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Abstract
Recent multibeam sonar and acoustic subbottom profiler surveys and sediment coring
offshore the city of Sept-Îles (NW Gulf of St. Lawrence) reveal different types of
submarine mass-movements and gravity flows in glaciomarine, paraglacial and
postglacial deposits. These mass-movement and gravity flow features are slumps,
gullies and channel-levee systems and fans. The key results of this study include: 1)
slumps involve the entire deglacial and postglacial sequence, indicating their recent
triggering; 2) identification of a 57-cm thick turbidite and several sand layers in
sediment cores collected in a deep and isolated basin unaffected by fluvial inputs, along
with 210Pb measurements, indicate the recent activity of mass wasting events derived
from slope instabilities; 3) important volumes of sediments are being transported from
the coastal to the deeper marine environment by gravity flows processes on the prodelta
of the Moisie River. Hypotheses for explaining the widespread occurrence of recent
mass-movements due to slope instabilities in the area possibly include their possible
triggering by the AD 1663 (M~7) or another large earthquake.
Keywords: Submarine mass-movements, multibeam bathymetry, marine geomorphology,
glaciated margin, Gulf of St. Lawrence
1. Introduction
Multibeam bathymetry is now recognized as a valuable tool for studying postglacial
geomorphic and sedimentary processes on formerly glaciated coastal zones and
continental margins (e.g., Weaver et al., 2000; Locat, 2001; Urgeles et al., 2002).
Digital Terrain Models (DTM) produced from multibeam sonar surveys allow a three
dimensional visualisation of the seafloor and offer a greater detail and resolution of the
extent, geometry and morphology of submarine features than datasets provided by
conventional geophysical instruments. This paper reports and describes various
submarine mass-movements and gravity flows offshore Sept-Îles (NW Gulf of St.
Lawrence) (Figures 1, 2) from the analysis of a multibeam bathymetric dataset coupled
with subbottom profiler data and sediment cores. The Sept-Îles area offers a great
opportunity to study submarine mass-movements and gravity flows in an environment
characterized by: 1) rapid land emersion following deglaciation (Dredge, 1983); 2) rapid
deposition of a large volume of sediments during deglaciation (Hein et al., 1993);
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3) important sediment inputs from rivers since ice retreat (Hein et al., 1993); 4) pervasive
modern coastal erosion (Savard, 2006) that possibly transferred sediments from the
coast to the basin floor through the longshore drift; and 5) its proximity to an active
seismic zone (Lamontagne et al., 2003).

Figure 1. Location map of the Sept-Îles area, Québec, Canada (NW Gulf of St. Lawrence); (1) Ste-Marguerite
and (2) Moisie rivers; (LC) Laurentian Channel; (CSZ) Charlevoix Seismic Zone; (LSLSZ) Lower St.
Lawrence Seismic Zone. The 200 m bathymetric contour is outlined by the dashed grey line.

2. Study area and physical settings
The study area is located on the north shore of the Gulf of St. Lawrence, south of the
city of Sept-Îles, Québec (Figure 1). It extends over 350 km2, with depths ranging
between 5 and 213 m. Beyond the study area, depths gradually increase to <340 m in
the center of the Laurentian channel (Figure 1), a long U-shaped submerged glacial
valley. The study area is located between two major deltaic systems: the Moisie River
delta to the east and the Sainte-Marguerite River delta to the west (Figure 1). Sediments
deposited by these rivers during the Holocene consist of thick paraglacial and
postglacial units that completely drape the underlying glacial landforms and
glaciomarine deposits near their mouth (Hein et al., 1993). Two geological provinces
are present offshore Sept-Îles (Faessler, 1942): the gently inclined Palaeozoic
sedimentary rocks of the St. Lawrence Platform in the south that form cuestas and the
highly deformed Precambrian crystalline rocks of the Canadian Shield (Grenville
Province) in the north. The Sept-Îles archipelago consists of seven small islands
separated from each other by series of longitudinal and transverse faults, forming faultblocks. The islands represent the uplifted terrain resulting from the formation of these
faults. Faulting is probably post-Ordovician because it affects some sedimentary rock
layers of Trenton age (Faessler, 1942).
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Figure 2. Shaded multibeam bathymetry of the study area with location of channels, slumps and channellevees. Location of Cores 12BC and 12P: (*); Figure 3: (3); Figure 4: (4); Figure 5: (5).

In accordance with previous studies (Syvitski and Praeg, 1989; Hein et al., 1993), five
stratigraphic units were identified on Chirp profiles in the area: till (Unit 1), iceproximal glaciomarine (Unit 2), ice-distal glaciomarine (Unit 3), paraglacial (Unit 4)
and postglacial (Unit 5). However, the complete vertical sequence of these five units is
rarely observed on acoustic profiles (Lajeunesse et al., in preparation). These units
record the stages of deglaciation, glacio-isostatic rebound and the establishment of
modern conditions. The Goldthwait Sea, the marine transgression that occurred during
and after deglaciation in the Estuary and Gulf of St. Lawrence (Elson, 1969; Dionne,
1977), reached ~130 m above sea level (asl) in the Sept-Îles area (Dredge, 1983).
Emergence was at its peak prior to 8 kyr BP when it underwent a temporary
stabilization, as indicated by a terrace found at 60 m asl (Dredge, 1983). During
emergence, large paraglacial deltaic systems (Unit 4) were constructed along the
Québec North Shore, including the Moisie and the Ste-Marguerite river deltas near
Sept-Îles.
The Sept-Îles area is located within the Lower St. Lawrence Seismic Zone (LSLSZ)
(Figure 1). Evidence for large earthquakes as important as those of the Charlevoix
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Seismic Zone (CSZ) are not reported historically or recorded by seismographs in the
area. The highest recorded earthquakes occurred in 1944 (135 km SW of Sept-Îles) and
1999 (60 km south of Sept-Îles) and both reached M=5.1 However, the area is affected
every year by 50 to 100 earthquakes of lesser magnitude (Lamontagne et al., 2003). It is
not known weather the AD 1663 M~7 earthquake centered in the CSZ had impacts as
far as the Sept-Îles sector.
3. Methods
Multibeam data was collected by the Canadian Hydrographic Service onboard the
vessel F.G. Creed using a Kongsberg Simrad EM-1000 system (95 kHz). DTM derived
from the multibeam data were produced using the Fledermaus® software. High
resolution acoustic subbottom profiles were collected onboard the R/V Coriolis II in
2005 and 2006 using a hull-mounted Edgetech X-Star 2.1 system (2-20 kHz) (Chirp).
Sediment cores were collected by box and piston corers during the cruises. The
continuous physical properties (volumetric whole core magnetic susceptibility and wet
bulk density) were measured with a GEOTEK Multi Sensor Core Logger at 1 cm
intervals. The cores were also run through a CAT-scan (computerized axial
tomography) for the identification of the sedimentary structures and for the extraction of
the CT number profiles. CT numbers primarily reflect changes in bulk density with a 1
mm downcore resolution (see St-Onge et al., 2007). The grain size distributions were
determined with a Beckman-Coulter LS-13320 (0.04 to 2000 µm) laser sizer. Recent
sedimentation rates were estimated on core SEPT08-12BC from 210Pb measurements.
The latter were made after chemical treatment, purification and deposition on a silver
disk following routine procedures at GEOTOP-UQAM-McGILL (e.g., Courcelles,
1998) by alpha counting of the daughter 210Po.
4. Results and discussion
Four morphological features observed on the Sept-Îles bathymetric data can be
associated with submarine mass-movements and gravity flows: slumps, gullies,
channel-levee systems and fans. Slumps occur at three sites located on the sidewalls of
submarine valleys where slopes are >7°. They are distant from the two river mouths and
are not influenced by modern fluvial processes. The slumps remobilized a thick
sedimentary package involving the glaciomarine, paraglacial and postglacial units. The
most important and clearest slump occurs on the relatively steep slope (7.5º) of a
submarine glacial valley located 8 km south of Sept-Îles (Figures 2, 3). The multibeam
grid shows that this slump left behind a typical semi-circular headwall and a convex
deposit in the submarine valley floor. On the Chirp profile (Figure 3), the slump cuts
through the glaciomarine units and the entire deglacial-postglacial sequence, thus
indicating a postglacial origin.
Evidence of strong activity of turbidity currents is provided by the presence of two
feature types: a) the gullies found along the relatively steep slopes of submarine valley
walls; and b) the channels occurring on more gentle sedimentary slopes. The gullies that
cut through valley slopes and fans are particularly well developed east along the slopes
of the islands located offshore Sept-Îles. These gullies are incised up to 20 m deep and
are >150 m wide. They are carved in bedrock, occasionally draped by thin Quaternary
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sediments, as indicated by the high backscatter values on the multibeam data. They can
reach lengths of 900 m and occur on slopes that are generally >5º. Small-scale
submarine aprons are in many cases discernible at the lower reaches of these gullies.
They indicate recent activity of turbidity currents because they have not been
completely buried by postglacial sediments. Channels are found on sediment dominated
gentle slopes (<2°). Many channels are observed west of Moisie delta river mouth
(Figures 2, 4) and at the entrance of Baie de Sept-Îles (Figure 2). The low multibeam
backscatter values observed where these channels occur indicate that they are carved in
fine-grained sediments within the thicker Quaternary sequence. These channels are
incised up to 10 m deep and are <200 m wide. They have lengths that can reach >3 km
and are generally much longer than the gullies. Their fans are also much larger than
those of the gullies and are not easily distinguishable on the multibeam data because
they fill and smooth the deep basins.
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Figure 3. Chirp profile through a slump deposit (see Figure 2 for location on multibeam grid); (GP):
Glaciomarine ice-proximal deposits (Unit 2); (GD) Glaciomarine ice-distal deposits (Unit 3); (PG) Postglacial
deposits (Unit 5).

Large near-shore sand bodies are present ~1 km SE of Sept-Îles and ~19 km from the
Moisie River mouth. These deposits show very low acoustic penetrations on the Chirp
profiles. They form a very irregular surface that evolves downslope into a gently
dipping slope and, later, into a flat sediment surface (Figures 2, 5). The slope section
shows submarine channel-levee systems with a bird-foot geometry. The origin of these
deposits cannot be clearly determined here, but they are most probably associated with
downslope sediment transport by turbidity currents along the frontal slope of the Moisie
River delta. A large part of these sediments could also be the product of coastal erosion,
which is very active in the Sept-Îles area (Savard, 2006). Eroded sediments would then
be remobilized westward by the longshore current and transported and deposited down
the frontal gentle slopes of the Moisie River delta by density currents.
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Figure 4. Channels (shown by black arrows) incised in Late-Quaternary sediments on the prodelta of the
Moisie River (see Figure 2 for location on multibeam grid).

Figure 5. Sand bodies forming submarine channel-levees with a bird-foot geometry (19 km SE of the Moisie
River mouth). Pockmarks are visible at the termini of the easternmost levee (see Figure 2 for location on
multibeam grid).
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On the Chirp data, discontinuities of internal reflectors in ice-distal glaciomarine
deposits located near the frontal escarpment of some cuestas indicate the occurrence of
sediment failures due to strong slope gradients. The slumped sediments accumulated at
the bottom of the central elongated trough where the cores were collected. Core 12PC
and 12BC (Figure 6) collected in the deeper part of the trough show distinctive turbidite
layers that can be associated with these slope failure events. For example, grain size
measurements of core SEPT08-12BC reveal at least 4 coarse sand pulses, whereas a 57
cm-thick classical turbidite is observed in core SEPT08-12PC from 343 to 286 cm
(Figure 6), highlighting the importance of turbidity currents in the area. This turbidite
has a coarse base, is normally graded and shows parallel and sub-horizontal laminations.
The basin in which these cores were collected is not exposed to sedimentation
associated with the submarine channels of the Moisie River delta because it is separated
by an important bathymetric high from the basin where these channels terminate (Figure
2). It is also located away from the shoreline, thus reducing sediment inputs by the
longshore drift. Therefore, sedimentation by turbidity currents in this basin is more
likely to have been caused by slope failures than by other sediment delivery
mechanisms. The presence of a strong 210Pb activity in the box cored sediments
indicates that the sediments of core SEPT08-12BC were recently deposited. The
average sedimentation rate for that core is estimated by the 210Pb analyses at 0.14 cm/yr
(Figure 7), a rate of comparable scale with the ones previously determined in the Gulf of
St. Lawrence (e.g., Smith and Schafer, 1999; Muzuka and Hillaire-Marcel, 1999).
Slumps that remobilized glaciomarine, paraglacial and postglacial deposits as well as
turbidites of postglacial age show the importance of recent submarine mass-movements
and gravity flows in the Sept-Îles area.
Although some slumps could have been produced during the early phase of
deglaciation, when glacio-isostatic rebound was very rapid, the observed slumps were
triggered much later because they integrate acoustic units 2-5 —although Unit 4 is not
always present on some profiles due to their relative distance from paraglacial deltas. As
these features occur on slopes that have little influence from river inputs (which could
constitute prone settings for the occurrence of mass-movements) and involve sediment
layers that remained stable for a relatively long period of time, it is probable that they
were triggered by a postglacial seismic event.
Earthquakes are a likely triggering mechanism because the area is located near the
presently active LSLSZ. Even if only M≤5.1 earthquakes have been recorded in this
region, is it not impossible that stronger events occurred prior to instrumental records
and historical archives. Further dating of these deposits should provide information on
the timing of the mass-movement events and their possible link with the AD 1663
(M~7) event or other large earthquakes. For example, Cauchon-Voyer et al. (this
volume) have dated turbidites and associated mass wasting deposits from the
Betsiamites area (Lower St. Lawrence Estuary) with large earthquakes that most likely
occurred in AD 1870 (M~6.5) or AD 1860 (M~6), AD 1663 (M~7) and 7250 cal BP.
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Figure 6. (a) CAT-Scan image and CT number values of core 12BC outlining four sand layers; (b) CAT-Scan
image, CT number values, magnetic susceptibility and grain size of core 12 PC showing a normal graded
turbidite.

Figure 7. 210Pb in Core 12BC showing recent sedimentation rates of 0.14 cm yr-1.
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5. Conclusions
The multibeam, Chirp and sediment core data presented here reveal the postglacial and
recent activity of slumps and gravity flows in the Sept-Îles area. Sumps were likely
triggered by a (late?) postglacial seismic event, possibly the AD 1663 (M~7) or another
large earthquake. Some turbidity current gullies and channels and their related
submarine fans are either related to fluviodeltaic and/or longshore current transport
processes or to slope instabilities. The presence of submarine levees and channels
offshore the Moisie River delta indicates important sediment transfer from the coast to
the deeper marine environment by turbidity currents related to hyperpycnal flow during
high river discharge. The identification of a 57-cm thick turbidite and of several sand
layers in sediment cores collected in a deep and isolated basin unaffected by fluvial and
coastal inputs, along with 210Pb measurements, indicate recently active mass wasting
events in the area. These instabilities could also be related to recent seismic events.
Further studies should provide more information on the history of seismic events in the
region and their impacts on submarine mass-movements.
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