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1. CRUISE SUMMARY
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Cruise Number
Duration

Survey Areas

CSS HUDSON

HUD2000030A

13 - 21 July, 2000

Sable Island Bank and Scotian Shelf

Summary of Accomplishments
6 sand ridge profiles
99 van Veen/IKU grab samples

7 vibrocores

59 sedimentary peels
60 camera stations
~450 km seismic/sidescan survey lines

Scientific Staff
Michael Li

Ned King
Andrew Campbell
Borden Chapman
Paul Girouard
Fred Jodrey
Susan Merchant
Bob Murphy
Barbe Szlavko
Marty Uyesugi
Bruce Wile

Ship’s Personnel
Captain

Chief Officer
Second Officer
Third Officer
Chief Engineer
Senior Engineer
First Engineer
Second Engineer
Third Engineer
Electrical Officer
Logistics Officer
Boatswain
Leading Seaman
Leading Seaman
Leading Seaman

GSCA senior scientist

GSCA second senior scientist; seismic/sidescan
Dal seismic/sidescan

GSCA seismic/sidescan

GSCA navigation

GSCA camera/coring/sampling
GSCA coring/sampling

GSCA camera/coring/sampling
GSCA ED at Sea/coring and sampling
Geoforce Huntec

GSCA seismic/sidescan

Leslie M Rhodenizer

Fred J Emeneau

Glen Fishback

David Boyd

James R Spinney
Giuseppe Cimello
John Blagdon
Byron Randall
Chester A Craig
Scott Fulton

Perry A West
Claude Warren
Donald A Rawding
Michael G Worth
Gregory D MacClellan

1



Seaman
Seaman
Seaman
Seaman
Seaman
Seaman

Oiler

Oiler

Chief Cook
Assistant Cook
Storekeeper
Second Steward
Steward
Steward
Steward

K Farcey

Arthur W Wilson
Paul R Wedge

A G Ward

John G Baker
John D Cook
John F Haley

J A Boudreau
Tyrone Saunders
RobinG Parker
Barry MacDonald
Ronald J Cameron
Alfred Haines
Mary E Cameron
Edward Hanlon

Vo]



2. INTRODUCTION

The NE-SW trending sand ridges on Sable Island Bank (SIB) are one of the most striking
morphological features on the Scotian Shelf. It is believed that these shoreface connected sand ridges
were formed by the reworking of the glacial and glacial-marine Pleistocene deposits on the bank by
aeolian and marine processes during the last sea-level rise (e.g., Amos and King, 1984). For hydrocarbon
resource developments, the migration of these sand ridges can produce sediment mobile layers up to 10
m thick and can be hazardous to the design and safety of offshore platforms and pipelines. Thus
understanding the morphology and migration of these sand ridges and their interaction with wave-current
dynamics is an important engineering issue for offshore energy development and is a critical component
of the regional sediment transport pattern on SIB.

Based on grain size data, ridge morphology, and internal bedding structures, Hoogendoorn and
Dalrymple (1986) and Dalrymple and Hoogendoorn (1997) suggested that the ridges are migrating to the
east and that the migration rate can be as high as 50 meters/year. Field measurements and model
predictions of sediment transport on the Scotian Shelf (Amos and Judge, 1991; Li et al., 1997) indeed
have shown that strong waves during storms work together with tidal and storm-generated currents to
cause eastward net sediment transport. Ingersoll and Ryan (1997) compared repetitive multibeam surveys
and 1982 Canadian Hydrographic Service (CHS) bathymetric charts of SIB and found negligible to very
low migration rates of the sand ridges on the bank. This conclusion, however, is only tentative because of
the lower navigational resolution and data density of the 1982 CHS charts.

Besides the instability of sand ridges, there are a wide range of other potential geohazards for energy
development on SIB, e.g., shallow gas, subsurface geotechincal variabilities, and long term sediment and
sand ridge mobility. These geohazards occur in different areas on the bank and are variable through
geological units. A better-established geological framework of the entire Sable Island bank area,
including sediment types and distribution, evolutionary history of the Sable Island sand body, and
process of deposition, is required in order to interpret the geohazard features in their proper
time/space/process context.

Under the joint funding of PERD and Sable Offshore Energy Inc. (SOEI), the Geological Survey of
Canada - Atlantic (GSCA) has initiated a field project to better understand the dynamics and stability of
the shoreface-connected sand ridges as well as the distribution of geohazards and the regional geological
framework on Sable Island Bank. Several initial and repetitive swath bathymetry surveys have been
conducted to define the distribution and morphology of sand ridges at selected sites on SIB (Li et al.,
1999; Li et al. in preparation). Repetitive surveys will be processed and compared to quantify the
migration rate and direction of the sand ridges and their associated large-scale bedforms. GSC
instrumented platform RALPH and S4 wave-current meters will also be deployed along sand ridge
transects to simultaneously measure wave-current dynamics and sediment transport during storms at
different morphological locations on a sand ridge. These data will enable us to understand the
hydrodynamics and sediment transport processes across a sand ridge and how these control the
morphology and migration of the sand ridges. As a part of this field project, a general
geological/geophysical expedition was conducted from July 13 - 21, 2000 to collect cores and samples,
seabed photographs, and sidescan/seismic data along sand-ridge transects at selected sites on SIB.

The scientific objectives of the Hudson 2000030A cruise to Sable Island Bank (Fig. 1) were three
fold: to understand the morphodynamics of sand ridges on Sable Island Bank; to collect limited data from
key areas for improving our understanding of the glacial and sea-level history of the region, and finally to
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Fig. 1 Location map showing sand ridge transects and sidescan/seismic survey lines completed in
Hudson2000030A cruise. Inserts show track enlargements. Locations of Figs. 2a and 2b are also

shown.
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study the morphologic and stratigraphic characteristics along potential pipeline corridors in deeper
waters on Sable Island Bank. The main activities were divided into three types: bottom camera and
sediment sampling, sidescan/seismic surveys, and vibrocoring at selected sites. The specific objectives of
the cruise were as follows:

1. To collect bottom photography, van Veen grab samples, IKU grabs and vibrocores at stations
along trough-crest-trough transects across sand ridge fields to understand the distribution and
variation of surficial sediment grain size, small scale bedforms and shallow sedimentary
structures across these sand ridges.

(S

To obtain sidescan and seismic data along the cross-ridge transects to determine the cross-section
profiles, vertical stratigraphic structures and superimposition of various small to medium scale
bedforms on these sand ridges.

3. To obtain sidescan and seismic data along tie lines between SOEI offshore gas fields Thebaud,
Alma and Glenelg for identification of geohazards and geologic conditions.

4. To obtain sidescan and seismic data from several regional transects to help establish
regional stratigraphic relationships among glacial and early post-glacial deposits and erosion
surfaces.

The CCGS Hudson was mobilized on 13 July, 2000 and left BIO in the afternoon of that day. The
ship arrived at Sydney in the morning of July 21, terminating this phase of the cruise. Under the direction
of Captain Leslie Rhodenizer, the ship’s officers and crew did a good job in assisting our surveys and
sampling. The scientific staff included GSCA personnel and one Dalhousie student volunteer. The
general work platform on Hudson 2000030A was to undertake grab sampling, seabed photography, and
coring along sand-ridge transects in the daytime and run seismic/sidescan surveys in the night. The cruise
roster is shown in Table 1.

Table 1. Cruise roster of Hudson 2000030A

8:00-16:00 16:00-24:00 20:00-4:00

Michael Li Ned King Borden Chapman (4-8)
Bob Murphy Fred Jodrey (10-6) Bruce Wile

Susan Merchant (10-6) Paul Girouard Andrew Campbell (0-8)
Barbe Szlavko Marty Uyesugi (6-6)

Though largely successful, this platform sometimes required several hours of unproductive steaming
from the end of the survey line to sites of sampling interest. Weather was excellent to good, resulting in
no weather down-time, though some adjustment of sample program was implemented at the Captain’s
suggestion during moderate SW winds. A total of 6 sand ridge profiles were completed in this cruise, 3
each at Co-Pan (Cohasset-Panuke) site and South Sable site (see Figs. 1 and 2). 166 stations were
occupied and 7 vibrocores were obtained (see Fig. 2 for the transects and vibrocore locations and
Appendix 1 for a list of all stations). Approximately 450 km of seismic/sidescan survey lines were run
(Fig. 1). This report is intended to provide a description of day-to-day activities, an overview of technical
aspects of the equipment and methods used, and a summary of the preliminary results.



Fig. 2 Sand ridge transects (red lines) and vibrocore (red dots) locations superimposed on color-shaded
relief bathymetry maps of (a) CoPan site and (b) South Sable site.
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3. NAVIGATION AND LOGGING

Differential GPS (Global Positioning System) navigation was provided by the ship’s standard
navigation systems (a Magnavox MX380 GPS receiver). NMEA sentences from these systems were
combined with the ship’s log and gyro, the bridge ELAC 30-kHz sounder, and the fish beacons, through a
Baytech MUX in the NAV centre. These sentences were then forwarded to the Bridge AGCNAV system
which, in turn, fed the sentences to a Black Box line splitter for distribution throughout the ship.

Both REGULUS and AGCNAV were operational on the bridge although AGCNAYV was the system
of choice for both navigation display and ship maneuvers. The simplicity of operation of AGCNAYV and
its Line Running and Station Keeping displays are preferred by both the watch officer and quartermaster.
The scientific navigation was observed on five REGULUS systems, running the latest version of the
program, Build 20217. These were set up in the Drawing Room, Navigation Room, Forward Lab, Winch
Room and GP Lab. The Drawing Room REGULUS system was used as the primary data logger. The data
were copied over the network to the shipboard NT server on a daily basis, enabling access to the files
from a variety of networked workstations. The data were cleaned and merged using the standard GSCA
programs ETOA, INTA, APLOT and the PE editor. Raw E-fomat, raw A-format and cleaned and edited
10 second A-format files were saved on a daily basis and transferred to CD for GSCA archiving. In
addition, daily 1 minute cleaned and edited A-format files were produced for immediate use by the
scientific staff.

Several multibeam bathymetry surveys have been conducted by GSCA on Sable Island Bank in the
past few years (Li et al., 1999). The locations of seismic/sidescan transects across sand ridges and
various sampling stations along these transects were determined prior to the cruise, based largely on
features visible from these multibeam maps. Positions for cores were selected, based also on existing
seismic profiles. The color-classified shaded relief multibeam maps were first used to evaluate the
morphology and to determine the sand ridge transects. The gridded depth files were converted to xyz
files using the r.stats command of the GIS program GRASS. These xyz files were then imported into the
PC program Surfer (UTM based) and vertical profiles along the transects were created. These profiles
were used to determine the planned sampling/coring stations along each transect. Generally 10-12
stations were chosen on each transect and they were roughly evenly distributed along the transect. If
superimposed smaller bedforms existed, care was taken so that the sample stations were placed
consistently on the crests of these smaller bedforms. This dictated the necessity of 20 m positioning for
most stations. Each of these planned stations was named according to its geographical location and
transect number. For instance, SS-1-1 represents station 1 of transect 1 at the South Sable site. A list of
these stations and the planned activities at each station was circulated on board for the general orientation
of the crew and staff. UTM coordinates for the planned sand-ridge transects and sample stations were
output to Excel spreadsheets which were used by the navigator to transform into both AGCNAV and
REGULUS format navigation files.

Besides lines that were run along the sand-ridge transects, seismic/sidescan surveys were conducted
along other tracks on SIB and in adjacent basins to investigate the geologic properties along potential
future pipeline routes and to target key areas for improving our understanding of the glacial and sea-level
history of the region. Ship’s tracks from previous GSC cruises and bathymetric base maps in CAD format
were used to determine the positions of these survey lines. Exact coordinates for the Alma and Glenelg
sites were provided by SOEIL The on-board routine for deriving exact line placement coordinates
(including waypoints along non-linear survey tracks) was simply an output of UTM coordinates from



planned tracks. These were converted to geographic coordinates and supplied to the navigator for
transforming to AGCNAV and REGULUS navigation files.

4. SEABED SAMPLING AND PHOTOGRAPHY

Seabed sampling and photography programs were carried out along the planned transects to
understand the distribution and variation of surficial sediment grain size, small scale bedforms and
shallow sedimentary structures across sand ridges. The key instruments and tools used included a van
Veen grab sampler, a large IKU grab sampler, the BIO Bentho camera and vibrocorers. The van Veen
grab sampler and the camera were deployed at all sample stations. An IKU grab was taken approximately
at every other station and Vibrocoring was attempted only at selected stations.

4.1 van Veen Grab

A medium size van Veen grab sampler (Fig. 3, right of top photo) was used to collect small bulk
samples. This was deployed through the ship’s winch room with the assistance of two ship’s crew
members. After retrieval of the sampler, a surface and a blended bulk sample (both in 40 dram vials)
were taken. The time the sampler reached the bottom and the position, geographical location and water
depth of the station were logged on the logging sheet. The collection of the two subsamples were also
noted on the sheet.

4.2 IKU Grab Sampler

The large IKU grab sampler (Fig. 4, upper) was used to obtain large volume bottom samples at
different locations along sand ridge transects. This modified grab is a clam-shell type, capable of
collecting 1 m* relatively undisturbed sediment. It uses a mechanical advantage from a series of pulleys
to close the jaws of the sampler during recovery. Two scientific staff worked with the ship’s deck crew to
operate the large IKU sampler. The Grove crane and the Pengo winch were used to deploy and recover
the IKU grab. Upon recovering of the sampler, a surface sample was first taken using a 40 dram vial.
Two box cores were then collected by pushing wedge-shaped rectangular aluminum trays into the IKU
sample (Fig. 4, lower). The standard trays were 30 x 30 cm. When the grab was full, larger 30 x 40 cm
(deep) trays were also used. The bottom tray was pushed in first and the cover tray was then pushed in
with an angle to tightly close the top of the bottom tray. Sand around the trays was dug out to render the
retrieval of the push-tray cores. One core was oriented left - right (port to starboard) and the other one
from front to back to resolve 3-dimensional structures.

4.3 Resin Peels

The box core trays were carried to the GP Lab where the cover was removed and the surface was
smoothed with a scraper. If there was gap between the sediment and the top side of the tray, paper towels
were used to fill the space in order to prevent the collapse of the core. The processed cores were then lain
on tracks of two 1 x 2 cm wood boards to dry (Fig. 5): the inner board was under the tray to create a
slope toward the top of the tray to help the water to drain, and the top of the tray was pushed against the
side of the outer board to prevent the tray from sliding off the table in rough weather. After
approximately one hour, the cores would be ready to be impregnated with epoxy resin. One layer of
Muslin cheese cloth was cut and lain flat on the core surface. Two parts of Cold Cure (Industrial
Formulations of Canada Ltd.) were mixed with 1 part of hardener to create the resin mixture which was

8



Fig. 3 van Veen grab samplers (right of top photo) and Benthos camera (lower photo and left of top
photo) used in this cruise.



Fig. 3



Fig. 4 Photographs of the large IKU grab sampler (upper) ready to be deployed and push- tray cores
(lower) being sampled after recovery of the grab.
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Fig. 4



Processed resin peels laid down on tracks in the GP lab, while Susan Merchant marks the
orientation and station number of the core. The 3-arm GP lab camera frame, used for
photographing the resin peels, can be seen in the background.

The vibrocorer ready to be deployed.
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Fig. 5




applied evenly on the box core surface with a coffee stick. Generally 100 ml of resin was used for normal
size (30 x 30 cm) peels and 150 ml was used for larger (30 x 40 cm) peels. The resin penetrated the
sample to varying depths reflecting the porosity and permeability of sediment laminates. The mean depth
of penetration was about 5 mm. The resin-impregnated cores were allowed to dry for 24 hours. The resin
peels were then labeled, lifted off from the cores and washed to remove excess loose sand. The end
product was the hardened resin relief peels showing variation of grain size and bedding structures which
can be interpreted for mobile layer depth, the type of bedforms and depositional environment of the
sample.

The dried resin peels were photographed using a 35 mm Pentax K1000 SLR camera with a Vivitar
283 flash light. The camera and the flash light were mounted on the 3-armed, aluminum shipboard GP
lab camera frame (Fig. 5). Kodak ASA 200 colour film was used with the f-stop set at 3.8 and shutter
speed set at 1/60th of a second. The flash was powered by the ship’s AC through an adaptor. Two shots
were taken for each peel. Included in each shot was a strip of centimetre tape for scale which was also
marked with the cruise number and arrows pointing to the top of the peel. A label was also included to
show the station number with the letters R L or F B indicating the right to left or front to back orientation
of the IKU box core peel in relation to the IKU frame. After photographing, the peels were carefully
stacked in boxes for transportation and storage. A layer of paper towel was put between the peels for
protection.

The majority of the photographs were taken with the camera set at the 40 cm mark on the frame arm
(measured from top of the arm). The shots for stations 160, 161, 162, 163, 164 were taken with the
camera set at the 30 cm mark and the peels raised approximately 3/4 inch. It should be noted that the
flash may have to be adjusted for the changed peel settings.

4.4 Benthos Camera

The BIO Benthos camera (Fig. 3, lower photo and left of top photo) was used throughout this cruise.
The system consisted of a Benthos 377 deep sea camera, a Benthos 383 flash light and a 1. 5 m (5 feet)
long trigger wire that links the flash to a 10 cm-diameter compass used for image orientation as well as
length scale. A 800 shot Kodak Ektachrome ISO 200 color-slide film was installed at the beginning of the
cruise. The f-stop was set at 4.5. A shot is taken when the trip weight (the compass) hits the seafloor and
the field of view is approximately 0.7 x 1 m.

The camera was also deployed from the winch room on the boat deck. The 1.5 m trip wire and weight
were attached to the flash and pinger for firing the camera and flash. A scientific staff member and two
crew members worked together to operate the camera. At each station, the camera was lifted to about 0.5
m off the deck and a shot was taken of the cruise and station number label. The camera was then
deployed and two shots were taken at each station. Each time the trip weight hits the seafloor, a shot is
taken and the pinger ceases temporarily. A hydrophone and continuous echosounder plot were used to
monitor when the trip weight reached the seabed and a shot taken. The camera was lifted off the bottom
after the first shot, followed by 10-15 seconds to recharge the flash, and then lowered for the second shot.

4.5 Vibrocorer

The AGC vibrocorer (Amer MacLean vibrocorer, Fig. 6) was used on this cruise to obtain cores at
selected sites along sand-ridge profiles. The corer has three main systems: the surface electronics, the
underwater unit and the handling system. The mechanical system, the electrical system and the electronic
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system are the three main subsystems. The vibrating core head pushes the core barrel down into the
sediment as it vibrates up and down by the counter-weighted vibrating motor inside the ball on top of the
core head. When the barrel has been fully extended the winch is used to pull the barrel assembly out of
the sediment. The barrel length can be 10 feet (3 m) or 20 feet (6 m) with extensions. The standard
barrels have an inner diameter of 3.5 inches (8.9 cm) and can be switched to 3.2 inches (8.1 cm) if
necessary. The 10 foot high underwater unit weighs about 990 kg (about 1485 kg with extensions).

Because of the height and weight of the vibrocorer, extra care must be used in the deployment and
operation of this system. The following routine was used on this cruise. It is wise to test the vibrocorer’s
electrical system momentarily on deck prior to deployment. The coring unit is lifted off the deck and
carried over the side of the ship in the horizontal position by its wire strap using the ship’s crane (Arbor)
(see Fig. 6). The head of the corer frame should be positioned near the block and the load line is taken up
while the corer is lowered away on the crane runner. Finally the unit is lowered to the seabed using the
braided rope attached to the vibrating head. When the coring unit reaches the bottom, the electronics are
turned on. The power (440 v) is now turned on at the safety switch on the front of the rack. The operator
needs to make sure the winch/vibrator toggle switch is in the vibrator position. The Start button now can
be pressed to start the vibration. Proper functioning is indicated by a jump of the motor current to around
15 amps and then a fall to 2-5 amps as the vibrator attains normal speed. The corer should reach full
penetration in 5 to 8 minutes of operation. When the corer is fully extended, the Stop button is pressed
and the toggle selector switch is moved to the winch position. The Retract button is then pushed. A small
current draw (up to about 5 amps) should be observed as the winch pulls the core barrel in. When the
core head is fully retracted, the cable will pull tight and the current quickly increases to 15 amps. The
Stop button should be pressed immediately to avoid breaking the cable. The unit now can be powered
down and recovered.

After the vibrocorer is secured on the forward deck, the core is retrieved. Since the cores were to be
used for Optically Stimulated Luminescence (OSL) dating, a large piece of black plastic was used as
coverage at the base of the corer during the retrieval of cores to minimize the exposure of the cores to
light. The retrieved cores were encased in black plastic sheath for the same purpose.

4.6 Station Data and ED_AT_SEA

On this cruise, a two-stage routine was used to collect information relevant to each of the 166
stations: filling the paper station sheet during station holding and subsequent input of station data into the
Expedition Database (ED) using the ED_AT_SEA application. As various activities were carried out at
each station, station sheets were logged capturing basic information (station number, time and day of
year, water depth, depth sounder type, latitude/longitude, and geographic location) as well as information
specific to each station type, i.e. information particular to camera, grab and vibrocore station (camera
types/film types, stop time/lat/long, grab type, subsamples taken, vibrocore length, number of sections,
planned station name, etc.). Of primary importance was the completion of all of the relevant parts of each
individual station sheet as close to the completion of the station as possible. This made it considerably
easier for subsequent data entry into the local database using ED_AT_SEA.

For logging various station sheets, several features in REGULUS were utilized to capture latitude
and longitude for each station. The planned stations were entered into REGULUS at the start of the
cruise. Each individual target station was then brought up on screen (in the menu option 'Nav Elements’)
as the station was approached. When the station was conducted (and 'on bottom' declared), the station log
sheet keeper simply pressed 'Ctrl-e" on the keyboard to create a 'Nav Element' which could be opened at a
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later time to retrieve the latitude and longitude captured for that station. The time and water depths were
captured from the main REGULUS screen at the time of the call ‘on bottom'. Of note was the importance
(to avoid confusion) of all REGULUS terminals to be set to the same latitude/longitude format, whether
it is decimal degrees, degrees-decimal minutes, etc. This avoided the confusion of having multiple
formats recorded on the station sheets and the necessity for the ED_AT_SEA data entry to move between
different boxes in which to enter the lat/long information (as it converts degrees minutes to the
mandatory decimal degrees format).

During periods when stations were spread apart in time (1 - 2 hours) or when technical difficulties
were being resolved, data entry into a local version of the Expedition Database (ED) was done using the
ED_AT_SEA application. As some of the information remained the same between stations, it made sense
to wait and enter, for example, an entire day's stations perhaps a day or two later. At the very least, it was
more efficient to accumulate at least 10 or 15 stations before entering them into ED and this was the
method utilized on Hudson 2000030A. ED_AT_SEA reports (Station, Grabs, Cameras, Subsamples)
were submitted to the senior scientist as interim reports midway through and on completion of the cruise
for quality control. Backups were done at the end of each data entry session and on return to BIO. Then
the data were eventually corrected and signed off by the chief scientist, and the final backup was
submitted to the ED Data Manager (B. Szlavko) for upload into the main ED database. The compilation
and input to the database of the station data have become sufficiently streamlined that they were in the on
line Expedition Database (http://agc.bio.ns.ca/ED/GSC/ed-f-menu.cgi) within one day of homecoming.

A 6 m draft correction was added to ships echosounder water depth readings. There was some
uncertainty as to spurious water depth readings from the ship’s12 kHz echosounder so these were
checked and, where necessary, corrected to match water depths from previously-collected multibeam
data.

5. SEISMIC AND SIDESCAN SURVEYS

The following equipment systems were used in the geophysical survey component of this cruise:

-~ Simrad MS992 Dual frequency side scan sonar system

— Sleeve Gun/Benthos Streamer Seismic system

-~ Huntec Deep Tow Boomer/Sparker profiling system

-~ AGC DIG Digital Logger (Simrad, Seismics and Deep Tow Seismic)
— ORE Trackpoint II Plus

The overall performance of these equipment systems was good to excellent.
5.1 Simrad MS992 Sidescan Sonar

The Simrad MS992 100kHz/330kHz sidescan sonar was operated using a neutral buoyancy package
on a tether to a depressor weight. The #3 transponder of the ORE Trackpoint II plus was used for
position information with the data string being logged on REGULUS. The sidescan was operated at 100
m per side range with the 100kHz hard copy going to the EPC 1086 graphic recorder and the 330kHz
hard copy going to an ALDEN graphic recorder. The sidescan signals from both frequencies were
recorded on an AGC DIG data logger and saved to Exabyte tapes.
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5.2 Seismic System

The seismic reflection system used in cruise Hud2000030A consisted of a single 6 cubic-inch sleeve
gun, a two-stage Benthos eel array and a NSRF tapered eel.

The sleeve gun was towed through the center “A” frame, the gun being deployed and recovered using
a winch located on the Port side, aft end of the “flight deck”. Hydraulic power for the winch came from
the Hypac located next to the winch. A small Norwegian float kept the sleeve gun towing approximately
one half meter below the surface. Compressed air, typically 1850PSI, was supplied from the Price W2
compressor located on the flight deck, starboard side. The sleeve gun was fired at a two second rate
throughout the program. Timing control and sequencing was generated from the MITS (Master Interval
Timing System) box in the GP lab.

The two-stage Benthos eel array has a 25 foot section and a 100 foot section. The eel array was
deployed and recovered using the hydraulic winch located aft of the Price compressor container,
starboard side of the flight deck. The eel array had TVG added and a filtering configuration of 100 -
9000Hz. The data collected from both sections of this eel were displayed on an EPC9800 graphic
recorder located in the GP lab. The AGC DIG #3 data logger was used to save data to Exabyte tapes.
Channels 1 and 2 of the AGC DIG logged the raw data from the 100-foot and 25-foot eel sections
respectively.

The NSRF tapered eel array was deployed “by hand” from the starboard quarter deck area throughout
the program. Krohn-Hite filter settings for this eel were 300Hz and rolling off at 1500Hz. Data collected
from this eel were recorded on channel 3 of the AGC DIG Data logger.

5.3 Huntec DTS

The Huntec Deep Tow Seismic (DTS) system is a high resolution, sub-bottom profiler with the
acoustic source, energy supply, motion sensor, and two receiving hydrophones housed in an underwater
deep towed body. The AGC #3 Deep Tow system was used in this cruise and it had a maximum power
output of 1000 joules (60 mfd storage capacitance) with an ED 10 F/C Boomer and a multi-tip sparker
source. Only the sparker system was used on this cruise. Normally a LC10 single element hydrophone
was mounted inside the tow fish beneath the boomer. A Geoforce GF24/24 (twenty-four foot, twenty-
four element) single channel hydrophone array was towed behind the fish. The #2 transponder of the
ORE Trackpoint II plus was used by Huntec DTS for position information.

The main deck equipment was a HydroMac Oceanographic winch, which included a multi-way slip
ring and a 915 metre, fourteen conductor, armoured tow cable. The lab instrumentation consisted of the
Huntec Systems Console and the Huntec Mk III high voltage power control unit (PCU) which provided
DC power to the boomer.

Seismic #1 and Seismic #2 signals were displayed on a single EPC 9800. Seismic #1 (either an LC10
or GF16 hydrophone) was processed by the Adaptive Signal Processor (ASP) module then displayed on
Channel A of the EPC9800 recorder. Due to problems with the ASP module, a Krohn-Hite filter was
substituted for the ASP module from Julian Day 201 (19 July). Seismic #2 (GF24/242Pi streamer) was
processed by a second ASP console, then band passed through a 3323R Krohn-Hite filter with a low pass
setting of 3500 hertz and displayed on Channel B on the EPC 9800 recorder. A TSS 312B annotator
provided time marks on the hard copy records.
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The PC based MITS system triggered the DTS and seismic systems. The DTS signals were recorded
on the new four channel AGC DIG (version 2.40) digital logger with 8700 Exabyte tape drive:

Channel 1 Seismic #1 - LC10 or GF 16 hydrophone
Channel 2 Seismic #2 - External GF24/24 streamer

Detailed technical and operational description of the HDT system can be found in Geoforce Consultants
Ltd. (2000).

6. CRUISE ITINERARY

All times in this cruise itinerary are in Universal Time Coordinated (UTC) unless specified as
Atlantic Standard Time (AST). AST is four hours earlier than UTC (three hours for Daylight Savings
Time).

July 13/Day of Year (DY)195, Thursday
1600  Departed from BIO dock; Muster and lifeboat drills were conducted shortly after in the
Bedford Basin.
1700 Left Bedford Basin for Sable Island Bank
1930 A cruise meeting was held to brief the scientific staff and ship’s officer of the cruise

July 14/DY 196, Friday

0040? Arrived western Brandal Basin, northwest of Sable Island; prepared gear for
seismic/sidescan survey

0123  Started survey of western Brandal Basin, start of line 1, DGPS position 44°27.7960N
61°18.0895W

0809  End of line 4, DGPS position 44°21.3323N 60°45.8444W; Terminated survey of western
Brandal Basin, 4 lines (1 to 4) were done; Steamed to Copan site.

1115 van Veen grab at Copan-1-20, station 001, DGPS position 43°54.9352N 60°31.3720W

1134  Camera at Copan-1-20, station 002, DGPS position 43°54.9379N 60°31.3544W

1200 IKU grab at Copan-1-20, station 003, DGPS position 43°54.9309N 60°31.3590W

1243  Camera at Copan-1-19, station 004, DGPS position 43954.9977N 60°31.4609W

1253  van Veen grab at Copan-1-19, station 005, DGPS position 43955.0068N 60°31.4626W

1310  van Veen grab at Copan-1-18, station 006, DGPS position 43°55.0464N 60°31.5143W

1322 Camera at Copan-1-18, station 007, DGPS position 43955.0404N 60°31.5316W

1338 IKU grab at Copan-1-18, station 008, DGPS position 43°55.0448N 60°31.5107W

1410  Camera at Copan-1-17, station 009, DGPS position 43°55.1026N 60°31.6072W

1419  van Veen grab at Copan-1-17, station 010, DGPS position 43°55.1060N 60°31.5977W

14157 TKU grab at Copan-1-16, station 011, DGPS position 43°55.1923N 60°31.7360W

1537  van Veen grab at Copan-1-16, station 012, DGPS position 43°55.1982N 60°31.7199W

1549  Camera at Copan-1-16, station 013, DGPS position 43°55.1871N 60°31.7319W

1623  Camera at Copan-1-15, station 014, DGPS position 43°55.3651N 60°31.9786W

1634  van Veen grab at Copan-1-15, station 015, DGPS position 43°55.3654N 60°31.9659W

1700  van Veen grab at Copan-1-14, station 016, DGPS position 43°55.5473N 60°32.2298W

1714  Camera at Copan-1-14, station 017, DGPS position 43°55.5569N 60°32.2293W

1750 IKU grab at Copan-1-14, station 018, DGPS position 43°55.5521N 60°32.2249W

1818  Camera at Copan-1-13, station 019, DGPS position 43°55.6866N 60°32.4217W
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1826  van Veen grab at Copan-1-13, station 020, DGPS position 43°55.6823N 60°32.4371W

1845  van Veen grab at Copan-1-12, station 021, DGPS position 43°55.7718N 60°32.5522W

1858 Camera at Copan-1-12, station 022, DGPS position 43°55.7751N 60°32.5392W

1935 IKU grab at Copan-1-12, station 023, DGPS position 43°55.7766N 60°32.5496W

1959  Camera at Copan-1-11, station 024, DGPS position 43°55.8038N 60°32.5696W

2009 van Veen grab at Copan-1-11, station 025, DGPS position 43°55.8085N 60°32.5646W

2207  Started seismic/sidescan survey along the Copan repetitive transect, start of line 6, DGPS
position 43°55.44N 60°34.33W

2307 End of line 6, DGPS position 43°52.21N 60°36.77W
2315 Started seismic/sidescan survey along the Copan-2 sand ridge transect, start of line 7,

DGPS position 43°52.19N 60°37.34W

July 15/DY 197, Saturday

0008 End of line 7 and start of line 8, transit line between sand ridge transects Copan-2 and
Copan-1, DGPS position 43°56.022N 60°39.45W

0049  End of line 8; start of line 9, sand ridge transect Copan-1, DGPS position 43°57.64N
60°35.12W

0146 End of line 9 and start of line 10, West Bar region survey, DGPS position 43°54.22N
60°30.27W

0852 End of line 14, DGPS position 44°02.50N 60°19.80W; Terminated survey at West Bar
region, in total 5 lines (10 to 14) were done.

1107 Resumed sampling/coring/camera at Copan-1 transect;
van Veen grab at Copan-1-10, station 026, DGPS position 43°55.8203N 60°32.6018W

1119 Camera at Copan-1-10, station 027, DGPS position 43°55.8227N 60°32.608 LW

1133 IKU grab at Copan-1-10, station 028, DGPS position 43°55.8171N 60°32.6142W

1158  Camera at Copan-1-9, station 029, DGPS position 43°55.8898N 60°32.6937W

1212 van Veen grab at Copan-1-9, station 030, DGPS position 43°55.8870N 60°32.6939W

1259  van Veen grab at Copan-1-8, station 031, DGPS position 43°55.9876N 60°32.8361W

1312 Camera at Copan-1-8, station 032, DGPS position 43°55.9890N 60°32.8325W; Probably
failed in five tries.

1324 IKU grab at Copan-1-8, station 033, DGPS position 43°55.9845N 60°32.8462W

1343 Camera at Copan-1-8 (repeat), station 034, DGPS position 43°55.9908N 60°32.8420W

1402  Camera at Copan-1-7, station 035, DGPS position 43956.1458N 60°33.0772W

1412 van Veen grab at Copan-1-7, station 036, DGPS position 43°56.1475N 60°33.0789W

1710  van Veen grab at Copan-1-6, station 037, DGPS position 43°56.2545N 60°33.2054W

1722 Camera at Copan-1-6, station 038, DGPS position 43°56.2449N 60°33.2094W

1738  Camera at Copan-1-5, station 039, DGPS position 43°56.3903N 60°33.4197W

1747  van Veen grab at Copan-1-5, station 040, DGPS position 43°56.3873N 60°33.3969W

1805 van Veen grab at Copan-1-4, station 041, DGPS position 43°56.5186N 60°33.5750W

1817 Camera at Copan-1-4, station 042, DGPS position 43956.5180N 60°33.5800W

1836 Camera at Copan-1-3, station 043, DGPS position 43°56.6412N 60°33.7590W

1845  van Veen grab at Copan-1-3, station 044, DGPS position 43°56.6392N 60°33.7577W

1905 van Veen grab at Copan-1-2, station 045, DGPS position 43%56.7627N 60°33.9162W

1929  Camera at Copan-1-2, station 046, DGPS position 43°56.7625N 60°33.9217W

1940 IKU grab at Copan-1-2, station 047, DGPS position 43°56.7727N 60°33.9285W

2008 Camera at Copan-1-1, station 048, DGPS position 43°56.8648N 60°34.0691W

2018 van Veen grab at Copan-1-1, station 049, DGPS position 43°56.865 1N 60°34.0727W

2032 IKU grab at Copan-1-4, station 050, DGPS position 43°56.5165N 60°33.5993W
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2048 IKU grab at Copan-1-6, station 051, DGPS position 43°56.2690N 60°33.2021W; Sampling
stopped and steamed to South Sable for night survey.

2254  Seismic/sidescan survey along sand ridge transect South Sable-3, start of line 101a, DGPS
position 43°53.8 IN 60°07.73W

2339  End of line 101a, DGPS position 43°51.92N 60°03.78W

July 16/DY 198, Sunday

0031  Start of line 104a, sand ridge transect South Sable-2, DGPS position 43°53.47N 60°04.11W

0110  End of line 104a, DGPS position 43°54.88N 60°07.35W

0136  Start of line 105, South Sable region survey, DGPS position 43°54.89N 60°07.86W

0236 End of line 105, DGPS position 43°54.86N 60°00.19W

0245  Start of line 106, South Sable region survey, DGPS position 43°54.51N 59°59.41W

0322  End of line 106, DGPS position 43°51.8939N 59°59.3482W

0344  Start of line 102a, sand ridge transect South Sable-4, DGPS position 43%52.1913N
59959.3279W

0447  End of line 102a, DGPS position 43°54.7725N 60°04.4373W

0511  Start of line 103a, sand ridge transect South Sable-1, DGPS position 43°54.6345N
60°05.4599W

0539  End of line 103a, DGPS position 43°53.7286N 60°03.2605W

0552  Start of line 109, South Sable region survey, DGPS position 43°53.1674N 60°02.4207W

0620 End of line 109 and start of line 108, South Sable region survey, DGPS position
43°53.0921N 59°59.9001W

0718 End of line 108, DGPS position 43952.9860N 59°54.5929W. Terminated seismic/sidescan
survey and steamed to Copan site for sampling/coring.

1043  van Veen grab at Copan-2-2, station 052, DGPS position 43°54.9985N 60°38.9002W

1057 Camera at Copan-2-2, station 053, DGPS position 43°56.8648N 60°34.069 W

1114  Camera at Copan-2-3, station 054, DGPS position 43°54.7679N 60°38.7645W

1122 van Veen grab at Copan-2-3, station 055, DGPS position 43°54.7673N 60°38.7648W

1137  van Veen grab at Copan-2-4, station 056, DGPS position 43°54.6465N 60°38.7007W

1148  Camera at Copan-2-4, station 057, DGPS position 43°54.6467N 60°38.6982W

1158 IKU grab at Copan-2-4, station 058, DGPS position 43°54.6453N 60°38.6877W

1224  Camera at Copan-2-6, station 059, DGPS position 43°54.6046N 60°38.6797W

1235  van Veen grab at Copan-2-6, station 060, DGPS position 43°54.5992N 60°38.6701W

1347  Vibrocore at Copan-1-1, station 061, DGPS position 43°56.8556N 60°34.07 12W

1550  Vibrocore at Copan-1-4, station 062, DGPS position 43°56.5166N 60°33.5745W

1705  Vibrocore at Copan-1-8, station 063, DGPS position 43°55.9898N 60°32.8448W

1812 van Veen grab at Copan-2-7, station 064, DGPS position 43°54.5021N 60°38.6166W

1826  Camera at Copan-2-7, station 065, DGPS position 43°54.5021N 60°38.6253W

1837  IKU grab at Copan-2-7, station 066, DGPS position 43°54.5035N 60°38.6275W

1912 Camera at Copan-2-8, station 067, DGPS position 43°54.3668N 60°38.5512W

1922 van Veen grab at Copan-2-8, station 068, DGPS position 43°54.3707N 60°38.5529W

1941  van Veen grab at Copan-2-9, station 069, DGPS position 43°54.2403N 60°38.4739W

1955  Camera at Copan-2-9, station 070, DGPS position 43°54.2398N 60°38.4814W

2015 IKU grab at Copan-2-11, station 071, DGPS position 43°54.0263N 60°38.3696W

2126  Camera at Copan-2-11, station 072, DGPS position 43°54.0252N 60°38.3529W

2133 van Veen grab at Copan-2-11, station 073, DGPS position 43°54.0260N 60°38.3531W;
Stopped sampling/coring and steamed to South Sable area for night survey.
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July 17/DY 199, Monday
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Start of line 201, South Sable region, DGPS position 43°53.08N 60°00.08 W

End of line 201, DGPS position 43°52.96N 59°53.62W

Start of line 202, South Sable region, DGPS position 43°51.89N 59°55.44W

End of line 202 and start of line 203, South Sable region, DGPS position 43°54.51N
59955.96W

End of line 203 and start of line 204, South Sable region, DGPS position 43°54.0153N
60°06.968 1W

End of line 204 and start of line 205, South Sable region, DGPS position 43°51.3758N
60°09.5286W

End of line 205, DGPS position 43°51.3618N 59°57.5622W; Stopped night survey and
steamed back to Copan site for sampling/coring.

van Veen grab at Copan-2-13, station 074, DGPS position 43°53.8995N 60°38.2730W
Camera at Copan-2-13, station 075, DGPS position 43°53.9104N 60°38.2737W
Camera at Copan-2-14, station 076, DGPS position 43°53.8756N 60°38.2899W

van Veen grab at Copan-2-14, station 077, DGPS position 43°53.8576N 60°38.2422W
IKU grab at Copan-2-14, station 078, DGPS position 43°53.8524N 60°38.2552W

van Veen grab at Copan-2-15, station 079, DGPS position 43°53.7527N 60°38.1939W
Camera at Copan-2-15, station 080, DGPS position 43°53.7377N 60°38.2390W
Camera at Copan-2-16, station 081, DGPS position 43°53.6953N 60°38.1682W

van Veen grab at Copan-2-16, station 082, DGPS position 43°53.6807N 60°38.1730W
IKU grab at Copan-2-16, station 083, DGPS position 43°53.6776N 60°38.1622W

van Veen grab at Copan-2-17, station 084, DGPS position 43°53.5982N 60°38.1315W
Camera at Copan-2-17, station 085, DGPS position 43°53.5836N 60°38.1592W
Camera at Copan-2-18, station 086, DGPS position 43°53.48 14N 60°38.0599W

van Veen grab at Copan-2-18, station 087, DGPS position 43°53.4628N 60°38.0652W
Sampling/coring along South Sable (SS) sand ridge transect 3;

IKU grab at SS-3-1, station 088, DGPS position 43°53.3358N 60°06.6719W

van Veen grab at SS-3-1, station 089, DGPS position 43°53.3352N 60°06.6672W
Camera at SS-3-1, station 090, DGPS position 43°53.3333N 60°06.6482W

Camera at SS-3-2, station 091, DGPS position 43°53.3155N 60°06.6410W

van Veen grab at SS-3-2, station 092, DGPS position 43°53.3145N 60°06.6395W

IKU grab at SS-3-3, station 093, DGPS position 43°53.3023N 60°06.6029W

van Veen grab at SS-3-3, station 094, DGPS position 43°53.2999N 60°06.61 12W
Camera at SS-3-3, station 095, DGPS position 43°53.2920N 60°06.6123W; Stopped
sampling/coring and steamed toward Thebaud for seismic/sidescan survey.

Start of line 302, tie-line from SOEP gas field Thebaud to Alma, DGPS position 43°51.58N
60°12.83W

July 18/DY200, Tuesday

0405
0422

0534

End of line 302, DGPS position 43°35.1607N 60°41.6150W

Start of line 302b, tie-line from SOEP gas field Alma to Glenelg, DGPS position
43°35.6588N 60°40.3370W

End of line 302b and start of line 401a, continuation of the tie-line from Alma to Glenelg,
DGPS position 43°36.6067N 60°32.8900W

End of line 401a, DGPS position 43°37.9559N 60°21.0032W; Stopped night survey and
steamed to Copan site for vibrocoring.

Vibrocore at Copan-2-21, station 096, DGPS position 43°53.0273N 60°37.8073W
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1207 Vibrocore at Copan-2-22, station 097, DGPS position 43°52.6671N 60°37.6276W

1317  Vibrocore at Copan-2-26, station 098, DGPS position 43°52.0959N 60°37.2808W; No
sample, catcher damaged.

1412 Vibrocore at Copan-2-26 repeat, station 099, DGPS position 43°52.0898N 60°37.2831W; No
sample, catcher damaged again.

1630  Camera at SS-3-4, station 100, DGPS position 43°53.2592N 60°06.4903W

1639  van Veen grab at SS-3-4, station 101, DGPS position 43°53.2407N 60°06.5035W

1651  IKU grab at SS-3-4, station 102, DGPS position 43°53.2534N 60°06.4932W

1719 van Veen grab at SS-3-5, station 103, DGPS position 43°53.2338N 60°06.4566W

1730 Camera at SS-3-5, station 104, DGPS position 43953.2272N 60°06.4623W

1741  Camera at SS-3-6, station 105, DGPS position 43°53.2076N 60°06.4075W

1748  van Veen grab at SS-3-6, station 106, DGPS position 43°53.2144N 60°06.4058W

1833  van Veen grab at SS-3-7, station 107, DGPS position 43°53.1904N 60°06.3512W

1844  Camera at SS-3-7, station 108, DGPS position 43°53.1869N 60°06.3557W

1854  IKU grab at SS-3-7, station 109, DGPS position 43°53.1893N 60°06.3636W

1920  Camera at SS-3-8, station 110, DGPS position 43953.1678N 60°06.3100W

1927  van Veen grab at SS-3-8, station 111, DGPS position 43°53.1662N 60°06.3095W

1941  van Veen grab at SS-3-9, station 112, DGPS position 43°53.1446N 60°06.2555W

1953 Camera at SS-3-9, station 113, DGPS position 43°53.1255N 60°06.2499W

2013  IKU grab at SS-3-9, station 114, DGPS position 43°53.1385N 60°06.2453W

2034  Camera at SS-3-10, station 115, DGPS position 43°53.1036N 60°06.1816W

2045  van Veen grab at SS-3-10, station 116, DGPS position 43°53.1029N 60°06.1857W;
Sampling/coring stopped and steamed toward Thebaud for seismic/sidescan survey.

2154  Start of line 402b, tie-line from SOEP gas field Thebaud to Glenelg, DGPS position
43°52.1867N 60°11.2626W

July 19/DY201, Wednesday

0117  End of line 402b, DGPS position 43°38.65N 60°08.33W

0238  Start of line 401b, the remainder of the tie-line from Glenelg to Alma, DGPS position
43°39.45N 60°07.73W

0436  End of line 401b, DGPS position 43°37.9963N 60°21.0196W

0509  Start of line 1000, grid/circle surveys south of Alma-Glenelg, DGPS position 43°35.6032N
60°20.9027W

0816  End of line 1000, DGPS position 43°35.7898N 60°20.5544W; Terminated seismic/sidescan
survey and returned South Sable for sampling/coring.

0959  van Veen grab at SS-3-11, station 117, DGPS position 43°53.0709N 60°06.1443W

1011  Camera at SS-3-11, station 118, DGPS position 43°53.0902N 60°06.1289W

1025 Camera at SS-3-12, station 119, DGPS position 43°53.0607N 60°06.0957W

1033 van Veen grab at SS-3-12, station 120, DGPS position 43°53.0564N 60°06.093 [ W

1046  IKU grab at SS-3-12, station 121, DGPS position 43°53.0608N 60°06.0898W

1102 van Veen grab at SS-3-17, station 122, DGPS position 43952.8824N 60°05.7348W

1118 Camera at SS-3-17, station 123, DGPS position 43°52.876 1N 60°05.7122W

1132 Camera at SS-3-16, station 124, DGPS position 43°52.8903N 60°05.7533W

1139  van Veen grab at SS-3-16, station 125, DGPS position 43°52.8907N 60°05.7543W

1150 IKU grab at SS-3-16, station 126, DGPS position 43°52.8895N 60°05.7403W

1213 van Veen grab at SS-3-15, station 127, DGPS position 43°52.9267N 60°05.8192W

1225  Camera at SS-3-15, station 128, DGPS position 43°52.9305N 60°05.8 18 1W

1303  Camera at SS-3-14, station 129, DGPS position 43°52.9852N 60°05.9200W
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1314 van Veen grab at SS-3-14, station 130, DGPS position 43°52.9786N 60°05.9259W

1326 IKU grab at SS-3-14, station 131, DGPS position 43°52.9887N 60°05.9337W

1418  van Veen grab at SS-3-13, station 132, DGPS position 43°53.033 1N 60°06.0320W

1436 Camera at SS-3-13, station 133, DGPS position 43°53.0249N 60°06.0161W

1525  Camera at SS-3-18, station 134, DGPS position 43°52.8700N 60°05.6616W

1541  van Veen grab at SS-3-18, station 135, DGPS position 43°52.8603N 60°05.6916W

1607 IKU grab at SS-3-18, station 136, DGPS position 43°52.8489N 60°05.6651W

1627  van Veen grab at SS-3-19, station 137, DGPS position 43°52.8379N 60°05.6101W

1636 Camera at SS-3-19, station 138, DGPS position 43°52.8379N 60°05.6210W

1647  Camera at SS-3-20, station 139, DGPS position 43°52.8272N 60°05.5857W

1712 IKU grab at SS-3-20, station 140, DGPS position 43°52.8326N 60°05.6100W; Stopped
sampling/coring and steamed to Brandal Basin for seismic/sidescan survey.

2130  Start of line Brandal 12, survey line in the deep channel of Brandal Basin, DGPS position
44°02.39N 60°20.75W

July 20/DY202, Thursday

0322  End of line Brandal 12 and start of line Brandal 13, continued survey in the deep channel of
Brandal Basin, DGPS position 44°14.8960N 60°08.0004W

0530  End of line Brandal 13, DGPS position 44°05.3018N 60°11.2944W; Terminated night survey
and streamed back to South Sable to continue sampling/coring.

1000  van Veen grab at SS-3-20, station 141, DGPS position 43°52.8164N 60°05.5920W

1037  van Veen grab at SS-1-13, station 142, DGPS position 43°54.1378N 60°04.2657W

1109 Camera at SS-1-13, station 143, DGPS position 43°54.1376N 60°04.2815W

1110 Camera at SS-1-12, station 144, DGPS position 43°54.1407N 60°04.2830W

1122 Camera at SS-1-11, station 145, DGPS position 43°54.153 1N 60°04.2954W

1130  Camera at SS-1-12, station 146, DGPS position 43°54.1487N 60°04.2897W

1154 Camera at SS-1-7, station 147, DGPS position 43°54.2180N 60°04.4638W; Due to complex
winds and currents, difficult to maintain station. Thus a series of 21 shots were taken at
several stations while Hudson drifted along the transect.

1159 Camera at SS-1-8, station 147, DGPS position 43°54.2050N 60°04.4301W

1202 Camera at SS-1-9, station 147, DGPS position 43°54.1903N 60°04.4035W

1205 Camera at SS-110, station 147, DGPS position 43°54.1646N 60°04.3553W

1221  Camera at SS-1-1, station 147, DGPS position 43°54.3264N 60°04.7568W

1222 Camera at SS-1-2, station 147, DGPS position 43°54.3363N 60°04.7424W

1224  Camera at SS-1-3, station 147, DGPS position 43°54.3221N 60°04.7141W

1227 Camera at SS-1-4, station 147, DGPS position 43954.2926N 60°04.6710W

1229  Camera at SS-1-3, station 147, DGPS position 43°54.2848N 60°04.6337W

1233 Camera at SS-1-6, station 147, DGPS position 43°54.2666N 60°04.5868W

1259  van Veen grab at SS-1-1, station 148, DGPS position 43°54.3482N 60°04.7604W

1307  van Veen grab at SS-1-2, station 149, DGPS position 43°54.3265N 60°04.7347W

1310 van Veen grab at SS-1-3, station 150, DGPS position 43°54.3144N 60°04.7189W

1314  van Veen grab at SS-1-4, station 151, DGPS position 43°54.2966N 60°04.6660W

1317  van Veen grab at SS-1-5, station 152, DGPS position 43°54.2761N 60°04.6190W

1322 van Veen grab at SS-1-6, station 153, DGPS position 43°54.2620N 60°04.5842W

1328  van Veen grab at SS-1-7, station 154, DGPS position 43°54.2219N 60°04.4747W

1332 van Veen grab at SS-1-8, station 155, DGPS position 43954.2025N 60°04.4196W

1337  van Veen grab at SS-1-9, station 156, DGPS position 43°54.1942N 60°04.4009W

1342 van Veen grab at SS-1-10, station 157, DGPS position 43°54.1669N 60°04.3393W
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1346 van Veen grab at SS-1-11, station 158, DGPS position 43°54.1386N 60°04.3092W
1350  van Veen grab at SS-1-12, station 159, DGPS position 43°54.1486N 60°04.2846W
1357 IKU grab at SS-1-11, station 160, DGPS position 43°54.1538N 60°04.3059W
1412 IKU grab at SS-1-9, station 161, DGPS position 43°54.1886N 60°04.3983W

1428  IKU grab at SS-1-7, station 162, DGPS position 43°54.2280N 60°04.4786W

1437  IKU grab at SS-1-5, station 163, DGPS position 43°54.0779N 60°04.6300W

1452 IKU grab at SS-1-2, station 164, DGPS position 43°54.3165N 60°04.7078W

1617  Vibrocore at SS-2-5, station 165, DGPS position 43°52.1556N 60°05.7049W

1740  Vibrocore at SS-2-12, station 166, DGPS position 43°53.9449N 60°05.2735W

7. PRELIMINARY RESULTS
7.1 van Veen Grab

The van Veen grab sampler was deployed at every sampling station except for two virbrocore sites.
The sampler worked well and never failed to retrieve suitable bottom sediment samples. A total of 67 van
Veen grab samples were collected along six sand ridge profiles. The station numbers of the van Veen
grabs and their profile locations are listed in Tables 2 and 3. Details of the van Veen grabs and their
surface subsamples can be found in Appendices 2 and 3. Fig. 7 shows the morphological locations of the
grab samples (lower row of numbers) along the cross-section profiles of the sand ridges. The surface
subsamples from each grab samples have been submitted to GSCA SedLab for grain size analysis.

7.2 Benthos Camera

The Benthos camera functioned well with no apparent faults. Occasionally it mis-triggered
apparently due to constant dragging of the trigger vane/weight when drift of the ship or tidal currents
prevented a strictly vertical drop of the camera. Also, the camera pinger occasionally failed to register on
the hydrophone, such that a positive indication of camera depth and triggering was not always possible.
This was probably due to excessive propeller wash under less than ideal weather or under strong
currents. High winds plus strong tidal currents on July 20 (day 202) made it extremely difficult for the
ship to maintain position to do camera stations. After discussion with the ship’s bridge, it was decided
that the ship’s heading and speed would be adjusted according to the wind and tidal current conditions
and then Hudson was allowed to drift along the South Sable 1 transect. The camera was left in the water
during this drift and a series of 21 shots were taken at stations SS-1 to SS-10 (stations 147a-j in Table 3)
without lifting the camera to the winch room.

As for van Veen grabs, the BIO Benthos camera was also used at each station. Two shots were
generally taken in each drop. A total of 60 camera stations were conducted. The camera station numbers,
their profile locations and corresponding planned station numbers are also listed in Tables 2 and 3.
Details of the camera stations are given in Appendix 4. Fig. 7 shows the morphological locations of the
camera stations (middle row of numbers) along the cross-section profiles of the sand ridges.

Seabed photos collected along sand-ridge transects indicate that water depth and hydrodynamics may
determine certain patterns of variations of small-scale bedforms. Fig. 8 displays the seabed photos
collected along the CoPan 1A sand ridge profile. The seabed in the stoss-side trough (34 m depth) was
covered by organic rich, bioturbated fine sediment with plenty of sand dollars (photo A in Fig. 8). At
both the lower stoss and lower lee flanks (32 m depth), seabed changed to rounded inactive wave (photo
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Table 2 List of planned station numbers, cruise station numbers, approximate water depth, and
profile locations of van Veen grab, IKU grab, bottom camera and vibrocores along sand-ridge
profiles at the Co-Pan site.

Planned Cruise station numbers Depth Location on sand ridge
Station # van Veen IKU  Camera Vibrocore (m) profile
Copan 1A

copan-1-1 049 048 061 34 trough

copan-1-2 045 047 046 32 lower stoss flank
copan-1-3 044 043 30 middle stoss flank
copan-1-4 041 050 042 062 29 middle stoss flank
copan-1-5 040 039 24 upper stoss flank
copan-1-6 037 051 038 23 crest

copan-1-7 036 035 25 upper lee flank
copan-1-8§ 031 033 034 063 27 middle lee flank
copan-1-9 030 029 30 lower-middle lee flank
copan-1-10 026 028 027 32 lower lee flank

Copan 1B

copan-1-11 025 024 34 trough

copan-1-12 021 023 022 34 lower stoss flank (or trough)
copan-1-13 020 019 29 lower stoss flank
copan-1-14 016 018 017 27 middle stoss flank
copan-1-15 015 014 25 upper-middle stoss flank
copan-1-16 012 (0201 013 26 crest

copan-1-17 010 009 29 upper lee flank
copan-1-18 006 008 007 29 middle lee flank
copan-1-19 005 004 31 lower-middle lee flank
copan-1-20 001 003 002 34 lower lee flank (or trough)
Copan 2

copan-2-2 052 033 37 crest of secondary ridge
copan-2-3 055 054 39 trough

copan-2-4 056 058 057 35 lower stoss flank
copan-2-6 060 059 34 lower middle stoss flank
copan-2-7 064 066 065 32 middle stoss flank
copan-2-8§ 068 067 33 middle stoss flank
copan-2-9 069 070 32 upper-middle stoss flank
copan-2-11 073 071 072 32 crest

copan-2-13 074 075 33 upper lee flank
copan-2-14 077 078 076 33 upper-middle lee flank
copan-2-15 079 080 37 middle lee flank
copan-2-16 082 083 081 41 lower-middle lee flank
copan-2-17 084 085 44 lower lee flank
copan-2-18 087 086 44 trough




Table 3 List of planned station numbers, cruise station numbers, approximate water depth, and
profile locations of van Veen grab, IKU grab, and bottom camera along sand-ridge profiles at the

South Sable site.

Planned Cruise station number Depth Location on sand

Station # van Veen [KU Camera (m) ridge profile

South Sable 1

ss-1-1 148 147e 25 trough

ss-1-2 149 164 147 24 lower western flank

ss-1-3 150 147¢ 24 lower western flank

ss-1-4 151 147h 23 middle western flank
ss-1-5 152 163 1471 22 upper-middle western flank
ss-1-6 153 147j 22 upper western flank

ss-1-7 154 162 147a 22 crest

ss-1-8 155 147b 22 upper eastern flank

ss-1-9 156 161 147c 22 upper-middle eastern flank
ss-1-10 157 147d 25 middle eastern flank
ss-1-11 158 160 145 26 lower-middle eastern flank
ss-1-12 159 144/146 26 lower eastern flank
ss-1-13 142 143 26 trough

South Sable 3A

ss-3-1 089 088 090 29 trough

§s-3-2 092 091 29 lower-middle lee flank
ss-3-3 094 093 095 28 upper-middle lee flank
ss-3-4 101 102 100 27 crest

$s-3-5 103 104 28 upper stoss flank

§5-3-6 106 105 28 upper-middle stoss flank
$s-3-7 107 109 108 29 upper-middle stoss flank
§5-3-8 111 110 30 middle stoss flank

§5-3-9 112 114 113 31 lower-middle stoss flank
ss-3-10 116 115 32 lower stoss flank (or trough)
South Sable 3B

ss-3-11 117 118 34 trough

§s-3-12 120 121 119 33 lower stoss flank

ss-3-13 132 133 32 middle stoss flank

ss-3-14 130 131 129 30 middle stoss flank

ss-3-15 127 128 29 upper stoss flank

ss-3-16 125 124 29 crest

ss-3-17 122 126 123 29 crest or upper lee flank
ss-3-18 135 136 134 30 upper-middle lee flank
ss-3-19 137 138 31 lower-middle lee flank
ss-3-20 141 140 139 31 lower lee flank

S
W



Fig. 7 Morphological locations of the van Veen grab (lower row of numbers), bottom camera (middle
row of numbers) and IKU grab stations (upper row of numbers) along sand-ridge transects at (a)
CoPan site and (b) South Sable site.
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Fig. 8 Seabed photos collected along Copan 1A sand ridge profile. (A): station 48, stoss-side trough
(see Fig. 7A); (B): station 46, lower stoss flank; (C): station 43, middle stoss flank; (D): station
39, upper stoss flank; (E): station 38, crest; (F): station 35, upper lee flank; (G): station 34,
middle lee flank; (H) station 29, lower-middle lee flank; and (I) station 27, lower lee flank. The
diameter of the compass is about 10 cm.



Fig. 8 A (upper): Station 48, stoss-side trough; B (lower): Station 46, lower stoss flank



Fig. 8 C (upper): Station 43,

middle-stoss flank; D (lower): Station 39, upper stoss flank



Fig. 8 E (upper): Station 38, crest; F (lower): Station 35, upper lee flank
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Fig. 8 G (upper): Station 34, middle lee flank; H (lower): Station 29, lower-middle lee flank




Fig. 8 I: Station 27, lower lee flank



B) or current (photo I) ripples with a surficial dusting of fine sediment. As we move up to the middle to
upper-middle stoss or lee flanks (depths 25-30 m), sinuous current ripples became dominant (photos C, F,
G and H in Fig. 8). Water depth decreased to a minimum of 23 m over the ridge crest. Sediment became
finer and bedforms had changed into 3-D linguoid current ripples (photos D and E of Fig. 8). A similar
bedform pattern was also observed along the CoPan 1B profile.

At the deeper CoPan 2 site (depths ranging from 32 to 44 m), a slightly different pattern of bedform
variation was found. In the stoss-side trough, the seabed was characterized by a brownish, bioturbated
bed covered by a thin layer of fine sediment (photo A in Fig. 9). On the lower and middle stoss flank
(photos B and C in Fig. 9), small current ripples had developed in a thin layer of fine sand on top of the
larger, but inactive, bedforms with the bioturbated brownish surface. On the upper stoss flank (photo D in
Fig. 9), the small current ripples changed into better-developed sinuous current ripples with wavelength
of about 20 cm. Over the ridge crest, the 2-D current ripples had further developed into 3-D linguoid
current ripples and the brownish surface has been completely covered or reworked (photo E of Fig. 9).
As we descend on the lee flank of the ridge, active current ripples were again replaced by a thin layer of
fine sediment on top of the bioturbated brownish bed on the middle lee flank (photo F of Fig. 9). On the
lower lee flank and in the lee-side trough (photos G and H of Fig. 9), the seabed was once again covered
by a thin layer of fine sediment over the bioturbated brownish surface.

The seabed photos collected along the South Sable 3 sand-ridge profiles (depths 27 - 34 m) showed a
similar bedform variation pattern to that at the CoPan 2 site (Fig. 10). The only exception is that straight
wave ripples instead of current ripples developed over the sand ridge crest at the South Sable 3 site (D
and E of Fig. 10). Water depth at the South Sable 1 profile was much shallower, ranging from only 22 to
26 m, and bedforms along this profile (Fig. 11) were significantly different - the seabed was dominated
by straight or sinuous wave ripples. Sometimes small current ripples were also found to be running
obliquely in the troughs of the wave ripples (F, H, [ and G of Fig. 11).

7.3 IKU Grab Sampler

The large IKU grab sampler worked reasonably well in this cruise and consistently recovered 50% to
95% full buckets, allowing two or three sediment peels to be produced for each IKU sample. The IKU
sampler was used approximately at every other planned sampling station. Thus a total of 30 IKU grabs
were taken. The IKU station numbers, their profile locations and corresponding planned station numbers
are also listed in Tables 2 and 3. Details of the IKU stations and their surface/peel subsamples are given
in Appendices 2 and 3. The morphological positions of the IKU stations were also shown in Fig. 7 (the
upper row of numbers). Turbid water that spilled over the top of IKU and examination of the surface of
the IKU samples indicated that to some degree surficial erosion occurred during recovery of the IKU
sampler. Rubber covers, as used in some previous cruises, possibly could reduce this erosion (though it
may slow down the sampling process). As observed in previous cruises, driving down the box core trays
into the IKU samples sometimes can be difficult and more innovative methods for quicker pushing down
of trays are desirable.

Station keeping at +20 m tolerance was deemed necessary so that the actual sample position in
relation to bedforms of 30-50 m wavelength was known. This was often difficult under even moderate
wind and current conditions. A better approach might be to use the BIO Video Grab and Tow Cam to
replace the van Veen grab and Benthos camera. This way, the local lateral variation in bedforms might be
better represented.



Fig. 9 Seabed photos collected along Copan 2 sand ridge profile. (A): station 54, trough (see Fig. 7TA);
(B): station 57, lower stoss flank; (C): station 59, lower middle stoss flank; (D): station 70, upper
middle stoss flank; (E): station 72, crest; (F): station 80, middle lee flank; (G): station 85, lower

lee flank; (H) station 86, trough.



Fig. 9 A (upper): Station 54, trough; B (lower): Station 57, lower stoss flank



Fig. 9 C (upper): Station 59, lower-middle stoss flank; D (lower): Station 70, upper-middle stoss flank




Fig. 9 E (upper): Station 72,

crest; F (lower): Station 80, middle lee flank



Fig. 9 G (upper): Station 85, lower lee flank; H (lower): Station 86, trough




Fig. 10 Seabed photos collected along South Sable 3B (SS-3B) sand-ridge profile. (A): station 118,
trough (see Fig. 7B); (B): station 119, lower stoss flank; (C): station 129, middle stoss flank; (D):
station 128, upper stoss flank; (E): station 124, crest; (F): station 123, crest/upper lee flank; (G):
station 134, upper-middle lee flank; (H) station 139, lower lee flank.
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Fig. 10 A (upper):

Station 118, trough; B (lower): Station 119, lower stoss flank



Fig. 10 C (upper): Station 129, middle stoss flank; D (lower): Station 128, upper stoss flank



Fig. 10 E (upper): Station 124, crest; F (lower): Station 123, crest/upper lee flank



Fig.

10 G (upper): Station 134, upper-middle lee flank; H (lower): Station 139, lower lee flank



Fig. 11 Seabed photos collected along South Sable 1 (SS-1) sand-ridge profile. (A): station 147, trough
(see Fig. 7B); (B): station 147, lower western flank; (C): station 147, lower western flank; (D):
station 147, middle western flank; (E): station 147, upper-middle western flank; (F): station 147,
crest; (G): station 147, upper-middle eastern flank; (H) station 145, lower-middle eastern flank; (D)

station 144, upper eastern flank; and (J) station143, trough.
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Fig. 11 A (upper): Station 147, trough; B (lower): Station 147, lower western flank



Fig. 11 C (upper): Station 147, lower western flank; D (lower): Station 147, middle western flank



Fig. 11 E (upper): Station 147, upper-middle western flank; F (lower): Station 147, crest



Fig. 11 G (upper): Station 147, upper-middle eastern flank;
H (lower): Station 145, lower-middle lee flank



Fig. 11 I (upper): Station 144, upper eastern flank; J (lower): Station 143, trough




7.4 Resin Peels

A total of 59 resin peels were obtained from 30 IKU grab samples. The resin peels displayed various
structures, ranging from cross bedding, through parallel laminations, to hummocky cross stratifications
(HCS).

At CoPan 1A site, the sedimentary structure of the lower stoss/western trough (station 47, Fig. 12A)
is characterized by parallel laminations and low-angle cross laminations at the bottom. This is cut and
overlain by HCS which change to sections of parallel laminations that in turn are overlain by ripple cross
stratifications and trough cross laminations. The zig-zag ‘fault’ structure at the mid-right area of the B-F
peel (upper photo in Fig. 12A) was caused by disturbance during sampling. At the mid-stoss station
(station 50, Fig. 12B), the lower portion of the peel shows medium to high angle cross bedding that are
overlain by HCS and swaley bedding. The structure at the sand ridge crest (station 51, Fig. 12C) is
characterized by medium-coarse sand, low-angle cross bedding that changes into fine-medium sand,
parallel/low angle cross bedding with occasional trough cross bedding. The peels of the mid-lee flank
(station 33, Fig. 12D) show high angle cross bedding that changes into HCS, which is then cut/overlain
by swaley bedding and ripple cross bedding. The sedimentary structures at the lower lee flank (station
28, Fig. 12E) are characterized by cross bedding and HCS in the lower section. These are overlain by
parallel laminations with a reworked layer at the top. The sedimentary structures at the deeper CoPan 2
site (Fig. 13) show similar patterns as that of CoPan 1 sites, except that the grain size has become finer,
and HCS are smaller and occur less frequently.

Figure 14 shows the resin peels collected along the South Sable 1 sand ridge transect. This is a sand
ridge with nearly symmetrical profile (see Fig. 7b). The resin peel taken from the lower western flank
(station 164, Fig. 14A) shows high angle cross bedding at the bottom and this changes upward to low
angle cross bedding. The predominant structure at the upper-middle western flank (station 163, Fig. 14B)
is low angle cross bedding inter-bedded with parallel laminations. At the ridge crest (station 162, Fig.
14C), the sedimentary structures are characterized by swaley bedding (or HCS?) in the middle section
that is sandwiched by low-angle cross bedding in both the lower and upper peel sections. The resin peel
at the upper-middle eastern flank (station 161, Fig. 14D) displays a coarse sand lag layer at the bottom.
This changes into low angle or parallel bedding in the middle section and the top of the peel is a layer of
low angle cross laminations. At the lower eastern flank (station 160, Fig. 14E), the resin peel shows
parallel bedding at the bottom. This changes into low angle cross bedding which is overlain by swaley
bedding and HCS. The top-most section displays ripple cross and trough cross laminations.

Along the deeper South Sable 3B profile, the resin peels demonstrate the following general structure:
On the stoss flank, ridge crest and the upper lee flank, the lower section of the peel is generally
characterized by parallel or low angle cross bedding/lamination. These change into HCS in the middle
sections of the peels. The top sections often are parallel/low angle laminations or ripple cross
stratifications. At the lower lee flank, the lower part of the peels generally show ripple cross laminations
which change into parallel/low angle cross bedding/laminations in the upper part. Fig. 15 shows the resin
peels collected along the South Sable 3B sand ridge profile.

7.5 Vibrocorer
Fifteen vibrocore sites were originally planned for this cruise with the objective of better
understanding the long term episodic nature of sand ridge construction/degradation. These potential

vibrocore sites were chosen based on previous seismic profiles (cruise 85-037) and were aimed at
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Fig. 12 Photos of resin peels collected along Copan 1A sand ridge profile, south west of Sable Island.
The arrow points the top of the IKU sample. B, F indicate back/front and R, L indicate right/left

relative to the ship’s orientation.
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Fig. 12C: Station 51, sand ridge crest



S L gL
- ! [ & S R

Fig. 12D: Station 33, mid-lee flank
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Fig. 12E: Station 28, lower lee flank



Fig. 13 Photos of resin peels collected along Copan 2 sand ridge profile, south west of Sable Island.



Station 58, lower stoss flank

Fig. 13A
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Fig. 13B: Station 66, mid-stoss flank
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Fig. 13C: Station 71, sand ridge crest
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Fig. 13D: Station 78, upper-mid lee flank
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Fig. 13E: Station 83, lower-mid lee flank



Fig. 14 Photos of resin peels collected along South Sable 1 sand ridge profile.



Fig. 14A: Station 164, lower western flank
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Fig. 14B: Station 163, upper-middle western flank
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Fig. 14C: Station 162, sand ridge crest
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Fig. 14D: Station 161



lower-mid eastern flank

Fig. 14E: Station 160,



Fig. 15 Photos of resin peels collected along South Sable 3B sand ridge profile.
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lower stoss flank

ig. I5A: Station 121,

F



, middle stoss flank

Fig. 15B: Station 131



Fig. 15C: Station 126, crest/upper lee flank



Fig. 15D: Station 136, upper-mid lee flank
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Fig. 15E: Station 140, lower lee flank



penetrating to seismically-defined internal unconformities in the ridges. Due to the limited duration of the
cruise, only 8 sites were occupied and 7 cores were obtained (two trials failed to obtain any core at one
site due to damaged catchers). The planned station number, cruise station numbers, core lengths and
morphological profile locations of the vibrocores obtained in Hudson2000030A cruise are listed in Table
4 and the details of the vibrocore stations are given in Appendix 2. The locations of these vibrocores are
superimposed on the multibeam map in Fig. 2, and their morphological profile locations are shown in
Figs. 16, 17 and 20, respectively.

The vibrocore results were less than ideal in terms of core length, despite some adjustments made to
the apparatus. Still, seven cores were extracted, the longest being 199 cm. All but cores 165 and 166
were recovered using the larger (3.5") barrel. Core analysis is part of an ongoing BSc thesis at Dalhousie
University.

Table 4 List of planned station number, cruise station number, core length and morphological
profile locations of the vibrocores obtained in Hudson2000030A cruise.

Planned Vibrocore Length Profile location

Station # (cm)

copan-1-1 061 92 trough

copan-1-4 062 112 mid-stoss side

copan-1-8 063 55 mid-lee side

copan-2-21 096 168 lower-stoss side of sand ridge (mid-lee side of
the superimposed sand wave)

copan-2-22 097 59 upper-stoss side of sand ridge (crest of the
superimposed sand wave)

ss-2-5 165 140 mid-stoss side of sand ridge (crest of
superimposed sand wave)

ss-2-12 166 199 lower middle lee side of sand ridge

7.6 Seismic and Sidescan Surveys

The Simrad MS992 Dual frequency side scan sonar system worked well through the whole cruise.
Occasional paper jams were encountered on the EPC 1086 recorder. The system also suffered cable
problems at the umbilical splice near the depressor weight on two successive nights which resulted in
loss of a few hours of data, requiring re-running of one transect (Line 201). The sidescan surveys
produced good quality records for most survey lines on the bank. It was not deployed in the basin
transects because of very irregular topography, deep depths and the possibility of unmapped peaks.

No major equipment problems were experienced with the seismic collection equipment during the
cruise. Seismic data quality was judged to be excellent with little sea noise. Some consideration should
be given before the next season to the method of deployment of the Benthos eel array, more specifically,’
being able to sink the array. The towing location of the single- 6 cubic inch gun and the use of a new 50-
meter long air/ firing line functioned well. By towing the air/ firing line bundle through a roller block in
the center of the A frame next to the DTS roller block, there were no problems with tangling equipment
that had occurred in past years. This also made for easy deployment and recovery of the gun. The six
cubic inch sleeve gun proved ideal for bank and basin surveying. The NSRF streamer was filtered to
provide best near surface resolution while the Benthos 25 and 100 foot streamers provided deeper
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information on a split display. The NSRF display, on narrow paper, provided ample resolution to depict
some structure in the post-transgression section as well as good resolution to over %2 second depth. The
sleeve gun data also successfully registered the Late Wisconsinan transgression lag surface in shallow
water (across West Bar) and its truncation by small channel cut and fill.

Overall the Huntec DTS operations went well. There were some minor problems with the aging
Systems Console during the mobilization and at the start of the survey. The system was operated in
sparker mode with both internal and external (streamer) display. Generally a 1/8 second sweep on the
bank and ¥4 second sweep in basinal depths was utilized. It performed well with only minor but persistent
interruption of data collection at approximately 2 to 4 hour intervals when it failed to trigger for short
durations (minutes). Basin profiles were of excellent quality, regardless of weather, while the shallow
bank profiles are significantly degraded by heave of the streamer and a narrow time window because of
overprinting of the “surface ghost”. Nevertheless, augmented with the small sleeve gun profiles, fully
adequate registration of the geology was obtained. The Huntec sparker failed to register numerous
internal structures in the sand ridges which were successfully registered in older NSRF v-fin data.

The inventories of the seismic/sidescan survey lines, analog records and digital tapes obtained on
Hudson 200030A are given in Appendix 5.

7.6.1 Sidescan/seismic Surveys along Sand Ridge Transects

Sidescan/seismic surveys were conducted along the sand ridge transects as depicted in Fig. 2 to
determine the cross-section profiles, vertical stratigraphic structures and superposition of various small to
medium scale bedforms on the sand ridges. Examples of sidescan sonograms along the transects of
CoPan 1A, CoPan 2, South Sable 1 and South Sable 3 are shown in Figs. 16 to 19 respectively. The
bottom part of each figure shows the corresponding seabed profiles derived from existing multibeam
data, with locations of vibrocores (Figs. 16 and 17) and grabs and camera stations (Figs. 18 and 19) also
being displayed. The sidescan sonograms show the long-recognized sharp contact at the “V”” notch of the
ridge troughs due to the light-colored fine-grained sediment on the lee (eastern) flank and the dark
(highly backscattering) coarse sediment on the stoss (western) flank of the ridges (Figs. 16 to 19).
Another striking feature observed is the low relief (<10-20 cm?), obliterated(?) ‘megaripples’ that
developed over the gravelly, shelly coarse sand in the troughs and on the lower stoss flanks. These
megaripples are mostly 2-dimensional (linear, inserts of Figs. 16, 17), but sometimes 3-dimensional
(linguoid, inserts of Figs. 18 and 19). The average wavelengths of these ‘megaripples’ generally range
from 5 to 10 m. Where linear, their crests form small oblique angles to the trough axis. The very low
relief of these features is troublesome and conflicts with the concept that megaripples usually have
height/wavelength ratios at about 0.1. Thus the term ‘megaripple’ is only tentative here. In the dark bands
of these megaripples, the occurrence of large wave(?) ripples is ubiquitous (see all inserts in Figs. 16-19).
The average spacing of these large wave ripples is about 1 m and their crests are generally perpendicular
to that of the ridges and megaripples. The large wave ripples reflect wave action approximately normal to
the Sable Island shoreface and are probably reactivated regularly (storm to storm). The ‘megaripples’ are
also quite ephemeral as discussed in a later section (7.6.3) based on comparisons of sidescan bedform
patterns between different cruises.

NSREF sparker profile data collected in cruise 85-037 is superimposed on the sand ridge profile along
the CoPan 2B transect in Fig. 17. These high-quality seismic profile data demonstrate an eastward
migration pattern beginning early in the ridge development and depict at least three local ridge



Fig. 16 Sidescan sonogram and multibeam seabed profile along the CoPan 1A sand ridge profile.
Superimposed are the vibrocore locations and penetration depths.
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Fig. 17 Sidescan sonogram and multibeam seabed profile along the CoPan 2 sand ridge profile.
Superimposed are the vibrocore locations and penetration depths and the NSRF sparker seismic

data from cruise 85-037.
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Fig. 18 Sidescan sonogram and multibeam seabed profile along the South Sable 1 sand ridge transect.
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Fig. 19 Sidescan sonogram and multibeam seabed profile along the South Sable 3 sand ridge transect.
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Fig. 20 Morphological locations of vibrocores along South Sable 2 sand-ridge transect.
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re-organization phases throughout its history. Huntec sparker seismic profiles were also collected along
the sand ridge transects. Unfortunately, they did not show any discernable structures.

7.6.2 Seabed-placed Acoustic Targets for Ridge Migration Analysis

Steel barrels half-filled with concrete were deployed at six locations south of Sable Island in a 1985
cruise (see locations in Fig. 1) in order to provide reference points (acoustic targets) for bedform
migration monitoring. Surveys immediately after the deployment clearly identified some of these targets.
The sites were never visited until this cruise.

Lines 106 and 201 were positioned exactly over the 1985 survey lines. Fig. 21 compares the sidescan
images collected from these two years. The 2000 survey encountered better weather conditions and little
thermocline compared with the 1985 survey. Also, the 100 and 330 kHz 2000 data should in theory be
compatible with the older Klein 100 kHz data. Fig. 21 shows that the position of the sand ridge trough
was roughly stable during the 15 year span, plotting within 15 to 20 m of each other. Variations in the
curvature of this boundary may be due to positional and slant range corrections. Smaller features,
however, have clearly changed. The broad zones of gravel/shell hash in the troughs on the older data
display nearly E-W oriented large wave ripples (ca 1 m wavelength and hardly visible on the scanned-in
image in Fig. 21) and a very sharp boundary along the sand ridge leading edge. On the 2000 data, all the
trough zones display irregularly-shaped megaripples with a wavelength of approximately 20 m and a
resultant serrated trough boundary. Heights of these megaripples are unresolved on the Huntec profiles
and are assumed to be lower than ca 20 cm relief.

The 1985 acoustic targets were not registered in any of the 2000 sidescan imagery. If we assume that
lee side sedimentation has buried these targets, this represents a yearly average 2 to 4 m of eastward
migration of the leading edge, or 30 to 60 m over the 15 year span. An alternative explanation is that
strong erosion has occurred in the trough in association with a westward migration of the trough
boundary. This process would have lowered the barrels into the gravel lag in the trough so that their
reflection signals are drowned in the high backscatter returns of the lag deposits. In either case, migration
of several tens of meters is required. This is inconsistent with the fact that the sidescan surveys from
1985 to 2000 suggest the position change of the sand ridge trough is probably from 15 to 20 m, within the
error of navigation accuracy. Findings regarding the mobility of sand ridges are thus inconclusive.

7.6.3 Sidescan Surveys Across 1996 Ralph Site and the 1996 Transect at South Sable

Multibeam data were collected at the shallow water 1996 RALPH deployment site for two separate
years (Li et al., 1999). But no adequate sidescan coverage existed. A sidescan/seismic line (line 105a,
Fig. 1) was run over this site in this cruise. Sidescan images of excellent quality (Fig. 22) showed that the
seabed was dominated by narrow, reflective bands oriented N-S, approximately normal to the shoreline.
These correlate with similarly oriented 10 to 40 cm deep ‘gutters’ depicted on the multibeam data. These
gutters are 10 to 40 cm deep and their spacings vary between 20 and 60 m. Large wave ripples, roughly
normal to the orientation of the gutters, cover the coarse sediment on the bottom these gutters, while the
seabed between the gutters is featureless on the sidescan sonograms.

High-quality sidescan data were collected along a shore-parallel transect in the shallow water (20 m
depth) of South Sable in the Hudson 96-029 cruise. This same transect was surveyed on this cruise (Line
203, Fig. 1) to provide a repeat coverage of 3.5 year time separation. Initial comparison of the two data
sets shows that the main features such as sand ridge troughs are largely unchanged. However, most
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Fig. 21 Comparison of the 1985 and 2000 sidescan images collected at the ‘acoustic target’ site, South
Sable Island.
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Fig. 22 Sidescan image of the seabed at the shallow water 1996 RALPH deployment site, South Sable.
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details such as type and position of low-relief bedforms (linguoid megaripples and large wave ripples)
and patterns of wave-formed ripple patches in gravel/shell hash are largely unrecognizable. This implies
that the sand ridges were relatively stable, while the superimposed megaripples and large wave ripples
were mobile during this time span (under annual winter storm conditions).

7.6.4 Surveys Along Potential Pipeline Routes of SOEI Tier II Development

Seismic/sidescan surveys were conducted along potential pipeline routes in the deeper water areas of
SOEI Tier II development. These were straight lines that tied Thebaud to Alma, Alma to Glenelg, and
Glenelg to Thebaud (lines 302, 302b, 401a, 401b, and 402b in Fig. 1). Preliminary examination of these
data suggests a much more complex near surface (upper 30- 50 m) stratigraphy at Alma and Glenelg than
at shallow development sites on Sable Island Bank. A history of more direct glacial deposition and
erosion as well as sea level change gives rise to greater spatial and depth variability in sediment types
and accordingly, their geotechnical properties. Apart from this, no readily apparent engineering hazards
such as shallow gas are observed. Seismic data along these transects clearly define several regional
paleosurfaces (unconformities of King, 1999) and their similar seaward variation patterns from Thebaud
to Alma and to Glenelg. In summary, the surveys over the potential pipeline routes provided high quality
seismic data, with unprecedented definition of unit characterization and stratigraphic relationships which
will prove instrumental in constraining local glacial history while also broadly defining sediment
character and thickness along these routes.

7.6.5 Preliminary Results from Other Sidescan/Seismic Surveys

Sub-surface point sources have been observed in previously collected NSRF sparker deep tow
transects at the CoPan site, and had been interpreted as expressions of shallow gas. This was re-surveyed
(line 6 in Fig. 1) in this cruise in an attempt to reproduce the earlier results. Despite excellent weather
conditions, no indication of the point sources was registered. This, in light of failure to register other
sand ridge structures, is interpreted as a failure of the Huntec sparker to resolve such features on the
bank.

Previous Huntec and NSRF sparker profiles have defined a medium-relief, undulating surface buried
at between 15 and 25 m below seabed on the entire outer Sable Island Bank. It appears to represent the
top of a seismically homogeneous blanket deposit believed to be of glacigenic origin. The genesis of this
surface relief is critical for understanding both glacial and sea level history of the region. A tight grid
survey using the Huntec sparker was conducted near Glenelg (Glenelg grid survey in Fig. 1) to resolve
the fine scale geometry of this surface. The registration of the surface was good to fair. This coverage
will be further analyzed in the seismic interpretation program “WinPics” with an aim to better define its
geometry.

Seismic lines (lines 11 to 14 and B-12-1 in Fig. 1) were run just south and north of West Bar to fill in
a gap in seismic coverage in this area. The sleeve gun profiles successfully registered the Late
Wisconsinan transgression lag surface and demonstrated a clear truncation of the lag surface by relatively
deep channeling. This channeling is multi-generation “cut and fill” and a sub-glacial meltwater process is
envisioned for their formation. This implies that glacial ice re-advanced to the immediate vicinity of
Sable Island sometime in the relatively late stage of the Late Wisconsinan transgression.

Seismic profiles were also collected north of Sable Island and in Brandal Basin with the aim to better
understand the stratigraphy and geometry of glacial till, glacimarine and post-glacial current-induced
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unconformities. These survey lines depicted stacked tills immediately south of Middle Bank (Fig. 23).
These tills are correlated directly (seismically) into the uppermost Gully (Brandal Basin). The shallow
stacked tills overly stratified glacimarine sections in the upper Gully (north of Sable Island), and indicate
multiple advances of glacial ice just before final retreat. A surficial slump deposit, shown as irregular and
blocky topography on the seabed, was also depicted downslope from the steepest edge of the southern
part of Middle Bank. Its stratigraphic position and surficial expression suggest a relatively recent event.
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Fig. 23 Huntec profile showing multiple tills in Brandal Basin, north of Sable Island.
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Appendix 1

List of all stations of Hudson 2000030A cruise.
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Appendix 4

List of camera stations of Hudson 2000030A cruise
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Appendix 5

Archived seismic/sidescan data of Hudson 2000030A cruise: (a) seismic/sidescan
survey lines, (b) analog record inventory and (c) digital tape inventory.



jouueyd doop ‘uiseq [epueig| 9€SS83Y SOISTL | 91881709~ 7880t 0£50/20T || vSreoey | 9$88CL 9GCE109-  9€8¥THY | TTEO/TOT ||£1 [epuelg
[puueyo doop ‘uiseq [epuelg| ySYE06Y 9G887L | 9S€€1°09-  9E8VT WY 77£0/20T || 8TL6L8Y | 08STIL LL9YE 09~ 166€0° vy | 0€1T/10T ||l [epuelg
F[eud[D-eW[V Jo Yinos sajoao/pu3| 99¥0€8y | TISYIL CHPTPE09- 87965 €y | 9180/10C 6910684 | 6¥0FIL | LT8FE09- ¥LE6S €Y | 60S0/10T {[0001
Sjoua 0o} pneqayL| +TH9E8y | 61L0EL y€6€1°09-  COSP9 €y | L110/10C 692198% | T909TL | SS981°09- 98698°¢y | ¥S1T/00T |[ACOT
Sjouan o) ewy| 8SSHESY | PILELL 9005€°09- £eeo'ey 9¢k0/10T || TS8LESY | 98SIEL 86LT1°09-  6SLS9Ey | 8€TO/10C qro¥
Spuo[n o) ewy| 98FyE8y | 0€8EIL QT6FE09-  €97€9°er | 0£L0/00T yesiesy | 60869 | vTSYS09- €r019°¢h | ¥€S0/00T |B10Y
Sjouain o) eWV| $ESIE8Y | ¥60869 $7SPS09-  €r019°er | $€S0/00C 98€678y | 9LLLSY | YLELY 09" 865ty 7T¥0/00T |[920¢€
pwly O) pneqayL| LS98T8Y . | TETIVY 11€69°09- 19.85°¢y | SO¥0/00T || 650098Y 8yOyTL | 60TIT09- 196S8°€h | TS1T/661 ||[<0E
uo13a1 9[qes YInoS| 8LEO98Y v6ThPL | S£096°6S- 90988ty 1690/661 1LL6S8Y | 8SE8TL | S98S1°09- LSSS'eY FS+0/661 ||SOT
uo13a1 9|qes YINoS| [LLOS8Y 8GE]TL | S98S1°09- LSSty yS0/661 168798% | 6L91€L | 91S11°09- 1L006°CH | SOv0/661 ||POT
uoiga1 ajqes Ynos| 168798y | 6LI1EL 91S11°09- 1,006y | SO¥0/661 €67998% | 0SE9¥L | 80TE6'6S- 96806'Cy | £2T0/661 ||€0T
uorgo1 o[qes Ynos| €67998y | 0SEIYL Q0TE6'6S-  95806°€y | €TT0/661 6SP198F | LLILYL | €OVTO'6S- 8¥98°¢h | 1510/661 ||C0C
uoiga1 ajqes ynos| 88S€98Y | SYEOVL 9096865~  €7€88°€y | 0T10/661 2698y | 6190vL | 99¥00°09- LEV8S ey | 8100/661 |[10T
uo13a1 d|qes PNoS| 99rLI8Y 660vL | 66666765~ 16¥88°LY 0290/861 96€¢98% | 6010¥L 110°09- LSH88°¢h | €190/861 ||601
uoidar o[qes ynos| ¥€Se98y | 8l 187L | LE1166S-  91€88ey | 8l L0/861 99t€98y | TO6OVL | 6666665 16¥88°¢t | 0T90/861 801
uoifor ajqes Ymos| 6S€198y | 016 7L | €5686°6S-  L9S98'¢LY 7Ce0/861 6619987 | 6T91¥L | €8066°6S" R7606°cy | S¥To/861 |[901
uoigal a[qes InoS|  [TLY98Y S6S0¥L | 9¥€00°09- [Ev16 ey | 9€20/861 6St998y | LPOLEL | LBPI1°09- wrleey | 9€10/861 (|SO1
1oasueyy ojdwes pauueid Z-SS| 88€998Y 6Z11EL | SEITI09-  PEVIOEY 0110/861 196£98F | 8155€L | T8LY009- £l 168°¢t | 1€00/861 ([0l
1oosuer) ajdwes [-SS Fuole| £0SEI8Y QLSLEL | THTr0'09-  SE988LY 76S0/861 LL0998Y | €EevEEL | T8T60'09- 78016°€t | 1150/861 |[€01
1oosuety ajdwes pauueld y-SS| LLO9ISY cepeeL | T8T60°09-  T016'EY 1150/861 118198% | €70TPL | LIL8O'6S™ 69698 ¢t | vre0/861 |[CO1
uo15a1 9|qes YNoS| [96¢98Y 816SEL | T8L90'09-  ElI68'EY 1€00/861 LY0198Y | 9909¢L £290°09- GLy9%° €y | L000/861 || Q101
91qeS INOS “1093suen odwes ¢-SS| 6801987 | 8€09¢EL €9790°09-  ¥1598°€y | 6EET/LOI 1€6£98Y 12962L | L11¥1°09-  TLTO6Y'EY SyTT/Lel || Bl0l
uo15a1 1eg 1S9M | 0866L8Y CILEIL 61€£°09- €81v0 vy | TS80/L61 £0T088Y | S9YSOL £Sey09- 129v0' vy | 10L0/L61 ||P1
uorda1 1eg 1IS9OM | €0CTO88Y SorSoL €Sey09- [29%0 vy 10L0/L61 TTYTLY 19¥S0L | LEREF09-  TTILO'EY GGCO/L81T ||E1
uoidal leg 1ISOM | TTYTLYY 19%S0L | LESEY'09-  TTILO'EY CSC0/L61 980898+ | LE€SEIL | 6L5€€°09" Sevee ey | Trr0/Lol ||l
uoi3a1 1eg 1S9M | 880898V LESCIL | 6LSEE09-  S8PEO'EY Trv0/L61 90,858y | 0TICIL | L¥8PE09" 89058 ¢y | vICO/LOT |11
uordor reg 1som| 90L8S8Y | OTIEIL LPSPE09-  890S8°€y | RIEO/L6T vbcb98y | L8TOOL | 68505709 60v06° st | 9v10/L61 |01
ysuen [-uedod| vry98y L8T00L | 6850509  60¥06°cY 9 10/L61 €LEOLSY | L9SE69 | LTL8S 09~ 20196°¢t | 6¥00/L61 ||6
a1 7 0) [-uedod| €LEOLBY L9S€69 | LTLYS09-  TOL96'EY 6¥00/L61 Z€1L98% | 050889 | €1L59709" 6T€L6’ sy | 8000/L6T 8
osuely Z-ueJod| E€1L98y | 050889 €1L59°09-  6TEE6Ey | 8000/L61 9£0098%y | €11169 | ¥S129°09- L9898 €t | S1€T/961 ||L
yoasues) oannadar ueqod| TSe098y 9/8169 | ¥6119°09-  1€IL8LY LOET/961 6L£998v | 6T6¥69 | 8LILS 09" cLyTO Sy | LOTT/I61T |9
(¢ oy ou) uiseg] [BpuBlg UINSIM|  SOLELOY SpI8L9 | ¥9¥9L09-  9SSSEVY 6080/961 LL7916 | €89€L9 | 9L618°09" LOSLE Py | 9TL0/961 ||F [epueid
uiseq] [epuelg usam|  LLT916Y €89€.9 | 9L618°09-  LOSLLVY 9TL0/961 l66r16v | 8661L9 | TEIY809- 8LIEC VY 6$90/961 ||€ [epueig
uiseq [epuelg wsom| 166V 16V 8661L9 | TE1¥8°09- SL9E VY 6590/961 6LEPI6Y | T8TYSY | TLESO19- 8799¢ ¥y | 12H0/961 || [epueidd
uiseg] [epuRlg UINSIM|  6LEVIOY 78THS9 | TL€90°19-  8T99L PV 120/961 ossveor | €015€9 | TLIOET9- Co6Stvr | €210/961 ||1 [BpUBlY
Buiypon | Bunse3 saaibap |ewioaq BuiypioN | Bunse3 soaibap jewioag
o1n/Aeq o1n/kea
uoines0o siydeiboan oz 2uoz ‘WLN |epnibuoT [ epnipeT] uelnp ozeuoz ‘LN | epnyibuoT | apnyipeT] ueynpe # 3ININ
dOl1s 1¥vV1S

saul| AaAINs ueosaplg/olwsidas e0g0-000¢ uospnH :eg xipuaddy




Appendix 5b: Hudson 2000-030a Analog Record Inventory

INSTRUMENT RECORD # START STOP LINE #
Benthos Seismic 1 196/0107 196/0810 Brandal 1 to 4 (no line 5)
Benthos Seismic 2 196/2136 197/0852 6,7 to 14
Benthos Seismic 3 197/2240 198/0723 101 to 106, 108, 109
Benthos Seismic 4 199/0001 200/0742 201 to 205, 302, 302b, 401a
Benthos Seismic 5 200/2150 |201/0440  |401b, 402b
Benthos Seismic 6 201/2042 |201/0538 Brandal 12
NSRF Seismic 1 196/0130 196/0829 Brandal 1 to 4
NSRF Seismic 2 196/2135  [197/0851 6,7 to 14
NSRF Seismic 3 197/2238  [198/0713 101 to 106, 108, 109
NSRF Seismic 4 199/0004  |200/0730  |201 to 205, 302, 302b, 401a
NSREF Seismic 5 200/2143 |201/0438  [401b, 402b
NSRF Seismic 6 201/2013 |201/0538  |Brandal 12
Huntec DTS, sparker 1 196/0120 [196/0809  |Brandal 1 to 4
Huntec DTS, sparker 2 196/2135 197/2339 6,7 to 14, 101a
Huntec DTS, sparker 3 197/2341 199/0652 101b to 106, 108, 109, 201 to 205
Huntec DTS, sparker 4 199/2148  |200/0729 302, 302b, 401a
Huntec DTS, sparker 5 200/2147 |201/0814  |401b, 402b, 1000
Huntec DTS, sparker 6 201/2045 |201/0529  |Brandal 12
Simrad Sidescan, 330 kHz 1 196/2142 196/2356 6 and 7
Simrad Sidescan, 330 kHz 2 197/0008 197/0704 8 to 14
Simrad Sidescan, 330 kHz 3 197/2252 |198/0258 10lato 106 a
Simrad Sidescan, 330 kHz 4 198/0302 198/0622 102, 103, 109
Simrad Sidescan, 330 kHz 5 199/0008 |199/0652  |201 to 205
Simrad Sidescan, 330 kHz 6 199/2152  [199/2302  |line 302 first part
Simrad Sidescan, 330 kHz 7 199/2304 [200/0742 {302, 302b, 401a
Simrad Sidescan, 330 kHz 8 200/2150 |200/2333  |402b
Simrad Sidescan, 330 kHz 9 200/2336 |201/0434  |402 (latter half) and 401b
Simrad Sidescan, 100 kHz 1 196/2136 196/2239 line 6
Simrad Sidescan, 100 kHz 2 196/2245 [197/0149 6,7,8,9
Simrad Sidescan, 100 kHz 3 197/0210 {197/0708 10to 13
Simrad Sidescan, 100 kHz 4 197/2244  [198/0000 101a
Simrad Sidescan, 100 kHz 5 198/0004  {199/0617 101b, 102, 106 .

Simrad Sidescan, 100 kHz 6 199/0007 {199/0647 {201 to 205

Simrad Sidescan, 100 kHz 7 199/0623 199/0654 line 205 end

Simrad Sidescan, 100 kHz 8 199/2154  |200/0336 line 302

Simrad Sidescan, 100 kHz 9 200/0342 |200/0744 {302, 302b, 401a

Simrad Sidescan, 100 kHz 10 200/0000 |201/0439  |402 (latter half) and 401b
Simrad Sidescan, 100 kHz 11 201/2153 201/2341 14, Brandal 12-1, 12-2, & 12-3

#n0 sidescan for lines Brandal 1 to 4,14, 108, first

part of line 109, or line 1000

#%100 KhZ Sidescan recorded on GSP 1086 and 300 KHz recorded on Alden
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