the a l t e r a t i o n process i s 

a h o r n b l e n d i t e c o n s i s t i n g of a f e l t e d mass o f long b l a d e d c r y s t a l s o f 

dark green common hornblende. Only minute i n t e r s t i t i a l g r a i n s of 

a l b i t i c f e l d s p a r and s c a p o l i t e remain. E p i d o t e occurs i n v e i n s and 

more commonly as s e g r e g a t i o n b l e b s and pocket s . A p a t i t e a l s o occurs 

as i s o l a t e d b l e b s surrounded by c l u s t e r s o f b l a d e d hornblende. 

An a n a l y s i s o f the h o r n b l e n d i t e i s given i n column 2 of 

Table V. I n comparison t o the a n a l y s i s of the o l i v i n e gabbro (column 1) 

the h o r n b l e n d i t e i s r e l a t i v e l y d e p l e t e i n s i l i c a , c a l c i u m and alumina 

but i s e n r i c h e d i n sodium, i r o n , water and to a l e s s e r e x t e n t i n 

magnesium and potassium. T h i s i s i n accord w i t h the c o n c l u s i o n s o f 

Cooke (1919) who u t i l i z e d a s t r a i g h t l i n e diagram ( f i g . 2 4) as a 

convenient means of e x p r e s s i n g g r a p h i c a l l y the c h a r a c t e r o f the changes 

t h a t have taken p l a c e d u r i n g a rock a l t e r a t i o n o f any k i n d . The 

f o l l o w i n g d e s c r i p t i o n o f the a l t e r a t i o n of the gabbros and the u t i l i z a t i o n 

of the s t r a i g h t l i n e diagram i s taken from Cooke's r e p o r t o f 1919: 

"The ( s t r a i g h t l i n e ) diagram i s made up of a number of 

h o r i z o n t a l l i n e s , which are s u b d i v i d e d by v e r t i c a l l i n e s a c c o r d i n g t o 

any convenient method. The diagram f i g u r e d , which has been c o n t r i v e d 

by Mead, i s so d i v i d e d t h a t a f i n i t e l i n e r e p r e s e n t s any q u a n t i t y up t o 

i n f i n i t y . One of the h o r i z o n t a l l i n e s i s a l l o t t e d t o each o f the 

component oxi d e s of the rock. The p o s i t i o n of the p o i n t on each l i n e , 

which r e p r e s e n t s the change of t h a t oxide d u r i n g a l t e r a t i o n , i s o b t a i n e d 

by d i v i d i n g the percentage of t h a t component i n the chemic a l a n a l y s i s of 



a l t e r a t i o n , i t must have been accompanied . . . . . by decrease 

of volume. There i s no evidence 'observed i n the f i e l d t h a t e i t h e r 

have o c c u r r e d . The most probable assumption appears t o be t h a t volume 

remained constant or n e a r l y so. I f so, the zero p o i n t f o r the horn

b l e n d i t e curve would l i e between the v e r t i c a l l i n e s 110-115, . . , , 

Under t h i s assumption, l e a v i n g out of c o n s i d e r a t i o n the 

minor components of the s o l u t i o n s , such as K 2 0 , MnO, T i 0 2 ) P2^5» 

which a l t o g e t h e r make up l e s s than one per cent of any of the r o c k s , 

i t i s seen t h a t the h o r n b l e n d i t e a l t e r a t i o n r e s u l t e d i n s l i g h t i n c r e a s e 

of s i l i c a , l a r g e i n c r e a s e of i r o n , magnesium, soda and w a t e r , w i t h l o s s 

of l i m e and alumina . . . . . I t may a l s o be seen from F i g u r e 2k , t h a t 

i n the main these c o n c l u s i o n s are c o r r e c t , whether the h y p o t h e s i s of 

constancy o f volume be accepted or n o t , as most p o i n t s are so f a r t o the 

r i g h t or l e f t of the assumed v e r t i c a l zero t h a t , i n o r d e r to a l t e r t h e i r 

s i g n i f i c a n c e m a t e r i a l l y , q u i t e i n a d m i s s a b l e assumptions as t o weight and 

volume changes would have to be made." 

Late m e t a l l i f e r o u s s o l u t i o n s have caused s i g n i f i c a n t m i n e r a l 

i z a t i o n i n some of the hornblende b e a r i n g r o c k s . P y r i t e , p y r r h o t i t e , 

m a r c a s i t e , c h a l c o p y r i t e and minor magnetite are i n t e r s t i t i a l to bladed 

hornblende. Shear zones c o n t a i n i n g hornblende rocks are of v a r i a b l e 

w i d t h up t o approximately one hundred f e e t wide. S i n c e the i n t e n s i t y 

of a l t e r a t i o n of the o l i v i n e gabbro decreases away from the shear zones 

at a r a t e g e n e r a l l y p r o p o r t i o n a t e to f r a c t u r e d e n s i t y , i t appears t h a t 

the a l t e r a t i o n p a t t e r n i s a consequence of the d e c r e a s i n g a c t i v i t y o f 

hydrous f l u i d s away from the main shear zones. 

Any e x p l a n a t i o n of the observed a l t e r a t i o n p a t t e r n must take 



i n t o account the p e r i p h e r a l zone of a m p h i b o l i t i z e d a u g i t e gabbros. 

Rocks of the p e r i p h e r a l zone demonstrate the same c h a r a c t e r i s t i c s 

as the l e s s i n t e n s e l y a l t e r e d rocks found near shear zones and aire 

b e l i e v e d to have formed s i m i l a r l y by aqueous f l u i d s moving through 

the rock. Convective c i r c u l a t i o n (Norton 1972) of the f l u i d s i s 

b e l i e v e d t o be caused by the hot i n t r u s i v e mass. F r a c t u r e s i n the 

M e t c h o s i n country rock and gabbro i n t r u s i v e appear t o have 

c o n s i d e r a b l y a i d e d the f l o w of f l u i d s and as a consequence the 

most i n t e n s e a l t e r a t i o n of both v o l c a n i c country rock and gabbro 

i s found i n the v i c i n i t y of f r a c t u r e s and shear zones. 
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THE MINERAL DEPOSITS OF THE EAST SOOKE PENINSULA 

Copper m i n e r a l i z a t i o n at East Sooke was d i s c o v e r e d i n 1863 

and s i n c e then v a r i o u s d e p o s i t s have r e c e i v e d s p o r a d i c a t t e n t i o n . 

D e t a i l e d d e s c r i p t i o n s of the d e p o s i t s and t h e i r h i s t o r y are found i n 

the Report o f the M i n i s t e r of Mines, B.C. ( F y l e s 1963). The 

p r o p e r t i e s on which the m i n e r a l i z e d zones occur are shown i n f i g u r e 25. 

F i v e of the zones of copper m i n e r a l i z a t i o n have been e x p l o r e d by 

a d i t s , s h a f t s or open cuts and ore has been e x t r a c t e d from two of 

them. A zone of magnetite m i n e r a l i z a t i o n at I r o n Mine H i l l has a l s o 

been s u b j e c t t o some underground development. 

Copper d e p o s i t s of the type found i n the Cooke, H e u s t i s , 

G r i f f i t h and Mer r y t h zones are the most common and most important o f 

the a r e a . These d e p o s i t s are s t r u c t u r a l l y c o n t r o l l e d by shear or 

f r a c t u r e zones and a l l occur i n the h i g h l y a l t e r e d gabbros. The be s t 

m i n e r a l i z a t i o n i s found i n hornblende rocks at the i n t e r s e c t i o n o f 

major n o r t h and n o r t h e a s t e r l y t r e n d i n g shears w i t h east-west t r e n d i n g 

shear or f r a c t u r e zones. 

C h a l c o p y r i t e , the common copper b e a r i n g m i n e r a l o f the 

East Sooke copper d e p o s i t s , i s dissem i n a t e d throughout the a l t e r e d r o c k 

as an i n t e r s t i t i a l m i n e r a l between bladed hornblende ( f i g . 26). Many 

of the h a i r l i n e f r a c t u r e s and v e i n s i n the hornblende r o c k s are f i l l e d 

w i t h c h a l c o p y r i t e . Other s u l p h i d e s present are p y r r h o t i t e , p y r i t e 

m a r c a s i t e , and c u b a n i t e . The s u l p h i d e s are almost t o t a l l y c o n f i n e d to 

the a l t e r e d gabbros and are v i r t u a l l y absent from the u n a l t e r e d o l i v i n e 

gabbro. Although t e x t u r e s i n d i c a t e t h a t most s u l p h i d e d e p o s i t i o n o c c u r r e d 



F i g . 25 L o c a t i o n of M i n e r a l i z e d Z o n e s - E a s t S o o k e . 
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a f t e r the fo r m a t i o n of the h o r n b l e n d i t e s , t h e i r o r i g i n i s a l s o 

hydrothermal. I t appears t h a t hot aqueous f l u i d s c i r c u l a t i n g i n both 

the gabbro and the Metchosin country rock produced, i n the l a t e r stages 

of hydrothermal a c t i v i t y , c o n c e n t r a t i o n s of s u l p h i d e s . The 

c i r c u l a t i o n of f l u i d s , as p r e v i o u s l y d e s c r i b e d , i s p o s s i b l y caused 

by c o n v e c t i v e f l o w around the hot i n t r u s i v e . F r a c t u r e s have acted 

as passage-ways f o r the hydrothermal f l u i d s and zones of e x t e n s i v e l y 

broken rock between c r o s s c u t t i n g f r a c t u r e s o r f a u l t s have allowed the 

passage of the l a t e s u l p h i d e r i c h s o l u t i o n s . These areas , t h e r e f o r e , 

are the s i t e s of the most e x t e n s i v e copper m i n e r a l i z a t i o n . S i n c e the 

f a u l t s are g e n e r a l l y s t e e p l y d i p p i n g or v e r t i c a l , the ore b o d i e s , 

although i r r e g u l a r , are contained i n s t e e p l y p l u n g i n g ore shoots which 

l i e along f r a c t u r e i n t e r s e c t i o n s . 

Magnetite m i n e r a l i z a t i o n occurs i n v e i n s and i s a l s o 

d i s s e m i n a t e d through the a l t e r e d gabbro and i n some p l a c e s through 

i n c l u s i o n s of country rock. Magnetite at I r o n Mine H i l l i s c o n c e n t r a t e d 

i n f r a c t u r e s w i t h i n and c l o s e t o x e n o l i t h s and screens of b a s a l t 

e n c l o s e d w i t h i n the gabbro. At t h i s l o c a l i t y magnetite i s abundant 

and i n p l a c e s forms v e i n s up t o s i x inches wide. M i c r o s c o p i c 

examination of p a r t i a l l y r e c r y s t a l l i z e d b a s a l t i n c l u s i o n s from the 

I r o n Mine H i l l a rea i n d i c a t e t h a t magnetite was h i g h l y m o b i l e d u r i n g 

the r e c r y s t a l l i z a t i o n p r o c e s s . Abundant magnetite i s disse m i n a t e d 

through the rock but i s a l s o concentrated i n t o v e i n s and s t r i n g e r s which 

c r o s s - c u t the r e c r y s t a l l i z e d r o ck. S i n c e many specimens of the Metchosin 

b a s a l t examined are extremely r i c h i n magnetite, i t i s p o s s i b l e t h a t the 

magnetite i n the b a s a l t s c l o s e t o the i n t r u s i o n was m o b i l i z e d and l o c a l l y 

c o ncentrated by the hot but c o o l i n g magma of the i n t r u s i o n . 



GEOPHYSICAL DATA 

A p o s i t i v e Bouguer anomaly, the Sooke H i g h , which reaches 

a maximum i n the v i c i n i t y of Sooke i s shown i n the Bouguer Anomaly Map 

of Southwestern B r i t i s h Columbia (Walcott 1967). Over the b a s a l t s 

and gabbros of the Sooke area the Bouguer anomaly i s around +60 m i l l i g a l s . 

T h i s anomaly decreases towards the south and reaches a minimum of 

-95 m i l l i g a l s over the Olympic P e n i n s u l a ( f i g s . 27 and 28). Over the 

Metchos i n b a s a l t s of the Olympic P e n i n s u l a the anomaly i s around 

-20 m i l l i g a l s . 

The Sooke High a l s o decreases northwards a c r o s s the Leech 

R i v e r F a u l t . The change from the denser rocks south of the f a u l t t o the 

l e s s dense metasediments of the Leech R i v e r Formation t o the n o r t h i s 

b e l i e v e d t o cause the r a p i d decrease i n g r a d i e n t of the g r a v i t y 

anomaly ( f i g . 29). I f the Leech R i v e r F a u l t has any e f f e c t upon the 

Bouguer anomaly, the observed change i n g r a v i t y over the f a u l t i s 

i n c o n s i s t e n t w i t h a northward d i p p i n g f a u l t (Walcott 1967)• T h i s 

evidence may i n d i c a t e t h a t , although the f a u l t d i p s northwards on the 

s u r f a c e , i t may, at depth, d i p to the south and be a r e v e r s e o r t h r u s t 

type f a u l t . 

The Olympic Low i s a t t r i b u t e d i n p a r t t o the t h i c k greywacke 

and a r g i l l i t e sequence (Walcott 1967) and though the Sooke High can be 

p a r t l y accounted f o r by the dense gabbros and b a s a l t s o f the are a , the 

rocks are not of s u f f i c i e n t d e n s i t y t o produce the s t r o n g p o s i t i v e 

anomaly. The anomaly i s thought to be caused by an u n d e r l y i n g l a y e r of 

dense p e r i d o t i t i c r o c k s . S i m i l a r , though more i n t e n s e , Bouguer g r a v i t y 

anomalies e x i s t i n New C a l e d o n i a and Papua ( f i g . 30) where obduction of 
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Figure 27. Bouguer anomaly map of South Vancouver 
Island (after Walcott 1957) 
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Figure 28 Compiled geologic map of South Vancouver 
Island and part of the Olympic Peninsula. 
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oceanic c r u s t and mantle on t o c o n t i n e n t a l margins i s r e p o r t e d to 

have taken p l a c e (Coleman 1971). 

S e i s m i c d a t a i n c l u d e s a p r o f i l e c r o s s i n g the Leech R i v e r 

F a u l t ( M i l n e and White 1960) . The s e i s m i c p r o f i l e l i e s e a s t of the 

g r a v i t y maximum and was c a r r i e d out by ex p l o d i n g a number of charges 

i n Juan de Fuca S t r a i t and r e c o r d i n g a t Albert: Head, the Dominion 

A s t r o p h y s i c a l Observatory and the P a c i f i c N a v a l l a b o r a t o r y . 

The t r a v e l - t i m e curves obtained are shown i n f i g u r e 31. 

M i l n e and White c o n s i d e r the A l b e r t Head and D.A.0. r e c o r d s as two 

sep a r a t e groups and ig n o r e the P.N.L. r e a d i n g s . Thus they c o n s i d e r 

the t r a v e l - t i m e curve t o i n d i c a t e two d i f f e r e n t v e l o c i t i e s . Using a 

l e a s t squares method, the c l o s e r s t a t i o n at A l b e r t Head y i e l d s a v e l o c i t y 

o f 5.41 Km/s w i t h an i n t e r c e p t time of 0.12 s whereas the D.A.O. re c o r d s 

f i t a t r a v e l - t i m e curve of v e l o c i t y 8.7 Km/s. M i l n e and White d i s c o u n t 

the 8.7 Km/s v e l o c i t y as being o b v i o u s l y i n c o r r e c t s i n c e they b e l i e v e 

the area to be u n d e r l a i n by g r a n i t i c basement. They i n t e r p r e t the 

8.7 Km/s v e l o c i t y as being a h i g h apparent v e l o c i t y o b t a i n e d because of 

a d i p p i n g top bed and propose t h a t the Metchosin b a s a l t s o v e r l i e a g r a n i t e 

basement and d i p n o r t h at 20 degrees r e s u l t i n g i n a depth of 14,000 f e e t 

of b a s a l t s at the Leech R i v e r F a u l t ( f i g . 32). G r a n i t i c r o c k s a r e , 

however, not seen south of the Leech R i v e r F a u l t and g e o l o g i c a l evidence 

i n d i c a t e s that g abbroic r a t h e r than g r a n i t i c rocks u n d e r l i e the b a s a l t s . 

An a l t e r n a t i v e i n t e r p r e t a t i o n , though g r o s s l y o v e r s i m p l i f i e d , 

does p r o v i d e some i n t e r e s t i n g r e s u l t s . A t r a v e l - t i m e curve o f v e l o c i t y 

7.1 Km/s w i t h an i n t e r c e p t time of 0.48 s can be drawn through the P.N.L. 

readings which were omitted by M i l n e and White i n t h e i r i n t e r p r e t a t i o n . 
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F i g u r e 33 T r a v e l - t i m e c u r v e s - t h r e e l a y e r i n t e r p r e t a t i o n . 
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The three t r a v e l - t i m e curves ( f i g . 33) i f i n t e r p r e t e d on 

the b a s i s of a three l a y e r model i n d i c a t e t h a t a l a y e r of v e l o c i t y 

5.41 Km/s o v e r l i e s a l a y e r of v e l o c i t y 7.1 Km/s which i n t u r n o v e r l i e s 

a h i g h v e l o c i t y l a y e r of v e l o c i t y 8.7 Km/s. The upper l a y e r comprises 

the b a s a l t s w i t h a s e i s m i c v e l o c i t y of 5.41 Km/s. The s e i s m i c v e l o c i t i e s 

from the second and t h i r d l a y e r s , though s l i g h t l y h i g h , are about 

e q u i v a l e n t to v e l o c i t i e s o b t a i n e d from g a b b r o i c and mantle rocks 

r e s p e c t i v e l y . The apparent h i g h v e l o c i t i e s even f o r g a b b r o i c and 

mantle rocks p o s s i b l y i n d i c a t e t h a t the lower i n t e r f a c e d i p s n o r t h but 

a t a s h a l l o w e r angle than i n M i l n e and White's- i n t e r p r e t a t i o n . 

A c cording to t h i s model the t h i c k n e s s of the l a y e r of b a s a l t s 

i s a p proximately 1.6 Km. and the t h i c k n e s s of the u n d e r l y i n g gabbroic 

l a y e r i s of the order of 6 Km. I n other words the depth t o the s u r f a c e 

o f the h i g h v e l o c i t y l a y e r i s between 7 and 8 Km., which i s e q u i v a l e n t 

t o the t h i c k n e s s of oceanic c r u s t . The h i g h v e l o c i t y l a y e r may 

t h e r e f o r e r e p r e s e n t the upper mantle. 

Though t h i s model i s o b v i o u s l y o v e r s i m p l i f i e d i n t h a t p l a n a r 

l a y e r s probably do not e x i s t as the gabbro i n t r u d e s the b a s a l t i c l a y e r , 

i t does f i t the s t r o n g p o s i t i v e Bouguer g r a v i t y anomaly and i n g e n e r a l 

f i t s a h y p o t h e s i s t h a t the gabbros and b a s a l t s r e p r e s e n t a s l i c e of 

o c e a n i c c r u s t . 
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GEOLOGICAL HISTORY OF THE AREA 

The Sooke gabbro i n t r u s i o n i s the l a r g e s t of a number of 

elongate g a b b r o i c i n t r u s i o n s which occur w i t h i n the M e t c h o s i n Formation 

on the south-west coast of Vancouver I s l a n d ( f i g , 4 ) . S i g n i f i c a n t l y , 

no i n t r u s i o n s of Sooke gabbro are found n o r t h of the Leech R i v e r F a u l t 

which separates the T e r t i a r y b a s a l t s of the Metchosin Formation on the 

s o u th from the Mesozoic metasediments on the n o r t h ( f i g . 2 8 ) . The 

M e t c h o s i n b a s a l t s and gabbros on Vancouver I s l a n d t h e r e f o r e comprise 

p a r t of a g e o l o g i c a l p r o v i n c e d i s t i n c t from the C o r d i l l e r a n I n s u l a r 

B e l t . The fundamental d i f f e r e n c e i s t h a t the b a s a l t s and gabbros are 

p a r t o f a " e u g e o s y n c l i n a l " assemblage s t r e t c h i n g southwards through the 

Olympic P e n i n s u l a i n n o r t h west Washington (Snavely and Wagner 1963), 

whereas the rocks of the I n s u l a r B e l t are m a i n l y much o l d e r and of q u i t e 

d i f f e r e n t t y p e s . 

E x t e n s i v e m e l t i n g of a s u i t a b l e parent r o c k must have taken 

p l a c e to produce the v a s t volume o f up to 100,000 c u b i c m i l e s of Eocene 

b a s a l t . I f the assumption t h a t the mantle i s composed l a r g e l y of dense 

s i l i c a t e s r i c h i n i r o n and magnesium i s c o r r e c t , then the b a s a l t i c magma 

c o u l d be d e r i v e d from mantle m a t e r i a l by d i f f e r e n t i a l f u s i o n . McKee (1972) 

s t a t e s t h a t , "The l a v a probably came from the mantle; chemical analyses 

of the b a s a l t s t r o n g l y resemble those from r e c e n t b a s a l t i c e r u p t i o n s i n 

o c e a n i c areas where a s u b c r u s t a l o r i g i n i s c e r t a i n " . 

The b a s a l t s and gabbros which are c l o s e l y r e l a t e d i n time are 

probably g e n e t i c a l l y r e l a t e d . The gabbro i s thought to have been i n t r u d e d 

d u r i n g the l a t e Eocene and s i n c e much of the v o l c a n i c a c t i v i t y a l s o took 

p l a c e d u r i n g the l a t e Eocene, the b a s a l t s and gabbros are c o n s i d e r e d 
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contemporary. Contemporaneous o r i g i n i s reasonable i n the l i g h t 

of the h y p o t h e s i s t h a t the gabbro r e p r e s e n t s i n t e r m e d i a t e l e v e l s o f 

what was presumably a v o l c a n i c feeder v e n t , now exposed by e r o s i o n 

o f p a r t of the v o l c a n i c p i l e . Feeder vents and s u r r o u n d i n g b a s a l t s 

appear to have grown i n t o v o l c a n i c i s l a n d s as the n a t u r e and 

d i s t r i b u t i o n of sediments interbedded w i t h the l a v a suggests t h a t 

they were d e p o s i t e d on or near v o l c a n i c i s l a n d s (McKee 1972). 

McKee suggests t h a t the e x t e n s i v e Eocene v o l c a n i c i t y 

o r i g i n a t e d i n a manner comparable to the Hawaiian e r u p t i o n s and t h a t 

the Eocene p i l l o w l a v a s b u i l t up from the ocean f l o o r u n t i l the p i l e 

e v e n t u a l l y b u i l t above sea l e v e l . T h i s seems a reasonable s u g g e s t i o n 

s i n c e t h e r e i s evidence t h a t some of the l a t e r Eocene l a v a s were erupted 

s u b a r e a l l y because o l d s o i l zones formed by weathering can be seen 

between the f l o w s (Waters 1955). I f the Eocene l a v a was erupted to 

form o c e a n i c i s l a n d s , the gabbro and p i l l o w b a s a l t s of the M e t c h o s i n 

Formation must be co n s i d e r e d t o r e p r e s e n t an ocean f l o o r sequence. 

G e o p h y s i c a l i n f o r m a t i o n on the Sooke area s u b s t a n t i a t e s t h i s 

h y p o t h e s i s t h a t the gabbro and b a s a l t s are p a r t of an o c e a n i c sequence. 

The Bouguer g r a v i t y anomaly over the Sooke area i s one o f the most 

pronounced i n North America and though l e s s i n t e n s e i s s i m i l a r to 

g r a v i t y anomalies i n areas such as New C a l e d o n i a and Papua where t h e r e 

i s o bduction of ocean c r u s t on to c o n t i n e n t a l edges (Coleman 1971). 

An a l t e r n a t i v e i n t e r p r e t a t i o n of the s e i s m i c r e s u l t s of 

M i l n e and White (1960) i n d i c a t e s t hat 1.6 Km. of b a s a l t s are u n d e r l a i n 

by approximately 6 Km. of gabbroic r o c k s . Beneath t h e s e - l a y e r s i s a 

h i g h v e l o c i t y l a y e r s i t u a t e d a t a depth which corresponds to the depth 
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of o c eanic c r u s t . The h i g h v e l o c i t y l a y e r i s t h e r e f o r e thought t o 

r e p r e s e n t p e r i d o t i t e rocks of the upper mantle. I f t h i s s e i s m i c 

model i s reasonable then the sequence o f rocks i n the Sooke area i s 

s i m i l a r to t h a t proposed by Dewey and B i r d (1970) i n t h e i r model 

f o r ocean c r u s t ( f i g . 34). 

The Leech R i v e r F a u l t i s b e l i e v e d t o mark the i n t e r f a c e 

between oceanic c r u s t and c o n t i n e n t a l c r u s t , as does the Queen C h a r l o t t e 

F a u l t . Although the Leech R i v e r F a u l t d i p s to the n o r t h a t the s u r f a c e , 

t h e r e i s evidence from the g r a v i t y i n t e r p r e t a t i o n t h a t the d i p may be 

r e v e r s e d a t depth. Since the f a u l t which marks the i n t e r f a c e between 

o c e a n i c c r u s t and c o n t i n e n t a l c r u s t appears t o be a r e v e r s e or t h r u s t 

type f a u l t , i t i s proposed t h a t the o c e a n i c assemblage was obducted on 

t o Vancouver I s l a n d ( f i g . 35). 

Obduction of the l a r g e s l i c e of o c e a n i c m a t e r i a l on t o 

s o uthern Vancouver I s l a n d must have i n v o l v e d l a r g e s c a l e t e c t o n i c 

f o r c e s which o n l y the mechanism of ocean f l o o r s p r e a d i n g c o u l d p r o v i d e 

and probably r e s u l t e d from the r e l a t i v e motion of the Juan de Fuca 

and North American p l a t e s . 
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CONCLUSIONS AND SUMMARY 

The Sooke gabbro i n t r u s i o n i s an e l l i p t i c a l body of s l i g h t l y 

d i f f e r e n t i a t e d o l i v i n e gabbro which i s composed of c a l c i c p l a g i o c l a s e and 

cl i n o p y r o x e n e w i t h minor o l i v i n e and orthopyroxene. The gabbro does not 

e x h i b i t any obvious c r y p t i c of cumulate l a y e r i n g of the type which 

c h a r a c t e r i z e s many other l a y e r e d b a s i c igneous r o c k s . I n s t e a d s t e e p l y 

d i p p i n g s t r u c t u r e s such as weak l a y e r i n g , f o l i a t i o n and l i n e a t i o n are 

b e l i e v e d t o be f l o w s t r u c t u r e s of the type d e s c r i b e d by B a l k 1937, 

U r a l i t i z a t i o n of the gabbro i s a hydrothermal or d e u t e r i c 

a l t e r a t i o n , the i n t e n s i t y of which i s everywhere s p a t i a l l y r e l a t e d t o 

f r a c t u r e s o r t o the margin of the i n t r u s i o n . F r a c t u r e s i n both gabbro 

and s u r r o u n d i n g b a s a l t appear t o have acted as channelways f o r the 

m i g r a t i n g s o l u t i o n s which, i n the l a t e r s t a g e s , d e p o s i t e d copper s u l p h i d e s 

i n s t r u c t u r a l l y f a v o u r a b l e areas. The hot i n t r u s i o n i s b e l i e v e d t o have 

acte d as a "heat pump" causing a c o n v e c t i v e f l o w of hydrothermal or l a t e 

stage d e u t e r i c s o l u t i o n s around the p e r i p h e r a l r e g i o n s of the i n t r u s i o n 

and along f r a c t u r e s . 

The gabbro i s bounded on a l l s i d e s by upper Eocene Metchosin 

b a s a l t s which are b e l i e v e d t o be comagmatic w i t h the gabbro. Though the 

gabbro causes some r e c r y s t a l l i z a t i o n of the b a s a l t s near the contact and 

though i t i s g e n e r a l l y i n t r u s i v e i n t o the b a s a l t s , i t i s b e l i e v e d to 

rep r e s e n t a lower l e v e l of a v o l c a n i c neck or feeder now exposed by e r o s i o n 

o f a t h i c k sequence of b a s a l t s . 

The Metchosin p i l l o w e d b a s a l t s which are l o c a l l y i nterbedded 

w i t h t u f f a c e o u s marine sediments (Snavely and Wagner 1963) are c l e a r l y 

submarine i n o r i g i n . The nature and d i s t r i b u t i o n of the sediments 



i n t e r b e d d e d w i t h the l a v a suggests t h a t they were d e p o s i t e d on or near 

v o l c a n i c i s l a n d s (McKee 1972). There i s evidence that some of the l a v a 

f l o w s h i g h e s t i n the v o l c a n i c p i l e were erupted s u b a e r a l l y as o l d s o i l 

zones formed by weathering can be seen between flows (Waters 1955). 

The b u i l d - u p of the Eocene b a s a l t i c p i l e can be compared t o the Hawaiian 

c h a i n which grew from the ocean f l o o r by the s u c c e s s i v e b u i l d - u p of 

b a s a l t i c l a v a flows u n t i l f i n a l l y the p i l e b u i l t above sea l e v e l . 

An h y p o t h e s i s of o c e a n i c o r i g i n f o r the b a s a l t and gabbro 

sequence i s f u r t h e r complemented by the g e o p h y s i c a l i n f o r m a t i o n on the 

a r e a . The h i g h Bouguer g r a v i t y anomaly i s compared t o s i m i l a r anomalies 

i n areas where obduction of o c e a n i c c r u s t on to c o n t i n e n t a l c r u s t i s 

c o n s i d e r e d t o have taken p l a c e . An a l t e r n a t i v e i n t e r p r e t a t i o n of the 

s e i s m i c r e s u l t s of M i l n e and White y i e l d s a t h r e e l a y e r model w i t h s e i s m i c 

v e l o c i t i e s of each l a y e r corresponding to those of b a s a l t i c , g a b b r o i c and 

mantle r o c k s . The nature of these l a y e r s and t h e i r r e l a t i v e t h i c k n e s s e s 

corresponds w e l l w i t h o t h e r models proposed f o r o c e a n i c c r u s t . 

I f Eocene l a v a was indeed erupted to form oceanic i s l a n d s , then 

subsequent spreading of the sea f l o o r seems to have r a f t e d them a g a i n s t 

the edge of the c o n t i n e n t . The oceanic s u i t e has been obducted on to the 

southern end of Vancouver I s l a n d by the l a r g e s c a l e t e c t o n i c f o r c e s 

r e s u l t i n g from the r e l a t i v e motion of the Juan de Fuca and. North American 

p l a t e s . 
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APPENDIX 

DETERMINATIVE METHODS FOR MINERAL COMPOSITIONS 

A. ) P l a g i o c l a s e . 

P l a g i o c l a s e compositions were determined on a f o u r a x i s 

u n i v e r s a l s tage. O p t i c a l and c r y s t a l l o g r a p h i c elements i n twinned 

p l a g i o c l a s e were measured i n order t o determine the t w i n n i n g law, 

a n o r t h i t e percentage and the s t r u c t u r a l s t a t e . The procedure used 

i n the measurement of these elements i s d e s c r i b e d by Slemmons (1962) and 

i s e s s e n t i a l l y a r e v i s i o n of the Turner method. O p t i c a l curves f o r 

b o t h v o l c a n i c and p l u t o n i c p l a g i o c l a s e s are used t o determine the 

s t r u c t u r a l s t a t e of the p l a g i o c l a s e . Slemmons a l s o g i v e s v a r i o u s 

t e s t s and procedures f o r e l i m i n a t i n g any ambiguous r e s u l t s . 

The composition of d i f f e r e n t zones I n zoned p l a g i o c l a s e were 

determined by the same method u s i n g o p t i c a l and c r y s t a l l o g r a p h i c d a t a 

from each zone. 

Compositions of p l a g i o c l a s e d e r i v e d u s i n g Slemmon's method 

seem t o be a c c u r a t e and r e s u l t s are n o r m a l l y r e p r o d u c t a b l e t o w i t h i n 

two per cent a n o r t h i t e . 

B. ) Pyroxenes. 

Compositions of the orthopyroxenes were determined u s i n g 2V. 

The percentage of c a l c i u m i n the orthopyroxenes cannot be determined by 

t h i s means and an average v a l u e of three weight per cent c a l c i u m was 

assumed when p l o t t i n g c ompositions. 

Clinopyroxene compositions were determined u s i n g a combination 



of 2V, Z C and A C angles and p l o t t i n g the v a l u e s on the 

a p p r o p r i a t e d e t e r m i n a t i o n c h a r t g i v e n by Ruegg (1964). T h i s method 

was found t o be o f low accuracy because of a number of f a c t o r s . 

S l i g h t e r r o r s i n the measurement of o p t i c a l data can l e a d to s i g n i f i c a n t 

e r r o r s i n c o mposition. A l s o , e x s o l u t i o n l a m e l l a e and the patchy 

development of u r a l i t i c amphibole w i t h i n many pyroxene c r y s t a l s 

i n f l u e n c e the o p t i c a l data to such an extent t h a t any compositions 

so d e r i v e d are s u b j e c t t o h i g h e r r o r . To minimise t h i s source o f 

e r r o r f r e s h pyroxene was used where p o s s i b l e f o r o p t i c a l measurements. 

The r e f r a c t i v e index nyS was determined i n some cases to narrow the 

margin of e r r o r . 

C. ) Amphiboles. 
A 

2V and Z C v a l u e s determined on the u n i v e r s a l stage were 

u s e f u l o n l y i n determining t h a t common hornblende i s the u s u a l 

a l t e r a t i o n amphibole present i n the gabbros. 

D. ) O l i v i n e . 

Compositions of f r e s h o l i v i n e s were determined u s i n g X-ray 

methods. A slow scan speed on the d i f f r a c t o m e t e r was used t o determine 

the 130 s p a c i n g . Potassium Bromide was used as a s t a n d a r d . The 130 

s p a c i n g can be used to determine the composition of the o l i v i n e by 

p l o t t i n g v a l u e s on the o l i v i n e X-ray d e t e r m i n a t i o n curve g i v e n by Yoder 

and Sahama (1957). 

E. ) Other M i n e r a l s . 

The presence of s c a p o l i t e i n v e i n s was v e r i f i e d by X-ray 

d i f f r a c t i o n . V a r i o u s opaques i n the ore zones were determined u s i n g a 

r e f l e c t i n g microscope. 
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\ 

MODAL ANALYSES 

S e v e r a l modal analyses of gabbros were made. One thousand 

p o i n t s were counted f o r each specimen i n order t o achieve an accuracy 

of about one per cent. 

CHEMICAL ANALYSES AND AGE DATES 

A l l chemical a n a lyses were obtained'from p r e v i o u s works. 

S i m i l a r l y , the K/Ar age dates were ob t a i n e d from Carson (1968) and 

Kirkham (1972). 



83 

TABLE I . 

Spec. No. 
Core 

An.% 
m a r g i n 

S t r u c t u r a l 
s t a t e 

Rock Type 

M6 87 L O l i v i n e g a b b r o . 

M7 50 L U r a l i t i z e d g a b b r o . 

M9 86 L O l i v i n e g a b b r o . 

M i l 82 L - I O l i v i n e g a b b r o . 

M15 83 L O l i v i n e g a b b r o . 

M16 80 L O l i v i n e g a b b r o . 

Ml8 88 L O l i v i n e gabbro« 

M20 70 I-H U r a l i t i z e d o l i v i n e g a b b r o 

M21 59 L - I U r a l i t i z e d g a b b r o . 

M23a 65 53 I U r a l i t i z e d o l i v i n e g a b b r o 

M23d 58 ? U r a l i t i z e d g a b b r o . 

M26 72 66 L O l i v i n e g a b b r o . 

M28 60 20 I U r a l i t i z e d g a b b r o . 

M30 8*t L O l i v i n e g a b b r o . 

M33 72 I U r a l i t i z e d g a b b r o . 

M33a 80 67 L O l i v i n e g a b b r o . 

M31* 8*t 77 L O l i v i n e g a b b r o . 

M36 75 I U r a l i t i z e d o l i v i n e g a b b r o 

M37b 80 I Gabbro/dyke c o n t a c t . 

M38a 77 L - I O l i v i n e g a b b r o . 

M39 78 L O l i v i n e g a b b r o . 

M^fOb 85 L O l i v i n e g a b b r o . 

S t r u c t u r a l s t a t e s : L= Low, I = I n t e r m e d i a t e , H = H i g h . 



TABLE I . ( c o n t . ) 
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S p e c , No, 
c o r e 

An.% 
m a r g i n 

S t r u c t u r a l 
s t a t e 

Rock Type 

M44 33 I B a s a l t i n c l u s i o n . 

M47 51 26 I G a b b r o - x e n o l i t h c o n t a c t . 

M51a 87 L O l i v i n e g a b b r o . 

M52 86 L O l i v i n e g a b b r o 

M53 77 L O l i v i n e g a b b r o . 

M5^ 81 L O l i v i n e g a b b r o . 

M55 78 L O l i v i n e g a b b r o . 

M58b 38 I B a s a l t i n c l u s i o n . 

M60 83 
• L O l i v i n e g a b b r o . 

K63 85 L O l i v i n e g a b b r o . 

M64 76 L - I O l i v i n e g a b b r o . 

M66 68 79 64 L - I R e c r y s t a l l i z e d b a s a l t . 

M69 68 60 L - I U r a l i t i z e d g a b b r o . 

M70a ^ L - I U r a l i t i z e d g a b b r o . 

M72 53 I P o r p h y r i t i c b a s a l t x e n o l i t h . 

M74 65 ^9 I-H B s a a l t i n c l u s i o n . 

M75 61 L - I O l i v i n e g a b b r o 

M76 73 L O l i v i n e g a b b r o . 

M84 66 70 L B a s a l t i n c l u s i o n . 

K84b 28 9 ? L e u c o c r a t i c v e i n 

M85 75 65 L B a s a l t i n c l u s i o n . 

M87a 75 L B a s a l t i n c l u s i o n 

M90 61 I B s a a l t i n c l u s i o n . 

K92 52 L U r a l i t i z e d g a b b r o . 

M93 51 L - I B a s a l t i n c l u s i o n . 
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TABLE I . ( c o n t . ) 

S p e c . No. 
c o r e 

An.% 
m a r g i n 

S t r u c t u r a l 
s t a t e 

Rook Type 

Wk 80 L • O l i v i n e g a b b r o . 

M95 85 72 L O l i v i n e g a b b r o . 

M96 85 70 L O l i v i n e g a b b r o . 

M98 82 L O l i v i n e g a b b r o . 

M100 80 7^ L O l i v i n e g a b b r o . 

M102 78 L U r a l i t i z e d o l i v i n e g abbro 

HlOk 63 52 I B a s a l t i n c l u s i o n . 

M106 75 k9 L N o r i t e . 

M109 75 L O l i v i n e g a b b r o . 

M i l l 62 L U r a l i t i z e d o l i v i n e g a b b r o 

M112 88 65 L - I B a s a l t i n c l u s i o n . 

M113 52 59 L - I B a s a l t i n c l u s i o n . 

M i l ? 81 L O l i v i n e g a b b r o . 

M118 63 ? O l i v i n e g a b b r o . 

M120 81 L O l i v i n e g a b b r o . 

M121 80 71 L U r a l i t i z e d o l i v i n e g abbro 

M122 85 69 L O l i v i n e g a b b r o . 

M123 86 L O l i v i n e g a b b r o . 

M124 6k I U r a l i t i z e d g a b b r o . 

M128 91 L O l i v i n e g a b b r o . 

M130 60 L - I U r a l i t i z e d gabbro 

M130a 5<* I B a s a l t i n c l u s i o n . 

M131 80 L O l i v i n e g a b b r o . 



TABLE I. (cont•) 

Spec. No. An.% S t r u c t u r a l 
core margin state 

M132 88 L 

M135 86 63 L-I 

M139 81 L ' 

M140 56 L-I 

M142 76 68 L-I 

Ml42a 64 L 

M153 82 L 

M153 84 L 

M136 79 L 

M86 22 10 I 

M86a 68 5k I 

Rock Type 

O l i v i n e - r i c h gabb 

Basalt i n c l u s i o n . 

O l i v i n e gabbro. 

U r a l i t i z e d gabbro 

U r a l i t i z e d gabbro 

U r a l i t i z e d gabbro 

O l i v i n e gabbro. 

O l i v i n e gabbro. 

O l i v i n e gabbro. 

Leucocratic vein. 

Basalt i n c l u s i o n . 



TABLE I I 

Sp e c . No. An.% o f e a r l y formed , An. % o f p h e n o c r y s t s 
p l a g i o c l a s e , p o i k i l i t i c a l l y i n b a s a l t . 

^ e n c l o s e d i n l a t e r m i n e r a l s . 

M33a 81 

M39 83 

M8?a 89 

K85 75 

M9 88 

M i l 87 

M51a 9 0 

M139 87 

TABLE I I I . OLIVINE COMPOSITIONS. 

S p e c . No. % F o . S p e c . No. %Fo. 

M9 72 M63 78 

M i l 77 M76 67 

M l 6 76 M9^ 68 

M26 70 M100 67 

M30 79 M112 70 

M38a 7^ M118 75 

M39 lh M120 81 

M*fOb 76 M132 82 

M52 81 M139 79 

M55 73 M153 80 
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TABLE IV. Modal analyses. 

Spec. PI. Cpx. Opx. 01. Hb. • Ep. Chi. Serp. Acc • 
M7 62'1 - - - 34.8 - 2.6 0 . 5 

M34 58.4 29.7 2.0. 8.9 tr 1.0 

K38a 40.7 38.4 11.6 7.4 tr 1.6(mag 
M53 58.7 23.5 XjT 16.2 t r 1.6(0tz 

K63 40.4 35.5 8.6 9.9 4.8 t r 0.8 
K64 50.53 35.46 2.o6 1.4 0.53 

K69 47.2 28.1 24.5 0.2 
K76 46 39.5 12.3 1.4 a-5 0.3(cpy 
K100 64.9 19-3 12.4 0 . 5 0 . 7 1.5 0.7 

H147 56.5 31.3 10.1 1.3 0 .5 0.3(cpy 

M? U r a l i t i z e d p l a g i o c l a s e - r i c h gabbro 

M34 O l i v i n e gabbro 

M38a O l i v i n e gabbro 

M53 O l i v i n e gabbro s l i g h t l y u r a l i t i z e d . 

"M63 O l i v i n e gabbro 

KGk P l a g i o c l a s e - r i c h o l i v i n e gabbro 

M69 U r a l i t i z e d gabbro. 

M76 O l i v i n e gabbro. 

M100 Plagioclase r i c h o l i v i n e gabbro. 

M147 Gabbro - p a r t l y u r a l i t i z e d . 



TABLE V. C h e m i c a l a n a l y s e s , 89 

1 2 3 4 5 6 . 7 . 8 
s i o 2 47.5& 43.42 77.S9 oV .50 ^5.70 51.24 50.45 49.61 

T i 0 2 0,20 0 . 3 0 0 .25 0 . 5 5 0 . 3 3 2.01 2 . 3 3 1.43 

18 . 0 3 10 .64 11 .96 13.20 14 . 9 0 13.12 14.94 16.01 

F e 2 0 3 

FeO 

1.01 

3 . 3 ^ 

3 . 0 3 

10.22 

0.21 

0 . 3 2 

2.20 

4.10 

1 . 8 0 

' 5 . 8 0 

^.33 

9.15 

3.38 

7.55 

11.49 

MnO 0 . 0 6 0 . 0 8 0.02 0.07 0 . 15 6.21 0 . 0 8 0.18 

MgO 10 . 8 8 13.82 0 . 2 9 1.40 8.70 

13 AO 

4 . 2 6 7.69 7.84 

CaO 16.92 11.84 1 .92 3 . 0 0 

8.70 

13 AO 8 . 6 1 9.17 11.32 

N a 2 0 1.04 2.17 5.67 5 .70 2.30- 2.40 2.84 2.76 

K 2 0 0 . 3 2 0 . 4 5 0 . 3 1 0 , 3 0 0 . 16 1.01 0.35 0.22 

P 2 ° 5 
0.01 0.01 0.04 0 . 13 0 . 0 6 0.61 0 . 2 7 0.14 

- - - 0 . 9 0 2 . 5 0 2 . 6 6 O .96 -
c o 2 - 0 . 0 3 - 0.10 0.1 - - -

100 . 0 8 100.21 99.65 99.10 95 . 9 0 9 9 . 6 1 100.04 

1, F r e s h r a t h e r . f i n e g r a i n e d o l i v i n e g a b b r o w i t h a p p r o x i m a t e l y 
5 p e r c e n t o l i v i n e ,(Cooke 1 9 1 9 ) . 

2. H o r n b l e n d i t e , (Cooke 1919) . 

3 . A p l i t e , (Cooke 1919) . 

4 . Q u a r t z d i o r i t e , ( C a r s o n 1968) . 

5 . A l t e r e d g a b b r o , ( C a r s o n 1968) . 

6 . A v e r a g e o f f o u r a n a l y s e s f o r Eocene Olympic b a s a l t s , (V/aters 1955) . 

7 . A v e r a g e o f t e n b a s a l t s , K o o l a u b a s a l t s e r i e s , H a w a i i . (iVentworth 
and > Y i n c h e l l 1947) . 

8 . Mean o f 96 o c e a n i c b a s a l t s ( t h o l e i i t e s ) , (Cann 1971) . 



MAP A. 

Geologic map - East Sooke peninsula. 
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MAP B. 

Anorthite percentages o f plagioclase 



Scale - feel 
O 2000 <000 6000 SOOOfett. 

( 
MAP. B. Anorthite percentage of p l a g i o c l a s e s . 

Figures i n brackets are anorthite percentages of c r y s t a l margins 
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MAP C. 

Structure map - East Sooke gabbro 





MAP D. 

Topographic lineament 
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Hap D. Topographic lineaments. Map prepared from a i r photos. 
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MAP E. 

Sample l o c a t i o n map 
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