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The annual shore ice in the upper St. Lawrence estuary, Quebec, is heavily loaded with terrigenous debris
of all grain sizes (from clay to boulders exceeding 1 m in diameter). OUf estimate of sediment load is
based on the amount of debris observed at the surface, at the base and in the ice cover fastened to the
shore, in ,grounded ice floes, and on debris freshly released by ice floes upon melting in intertidal zones.
Observations and measurements extended from 1982 to 1992. They were made on both shores in the area
between Quebec City and Grondines, with emphasis on two particular sites (Neuville and Grondines).
Th~ mean load of the ice cover is approximately 25,000 tons per km". Considering the area covered, it is
estimated that about one million tons of rock debris, of which 70-75% is coarse, is displaced by ice
annually over various distances. Ice rafting is thus a major process in the sedimentary budget of the study
area.
ADl:lITIONAL INDEX WORDS: Ice processes, ice cover, ice floes, sediment-laden ice, coarse debris,
sedimentary budget, importance of ice rafting.

INTRODUCTION

Sediment-laden ice is a prerequisite for ice rafting and sediment delivery to offshore zones and
for deep-water sedimentation in cold region sedimentary basins. Although ice rafting as a geologic
process was recognized in the middle of the last
century (LYELL, 1854), quantitative data are scarce
and most commonly lacking. Any reliable estimate of the importance of ice rafting in various
regions of the world is thus difficult to make at
this moment.
Measurements of the sediment content of sea
ice made by a handful of researchers in arctic and
subarctic regions (Table 1) indicate low values for
offshore zones and higher values for nearshore
and shore zones. It would appear that processes
incorporating sediment into ice are largely controlled by water depth and by the interaction of
ice with the substrate or with the shorelines. Some
other mechanisms by which sediment is directly
introduced to offshore ice are by aeolian deposition and by freezing in situ of turbid water (CAMPBELL and COLLIN, 1958; KEMPEMA et al., 1989;
CLAYTON et al., 1990).
Of the various processes incorporating sediments into ice (DIONNE, 1970; GILBERT, 1983), most
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are active in the shore zone, particularly along
shorelines dominated by meso- and macro-tidal
regimes. Several other processes also operate in
shallow nearshore zones (BARNES et al., 1982).
According to published data, many million metric tons of terrigenous sediments of all grain sizes
are transported annually by floating ice and icebergs in marine, lacustrine and fluvial environments throughout the world (LISITZIN, 1972). Table 1 summarizes published data on concentrations
of debris in sea ice and fresh-water ice for several
areas in the northern hemisphere. Although there
is apparently a great variation from one area to
another, most estimates concerning shore zones
indicate a load exceeding 10,000 tons per square
kilometer. DIONNE (1984) calculated that the ice
cover at Montmagny, Quebec, may contain up to
60,000 tons of mud per km"; MCCANN and DALE
(1986) suggested a load of 63,750 t/km" for Frobisher Bay, while GILBERT (1983) calculated a load
of 90 kg/m" (or 90,000 t/km") for Pangnirtung
Fjord, Baffin Island. In a very different environment, MINER and POWELL (1991), and BARNES et
al. (1993) proposed respectively a load up to 54,000
and 61,250 t/km" for the nearshore ice complex
along SW Lake Michigan.
The great differences between available data
are largely due to methods of sampling, to what
has been measured, and to the way the sediment
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Table l.

Debris in sea ice.

Type of Material
Area

Fine

Coarse

Frobisher Bay
Pangnirtung
South Bay (Southampton Is.)
Foxe Basin

x
x
x
x

x

x

Concentration
(t/km")

Reference

Arctic Canada
63,750
90,000
2,500
20,000

McCann and Dale (1986)
Gilbert (1983)
Bird (1953)
Campbell and Collin (1958)

x

13,000

Rosen (1979)

x

x

x

x

500-1,000
10,000-20,000
25,000

x

Labrador
Makkovik Bay
St. Lawrence estuary
Upper estuary
Upper estuary

Brochu (1957, 1961)
Dionne (l987a)
Dionne and Lavoie (1990)

Middle estuary
Montmagny
Cap Tourmente

Dionne (1981, 1984)
Troude and Serodes (1985, 1988)

x
x

60,000
15,000

x
x

13,000
5,000-22,000

Bancroft (1902)
Knight and Dalrymple (1976)

x
x
x

243
800
2,950

Barnes and Reimnitz (1982)
Barnes et al. (1982)
Osterkamp and Gosink (1984)

Bay of Fundy
Minas Basin
Cobequid Bay
Alaska Beaufort Sea
North Shore
Prudhoe Bay
Harrison Bay
Bering Sea
x

31,000

Osterkamp and Gosink (1984)

Barents Sea

Norton Sound

x

27,272

Larssen (1987)
Larssen et aZ. (1987)
Elverhei et al. (1989)

Lake Michigan

x
x
x

54,000
19,300
61,250

Miner and Powell (1991)
Reimnitz et at. (1991)
Barnes et al. (1993)

x
x
x

load of the ice cover has been determined. It is
interesting, however, to note that several authors
have estimated that the ice cover in offshore zones
in the Beaufort Sea, Barents Sea and the Bering
Sea contains a large volume of sediment, as much
as 27,272 and 31,000 t/km" (OSTERKAMP and
GOSINK, 1984; LARSSEN, 1987; REIMNITZ and
BARNES, 1987; REIMNITZ and KEMPEMA, 1988;
ELVERH01 et al., 1989; WOLLENBURG et al., 1990).
AREA STUDIED
The study area, about 100 km long, extends
from Quebec City to Grondines (Figure 1). It corresponds with the lower section of the Upper St.
Lawrence estuary (DIONNE, 1963), which is characterized by dynamic tides and fresh water only.
Both shores are characterized by intertidal zones
400 to 1,200 m wide, which are largely (60-65%)
rocky. Active cliffs and shore platforms are cut

into Ordovician shales, limestone or sandstone
(CLARK and GLOBENSKY, 1973, 1975). These layered sedimentary rocks usually dip gently 1° to 6°
SSW, but locally there are minor folds. The shales
are highly fissured and faulted, and they weather
easily (CLARK and GLOBENSKY, 1973).
Mean and spring tides are respectively 3.2 and
3.7 m at Grondines, and 4.3 and 5.2 m at Neuville,
while the highest recorded tide at Grondines is
5.6 m. At Grondines, springtime water levels
caused by floods in April (i.e. during breakup and
about one month after), are commonly 1.5 to 2 m
higher than summer levels. Tidal currents dominate the lower section of the upper estuary, while
river currents tend to equal or exceed tidal currents in the upper reach, i.e. in the Grondines
area. Currents up to 10 km/hr are recorded offshore during the last phase of the ebb. In the
intertidal zone, currents are usually 5 to 20 em/
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Figure 1. Location map and locality names , St . Lawren ce est uary, Queb ec, Canada.

sec, but locally can be up to 60 em/sec. Maximum wave height is less than 1 m and waves are
oriented parallel to the axis of the St. Lawrence
rather than shoreward.
Mean annual air temperature in the study area
is 4.5 °C with means of - 12.5 in January and
20,50 in July. Mean annual precipitation exceeds
1,000 mm, including 250 em of snow. Freezing
days amount to 160. The ice season extends from
December to April (120 to 140 days) . An ice sheet
60 to 125 em thick covers the entire tidal zone
and is fastened to the shore from mid-January to
the beginning of April. Breakup usually occurs at
the end of March in exposed areas and during the
first two weeks of April within protected embayments. The ice cover may break up partially during the winter but is rebuilt rapidly. During the
last decade, breakup peaked during the first two
weeks of April. In 1982, however, protected embayments at Grondines and Neuville became icefree around April 25 only. Main breakup usually
occurs with the first large spring tides in April.
Most of the ice sheet covering the intertidal zones,
particularly in exposed sites, is moved out rapidly,
i.e. in 2 to 3 days. Depending on temperature
conditions and the tidal cycle, protected embayments become ice-free only 10 to 15 days later.
0

Freezeup is a complex phenomenon and extends over one and a half months. Ice blocks, ice
cakes, brash, slush and thin sheet ice agglomerate
to form a solid ice sheet, which thickens at the
base and at the surface by snow accumulation and
by rain and water surfacing through fissures at
high tide. The ice cover rises and falls with the
tidal cycle; it is then frequently in contact with
the substrate, a condition allowing sediment to
be incorporated into the ice.
Because of tidal motion, the ice cover is fissured. Expansion of the ice cover in winter leads
to the formation of pressure ridges along fissures
and to the building of icefoot pustules (DIONNE,
1973,1985) through which rock debris is brought
to the surface. There are also several ice-push
ridges here and there, but these are more commonly found at low tide levels . Wide areas of the
ice cover are level while others are hummocky .
METHODS

Debris content of the ice cover was measured
and estimated in two ways: first, by evaluating
the volume of debris on the surface of the ice cover
and, where exposures existed, at the base of the
ice cover and within the ice itself, and also in
grounded ice floes at low tide and more commonly
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in ride-up or pile-up ice fioes; second, by measuring larger clasts or clumps of debris left by ice
upon melting in the intertidal zones, particularly
on shore platforms.
Several thousand individual large clasts were
measured and their mass estimated from their
size (volume). Many of the shale and limestone
clasts were angular and irregular in shape; the a
and b axes are the mean length and width, and
the c axis, the thickness. A mean density of 2.5
was used. The value obtained was reduced by 10 %.
In the case of Precambrian boulders, which were
usually rounded, the reduction was 25 %. Consequently, the mass of the clast is only approximate and most commonly conservative or underestimated, particularly for Precambrian boulders.
The mass of layers of debris in the ice was calculated the same way, i.e. by evaluating the surface of the ice floes and measuring the thickness
of the layers in the ice. Frequency and density
per square meter were taken into account in the
estimate. The area covered is about 200 km long
including both shores, and 800 to 1,000 m wide.
In addition, we considered the data gathered from
a reference plot at Grondines.
The surveys extend from 1982 to 1992. Measurements were made almost every year, but particularly in 1986, 1987, 1989, 1990 and 1992. Many
transects were made in various sites on both shores,
particularly at Ste. Croix, St. Antoine-de-Tilly and
St. Nicolas on the south shore, and at Grondines,
Cap-Sante and Neuville on the north shore (Figure 1). Data presented here are mainly from Grondines and Neuville, two localities where shale and
limestone outcrop.
For practical reasons most observations were
made in the upper half of the intertidal zone.
First, the ice in this zone is the last to break up
and second, the lower tidal zone is usually submerged rapidly by spring floods. However, the
lower half of the intertidal zone was surveyed in
summer for clasts and clumps of debris released
by ice during the preceeding breakup.
No coring was done because 70 to 75% of rock
debris in the ice cover is coarse material and because this blind method of sampling has been
shown to be less accurate than good field visual
surveys over a ten-year period.
SEDIMENT LOAD OF THE ICE COVER

Rock debris is found at various levels in the ice
cover in the intertidal zone. Sediment content
varies greatly from place to place and from one
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year to the next. However, when the ice cover is
snow-free it is easy to observe a thin sheet of fine
sediment, patches of coarse debris or large individual clasts on the surface of the ice.
Fine-grained sediments (mainly sand) are
brought by coastal rivulets flowing over the ice
cover at high tide just before breakup. When the
tide recedes, a large portion of the carried load is
left behind at the surface of the ice cover (Figure
2). This process, while incorporating fine-grained
sediment within the ice cover, may also occur during the winter and at freezeup. In such cases the
sandy deposit is often found interlayered with ice
(Figure 3). However, layers of fine-grained sediments may be introduced into the ice by other
mechanisms, particularly by freezing at the base
of the ice at low tide (DIONNE, 1970, 1984; GILBERT, 1983).
Similarly, coarse debris is commonly concentrated at the base of the ice cover. A layer of rock
debris 10 to 15 em thick is frozen to the ice cover
(Figure 4) and is rafted at breakup (Figure 5).
This layer of coarse debris is often sealed by a
layer of clear ice, which enhances its susceptibility
to be rafted over longer distances (Figure 7).
At the surface of the ice cover, coarse debris
was found in three main locations: along fissures
(Figure 6), in icefoot pustules (Figures 8 and 9),
and in upside-down ice blocks (Figure 10). These
ice cakes or blocks are turned over by ice pressures
or by agitated water and are incorporated into the
ice cover during freezeup. In other cases, coarse
debris of various sizes is found irregularly here
and there without any particular distribution.
Another process of interest is overflow. At high
tide, particularly during freezeup and breakup,
sediment-laden ice blocks are often lifted, riddenup, piled-up or pushed to the surface of the ice
cover. Upon melting, these ice floes release their
load on to the ice surface (Figure 11). Locally a
large volume of rock debris is left behind and can
subsequently be ice rafted (Figure 12).
Most clasts enclosed in the ice cover or at the
surface are incorporated during freezeup and during the winter in the following way. A clast at the
surface of the substrate is frozen into a thin sheet
of developing ice; progressively the ice thickens
around the clast; when the ice is thick enough and
when the entangled clast finally rises at high tide,
new ice forms under the clast which then becomes
incorporated into the ice cover. Most shale clasts
are thin and are lifted in this manner quite easily.
Other clasts are simply pushed over the forming
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Figure 2. Typical aspect of an ice cover after being overflowed by a coastal rivulet; at low tide. a thin sheet of sand and mud is
left behind at the surface of the ice. Neuville. 86-04-06.
Figure 3. A grounded ice block showing thin sand layers trapped into the ice. Grcndines, 87-03-27 .
Figure 4. A layer of coarse and fine debris 15 em thick frozen at the base of an ice cover 65 em thick. mid-intertidal zone at Neuville.
82-04-10.
Figure 5. A grounded ice block with a sale of coarse and fine clastic debris 15 em thick, at Neuville, 85-04-07.
Figure 6. A partially collapsed ice ridge showing coarse and fine debris concentrated at the surface. Grondines, 90-04-06.
Figure 7. Sediments frozen at the base of the ice cover and subsequently sealed by a new ice layer. Neuville, 85-04-07.
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Figure 8. An icefoot pustule in the process of collapsing. Note the dirty patches of terrigenous debris which has been pushed over
the ice cover. Grondines, 90-04-03.
Figure 9. A close-up view of the preceding figure showing the nature of the debris; the three largest clasts of shale weighed
approximately 125 kg.
Figure 10. Typical aspect of the ice cover before breakup; a large patch of debris lying on the ice surface is visible; this patch
contained several fragments of shale from the underlying platform. Grondines, 90-04-07.
Figure 11. Typical aspect of an ice block overriding the ice cover and in the process of releasing its sediment load onto the ice
surface. Neuville, 83-04-09.
Figure 12. A close-up view of the debris of a typical dirty patch at the surface of the ice cover at Neuville, 86-03-31.
Figure 13. A typical view of the ice cover at Grondines, showing a layer of coarse debris 15 cm high frozen at the base (90-04-07) .
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ice sheet and are buried in brash ice and pancake
ice. Agglomerated ice, which is typical of ice covers in the St. Lawrence estuary, is likely to incorporate rock debris. The vertical motion of the
ice cover, explained by the tidal cycle, is of course
of great assistance in the process incorporating
sediments into the ice cover in the intertidal zone.
TYPE OF DEBRIS
Debris of various sizes and ranging from fines
(clay, silt and sand) to blocks exceeding 1. m in
length and weighing over 1.5 tons is found In the
ice cover. Debris is found at the base (Figure 13),
at the surface (Figure 14) or at any level (Figure
15). Observations made at breakup indicate that
a large portion of the load is confined within the
ice (Figure 16) and is rarely visible to the observer.
De bris in the ice cover is largely (85 %) from
local sources. Some of the material, however, originated from rivers and from upstream sites. At
Grondines and Neuville, for example, about 90%
of the clasts in the ice cover are from local bedrock. About 65 % is shale and 22 % , limestone. The
remainder includes Precambrian clasts from the
Laurentidian Shield over 30 km to the north. These
erratics, initially transported by glaciers, are
abundant in the intertidal zones of the upper St.
Lawrence estuary (BROCHU, 1961); many are lags
from eroded diamictons or tills. Over the last 2,000
years they have been reworked and redistributed
by ice processes. Concentrated at the surface of
the tidal flats, they are now prone to ice-rafting
and ice-pushing (DIONNE, 1988, 1989, 1991).
On the south shore, debris is mainly shale and
sandstone, with about 10% of Precambrian clasts
and 2-3% of limestone, often from local sources.
We have found little exchange between the two
shores, because ice rafting is oriented downstream
and offshore. However, depending on wind conditions, a few ice floes from the north or south
shores could be driven shoreward at high tide and
then incorporated into the ice cover on the opposite shore.
CLASTS IN THE ICE COVER AND IN
GROUNDED ICE FLOES
Measurements made on clasts in the ice cover
and ice floes are presented in this section. Clasts,
particularly the larger ones, observed along the
numerous transects made at Grondines and Neuville were normally measured. Data on clasts from
local bedrock for two localities are presented first,

while data on erratics were grouped together and
are offered later.
(1) Grondines

Table 2 summarizes data from measurements
made at Grondines. At the end of March 1987, 29
limestone clasts were observed and measured in
the ice cover (Figure 17) along a section of the
coast characterized by a shore platform cut into
Ordovician limestone. Most clasts were relatively
small, ranging from 2.8 to 189 kg for a total mass
of 1.6 metric tons (Table 2-A). The four largest
clasts each exceeded 90 kg (Table 3-A).
In a neighbouring site located about 200 m from
the first site, clasts of shale were observed in the
ice cover overlying a shore platform cut into shales.
The mass of the 42 clasts which were measured
ranges from 7 kg to 1.3 tons, for a total mass of
5.7 tons (Table 2-B). The four largest clasts ranged
from 378 to 1,335 kg (Table 3-B).
In the course of the same survey, 36 shale clasts
were measured in ice floes grounded on a limestone platform downstream from shale outcrops.
These clasts provide evidence for a minimum horizontal displacement of 100 to 200 rn. Most clasts,
however, were small, ranging from less than one
kilogram to 76 kg (Tables 2-C and 3-C).
Additional data were collected in the same area
in 1989 and 1990. They are summarized in Table
2-D. The weight of the 202 clasts of shale measured at the surface of the ice cover (Figure 18)
amounted to 16 metric tons. Clasts ranged from
2.5 to 455 kg; 36 % were less than 50 kg, 22 %
between 50 and 100 kg, and about 7 % exceeded
200 kg. Size and weight of the 10 largest fragments
are indicated in Table 3-D. Of interest is the large
size (a and b axes) of clasts compared to the c axis
(thickness), whose value is invariably low. The
large surfaces of the clasts explain why they are
easily incorporated into the ice cover and are subsequently rafted (Figures 19 and 20). These clasts
originated from the underlying platform, which
is scoured by ice processes annually (BRODEUR,
1987; LAVOIE, 1987; DIONNE and BRODEUR,
1988a,b).
Despite adverse weather conditions' in 1992,
field surveys at Grondines were made at the end
of March and during the first two weeks of April.
There was abundant clastic debris everywhere at
the surface of the ice cover. In an area of approxI Several snow falls covering the terrigenous debris on the ice surface
made observations more difficult.
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Figure 14. T yp ical aspe ct of a collapsed icefoot pustule showing several fragments of shale which rema ined behind at the surface.
Grondin es. 90·03-24.
Figure 15. Clasts of shale in the ice cover at Grondines, 90·04-06.
Figure 16. A verti cal exposure at th e front of the ice cover showing coarse debris hidden in th e ice. Neuville , 90-04-04.
Figure 17. A clast of limeston e (45 x 38 x 24 em) at th e sur face of an ice cover 80 em th ick. at Grond ines, 87-03-27.
Figure 18. A clast of shale (66 x 66 x 24 cm) at th e surface of an ice cover 60 em thick. at Grond ines, 90-04-07.
Figure 19. A clast of shale (40-33-12 cm) in a grounded ice block, at Grond ines , 90-04-06.

imately one square kilometer, we measured 307
shale clasts, 20 limestone clasts and 34 Precambrian boulders weighing together 35.3 metric tons.
Although these rock fragm ents represent only a

small portion of the coarse debris visible in the
ice cover, they give a good idea of the volume of
sediment trapped in the ice during t he winter and
potentially rafted at breakup.
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Table 2. Limestone and shale fragments in the ice cover at Grondines.

Number of clasts
Total mass
Minimum
Maximum
Median
Average

A

B

C

D

E

29
1,610 kg
2.85
189
39
55.5

42
5,717 kg
7
1,335
36
136

36
995 kg
0.81
76
18.7
27.6

202
16,157 kg
2.5

307
19,953 kg
4
473
36
65

455

50
80

A. Clasts of limestone in the ice cover overlying a platform cut in limestone (1987). B. Clasts of shale in the ice cover overlying a
platform cut in shales (1987). C. Clasts of shale in ice floes stranded on a shore platform cut in limestone (1987). D. Clasts of shale
in the ice cover and grounded ice floes (1989-1990). E. Clasts of shale in the ice cover in 1992.

Table 2-E summarizes the data on the shale
clasts measured in 1992. They ranged from 4 to
473 kg. Most clasts were relatively small: 78.8 %
weighing less than 100 kg. Table 3-E gives the size
and the weight of the 10 largest clasts. All of them
exceeded 90 em in length and one was 120 em,
while their thickness ranged from 15 to 28 em.
Thickness for all the shale clasts ranged from 3.5
Table 3. Size of the largest clasts in the ice cover and grounded ice fioes, at Grondines, 1987 and 1990.

A. 72
60
65
45

x 40 x 28
x 45 x 20
x 38 x 24

B. 190 x 125 x 25 em

225 x 130 x 12
150 x 150 x 12
106 x 61 x 26
C.

63
65
60
60

D. 75
110
115
100
117
80
80
94
90
95
E. 90
100
105
102
120
95
95
95
94
90

189 kg
151
131
92

x 39 x 30 em

1,335 kg
789
607
378

x 45 x 12 em
x 52 x 10

x 43 x 16
x 32 x 16
x 75 x 36 em
x 90 x 20

115 x 13
63 x 25
70 x 17
60 x 25
70 x 21
65 x 19
72 x 17
x 75 x 15

x
x
x
x
x
x
x

x 90 x 26 em

x
x
x
x
x
x
x

x
x

78
80
68
82
70
54
80
90
65

x
x
x
x
x
x
x

x
x

24
21
22
15
22
28
18
16
20

A, B, C, D and E: same as in Table 2.

76 kg
76
69
69
455 kg
445
386
354
313

270
264
261
247
240
473 kg
421
397
343
332
329
323
307
304
263

to 30 em with a median of 14 ern. Most clasts
(70.3 %) were in the category 10 to 19 em, while
15.9% were smaller than 10 em in thickness and
13.3 % between 20 and 30 em.
A few limestone clasts were also observed in a
small embayment where this type of rock outcrops. The 20 clasts measured ranged from 5.4 to
122 kg, with a median of 21 kg. In percentage,
45 % weighed less than 30 kg and 20 % exceeded
50 kg. The thickness varied from 10 to 20 em, with
a median of 15 em.
(2) Neuville

Clasts of shale were also measured at Neuville
in 1986 and 1987. The 28 clasts in the ice cover
(Figure 21) and in grounded ice floes (Figure 22)
which were measured in 1986 weighed 1.5 metric
tons and ranged from 3.4 to 428 kg, while the 99
clasts of shale measured in 1987 weighed 2.6 tons
and ranged from 1.8 to 259 kg (Table 4). Even
though most clasts were much smaller than at
Grondines, the largest ones were from 100 to 400
kg, which is a respectable size for a single fragment
at the surface of a 60-cm thick ice cover or for a
clast emprisoned in a small ice floe. Most slabs of
shale were thin, thickness averaging only 10 em;
a few clasts were 15 to 20 em thick (Table 5).
(3) Precambrian Boulders in the Ice Cover

As mentioned above, the intertidal zone of the
upper St. Lawrence estuary is strewn with
thousands of Precambrian boulders of various
sizes. Although most are concentrated in boulder
barricades at low tide levels (BROCHU, 1961;
DIONNE, 1988, 1989; DIONNE and BRODEUR, 1988a),
isolated boulders are found here and there and
are susceptible to frequent displacement by ice
processes. Precambrian boulders are often incorporated into the ice cover and are thus likely to
be rafted at breakup.
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Figure 20. Two large clasts of shale in an iee floe overriding the ice cover at Grondines, 90-04-07.
Figure 21. A broken clast of shale (82 x 22 x 10 em) at the surface of an ice cover 65 em thick, at Neuville, 87-03-28.
Figure 22. A clast of shale (30 x 22 x 10 cm) in a grounded ice block at Neuville, 87-03-28.
Figure 23. A small Precambrian boulder (88 X 57 X 36 em) at the surface of the ice cover at Grondines, 90-04-07.
Figure 24. A large broken clast of shale released by ice upon melting; the two pieces are respectively 113 x 98 x 20 crn and 8 L x
65 x 20 cm. Neuville, 90-04-24.
Figure 25. A clump of shale fragments released by 8 grounded ice floc upon melting in the intertidal zone. Neuville, 90-04-24.

Small Precambrian boulders (i.e . less than 1
ton) are usually ice rafted while the larger ones
are moved by other processes, They are commonly
rolled or pushed by ice floes which are moved by
tidal currents. This type of rock debris is part of

the annual sediment budget involved in ice action
and has been included in the overall estimate.
Between 1984 and 1990, such boulders were observed in the ice cover (Figure 23) and in grounded
ice floes at both Neuville and Grondines. Table 6
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Table 4.
ville.

Shales fragments in ice cover and ice floes at Neu-

Table 6.

Precambrian boulders in the ice cover.

A
Number of clasts
Total mass
Minimum
Maximum
Median
Average

1986

1987

28
1,577 kg

90
2,627 kg
1.8
259
12
26.5

3.4

428
22
56

(A and B) gives the size of the 29 boulders measured. They ranged from 7 kg to 2 tons. Most were
relatively small, 43% weighing less than 100 kg;
however, 30.4% weighed 300 kg and over. Table
7-A gives the size and the mass of the 10 largest
boulders.
At Grondines, additional data were collected in
1992. In the course of two half-day surveys made
March 28 and 31, 34 Precambrian boulders (granite and gneiss) were observed in the ice cover 60
to 100 em thick. Some were just surfacing, others
were partly or largely ejected, and some were directly laying on the ice surface, particularly along
fissures and pressure ridges. They ranged from 14
kg to 4.9 metric tons with a median of 189 kg
(Table 6-C). Boulders weighing less than 100 kg
and those exceeding 300 kg amounted to 23.5%
and 29.4 % respectively; half of boulders were in
the category 100 to 400 kg. Table 7-B summarizes
the size of the 10 largest Precambrian boulders.
The largest boulder (4.9 tons) was found in a pressure ridge. A hole in the ice cover revealed that
the boulder was entirely in the ice and that, at
low tide, its base was 1 m above the substrate of
the intertidal rock platform.
ROCK DEBRIS RELEASED BY ICE FLOES
Freshly released clasts in the intertidal zone are
easy to recognize because they contrast with the
Table 5. Size of the four largest clasts of shale in ice cover
and ice floes, Neuville, Quebec.

A. (1986)
112
95
65
51

x
x
x
x

85 x 20 em
5 x 10
60 x 9
45 x 15

428 kg
117
78
77

100 x 11 em
85 x 10
65 x 8
50 x 10

259 kg
200
163
129

B. (1987)
105
105
140
115

x
x
x
x

Number of clasts
Total mass
Minimum
Maximum
Median
Average

11
935 kg
21
329
55
85

B

c

18
5,282 kg
7
2,025
177
293

34
14,642 kg
14
4,922
189
430

A. Neuville: 1984-1986. B. Grondines: 1986-1987; 1989-1990. C.
Grondines: 1992.

underlying substrate. As these clasts were in ice
floes before being released, they are included in
the evaluation of the amount of debris in the ice
cover. Measurements were made at a few sites
particularly for the largest clasts (Figure 24) and
for clumps of clasts (Figure 25), which result from
clasts shattering upon release.
(1) Grondines

At Grondines in 1987, 36 clasts of shale released
by ice floes on a limestone platform were measured. They ranged from 23 to 497 kg, for a total
load of 4.7 tons (Table 8-A). The size of the largest
clasts is remarkable (Table 9-A). As they lay on
a limestone surface, they were of course moved
by ice; the minimum distance from the nearest
source was a few hundred meters.
A second survey was conducted in a small embayment where the shore platform, cut in shale,
was covered by 40 to 60 em of fine to coarse sand.
Table 7. Ten largest Precambrian boulders in the ice cover:
Neuville and Grondines.

A. 150 x 90 x 80 em
80
90
90
88
90

x 65 x 50
x 60 x 45

x
x
x
80 x
60 x

50 x 45
57 x 36
65 x 30
50 x 40
60 x 40
85 x 40 x 35
60 x 50 x 35

B. 150 x
125 x
100 x
85 x
110 x
90 x

100 x
78 x
98 x
60 x

140 x 125 em
65 x 80
95 x 60
80 x 70
100 x 40
70 x 50
57 x 42
70 x 50
72 x 35
54 x 55

2,025 kg
487
455
379
338
329

300
270
223
197
4,922 kg
1,218
1,068
892
825
590
555
511
463
334

A. Neuville and Grondines: 1984-1990. B. Grondines: 1992.
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Table 8.

Shale fragments released by ice at Grondines (1987).

Number of clasts
Total mass
Minimum
Maximum
Median
Average

A

B

C

36
4,753 kg
23
497
74
132

39
23,994 kg
54
1,449
433
615

136
46,666 kg
39
468
255
335

A. Clasts released on a limestone shore platform. B. Clasts released C(n a rock (shale) substrate covered by 40-60 em of sand.
C. Clasts released on transvere spits.

The 39 clasts of shale which were measured ranged
from 54 kg to 1.4 tons, for a total of 24 tons (Table
8-B). Particularly large clasts were found at this
site, the four largest weighing over one ton each
(Table 9-B). It is not known how far these clasts
were displaced or transported by ice. However, as
they overlay a sand deposit 40 to 60 em thick,
there is no doubt that they were moved and displaced by ice, because waves and currents are unable to move such large fragments.
At Grondines there are many transverse spits
(LAVOIE, 1987). These spits, which stand 50 to 100
em higher than the surface of the surrounding
tidal flat, are the preferred loci for the grounding
of ice floes. Each year large clasts were observed
in grounded ice floes. We measured 136 clasts of
shale released by ice on these spits (Table 8-C).
Their weight ranged from 39 kg to 1.4 tons, for a
total of 46.6 tons. The four largest clasts were over
100 em long and wide (a and b axes) and up to
40 em thick (Table 9-C).
(2) Neuville and Cap-Sante

Rock debris released by ice upon melting is also
abundant at Neuville. Table 10 summarizes data
Table 9. Size of the four largest clasts of shale released by
ice at Grondines (J 987).
A. 130
110
80
90

x
x
x
x

100 x 17 em
85 x 18
70 x 25
70 x 20

497 kg
378
315
283

B. 230 x 100 x 28 em

1,449 kg
1,417
1,412
1,280

180 x 140 x 25
210 x 120 x 25
165 x 115 x 30
C. 148
150
141
125

x
x
x
x

126
102
114
100

x
x
x
x

35 em
39
32
40

A, Band C: same as in Table 8.

1,468 kg
1,242

1,157
1,125

Table 10.

Shale fragments released by ice at Neuville.

Number of clasts
Total mass
Minimum
Maximum
Median
Average

1986

1987

42
3,386 kg
8.2
614
63
80

61
10,735 kg
27
717
108
175

for the larger clasts of shale released in the intertidal zone. The 42 clasts measured in 1986
weighed 3.3 tons, their size ranging from 8.3 to
614 kg, while the 61 clasts measured in 1987
amounted to 10.7 tons, individual clasts ranging
from 27 to 717 kg. In both cases, the size of the
largest clasts is noteworthy (Figure 26), most being 1 to 1.5 m long and 15 to 30 em thick (Table
11).51 % of the clasts measured in 1987 were over
100 kg, with 18 % weighing 200 to 400 kg and 13 %
over 400 kg.
Similar observations were made at Cap-Sante,
a locality approximately 20 km upstream from
Neuville. The 12 largest clasts of shale released
by ice floes on the platform and on the gravel
beach, and which were measured in 1989, weighed
3.7 tons. They ranged from 54 kg to 1.7 tons (Table 12).
(3) Large Blocks of Limestone Moved by Ice

Despite their remarkable size, clasts of shale
are not the largest rock fragments released by ice.
The largest pieces of rock moved by ice are Precambrian boulders and limestone blocks.
In contrast with the smaller clasts of limestone,
which originate from local platforms and cliffs,
the large blocks (i.e. those over 200-300 kg) are
anthropogenic in origin. They were picked up in
the area between Cap-Sante and Neuville. These
large slabs of limestone formed the embankment
Table 11.

Largest clasts of shale released by ice at Neuville.

A. (1986)
130
100
70
60

x
x
x
x

70
65
48
55

x
x
x
x

30 em
10
19
17

614 kg
146
143
126

B. (1987)
170
150
115
110
115

x
x
x
x
x

125 x 15 em
70 x 28
85 x 20
72 x 23
102 x 15
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Figure 26. A large clast of shale (175 x 82 x 15 em) removed, transported and finally released by ice in the intertidal zone, at
Neuville, 90-04-24.
Figure 27. A large block of limestone (210 x 60 x 42 em) displaced by ice and released on an intertidal rock platform cut in shales;
the block is at least a few hundred meters from the nearest source (i.e. the embankment of an abandoned railway); note the smaller
Precambrian boulder; these isolated clasts are easily removed by ice and rafted, Neuville, 86-09-29.
Figure 28. A typical clump of coarse debris (Precambrian cobbles and angular limestone fragments) released by an ice floe on a
rock platform cut in shales, Cap-Sante, 89-04-16.
Figure 29. An open window in the ice cover; this type of lead is created at high tide by underlying water pressure, which lift pieces
of the ice cover; with receding tide, the ice floes remained perched on the ice cover and subsequently release their sediment load.
Grondines, 90-04-07.
Figure 30. Typical aspect of a heavily loaded ice cover that melted in situ; the released debris form an ephemeral micro-relief at
the surface of the intertidal rock platform. Neuville, 87-03-29.
Figure 3l. Typical aspect of ice rafting at breakup in the upper St. Lawrence estuary; several sediment- laden ice floes moved down
stream are temporarily stranded in the intertidal zone at low tide; field measurements can be made easily and sediment content
evaluated. Neuville, 89-04-08.
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Table 12. Large fragments of shale removed and displaced
by ice at Cap-Sante (1989).
12
3,711 kg
54
1,700
151
309

Number of clasts
Total mass
Minimum
Maximum
Median
Average

Note: The largest clasts (180 x 100 x 42 em) were displaced
by ice rafting over 200 m during the last decade and released
at the surface of the beach fringing the shore platform.

of a railway located at the foot of the cliff. The
Donnacona-Cap-Rouge section of the railway was
abandoned in 1924. Many blocks of the embankment were removed by ice and are today scattered
throughout the intertidal zone. Blocks are found
today 50 m to 2 km from their source (Figure 27).
The smaller blocks of limestone were ice-rafted
while the larger blocks were more likely ice-pushed
as has been demonstrated for Precambrian boulders (DIONNE, 1988). Large blocks of limestone
were surveyed at Neuville and at Cap-Sante. At
the first site, 31 blocks were measured between
1983 and 1987. Their mass amounted to 32 tons
with the smallest block weighing 103 kg and the
largest 5.2 tons (Table 13). The 12 blocks of limestone observed on a shale platform at Cap-Sante
weighed 21 tons and ranged from 163 kg to 4.4
tons. The size of the largest blocks in both sites
is indicated in Table 14.
(4) Other Debris Released by Ice

Besides boulders and clasts of shale, limestone
and sandstone, ice floes carry annually many hundreds of tons of assorted debris, including soil,
vegetation, peat clumps, and clumps of gravel
(pebble-cobble size) (Figure 28). The latter originate from areas of diamicton occurrences, from
beaches or from rivers. Because of their degree of
roundness, these clasts are easily distinguished
from local angular debris. Lithology was examTable 13. Large blocks of limestone released or displaced by
ice at Neuville and Cap-Sante.

Number of blocks
Total mass
Minimum
Maximum

Median
Average

A

B

31
32,226 kg
103
5,292
409
1,039

12
21,174 kg
163
4,422
1,740
1,761

A. Neuville (1983-1987). B. Cap-Sante (1989).

Table 14. Largest limestone blocks on the shale platform at
Neuville and at Cap-Sante.
300
200
230
210
160
180
150
110
170
150

x 280 x 28 em
x 110 x 100
x 145 x 65
x 200 x 50
x 117 x 105
x 165 x 55
x 110 x 85
x 100 x 90
x 170 x 28
x 90 x 60

ined in about 40 clumps of gravel in the study
area. Results were 32% igneous Precambrian, 38%
limestone, 26 % shale and 4 % sandstone (DIONNE,
1991). The percentage of sandstone is higher on
the south shore where this rock type occurs.
AN ESTIMATE BASED ON A
SELECTED AREA

Any estimate of sediment-laden ice is difficult
and subject to error because it is impossible to
see through the ice. The only way to check debris
in the ice is by looking at the surface when it is
snow-free, checking any vertical exposure in the
ice cover, particularly at the margin, and closely
examining any grounded ice blocks, especially
those which are tilted, have ridden up, or have
been turned over.
In 1990 we had an unusually good opportunity
to evaluate the debris content of the ice cover in
a small embayment at Grondines. On the upper
half of the shore platform, large ice floes were
heaved up and ejected by water pressure at high
tide, leaving a window in the ice cover (Figure 29).
The ejected ice floes were stranded on the ice near
the window. Upon melting, the load was released
onto the ice cover. In an area 7 x 3 m (21 m"),
we measured the 24 largest clasts, which had a
combined total mass of 522 kg (Table 15). The
average load is thus 25 kg/m", equivalent to 25,000
Table 15.

Coarse debris in the ice cover at Grondines (1990).

Area survey: 7 m x 3 m = 2] m '
Number of shale fragments measured: 24
Total mass:
522 kg
Average load/m-:
25 kg (25,000 tons/km 2 )
Largest clast:
size:
84 x 41 x 15 em
mass:
129 kg
Smaller clast:
size:
16 x 16 x 5 em
3.2 kg
mass:
Median clast:
size:
36 x 13 x 9 em
mass:
10.5 kg
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5.2 tons
4.9
4.8
4.7
4.4
3.6
3.1
2.2
1.8
1.8
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t/km-, It is important to point out that clasts
smaller than 3 kg were not measured, nor were
the finer sediments. Such debris may have
amounted to 5-10 kg/m", The sediment load was
thus approximately 30-35 x 103 t/km", This load,
of course, is not representative of all of the studied
area. However, it seems accurate for large areas
of the upper intertidal zone. Consequently it was
used along with other measurements to estimate
the annual load of the ice cover in the upper St.
Lawrence estuary.
ICE RAFTING POTENTIAL

Ice rafting is controlled by sediment-laden ice.
In the upper St. Lawrence estuary the sediment
load of the ice cover in the area between Quebec
City and Grondines is as much as one million tons
per year, of which 70 to 75% is coarse terrigenous
de bris from shore zones.
Field observations made at breakup and also
before and after that event, over a ten-year period,
strongly suggest that up to 90 % of the load is
displaced over various distances. This percentage
may vary from year to year and from place to
place, depending on temperature conditions and
characteristics of breakup. From our field experience we consider that only a small volume of
debris in the ice cover is released in situ without
any displacement. In fact, we have rarely observed
an ice cover decaying in place. This occurs occasionally in the upper part of the intertidal zone
in protected embayments when the ice is heavily
loaded and cannot be rafted. The debris then released forms an ephemeral micro-relief (Figure
30). Ice decaying in situ may represent 3 % of the
ice cover. The remaining 97 % of the ice is rafted
offshore and downstream along with the trapped
sediments.
The several hundred sediment-laden ice floes
observed (Figure 31), as well as the clasts and the
clumps of debris released on contrasting substrates, demonstrate that a large portion of the
debris in the ice cover is rafted from one meter
to several kilometers. The distance of transport
and the volume of debris exported offshore are
difficult to determine because there are few marker or exclusive lithologies in the study area. However, studies of the lithologies of coarse debris
(pebbles, cobbles and small boulders) made at two
downstream localities revealed that 20-25 % of
clasts 3 to 8 em in size were displaced over 35 km,
while only 6 % of clasts 20 to 30 em in size were
displaced over 100 km (DIONNE, 1987b, 1991). For

example, several individual large clasts (over 50
kg) of limestone and shale are found up to 35-40
km downstream from the nearest source, while a
few clasts are occasionally observed at distances
up to 100 km.
RELATIVE IMPORTANCE OF ICE
RAFTING FOR THE SEDIMENTARY
BUDGET OF THE ST. LAWRENCE

Sediment transport in the upper St. Lawrence
estuary is explained by currents (river and tide),
waves and ice. Unfortunately the precise annual
sedimentary budget is not known. This section of
the estuary is, however, a zone of transit, particularly for fine-grained material (D'ANGLEJAN,
1990). There is little permanent sedimentation.
Wave action is restricted because the St. Lawrence valley, which is relatively narrow (5 to 6 km
wide), and which is entrenched 30 to 50 minto
the surrounding lowlands, controls wind direction. Prevailing wind directions are parallel to the
axis of the St. Lawrence, with the consequence
that waves have little influence on sediment transport in the intertidal zone. Wave height is not
significant; large waves are commonly 40 to 50 em
high and occasionally up to 100 em in offshore
locations. Nevertheless, waves do move a certain
proportion of the fine-grained material as well as
smaller fragments of shale. Pebbles 5-6 em in
diameter are only moved by breaking waves. In
fact, wave action is responsible for longshore migration of a small quantity of debris and for the
accumulation of thin shale fragments on beaches.
River and tidal currents are more active than
waves in sediment transport in the upper St. Lawrence estuary. Strong currents usually related to
the tidal cycle occur offshore. They usually range
from 20 to 40 em/sec, with maximum speeds up
to 60 em/sec. In the intertidal zone, tidal currents
usually range from 5 to 20 em/sec. They move the
smaller portion of the coarse debris which accumulates on transverse spits, particularly during
receding tides.
Though the bedload is not known in the study
area, it has been estimated to equal suspended
load (FRENETTE and VERRETTE, 1976) which averages 5 x 106 t/yr (FRENETTE and LARINIER, 1973;
SOUCy et al., 1976; HAMBLIN et al., 1988;
D'ANGLEJAN, 1990). Bedload is mainly transported by currents.
Ice is the third important agent of sediment
transport in the St. Lawrence estuary (DRAPEAU,
1990). Until recently, however, the volume of sed-
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iment transported by ice has not been considered
in the overall sedimentary budget of the study
area. This question, however, has been discussed
in a few recent papers concerning the estuary
downstream from Quebec City, particularly in the
area known as the "maximum turbidity zone"
(D'ANGLEJAN et al., 1973; SILVERBERG and
SUNDBY, 1979; D'ANGLE,JAN, 1981).
Estimates of the concentration of fine-grained
sediments in the ice cover at Montmagny (DIONNE,
1981, 1984) are four times higher than those calculated for Cap- Tourmente (TROUDE and SERODES, 1985), but have been considered exaggerated
by TROUDE and SERODES (1988) and D'ANGLEJAN
(1990). However, no arguments were brought forward to demonstrate that the sediment load of
the ice cover within the maximum turbidity zone
was much less than the 60,000 t/km" calculated.
This figure indeed compares well with data from
other regions (GILBERT, 1983; MCCANN and DALE,
1986; MINER and POWELL, 1991; BARNES et al.,
1993). Large volumes of fine sediment in the ice
cover were also suggested long ago for Foxe Basin
in arctic Canada (CAMPBELL and COLLIN, 1958).
The main objection to ice rafting potential in
the St. Lawrence estuary is the floating capacity
or buoyancy of ice fioes. It has been argued that
only one tenth of sediment can be added to the
ice whose density is theoretically considered to be
0.9. Thus, overloaded ice floes are not likely to be
removed from the intertidal zone and rafted offshore. TROUDE and SERODES (1985) speculated
that overloaded ice should release much of its load
before being moved by tide currents. However,
field observations do not validate this contention.
On the contrary, every year, heavily loaded ice
floes are commonly observed grounded on tidal
flats a few to several kilometers from source.
The shore ice in the St. Lawrence estuary is
almost never entirely composed of pure ice with
a density of 0.9. On the contrary, the ice cover
typically consists of agglomerated ice of different
types, as well as a portion of snow at the surface.
Its density usually ranges from 0.4 to 0.6 only. In
such conditions, the capacity of ice to raft a large
volume of detritic material is increased considerably. This explains why many grounded ice floes
exhibit a sediment load in excess of 1/10.
Proportionally to the sediment load (suspension and bedload) in the upper St. Lawrence estuary, the volume of terrigenous debris in the ice
cover could represent about one fifth. If we take
into account that 70 to 75 % of this load is coarse
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de bris and that clasts of shale and limestone exceeding 100 em are commonly displaced, the role
played by ice processes on the shores of the upper
St. Lawrence estuary deserves greater recognition. It explains, at least partly, the morphology
of the wide intertidal shore platforms (GOLDTHWAIT, 1933; DIONNE and BRODEUR, 1988a,b) and
the occurrence of coarse debris of shale, limestone
and sandstone on the shores downstream from
Quebec City (DIONNE, 1987b, 1991).
IMPORTANCE OF ICE RAFTING
ELSEWHERE

The importance of ice rafting as a contributor
to sediment volume is now widely recognized
(ANDREWS and MATSCH, 1983; MOLNIA, 1983;
POWELL and ELVERH0I, 1989; DOWDESWELL and
SCOURSE, 1990). Although much of the ice-rafted
debris has been attributed to iceberg rafting (LISITZIN, 1972; OVENSHINE, 1970), the contribution
of sea ice is probably more important than has
been suggested in the past (GILBERT, 1990). Approximately 1.3 x 1014 metric tons of clastic debris
were transported by ice from Europe, Iceland and
the Faroe Islands and deposited in the eastern
North Atlantic during the last 300 ka years
(MOLNIA, 1972). RUDDIMAN (1977) estimated that
2 x 10 14 m" of sediments were ice-rafted to the
deep Atlantic during the past 3 Ma years.
Shore and nearshore zones are of course favored
sites for incorporation of sediment (particularly
coarse debris) in the ice cover, a prerequisite for
ice rafting. Recent investigations in polar seas,
particularly in the Beaufort Sea, have emphasized
the importance of ice processes in sediment transport. CLAYTON et al. (1990) reported that broad
regions of sea ice at high latitudes are known to
contain substantial quantities of fine-grained sediment particles and that the rafting of fine-grained
sediments by sea ice does appear to play an important role in the overall sediment budgets of
regions affected by sea ice. This contention is emphasized by !(EMPEMA et al. (1989), who wrote
that large loads of sediments are incorporated into
the seasonal ice cover of the Alaska Beaufort Sea
during freezeup storms. Recent analysis of Beaufort Sea coastal processes led REIMNITZ et al. (1990)
to state that it is a fallacy to attribute a protective
role to ice in polar seas, whereas in fact ice bulldozes, mobilizes, resuspends and rafts a large volume of sediment.
Similar opinions have been expressed by many
other workers. CLARK and HANSON (1983) and
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and CLARK (1983), for example, have
estimated that 1 to 10 % of the total sediment
delivered to the central Arctic Ocean is ice rafted.
More recently, ice rafting has been considered an
important process in Lake Michigan (KEMPEMA
and REIMMITZ, 1991; MINER and POWELL, 1991;
BARNES et al., 1993).
In summary, several papers dealing with ice
rafting in the world ocean have been published
over the last two decades (DIONNE, in preparationv. They emphasize the importance of iceberg
and sea-ice rafting in high-latitude regions. According to GILBERT (1990), rafted sediments are
a major component of glacimarine deposits.

MINICUCCI

CONCLUSION

Shore ice in the upper St. Lawrence estuary
contains a large volume of debris susceptible to
be rafted at breakup. In the area between Quebec
City and Grondines, up to one million metric tons
of debris, including 70 to 75% coarse material,
are involved annually. This estimate is based on
a 10-year period of observations, including repeated field surveys and measurements. Debris at
the surface and in the ice cover, in grounded ice
floes, and debris freshly released by ice upon melting was measured at several sites, particularly at
Neuville and Grondines. Large clasts of shale and
limestone and small Precambrian boulders are an
important component of the terrigenous load emprisoned in the ice cover and rafted in ice floes.
The best period for surveying sediment-laden ice
is during breakup. At that time there are many
exposures available in the ice cover and several
ice floes are grounded in the intertidal zone at low
tide. Also, at that time the snow cover at the surface of the ice has disappeared, allowing the observer to see the debris at the surface. Direct observations seem to be a more valuable method
than coring, particularly for coarse debris content.
Data from the St. Lawrence estuary compare well
with those from other ice-dominated shore and
nearshore environments.
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o RESUME 0
Dans Ie haut estuaire du Saint-Laurent (Quebec), Ie couvert glaciel intertidal est fortement charge de debris terrigenes de taille
variee, allant de l'argile aux cailloux de plus de 1 m (L). L'estime de la charge sedimentaire realise est base sur Ie contenu du couvert
glaciel, i.e. sur les debris visibles a la surface, a la base et a divers niveaux dans la glace fixee au rivage, sur le contenu sedimentaire
des radeaux de glace echoues, ainsi que sur les amas de debris et les gros fragments rocheux fraichernent delestes par des radeaux
de glace. Les observations et les mesures ont ete faites au cours de la periode 1982-1992, dans plusieurs sites des deux rives du
Saint-Laurent, entre Quebec et Grondines. Deux sites ont fait l'objet de releves detailles et repetes: Neuville et Grondines. La charge
sedimentaire moyenne du couvert glaciel totalise approximativement 25,000 tonnes de debris par kilometre carre, Compte tenu de
la superficie des estrans de la zone etudiee, on evalue a environ un million de tonnes les sediments deplaces par la glace annuellement.
La charge sedimentaire est cornposee it 70-75(J o de materiel grossier dont une grande partie outrepasse la competence des vagues
et des courants. La dispersion glacielle se revele done un processus important qui contribue pour environ un cinquieme de la charge
sedimentaire totale dans ce secteur de l'estuaire du Saint-Laurent.
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