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ABSTRACT

The coast of Vancouver Island, British Columbia,
Canada, is indented by many bays and inlets. Reconnaissance
surveys of the bottom and sub-bottom of Victoria Harbour,
Esquimalt Harbour, Royal Roads, Pedder Bay, Parry Bay, Becher
Bay, Sooke Bay, Sooke Harbour and Sooke Basin are reported.
A 3-7 kHz profiler and 105 kHZ side scan sonar were used.

A more extensive study of Sooke Basin using a better
positioning system, one meter coring equipment and divers is

also reported.
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INTRODUCTION

The coast of Vancouver Island is indented by many
bays and inlets. These owe many of their morphological character-
jstics to the effect of Pleistocene glaciation and the rise in
sea level following the retreat of the glaciers.

A reconnaissance survey of the bottom and sub-bottom
of Victoria Harbour, Esquimalt Harbour, Royal Roads, Pedder Bay,
Parry Bay, Becher Bay, Sooke Bay, Sooke Harbour and Sooke Basin was
undertaken, principally during the spring of 1979. At this time
the navigational aids on the research vessel TAYUT were not adequate
for reliable surveying.

Nevertheless good indications of the bottom character-
jstics of the investigated areas have been obtained and this informa-
tion will form the basis for planning future studies.

In May 1979 positioning equipment with an accuracy
better than 3m became available. Subsequently an extensive study
of Sooke Basin was initiated in the summer of 1979.

In Section II the experimental techniques which were
employed are discussed. Section III discusses the results obtained
from the reconnaisance surveys. Section IV shows the results

obtained so far from the survey in Sooke Basin.



IT. EXPERIMENTAL

Sub-bottom profiles were obtained with an ORE 3-7 kHz
profiler, and an EPC dry paper recorder. For most records 3.5
kHz pulses were used. In shallow water usually 4.5 kHz pulses
showed the best results.

Sometimes additional information about the bottom itself
was obtained with a Wesmar 105 kHz side scan sonar and divers from
CFB Esquimalt. The bottom at the entrance of Sooke Basin was
visually inspected.

A DEL NORTE Trisponder®pos1’t1‘om’ng equipment with an
accuracy of better than 3m up to a 80 km range was used after May,
1979.

At several positions in Sooke Basin 1m cores were obtained
with a gravity corer on loan from the Institute of Ocean Sciences
at Patricia Bay.

III. RECONNAISSANCE SURVEYS

(a) Victoria Harbour

Sub-bottom profiles were obtained in May 1979 between
the entrance of Victoria Harbour and the CNR bridge (Fig. 1). The
profiles show the presence of strong, long lasting or "prolonged"
reflections over large parts of the tracks at the bottom or just
(~1m) below the bottom. In most cases this reflection is due -to
bedrock which is often covered with a thin (~1m) layer of acousti-
cally transparent mud.

But in some areas, e.g. opposite to the B.C. Forest

Products Mill, the prolonged reflection is probably due to gas which

is produced by decaying organic material, presumably wood pulp.



Between the CNR bridge and the B.C. Forest Products
Mill bedrock is clearly visible. Opposite the mill, bedrock
15m below the bottom, is abruptly obscured where the prolonged
reflectors appear and act as an acoustic mask. (Fig. 2).

Similarly, at other places in the Harbour the prolonged
reflection may be caused by decaying organic material.

As a result of shallow bedrock and gas, the sound penetra-
tion is generally not deep. Stratified sediment has been observed
at the entrance of Victoria Harbour and opposite Raymur Point.

(b) Esquimalt Harbour

The investigation of the sub-bottom and bottom of
Esquimalt Harbour was started] in the fall of 1978 and was continued
in April 1979, after the TAYUT returned from refit. The survey
ktrack lines of the TAYUT are shown in Fig. 3.

In most sub-bottom profiles of this area two layers of
sediment can be distinguished. The deeper layer contains many
reflecting horizons which are folded, conforming to the contours
of the underlying bedrock (Fig. 4). The interface between the
layers is an unconformity i.e. it is not folded, and truncates the
reflecting horizons, wherever they rise to the interface.

The unconformity indicates that denudation erosion has
occurred at the interface, probably while the sea level was much

Tower than at present. Subsequently, as the sea level rose again
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after the glaciation, the upper layer was deposited. In other
words, the unconformity is probably the boundary between glacial or
pre-glacial and post-glacial deposit. This proposal is supported
by the study of cores taken in one area of the Harbcur. The core
samples revealed complete solution of shells in the marine bottom
deposits at a depth of at least 9m below present sea level 2. This
depth is in good agreement with the position of the interface at
8.5m below sea level, and the sub-bottom profiles in that area.

The strong conforming reflectors in the deeper layer may
be gravel, deposited by the glacier at different times as a result
of its shifting position.

In the middle of Esquimalt Harbour the profile shows
ridge-1ike, flat-topped, very prolonged reflections. They are fre-
quently located above troughs in the bedrock (Fig. 4). The position
of the reflectors is indicated on the track lines in Fig. 3.

The prolonged echo return indicates that sound is scattered
from approximately 5m below the bottom. The prolonged reflectors
act as acoustic masks, preventing deeper penetration of 3.5-7 kHz
sound. The origin of the scattering can be changes in sediment
1ithology, e.g. shelly horizons or glacial debris, or alternatively,

3’4’5. The prolonged reflec-

the presence of gas in the sediment.
tors do not fit in with the sub-bottom topography. The strata in

the sediment at each side of the prolonged reflectors are suddenly
and completely obscured below the reflectors. Also, the strata
cannot be distinguished inside the acoustic masks. For these reasons

we conclude that the acoustic masks are probably due to the presence

of gas in the sediment.
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(c) Royal Roads Anchorage

Sub-bottom profiles of Royal Roads Anchorage were
obtained in April 1979 along track lines shown in Fig. 5. A
fairly sharp continuous bottom echo is typical of this area. In
the sub-bottom, faint scattering of sound indicated on the profiles
suggests that the sediment is coarse (silt, sand, gravel). This is
confirmed by a visual inspection of grab samples.

North of the degaussing area a few very prolonged
reflectors are found, similar in appearance to those found in
Esquimalt Harbour. In this case it is more difficult to speculate
about their origins since the sediment of Royal Roads is not as
stratified as in Esquimalt Harbour. Therefore it is difficult to
draw any conclusions from a comparison of the reflectors with the
general sub-bottom topography in this area. It is possible that
the prolonged reflectors here are due to gravel ridges in the sub-
bottom. This area of Royal Roads is just north of a commercial
gravel pit on-shore.

On the track between Albert Head and Fisgard, close to
shore, a strong reflection starting at 13m below bottom comes up to
the bottom, and stays within 1/2 m of the bottom until near the
degaussing area. Here the reflector dips down again from the
bottom and subsequently terminates. It is 1likely that the reflec-
tion corresponds to a gravel horizon. The side scan record along the
same track shows that the sediment becomes more coarse in the area

where the strong reflector is close to the bottom.
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A strong reflecting horizon is also present 15m below
bottom on the trackline farther away from shore. However, the
reflection is frequently interrupted, so it is uncertain whether
the individual parts are connected. A trackline perpendicular to
the coast should be performed in order to determine whether the
strong reflectors close in and far away from shore are connected
together.

North of the degaussing area a large number of dipping
horizons are observed in the sub-bottom. The sediment corresponding
to these strata probably has been deposited here while this region
was part of a channel for the exchange of water between Royal Roads
and what is now the lagoon.

(d) Parry Bay

Sub-bottom profiles were obtained of the sediment in
Parry Bay in May 1979. The tracklines are shown in Fig. 6. In the
middle and outside part of the Bay the bottom is a sharp, strong
reflector. The penetration in this region is up to 45m. Faint
scattering of sound is indicated on the profiles, suggesting that the
sediment is not homogeneous.

Close to shore the bottom is'frequently a prolonged
reflector indicating that the sound is mainly scattered by coarse
sediment at the bottom. As a result, the penetration in those areas
is only 5m. Close to Albert Head, William Head and Haystock Island
bedrock and bedrock outcrops are found on the profile. South of
Haystock Island, dipping sediment strata on the records suggest that

a channel was located between the strait and the Tagoon. South of
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Albert Head strong discontinuous reflectors in the sub-bottom
come up to the bottom. At the same time they gradually merge into
a very strong, very prolonged reflector at the bottom close to
shore which obscures details of the sub-bottom. Further away from
shore the feature is below bottom, Fig. 7(a), and is present over
1.5km of the track. It subsequently reverts into one or more sharp
strong reflectors. The gradual changes, as opposed to the abrupt
changes in Esquimalt Harbour (Fig. 4), suggest that the reflection
is due to changes in the lithology of Parry Bay.

The very prolonged reflection is probably due to
scattering of the sound by pebbles which have been deposited as the
result of erosion of a cliff consisting of glacial till located on
shore opposite to the reflector. Indeed, the beach south of Whitty's
Lagoon consists of pebbles. Further away from shore the pebbles are
covered by finer grain sediment which also probably originated from
the same cliff, but were deposited as a result of later erosion.

In the Parker Bay-Quarantine Cove area several strong
prolonged reflectors are present in the sub-bottom profiles. Further
away from shore such a reflector is present uninterruptedly over a
large area. The prolonged reflectors appear abruptly. The top of
the reflector is not at constant depth, but varies continuously
between 2 and 5 meters below bottom. (Fig. 7b). This does not fit
in with the topography of the stratified sediment at either side of
the prolonged reflector. These observations suggest that the pro-

Tonged reflector in this area of the Bay is due to gas in the
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sediment. The variation in depth suggests that gas has escaped
from above those areas where the prolonged reflector is found at
greater depths. However, the occurrence of detectable quantities
of gas in an open unprotected area like this, where organic matter
is likely to be dispersed, is rather surprising.

(e) Pedder Bay

Sub-bottom profiles of the sediment in Pedder Bay

were obtained in May 1979. The survey tracklines are shown in
Fig. 6. The bottom itself is a sharp and continuous reflector.
The profiles indicate that the bottom consists of coarse sediment.
Approximately 3m below the bottom of almost the entire bay a very
prolonged reflector is present which acts as an acoustic mask,
inhibiting any further sound penetration. In the area of Watt Point
the laying of a telephone cable and a pipeline may have disturbed
the sediment, for the mask is not present, making visible stratified
sediment with 5 strong reflecting horizons on top of bedrock at 7m.
The mask also disappears at the entrance of Pedder Bay, close to
shore. In this area hyperbolic reflections aée observed frequently,
probably caused by echoes from large boulders buried in the sediment.
The acoustic mask is observed over the track across the entrance of
Pedder Bay (Fig. 7c).

(f) Becher Bay

Sub-bottom profiles of Becher Bay were obtained in

May 1979. The tracklines are shown in Fig. 8. The bottom is a sharp

continuous acoustic reflector. The sound penetration varies from
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45m at the entrance, to 10m at the far end of the bay. The pro-
file indicates that the bottom consists of bedrock and coarse
sediment, probably sand, gravel and boulders. Because of large
tidal currents of up to seven knots, the central part of the bay
is much deeper than those parts which are protected by land tongues
and islands (e.g. Creyke Point, Wolfe Island, Lamb Island, Fraser
Island and Village Island). For instance, behind Fraser Island the
bottom rises sharply. This is also the case behind Creyke Point in
Campbell Cove. (Fig. 9). The interesting feature in the bottom
profiles of both these protected areas is that the reflection from
the bottom found in the central part of the bay continues below the
sediment in Campbell Cove and behind Fraser Island. This finding
suggests that at one time this bay was denuded by erosion, and sedi-
ment deposited later could only be retained in areas where the protec-
tion from tidal currents was adequate. It would be of interest to
date the sediment obtained from unprotected and protected areas.

In the central part of Becher Bay the sediment is
stratified and many strong closely spaced reflections are observed.

(g) Sooke Bay and Sooke Inlet

Sub-bottom profiles were obtained from Sooke Bay and
Sooke Inlet in June 1979. The tracklines are shown on Fig. 10.

In Sooke Bay a strong continuous reflection is observed
from the sea-bottom. The profiles indicate the presence of coarse
sediment in the Bay. The acoustic penetration is approximately
20-25m and is terminated by the bedrock which is visible below almost

the entire track. The sediment on top of the bedrock is stratified.

..10
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Close to shore, prolonged reflectors which conform with the
surrounding topography are present at and below the bottom.

These prolonged reflectors are gravel deposits which originate
from the erosion of glacial till cliffs at the shore. A second
type of prolonged reflector acting as an acoustic mask is present
which does not fit in so well with the topography. This reflec-
tion is probably due to gas in the sediment. The penetration of
Sooke Inlet is only 5m due to bedrock at the bottom or coarse
sediment at the bottom which produces scattering of the sound. No
sub-bottom strata have been found.

IV Sooke Basin

Bottom studies of Sooke Basin were made in May and
June 1979. The positions of the tracklines for the sub-bottom
profiling in Fig. 11 have been determined with the Trisponder. In
general the tracks are at a fixed distance from one of the slave
stations on shore. However, navigation in the area opposite the
sawmill at Goodridge Peninsula is restricted due to the presence of
log booms.

Inside the entrance of Sooke Basin the bottom falls
rapidly and then rises slowly going into the basin along track
(a-a). The sub-bottom profile on the down slope shows a prolonged
echo. (Fig. 12a). No sub-bottom horizons are visible here. A
visual inspection by divers revealed that the bottom on the down
slope consists of gently rolling ridges of gravel with a gradient
of approximately five degrees. The tops of the ridges are approxi-

mately 2m across and appear flat. The distance between hollow and

Al
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crest varies between 8 and 17m. The composition of the ridges

is coarse gravel as shown in Fig. 13. A hole dug 20 cm deep
indicated that the composition was consistent to that depth. At

the entrance, relatively large tidal currents are present during

high water. Values of 0.5 m/sec have been meésured at positions A
and B in Fig. 116. These currents inhibit deposition of fine grain
sediment and are responsible for the flat-topped ridges found at

the entrance. As soon as the bottom has levelled off after the

down hill stage at the entrance, continuous sharp bottom echoes are
obtained indicating coarse sediment (silt, sand, gravel). The acous-
tic penetration of the bottom in this area is 25m. The sub-bottom
consists of many closely spaced reflecting horizons which slightly
dip down in an area where the bottom rises. (Fig. 12a). The reflec-
tions from the stratified sediment are sharply cut off by an acous-
tic mask which is present in the sediment of the central part of

the basin. (Fig. 12b, 12c).

The southwest part of the basin, close to shore, shows
continuous sharp echoes interrupted by prolonged echoes correspond-
ing to rock outcrops. (Fig. 12d, 12e). The sediment between the
rock outcrops is stratified. The lower horizons are conformable
with the bedrock, but the strata closer to the bottom are approxi-
mately parallel to the bottom. Small acoustic masks are also found
in this area, ie. the sediment (Fig. 12d). The sediment just below
the bottom is, in general, fairly acoustically transparent, indicat-

ing that the bottom consists of fine grain sediment. 'This is

-2



- 12 -
confirmed by a study of a 0.7m core obtained in this area.

Drogue measurements of currents indicate that the
mean flow in the basin is a clock-wise gyre with its centre in the
deep part near the entrance of the basin.7 The incoming water on
a flooding tide keeps mainly to the north of the basin and water
leaving on the ebbing tide comes mainly from the south side. The
current during ebb is much smaller than during f]ood.6 The results
of these various measurements suggest that deposition of fine grain
sediment will take place mainly in the east and southwest part of
the Basin.

In the northern part of Sooke Basin, in the general
area of Goodridge Peninsula,a sub-bottom consisting of bedrock and
coarse grain sediment is found. (Fig. 12f, 12g). The lower part
of the sediment conforms with the bedrock. The bottom echo is
frequently interrupted by hyperbolic reflections in this area.

(Fig. 12g). These reflections may be caused by boulders on the
bottom or, since this is a log boom area, they may be due to logs.

The central part of the basin is completely covered by
an acoustic reflector (Fig. 12b, 12c) which has the same properties
as the masks found in Esquimalt Harbour. In both areas the masks are
probably due to gas in the sediment. In Sooke Basin the mask covers
the whole central area of the basin and is only interrupted by the
Goodridge Islands. The extent of the mask is shown in Fig. 14. The
depth of the reflector is between two and three meters. It is of
interest to note that the reflection coefficient of the mask increases

gradually from west to east in the Basin. The number of multiple

.8
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reflections increases from two to four going in this direction.
(Fig. 12b). This observation may be correlated with the deposition
rate d} organic matter, which is probably highest at the east end
of the Basin, and with the results of coring.

The stations at which cores were taken in the Basin
are shown in Fig. 11. The coring was mainly performed in the hope
that sediment as deep as 2.5m could be recovered. Although the
cores certainly penetrated as deep as 2.5m, the length of core
recovered was only Im. Probably compression of the sediment took
place, and also friction between the sediment and the inside of the
core liner may have inhibited further collection.

CONCLUSION

The reconnaissance survey of the bottom and sub-bottom
along the coast of South West Vancouver Island between Victoria
Harbour and Sooke Bay has been completed. A large number of interest-
ing features have been discovered. Most of these features have been
tentatively identified from their appearance on the sub-bottom
profiler, e.g. bedrock, coarse sediment, pebbles, gas, etc. In
future studies these identifications have to be confirmed by ground
truth studies, for instance coring, grab sampling and visual inspec-
tions using divers and underwater photography.

Of particular interest will be the confirmation of the
presence of gas in the sediment at several locations on the coast.
It should be noted that in Saanich Inlet, on the south-east coast of
Vancouver Island, gas also seems to be trapped in the sediment and

gas bubbles escaping from the bottom have been studied.8

..14
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The presence of gas could have important implications
for the shear strength of the sediment. The location of these gas
reflectors should be of some interest to engineers, particularly
when they are located on a slope. It is possible that these slopes
are more vulnerable to earthquakes than slopes which do not have gas

in the sediment.
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