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Asstract: Boulder barricades are elongate rows of boulders that flank the coastline, separated from
the shore by a low gradient intertidal zone. Bouldery flats are low gradient areas with randomly-deposited
boulders. Both are the result of ice transport and therefore are common features of certain Arctic
or sub-Arctic regions. They are formed by the grounding of boulder-laden ice rafts in nearshore zones
during spring ice break-up.

In tidal areas, such as a Labrador fjord, intertidal ice freezes downward, with continued freezing
at each high tide. Boulders are encased in the ice at the bottom. Observations on a broad intertidal
flat indicate that an increased number of boulders are lifted from the upper intertidal zone. Apparently,
the less frequent lifting of the ice during spring tides is more effective at encasing boulders than
the diurnal lifting in the lower intertidal zone. High melting rates occur from the ice surface in early
spring, so the combined effect of freeze down and surface melt result in the transportation of boulders
up through the ice.

In spring, the intertidal ice breaks up before the floating ice due to river action, numerous tidal
cracks and the decreased albedo of the mud-laden nearshore ice. Shore leads up to one km wide
serve as thoroughfares for wind- and tide-transported ice rafts. The boulders encased in the ice are
often deposited as random bouldery flats. However, some areas have a distinct break-in-slope near
the low water line. As the ice thickness is comparable to the mean tide range, the highest probability
for ice rafts to ground is at this slope break. Accumulation of boulders at this position over successive
seasons results in the formation of boulder barricades.

The requisite conditions for the formation of boulder barricades derived from this field setting
are a) a rocky coastal setting, to serve as a source for boulders; b) sufficient winter ice and water
level fluctuations to entrain boulders in ice rafts; and c) a distinct break-in-slope in the nearshore

zone. Without the third condition, boulders were deposited randomly as bouldery tidal flats.

INTRODUCTION

The purpose of this investigation was to
define the role of coastal ice in the transpor-
tation and deposition of nearshore sediments.
The several types of coastal ice and their
entrainment and deposition of sediment are
described in a mesotidal subarctic fjord. The
ice-sediment processes were monitored in the
Makkovik region, Labrador in late winter
and break-up, 1978, with time-lapse photog-
raphy, repetitive surveys and aerial recon-
naissance. The morphology of the ice-depos-
ited sediments were surveyed in summer,
1977. Although all size ranges of sediment
were transported, the major depositional
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landforms due to ice on a mesotidal subarctic
fjord coast were boulder barricades and
boulderly flats. Boulder barricades are elon-
gate rows of boulders that flank the coastline,
separated from the shore by a low gradient
nearshore zone (Fig. 1). Bouldery flats are
low gradient areas covered randomly with
boulders.

Numerous conflicting hypotheses have
been offered to account for movements of
boulders in the nearshore zone by ice. Lee
(1822, 1825), Adams (1825), Buckley (1901)
and Gilbert (1908) suggested that thermal
expansion of ice was responsible for the
movement of boulders near lakeshores. Pessl
(1969) and others have demonstrated ice
movements up to 1 m/season in lakes.

Alternatively, Wood (1825) and Tyrell
(1909) suggested that wind-driven ice rafts
were a major transportation process. Clearly,
both processes play a role in sediment trans-
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port by ice. However, in the mesotidal sub-
arctic fjord studied, wind-driven ice rafts,
as one element of the coastal breakup
process, were observed to move sediment
several kilometres.

Boulder barricades were first recognized
as an ice-deposited landform by Lyell (1854),
who noted their occurrence in Labrador and
the Baltic Sea. Daly (1902) initiated the term
for these forms, and speculated that they
result from the accumulation of boulders at
the limit of wave backwash, with ice playing
an auxiliary role in their deposition. Tanner
(1939) observed the boulder barricades along
the Labradorean and Fennoscandian coasts.
He concluded that the barricades result from
the piling up of boulder-laden ice cakes
against a shore icefoot. Tanner stated that
the landform is not related to wave processes
and suggested a correlation of barricade
development and areas of high (24 m) tidal
range. Brochu (1961) monitored boulder
barricades in the St. Lawrence River and
hypothesized that intertidal ice cakes were
moved seaward during breakup, pushing
boulders to the low water line. At this point
the ice would float over the boulders, pre-
cluding further movement. Bird (1964) noted
the occurrence of boulder barricades in Hud-
son Strait, -east Foxe Basin, Baffin Island
and Labrador. Lgken (1962) utilized uplifted
boulder barricades in northern Labrador as
an accurate sea level indicator to delineate
the rates of Holocene regression.

The ice terminology in this paper follows
World Meteorological Organization (1970)
guidelines, unless otherwise referenced.
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THE COASTAL ENVIRONMENT

The Makkovik region (55°N, 59°W) is a
highly indented fjord-type coast that is
characteristic of much of the Labrador
shoreline (Fig. 2). A straight-line distance
of 19 km along the Labrador Sea comprises
173 km of shoreline. Makkovik Bay, which
is 31 km long, is the major embayment. Water
depths in the outer bay reach 80 m, while
several islands and rocky shoals in the ap-
proaches protect the bay from open ocean
swell and large icebergs. There are several
separate basins 40 to 60 m deep in the inner
bay (Piper and Iuliucci, 1978). Rivers drain
into the head of the Bay, Makkovik Harbour
and Ranger Bight.

The coastal area is surrounded by the Aillik
Series which consists of volcanic and meta-
morphic rocks that have been folded into
a series of north-northeasterly trending folds
with synkinematic intrusions (Gandhi et al.,
1969). The glacially-excavated fjords that
form the shoreline are aligned with the major
fold belts (Rosen, 1979).

Long-term wind records (1963-1972) are
available from Hopedale, 75 km to the north.
Prevailing winds during the ice-free period
(June-December) were from the west-south-
west (offshore) direction. Mean velocities
were fairly uniform (~6 m/s) from all direc-
tions except from the southeast. During the
ice-breakup period (May-June) highest mean
velocities (7 m/s) occurred from the north-
northwest and winds were from the northerly
quadrant (onshore) 42 percent of this period.
(Atmospheric Environment Service, 1975).

The tides in the region are mixed and
semidiurnal. The mean range is 1.4 m and
the mean larger tide range is 2.2 m (Canadian
Hydrographic Service, 1977). The maximum
significant wave heights recorded seaward
of Makkovik are 7.3 m with 16 second periods
(Rosen, 1979). This wave activity is curtailed
by ice cover six months each year.

The Labrador coast is a region of glacial-
isostatic recovery, resulting in a Holocene
history of sea level fall. Andrews (1970)
calculated the average rate of Holocene
emergence in the Nain region (north of
Makkovik) as 1.36 cm/yr. Blake (1953) esti-
mated that the Lake Melville (south of
Makkovik) has emerged at the rate of 0.4
cm/yr. for the last 1900 years. Analysis of
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the tide-gauge records for Nain (1963-1973)
shows this area is still undergoing emergence
(Rosen, 1979).

The distribution of coastal forms reflects
variations in wave energy. High energy
shorelines face the Labrador Sea and consist
of bedrock cliffs up to 40 m high. These
shorelines are nearly devoid of sediment
except for authigenic boulders and small,
isolated cobble beaches at the heads of struc-
tural embayments. Low energy shorelines,
which comprise over 52 percent of the sys-
tem, occur inside the bays and are charac-
terized by a more diverse shore morphology.
Narrow sand beaches with poorly developed
backbeach zones are the dominant coastal
form. The sources of beach sediments are
glacial deposits which flank the inner bays
and recent fluvial deposits. Rock outcrops
are ubiquitous but typically small. Fringe
marsh forms over rock or sand substrates
in protected intertidal areas.

A sandy deltaic deposit is present in the
intertidal and shallow subtidal zone at the
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head of low wave energy embayments. Ex-
tensive boulder flats are present on these
areas.

Many of the sedimentary intertidal zones
in central Labrador consist of steeply-sloping
uplifted marine clays with the top surface
planed-off to a low gradient by contemporary
ice processes. This results in a distinct
break-in-slope near the low water line. The
surface of the intertidal zone is often overlain
by a veneer of sand through boulder-sized
material (Fig. 3). This nearshore form is a
controlling element in the formation of
boulder barricades.

THE ICE ENVIRONMENT
Background

The fast ice is sea ice which forms and
remains attached to the coast. It can be
formed from the in situ freezing of seawater
or by the freezing of pack ice (World Me-
teorological Organization, 1970). The first
coastal ice generally appears in mid-



