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Frontispiece

GSC Photo Archives No. 1348, J.B. Tyrrell

Geological Survey of Canada field party in 1890, north shore of Lake Winnipeg.

"...behind the beach is an almost vertical cliff, rising in places to a height of forty feet,
composed at the bottom of a stiff blue alluvial clay, and at the top of a mossy peat."

J.B. Tyrrell in D.B. Dowling, Geological Survey of Canada Annual Report, 1898
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1. Preface

Lake Winnipeg is the eleventh largest lake in the world. With an area 25% larger than Lake
Ontario, it stands as a major feature on the Canadian landscape. Not only is the lake used for
the purpose of fisheries and recreation, it is vital to the Manitoba economy due to its role in
hydroelectric generation.

Despite its significance, Lake Winnipeg has been the subject of little study.
Hydrographic charting has shown the offshore lakebed to be quite flat and shallow; water
depths are about 9 m in the South Basin and 16 m in the North Basin. Aside from various
surveys on land, the only major previous scientific effort was a limnological survey led by
the Freshwater Institute of Fisheries and Oceans Canada in 1969. This survey included the
collection of bottom sediment samples at fifty sites and the collection of several short
sediment cores.

Knowledge of the geology of Lake Winnipeg, and hence the structure of the basin and
its long-term evolution, has been limited to predictions from studies on land. An offshore
survey of Lake Winnipeg therefore was proposed by the staff of the Geological Survey of
Canada (GSC) and Manitoba Energy and Mines in 1993, on the basis of a need for an
enhanced understanding of regional geological history.

The survey was carried out as a result of endorsements and financial support provided
by Manitoba Hydro and the Manitoba Sustainable Development Innovations Fund, whose
interest in the lake was bolstered by concerns regarding the cause of Lake Winnipeg
shoreline erosion. Each of these agencies committed funds equivalent to 20% of the
operating total of what became the Lake Winnipeg Project. Links were established with
ongoing research at the Freshwater Institute, as well as with several university-based research
programs. After the remaining funds were made available by GSC and the availability of the
Canadian Coast Guard Ship (CCGS) Namao was confirmed, an organizational meeting was
held in Winnipeg in May, 1994, and plans were made to conduct a scientific cruise in
August, 1994 and a shoreline survey in September, 1994.

The GSC cruise, designated Namao 94-900, began with a northbound geophysical
survey, followed by a southbound coring phase. Air and water sampling were undertaken
concurrently with the northbound geophysical phase. A grid of geological bottom sediment
samples, coupled with biological and water sampling, was carried out from the ship's launch
during the southbound coring phase. A few weeks later, a comprehensive survey of the Lake
Winnipeg mainland shoreline was carried out.



Geophysical data were processed at GSC Ottawa during the winter of 1994/95. Lake
Winnipeg sediment cores were thoroughly processed at GSC Dartmouth in October, 1994.
Subsamples of the sediments were distributed for analyses at several laboratories across
North America. Preliminary results were presented at a workshop in Winnipeg hosted by
Manitoba Energy and Mines in March, 1995.

The present volume provides technical data from the cruise, a report summarizing the
shoreline survey, progress reports on the various initiatives arising from the cruise, and
reports from other studies which were closely affiliated with those of the Lake Winnipeg
project.

Two major questions are being addressed by the Lake Winnipeg Project:

1. What is the structure of the Lake Winnipeg basin?

The results of the Project summarized in this volume indicate that the actual
structure of sediment and rock below the lake dramatically differs from
expectations. Prior to the cruise, it was thought that carbonate and clastic
rocks, such as limestone and sandstone, extend to the eastern shore, and that
these rocks were buried by at most 15 m of sediment. In fact, sedimentary
rocks, which show numerous probable karst features, only extend 10 km east
from the end of Long Point in the North Basin, and terminate at an
impressive buried escarpment in the middle of the South Basin. Beyond these
Paleozoic rocks, sediments consisting almost entirely of Lake Agassiz clay
reach unexpected thicknesses of over 50 m in the South Basin and over 100
m in the North Basin. Till is not extensive, but is present as two formerly
unrecognized major moraines. Sediments deposited in Lake Winnipeg, which
rarely exceed 10 m in thickness, rest on a regionally pervasive angular
unconformity and are ornamented in places by a complex array of furrows
formed by the action of pressure ridges in lake ice. Vigourous currents have
stripped sediments from The Narrows and east of Black Island, producing the
greatest water depths in the lake, over 60 m.

2. Are present-day sedimentary processes on Lake Winnipeg superimposed
on long-term evolutionary trends?

Without knowledge of the history of a lake recorded in its sediments, it is
difficult to determine whether a lake was in a state of equilibrium prior to
human intervention, or whether recent perturbation is only an addendum to
profound natural changes. A crucial factor is lake level, which, over
geological time measured in centuries and millennia, can change dramatically
in response to gradual uplift and tilting of the basin as well as to climatic
change.

The Lake Winnipeg Project has produced data which indicates that
Lake Winnipeg has, for centuries, been undergoing a gradual southward
migration. Sediment cores from the centre of the South Basin revealed that



Lake Winnipeg offshore sediments have buried richly fossiliferous organic
material which could only have been deposited at a previously existing
shoreline. Radiocarbon and paleomagnetic analysis of this material indicate
that most of the South Basin was dry land 4000 years ago. A survey of
shoreline features, which form over centuries, indicates a lack of features
attributable to lake-level decline, and an abundance of features characteristic
of gradual transgression. The dominant control which has caused southward
transgression appears to be tilting, as a result of the uplift of the Hudson Bay
region caused by the melting and breakup of the continental ice sheet about
10,000 years ago. Superimposed on this control are the likely influences of
climate change and increased inflow due to a mid-Holocene diversion of the
Saskatchewan River to Lake Winnipeg.

These observations are a brief glimpse of the comprehensive scientific material which
has been assembled by the Lake Winnipeg Project team and is presented in this GSC Open
File Report. Project participants will again meet at the Annual Meeting of the Geological
Association of Canada to be held in Winnipeg in May of 1996. At that time, data will have
undergone further analysis, and plans for follow-up study and publication will be finalized.

From its inception to the publication of this report, the Lake Winnipeg Project has
been a cooperative effort. At this point, the editors wish to express their sincere gratitude to
the many individuals and agencies who made the Lake Winnipeg Project a success.

The support and guidance of management teams at the Terrain Sciences Division,
Geological Survey of Canada, and the Geological Survey of Canada (Atlantic) is
acknowledged. The enthusiastic interest and leadership provided by Dr. W. D. McRitchie
(Director, Manitoba Energy and Mines, Geological Services) was crucial to the initiation of
the project.

Manitoba Hydro can be credited with making the Project happen and for keeping
progress on track. Their early endorsement of a broad program of basic science set the tone
for the activity and its support. Interest and guidance provided by Mr. R.R. Raban and Ms.
H. S. Zbigniewicz of the Hydraulic Operations Department of Manitoba Hydro has been very
much appreciated.

A major contribution was made by the Canadian Coast Guard, facilitated by Captain
Manu Unni-Nayar, Coast Guard Central Region Headquarters, Sarnia, Ontario. The interest
and unfailing assistance provided by Captain Vic Isidoro and the officers and crew of the
CCGS Namao greatly aided field activity. We are especially grateful for their efforts in
striving toward our sometimes unrealistic objectives, and for the interest they demonstrated
in the science. Ray Settee and the staff of the Canadian Coast Guard Base in Selkirk are also
acknowledged for their role in handling the complicated logistics of an ambitious survey.

Barbara McKay of Public Works Canada is acknowledged for her role in the design
of the marine radar catamaran, as are Neil Carlson and the staff of Carlson Structural Glass



for the fabrication, testing and post-cruise repair and storage of the Atik-a-meg.

Paula Nygaard of Natural Resources Canada is thanked for her provision of practical
assistance in Winnipeg. ‘

Keith Manchester and the staff of the Program Support Subdivision, GSC Atlantic,
are acknowledged for their role in arranging for equipment used offshore.

Long hours were contributed by Mike Gorveatt, Tony Atkinson, Larry Johnson,
Robbie Burns, Kevin Wagner, and Jean Pilon during setup of the ship. While offshore, often
in challenging circumstances, outstanding efforts to acquire high quality data were made by
Tony Atkinson, Robbie Burns, Kevin Wagner, Jean Pilon and Fred Jodrey.

The breadth of the research was greatly enhanced by the participation of the
Freshwater Institute. Lyle Lockhart played a major role in the sediment coring work offshore,
and participation of Institute members in analyses resulting from the cruise was organized
by Bill Franzin. Everett Fee kindly assisted with CTD profiling.

Kate Moran, Catherine Jarrett, Gordon Cameron, and Bob Archer generously worked
with the editors at GSC Atlantic to coordinate two weeks of intensive activity related to
processing of the cores.

The major role played by Robbie Burns and Sue Pullan in the processing of seismic
data and the sterling editorial efforts contributed by Jim Fergusson and Sharon Parnham are
acknowledged with appreciation.

The comprehensive scope of the Lake Winnipeg Project is simply the sum of effort
being made by a large number of scientists at laboratories across North America. Their
willingness to show an interest in the Project at short notice is very much appreciated, and
it is hoped that their investment of precious resources will be fruitful.

The contributions to this progress report were thoroughly reviewed and improved by
the effort of GSC reviewers. The efforts of Dan Boyle, Scott Dallimore, Clément Prévost,
Roger McNeely, Rod Klassen, Thane Anderson, Art Dyke, Penny Henderson, Isabelle
McMartin, Dan Kerr, Andrée Blais, and Tony Lambert are acknowledged with appreciation.

Brian J. Todd C. F. Michael Lewis
Geological Survey of Canada, Geological Survey of Canada (Atlantic),
601 Booth Street, P.O. Box 1006,

Ottawa, Ontario K1A 0E8 Dartmouth, Nova Scotia B2Y 4A2

L. Harvey Thorleifson Erik Nielsen

Geological Survey of Canada, Manitoba Energy and Mines,

601 Booth Street, 1395 Ellice Avenue,

Ottawa, Ontario K1A 0E8 Winnipeg, Manitoba R3G 3P2
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2. Cruise report of the 1994 Lake Winnipeg Project: Namao 94-900

B.J. Todd"

Geological Survey of Canada
601 Booth Street, Ottawa, Ontario K1A OE8

2.1 INTRODUCTION

An offshore survey of Lake Winnipeg was proposed by the
staff of the Geological Survey of Canada (GSC) and Manitoba
Energy and Mines (MEM) in 1993 on the basis of a need for an
enhanced understanding of regional geological history.
Previous knowledge of the geology of Lake Winnipeg was
limited to study of land adjacent to the lake, and the results of
a limnological survey carried out in 1969 by the Freshwater
Institute of Fisheries and Oceans Canada in Winnipeg, under
the direction of G. Brunskill. The latter survey included the
collection of bottom sediment samples at 50 sites and the
collection of several short cores.

Subsequent to the initial proposal, Manitoba Hydro and
the Manitoba Sustainable Development Innovations Fund
endorsed the project, largely due to concerns regarding the
cause of Lake Winnipeg shoreline erosion. Each agency
committed funds equivalent to 20% of the operating total of
what became the Lake Winnipeg Project. Links were
established with ongoing research at the Freshwater Institute,
as well as with several university-based research programs.
After GSC funds and the availability of the Canadian Coast
Guard Ship (CCGS) Namao were confirmed, an organizational
meeting was held in Winnipeg in May, 1994, and plans were
made to conduct a scientific cruise in August, 1994, and a
shoreline survey in September, 1994.

The GSC cruise Namao 94-900 on board the CCGS
Namao (Fig. 1) began with the geophysical survey phase from
August 4 to August 19, 1994 (corresponding to Julian days 216
to 231). Following the geophysical survey phase, the geological
coring phase took place from August 21 (Day 233) to August
30 (Day 242). Air and water sampling were undertaken
concurrently during the northbound geophysical phase. During
the southbound coring phase, limnological samples consisting
of geological bottom sediment samples, as well as biological
and water samples, were obtained on a grid using the ship's
launch.

The CCGS Namao was operated under the direction of
Captain V. Isidoro; the officers and crew of the vessel ably

assisted in the survey and sampling (Table 1). The vessel was
built in 1975 at Riverton Boat Works, Riverton, Manitoba as
a navigational aids tender. The ship is 33.5 m in length, 8.5 m
in width and has a draft of 2.1 m. On-board berths permitted a
scientific staff of six (Table 2). Todd and Lewis remained on
board for the duration of the cruise to provide continuity
between the geophysical survey and the geological coring.
Todd directed the geophysical survey and Lewis directed the
coring survey. Pilon, Burns, Atkinson and Wagner were on
board for the geophysical survey phase; Jodrey, Thorleifson,
Nielsen, and Lockhart were on board for the coring phase.
Thorleifson directed the sampling survey with assistance from
Nielsen. While sleeping quarters could be accessed daily on
land, Fisher-Smith organized air and water sampling during the
South Basin portion of the cruise and Lewis assumed these
duties thereafter. Several guests joined the cruise during days
when road access permitted (Table 3).

This report is intended to provide a description of day-to-
day activities on board ship, to provide an overview of
technical aspects of the equipment used, and to present a
summary of geophysical and geological data obtained during
Namao 94-900. In the following narrative account of the day-
to-day activities (Section 2.2), reference is made to
instrumentation and data which are fully described in later
sections of the cruise report.

Hereafter in the cruise report, monthly days are
accompanied by their corresponding Julian days. In the
narrative account of the cruise (Section 2.2), time of day is
given as local ship time, i.e. Central Daylight Time (CDT).
Elsewhere, logged times are given as UTC (Universal Time
Coordinated) which, for Lake Winnipeg, is five hours later than
CDT. Thus 1200 hours ship time (CDT) is 1700 hours UTC.

2.2 NARRATIVE ACCOUNT OF CRUISE

The CCGS Namao was inspected by M. Gorveatt and B.
Chapman (Atlantic Geoscience Centre; now GSCA or
Geological Survey of Canada Atlantic) in May, 1994, and plans
were made with the cooperation of the ship's crew for
modifications and outfitting of the ship.

1. with contributions from C.F.M. Lewis, L.H. Thorleifson, R.A. Burns, M. Gorveatt, A. Atkinson, L. Johnson, F. Jodrey
(Geological Survey of Canada), D.M. Lombardi (Seaforth Engineering Group), K. Friesen and G. Fisher-Smith
(University of Winnipeg), and L. Lockhart (Freshwater Institute, Fisheries and Oceans Canada). An exhaustive review
by Harvey Thorleifson prevented omissions of fact and improved the report.



Cruise activity began under the direction of M. Gorveatt,
who supervised assembly of the scientific equipment for the
cruise at GSCA in Dartmouth. The equipment was transported
by truck to the Terrain Sciences Division (TSD) of the
Geological Survey of Canada (Ottawa) by tractor trailer from
July 25-27 (Days 206-208). Scientific equipment from TSD
was then added to the load and the full complement of gear was
transported to the Canadian Coast Guard Base at Selkirk,
Manitoba from July 27-30 (Days 208-211). Scientific and
technical staff arrived in Winnipeg on July 28 and 29 (Days
209 and 210). On July 29 (Day 210), the marine radar vessel,
christened the Atik-a-meg (meaning "whitefish" in the Cree
language) was inspected at Carlson Structural Glass in
Winnipeg and trucked by Carlson personnel to the Selkirk
Coast Guard Base. The Atik-a-meg was then assembled and
underwent sea trials on the Red River.

Because the layout and size of the CCGS Namao did not
allow for a scientific laboratory on the main deck of the ship,
materials were purchased to construct a lab in the main hold
(Fig. 2). Construction and outfitting of the lab began on July
30 (Day 211) and continued until August 3 (Day 215) under
the direction of M. Gorveatt (GSCA). During this time, all
geophysical survey equipment was loaded onto the CCGS
Namao from the dock, navigational gear was mounted in the
bridge and on the upper deck under the direction of L. Johnson
(GSCA), all data recording and logging gear was secured in the
lab, and all the gear to be towed was secured on the deck. GSC
staff were lodged at hotels in Winnipeg during this period.

An ATCO trailer, placed on the aft upper deck, was
outfitted by GSC staff to provide sleeping accommodation for
four scientific staff during the survey. Space was made
available in a ship's cabin for two members of the scientific
staff.

Geological coring equipment was placed in storage at the
Selkirk Coast Guard Base until completion of the initial
geophysical survey phase.

H. Zbigniewicz of Manitoba Hydro, and several staff
members of the Freshwater Institute, visited the ship during the
outfitting period at the Selkirk Coast Guard Base.

On August 4 (Day 216), the CCGS Namao left the Selkirk
Coast Guard Base at 0915 and steamed downstream through
Netley Marsh to the mouth of the Red River. At 1100,
scientific staff and ship's crew were mustered on the boat deck
for fire and emergency procedure drill. The DGPS (Differential
Global Positioning System) navigation system malfunctioned
until the ship reached the South Basin at approximately 1200.
Lake conditions were calm. During the afternoon, line SB1 was
surveyed from south to north in the South Basin. The purpose
of this initial line was to familiarize scientific staff and ship's
crew with gear deployment and retrieval, and to test the
geophysical equipment in an unfamiliar geological
environment. Gear deployment began at 1352 and continued

10

until 1510. Seistec data were recorded and the seismic and
radar systems underwent checks. The scientific crew with
accommodation on board consisted of Todd, Lewis, Pilon,
Atkinson, Burns, and Wagner. The cruise was joined for the
day by Fisher-Smith and Friesen, who installed air and water
sampling gear, and by Thorleifson. By 1730, all gear was
retrieved and the ship reached Gimli pier at 1815.

On August 5 (Day 217), the CCGS Namao departed
Gimli pier at 0830 and steamed to the eastern shore of the
South Basin in calm conditions. Line SB2 was run from south
to north offshore from Grand Marais Point in order to detect
any evidence for an offshore extension of the point.
Discussions on board had suggested that Grand Marais Point
and Willow Point (on the western shore of the South Basin)
may be remnants of a previous southern shore of the South
Basin. After the short south-north section, the ship headed west
and steamed for Gimli to obtain information across the South
Basin. The cruise was again joined for the day by Fisher-Smith,
Friesen and Thorleifson, who had found accommodation on
land the previous night. All survey gear was retrieved and
secured on board by 1518 and the CCGS Namao was at the
Gimli pier at 1535. Arrangements on land regarding logistics
and liaison were managed by Nielsen.

The weekend of August 6 and 7 (Days 218 and 219) was
spent tied up in Gimli harbour. Cruise planning, survey line
layout and navigational computer data entry took place on the
bridge during both days. At the same time, further hardware
alterations and additions were performed in the lab and with
the equipment at the stern. The marine magnetometer was
tested and a magnetics base station was set up at the golf course
adjacent to the Gimli airport. The base station magnetometer
was supplied by the GSC Geomagnetics Laboratory in Ottawa.

On August 8 (Day 220) the CCGS Namao departed Gimli
pier at 0900 and steamed south to the mouth of the Red River.
The geophysical gear was deployed in calm conditions at 1045.
Line SB3 was then run from south to north to the latitude of
Drunken Point. The sidescan sonar was made operational,
revealing evidence of furrowing of the lake bottom by ice
keels. The marine magnetometer was also deployed, thus
completing the first simultaneous streaming of all the
geophysical survey instruments. The cruise was joined for the
day by Fisher-Smith and guests Buhay and Betcher. The survey
gear was retrieved by 1832 and the ship was secured at Gimli
pier at 2012.

On August 9 (Day 221), the CCGS Namao departed
Gimli harbour at 0830 and steamed north to Drunken Point on
the western shore of the South Basin. On board for the day
were Thorleifson, - Nielsen and Fisher-Smith. Weather
conditions were fair with a light breeze. All survey gear was
deployed at 0935 and line SB4 was surveyed from west to east.
At 1500, the ship's heading was altered to the southeast and the
line was continued past Elk Island into Traverse Bay. The air
compressor (that powered the sleeve gun) first malfunctioned



at 1250 and was finally shut down due to low air pressure and
mechanical problems at 1534. GSC staff and ship's engineers
worked on rebuilding the compressor and succeeded at 2030.
Unfortunately, no seismic data were obtained in Traverse Bay.
At 1730, all geophysical gear was retrieved and the ship
steamed around Elk Island and put into Victoria Beach at 1836.

August 10 (Day 222) dawned with wind and showers, but
conditions then cleared for excellent surveying weather. Guests
Weber and Bezys, as well as Fisher-Smith, came on board for
a two-day stay. The CCGS Namao departed Victoria Beach at
0831 and steamed northwest to begin line SB5 from a known
position along line SB4. Geophysical gear were deployed by
0935 and the line was run to the northeast towards the southern
shore of Black Island. The DGPS navigation system, which had
suffered numerous failures in the previous two days, behaved
more dependably. Also, the rebuilt compressor functioned
faultlessly. Unlike the previous survey lines farther south in the
South Basin, line SB5 showed relatively little masking of
reflectors by gas trapped in the sediments. In order to obtain a
paper record of the 24-channel seismic system, channel 4 was
tapped, filtered, and displayed on a spare EPC graphic
recorder. The geophysical gear was retrieved at 1732 and the
CCGS Namao steamed north between Hecla Island and Black
Island, reaching Gull Harbour wharf on northern Hecla Island
at 1836. Guests found accommodation in Gull Harbour for the
night.

August 11 (Day 223) was sunny and warm with light
winds. The CCGS Namao departed Gull Harbour at 0843 and
steamed to the northeast end position of line SB5 south of
Black Island. Deployment of geophysical gear ‘was completed
at 0935 and the ship surveyed line SB6 around the eastern end
of Black Island, the first time that the CCGS Namao had ever
taken that route. Seistec data through this deepest area of Lake
Winnipeg showed a suite of dramatic features related to
complex sedimentation and erosion patterns. In contrast, results
of surveying into Washow Bay northwest of Black Island were
disappointing because of extensive gas masking. By 1746, the
geophysical gear was retrieved and the CCGS Namao steamed
northward to Pine Dock which was reached at 1906. The ship
was met by Nielsen and Thorleifson, who provided
transportation to Winnipeg for Weber, Bezys and Fisher-Smith,
as well as for a number of large-volume water samples which
were taken directly to cold storage.

August 12 (Day 224) started fair and calm but ended with
stormy conditions. The CCGS Namao departed Pine Dock at
0832 and began deploying survey equipment. All gear was in
the water by 0910 and line SB7 was surveyed in a zigzag
pattern to the northwest through The Narrows. Sand waves on
the lakefloor imaged by both the Seistec and sidescan sonar
systems suggest that high velocity bottom currents flow
between the North Basin and the South Basin through The
Narrows. The weather quickly deteriorated after 1600. At
1730, gear retrieval commenced and proved to be very
challenging: damage was inflicted on the Atik-a-meg as the

craft was pulled alongside the hull of the CCGS Namao. By
1800, all gear was secured on board and the ship came about,
ran south with the waves and put into Matheson Island at 1948.

Rough conditions on August 13 (Day 225) precluded
geophysical surveying. The CCGS Namao departed Matheson
Island at 0935 and steamed north to Berens River on the
eastern shore of the North Basin, arriving at 1418. The passage
was quite rough with a lot of water taken over the bridge. An
incomplete seal on a cable access pipe above the chart storage
rack resulted in wet charts. GSC staff remedied this oversight.
The DGPS navigation system was reaching the northern limit
of the small antenna and it was decided to switch to the larger,
satellite-tracking antenna. However, this antenna had been
damaged during shipment from Dartmouth. Ship’s engineers
fabricated a steel mounting pole for the antenna shell and also
repaired the internal mechanism. Telephone discussions with
the lessor of the navigation equipment in Nova Scotia resulted
in the correct wiring of the new antenna and gyro compass to
the GPS receiving unit.

Strong winds and rough water prevailed on August 14
(Day 226). The CCGS Namao departed Berens River at 0600
and made a rough passage northwest to George Island, arriving
at 1048. The weather steadily improved once the ship had tied
up at the fish plant dock but geophysical surveys were limited
to a test of the radar equipment across the dunes from the north
beach to the anchorage basin.

August 15 (Day 227) began with wind and moderate
waves, but conditions improved throughout the day. The CCGS
Namao departed George Island at 0700 and steamed northeast
to Poplar River on the eastern shore of the North Basin where
gear was deployed at 0915. Line NB8 was surveyed to the
southwest passing just north of Little George Island. A large
ridge, probably a moraine, was imaged as the chain of islands
was crossed. Southwest of the ridge, the ship's course was
altered to westward. Unfortunately, the Seistec power supply
malfunctioned between 1340 and 1553. The final portion of
line NB8 was run northwest towards Long Point on the western
shore of the North Basin. Once the Seistec system was
repaired, the records revealed a disturbed, or disrupted,
character to the Lake Agassiz sediments. The transition from
undisturbed to disturbed was not imaged due to the Seistec
malfunction. The geophysical gear was retrieved by 2004 and
the CCGS Namao returned to George Island at 2230.

Frostratingly, August 16 (Day 228) dawned very windy.
The CCGS Namao departed George Island at 0600 to head
back to the western end of line NB8 to continue the survey
northeast to Warren Landing. However, the lake was quite
rough. The ship hove to in the lee of Little Sandy Island,
waiting for the weather to improve. Eventually, the ship
returned to George Island and tied up at 1012. By that time,
wind speed was decreasing, so a decision was made to steam to
Warren Landing at the northeast end of the North Basin in
order to position the ship for a survey to Grand Rapids on the
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following day. At 1250, the CCGS Namao left George Island
and arrived at Warren Landing at 1818.

On August 17 (Day 229), the CCGS Namao departed
Warren Landing at 0530. All geophysical gear was deployed
by 0648 and line NB9 was surveyed southwest to Grand
Rapids in calm and sunny conditions. Much of the central
portion of the Seistec profile suffered record degradation due
to gas. By 1904, all gear was retrieved and the ship proceeded
to the Grand Rapids Coast Guard dock where she was secured
at 1954. Atkinson left the ship for Winnipeg and Jodrey
arrived.

On August 18 (Day 230), Pilon and coxswain F.
Gnitzinger surveyed around Selkirk Island with the Atik-a-meg
towed by the CCGS Namao's launch, an twin-outboard-
powered open aluminum boat. The CCGS Namao departed
Grand Rapids at 0700 and joined the west end of line NB8 at
1125 and surveyed line NB10 north to intersect line NB9Y.
Nielsen and Thorleifson came on board for the day. The
geophysical survey gear was retrieved at 1828 and the ship
returned to Grand Rapids, stopping briefly to service a weather
buoy. The CCGS Namao was secured at the dock at 2224.

The final geophysical survey day was August 19 (Day
231). Once again the lake was perfectly flat. Burns and Pilon
departed from Grand Rapids for Winnipeg, stopping at the
Gimli golf club to demobilize the magnetic base station. The
CCGS Namao departed Grand Rapids at 0700 and began line
NB11 at 0920, surveying north toward Limestone Point from
a position along line NB9. Limnological sampling crew
Thorleifson and Nielsen, with coxswain F. Gnitzinger, departed
in the launch at 1000 and completed three sites. At 1600, the
geophysical survey gear was retrieved and the launch was
secured at 1655. At 1750, the sampling crew again departed,
with coxswain Babisky, completed another three sites and
returned to Grand Rapids. The ship arrived at Grand Rapids at
2122.

August 20 (Day 232) was spent preparing the ship for the
change from geophysical surveying to coring. Wagner departed
for Winnipeg and Lockhart arrived. Fisher-Smith transported
water samples to Winnipeg. The CCGS Namao's launch was
deployed from 0854 to 1135 with a Coast Guard crew to
service a light on Selkirk Island. Thorleifson and Nielsen
accompanied the launch crew. During the course of the day on
board the ship, geophysical records were reviewed to select
coring sites, the geophysical lab in the hold was partially
demobilized, and all empty boxes in the hold were removed
and loaded onto the Coast Guard truck for storage at the
Selkirk base. A large volume of geological sampling gear was
loaded onto the ship, but a cable and core head were still in
transit from Dartmouth. The scientific crew on board ship now
consisted of Todd, Lewis, Jodrey, Thorleifson, Nielsen and
Lockhart.

The morning of August 21 (Day 233) was spent testing
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the box corer. The CCGS Namao departed Grand Rapids at
0930 and steamed to box core site 101 along line NB9 just off
the Saskatchewan River mouth east of Grand Rapids. At 1047
the first box core was taken and judged to be unacceptable
because the device sank into the very soft lakefloor mud. Wide,
wooden planks were then attached to the feet of the box corer
and it was redeployed to obtain a successful sample at 1146.
By 1306, the ship was once again secured at the Grand Rapids
Coast Guard dock. At 1440, the truck arrived carrying the
cable and core head. The crew put the new cable on the crane
and transferred the head weight from the truck to the foredeck.
In the evening, Coast Guard crew worked with GSC personnel
in running through procedures for a piston core setup and
deployment in anticipation of the following day's work.

On August 22 (Day 234) the CCGS Namao departed
Grand Rapids for the last time during the cruise at 0630 and
steamed northeast toward Warren Landing along line NB9. At
1030, box core site 102 was successfully recovered and nearby
piston core site 103 was completed at 1130. Two gravity cores
at site 103 were unsuccessful because material escaped from
the bottom of the core barrel. The waves began to build and the
CCGS Namao headed for Warren Landing in rough conditions,
arriving at 1600. Core processing was undertaken on the dock
while Nielsen and Thorleifson examined and sampled
outcropping stratigraphy along the shore west of Warren
Landing.

The wind dropped overnight and the morning of August
23 (Day 235) was calm and perfect for sampling. The CCGS
Namao departed Warren Landing at 0830 and steamed
southwest to the start of line NB9. Gravity core site 104 was
collected at 1006, followed by piston core site 104a at the
same location. Just to the northeast, piston core site 105 was
successful at 1348, followed by piston core site 106
(southwest of site 104) at 1530. The ship's position relative to
the selected piston core site coordinates improved from 130
feet to 30 feet to only 6 feet, thus indicating that the bridge
crew quickly grasped the manipulation of the piston corer and
the DGPS core site positioning display. The ship returned to
Warren Landing at 1705. During the day, limnological
sampling crew Thorleifson, Nielsen and coxswain Magnusson
completed four sites and returned to Warren Landing.

The wind increased overnight and the CCGS Namao
departed Warren Landing at 0700 on August 24 (Day 236) in
swells. The ship steamed south to intersect line NB8 where
piston core site 107 was collected at 1240. A gravity core at
the same site failed at 1319. At 1355, limnological sampling
crew Thorleifson, Fontaine and coxswain Magnusson left the
ship, but wind conditions prevented any sampling and they
proceeded to George Island. The ship proceeded southwest
along line NB8 where the piston corer was lost at site 108.
Apparently, the cable parted at the spool, the strain enhanced
by the simultaneous upward movement of the ship's bow on the
crest of an oncoming wave and the downward free-fall of the
corer. A box core was obtained and a gravity core was



attempted at site 108 at 1550 and 1608, respectively. The
CCGS Namao steamed east to George Island, arriving at 1750.
Core processing proceeded on board while Nielsen,
Thorleifson and Babisky inspected the geology of the island,
noting the prevalence of Precambrian- and absence of
Paleozoic-type lithologies in boulders at the shoreline as well
as the presence of shipwreck debris.

On August 25 (Day 237), the CCGS Namao departed
from George Island at 0700 in a northwest swell. At 0852,
limnological sampling crew Thorleifson, Nielsen and coxswain
Babisky departed from the ship. At 0950, blind (i.e. no
geophysical data) gravity core site 109 was attempted north of
Berens Island but little sediment was recovered. Further to the
south near Little Tamarack Island, another blind gravity core
(site 110a) was taken at 1306, accompanied by box core site
110b at the same location. DGPS navigation malfunctioned for
most of the day. The equipment lessor in Dartmouth telephoned
and advised that the satellite operators had altered their system
without prior notification. Some manipulation of electronic
components fully restored the DGPS system. Grab sample
sites 111 and 112 were collected at 1508 and 1524 in The
Narrows along line SB7 at the location of the sand waves.
Because the weather was by now so calm, the ship proceeded
south into Washow Bay to intersect line SB6 where gravity
core site 113a and box core site 113b were collected at 1744
and 1752, respectively. The CCGS Namao continued steaming
south, arriving at Gull Harbour at 1910. The limnological
sampling crew joined the ship as she arrived at Gull Harbour,
having completed eight sites. Jodrey and Nielsen drove to the
Winnipeg airport to pick up a corer trip arm sent from the
Pacific Geoscience Centre.

On August 26 (Day 238), the CCGS Namao departed Gull
Harbour at 0830 and steamed south into the South Basin. P.
Henderson was on board for the day. A fire and emergency
drill was held from 0856 to 0911. Limnological sampling crew
Thorleifson, Nielsen and coxswain Magnusson completed six
sites and proceeded to Gimli. Box core site 114 was obtained
at 1015 along line SB5. Gravity core site 115 followed at
1051 near Pearson Reef, also along line SBS. The ship steamed
south to intersect line SB3 and box core site 116 was retrieved
northeast of Gimli at 1240. By 1342, the ship had made its way
through the world windsurfing races to tie up at Gimtli pier. The
core cooler was once again repaired by a local refrigeration
repairman. Cores were processed and two GSC personnel
drove to Selkirk Coast Guard Base to retrieve shipping cases.
R. Fulton visited the ship in the evening and discussed results
with Lewis and Todd.

August 27 (Day 239) was spent tied up at Gimli pier.
More equipment in the lab was demobilized and stored in
shipping cases. Geophysical records were reviewed to select
sample sites. Thorleifson tended to a dental emergency in
Winnipeg.

The lake conditions on August 28 (Day 240) were rough.

The Hon. Jon Gerrard, Secretary of State (Science, Research
and Development), visited the ship for the day accompanied by
his family. The CCGS Namao departed Gimli pier at 0817 and
made a rough passage northeast to line SB4 where box core
site 117 was obtained at 1004, even though the device tripped
slightly prematurely. The ship returned to Gimli harbour at
1124. Discussions with Jon Gerrard were held during the day,
and he and his family departed at 1500. Geophysical records
were reviewed for site selection.

August 29 (Day 241) was calm and the CCGS Namao
departed Gimli harbour at 0830 and steamed east to line SB4
in Traverse Bay. Limnological sampling crew Thorleifson,
Henderson and coxswain Magnusson departed the ship at 0924,
completed seven sites, and returned to Gimli. Box core site
118 was obtained at 1043 followed by gravity core site 119
just north of Elk Island. The bottom core barrel was bent at site
119, probably upon impacting hard Lake Agassiz clay. Farther
north from Elk Island, piston core site 120 succeeded in
retrieving Lake Agassiz clay at 1325. Gravity core site 121
was obtained at 1506 along line SB4 off Drunken Point. The
CCGS Namao then steamed south to intersect line SB3 off
Gimli where gravity core site 122a was retrieved at 1644.
Guests Buhay and Pashadal were on board for the day. The
ship returned to Gimli harbour at 1736 and cores were
processed late into the evening.

The final survey day was August 30 (Day 242). Guests
McRitchie, Teller and Betcher came on board for the passage
from Gimli to Selkirk. The CCGS Namao departed Gimli
harbour at 0830 and steamed northeast to reoccupy the last site
of the previous day. At piston core site 122b, the corer was
lost overboard due to failure of the fiege fitting connecting the
cable to the piston. The ship proceeded south along line SB3
to box core site 123 which was successful on the second
attempt at 1127. Limnological sampling crew Thorleifson,
Nielsen and coxswain Magnusson completed two sites and
proceeded to the dock at the mouth of the Red River. The
CCGS Namao rendezvoused with the launch crew and steamed
up river to dock at the Selkirk Coast Guard Base at 1442.
Demobilization of equipment proceeded for the rest of the day.

August 31 (Day 243) and September 1 (Day 244) were
spent removing equipment from the CCGS Namao, breaking
down the lab in the hold, packing shipping cases, and storing
the cases in the Coast Guard warehouse to await transport to
Ottawa and Dartmouth. Seismic equipment was shipped to St.
John's 'to join another cruise. Water and biological samples
were delivered to the Freshwater Institute in Winnipeg.

2.3 NAVIGATION AND POSITIONING

Equipment description - The satellite-referenced Global
Positioning System (GPS) in differential mode was used on
board the CCGS Namao to obtain the ship's position. Most of
the equipment was leased for the duration of the survey from
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Seaforth Engineering Group in Dartmouth, Nova Scotia. The
GPS navigation hardware and software consisted of the
following:

Magnavox 4200D six channel GPS receiver
STARFIX 1I differential correction data (single reference
station - Duluth, Minnesota)

STARFIX II 5600 receiver

STARFIX II omni-directional antenna (for use in the South
Basin)

STARFIX 1I single horn receiving antenna and

LNA/downconverter (for use in the North Basin)

Azimuth controller model 5250

Sperry SR-50 portable gyro compass (for use with the single
horn antenna)

12 volt DC and 24 volt DC power supplies

IBM-compatible 386 computer

GPSLOG Geological Survey of Canada GPS data logging
software

Magnavox 4200CDU software for GPS receiver control

AGCNAYV Geological Survey of Canada navigation
display/logging software

Procedures and methods - To assist ship's officers in conning
the ship for line running and positioning for samples, the
Magnavox 4200D GPS receiver and STARFIX II 5600 were
installed on the bridge. The whip antenna to receive signals
from a suite of GPS satellites was mounted on the rail above
the bridge. As well, the omni-directional GPS antenna was
mounted on the forward rail on top of the bridge and the gyro-
stabilized single horn antenna was mounted on a steel pole on
the aft rail above the bridge (Fig. 3). These two antennae
received signals from a geosynchronous satellite relaying the
Duluth, Minnesota reference signal. The omni-directional
antenna and the single horn antenna were 17.1 m and 14.1 m
from the stern, respectively (Fig. 3). The omni-directional
antenna was used when surveying in the South Basin and the
single horn antenna was used in the North Basin.

Differential mode GPS (DGPS) was acquired on the Lake
Winnipeg survey using the Duluth reference station. In any
survey, three (and preferably four) satellites are required to
calculate a differential position. Differential mode improved
positional accuracy from 50-70 m (non-differential mode) to 10
m or better. The outputs from the STARFIX system were
individual corrections for each satellite observed at Duluth.
These data were combined with the satellites observed from the
ship using the Magnavox 4200D receiver. The corrected output
provided time (UTC), latitude, longitude, course over the
ground and speed over the ground. These data were recorded
at a 15 s interval on the hard disk of the 386 computer.

Geophysical survey lines were drawn on Canadian
Hydrographic Service Charts 6241, 6251 and 6248. Way points
were calculated from these charts and entered into the
computer using AGCNAV. The desired survey line was then
displayed on the computer monitor along with actual ship's
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position obtained from the DGPS receiver. Other information,
such as course, speed and range, were also displayed on screen.
This combined display enabled the ship's crew to accurately
steer along planned geophysical survey lines. A second
computer was mounted in the geophysical lab in the hold and
the navigation screen on the bridge was duplicated to enable
accurate watch keeping.

Geological sampling positions were determined by first
inspecting high-resolution seismic records. For a selected
feature on the record, a corresponding day and time were
noted. Stored navigation files were then interrogated to find the
latitude and longitude corresponding to the selected day and
time. The computer display on the bridge was then altered from
line-running mode to point mode. Thus the ship could
accurately reoccupy a position to deploy the sampling devices.

Operational performance - Several technical difficulties were
encountered in setting up both the hardware and software for
the DGPS system due to lack of familiarity with the equipment
coupled with inadequate documentation. Although the system
did not function for intermittent periods of time, inspection of
the track charts demonstrates that no significant portions of the
navigation data are missing. Spikes along the track lines
represent momentary aberrations in the logged ship locations
that have not been edited from the navigation files. The DGPS
system often malfunctioned when the ship was manoeuvring to
occupy a sampling station. This led to delays in sampling in
order to wait for the navigation system to function properly. In
general, more system down time was experienced in the North
Basin than in the South Basin. Seaforth Engineering Group did
advise the GSC that this was likely to happen because in the
North Basin the ship is far from the ground reference station at
Duluth.

2.4 GEOPHYSICAL SURVEY

Lakebed morphology was imaged with sidescan sonar and its
subbottom profiled with a high-resolution seismic reflection
profiler (Seistec) and a sleeve gun multichannel seismic system
along transects through major basins of the lake. An
experimental deployment of a ground penetrating radar was
housed in a twin-hulled craft (the Atik-a-meg) built expressly
for that purpose. A marine magnetometer was operated as well.
This array of geophysical instruments was towed from the
CCGS Namao (Fig. 4).

The geophysical survey data, though limited in coverage
compared to the large area of the lake, were generally of high
quality. East-west transects, with south-north tie lines, were run
in both the South and North Basins, as well as in the
connecting narrows and islands area. No data were acquired in
the southern part of the North Basin owing to high wind and
wave conditions. Nonetheless, over 500 km of geophysical
track lines were obtained. Several significant observations were
made on board, including 1) evidence for substantial westward
relocation of the estimated position of the Precambrian-



Palaeozoic contact, 2) basins of substantial depth beneath this
shallow, flat-bottomed lake containing over 100 m of sediment,
3) previously undocumented features such as furrows in
lakefloor sediment attributed to scouring by ice keels and sand
waves indicating high current flow. Sediments attributed to
glacial Lake Agassiz and a number of moraines were clearly
imaged. These sediments are truncated by a regional
unconformity and are overlain by sediments of Lake Winnipeg;
the latter commonly reach thicknesses of 9 m or more in the

offshore basins. Lack of seismic penetration over broad areas

was thought to be due to gas disseminated within the
sediments.

2.4.1 Multi-channel seismic reflection system

Equipment description - The multi-channel seismic reflection
profiling system was composed of an EG&G R24 Strataview
seismograph recording signals received from a seismic eel.
Power was supplied to the seismograph by a Lambda EWS
300-12 switching regulator DC power supply fed by ship's
power. The seismograph contains instantaneous floating point
amplifiers with a 32 bit floating point digital signal processor.
Preamplifier gain was set at 36 dB with a maximum input
signal of 300 mV peak-to-peak. When operating in its marine
mode, the seismograph operates with a replace function and an
autosave function. These features allow recording and storage
of records in less than 5 seconds. Each seismic record consists
of 24 channels with 1024 samples per channel at a 0.25
millisecond (ms) sample rate. The record length is 256 ms and
the file size is 106 kilobytes. Using a 0.25 ms sample rate
provides a recorded bandwidth of 2-1200 Hz with a dynamic
range of 104 dB. To avoid clipping the recorded seismic signal,
the seismograph used a trigger lockout time of 4.8 seconds that
prevented the seismograph from triggering on the Seistec pulse.
The Seistec was disabled as the sleevegun shot was received by
the seismograph, and the Seistec was then enabled. The Seistec
firing rate was 0.25 seconds.

Within the seismograph is an IBM-compatible computer
using an 80486 processor with a data storage capacity of 340
megabytes and 8 megabytes of RAM. A SCSI interface allowed
external data storage on a 1.2 gigabyte drive, thereby allowing
storage of a large number of records without leaving the
"record” mode on the seismograph. In the evening, seismic data
were downloaded from the 1.2 gigabyte drive to 150 megabyte
Bernoulli disks in an external twin Bernoulli drive.
Approximately 1400 records were stored on each Bernoulli
disk.

The seismic eel consists of 24 receivers spaced at a 5
metre interval (115 m live section) (Fig. 5). Each receiver
consists of 2 AQ-16 hydrophones wired in parallel with a 0.5
metre separation. Each hydrophone has a frequency response
of = 0.5 dB from 0.5 Hz to 3 kHz, a sensitivity of -97 dB
referenced to 1 V per microbar, a capacitance of 3500
picofarads, and a depth rating of 1828 metres. The output
signal from each pair of hydrophones passes into an AQ-300

differential input/output preamplifier. The preamplifier has an
input impedance of 30 Mohm, a gain of 20.8 dB with a 20
Kohm resistor installed, a bandwidth of 3 dB points 0.3 Hz to
14 KHz, a current of 750 microamps, a voltage of 8-30 V and
a common mode rejection ratio of greater than 80 dB.

The seismic energy source used was a 10 cubic inch sleeve
gun operated at an air pressure of 1900 psi (Fig. 6). The fore-
and-aft offset from the source to the first hydrophone was 10
m; the streamer was towed 3 m to port from the source (Figs.
3, 4). Approximately a 5 ms sleevegun delay was removed by
a trigger. This trigger also masked the Seistec boomer when the
sleevegun was fired at a 5-second interval.

Operational performance - Almost 54000 records were
recorded in ten surveying days (Table 4). As well as these
reflection records, many refraction records were recorded.
These latter records will assist in velocity determinations of
different materials. The breakdown of the AGC compressor on
August 9 (Day 221) resulted in the loss of seismic data in
Traverse Bay along line SB4. As well, digital data collected
along line NB9 have been lost. These data were logged on
Bernoulli disks and the disk numbers were entered in the
observer's written log. However, no trace has been found of
these missing disks to date. Thus, a total of 458 line-km of
multichannel seismic data exists (Table 4).

2.4.2 High resolution seismic reflection system

Equipment description - The high resolution seismic reflection
system (Seistec) consisted of the following components:

ORE Geopulse power supply (175 joules)

Huntec model 4425 boomer mounted under a surface-towed
surfboard (seismic energy source)

IKB-Seistec line-in-core hydrophone array (seismic energy
receiver)

AGC firing computer

Raytheon TDU1200 graphic recorder

Analogue magnetic tape on Hewlett-Packard 3968 tape
recorder

Digital magnetic tape on SE880 tape recorder

Procedures and methods - The Seistec receiver (Fig. 7) was
towed from the upper deck crane to starboard from the stern
(Figs. 3, 4). The cone houses a seven-element, acceleration-
cancelling stick hydrophone array. In spite of the height of the
upper ‘deck from the surface of the water, the crane's
articulation allowed the tow point of the Seistec to be lowered
a few metres to provide smooth towing. The boomer surfboard
(Fig. 8) was towed from the starboard aft main deck (Figs. 3,
4). Under most survey weather conditions and ship's survey
speed (about 4 knots, or 7.41 km/hr), the surfboard planed
down to 1-2 m below water surface, thereby obtaining good
'coupling’ of the seismic energy with the water.

The system was fired at a 1/4 second firing rate controlled
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by the AGC firing computer. Every twentieth shot was
suppressed to allow the sleeve gun system to fire. This
permitted the two seismic systems to operate without their

energy source signals being detected on the other system's

receiver. The ORE power supply was mounted under a
protective plywood box on the stern protected by the upper
deck overhang. The data were displayed on-line using a dual-
channel EPC 9800 graphic recorder at two sweep speeds
providing, on the same paper output, a record 125 ms in length
(upper record) and 62.5 ms in length (lower record). Having
two vertical scales of data recorded simultaneously greatly
enhances the interpreter's ability to identify features and
discriminate real reflectors from noise and system artefacts.
The Seistec data were also output on a Raytheon TDU1200
48.25 cm thermal paper plotter.

Operational performance - The Seistec high-resolution profiler
system worked flawlessly except for a malfunction of the ORE
power supply for two hours along line NB8 on August 15 (Day
227). Electronic components had overheated and failed. The
problem was repaired and no further malfunctions occurred.
Rough weather and variable towing speeds sometimes
degraded the record. Overall, however, the records obtained
from this system produced the most detailed, highest-resolution
images of the sedimentary sequences from the lake bottom to
bedrock. Consequently, coverage by this system on the widely-
spaced lines around the lake were given highest priority
resulting in the collection of 547 line-kilometres of Seistec
profiles (Table 4).

2.4.3 Sidescan sonar

Equipment description - The sidescan sonar system consisted
of the following:

Klein 100 kHz towfish
Klein digitizer and signal processor box
Klein 531T 3-channel recorder

Procedures and methods - The sidescan sonar towfish (Fig. 9)
was towed off the port bow by a block attached to the crane
(Fig. 3). The towfish was lowered by hand to a depth of about
2 m below the water surface. The shallow draft of the CCGS
Namao offered no interference to the system at this depth. The
port and starboard side-looking channels were used on the 100
m slant range during the survey.

Operational performance - The sidescan sonar system was
made operational on line SB3 (August 8, Day 220) and 509 km
of high quality records were obtained throughout the duration
of the survey (Table 4).

2.4.4 Marine radar

Equipment description - A ground probing radar (GPR) was
experimentally deployed during the course of the Lake
Winnipeg survey. In order to operate offshore, a non-metallic,
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non-conductive housing was designed and built. The craft took
the form of a fibreglass catamaran designed to house
self-contained electronics and two GPR antennae, a transmitter
in one hull and a receiver in the other hull. The craft was
designed by staff of the GSC and the Winnipeg office of Public
Works Canada, and was built by Carlson Structural Glass of
Winnipeg (Fig. 10). Digital pulseEKKO IV GPR equipment
(Sensors and Software Ltd., Toronto) was used, incorporating
signal stacking and digital data processing. Both 25 MHZ
antennae, for deeper and less detailed records, and 50 MHZ
antennae, for shallower and more detailed records, were used.

Procedures and methods - The GPR equipment was operated
without any umbilical connection to the ship. The catamaran
was towed 20 m astern of the port side of the ship (Figs. 3, 4).
Power was supplied by rechargeable batteries capable of a full
day's operation. Data were transferred from the catamaran to
the ship by UHF 900 MHZ data transmission. The receiver,
mounted at the port stern, supplied data to an RS-232 port of
a portable IBM-compatible computer. Profiles were plotted
on-screen on a real-time basis and stored on the computer hard
disk for later printing on a dot-matrix printer and transfer to
Bernoulli disks.

Operational performance - Radar profiling met with limited
success offshore due to the depth of water and the widespread

_ extent of clay on the lakefloor. Profiles were obtained offshore,

but differentiation of interference from towed cables, the
lakefloor, and subbottom reflectors could not be made with
confidence. Better results were obtained onshore and in
shallow water. The system has potential for profiling in the
coastal zone and in lakes having less clay-rich sediment.

2.4.5 Marine magnetometer

A GSM-19MD marine magnetometer manufactured by GEM
Systems Inc. (Richmond Hill, Ontario) was deployed on all the
geophysical survey lines except for SB1 and SB2. The sealed
fish (Fig. 11) contained an Overhauser sensor; signals
generated in the sensor were processed in a fish-mounted
microprocessor and transferred digitally through the tow cable
(which also served as the power cable). The value of the
magnetic field was logged each second and magnetometer
profiles were plotted (Appendix 1). Although the background
values of magnetic field strength (59 000 to 60 000 nT) are
typical for this area, there are inexplicable, regular gaps in the
data, shown by the smooth, straight-line intervals. All marine
magnetic data recorded on the Lake Winnipeg survey contains
data gaps of the same duration. This may be related to a
memory or software problem in the microprocessor.

2.4.6 Magnetic tape recording

Analogue magnetic tapes were recorded with a Hewlett
Packard Model 3968 8-channel tape recorder. Recording was
done at a tape speed of 3 3/4 inches per second (9.5 cm/s).
Recording channels are given in Table 5. Digital recordings



were made using an SE880 recorder. Analogue and digital tape
start and stop times are given in Tables 6 and 7, respectively.

2.5 CORING AND LARGE GRAB SAMPLES.

2.5.1 Long cores

Eighteen widely-spaced sites were occupied and thirteen long
gravity and piston cores, ranging in length from 2 m to 8 m,
were obtained to sample the sediment in order to verify
stratigraphy or features identified on the geophysical records
(Table 8). Samples of the Lake Winnipeg and Lake Agassiz
sediment sequences were recovered in both the North and
South Basins (Fig. 12). '

Coring system - The CCGS Namao, being designed as a
navigational aids tender, is well suited for handling large
equipment on the foredeck and for deployment over the side.
The vessel is equipped with a 9 m cable boom having a 5 ton
primary runner. The foredeck is approximately 8.5 m by 8.5 m
in size with a raised hatch cover in the centre of the deck.

The AGC wide-diameter and Benthos medium-diameter
piston coring systems were the primary tools used on the
cruise. These systems and all other equipment were designed
and built to be used on designated research vessels as well as
ships of opportunity. This simplified the preparation,
installation and handling of the corer on the CCGS Namao.

The coring systems consisted of the following
components:

Core head - modified Benthos core head (907 kg, 2000 1b)

Core head - Benthos core head (907 kg, 2000 1b)

Murphy gravity corer (100 kg, 220 1b)

Core barrel - 4.25 inch (10.8 cm) inside diameter (ID) with
0.375 inch (0.95 cm) wall thickness for use with the first
core head

Core barrel - 3 inch (6 cm) ID with 0.25 inch (0.64 cm) wall
thickness for use with the second core head

Couplings - straight for wide-diameter core barrels, threaded
for Benthos core barrels

Core barrel liner - cellulose acetate butyrate of 4.14 inch (10.52
cm) outer diameter (OD) and 3.904 inch (9.92 cm) ID or
2.875 inch (7.3 cm) OD and 2.625 inch (6.67 cm) ID

Trip arm

Trigger weight

Deployment and recovery of piston corer - The core head was
rigged diagonally across the foredeck (Fig. 13). Each barrel
was installed from the core head downward. As the core head
and protruding barrels were set up, they were kept stable by
wooden blocking. A maximum barrel length of 9 m was rigged
due to space and handling limitations and the depth of the
water in Lake Winnipeg. A rope was passed through the core
head and each barrel and liner as they were inserted. The rope
was then used to pull the wire cable through, attached to the

piston. At the core site, the trigger weight cable was put
through a snatch block on the boom's second runner and
shackled to the side of the ship. The boom was lifted up until
the trigger weight cleared the deck, then the weight was
lowered over the side. It was left hanging from the side of the
ship for later attachment of the trigger arm.

To deploy the piston corer, a harness was attached from
the boom's second runner to the core barrels. The boom was
used to lift and direct the barrels through an opening in the
starboard rail (Figs. 14, 15). The whole system was boomed up
and allowed to slide over the edge until vertical (Fig. 16). The
trip arm and trigger weight were attached and the corer was
positioned so its safety pin could be removed and the corer
lowered to the lake bottom until it triggered. The triggering was
automatic and was signalled by a recoil in the cable as the
heavy corer "fell" freely into the sediment. On recovery, the
reverse order of operations was used to place the core-filled
corer on the foredeck. The core liner was then extruded from
the core barrels (Fig. 17), cut in 5 foot-long (1.5 m) sections,
sealed at the ends, labelled and stored upright in a core cooler
on the foredeck (Fig. 3). At the conclusion of the cruise, this
core cooler was transported to the GSCA core storage facility
at the Bedford Institute of Oceanography in Dartmouth, Nova
Scotia.

Two sets of piston coring gear were lost during the cruise,
a highly unusual rate of loss. These losses were attributed to the
remarkable ease of penetration of the corer into the soft
lakefloor mud. The result of this condition was an excess
velocity of the corehead weight when the piston encountered
the stop; breakage of the cable and fiege fitting resulted. The
degree to which these coring conditions were unanticipated is
highlighted by the concern raised at the beginning of the cruise
that the corehead weight on board might be insufficient to
penetrate into the subbottom. The heavier corehead, which had
originally been slated for use in Lake Winnipeg, had been lost
in Lake Ontario in July, 1994, prior to its planned shipment to
Selkirk.

It should be noted that the core cooler required repairs at
Gimli twice during the cruise; waves breaking over the ship in
rough weather had soaked the exposed control mechanism at
the base of the cooler and caused it to malfunction. It was
inadvisable to place the core cooler in such an exposed area on
the foredeck, but the limited space on board the CCGS Namao
precluded any other solution. In the future, however, the core
cooler should be first placed in the hoid of the ship before the
geophysical lab is constructed.

As a result of the problems with the cooler and the
unreliable behaviour of its internal fan system, some stored
cores suffered freezing along their mid-sections, thus
eliminating the possibility of meaningful studies of the physical
properties of these zones.

Coring sites - In all, 18 deployments of coring devices were
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undertaken on the cruise (Fig. 12). As listed in Table 8, there
was one deployment of the AGC wide diameter long gravity
corer (site 104a), six deployments of the AGC wide diameter

piston core (sites 103, 104b, 105, 106, 107a, 108a), two

deployments of the Murphy wide diameter gravity core (sites
107b, 108c), seven deployments of the Benthos long gravity
core (sites 109, 110a, 113a, 115, 119, 121, 122a), and two
deployments of the Benthos piston core (sites 120, 122b). In all
cases except sites 109 and 110a, the ship was positioned at
coring targets selected from Seistec profiles (Table 9). The
AGC wide diameter piston corer was lost at site 108c and the
Benthos piston corer was lost at site 122b.

2.5.2 Box cores

A series of 10 box cores were obtained from widely-spaced
sites around Lake Winnipeg (Table 10, Fig. 18). The objective
for all these samples was to obtain a high-resolution core of
recent sedimentation for the study of pollution history and
environmental change. The box corer obtains a cubic sample
from the floor of the lake measuring about a half metre in each
dimension. The device was retrieved over the side (Fig. 19),
placed on the foredeck for cleaning and opening (Fig. 20) and
then carefully subsampled using 10 cm diameter tubes and a
vacuum pump to force the tubes into the sediment without
disturbance (Fig. 21). Four tubes were obtained from each box
core: two were used by the Freshwater Institute, one by the
University of Manitoba, and one was sent to the GSCA core
storage facility as an archive sample.

2.5.3 Large bottom grabs

Two Van Veen grab samples verified the presence of a thin
veneer of mud over coarse sand in inferred large sand waves at
The Narrows (Table 11).

2.6 LIMNOLOGICAL SAMPLING

2.6.1. Bottom sediment sampling

In order to map the texture and composition of bottom
sediments, in particular the analysis of several variables not
addressed by the 1969 Freshwater Institute survey, a systematic
set of geological bottom sediment samples was collected. Prior
to the cruise, 50 evenly spaced target sites were designated,
with a more dense sampling grid in the South Basin. Figure 22
shows the actual stations occupied during the cruise. All
samples were taken from the ship's launch. Positioning was
determined using a portable GPS unit which displayed
navigation instructions. An intact bottom sediment sample was
recovered using a Ponar dredge or, in a few cases, an Eckman
dredge (Table 12). Opening of the dredge permitted the intact
sample to be placed in a plastic pan in the boat. A one litre
sample was recovered from sediments within 5 cm of the
sediment-water interface. This activity was assigned the lowest
priority of the geological objectives. No samples were obtained
at times when wave conditions prevented safe use of the
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launch. No sampling was done from the ship, in order to avoid
interference with coring operations. Although 33 sampling
stations were occupied (Fig. 22, Table 12), only 31 bottom
sediment samples were obtained. At stations 9 and 38, a hard
lake bottom was encountered, and no sediment was recovered.

2.6.2 Water column analyses

Air temperature, surface water temperature, and a Secchi disk
measurement were recorded at all 33 sampling sites.
Conductivity-temperature-depth (CTD) profiles were only
taken at 24 of the sites, due to the necessity that the equipment
be transferred to another Freshwater Institute project prior to
the last two days of sampling.

Air and surface water temperature were recorded at each
site using a digital thermometer. Secchi disk measurements, a
measure of light transmission and hence turbidity, were made
by lowering a standard black and white Secchi disk until it was
not visible, and by recording the depth at which it was again
visible while being raised.

CTD profiles (Appendix 2) were measured using an
automated, self contained instrument supplied by the
Freshwater Institute. After being turned on, the instrument was
lowered by hand to the bottom at an approximate rate of 1 m
per second, raised, and switched off. Temperature,
conductivity, transmissivity and depth, as indicated by a
pressure transducer, were recorded by the instrument at 1/3
second intervals. Date and time were automatically recorded by
the instrument at power on. At the end of the cruise, the
instrument was dismantled and data were down loaded to the
RS-232 port of a portable IBM-compatible computer. Data
obtained in air and during raising of the instrument were
discarded. Profiles include data from below the sediment-water
interface, due to the pointed, elongate geometry of the
instrument.

Guidance and processing of the CTD data were generously
contributed by Dr. Everett Fee of the Freshwater Institute.

2.6.3 Biological sampling

During the northbound leg of the cruise, phytoplankton
samples consisting of 0.25 litres of surface water treated with
a preservative were collected at 12 stations. These samples
were obtained by pumping from approximately 1 m depth near
the bow. During the southbound leg, a phytoplankton sample
was taken at each sampling station. These samples were
obtained from between the surface and about 0.5 m depth by
dipping a rinsed plastic pail.

A zooplankton net haul was obtained by lowering a net
until contact of the lower extremity of the net was made with
the bottom. After a five second pause, the net was raised at a
rate of about 0.75 to 1 m per second. Contents of the net were
drained into a jar and the net was rinsed twice. Recovered



plankton were preserved in formaldehyde.

Excess dredged sediment remaining after the bottom
sediment sample was taken was screened in order to recover
benthic organisms, which were preserved in formaldehyde.
Time constraints prevented quantitative recovery.

A few trawls to net pelagic fish along offshore transects
were attempted, but were unsuccessful.

2.6.4 Water sampling

Two sets of water samples were taken during the cruise. Large
volume water samples (20 L) were taken for the investigation
of trace organic contaminants by the University of Winnipeg.
A total of twelve samples were pumped into precleaned
stainless steel transfer tanks using a submersible pump. The
tanks were stored in a cooler on board to maintain a
temperature of 2-8° C to preserve sample integrity. Smaller
water samples, also acquired with the submersible pump, were
taken at 21 sites during the northbound cruise and 33 sites on
the southbound cruise for a complete analysis of water quality
by the Freshwater Institute in Winnipeg. Subsamples, collected
for dissolved silicon and dissolved organic carbon analyses,
were placed in 100 mL jars containing a preservative. Further
subsamples were filtered on board for the determination of
chlorophyll, and particulate silicon, carbon, nitrogen, and
phosphorus.

2.6.5 Air sampling

A total of ten air sample transects for the University of
Winnipeg were taken over the duration of the cruise using a
Grasby G.M.W. high-volume air sampler mounted at the bow
of the ship (Fig. 3). The air sampler was fitted with a glass
sampling head consisting of two filters in series, a glass fibre
filter with a pore size of 1 um followed by a three inch long
plug of polyurethane foam. The glass fibre filter was used to
trap persistent organic contaminants which are sorbed to
particulate matter with a diameter of 1 pm. The polyurethane
foam provided a trap for volatile and semi-volatile organic
contaminants that exist in the vapour phase. Due to the low
concentrations of the target organic contaminants in the air and
water, it was necessary to sample large volumes of both
matrices to ensure sufficient material for detection. The high-
volume air sampler was, therefore, in use for as long as
possible during each day of the cruise. Sampling was restricted
to slow cruising speed and to times when prevailing winds
carried the ship's exhaust away from the air sampler. During air
sampling, wind speed and direction, air temperature, and
atmospheric pressure were recorded at regular intervals. At the
end of a sampling period, the filter and foam plug were placed
in cleaned glass containers and frozen.
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Table 1: List of Canadian Coast Guard personnel.

Title Name
Commanding Officer V. Isidoro
First Officer S. Babisky
Chief Engineer D. Richmond

First Engineer

D. Gnitzinger

F. Gnitzinger

Boatswain
Deckhand W. Magnusson
Deckhand J. Bartley
Deckhand K. Cooke, Jr.
Deckhand/Steward B. Sparks
Oiler D. Fontaine
Cook W. Peristy




Table 2: List of scientific personnel.

Title and duties Name Affiliation Dates on board
Chief Scientist
(Geophysical and coring B.J. Todd GSC, TSD July 29-August 31
surveys)
Scientist
(Geophysical and coring C.F.M. Lewis GSCA August 3-30
surveys)
. (SIEHEE L.H. Thorleifson GSC, TSD August 4,5,9,18-30
(Limnological sampling survey)
Scientist .
fieieon and lagisdes) E. Nielsen MEM August 9,18-30
Scientist ’
(Marine vafiar) J. Pilon GSC, TSD July 29-August 18
Scientist . :
A sk nkis el G. Fisher-Smith UofW August 4-11,19
SolaRk. . L. Lockhart FOC August 20-30
(Box core sampling)
Technologist
(Multichannel seismic, watch R.A. Burns GSC, TSD August 3-18
keeping)
Technologist .
(Blsctronipd. Svatch kesplis) A. Atkinson GSCA July 29-August 17
Technologist August 18-
(Coring) ED, Jocrey Gota September 1
Technologist
{Miechanioal, watch keetng) K. Wagner GSCA July 29-August 19
TCChI.IOIQgISt L. Johnson GSCA July 29-August 1
(Navigation)
Logistics Manager M. Gorveatt GSCA July 31-August 4

GSC:  Geological Survey of Canada
TSD:  Terrain Sciences Division
GSCA: Geological Survey of Canada (Atlantic)
MEM: Manitoba Energy and Mines
Uof W:  University of Winnipeg
FOC: Fisheries and Oceans Canada (Freshwater Institute)
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Table 3: List of guests.

Name Affiliation Dates on board
K. Friesen U of Winnipeg August 4, 5
W.M. Buhay U of Waterloo August 8, 29
R. N. Betcher MWRB August 8, 30
W. Weber MEM August 10, 11
R.K. Bezys MEM August 10, 11
P.J. Henderson GSC, TSD August 26, 29
Hon. J. Gerrard and family (5) Government of Canada August 28
C. Pashadal U of Manitoba August 29
W.D. McRitchie MEM August 30
J.T. Teller U of Manitoba August 30

MWRB: Manitoba Water Resources Branch
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Table 5. Analogue recording channels.

Channel No. Parameter . l Type of recording
1 Port sidescan signal FM (frequency modulation)
2 Sidescan reference trigger DR (direct recording)
3 Starboard sidescan signal FM
4 Seistec signal DR
8 Voice annotation FM




Table 6: Analogue tapes start and stop times.

Tape number Start time Stop time Line Number
1 220/ 1705 220/1901 SB3
2 220/1902 220/2143 SB3
3 220/ 2145 2201/ 2259 SB3
4 221/1519 221/1700 SB4
5 22171658 22171836 SB4
6 221/ 1836 221 /2030 SB4
7 221/2040 221/2220 SB4
8 222/1527 222/1707 SB5
9 22271708 22271843 SBS
10 22271845 222 /2135 SB35
11 222/2133 222/1710 SB5 & SB6
12 223/1711 223 /1847 SB6
13 223/1848 223 /2030 SB6
14 22372032 22372216 SB6
15 223/2218 22471556 SB6 & SB7
16 224/ 1600 224 /1736 SB7
17 224 /1736 224/ 1915 SB7
18 224 /1915 224/ 2054 SB7
19 22472054 22472230 SB7
20 227/ 1415 227/1552 NB8
21 227/ 1554 22771730 NBS
22 22771730 22771928 NB8
23 227/1728 227172107 NBS8
24 22772108 228 / 0008 NBS§
25 228/ 0008 229/1254 NB8 & NB9
26 229/1256 22971435 NB9
27 229/ 1435 229/1614 NB9
28 229/1614 229 /1750 NB9
29 229/ 1750 229 /1928 NB9
30 229/1928 229 /2106 NB9
31 22972106 229 /2246 NB9
32 229/ 2247 229 /2345 NB9
33 230/ 1614 230/1751 NB10
34 230/ 1752 230/1927 NB10
35 230/1928 230/ 2106 NB10
36 230/2106 230 /2240 NB10
37 230/2141 23072311 NB10
38 231/1430 231/1629 NB11
39 231/1629 231/1709 NB11
40 231/1709 231/1945 NB11
41 231/ 1945 231/2100 NB11
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Table 7: Digital tapes start and stop times.

Tape number : Start time = Stop time Line Number
1 217/ 1605 217 /2004 SB2
2 220/ 1545 220/ 2259 SB3
3 221/ 1505 221/2220 SB4
4 222/1612 222 /2204 SB5
5 223 /1435 223 /2230 SB6
6 224 /1430 224 /2230 SB7
. 227/ 1425 228 /0030 NB§
8 229/1155 229 /2345 NB9
9 230/ 1630 230/2311 NB10
10 231/ 1413 231/2120 NB11
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Figure 3. Layout of scientific equipment on CCGS Namao.
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GSC photo 1995-174K, L.H. Thorleifson

Figure 8. Boomer mounted under surfboard.
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Figure 12. Location of long core sites.
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GSC photo 1995-174Q, B.J. Todd

Figure 15. Deploying corer by sliding barrels through gap in starboard rail.
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GSC photo 1995-174P, E. Nielsen

Figure 16. Piston corer hanging on starboard side prior to lowering to lakefloor.
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GSC photo 1995-174R, B.J. Todd

Figure 17. Core liner being extruded from piston corer barrels.
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Figure 18. Location of box core sites and large grab samples.
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GSC photo 1995-174L., B.J. Todd

Figure 20. Box corer on foredeck.
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Figure 22. Location of sampling survey stations.



Appendix 1:

Marine magnetometer survey data
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Appendix 2:

Temperature, conductivity and turbidity profiles
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3. Geophysical survey results
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3.1 Seismostratigraphy of Lake Winnipeg sediments

B.J. Todd

Geological Survey of Canada
601 Booth Street, Ottawa, Ontario K1A 0E8

ABSTRACT

In August, 1994, high-resolution single- and multi-channel
seismic profiles, as well as sidescan sonar profiles, were
obtained in Lake Winnipeg to investigate the
seismostratigraphy of the sediments and the morphology and
seismic velocity of underlying bedrock. The data, though
limited in coverage compared to the large area of the lake, are
generally of high quality. East-west transects, with south-north
tie lines, were run in both the South and North Basins, as well
as in the connecting Narrows and islands area. Over 500 km of
geophysical track lines were obtained, revealing evidence for
substantial westward relocation of the previously estimated
position of the boundary between rock of Precambrian and
Palacozoic age, unanticipated basins of substantial depth
containing as much as 100 m of what appears to be postglacial
clay, and bedrock ridges. The glacial Lake Agassiz sediment
sequence and some ice marginal morainic deposits are clearly
imaged. The Lake Agassiz sediments are truncated and
overlain by sediments of post-glacial Lake Winnipeg; the latter
commonly reach thicknesses of 9 m or more in the offshore
basins. The Lake Winnipeg sediments are gas-charged in many
places, obliterating the seismic profiles. A mud-buried
paleobeach and shoreface were profiled in the northern part of
the South Basin about 15 m below present lake level. Sand
waves in The Narrows are evidence of high-velocity bottom
currents. Furrows in lakefloor sediment imaged in both the
South and North Basins are ascribed to scouring by ice keels.

INTRODUCTION

Seismostratigraphy involves the determination of the nature
and geological history of sediments from seismic evidence.
Separate depositional sequences are defined by locating their
boundaries, usually unconformities. For the Lake Winnipeg
Project, a single-channel high-resolution seismic reflection
profiling system was employed to profile the structure of
sediments below the lakefloor. This system provided vertical
resolution of reflecting horizons of 15-30 cm and penetration
of up to 60 m. Also employed was a multi-channel seismic
reflection system that provided deeper penetration into the
subbottom to image the bedrock surface beneath the sediments.

Physiography
Lake Winnipeg lies at the boundary between the low-relief

Interior Plains and the southwestern Canadian Shield. At
24,400 km?, Lake Winnipeg is 25% larger in surface area than

C.F.M. Lewis

Geological Survey of Canada (Atlantic)
P.O. Box 1006, Dartmouth, Nova Scotia B2Y 4A2

Lake Ontario and almost as large as Lake Erie.

Lake Winnipeg is divided into the South and North Basins,
separated by a region of islands and constricted passages only
a few kilometres wide called The Narrows (Fig. 1). The lake is
218.6 m above sea level (mean lake level 1901) and is oriented
southeast-northwest in central southern Manitoba between 50°
and 54° North latitude (Fig. 1). Lake Winnipeg is 430 km in
length and reaches 100 km in width in the North Basin. The
South Basin measures 90 km north-south and 40 km east-west
and has a flat lakefloor with water depths averaging 12 m
(Canadian Hydrographic Service, 1986). From Black Island to
The Narrows, the lake is a complex of islands and passages
with an irregular lakefloor bathymetry reaching charted depths
of 61 m (Canadian Hydrographic Service, 1981). The North
Basin extends almost 240 km south-north and reaches a width
of 100 km. The most prominent shoreline feature is Long Point
which extends 40 km into the lake from the western shore. The
lakefloor in the North Basin is generally flat with an average
water depth of 16-17 m. In contrast, the lakefloor adjacent to
the eastern shore of the basin has a rugged bathymetry
(Canadian Hydrographic Service, 1982).

The current bathymetric chart of the North Basin
(Canadian Hydrographic Service, 1982) is based on a number
of cross-lake bathymetric traverses conducted by the
Geological Survey of Canada between 1901 and 1904, with
additional work offshore Berens River from 1932 to 1934.
Knowledge of the bathymetry of the South Basin dates from the
same early Geological Survey of Canada surveys, with
additional Canadian Hydrographic Service surveys in 1974,

Previous work

Lake Winnipeg is bounded by Precambrian rock of the
Superior Province (>2.5 Ga) on its eastern shore (Weber, this
volume) while its western shore is composed of Paleozoic
carbonate rock and sandstone of the Williston Basin. The
eastern shore of the lake can be viewed as a number of straight
segments trending roughly north-northwest (Fig. 1). This trend
is subparallel to the regional structure of lower Palaeozoic
strata which is interpreted as the result of late Palacozoic to
early Mesozoic uplift of the Precambrian basement in eastern
Manitoba (Bezys, this volume). The segmented nature of the
eastern shore suggests that at least part of the this shore may be
fault-controlled.

Until this survey, the Precambrian-Paleozoic contact was
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thought to lie near the eastern shore of Lake Winnipeg. The
poorly-exposed contact, where data are available, seems to
consist of an escarpment of Ordovician Red River Formation
carbonates overlying poorly-consolidated sandstones of the
Winnipeg Formation (Betcher, 1986). Paleozoic strata dip to
the southwest and the sequence increases in thickness to about
100 m at the western shore of Lake Winnipeg. Fault control of
the Precambrian-Paleozoic contact (and possibly the north-
trending eastern shore of the South Basin) is supported by data
on the structural relief of the contact south of the lake which
suggests that east side-up faulting or flexing (of unknown age),
and not erosion, may be responsible for the present shield edge
(Bezys, this volume).

Fractures that are subparallel to the eastern shore of Lake
Winnipeg occur in the Superior Province and have been
interpreted (in the Kirkland Lake area) as part of a late-
tectonic, rift-related fracture system that appears to form one of
the controlling factors for the distribution of kimberlites. Thus,
a better understanding of the control for the eastern shore of
Lake Winnipeg may contribute towards a better assessment of
mineral deposits or may assist in mineral exploration.

The subaerial mapping of the extent of Lake Agassiz
encompasses just over a century, from the 1870s to the 1980s
(Elson, 1983). The Red, Winnipeg, Dauphin, Saskatchewan
and numerous smaller rivers have drained much of Manitoba,
Saskatchewan and the adjacent parts of the United States since
late glacial and early Holocene times. Water draining this huge
watershed has deposited sediments in Lake Winnipeg that have
recorded and continue to record geomorphic and climate
changes, isostatic tilting and anthropogenic modifications to the
surrounding landscape. In Lake Winnipeg, the deposition and
resuspension of the Red River sediment load was first
described by Upham (1890). During the century since Upham's
work, investigations in Lake Winnipeg have focussed on
chemical, mineralogical and grain size studies (e.g. Ward,
1926; Bajkov, 1930; Kushnir, 1971; Brunskill and Graham,
1979). To date, there have been no published sonar or seismic
profiles of the subbottom sediments of Lake Winnipeg,
although Brunskill and Graham (1979) made a few comments
regarding sediment thickness on the basis of unpublished sonar
profiles. Because portions of the lake are a vestige of Lake
Agassiz, the nature and depositional framework of sediments
beneath those areas provide an opportunity for insight into the
paleolimnology of Lake Agassiz.

SURVEY METHODS

The geophysical survey methods used aboard the CCGS
Namao were described in detail in the cruise report (Todd, this
volume). Given the large area of Lake Winnipeg and the
limited survey time available, a strategic data set was collected
(Fig. 1) covering the major depocentres defined by Brunskill
and Graham (1979). Lines SB3 and SBS5 transect the South
Basin from south to north. Lines SB2 and SB4 transect the
South Basin for west to east, with the latter line extending into
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Traverse Bay. Line SB6 transects the narrow channel to the
east of Black Island, the area of Lake Winnipeg having the
greatest charted water depths. Line SB7 was run in a zigzag
pattern through The Narrows. Although poor weather
precluded geophysical surveys in the southern portion of the
North Basin, the northern portion of the basin was well-
covered. Line NB8 runs roughly west-east across the Little
Sandy Island-George Island chain. Line NB9 crosses the entire
North Basin from Grand Rapids in the west to Warren Landing
in the east, while lines NB10 and NB11 provide a south-north
transect of the basin, crossing line NB9,

Survey speeds were generally about 4 knots (7.4 km/hr) to
obtain geophysical records of high spatial resolution. All data
were logged in Universal Time Coordinated (UTC) which is 5
hours ahead of Central Daylight Time (CDT), the local time
used aboard the ship. All data were recorded both on paper and
on magnetic tape. The marine survey was controlled by precise
navigation in order to accurately run geophysical survey lines.
Differential Global Positioning System (DGPS) with a base
station at Duluth, Minnesota, was employed, providing
positional accuracy of less than 10 m. In the North Basin, the
DGPS ship's positions were consistently about 1 nautical mile
(1852 m) southeast of the ship's positions marked on the
Canadian Hydrographic Service Chart 6241 by the ship's
navigator.

Single-channel seismic system

The IKB-Seistec™ (hereafter, the Seistec) single-channel
seismic reflection profiling system was the primary tool used
to image the lateral and vertical geometries of unlithified
sediment in Lake Winnipeg. The system consists of a Huntec
4425 boomer (seismic energy source) mounted under a surface-
towed surfboard and a 'line-in-cone' hydrophone array receiver.
The boomer generates a continuous series of acoustic pulses or
pressure waves in the water by implosion through the rapid
movement of a spring-loaded plate. The seismic energy in each
pulse travels down to, and reflects from, interfaces at the
lakefloor and subsurface. Reflected energy (pulses) travels
back to the lake surface and is detected by pressure-sensitive
hydrophones in the receiver. For each 'shot’ from the boomer,
a 'trace' of reflected energy was recorded graphically and
digitally on board ship. These traces were collected side-by-
side on a graphic recorder as the ship steamed along each
survey line, thereby producing a cross-sectional view, in
reflection two-way-time (TWT), of the subsurface reflecting
horizons.

The records obtained with this system were of excellent
quality and provided the highest resolution of the lakefloor
sediments above acoustic basement. (Acoustic basement is an
informal designation used in high-resolution seismostratigraphy
denoting material which resists penetration by seismic energy;
such material can be hard sediments or bedrock).
Consequently, line coverage by this system was given highest
priority in completing the planned survey lines. The Seistec



system operates at frequencies between 2 and 8 kHz. It has the
ability to vertically resolve strata with thicknesses of
approximately 0.25 m in water depths of 2-100 m accompanied
by depth penetration of up to 80 m in soft sediments (Simpkin
and Davis, 1993). The system was fired at a 0.25 s interval with
an average survey speed of 4 knots (7.41 km/hr) thereby
sampling the subsurface every 0.5 m horizontally.

The Seistec records total 85.7 hours of recorded data,
which translated to 198 m of paper records.

Multi-channel seismic system

The muiti-channel seismic system, consisting of a seismic
energy source and a 24-channel receiving eel, operates with the
same physical principles as the single-channel seismic system
described above. The seismic energy source is compressed air
which is released rapidly in bursts beneath the water surface
from a sleeve gun. The input signal (tens to hundreds of hertz)
does not attenuate as quickly in the subsurface as does energy
from higher frequency sound sources. Consequently, the depth
of penetration of the sound energy into the subsurface is
greater, but the vertical resolution of the reflecting horizons is
less than higher-frequency systems. Thus the multi-channel
seismic system can provide information about the deeper
structure beneath the lakefloor, specifically the surface
morphology of, and seismic velocities within, harder sediments
and bedrock. These records were consulted to determine
thickness of soft sediments where the Seistec system was
unable to penetrate to acoustic basement.

The 10 cu. in. (164 cm®) sleeve gun was towed 15 m astern
of the ship at a depth of about 1 m and was fired at an interval
of 5 s. The vertical resolution of this system is estimated to be
3-5 m with a horizontal resolution of 20 m at 4 knots.
Reflecting signals received on the 24-channel eel were digitally
recorded for post-cruise processing. Simultaneously, one
channel from the eel was amplified, filtered and displayed on
a graphic recorder on board ship. These shipboard records
were for quality control only; because of the graphic recorder
setup, the records were compressed horizontally and,
consequently, are not of sufficient quality to reproduce in this
Teport.

Accompanying this report are fourteen sheets of seismic
profiles recorded with the multichannel seismic system. It is
important to note that these sheets display only one channel
(channel 4) of the 24 channels recorded digitally. Processing
costs did not allow multichannel processing of the entire suite
of data; nonetheless the fourteen seismic profile sheets harbour
an abundance of geological information. Three separate sheets
are included in the report which demonstrate, using data from
line NB 10, the improvement in resolution of reflectors that can
be obtained after full multichannel processing.

Characteristics of seismic reflection profiles

Seismic reflection systems are characterized by a frequency
range and related vertical and horizontal resolution and depth
penetration. The higher the frequency of the seismic source, the
thinner the bed that can be resoived, but energy penetration
into the earth decreases with increasing frequency (Sheriff and
Geldart, 1982).

The interpretation of seismic reflection data involves the
expression of the seismic information in geological terms.
Records from seismic profiling systems appear to be
geological cross-sections and are often (and sometimes
erroneously) interpreted as such, to a first approximation. In
seismic profiles the vertical axis is expressed in two-way-travel
time (i.e. the time elapsed while the seismic energy travels from
the source at the surface, down to a reflector and returns
upward to the detector) although the reflector may not be
vertically below the source. Seismic reflection profiles then, are
not directly comparable to traditional geological cross-sections
in which both the horizontal and vertical scales are units of
distance, and features in vertical alignment are correctly
represented (Sheriff and Geldart, 1982). Successful
interpretation of seismic profiles in Lake Winnipeg depended
mainly on a proper consideration of 1) the reflection process
and horizontal resolution, 2) reflector geometry and 3) vertical
exaggeration. Seismic reflections are generated by surfaces of
strata having differing acoustical properties.

Horizontal resolution

The first Fresnel zone is the portion of a plane reflector mainly
effective in generating a reflection (Fig. 2a). When the
wavefront encounters the reflector, the reflected signal is
generated by the interaction of the wavefront over the first
Fresnel zone, defined by the intersection area of the seismic
wave as it advances 1/4 of a wavelength (the wavelength is
equivalent to the velocity of a seismic wave divided by its
frequency). Thus, information is obtained not about the
reflector at point P (the reflection point of the geometrical ray),
but rather an average over the whole Fresnel zone. This effect
limits the horizontal resolution that can be expected from the
seismic reflection method, even though the Fresnel zones of
successive reflections in this survey overlapped 8-10-fold.
Generally, only the average structure over an area the size of
the first Fresnel zone can be perceived. For example, at a water
depth of 100 m, a reflected 3000 Hz signal represents an area
with a radius of 4.0 m (horizontal resolution 50 m?) while at a
water depth of 20 m, the radius horizontal resolution is
improved to about 2.3 m. Thus, horizontal changes in structure
smaller than these radii may not be resolved. Fresnel zones are
considerably greater for sleevegun seismic profiles. For
example, at a water depth of 100 m, a 100 Hz sleevegun
seismic wave would be reflected from an area with a radius of
27.6 m.
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Reflector geometry

The simplest geometry of seismic reflection is shown in Figure
2b,i. A plane horizontal reflector is overlain by a medium of
constant velocity. In this case, the time (i.e. seismic) section is
similar in appearance to the depth (i.e. geological) section.
However, if the geological structure is more complex, the time
section may look very different from the geological section.
The problem arises because the reflected ray path is
perpendicular to the reflector, but the reflection record is
plotted vertically below the receiver. For example, in Figure
2b,ii, a point reflector in the depth section (e.g. a boulder or
rock edge) gives rise to a hyperbola in the time section.
Anticlines (Fig. 2b,iii) appear broadened and synclines can
show a suite of effects (Fig. 2b,iv). If the syncline curvature is
greater than that of the incoming wavefront, synclines appear
inverted and resemble anticlines (Sheriff and Geldart, 1982).
In summary, regions of complex geological structure can
produce confused seismic sections from which it is difficult to
deduce the geometry of the corresponding geological section,
thus rendering definitive interpretation unlikely. These
problems were kept in mind during the interpretation of the
seismic profiles. In general, the interpretation of the seismic
profiles from Lake Winnipeg as geological cross sections was
straightforward as in Figure 2b,i, though influenced by
considerations of geometry, horizontal resolution and vertical
exaggeration.

Vertical exaggeration

Vertical exaggeration occurs when the vertical scale of the
recorded seismic profile is larger than the horizontal scale.
Vertical exaggeration makes subtle effects more evident.
Consequently, the recording scales on the Lake Winnipeg
survey were set at high vertical exaggeration so that
discontinuities and displacements would be plainly visible.
Seismic time sections involve some variable vertical
exaggeration because the velocity of sound in sediments varies
naturally (usually increasing) with depth. However,
identification and interpretation of features on seismic
reflection sections are greatly affected by the rather large
vertical exaggerations produced during recording. The paper
records of seismic data from the Lake Winnipeg survey were
produced on board ship with an inherent vertical exaggeration
of 8.7, 11.6 and 17.4 times.

Sidescan sonar

Sidescan sonar is a high-resolution, very high frequency swath
acoustic system used in offshore surveys to obtain images of
lakefloor morphology (Fig. 3). The system used in this survey
was a Klein 531T sidescan sonar with a graphic recorder on
board ship and, in the water column, a towfish which operated
at 100 kHz. At this frequency, reflections could be generated
from surfaces with radii as small as 1.75 m at a range of 100 m
or 0.35 m at 20 m range. The sidescan insonified the lakefloor
to ranges up to 100 m on both sides of the towed fish. Acoustic
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returns from each of the sidescan channels and the profiler
were displayed on a graphic recorder. The reflected signals
received by the fish provided a map view of the lakefloor. The
output from this instrument provides information on the
morphology of the lakefloor as well as textural information.
For example, rock gives a much stronger (darker) reflected
signal than does silt, and individual topographic features cast
recognizable acoustic shadows.

The major difference between sidescan and seismic
reflection systems is that the purpose of the sidescan is to
obtain very high-resolution images of acoustic energy reflected
and backscattered off the lakefloor, as opposed to changes
within the sediments beneath the surface of the lakefloor.
Backscatter is a microscale process of multiple reflection of
acoustic energy by facets of individual grains of sediment on
the lakefloor (Fig. 3). Some of the micro-reflected energy is
directed back towards the source (towfish) where it is received
as backscatter. In comparison, reflection of acoustic energy is
a single event at a larger scale involving the surface of the
lakefloor or large targets such as boulders but not individual
grains of sand or mud (Kleinrock, 1992; Hobbs and Dame,
1992).

Sidescan sonar records are displayed as gray-scale images
that appear similar to aerial photographs in that they show
features on the lakefloor in plan view. The view is commonly
exaggerated in the cross-track direction, depending on the
speed of the survey vessel and the range selected for recording.
The records display the character of lakefloor roughness and
details of lakefloor structure and allow determination of the
shape, orientation and dimensions of structures (morphology)
as well as the fine-scale acoustic character of sediments
(texture) on the lakefloor. Data from the system portrays strong
received energy as dark features on a light background; returns
from positive (bumps) and negative (depressions) topographic
features show characteristic patterns (Fig. 3). Areas of acoustic
roughness (e.g. rock or gravel) will appear darker than areas
which are more acoustically smooth (e.g. sand or mud).

The sidescan sonar records total 74.5 hours of recorded
data and were plotted on 285 m of paper records.

SEISMOSTRATIGRAPHY: REFLECTORS
AND SEQUENCES

The Seistec single-channel seismic reflection profiles were the
principal data used in the study of Quaternary sediments in
Lake Winnipeg. Sleeve gun multi-channel reflection profiles
were used to determine the depth to, and morphology of,
acoustic basement. The seismic reflections were interpreted
according to the principles of reflector identification discussed
by Mitchum, Vail and Sangree (1977) and Mitchum, Vail and
Thompson (1977). Reflections are assumed to be conformable
with sedimentary bedding and that they are chronostratigraphic
horizons which can be traced from place to place and utilized



for correlation between sites within depositional basins.
Reflections which are regional in extent and which truncate
underlying reflections define the boundaries of packages or
sequences of sediment. Three such regional reflectors were
colour-coded on copies of the seismic reflection profiles. These
comprise, in order of increasing depth and age, the lakefloor
and two unconformities (Fig. 4, Table 1).

Commonly, the sediment sequences between reflectors are
named for their upper bounding reflector colour code. In this
paper, however, we use the informal interpretive designations
Winnipeg Sequence for the lakefloor sediments and Agassiz
Sequence for the underlying sediments (Fig. 4, Table 1), based
on convincing regional geological relationships. The informal
designation Acoustic Basement Sequence is used for deposits
below the deepest unconformity (Fig. 4, Table 1), so named
because little or no seismic energy is able to penetrate this
sequence. The structural configuration and extent of the
Winnipeg, Agassiz, and Acoustic Basement Sequences. are
described below.

The Winnipeg Sequence and various stratigraphic levels
of the Agassiz Sequence were penetrated by piston and gravity
cores. The preliminary correlations of the lithologies in the
cores and the sequence boundaries in the seismic profiles are
illustrated and discussed by Lewis and Todd (this volume). The
principal purpose of the cores is to provide information on the
physical nature of the seismostratigraphic sequences.

Facies variations and areas of complex stratigraphy are
evident within the sequences, especially the thick Agassiz
Sequence. These details were not mapped in this preliminary
study. However, the attributes of these stratigraphic
subdivisions are identified in terms of their acoustic signature,
geometry, distribution and bounding units as summarized in
Table 1 and in the subsequent discussion. The units are
discussed in order from oldest to youngest.

Acoustic Basement Sequence

The seismic reflection profile sheets (included with this
volume) show the morphology of the surface of the Acoustic
Basement Sequence along the survey lines. It is important to
recognize that these data are a display of one channel only of
the 24 channels of data recorded using the multi-channel
seismic reflection system. The cost of full multi-channel
processing for all the data collected is prohibitive.

The Seistec system was rarely effective in profiling
acoustic basement because it employs a higher frequency
seismic energy source than the sleeve gun used in the multi-
channel system. In the following discussions, depths in metres
were estimated by multiplying two-way travel time (ms) by
0.75, hence a seismic velocity of 1500 m/s is assumed for both
water and sediments. The South Basin is described first,
followed by the islands and The Narrows region, and finally
the North Basin. In general, the Acoustic Basement Sequence

shows two reflection configurations: a chaotic reflection
configuration with some penetration of seismic energy is
interpreted as till whereas a high-amplitude reflector with no
penetration is interpreted as bedrock (Fig. 4, Table 1). Areas
where the latter reflector shows low relief is usually interpreted
as being Paleozoic carbonate, a clastic rock, whereas high
relief is characteristic of Precambrian crystalline rock. Areas of
moderate relief may be either Paleozoic or Precambrian.

South Basin

Line SB2 runs from west to east across the South Basin (Fig.
1). At the west end of the line from 217/2004 to 217/1845, the
reflector from the upper surface of acoustic basement is at
about 50 ms (TWT), implying a depth of about 35 m below
lake level. (Reflectors below this depth are multiples of the real
reflectors and hence do not represent additional reflecting
horizons). This profile of the western South Basin is in
agreement with that presented for adjacent land by Betcher
(1986), who reported a sediment thickness of about 30 m at
Gimli (Fig. 1). At 217/1845 is an escarpment, referred to here
as the South Basin Escarpment, at which the upper surface of
acoustic basement dips to the east and reaches a depth of about
60 m (80 ms TWT). The surface maintains this depth east to
217/1700 where reflectors are obscured, presumably by gas.
The implied depth to the base of sediments in the eastern South
Basin, 60 m below lake level, strongly contradicts predictions
based on observations on land (e.g. Betcher, 1986). The
position of the reflector at 80 ms is comparable to drill hole
intersections of Precambrian rock at Grand Beach (Fig. 1).
Hence it appears that all or most of the Paleozoic section may
be absent in the eastern South Basin. This would imply that
Paleozoic rock which outcrops and has been drilled along the
eastern shore of the South Basin is an outlier. Stoney Point, at
the southeast shore of the South Basin (Fig. 1), is a Paleozoic
outcrop at the eastern extent of an area of thin sediments
(Betcher, 1986) and may represent the crest of the South Basin
Escarpment. It is conceivable that the escarpment, running
north from Stoney Point, through the South Basin, to Hecla
Island and The Narrows, represents a slope capped by the Dog
Head Member of the Red River Formation (Bezys, this
volume).

Approximately 25 km to the north, line SB4 lies roughly
parallel to line SB2 (Fig. 1). At the west end of line SB4, the
upper surface of acoustic basement is again at a depth of about
35 m (40-50 ms TWT). The South Basin Escarpment observed
on line SB2 is present on this line at 221/1555. Here the top of
acoustic basement dips to the east and reaches a depth of about
60 m (70-80 ms TWT). East toward Traverse Bay, the acoustic
basement surface maintains a position of 60-80 ms (TWT) but
shows shorter wavelength irregularities on its surface.

Line SB3 runs from south to north and intersects both lines
SB2 and SB4 (Fig. 1). Reflectors at the southern end of line
SB3 at the mouth of the Red River are obscured by gas. Near
220/1710, the surface of acoustic basement lies between 20 and
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40 ms (TWT); it is a generally smooth surface with broad
undulations. The upper surface of acoustic basement deepens
gradually to the north reaching about 90 ms (TWT). At
220/1835 the surface shows a distinct step down to the north of
about 15 ms (TWT) amplitude. This feature is correlated with
the South Basin Escarpment interpreted on lines SB2 and SB4;
its gradual slope represents an oblique section down the face of
the escarpment. At 220/1940 is a "peak” of acoustic basement
20 ms (TWT) in amplitude. This feature is about 120 m wide
and 15 m high and is interpreted to be an esker or a small
moraine. Other similar peaks of acoustic basement are clearly
imaged on the Seistec record of line SB3 but are not
discernable on the seismic sheets.

Line SB5 runs south to north from an intersection with line
SB4 (Fig. 1). At the south end of line SBS, the upper surface of
acoustic basement is at a depth of about 60 m (70-80 ms
TWT). North toward Hecla Island (Fig. 1), the upper surface
of acoustic basement becomes increasingly shallow and
eventually outcrops above the lakefloor at 222/1725-1729. At
this location, sidescan sonar records show gravel and boulders,
suggesting that the feature charted as Pearson Reef (Fig. 1;
Canadian Hydrographic Service, 1986) is an outcropping
moraine, named here the Pearson Reef Moraine. The moraine
is correlated with the acoustic basement high seen on line SB4
at 221/1614-1628. North of the Pearson Reef Moraine on line
SBS5, the acoustic basement surface drops to 60-80 ms (TWT).
Line SB5 is entirely located below the South Basin
Escarpment. Away from the Pearson Reef Moraine, the surface
is characterized by ambiguous moderate relief. Correlation to
drill holes at Grand Beach suggests the surface is Precambrian
rock. Conversely, as line SB5 approaches Black Island, the
acoustic basement surface takes on a "blocky" appearance
(222/1900), which could be regarded as characteristic of
carbonate bedrock terrain (Todd and Lewis, 1993).

In summary, the Acoustic Basement Sequence in the South
Basin is interpreted as a discontinuous till mantle over bedrock.
The generally smooth nature of the upper surface of acoustic
basement in the western South Basin suggests that bedrock in
this area is Paleozoic carbonate. The moderate relief acoustic
basement of the eastern South Basin is ambiguous and could be
Paleozoic or Precambrian bedrock, although correlation to
drilling on land favours interpretation as Precambrian. These
two zones are separated by the prominent South Basin
Escarpment (Fig. 5). Very limited seismic energy penetration
into till, such as Pearson Reef Moraine, suggests that it is a
hard reflecting surface and is therefore well-compacted. Peaks
in the surface of acoustic basement seen on both seismic and
Seistec records may represent small moraines or eskers.
Pearson Reef is, in comparison, a much larger moraine.

Islands and The Narrows
Line SB6 traverses the narrow, deep water channel around the

east side of Black Island and north into Washow Bay (Fig. 1).
On the western portion of the line, the surface of acoustic
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basement is smooth, suggesting that this portion of the line is
underlain by Paleozoic rock. A transition to an irregular
acoustic basement surface of steep peaks occurs near
223/1540; this irregular surface outcrops on the lakefloor
between 223/1700-1800 where overlying sediments have been
removed by erosion. An irregular acoustic basement
morphology is typical of seismic images in Precambrian terrain
(Todd and Lewis, 1993). From the transition at 223/1540 to the
north end of line SB6 at 223/2231, acoustic basement, where
it is detected, undoubtedly is Precambrian rock. At 223/1800,
the area of the deepest charted point in Lake Winnipeg was
crossed and the lakefloor is at 60 ms (TWT), or about 45 m.

Line SB7 traverses, in a zigzag pattern, The Narrows and
then north into Washow Bay at the south end of the North
Basin (Fig. 1). The irregular surface of acoustic basement
along all of line SB7 is typical of Precambrian terrain. Sidescan
sonar records of acoustic basement outcrop show a rough
lakefloor morphology with high reflectivity, also typical of
Precambrian rock.

High relief lakefloor observed on the bathymetric recorder
of the CCGS Namao between Hecla and Black Islands suggests
the presence of Precambrian rock in the channel.

North Basin

Line NB8 runs west-east in the central North Basin (Fig. 1). In
the east, the line is situated offshore Poplar River where spires
of Precambrian rock project above the water level forming
many small islands. The moderate to high relief acoustic
basement surface from the east end of the line at 227/1340
westward to 227/1854 suggests that basement in this area is
Precambrian rock. The Precambrian-Paleozoic contact is
ambiguous, but is located within a few kilometres of 227/1854;
from here west to the end of the line at 228/0045, the acoustic
basement surface is comparatively smooth and lies at a depth
of 60-80 ms (TWT). Two features are distinct on this seismic
profile. Firstly, a clearly-imaged moraine outcrops at
227/1800-1813, where sidescan sonar records (not shown here)
imaged boulders and gravel on the otherwise smooth and
featureless lakefloor. Orientation of the stoss and lee sides of
the moraine, named here the George Island Moraine, suggest
the glacial ice flow which built the moraine was from the
northeast. The other feature imaged on this seismic record are
notches in Paleozoic bedrock at 227/1907 and 1910 near the
Precambrian-Paleozoic contact and at 227/2045. A possible
mechanism for notch formation in the Paleozoic bedrock is
karstification. Furthermore, it is possible that Paleozoic
carbonate extends slightly farther east than suggested here and
that the surface shows high relief due to the presence of karst
features. The apparent absence of Paleozoic rock around the
Sandy and George Islands is compatible with the lack of
Paleozoic erratics on these islands as observed by Dowling
(1900).

Line NB10 intersects the west end of line NB8 (Fig.1) and



extends to the north. Whereas 70% of the high-resolution
Seistec record collected along line NB10 was rendered
uninterpretable by gas masking, the seismic record obtained
using the sleeve gun is of high quality and clearly images
acoustic basement. The southern portion of line NB10 has a
smooth acoustic basement surface, interpreted as Paleozoic
rock, at 50-70 ms (TWT) extending from the south end of the
line at 230/1621 to the unambiguous Precambrian-Paleozoic
contact at 230/1814. At this location, the surface of acoustic
basement drops sharply to the north to 100 ms (TWT) and
greater. The irregular Precambrian acoustic basement surface
extends north to the end of line NB10 at 230/2310. The
greatest depth to acoustic basement surface during the Lake
Winnipeg Project was imaged on this line; at 230/2014 the
surface reaches 160 ms (TWT) which is equivalent to a depth
of at least 120 m.

Long Point, which projects into the North Basin from the
western shore of the lake (Fig. 1), is part of the extensive The
Pas Moraine (Klassen, 1967). The offshore extension of the
moraine is clearly imaged on line NB10 between 230/1730-
1810. Here, a lens of material, situated directly east of Long
Point, reaches a thickness of about 30 m (40 ms TWT) and is
perched on Paleozoic basement. Sediments of the Agassiz and
Winnipeg Sequences completely bury the sediment lens.

Multi-channel seismic processing was applied to this
portion of line NB10 (230/1747-1927) where it intersects the
Precambrian-Paleozoic contact. These data are shown on three
sheets included with this report. At the top of each sheet is a
single-channel display with the corresponding stacked and
migrated section below. Details of the processing parameters
are given in Table 2. Sheet 1 is the southern sheet and contains
the northern flank of The Pas Moraine. The Precambrian-
Paleozoic contact is clearly imaged at 230/1814, having a small
lens of till mantling the contact zone. To the north (sheets 2, 3)
is Precambrian bedrock lying between 80 and 130 ms (TWT)
(60-100 m). A thin till lens 10-30 ms thick mantles bedrock
from 230/1858-1909; reflections from the bedrock surface
below the till are clear.

Line NB11 is oriented south-north in the northern part of
the North Basin (Fig. 1). At the south end of this line, smooth
acoustic basement surface lies at a depth of 80-100 ms (TWT).
Several irregular depressions on basement are interpreted as
karst features. The surface rises gradually, with minor steps, to
the north just reaches the lakefloor to outcrop at 231/1618.
Dark backscatter on the sidescan sonar record from the outcrop
is difficult to interpret. Based on the strong reflection
amplitude of the surface, and its stepped morphology, the
feature is interpreted as a bedrock ridge. Correlation to line
NB9 indicates a strike of roughly NNW-SSE; the ship's track
on line NB11 intersected the strike of the moraine at a small
angle making it appear broad on the seismic record. An
extremely abrupt change in the smooth acoustic basement
morphology is interpreted as the Precambrian-Paleozoic
contact at 231/1854. North of this location and extending to the

northern end of the line at 231/2115, the acoustic basement
surface is rough, similar in appearance to acoustic basement
mapped on lines NB10 and NB8.

Line NB9 transects the North Basin from Grand Rapids in
the west to Warren Landing in the east (Fig. 1). Although only
a portion of the multi-channel seismic data is available, the
profile was interpreted in conjunction with the full Seistec
profile of this line (not shown here). The Precambrian-
Paleozoic contact was not imaged. However, its location can be
constrained. On the eastern portion of line NB9, from the start
of the line to 229/1630, Seistec data clearly show the irregular
acoustic basement surface of Precambrian rock. Paleozoic rock
is interpreted, despite extensive zones of gas-masking, from
229/1850 to the west. This latter interpretation, based on
Seistec data, is corroborated by the seismic profile on which
acoustic basement exhibits the smooth surface characteristic of
Paleozoic rock. At the east end of the seismic profile between
229/1939-1941 is the west flank of the bedrock ridge also
imaged on line NB11. The surface of acoustic basement
reaches 90 ms (TWT) at 229/2005 and rises gently to the west.
At 229/2233, a pronounced notch in the blocky bedrock
reflector may be evidence of karst features. Paleozoic bedrock
outcrops at the lakefloor between 229/2155-2203 (Fig. 6).

In summary, the Acoustic Basement Sequence in the North
Basin is composed of Precambrian rock, Paleozoic rock, and
till. Precambrian rock underlies the eastern portion and
Paleozoic rock underlies the western portion of the North Basin
(Fig. 5). The George Island Moraine is expressed above the
lake surface as the chain of islands from George Island in the
southeast to Little Sandy Island in the northwest. The offshore
extension of The Pas Moraine is apparent on line NB 10, buried
by Agassiz and Winnipeg Sequence sediments. Lines NB11
and NB9 intersected a bedrock ridge in the northern portion of
the North Basin. Interpretation of the basement contact,
moraines and bedrock ridge is shown in Figure 5.

Agassiz Sequence

The seismic character of the Agassiz Sequence is well
displayed in a Seistec record from line NB11 in the North
Basin (Fig. 8). Reflectors in the sequence are medium- to high-
amplitude, parallel, wavy and laterally continuous. Commonly,
as in this example, the Agassiz Sequence can be divided into
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