
ABSTRACT 

The coas t  o f  Vancouver I s land ,  B r i t i s h  Columbia, 

Canada, i s  inden ted  by many bays and i n l e t s .  Reconnaissance 

surveys o f  t h e  bottom and sub-bottom o f  V i c t o r i a  Harbour, 

Esquimal t  Harbour, Royal Roads, Pedder Bay, Par ry  Bay, Becher 

Bay, Sooke Bay, Sooke Harbour and Sooke Bas in  a r e  repo r ted .  

A 3-7 kHz p r o f i l e r  and 105 kHz s i d e  scan sonar were used. 

A more ex tens i ve  s tudy  o f  Sooke Bas in  us ing  a b e t t e r  

p o s i t i o n i n g  system, one meter c o r i n g  equipment and d i v e r s  i s  

a l s o  repo r ted .  
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SUB-BOTTOM SURVEY OF HARBOURS NEAR VICTORIA, B .C. 
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INTRODUCTION 

The coas t  o f  Vancouver I s l a n d  i s  inden ted  by  many 

bays and i n l e t s .  These owe many o f  t h e i r  morpho log ica l  charac te r -  

i s t i c s  t o  t h e  e f f e c t  o f  P le is tocene g l a c i a t i o n  and t he  r i s e  i n  

sea l e v e l  f o l l o w i n g  the  r e t r e a t  o f  t h e  g l a c i e r s .  

A reconnaissance survey o f  t h e  bot tom and sub-bottom 

o f  V i c t o r i a  Harbour, Esquimal t  Harbour, Royal Roads, Pedder Bay, 

Par ry  Bay, Becher Bay, Sooke Bay, Sooke Harbour and Sooke Bas in  was 

undertaken, p r i n c i p a l l y  d u r i n g  the  s p r i n g  o f  1979. A t  t h i s  t ime  

t he  n a v i g a t i o n a l  a i d s  on t h e  research vessel TAYUT were n o t  adequate 

f o r  r e l i a b l e  survey ing.  

Nevertheless good i n d i c a t i o n s  o f  t h e  bo t tom charac te r -  

i s t i c s  o f  t h e  i n v e s t i g a t e d  areas have been ob ta ined  and t h i s  in fo rma-  

t i o n  w i l l  form the  b a s i s  f o r  p l ann ing  f u t u r e  s tud ies .  

I n  May 1979 p o s i t i o n i n g  equipment w i t h  an accuracy 

b e t t e r  than 3m became a v a i l a b l e .  Subsequently an ex tens i ve  s tudy  

o f  Sooke Bas in  was i n i t i a t e d  i n  t h e  summer o f  1979. 

I n  Sec t i on  I 1  t h e  exper imenta l  techniques which were 

employed a r e  discussed. Sec t i on  I1 I discusses t h e  r e s u l t s  ob ta ined  

f rom t h e  reconnaisance surveys. Sec t i on  I V  shows t h e  r e s u l t s  

ob ta i ned  so f a r  f rom the  survey i n  Sooke Basin.  



11. EXPERIMENTAL 

Sub-bottom p r o f i l e s  were ob ta ined  w i t h  an ORE 3-7 kHz 

p r o f i l e r ,  and an EPC d r y  paper r eco rde r .  For most records  3.5 

kHz pu lses  were used. I n  shal low water  u s u a l l y  4.5 kHz pu lses  

showed t h e  bes t  r e s u l t s .  

Sometimes a d d i t i o n a l  i n f o rma t i on  about  t h e  bottom i t s e l f  

was ob ta ined  w i t h  a Wesmar 105 kHz s i d e  scan sonar and d i v e r s  f r o m  

CFB Esquimalt .  The bottom a t  t h e  ent rance o f  Sooke Basin was 

v i s u a l l y  inspected,  

A DEL NORTE Tr isponder  @ pos i  t i o n i  ng equipment w i t h  an 

accuracy of b e t t e r  than  3m up t o  a 80 km range was used a f t e r  May, 

1979. 

A t  severa l  p o s i t i o n s  i n  Sooke Bas in  1m cores were ob ta ined  

w i t h  a g r a v i t y  c o r e r  on l oan  f rom t h e  I n s t i t u t e  o f  Ocean Sciences 

a t  P a t r i c i a  Bay. 

I I I. RECONNAISSANCE SURVEYS 

( a )  V i c t o r i a  Harbour 

Sub-bottom p r o f i l e s  were ob ta i ned  i n  May 1979 between 

t h e  en t rance  o f  V i c t o r i a  Harbour and t h e  CNR b r i d g e  ( F i g .  1 ) .  The 

p r o f i l e s  show t h e  presence o f  s t rong,  l ong  l a s t i n g  o r  "prolonged" 

r e f l e c t i o n s  over  l a r g e  p a r t s  o f  t h e  t r acks  a t  t h e  bottom o r  j u s t  

( ~ l m )  below t h e  bottom. I n  most cases t h i s  r e f l e c t i o n  i s  due t o  

bedrock which i s  o f t e n  covered w i t h  a t h i n  ( ~ 1 m )  l a y e r  o f  a c o u s t i -  

c a l l y  t r anspa ren t  mud. 

Bu t  i n  some areas, e.g. oppos i te  t o  t h e  B.C. F o r e s t  

Products M i l  1, t h e  prolonged r e f l e c t i o n  i s  p robab ly  due t o  gas which 

i s  produced by decaying o rgan i c  m a t e r i a l  , presumably wood pulp.  



Between the  CNR br idge and the B .C . Forest  Products 

M i l l  bedrock i s  c l e a r l y  v i s i b l e .  Opposite the  m i l  1, bedrock 

15m below t h e  bottom, i s  a b r u p t l y  obscured where t h e  prolonged 

r e f l e c t o r s  appear and a c t  as an acoust ic  mask. (F ig .  2 ) .  

S i m i l a r l y ,  a t  o ther  places i n  t he  Harbour the  prolonged 

r e f l e c t i o n  may be caused by decaying organ ic  ma te r i a l  . 
As a r e s u l t  o f  shal low bedrock and gas, t h e  sound penetra- 

t i o n  i s  genera l l y  n o t  deep. S t r a t i f i e d  sediment has been observed 

a t  the entrance o f  V i c t o r i a  Harbour and opposi te Rayrnur Po in t .  

( b )  Esquimal t Harbour 

The i n v e s t i g a t i o n  o f  the sub-bottom and bottom o f  

Esquimalt Harbour was s ta r ted1 i n  t h e  f a l l  o f  1978 and was cont inued 

i n  A p r i l  1979, a f t e r  the TAYUT re turned from r e f i t .  The survey 

t r a c k  l i n e s  o f  the TAYUT a r e  shown i n  F ig .  3. 

I n  most sub-bottom p r o f i l e s  o f  t h i s  area two l aye rs  o f  

sediment can be d is t ingu ished.  The deeper l aye r  conta ins  many 

r e f 1  e c t i n g  hor izons which a re  fo lded,  conforming t o  the  contours 

o f  the  under ly ing  bedrock (F ig .  4 ) .  The i n t e r f a c e  between the 

layers  i s  an unconformity i .e. i t  i s  n o t  fo lded,  and t runcates the  

r e f l e c t i n g  horizons, wherever they r i s e  t o  the i n t e r f a c e .  

The unconformi ty  i nd i ca tes  t h a t  denudation eros ion  has 

occurred a t  the  i n t e r f a c e ,  probably w h i l e  the  sea l e v e l  was much 

lower than a t  present.  Subsequently, as the  sea l e v e l  rose again 



a f t e r  t h e  g l a c i a t i o n ,  t he  upper l a y e r  was deposi ted.  I n  o t h e r  

words, t h e  uncon fo rmi ty  i s  p robab ly  t h e  boundary between g l a c i a l  o r  

p r e - g l a c i a l  and p o s t - g l a c i a l  depos i t .  Th i s  proposal  i s  supported 

by t h e  s tudy o f  cores taken i n  one area o f  the  Harbour. The co re  

samples revea led  complete s o l u t i o n  o f  s h e l l s  i n  t h e  marine bottom 

depos i t s  a t  a  depth o f  a t  l e a s t  9m below p resen t  sea l e v e l  . T h i s  

depth i s  i n  good agreement w i t h  t h e  p o s i t i o n  o f  t h e  i n t e r f a c e  a t  

8.5m below sea l e v e l ,  and the sub-bottom p r o f i l e s  i n  t h a t  area. 

The s t rong  conforming r e f l e c t o r s  i n  t h e  deeper l a y e r  may 

be g rave l ,  depos i ted  by t h e  g l a c i e r  a t  d i f f e r e n t  t imes as a  r e s u l t  

o f  i t s  s h i f t i n g  p o s i t i o n .  

I n  t h e  midd le  o f  Esquimal t  Harbour the  p r o f i l e  shows 

r i dge -1  i key  f la t - topped,  ve ry  p r o l  onged r e f l e c t i o n s .  They a r e  f r e -  

q u e n t l y  l o c a t e d  above t roughs i n  t h e  bedrock ( F i g .  4 ) .  The p o s i t i o n  

o f  t h e  r e f l e c t o r s  i s  i n d i c a t e d  on t h e  t r a c k  l i n e s  i n  F ig .  3. 

The pro longed echo r e t u r n  i n d i c a t e s  t h a t  sound i s  s c a t t e r e d  

f rom approx imate ly  5m be1 ow t h e  bottom. The p r o l  onged r e f  1  e c t o r s  

a c t  as acous t i c  masks, p reven t i ng  deeper p e n e t r a t i o n  o f  3.5-7 kHz 

sound. The o r i g i n  o f  t h e  s c a t t e r i n g  can be changes i n  sediment 

l i t h o l o g y ,  e.g. s h e l l y  hor izons o r  g l a c i a l  debr is ,  o r  a l t e r n a t i v e l y ,  

t h e  presence o f  gas i n  t h e  sediment. . The pro longed r e f l e c -  

t o r s  do n o t  f i t  i n  w i t h  t h e  sub-bottom topography. The s t r a t a  i n  

t h e  sediment a t  each s i d e  o f  t he  pro longed r e f l e c t o r s  a r e  suddenly 

and comple te ly  obscured be1 ow t h e  r e f  l e c t o r s .  A1 so, t h e  s t r a t a  

cannot be d i s t i n g u i s h e d  i n s i d e  t h e  acous t i c  masks. For these reasons 

we conclude t h a t  t h e  acous t i c  masks a re  p robab ly  due t o  t he  presence 

o f  gas i n  t h e  sediment. 
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( c )  Royal Roads Anchorage 

Sub-bottom p r o f i l e s  o f  Royal Roads Anchorage were 

ob ta ined  i n  A p r i l  1979 a long  t r a c k  l i n e s  shown i n  F i g .  5. A 

f a i r l y  sharp cont inuous bottom echo i s  t y p i c a l  o f  t h i s  area. I n  

t h e  sub-bottom, f a i n t  s c a t t e r i n g  o f  sound i n d i c a t e d  on t h e  p r o f i l e s  

suggests t h a t  t he  sediment i s  coarse ( s i l t ,  sand, g r a v e l ) .  T h i s  i s  

con f i rmed by a v i s u a l  i n s p e c t i o n  o f  g rab  samples. 

Nor th  o f  t h e  degaussing area a few v e r y  pro longed 

r e f l e c t o r s  a r e  found, s i m i l a r  i n  appearance t o  those found i n  

Esquimal t Harbour. I n  t h i s  case i t  i s  more d i f f i c u l t  t o  specu la te  

about  t h e i r  o r i g i n s  s i n c e  t he  sediment o f  Royal Roads i s  n o t  as 

s t r a t i f i e d  as i n  Esquimal t  Harbour. There fo re  i t  i s  d i f f i c u l t  t o  

draw any conc lus ions  f r om a comparison o f  t h e  r e f l e c t o r s  w i t h  t h e  

genera l  sub-bottom topography i n  t h i s  area.  It i s  p o s s i b l e  t h a t  

t he  pro longed r e f l e c t o r s  here a r e  due t o  g rave l  r i d g e s  i n  t he  sub- 

bottom. Th i s  area o f  Royal Roads i s  j u s t  n o r t h  o f  a commercial 

g rave l  p i t  on-shore. 

On t he  t r a c k  between A l b e r t  Head and F isgard,  c l o s e  t o  

shore, a s t r o n g  r e f l e c t i o n  s t a r t i n g  a t  13m below bot tom comes up t o  

t h e  bottom, and s tays  w i t h i n  112 m o f  t h e  bottom u n t i l  near t h e  

degaussing area.  Here t h e  r e f l e c t o r  d i p s  down aga in  from t h e  

bottom and subsequent ly te rmina tes .  I t i s  l i k e l y  t h a t  t he  r e f l e c -  

t i o n  corresponds t o  a g rave l  ho r i zon .  The s i d e  scan reco rd  a long  t h e  

same t r a c k  shows t h a t  t h e  sediment becomes more coarse i n  t h e  area 

where t h e  s t r o n g  r e f l e c t o r  i s  c l o s e  t o  t he  bottom. 
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A s t rong r e f l e c t i n g  ho r i zon  i s  a1 so present  15m below 

bottom on the  t r a c k l i n e  f a r t h e r  away from shore. However, t he  

r e f l e c t i o n  i s  f r e q u e n t l y  i n te r rup ted ,  so i t  i s  unce r ta in  whether 

t he  i n d i v i d u a l  p a r t s  a r e  connected. A t r a c k l i n e  perpend icu la r  t o  

the  coast  should be performed i n  o rder  t o  determine whether t he  

s t rong r e f l e c t o r s  c l ose  i n  and f a r  away f rom shore are  connected 

together .  

Nor th o f  t he  degaussing area a  l a r g e  number o f  d ipp ing  

hor izons a r e  observed i n  the  sub-bottom. The sediment corresponding 

t o  these s t r a t a  probably  has been deposi ted here w h i l e  t h i s  r e g i o n  

was p a r t  o f  a  channel f o r  the  exchange o f  water between Royal Roads 

and what i s  now the  lagoon. 

( d )  Par ry  Bay 

Sub-bottom p r o f i l e s  were obta ined o f  t he  sediment i n  

Par ry  Bay i n  May 1979. The t r a c k l i n e s  are  shown i n  F i g .  6. I n  t he  

midd le  and ou ts ide  p a r t  o f  t h e  Bay the  bottom i s  a  sharp, s t rong  

r e f l e c t o r .  The pene t ra t i on  i n  t h i s  reg ion  i s  up t o  45m. F a i n t  

s c a t t e r i n g  o f  sound i s  i n d i c a t e d  on the  p r o f i l e s ,  suggest ing t h a t  t h e  

sediment i s  no t  homogeneous. 

Close t o  shore the bottom i s  f r e q u e n t l y  a  prolonged 

r e f l e c t o r  i n d i c a t i n g  t h a t  the sound i s  ma in l y  sca t te red  by coarse 

sediment a t  the bottom. As a  r e s u l t ,  the  pene t ra t i on  i n  those areas 

i s  o n l y  5m. Close t o  A l b e r t  Head, W i l l i a m  Head and Haystock I s l a n d  

bedrock and bedrock outcrops are  found on t h e  p r o f i l e .  South of 

Haystock I s l and ,  d ipp ing  sediment s t r a t a  on the  records suggest t h a t  

a  channel was l o c a t e d  between the  s t r a i t  and the  lagoon. South of 



A l b e r t  Head st rong discont inuous r e f l e c t o r s  i n  t he  sub-bottom 

come up t o  the bottom. A t  the same t ime they g radua l l y  merge i n t o  

a very strong, very prolonged r e f l e c t o r  a t  t he  bottom c lose t o  

shore which obscures d e t a i l s  of the sub-bottom. Fur ther  away f r o m  

shore the fea tu re  i s  below bottom, F ig .  7(a),  and i s  present  over  

1.5km o f  the  t r a c k .  It subsequently r e v e r t s  i n t o  one o r  more sharp 

s t rong r e f l e c t o r s .  The gradual changes, as opposed t o  t h e  abrupt  

changes i n  Esquirnalt Harbour (F ig .  4) ,  suggest t h a t  t he  r e f l e c t i o n  

i s  due t o  changes i n  the  l i t h o l o g y  o f  Parry Bay. 

The very  prolonged r e f l e c t i o n  i s  probably due t o  

s c a t t e r i n g  o f  the  sound by pebbles which have been deposited as the  

r e s u l t  o f  eros ion o f  a c l i f f  c o n s i s t i n g  o f  g l a c i a l  t i l l loca ted on 

shore oppos i te  t o  the r e f l e c t o r .  Indeed, the beach south o f  W h i t t y ' s  

Lagoon cons i s t s  o f  pebbles. Fur ther  away from shore the  pebbles a r e  

covered by f i n e r  g r a i n  sediment which a l s o  probably o r i g i n a t e d  from 

the  same c l i f f ,  b u t  were deposited as a r e s u l t  o f  l a t e r  eros ion.  

I n  the  Parker Bay-Quarantine Cove area several s t rong 

prolonged r e f l e c t o r s  are present  i n  t he  sub-bottom p r o f i l e s .  Fur ther  

away from shore such a r e f l e c t o r  i s  present  u n i n t e r r u p t e d l y  over  a 

l a r g e  area. The prolonged r e f l e c t o r s  appear ab rup t l y .  The top of 

the r e f l e c t o r  i s  n o t  a t  constant depth, b u t  va r i es  cont inuous ly  

between 2 and 5 meters below bottom. (F ig .  7b). This does n o t  f i t  

i n  w i t h  the  topography o f  t he  s t r a t i f i e d  sediment a t  e i t h e r  s ide  o f  

t he  prolonged r e f l e c t o r .  These observat ions suggest t h a t  the  pro- 

longed r e f l e c t o r  i n  t h i s  area o f  t he  Bay i s  due t o  gas i n  t h e  
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sediment. The v a r i a t i o n  i n  depth suggests t h a t  gas has escaped 

from above those areas where the  prolonged r e f l e c t o r  i s  found a t  

g rea te r  depths. However, the  occurrence o f  de tec tab le  q u a n t i t i e s  

of gas i n  an open unprotected area 1 i ke this, where organ ic  ma t te r  

i s  l i k e l y  t o  be dispersed, i s  r a t h e r  su rp r i s i ng .  

(e )  Pedder Bay 

Sub-bottom p r o f i l e s  of t he  sediment i n  Pedder Bay 

were obta ined i n  May 1979. The survey t r a c k l i n e s  a re  shown i n  

F ig .  6. The bottom i t s e l f  i s  a sharp and continuous r e f l e c t o r .  

The p r o f i  1  es i n d i c a t e  t h a t  t he  bottom cons i s t s  o f  coarse sediment. 

Approximately 3m below the bottom o f  almost t he  e n t i r e  bay a very  

prolonged r e f l e c t o r  i s  present  which ac ts  as an acoust ic  mask, 

i n h i b i t i n g  any f u r t h e r  sound penet ra t ion .  I n  t he  area o f  Watt P o i n t  

the  l a y i n g  o f  a telephone cable and a p i p e l i n e  may have d i s tu rbed  

the  sediment, f o r  the mask i s  n o t  p resen t  making v i s i b l e  s t r a t i f i e d  

sediment w i t h  5 s t rong r e f l e c t i n g  horizons on top  o f  bedrock a t  7m. 

The mask a l s o  disappears a t  t h e  entrance o f  Pedder Bay, c lose  t o  

shore. I n  t h i s  area hyperbo l ic  r e f l e c t i o n s  a re  observed frequently,  

probably caused by echoes from l a r g e  boulders bu r ied  i n  t he  sediment. 

The acoust ic  mask i s  observed over  the t rack  across the  entrance o f  

Pedder Bay (F ig .  7c) .  

( f )  Becher Bay 

Sub-bottom p r o f i l e s  o f  Becher Bay were obta ined i n  

May 1979. The t r a c k l i n e s  are shown i n  F ig.  8. The bottom i s  a sharp 

continuous acoust ic  r e f  1 ec to r  . The sound pene t ra t i on  v a r i e s  from 
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45m a t  the  entrance, t o  10m a t  the  f a r  end o f  the bay. The pro- 

f i l e  i n d i c a t e s  t h a t  the  bottom cons is ts  o f  bedrock and coarse 

sediment, probably sand, g rave l  and boulders. Because o f  1 arge 

t i d a l  cu r ren ts  o f  up t o  seven knots, the c e n t r a l  p a r t  o f  t he  bay 

i s  much deeper than those p a r t s  which a r e  pro tec ted  by l a n d  tongues 

and i s l ands  (e.g. Creyke Point ,  Wolfe Is land,  Lamb Is land,  Fraser 

I s l a n d  and V i l l a g e  I s l a n d ) .  For instance, behind Fraser I s l a n d  t h e  

bottom r i s e s  sharply .  This  i s  a l s o  the  case behind Creyke Po in t  i n  

Campbell Cove. (F ig .  9 ) .  The i n t e r e s t i n g  f e a t u r e  i n  t he  bottom 

p r o f i l e s  o f  both these pro tec ted  areas i s  t h a t  t h e  r e f l e c t i o n  f rom 

the bottom found i n  the  c e n t r a l  p a r t  o f  t he  bay cont inues below t h e  

sediment i n  Campbell Cove and behind Fraser  I s l and .  Th is  f i n d i n g  

suggests t h a t  a t  one t ime t h i s  bay was denuded by erosion, and sedi -  

ment deposited l a t e r  could on l y  be re ta ined  i n  areas where the pro tec-  

t i o n  f rom t i d a l  cu r ren ts  was adequate. It would be o f  i n t e r e s t  t o  

date the sediment obtained from unprotected and pro tec ted  areas. 

I n  the  c e n t r a l  p a r t  o f  Becher Bay the  sediment i s  

s t r a t i f i e d  and many s t rong c l o s e l y  spaced r e f l e c t i o n s  a r e  observed. 

( g )  Sooke Bay and Sooke I n l e t  

Sub-bottom p r o f i l e s  were obta ined from Sooke Bay and 

Sooke I n l e t  i n  June 1979. The t r a c k l i n e s  a r e  shown on F ig .  10. 

I n  Sooke Bay a st rong continuous r e f l e c t i o n  i s  observed 

f rom the  sea-bottom. The p r o f i l e s  i n d i c a t e  t h e  presence o f  coarse 

sediment i n  the Bay. The acoust ic  pene t ra t i on  i s  approximately 

20-25m and i s  terminated by the  bedrock which i s  v i s i b l e  below almost 

the  e n t i r e  t rack .  The sediment on top o f  t he  bedrock i s  s t r a t i f i e d .  
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Close t o  shore, prolonged r e f l e c t o r s  which conform w i t h  the  

surrounding topography a re  p resent  a t  and below the  bottom. 

These prolonged r e f l e c t o r s  a re  g rave l  depos i ts  which o r i g i n a t e  

from the  eros ion  o f  g l a c i a l  t i l l  c l i f f s  a t  t h e  shore. A second 

type  o f  prolonged r e f l e c t o r  a c t i n g  as an acous t i c  mask i s  p resent  

which does n o t  f i t  i n  so w e l l  w i t h  the  topography. Th is  r e f l e c -  

t i o n  i s  probably  due t o  gas i n  t h e  sediment. The pene t ra t i on  of 

Sooke I n l e t  i s  o n l y  5m due t o  bedrock a t  t h e  bottom o r  coarse 

sediment a t  the  bottom which produces s c a t t e r i n g  o f  t h e  sound. No 

sub-bottom s t r a t a  have been found. 

I V  Sooke Basin 

Bottom s tud ies  o f  Sooke Basin were made i n  May and 

June 1979. The p o s i t i o n s  o f  t h e  t r a c k l i n e s  f o r  the  sub-bottom 

p r o f i l  i n g  i n  F ig .  11 have been determined w i t h  t he  Tr isponder .  I n  

general  the  t racks  a r e  a t  a  f i x e d  d is tance f rom one o f  t he  s lave  

s t a t i o n s  on shore. However, nav iga t i on  i n  the  area oppos i te  the 

sawmi l l  a t  Goodridge Peninsula i s  r e s t r i c t e d  due t o  t he  presence o f  

1  og booms. 

I n s i d e  the  entrance o f  Sooke Bas in  t he  bottom f a l l s  

r a p i d l y  and then r i s e s  s lowly  going i n t o  t h e  bas in  a long  t rack  

(a -a) .  The sub-bottom p r o f i l e  on the  down s lope shows a  prolonged 

echo. ( F i g .  12a) .  No sub-bottom hor izons a re  v i s i b l e  here. A 

v i s u a l  i nspec t i on  by d i v e r s  revealed t h a t  t he  bottom on the  down 

s lope cons i s t s  o f  g e n t l y  r o l l i n g  r i d g e s  o f  g rave l  w i t h  a  g r a d i e n t  

o f  approximately f i v e  degrees. The tops o f  t h e  r i d g e s  a re  approx i -  

mate ly  2m across and appear f l a t .  The d i s tance  between ho l low and 



crSest var ies  between 8 and 17111. The composit ion o f  the  r idges  

i s  coarse gravel  as shown i n  F ig .  13. A ho le  dug 20 cm deep 

ind i ca ted  t h a t  the  composit ion was cons i s ten t  t o  t h a t  depth. A t  

t he  entrance, r e l a t i v e l y  l a r g e  t i d a l  cu r ren ts  are present  dur ing  

h igh  water. Values o f  0.5 mlsec have been measured a t  p o s i t i o n s  A 

and B i n  F ig .  1 1 .  These cur ren ts  i n h i b i t  depos i t i on  o f  f i n e  g r a i n  

sediment and a re  responsib le f o r  the f l a t - t opped  r i dges  found a t  

the  entrance. As soon as the  bottom has l e v e l l e d  o f f  a f t e r  the 

down h i 1  1  stage a t  the entrance, cont inuous sharp bottom echoes a re  

obta ined i n d i c a t i n g  coarse sediment ( s i l t ,  sand, g r a v e l ) .  The acous- 

t i c  pene t ra t i on  o f  the bottom i n  t h i s  area i s  25m. The sub-bottom 

cons is ts  o f  many c l o s e l y  spaced r e f l e c t i n g  hor izons which s l  i g h t l y  

d i p  down i n  an area where the  bottom r i s e s .  (F ig .  12a). The r e f l e c -  

t i o n s  f rom the  s t r a t i f i e d  sediment a re  sharp ly  c u t  o f f  by an acous- 

t i c  mask which i s  present  i n  t he  sediment o f  the  c e n t r a l  p a r t  o f  

the  basin. (F ig .  12b, 12c) .  

The southwest p a r t  o f  t he  basin, c lose  t o  shore, shows 

continuous sharp echoes i n t e r r u p t e d  by prolonged echoes correspond- 

i n g  t o  rock outcrops. (F ig .  12d, 12e). The sediment between the  

rock outcrops i s  s t r a t i f i e d .  The lower horizons a r e  conformable 

w i t h  t h e  bedrock, b u t  t he  s t r a t a  c l o s e r  t o  the  bottom are  approxi -  

mate ly  para1 l e l  t o  the bottom. Small acoust ic  masks a r e  a1 so found 

i n  t h i s  area, i e .  the sediment (F ig .  12d). The sediment j u s t  below 

the  bottom i s ,  i n  general, f a i r l y  a c o u s t i c a l l y  t ransparent ,  i n d i c a t -  

i n g  t h a t  the bottom cons is ts  o f  f i n e  g r a i n  sediment. This i s  



conf irmed by a  study of a  0.7m core obta ined i n  t h i s  area. 

Drogue measurements of  cu r ren ts  i n d i c a t e  t h a t  the  

mean f l ow  i n  the  bas in  i s  a  clock-wise gyre w i t h  i t s  cent re  i n  t he  

deep p a r t  near the entrance o f  t he  basin.7 The incoming water  on 

a  f l o o d i n g  t i d e  keeps main ly  t o  the  n o r t h  o f  the bas in  and water 

l eav ing  on the  ebbing t i d e  comes main ly  from the  south s ide.  The 

c u r r e n t  du r ing  ebb i s  much smal le r  than du r ing  f l o o d .  The r e s u l t s  

of these var ious  measurements suggest t h a t  depos i t i on  o f  f i n e  g r a i n  

sediment w i l l  take p lace main ly  i n  the  eas t  and southwest p a r t  o f  

the Basin. 

I n  t he  nor thern  p a r t  o f  Sooke Basin, i n  t h e  general 

area o f  Goodridge Peninsula,a sub-bottom c o n s i s t i n g  o f  bedrock and 

coarse g r a i n  sediment i s  found. (F ig .  12f ,  12g). The lower p a r t  

o f  the  sediment conforms w i t h  the bedrock. The bottom echo i s  

f r e q u e n t l y  i n t e r r u p t e d  by hyperbol i c r e f 1  ec t ions  i n  t h i s  area. 

(F ig .  12g). These r e f l e c t i o n s  may be caused by boulders on the 

bottom or,  s ince  t h i s  i s  a  l o g  boom area, they may be due t o  logs.  

The c e n t r a l  p a r t  o f  the  bas in  i s  complete ly  covered by 

an acoust ic  r e f l e c t o r  (F ig .  12b, 12c) which has the  same p rope r t i es  

as the  masks found i n  Esquimalt Harbour. I n  bo th  areas the  masks a re  

probably due t o  gas i n  t he  sediment. I n  Sooke Basin the  mask covers 

t h e  whole c e n t r a l  area o f  the bas in  and i s  on l y  i n t e r r u p t e d  by the  

Goodridge Is lands.  The ex ten t  o f  t h e  mask i s  shown i n  F ig .  14. The 

depth o f  the r e f l e c t o r  i s  between two and th ree  meters. I t  i s  o f  

i n t e r e s t  t o  no te  t h a t  t he  r e f l e c t i o n  c o e f f i c i e n t  o f  t he  mask increases 

g radua l l y  from west t o  eas t  i n  the Basin. The number o f  m u l t i p l e  



r e f l e c t i o n s  increases from two t o  f o u r  going i n  t h i s  d i r e c t i o n .  

(F ig .  12b). This  observat ion may be co r re la ted  w i t h  the depos i t i on  

r a t e  o r  o rgan ic  matter,  which i s  probably h ighes t  a t  t h e  eas t  end 

o f  the  Basin, and w i t h  the  r e s u l t s  o f  cor ing.  

The s t a t i o n s  a t  which cores were taken i n  t h e  Basin 

a r e  shown i n  F ig .  11. The co r ing  was main ly  performed i n  t h e  hope 

t h a t  sediment as deep as 2.5m cou ld  be recovered. Although t h e  

cores c e r t a i n l y  penetrated as deep as 2.5m, the  l e n g t h  o f  core 

recovered was o n l y  1m. Probably compression o f  t he  sediment took 

place, and a l so  f r i c t i o n  between the  sediment and the  i n s i d e  of  t he  

core 1 i n e r  may have i n h i b i t e d  f u r t h e r  c o l l e c t i o n .  

CONCLUSION 

The reconnaissance survey o f  t he  bottom and sub-bottom 

along the coast  o f  South West Vancouver I s l a n d  between V i c t o r i a  

Harbour and Sooke Bay has been completed. A l a r g e  number o f  i n t e r e s t -  

i n g  fea tu res  have been discovered. Most of these fea tu res  have been 

t e n t a t i v e l y  i d e n t i f i e d  f rom t h e i r  appearance on the  sub-bottom 

p r o f i l e r ,  e.g. bedrock, coarse sediment, pebbles, gas, e t c .  I n  

f u t u r e  s tud ies  these i d e n t i f i c a t i o n s  have t o  be conf irmed by ground 

t r u t h  s tudies,  f o r  instance cor ing ,  grab sampling and v i s u a l  inspec- 

t i o n s  us ing d i v e r s  and underwater photography. 

O f  p a r t i c u l a r  i n t e r e s t  w i l l  be the  con f i rma t ion  o f  the  

presence o f  gas i n  t he  sediment a t  several l o c a t i o n s  on t h e  coast.  

It should be noted t h a t  i n  Saanich I n l e t ,  on t h e  south-east coas t  o f  

Vancouver Is land,  gas a l so  seems t o  be trapped i n  t h e  sediment and 

gas bubbles escaping from the  bottom have been studied.  8 



The presence of gas cou ld  have impor tan t  i m p l i c a t i o n s  

f o r  t he  shear s t reng th  o f  t he  sediment. The l o c a t i o n  o f  these gas 

r e f  l e c t o r s  should be o f  some i n t e r e s t  t o  engineers, p a r t i c u l a r l y  

when they a r e  loca ted on a slope. I t  i s  poss ib le  t h a t  these slopes 

a r e  more vu lnerab le  t o  earthquakes than slopes which do n o t  have gas 

i n  t h e  sediment. 
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