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ABSTRACT N

DIONNE, J-C., 2002. The boulder barricade at Cap a la Baleine, north shore of Gaspé Peninsula (Québec): nature of
boulders, origin and significance. Journal of Coastal Research, 18(4), 652—661. West Palm Beach (Florida), ISSN 0749-
0208.

A small (1.5 km long) boulder barricade occurs at Cap a la Baleine on the north shore of Gaspé Peninsula, about 25
km NE of Matane. The boulder barricade is a low ridge at the low tide level formed by a pavement of small to medium
size subrounded to rounded clasts of various lithologies. Boulders are closely packed together and compacted into the
underlying clay substrate. There are two main groups of boulders. About 40% are Precambrian erratics from the
Laurentidian Shield on the north shore of the St. Lawrence estuary, whereas the remaining are from Appalachian
lithologies occurring on the south shore of the St. Lawrence, of which 54% are sandstone (graywacke). A few particular
indicators are anorthosite, dolostone, quartzite and volcanic erratics. Boulders remaining on the tidal flat surface are
a lag from the erosion of a clay diamict, an event which occurred during the Upper Holocene. Originally deposited in
the Goldthwait Sea circa 13-13.5 ka, the boulders are most likely iceberg drifted erratics from two sources: the
Laurentides Ice Sheet still occupying the St. Lawrence valley, and the Appalachian ice, the front of which correspond-
ing to the present shoreline at the time. Today, the Cap a la Baleine boulder barricade forms a natural wave breaker
slowing erosion of the tidal flat.

ADDITIONAL INDEX WORDS: St. Lawrence estuary, shore ice processes, iceberg rafting, boulder pavement, Holocene

marine clay.

INTRODUCTION

Boulder barricades are a coastal feature apparently char-
acteristic of coastlines in cold regions. They have been ob-
served at many localities along Canada’s eastern coastline
(DIONNE, 1994a). Although recognized long ago (LYELL,
1854), they were named by DavLy (1902), and adequately de-
scribed by TANNER (1939). Unfortunately, this important pa-
per written in Finnish was long ignored by the scientific com-
munity.

Rosen (1982) defined boulder barricades “as elongate rows
of boulders that flank the coastline, separated from the shore
by a low gradient nearshore zone. They are the result of ice
transport and therefore occur only in Arctic or sub-Arctic re-
gions.” In this short paper, as well as in a former paper (Ro-
SEN, 1979), little is said about the characteristics of the boul-
der barricades: re. number, size, nature and origin of boul-
ders, size of the rows, tidal environments, nature of the sub-
strate, type of coastline, etc.

Boulder barricades are common to the lower north shore of
the St. Lawrence where they are called in French cordons de
blocs frangeants (fringing boulder ridges). They also occur in
the upper St. Lawrence estuary upstream Quebec City,
where they commonly form two and even three rows (Bro-
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CHU, 1961; DIONNE, 1994a). Typical boulder barricades are
rare along the south shore of the middle and lower St. Lawr-
ence estuary, although many rows of boulders occur almost
everywhere at various levels in the tidal zone (DIONNE,
1972). Those occurring at the low tide level were called by
GUILCHER (1981) cordons de blocs de basse mer (low tide boul-
der ridges).

This paper reports a remarkable boulder barricade in a
coastal area characterized by a straight shoreline and by nar-
row tidal flats, and provides data on the lithology of the boul-
ders trying to determine their source and the agents which
transported and released them in the postglacial sea. There
is no emphasis on the processes involved in the formation of
the boulder barricade at Cap a la Baleine because this ques-
tion was discussed in a previous review paper on boulder bar-
ricades (DIONNI, 1994a).

GEOGRAPHIC AND GEOLOGICAL SETTINGS

Cap a la Baleine is located on the south shore of the Lower
St. Lawrence estuary about 25 km downstream from Matane
(67° 16" 30" W, 48° 55’ 15" N, Figure 1). Oriented SW-NE the
shoreline is relatively straight, but a few small embayments,
capes and points can be observed along the coast between
Matane and Sainte-Anne-des-Monts. Between Cap a la Bal-
eine and Pointe des Monts on the north shore, the St. Law-
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Figure 1. Location map and locality names, Cap a la Baleine area, north shore of Gaspé Peninsula, Québec.

rence estuary is about 40 km wide, but it is much larger east- water depth up to 100 m (LORING and NoTa, 1973). Seaward
ward, exceeding 100 km between Sept-Iles and Sainte-Anne- is the deep St. Lawrence trough exceeding 300 m (SHEPARD,
des-Monts. 1931).
The shore zone is relatively narrow (200-400 m) and is Bordered landward by a narrow cliffed terrace 10 to 15 m
adjacent to a submerged platform about 4 km wide with a high and mainly composed of a glaciomarine stony clay diam-

10 -15m
Terrace

e
boulder barricade
(boulder pavement)

H.T.L. high tide level
L.T.L. low tide level

Sand and gravel (beach)
E Stony clay (diamict)

Figure 2. A schematic cross section of the shore zone at Cap a la Baleine.
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Figure 3. A glacially shaped graywacke outcrop in the intertidal zone at Cap & la Baleine; ice flow direction is from right to left, 01-09-20.

Figure 5. A general view of the boulder barricade at Cap 4 la Baleine; photo taken from the top of the cliff, note the wide waterfilled section of the tidal
flat at mid-tide, and the coarse sandy beach at the foot of the cliff, 01-09-19.

Figure 6. Typical aspect of the boulder barricade at Cap a la Baleine; medium to small size boulders form a pavement about 50 m wide, 97-06-23.
Figure 7. A detail view of the boulder barricade; note that the medium size boulders are tightly packed together and compacted into the underlying
clay substrate, 97-06-23.

Figure 8. A mega-boulder of granite (275 X 210 X 160 cm) overlying the boulder pavement; approximate weight is 18 metric tons, 01-09-19.

Figure 9. A gneiss erratic from the Precambrian Shield on the north shore of the St. Lawrence estuary over 50 km away; the boulder is 48 cm long, 01-
09-20.
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Table 1. Climatic data of the study area®.

Station

Mont-Joli Cap-Chat
Mean annual T 3.5° 3.3
Mean January T -11.1 ~9.5"
Mean July T 17.2° 16.1°
Extreme minimum T¢ 33.3° —30.6"
Degree-day with frost 180 178
Mean annual precipitation 900 mm 1027 mm
Mean annual rainfall 549 mm 689 mm

Mean annual snowfall 367 cm 306 cm
Wind frequency at Mont-Joli SSW to WNW = 48%
Annual prevailing direc- NE to ENE = 13%
tions:
Dominant strong winds
Average wind speed between
December and March
Ice season

WSW to WNW
24 to 32 km/hr

From December to end of March

“ Data from Canada, (1973).

ict (DIONNE, 1966; Lenuis, 1973, 1975; LEBUIS and DAvVID,
1977), deposited in the Goldthwait Sea (DiONNE, 1977), the
shore zone is a relatively flat erosion surface cut into the
diamict (Figure 2). The inner tidal zone is, however, slightly
lower than the boulder barricade, and is covered by scattered
boulders, a few being mega-boulders. The lower tidal zone is
entirely covered by subrounded to rounded boulders of small
to medium size forming a wide row (25 to 60 m) that can be
called boulder barricade or pavement (DAWSON, 1884). A few
rock outcrops (graywacke) occur at both ends and in the mid-
dle of the study area, where they are glacially shaped and
striated indicating a NNW ice flow (Figure 3).

Since there is no meteorological station at Cap a la Baleine,
climatic data have been estimated from the two closest me-
teorological stations: Mont-Joli and Cap-Chat (Table 1). The
mean annual air temperature (based on data from 1940 to
1971, CANADA, 1973), is about 3.4°C with a mean January
and July temperature respectively —10.2° and 16.6°C. There
are 179 degree-day with frost. Mean annual precipitation is
approximately 965 mm including 36% of snowfall. The pre-
vailing wind directions (48%) are from the SSW to WNW
whereas those from NE to ENE account for 13%. The stron-
gest winds are from WSW to WNW, with an average velocity
ranging from 24 to 32 km/hr. Usually, ice is formed along the
shore in December and disappears during the last two weeks
of March. The tidal flat is normally entirely ice covered from
January to March; the thickness of the ice cover ranges from
40 to 80 cm, but commonly the ice cover is broken and cha-
otic.

Cap a la Baleine is a mesotidal environment with mean
tide range averaging 2.7 m, whereas spring tide range is up
to 4.1 m, the water level (geodesic zero) is 1.98 m (CANADA,
2001).

Open to offshore and not protected from wind and wave
action, the shoreline at Cap a la Baleine is vulnerable and
exposed to winds from WSW to WNW which are the domi-
nant directions for frequency and velocity. Although winds
from the NW to NE are less common, they also produce waves
capable of causing erosion. The main fetch (over 225 km) is

from NNE. Consequently, the Cap a la Baleine shoreline can
be classified as a moderate to a relatively high wave energy
environment (DAVIES, 1972).

BOULDER BARRICADES CHARACTERISTICS

In plan view (Figure 4a), the boulder barricade occurring
near the low tide level is arc—shaped seaward. It extends con-
tinuously over 1500 m between Anse & la Croix and Cap a la
Baleine, forming a low ridge of small to medium size boul-
ders, 20 to 60 mm wide. Seen from the top of the nearby cliff
(Figure 5), it looks like a narrow stripe fringing the tidal flat
and isolating landward a shallow waterfill depression with
scattered boulders and colonies of kelp (Fucus sp. and Asco-
phyllum sp.); this basin is only partly drained at low tide. At
distance, the resemblance with the classical boulder barri-
cade (DALY, 1902; TANNER, 1939) is quite convincing.

The boulder barricade is formed by closely packed boulders
(Figures 6-7) partly rooted into the underlying clayed sub-
strate. This feature is rather typical of boulder pavement
(D1oNNE, 1972, 1979; HANSOM, 1983; EYLES, 1988; DIONNE
and PorTras, 1998a). Except where a clast has been recently
dropped by shore ice, there is only one layer of boulders. The
surface of the pavement is slightly higher than the section of
the tidal flat occurring shoreward; consequently, the boulder
barricade is visible or exposed from mid to low tide level (Fig-
ure 4b).

The boulders have a relatively high degree of roundness,
75 to 80¢ being subrounded to rounded. The size varies from
20~-25 to 60-65 cm (axis-a) with a large percentage (50-55%)
in the category of 30-45 cm. Only a few mega-boulders (Fig-
ure 8) are overlying the boulder pavement. Large erratics are
more common in the inner tidal flat section. Scars indicating
recent boulder removal are rare, although a few boulders,
recently deposited, were observed. In general the boulder
pavement is quite stable.

Lithology of Boulders

In most recent papers reporting boulder barricades (Ro-
SEN, 1979; McLAREN, 1980; GILBERT and AITKEN, 1981;
McCANN et al.,, 1981; KRaAwETZ and McCANN, 1986), the li-
thology of boulders forming the barricades at the low tide
level has not been considered because it was not significant.
At Cap a la Baleine, however, it is an important character-
istic since there are two categories of erratics of which one is
from a far distance region.

Table 2 summarizes the lithology of boulders forming the
barricade. Of the 13 302 boulders counted in 18 plots, 40.6%
are Precambrian lithologies (various gneiss, granite (Figures
9-10), anorthosite, etc.) from the Laurentidian Shield on the
north shore of the St. Lawrence estuary. The most common
lithology (56.6%) is a Cambro-Ordovician sandstone (gray-
wacke) of the Tourelle Formation, a lithology outeroping lo-
cally in the shore zone and in the coastal area (SLIVITSKY et
al., 1991). The percentage of sandstone is greater in the east-
ern area (Table 2) because it is closer to rock outcrop. Quartz-
ite boulders account for 3% of all lithologies; most quartzite
clasts are white quartzite from the Val Brillant Formation
(BELAND, 1960); there are also a few clasts from the Ka-
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Figure 4. Air photos of the boulder barricade at Cap a la Baleine, Gaspé Peninsula, Québec, at low tide (A), and at high tide (B). Photos nos Q64105-
191 and Q64102-24, at scale 800'/1" and 500'/1'; Québec Air Photo Library, Department of Natural Resources.

mouraska Formation. Conglomerates accounting only for
0.7% include two types; one is composed of very small clasts
of quartz (0.5 to 1 cm); the other is a coarse grained limestone
conglomerate. Mudshales, which account for 0.65% include
clasts of local origin (e.g. red mudshale of the Tourelle For-
mation) outcroping in the eastern part of the study area, and
brownish calcareous shales from Ordovician and Silurian for-
mations occurring inland. Limestone and volcanic clasts are
found occasional. Of interest however, are several dolostone
erratics, a lithology not common in the Precambrian and in
the Appalachian Formations.

Dolostone Erratics

A separate survey of dolostone clasts was made in 1996 and
1997. A total of 230 clasts of dolostone of various types (Fig-
ures 11-15) were observed. Tables 3 and 4 summarize their
characteristics and color. About 34% are pink, pinkish or red-
dish while most (60%) are gray. Dolostone clasts range from
one to 490 kg with a mediane of 11 kg (Table 5). Small to
medium size clasts (1 to 50 kg), however, are most common
accounting for 83.7%, whereas those exceeding 100 kg ac-
count only for 6%. Table 6 gives the sizes and weight of the
ten largest dolostone boulders observed.

Journal of Coastal Research, Vol. 18, No. 4, 2002
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Table 2. Lithology of erratics of the boulder barrier (in percentage).

Precambrian Sandstone
Entire area
Number of counts 18
Number of boulders 13302
Minimum 25.2 47.3
Maximum 48.2 71.7
Median 40.8 52.9
Average 40.6 54.6
Area A (West)
Number of counts 9
Number of boulders 5747
Minimum 36.0 47.3
Maximum 46.4 63.3
Median 41.5 52.9
Average 41.8 52.6
Area B (East)
Number of counts 9
Number of boulders 7455
Minimum 25.2 474
Maximum 48.2 717
Median 35.1 59.4
Average 38.8 56.5

One interesting characteristic of the dolostone erratics is
that 43.8% were striated. Glacial and glaciel' striations ac-
count for about 50% each. The degree of roundness (weiring)
is relatively high, approximately 70% of clasts being in the
categories between subrounded and well rounded (Table 7).

ORIGIN OF THE TIDAL FLAT AND BOULDER
BARRICADE

The wide tidal flat at Cap a la Baleine is not an exceptional
feature along the St. Lawrence estuary but it is rather rare
along the north shore of Gaspé Peninsula because the high-
lands are close to the present shoreline and the depth of the
estuary is increasing rapidly offshore.

As mentioned, the tidal flat is bordered by a cliff-terrace
10-15 m high composed of stony clay (diamict) deposited in
the Goldthwait Sea during the early phase of the postglacial
transgression circa 13-13.5 ka (DioNNE, 1977; DAvID and
LeEBuIs, 1985). The clay is gray, very sticky and contains a
relatively large amount of coarse debris including clasts of
boulder size. In the area of Cap a la Baleine, the Goldthwait
Sea reached a maximum level of 75 m a.s.l. (DIONNE, 1976,
p. 43; LEBUIS and DAvin, 1977). The coastal area, however,
rebounded isostatically quite rapidly, and the sea level
dropped to about the present day level circa 8 ka; the low
stand remained for about two millennia before a few meters
rise (DIONNE, 1988; DiONNE and CoLL, 1995) and a new
coastal emerge.

The tidal flat was cut mainly into the diamict deposit dur-
ing the low stand and during the mid-Holocene Laurentian
transgression (DIONNE, 1988a); the coarser debris was most-
ly left behind as an erosion lag. Subsequently, an unknown

! Drift ice action: see the Encyclopedia of Beaches and Coastal En-
vironments, p. 447-448 (SCHWARTZ, 1982).

quantity of boulders was removed by shore ice under various
mechanisms (DRAKE and McCaANN, 1982; DioNNE, 1988b,
1994a), and concentrated near the low tide. Vertical pres-
sures exerted by the ice cover drove down the medium-size
boulders into the underlying clay substrate giving to the boul-
der barricade the appearance of a boulder pavement. At Cap
a la Baleine, shore ice was involved in the process, whereas
in other geologic settings, this morpho-sedimentary feature
may result from other mechanisms.

Today, the cliff is not actively eroded, the escarpment being
temporarily stabilized by vegetation; consequently there are
no new boulders available except those originating from the
local bedrock outcrops. Highly fissured and broken, the gray-
wacke formations regularly release regularly many blocks.
These angular clasts are removed and displaced by ice floes
mainly into the inner section of the tidal flat; a few blocks
were also observed in the lower section, but they are rarely
incorporated into the boulder pavement.

Field observations made at Cap a la Baleine suggest that
erosion of the tidal flat is not very active presently. The sec-
tion covered by the boulder pavement is remarkably stable
although there are occasional boulder removals leaving a scar
(D1oNNE and PorTras, 1998b, Figure 17). Where the clay is
exposed in the zone behind the boulder barricade, erosion by
ice, waves and currents is common. This may explain why
the surface of the tidal flat is lower than in the inner tidal
zone covered by boulders.

ORIGIN OF ERRATICS

The source of most igneous and metamorphic erratics,
which are mainly composed of various kinds of gneiss, gran-
itoid and ferromagnesian rocks, and anorthosite, are from the
Precambrian Shield to the north of the St. Lawrence estuary
(AVRAMTCHEV, 1985). The sandstone graywacke erratics are
from nearby Appalachian sources (SLIVITSKY ef al., 1991,
TrEMBLAY and BOURQUE, 1991). No igneous and metamor-
phic lithologies from younger metavolcanic and metasedi-
ametary rocks of the Chic-Chocs formations to the southeast
have been observed. The Val Brillant quartzite (BELAND,
1960) is, however, a significant Appalachian indicator of a
northeast ice flow over a 50 km distance. This remark also
applies to the few volcanic erratics observed at Cap a la Bal-
eine; they most likely originated from a small area southwest
of St. Adelme, about 15 km to the southwest of Cap a la Bal-
eine (BELAND, 1957).

In fact, one (Precambrian) of the two main lithologic com-
ponents of the boulders suggests a transport over a relatively
long distance across the St. Lawrence estuary; the other
(graywacke) implies a shorter displacement from the Appa-
lachian uplands and the coastal area. The erratics being in a
clayed diamict deposited in the Goldthwait Sea suggest that
two different masses of ice were in the surrounding area: the
Laurentides Ice Sheet to the north and the Appalachian ice
to the south. At that time the St. Lawrence estuary was oc-
cupied by an ice shelf calving icebergs into the Goldthwait
Sea (THoMAS, 1977), whereas the front of the Appalachian
ice was most likely near the present shoreline and in contact
with the early postglacial sea. Presently, there is no convine-
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Figure 10. A well rounded granite erratic from the Precambrian Shield, 01-09-19.
Figure 11. A pink lamitated dolostone erratic (45 X 29 X 20 cm), about 49 kg; this lithology is also found on the north shore of the St. Lawrence estuary
east of the Saguenay fjord, 96-07-19.

Figure 12. A pink dolostone erratic with gray spots (35 X 18 X 12 ¢m), weighing about 14 kg; the boulder is striated. This kind of dolostone is common
along the south shore of the estuary and has been also found on the north shore, 97-06-21.

Figure 13. A brecchiated gray dolostone erratic (32 X 17 X 16 cm), weighing about 17 kg, 97-06-22.

Figure 14. A marble-like gray dolostone erratic (46 X 32 X 10 c¢m), weighing about 33 kg, 97-06-21.

Figure 15. A stratified light and dark gray dolostone erratic (24 X 19 X 18 c¢m), weighing about 18 kg; this variety of dolostone has also been observed
in Les Escoumins area, on the north shore of the estuary, 01-09-21.

Journal of Coastal Research, Vol. 18, No. 4, 2002
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Table 3. Characteristics of dolostone erratics (in percentagel,

Table 5. Weight of dolostone erratics tin percentage by categories in kgl

Marble-like 23.5
Laminated 8.3
Stratified 8.3
Brecchiated 2.6
Arenaceous 3.5
Silty 0.5
Clayey 1.5
With quartz 2.2
Proterozoic type 2.2
Granite type 1.3
Stylolites 0.9
Plications 2.9
Stromatolites 0.4
Micro-faults 04
Corrosion 3.9
Striations 41.3

ing evidence that the boulders were released directly by the
ice shelf rather than by icebergs. In comparison with other
localities along the north and south shores of the St. Lawr-
ence estuary (D1onNNEg, 1994b; DioNNE and BERNATCHEZ,
2000), we favor the hypothesis of iceberg deposition from
nearby ice masses.

Origin of Dolostone Erratics

The source of the dolostone erratics is more complex and
difficult to determine because of a lack of knowledge of this
lithology in the Shield and in the Appalachian formations
(D1onNNE, 2002). Of the varieties of dolostone erratics ob-
served at Cap a la Baleine, only a few are known in the Ap-
palachians. The other varieties most likely originated from
the Laurentidian Shield. The only area of dolomite forma-
tions in the Shield that could have produced the erratics is
the Mistassini sedimentary basin of Proterozoic age (NEIL-
SON, 1953; WaHL, 1953), located in central Quebec, over 500
km to the NW of Cap a la Baleine. We did not observe any
stromatolitic dolomite erratics at Cap a la Baleine, a typical
lithology of the sedimentary formations of the Mistassini
area, although many boulders of this lithology occur on the
north shore (D1IONNE, 1994b; DIONNE and BERNATCHEZ,
2000) and have been observed on the south shore of the St.
Lawrence estuary between Le Portage and Riviere-Blanche
(DIONNE, 2002).

The percentage of dolostone erratics, which is similar to the
percentage of anorthosite erratics, seems to suggest that it is

Table 4.  Color of dolostone erratics (in percentage).

Pink 19.6
Pink and grey 8.7
Pink and red 2.2
Red 1.7
Pinkish grey 2.6
Grey and pink 0.9
Light grey 21.3
Medium grey 24.3
Dark grey 10.4
Brownish grey 1.7
Greenish grey 0.9
White/whithish 5.6

1toh 27.1
5t0 10 17.7
10 to 20 23.1
20 to 50 15.8
50 to 70 4.9
70 to 100 5.4
100 to 200 3.0
=200 3.0

likely that most dolostone erratics originated from the Pre-
cambrian Shield rather than from the Appalachian forma-
tions. Additional field work and detail geologic mapping are
needed to clarify this question. Nevertheless, the dolostone
erratics of the boulder barricade at Cap a la Baleine reveal,
at least, the existence of this lithology, somewhere in the
Shield and/or in the Appalachians.

CONCLUSION

The boulder barricade at Cap a la Baleine is one of the rare
occurrences of this cold region feature along the Gaspé shore-
line. It resulted from erosion during the Holocene of a stoney
clay deposit, which was cut back 300 to 400 m. The ice drifted
boulders remained behind on the erosion surface and were
subsequently concentrated by shore ice near the low tide level
where they have been compacted together into the underlying
clay substrate to form a wide elongated row of boulders. The
lithology of the erratics is mixed with about 40% of clasts
from the Laurentidian Shield on the north shore of the St.
Lawrence estuary. Deposition of boulders occurred at the be-
ginning of the Goldthwait Sea in the lower St. Lawrence es-
tuary circa 13-13.5 ka, when the Laurentidian ice was still
occupying a large portion of the valley, and the Appalachian
ice margin was near the present shoreline. The boulders were
deposited in the Goldthwait Sea most likely by icebergs rath-
er than directly by a floating ice shelf. Today, the boulder
barricade is relatively stable and forms an obstacle at low
tide level dispersing wave energy and consequently reducing
considerably the potential of erosion by waves of the tidal flat
and the cliff at the high tide level.
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Table 6. The ten largest dolostone erratics (size in cm; weight in kg).

82 X 76 X > 35 490 Striated
70 X 58 X 40 304 —

60 X 45 %X 50 253 Striated
68 X 48 X > 30 220 Striated
72 X 50 x 32 216 Striated
85 X 40 % > 25 214 Striated
60 < 50 x 35 197 —

H8 > 53 x 30 173 Appalachian
55 % 40 < = 30 149 —

50 X 40 X 35 131 Striated
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Table 7. Roundness of dolostone erratics (in percentage).
Angular 0.4
Angular-subangular 0.4
Subangular 83
Subangular-subrounded 23.0
Subrounded 43.5
Subrounded-rounded 19.6
Rounded 48
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the Cartographic Laboratory of the Department of Geogra-
phy, realised the illustrations and Ms. Nancy Leclerc typed
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LITERATURE CITED

AVRAMTCHEV, L. 1985. Geologic map of Quebec. Department of En-
ergy and Resources, Québec, Map 2000, DV-84-02, scale: 1: 1 500
000.

BriLAND, J., 1957. Région de Sainte-Félécité—Grosses-Roches. Min-
istere des Mines, Québec, Rapport géologique préliminaire 339, 8
p., carte 1166, échelle 1: 63 360.

Br1.AND, J., 1960. Région de Rimouski—Matapédia. Ministerc des
Mines, Québec, Rapport géologique préliminaire 430, 20 p., carte
1342, échelle 1: 26 720.

Brociiu, M., 1961. Déplacement de blocs par la glace le long du
Saint-Laurent | Movement of boulders by ice along the St. Lawrence
River. Ottawa, Geographical Branch, Geographical Paper 30, 27p.

CANADA, 1973. Canadian normals. v. 1, Temperature, 186 p.; v. 2,
Precipitation, 330 p., v. 3, Wind, 144 p., Downsview (Ont.), Envi-
ronment Canada, Atmospheric Environment.

CANADA, 2001. Canadian tide and current tables 2001, v. 3, St. Lawr-
ence and Saguenay Rivers. Department of Fisheries and Oceans
Canada, 86p.

DaLy, R., 1902. Geology of the northeast coast of Labrador. Bulletin
of Harvard Museum of Comparative Zoology, 38, 205-270.

Davin, P.P. and LiBuis, J., 1985, Glacial maximum and deglacia-
tion of western Gaspé, Québec, Canada. In: Borns, HW. et al.
(eds.), Late Pleistocene history of Northeastern New England and
adjacent Quebec, Geological Society of America, Special Paper 197,
pp. 85-109.

Daviks, J.L., 1972. Geographical variation in coastal development.
Edinburg, Oliver and Boyd, 204p.

DawsoN, J.W., 1884. Note on boulder drift and sea margin at Little
Metis. Lower St. Lawrence. Canadian Record of Science, 2, 36-38.

Dionng, J.C., 1966. Morpho-sedimentological map of Sainte-Feélicité.
Map 22B-14 west. BAEQ (Mont-Joli, Qc.); series of maps of Qua-
ternary deposits; scale 1: 50 000.

Dionng, J.C., 1972. Caractéristiques des blocs erratiques des rives
du Saint-Laurent. Revue de Géographie de Montréal, 26, 125-152.

DionNe, J.C.. 1976. La mer de Goldthwait au Québec. Etat de nos
connaissances. Québec, Environnement Canada, Preliminary Re-
port. 109p.

Dionng, J.C., 1977. La Mer de Goldthwait au Québec. Géographie
physique et Quaternaire, 31, 61-80.

Dionng, J.C., 1979. Les blocs d’estran a Saint-Fabien-sur-Mer, es-
tuaire maritime du Saint-Laurent. Maritime Sediments, 15, 5-13.

DionNg, J.C., 1988a. Holocene relative sea-level fluctuations in the
St. Lawrence estuary, Québec, Canada. Quaternary Research., 29,
233-244.

Dionnis, J.C., 1988b. Ploughing boulders along shoreline with par-
ticular reference to the St. Lawrence estuary. Geomorphology, 1,
297-308.

DionNng, J.C., 1994a. Les cordons de blocs frangeants (Boulder bar-
ricades). Mise au point avec exemples du Québec. Revue de Géo-
morphologie dvnamique, 43, 49-70.

DionNi, J.C., 1994b. Les erratiques lointains de I'embouchure du
Saguenay, Québec. Géographique physique et Quaternaire, 48,
179-194.

Dionng, J.C., 2002. Les erratiques de dolomie dans la région de
Riviere-Blanche, cote sud de 'estuaire maritime du Saint-Laurent:
un indicateur précieux de transport glaciaire et glaciel. Canadian
Journal of Earth Sciences, 39 (in press).

Dio~Nng, J.C. and BERNATCHEZ, P., 2000. Les erratiques de dolomies
sur le rivage des Escoumins, cote nord de I'estuaire maritime du
Saint-Laurent, Québec. Atlantic Geology, 36, 117-129.

DionNE and Cott, D., 1995. Le niveau marin relatif dans la region
de Matane (Québec), de la déglaciation & nos jours. Géographie
physique et Quaternaire, 49, 363-380.

Dionng, J.C. and PoiTras, S., 1998a. Lithologie des cailloux de la
baie de Mitis, rive sud de P'estuaire maritime du Saint-Laurent:
un exemple de transport glaciaire et glaciel complexe. Géographie
physique et Quaternaire, 52, 107-122.

DioNNE, J.C. and Porrras, S., 1998b. Geomorphic aspects of mega-
boulders at Mitis Bay, Lower St. Lawrence estuary, Québec, Can-
ada. Journal of Coastal Research, 14, 1054-1064.

DRrAKE, J.J. and McCANN, S.B., 1982. The movement of isolated
boulders on tidal flats by ice floes. Canadian Journal of Earth
Sciences, 19, 748-754.

Evies, C.H., 1988. Intertidal boulder pavement in the northeastern
Gulf of Alaska and their geographical significance. Sedimentarv
Geology, 88, 161-173.

GILBERT, R. and Arrken, A.E., 1981. The role of sea ice in biophys-
ical processes on intertidal flats at Pangnirtung (Baffin Island),
N.W.T. In: DIoNNE, J.C. (ed.), Proceedings, workshop on Ice action
on Shores, Ottawa, National Research Council of Canada, Asso-
ciate Committee for Research on Shoreline Erosion and Sedimen-
tation, pp. 83-103.

GuUILCHER, A, 1981. Cryoplanation littorale et cordons glaciels de
basse mer dans la region de Rimouski, cote sud de I'estuaire du
Saint-Laurent, Québec. Géographie physique et Quaternaire, 35,
155-169.

Hansowm, J.1)., 1983. Ice-formed intertidal boulder pavements in the
sub-Antarctic. Journal of Sedimentarv Petrology, 53. 135-145.

KrawkTz, M.T. and McCaNN, S.B., 1986. Coastal characteristics,
east-central Ellesmere Island, District of Franklin. Geological Sur-
vey of Canada, Paper 86-1A, pp. 749-754.

LAurior, B. and Gray, J.T., 1980. Processes responsible for the con-
centration of boulders in the intertidal zone in Leaf Basin, Un-
gava: In: McCANN, S.B. (ed.), The Coastline of Canada, Geological
Survey of Canada, Paper 80-10, pp. 281-292.

LeBuls, J., 1973. Geologie du Quaternaire de la région de Matane-
Amgqui, comtés de Matane et Matapédia. Ministére des Richesses
Naturelles, Québec, Rapport DP-327, 32 maps.

LEeBuUIs, J., 1975, Géologie du Quaternaire, partic occidentale de la
Gaspésie. Ministere des Richesses Naturelles, Québec. Rapport
DP-328, 32 maps.

Lenuis, J. and Davip, P.P., 1977. La stratigraphie et les évenements
du Quaternaire de la partie occidentale de la Gaspésie, Québec.
Géographie physique et Quaternaire, 31, 275-296.

LorinG, D.H. and Nora, D.J.G., 1973. Morphology and Sediments
of the Gulf of St. Lawrence. Bulletin of Fisheries Research Board
of Canada, 182, 147p.

Lyeys, Ch., 1854. Principes of Geology. New York: Appleton, 834p.

McCanN, S.B.; DALk, J.E.. and HavLk, P.E.. 1981. Subarctic tidal
flats in areas of large tide range, southern Baffin Island, eastern
Canada. Géographie physique ¢t Quaternaire, 35, 183-204.

McLAren, P., 1980. The coastal morphology and sedimentology of
Labrador: a studv of shoreline sensitivitv to a potential oil spill.
Geological Survey of Canada, Paper 79-28, 41p.

NeILsON, J. M., 1953. Albanel Lake Area. Mistassini territory. Quebec
Department of Mines, Geological Report 53, 35 p., map 918, scale
1: 63 360.

RoseN, P.S., 1979. Boulder barricades in central Labrador. Journal
of Sedimentary Petrologv, 49, 1113-1124.

RoseN, P.S., 1982. Boulder barricades. In: Scriwartz, M.L. (ed.),
The Encyclopedia of Beaches and Coastal Environments. Strouds-
burg (Pennsylvania) Hutchinson, Ross, pp. 176-178.

Journal of Coastal Research, Vol. 18, No. 4, 2002



Boulder Barricade Along Gaspé Shoreline 661

ScHWARTZ, N.L. ed., 1982. The Encyclopedia of Beaches and Coastal
Environments. Stroudsburg (Pennsylvania): Hutchinson, Ross,
940p.

SHEPARD, F.P., 1931. St. Lawrence (Cabot strait) submarine trough.
Geological Society of America Bulletin, 42, 853-864.

SLIVITSKY, A.; ST-JULIEN, P., and LACHAMBRE, G., 1991. Synthese
géologique du Cambro-ordovicien du nord de la Gaspésie. Ministere
de I'Energie et des Ressources, Québec, Etude 88-16, 61p.

TANNER, J., 1939. On blockrika strandgorlarna (Boulder barricades)
vid subarkdiska oceankustar forekomstsitt og upkomst. Terra, 51,
157-165.

THomas, R.H., 1977. Calving bay dynamics and ice sheet retreat up
the St. Lawrence valley system. Géographie physique et Quater-
naire, 31, 347-356.

TREMBLAY, P. and BOURQUE, P.A. (eds.), 1991. Carte géotouristique.
Géologie du sud du Québec, du Bas-Saint-Laurent et de la Gaspésie.
Ministere de PEnergie et des Ressources, Québec, Map GT91-03,
scale 1: 500 000.

WaHL, W.G., 1953. Témiscamie River Area, Mistassini Territory.
Quebec Department of Mines, Geological Report 54, 32 p., map
917, scale 1: 63 360.

[] RESUME []

11 existe un cordon de blocs frangeant au Cap a la Baleine, sur la cote nord de la péninsule gaspésienne (Québec), a environ 25 km au NE de Matane. 1l s’agit d'une
créte basse (*1 m) située au niveau inférieur de la marée et formée par un dallage de cailloux subarrondis a arrondis, de taille moyenne (30-50 c¢cm), et de nature
lithologique variée. Les blocs sont disposés les uns contre les autres et sont légérement enfoncés dans le substrat argileux. Le cordon comprend deux catégories de
blocs. Environ 40% sont des erratiques précambriens provenant du Bouclier canadien sur la rive nord de I'estuaire du Saint-Laurent, alors que les autres sont des
cailloux appalachiens comprenant 54% de gres (grauwacke). Parmi les indicateurs particuliers, on trouve des blocs d’anorthosite, de dolomie et de roches volcaniques.
Les blocs a la surface de l'estran argileux constituent un résidu grossier provenant de I'érosion d’un diamicton limono-argileux, un événement survenu durant
I'Holocene. Les blocs furent originellement mis en place dans la Mer de Goldthwait circa 13,5-13 ka, vraisemblablement par des icebergs issus de I'Inlandsis
Laurentidien qui occupait encore une partie de la vallée du Saint-Laurent, et de la calotte appalachienne dont le front coincidait alors avec le rivage actuel. De nos
jours, le cordon de blocs frangeant au Cap a la Baleine forme un brise-lames naturel ralentissant I’érosion du rivage.
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