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BATHYMETRIC AND MARINE GEOLOGICAL SURVEYS IN 
SUPPORT OF NATIONAL MARINE PROTECTED AREAS OF 
GWAII HAANAS-RESULTS OF CRUISE GWAII-97 

INTRODUCTION 
Fisheries habitat studies on both Canadian coasts have seen 

increased activity with the declaration of numerous National Marine 
Protected areas (NMPA). Recent studies have shown that fisheries 
habitat is influenced by many elements including variations in sea
floor morphology and sediment composition. Geomorphic influence 
on fisheries habitat varies in scale from centimetres to kilometres 
thus highlighting the need for both regional and site specific 
knowledge of seabed morphology and composition. 

The 1997 field program was intended to investigated the 
relationships between benthic organisms and seabed character in the 
Queen Charlotte Islands using a variety of mapping tools. Multibeam 
bathymetric mapping covers 100% of the seafloor and was collected 
to provide the basic geomorphic baseline data. High-resolution 
sidescan sonar data were collected to provide more detailed seabed 
morphology and to define textural variations. Bottom samples were 
collected to ground truth the sidescan data. 
A second objective of the field program was to collect high resolution 
seafloor data in the vicinity of Skung Gwaii and Hotspring 
Anchorages to assess to impact of anchor drag marks .. 

FIELD PROGRAM AND DATA PROCESSING 
The Gwaii 1997 multidisciplinary program collected baseline seabed 

information from Juan Perez Sound and the approaches to Skang 
Gwaii. The field program was undertaken from June 5-15, 1997. The 
program included a team of 4 hydrographers from the Canadian 
Hydrographic Service of the Department of Fisheries and Oceans, a 
marine geologist from the Geological Survey of Canada and an 
archaeologist from Parks Canada. The hydrographic program 
employed a state of the art EM 3000 multibeam bathymetric 
mapping tool mounted on a 10m hydrographic launch (figure 1). Site 
specific (Differential Global Positioning System) navigation systems 
and tidal stations were included in the hydrographic program. This 
nearshore system collected bathymetric data to a depth of 150m and 
illuminated a swath equivalent in width to 3X water depth. The 
digital sounding data were displayed as 3D shaded-relief maps of the 
seafloor. The EM 3000 system collected 100% bottom coverage with a 
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vertical accuracy of 30-50cm and a spatial accuracy of +1- 50cm. 
Complete bottom coverage was collected in Burnaby Strait, Werner 
Bay and around Hotsprings Island. The bathymetric data were 
subsequently processed (by Geological Survey of Canada staff) into 
digital terrain images which illustrate the seabed terrain much like 
an aerial photograph. The swath data were gridded into bins which 
varied between 5m and 50cm along the horizontal axis. The EM 
3000 data were also processed to extract backscatter information to 
define variations in seafloor texture. 

Representative Digital terrain images are included in this report 
(figures 37-50) and are also available in larger map format and as 
photographic slides. Digital CD copies of these images reside with 
Parks Canada and at the offices of the Geological Survey of Canada 
(Atlantic). Additional copies can be supplied on request to the author. 

RESULTS AND INTERPRETATIONS 
The digital terrain images reveal drowned rivers, abandoned 
streams, paleo-deltas, paleo beaches and drowned lakes. Geomorphic 
interpretations of these terrain images suggest an episode of river 
erosion to a depth of 153m. These interpretations directly support 
previous marine geological studies (Josenhans et al, 1995, 1997) 
which describe the sea-level history of the study area. These earlier 
studies indicated this maximum lowering occurred shortly after 
glacial retreat, about 13,000 years ago. The terrain images indicate a 
meandering and migrating river system with associated river bank 
levee deposits. Levee deposits at different elevations and therefore 
of different ages are recognized and could be sampled to determine 
the relative ages of these drowned river systems. Existing studies 
have defined the age and rate of sea-level rise but nothing is known 
about when sea-level fell to the low-stand level of -153m, or for how 
long. The digital terrain images reveal ideal target sites for dating 
levee deposits of different ages. A sampling program of vibracores 
and large volume grab samples is proposed to determine the timing 
of sea-level lowering immediately after glaciation. Precise 
identification and location of drowned river banks, paleo deltas and 
former shorelines will also provide the detailed geomorphic data for 
a focused archaeological sampling program. 

These digital terrain images also provide insight into seabed 
processes and seabed composition. The images clearly resolve areas 
of: bedrock outcrop, river sediment, marine muds and areas of 
seafloor erosion by bottom currents. This definition of substrate 
composition provides important baseline information for fisheries 
habitat description. The interpretation of seabed processes such as 



recognition of active sandwaves or areas of sea-floor erosion is also 
important for understanding substrate (habitat) stability. The 
sidescan sonar (Klein 595 system, figure 2), seismic reflection 
profiles and bottom samples collected as part of the geological 
program add a higher resolution insight into seabed morphology 
than achieved by the multibeam bathymetry images alone. The 
sidescan system resolves seabed features as small as 30cm. The 
sides can sonar profiles (figures 51-61) show: anchor drag marks off 
Gordon Islands, seabed furrows in Burnaby Narrows (possibly caused 
by Gouey-duck fishing or anchor drag marks) and the seabed 
character at the Hotspring Island, Skangwaii . and Murcheson Island 
anchorages. The sidescan data have been digitally rectified for slant 
range correction, georeferenced and compiled into mosaic format as 
shown in figures 6, 7, 24, 25, 26 and 27. These mosaics represent an 
overview of the seabed relief but detailed information at specific 
areas is best seen on the original field records which are stored at 
GSCA offices. Detailed images may also be seen on enlarged 
representations of the digital Corel draw files. An interpretation of 
the seabed morphology and texture at the Hotspring and Skung Gwaii 
anchorages is shown in map form at a variety of scales and 
projections (see appendix maps). The Skung Gwaii interpretation is 
based on the sidescan mosaic and bottom sample description. The 
Hotspring seabed interpretation is based on an integration of the sun 
illuminated swath bathymetry(DTM) data, sidescan mosaic and 
bottom sample descriptions. 

The bottom samples provide ground truth for the remotely 
sensed images and will provide bottom texture information when 
analyzed for grain size. The samples were photographed in the field 
as shown in figures 12 -20 and 29-36. Biological subsamples were 
sieved from the seabed samples and stored in a solution of buffered 
Formalin. Subsequent biological analysis will provide an inventory of 
the infauna habituating the many substrates observed in this study. 

SKANGW All ANCHORAGE INTERPRETATION 
Sidescan imagery (1995, 1997), photography (1995) and bottom 

sampling (1997) at both the north and south anchorages indicate 
areas of sand waves and rocky sea floor. This high energy 
environment has areas of bedrock outcrop, occasional boulders and 
cobbles and patches of shell hash which are continually reworked 
and swept clear by strong bottom currents. There is no evidence 
(within the resolution of the sidescan sonar) of sea floor disturbance 
from historic use as anchorages. This lack of observed seabed 
disturbance contrasts with the anchorage on the central east coast of 



the Gordon Islands where anchor drag marks are numerous in what 
appear to be relatively stable sand and gravel sediments. At the 
Gordon Islands anchorage, one boulder field area appears to be good 
holding ground with little or no evidence of anchor dragging. At 
Skangwaii, the rocky bottom produces good holding ground and high
energy currents appear to rework any evidence of anchor dragging. 

HOTSPRINGS ANCHORAGE INTERPRETATION 
The 1997 marine geology/environment studies included swath 

bathymetry coverage surrounding Hotspring Island as well as 
sidescan imagery and bottom sampling of marine areas south and 
east of the island. As with Skungwaii there is no evidence of 
sensitive features and no evidence of sea floor damage from historic 
use as anchorages. The sea floor is much less dynamic than 
Skungwaii with more extensive fine sand to shell hash matrix and 
more restricted areas of bedrock. Areas of bedrock outcrop are 
illustrated as red patches superimposed on the digital terrain models. 
These are illustrated in appendix 6. 

FIGURE CAPTIONS 

Figure 1 
Survey vessels used in the1997 field program. The Gwaii Haanas was 
used to collect sidescan sonar profiles and Van Veen bottom samples 
and the 1 Om Hydro graphic launch was equipped with an SIMRAD EM 
3000 swath mapping system. Navigation was provided by DGPS for 
Gwaii Haanas and a dedicated shore based navigation system for the 
launch. 

Figure 2 
Field configuration of Klein 595 sidescan sonar system with 100 and 
500Khz configuration. 

Figure 3 
Van Veen bottom sampling configuration on foredeck of Gwaii 
Hanaas. Bottom samples were described visually and washed through 
a fine sand sized sieve. Biological specimens were stored in 4% 
buffered formalin for subsequent identification and description. 

Figure 4 
Track chart of sidescan sonar lines m Approaches to Anthony Island. 



Figure 5 
Detailed track chart of sidescan sonar lines around Anthony Island 

Figure 6 
Location map of sidescan Sonar mosaic around Anthony Island. 

Figure 7 High resolution print of mosaic around Anthony Island. A 
large format version ( 1 :5000) of this image is available for detailed 
inspection/interpretation in digital format as corel draw files. 

Figure 8 
Detailed track chart of sidescan sonar lines around Gordon Islands 

Figure 9 
Location map of sidescan Sonar mosa1c around Gordon Islands 

Figure 10 
High resolution print of mosaic around Gordon Islands. A large 
format version (1 :5000) of this image is available for detailed 
inspection/interpretation in digital format as corel draw files 

Figure 11 
Sample location map around Skung Gwaii and Gordon Islands. 
Samples were collected by Van Veen bottom grab. They were 
washed through a sand sized sieve, described visually and will be 
analyzed for detailed grain size and infauna. 

Figure 12-20 
Photographs of Van Veen seabed samples taken on deck pnor to 
sieving and subsampling for infauna. 

Figure 21 
Regional sidescan sonar track plot within Juan Perez Sound. 

Figure 22 
Detailed track plot of sidescan lines m Burnaby Strait. 

Figure 23 
Detailed track plot of sidescan lines around Hotspring Island. 

Figure 24 
Location map of sidescan sonar mosaic around Hotspring Island. 



Figure 25 
High resolution print of mosaic around Hotspring Island. A large 
format version (1 :5000) of this image is available for detailed 
inspection/interpretation. 

Figure 26 
Location map of sidescan Sonar mosaic west of Hotspring Island. 

Figure 27 
High resolution print of mosaic west of Hotspring Island. A large 
format version (1 :5000) of this image is available for detailed 
inspection/interpretation. 

Figure 28 
Sample location map around Hotspring Island. Samples were 
collected by Van Veen Bottom grab. They were described visually 
and will be analyzed for texture and infauna. 

Figures 29-36 
Photographs of Van Veen seabed samples taken on deck pnor to 
sieving and subsampling for infauna. 

Figure 37 
Hydrographic map showing Burnaby Strait and Werner Bay of 

southern Juan Perez Sound with superimposed EM 3000 multibeam 
bathymetry processed into a sun illuminated digital terrain model. A 
meandering paleo-river system extends from south to north and 
terminates at a paleo-delta at a depth of 153m. 

Figure 38 
Digital Terrain model of same area as figure 37 as seen looking 
south. 

Figure 39 
Digital terrain model of Burnaby Strait showing meandering drowned 
river valley and river terrace. 



Figure 40 
Digital terrain model of drowned river and delta systems near All 
Alone Stone Island in Southern Juan Perez Sound. The terrace scarp 
is interpreted to have been cut by a river as sea-level fell shortly 
after deglaciation of the area about 13,500 years ago. The delta plain 
is presently in 130m water depth. Black gaps are areas of no data. 

Figure 41 
Digital terrain model of Werner Bay showing drowned delta plain 
and paleo-rivers at mouth of Matheson Inlet. 

Figure 42 
Digital terrain model of approaches to Matheson Inlet in south 

western Juan Perez Sound. The rough terrain with shadows 
represents areas of bedrock outcrop at the seafloor. The drowned 
river system emanating from Matheson inlet has shifted over time in 
response to lowering sea-levels after deglaciation about 13500 years 
ago. We interpreted the older river to have been abandoned as sea
level fell and the younger river to have migrated to a new outlet 
position at a lower sea-level, The preserved terraces may yield 
excellent sites for dating the age of the river. They may also have 
been ideal habitation sites for early humans . 

Figure 43 
Digital terrain model of Werner Bay and approaches looking south 
west. 

Figure 44 
Digital terrain model of Burnaby Strait looking north, showing the 
paleo-river system between Parks island and Moresby Island. This 
drowned river once flowed into Burnaby Strait. 

Figures 45-46 
Digital terrain models of meandering drowned river system m 
Burnaby Strait between Moresby and Huxley Islands. 

Figures 47-49 
Digital Terrain model around Hotsprings Island in Juan Perez Sound. 
The images show areas of bedrock outcrop with a deeply incised 
paleo-ri ver channel emanating from Ramsey Island. Although 
Bedrock outcrop at the seafloor is dominant within the area, ponded 
shelly sandy mud is found between the bedrock ridges. 



Figure 50 
Digital Terrain model around Hotsprings Island in Juan Perez Sound 
showing seafloor morphology around the anchorage sites. The 
corrugated pattern in the lower right is an artifact due to incorrect 
vessel heave compensation. 

Figure 51 
Sidescan sonar profile off entrance to Skung Gwaii showing areas of 
bedrock outcrop and sand waves. 

Figure 52 
Sidescan sonar profile off entrance to Skung Gwaii showing areas of 
bedrock outcrop at entrance to Skung Gwaii . 

Figure 53 
Sidescan sonar profile off Gordon Islands showing large boulders at 
seabed and anchor marks. 

Figure 54 
Sidescan sonar profile off Gordon Islands showing anchor marks. 

Figure 55 
Sidescan sonar profile from north end of Burnaby Narrows. 
The lineal furrows are interpreted as anchor drag or dredge marks . 

Figure 56,57 
Sidescan sonar profiles off south east corner of Hotspring Island near 
can buoy showing areas of bedrock outcrop and smooth seafloor. 

Figure 5 8-60 
Sidescan sonar profiles from Murcheson anchorage showing areas of 
bedrock outcrop, smooth seafloor and can buoy anchors and ground 
tackle. 
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APPENDIX MAPS 

APPENDIX 1 
Hydrographic map showing Burnaby Strait and Werner Bay of 
southern Juan Perez Sound with superimposed EM 3000 multibeam 
bathymetry processed into a sun illuminated colour enhanced digital 
terrain model (DTM). A meandering paleo-river system extends from 
south to north and terminates at a paleo-delta at a depth of 153m in 
the north central area of the DTM. The superimposed depth contour 
lines are based on the multibeam soundings. 

APPENDIX 2 

Hydrographic map showing Burnaby Strait and Werner Bay of 
southern Juan Perez Sound with superimposed EM 3000 multibeam 
bathymetry processed into a sun illuminated digital terrain model. A 
meandering paleo-river system extends from south to north and 
terminates at a paleo-delta at a depth of 153m. The superimposed 
depth contour lines are based on the multibeam soundings. 

APPENDIX 3 

Digital terrain model of approaches to Matheson Inlet in south 
western Juan Perez Sound. The contour interval is 5m and contours 
are based on the multibeam data. The rough terrain with shadows 
represents areas of bedrock outcrop at the seafloor. The drowned 
river system emanating from Matheson inlet ( embayment south of 
Gottlob pt.) has shifted over time in response to lowering sea-levels 
after deglaciation about 13500 years ago. We interpreted an older 
nver to have been abandoned as sea-level fell and a younger river to 
have migrated to a new outlet position to the north east in response 
to a lower sea-level. The preserved terraces may yield excellent sites 
for dating the age of the river. They may also have been ideal 
habitation sites for early humans. 



APPENDIX 4 

Digital terrain model of drowned river and delta systems near All 
Alone Stone Island in Southern Juan Perez Sound. Contour interval is 
5m. The terrace scarp in the centre of the map is interpreted to have 
been cut by a river as sea-level fell shortly after deglaciation of the 
area about 13,500 years ago. The delta plain is presently in 130m 
water depth. Black gaps are areas of no data. 

APPENDIX 5 

Digital Terrain model around Hotsprings Island in Juan Perez Sound 
with superimposed depth contours and bottom sample descriptions . 
The images show areas of bedrock outcrop with a deeply incised 
paleo-river channel emanating from Ramsey Island situated at the 
southern margin of the map. Although bedrock outcrop at the 
seafloor is dominant within the area, ponded shelly sandy mud 1s 
found between the bedrock ridges. 

APPENDIX 6 

Sun illuminated Digital Terrain model around Hotsprings Island in 
Juan Perez Sound with superimposed depth contours and bottom 
sample descriptions. The red areas represent bedrock outcrop and 
ponded shelly, sandy mud is found between the bedrock ridges. 

APPENDIX 7 

Sun illuminated Digital Terrain model around Hotsprings Island in 
Juan Perez Sound with superimposed depth contours and bottom 
sample descriptions. The data were digitally gridded to lm horizontal 
bin size. 



APPENDIX 8 

Sun illuminated Digital Terrain model around Hotsprings Island in 
Juan Perez Sound with superimposed depth contours and bottom 
sample descriptions. The data has been gridded to 50 cm horizontal 
bin size which represents the maximum horizontal resolution. Note 
the increased clarity of individual bedrock outcrops compared to the 
2m horizontal grid size for the same area shown in Appendix 6. This 
increased resolution also highlights individual beam errors, ship 
motion and water velocity artifacts. 

APPENDIX 9 

Sidescan sonar mosaic seaward of Skan Gwaii village with 
superimposed sample description. Red areas represent bedrock 
outcrop. This overview mosaic shows the extent of sidescan coverage. 
For detailed investigations of seabed character the reader is re!"erred 
to an enlarged view of this digital image (Corel draw file available 
from author) or to the original sidescan sonar records which resolve 
seabed features as small as 30cm horizontal scale. 
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Approximate Scale 

Orn 

1+1 ~:~ .. ~~R~~AlJr.~~ ~"':~~~eCflliOn~!::~ 
C a h ... dhn Kt:tb.t..-1': Par::ia..,h~ C'.IJt••1'hn 
PalksCana d• PouesC.lnad• 

Digital Terrain Model of 
Werner Bay 

Looking South-West 







lfl ~:~.~~~7Nrt=•:u ~~:~:·l n iL.~&:::nr.~u 
L"an$dbn Ko:d:a-·1".: ra:rlta o h'l' c-aru.~i: r~ 
P.tt.l::JC:.llnad.a P•.IC~C•n•da 

Digital Terrain Model of 
Burnaby Strait 
Looking South 





f.H ~:~d~Rotroutr:u ~:':~~~:;nAlfJJU~lrs 
': •nadh:-.!ft-::!~"JI': Po~~:rla -, h'! ':''l:ud~n 
Patk.Canad• Pa=:-sC•nada 

Digital Terrain Model of 
Hotspring Island 

Looking North 



75m 

1+1 ~~!~~ea>uu:es ~'!,~~~sn"lu~lb$ 
Cd.na4hn Ked:age Patrlnohe canad~n 
Patt::.Co'ln.fllde P~tr:sr.a.nada 

Digital Terrain Model Around 
Hotspring Island 

Looking South-West 



Water Depth 
(meters) 

1+1 ~=~ad~e~Ulr.eG ~:~d~eSTIAtlllP.D!G 
Con4ditr1 Rerbqe r.otm. o he can&di::n 
Pazt;;sC..,n4da Pt~rcscan<~da 

Digital Terrain Model of 
Hotspring Island 

Looking North 
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