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~tntroduction

A survey of the literature on ice permits the statement to be made that
the concept of icefoot often differs from one author to another , thus leading
to a certain amount of confusion. Sometimes there exists substantial dif-
ferences between the various definitions provided in dictionaries or in works
devoted to this subject. In English the spelling of icet’oot , equivalent to
papied de glace, varies according to the whim of the authors; at different
times it is written icefoot , ice—foot or ice foot. Now , accord ing to the
Glossary of Geology of the American Geological Institute (Gary et a].., 1972,
p. 350), ice toot, written in two words should signify the bottom of a
glacier front or a bank of snow , hardened or partially transformed into ice ,
located at the foot of a steep hill. Without exaggeration it can be stated
that the expression pied de glace and its English equivalent icefoot are
commonly used without rhyme or reason , or at least in a very imprecise way .

The expression pied de glace is a translation of the English term icefoot
introduced by Kane (1856) , coming from the Danish word isfod used by the Danish
explorers. In the strict sense , icefoot corres ponds to a narrow edge of ice
frozen to the shore by the inside or bottom or by both at once , and located
on the upper part of the shore. It is normally made of pure ice , but may some-
times include snow ice in its interior and surface. In principle icefoot in
the strict sense is not directly subject to tides during the icy season. It
is the result of congelation on the spot of a sheet of water (marine or lake)
or of the agglomeration of pieces of drift ice pushed to the shore by waves
and then frozen together, or of the congelation of water thrown onto the upper
part of the shore when waves break.

The purpose of the present contribution is a critical review of the various
definitions and classifications existing and a description and characterization
of the icefoot on the banks of the Saint-Laurent estuary .

Part One: The Nation of Icefoot in General

A. Existing Definitions

The expression pied de glace and its English equivalent icefoot have been
the object of numerous definitions . An adequate review requires that most of
them be given consideration . We shall distinguish the definitions provided in
specialized dictionaries1 from those contained in works devoted partially or
totally to icefoot. Since the present literature is mainly in English , we have

1
The term icefoot is mentioned in Webster ’s New Internat ional Dictionary

(1953, p . 1233) and in the Random House Dictionary (1967, p. 705). In the
first work it is defined as: “a. A wall or belt of ice that forms along the
shore in Arct ic regions be tween high and low watermar ks as a resul t of r ise
and fall of the tides. b. The ice at the front of a glacier” . In the second
it is defined as: “In polar regions a belt of ice frozen t~ t he shore , formed
chiefly as a result of the rise and fall of the tides.”

- 3 -
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have pre ferred for the sake of accuracy to use the def in i t ions  in this language ;
but we shall begin with the literature in French.

1. Definitions from the Dictionaries

Since there are more than a hundred geographies of dict ionary , geology ,
glaciology and oceanography (Dionne , 1973), it would prove difficult to review
all of them here ; therefore we shall l imit ourselves to the def init ions in the
works used most.

It is curious that there are rare works in French speaking of icefoot. ~eor ge
(1970 , p. 324) in the Dictionnaire de la Geographic defines it as a “mass of ice
fixed to the foot of a cliff itt the Arctic seas. This mass is made of a combin-
ation of sea ice , piled snow , and ice from fres h water .  Its ex pans ion causes
rocks to burst under the effects of freezing and thawing occurring frequently
because of the movement of the tide and the daily thermal amplitude. The
erosion of the c l i f f  by this process produces a platform of abrasion and pos-
sibly a strand flat .”

H arnel in (195 9 , p. 51) distinguishes between a foot of pure ice and a foot of
snow ice . I-Ic defines the first as “ice in place , frozen to the bank and to the
bottom , developed better when the edges of the bed are wide and shallow . There
i~~ no free water channel between the icefoot and the shore . The ioefoot is
practically unaffected by the movement of the tide .” The second corresponds to
an “edge of ice located along the shore but above the outside of the sheet of
water;  the ice is not formed by the congelation of the sheet of water , but  by
the con gel ation of the water thaw ing fr om local snow . Th is snowy ice foot expands
the pure icefoot on the land side .”

This author also takes up the notion of’ icefoot , but in a more ambiguous and
incomplete manner (Hamelin and Cook , 1967 , p. 100): “the expression icefoot has
a double meaning. Strictly speaking it is a glaciological term . The icefoot is
not always made up of pure ice coming exclusively from water congelation; it
often includes frozen snow (pure snow which has partially absorbed water and
then r e f r o z e n) .  The icefoot. in general is made up of ice on the spot. When
this ice—snow border is located along a tidal shore , it is sometimes spoken
of’ as strand ice or surf ice .” The illustration of icefoot presented along-
s ide the def inition shows a narrow terrac e 1 or 2 m wide at t he foot of a s teep
slope corresponding more to residual icefoot than to real icefoot , so that the
reader experiences some difficul ty in abstracting a precise idea of the phen-
omenon .

Many definitions of the term icefoot are found in English. ~ary et ii.
(1972 , p. 350), in the Glossary of Geolo gy of the American Geolo gical Insti tu te ,
define it as “a narrow strip, bel t or fr inge of ice forme d along and f irml y
attached to a polar coast, unmoved by tides , and remaining after the fast ice
has broken away ; it is usually formed by the freezing of wind -driven spray , or
of sea water during ebb tide . A true icefoot has its base at or below low— ‘

water mark . ”

In the Illustrated ~)lossary of Snow and Ice of the Scott Plar Research
Institute , Armstrong et .il. (l9bó , p. .3) defined the term icefoo t as

— 4 —

~~—“—.—. ~~~~~~~~~~~~~~~~~~ — ..L~~-. ..~~ . . .~~ ~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ —.



r - -

- 
—

~~~~~~ ~~

— — — -- --- - — -
~~~~~~~~ 

.—

~

“ a narrow fr inge of ice at tached to the coast , unmoved by tides and remaining
af ter  fast ice has broken free .”

Stamp (l9~ l , p. ‘51) , in his Glossary of Geographical Terms , adopts the
def initions of the Ice Glossary and of’ Webster ’ s Dic t ionary .  In the fi r s t  it
is a matter of “a narrow strip of ice attached to the coas t , unmoved by tides
and remaining af ter  the fast ice has broken free” ; in the second icefoot has
tw o meaning :~: “A wall or belt of’ ice that forms along the shore itt the Arct ic
regions between high attd low watermarks as a result of the rise and fall of’ the
tides ” , and “The ice at the front of a glac ier ” . In Lortgmans Dictionary of
Geography , Stamp ( 196ó , p. 199) is satisfied with a laconic definition of the
term: “A belt of ice that forms along a shore , unmoved by t ides. ”

Schieferdecker (1959, p. 58), in the Geological Nomenclature of the Royal

~eological and Mining Society of the Netherlands , defines the term icefoot as:
“An ice step attached to the coast and unmoved by tides.”

Moore ( 1958 , p.  88 and 1967, p. 110 ) offers a rather elaborate dict ionary
of icefoot: “A mass of ice projecting into the sea on an Arctic or Antarctic
shore. It sometimes becomes very thick , with its upper edge several feet
above sea level. The f’~rst stage in its formation takes place during the
autumn , when snow accumulates along the shore ; water thrown up by the waves
freezes on to this snow , and forms a mass of’ ice . This is later augmented by
lumps of sea—ice , likewise forced on land by tides and waves. Fragments of
rock often collect on the ice—foot , and protect the ice from melting so that
parts of it remain till the following autumn .”

Swayne ( 1956 , P. 77) provides three definitions for the expression icefoot:
“a, A wall of ice at the base of a mountain , formed from snow accumulation ,
but from converging glaciers . b , A wall of ice formed from sea spray along
the shore in polar regions. c, An ice strip attached to the coast unmoved by
tides and remaining after the fast ice has moved away .”

For the U.S. Navy Hydrographic Office (1952 , p. 130), the icefoot has two
meanings: 1. “A class of fast ice consisting of ice formed along and attached
to the shore. The base of the ice is at or below low water mark . The action
of tide , waves and sea spray causes the development of’ the icet’oot during
the freezing season . Differences in the causative factors are reflected in
the difference in the icefoot.” 2. “The ice at the front of a glacier.”

For Rice (1940 , p. 185) the ice t’oot is: “A wall of ice formed by sea
water and snow frozen at the sea shore in polar regions. Also called ice
le dge. ”

2. Definitions in ether Works

In addition to dictionaries , a certain number ot ’ definitions of icefoot
are found in various works, scientific and other . The first dates back to
the XIX Century .

Actually Kane (1856, p. 175-177) seems to have been the first to use ttw
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For Ramsay ( 1875 ), ice—foot corresponds to the following phenomenon :
“Along the shores also , when the sea fr eezes , the ice becomes at tached to the
coast. By-and-by , as summe r comes on , the ice partly breaks away , leav ing
what is called an ice foot - still joined to the land .”

Geikie (1882 , p. 62-b4) describes icefoot thus : “Along the coast from
near the Arctic Circle , up to Kennedy ’s Channel , a narrow shelf or platform ,
varying 60 to 150 feet or so in breadth , adheres to the rocks , a000modating
itself’ to every sweep and indentation of the coastline . In the higher lath.-
tudes this shelf never entirely disappears , but further south it breaks up and
vanishes towards the end of the summer . It owes its origin to the action of
the tides . The ttrst frost of the late summer covers the sea with a coat
of’ ice which , carried upwards along the face of the cliffs by the tide ,
eventually becomes glued to the rocks. In this position it remains , and
gradually grows in thickness with every success ive t ide unti l it may reach
a height of 30 feet , and sometimes even more , presenting to the sea a bold
wal l of ice , against which the floes grind and crush , and are pounded into
fragments. Its growth only stops with the advent of summer , when it begins
to yield to the kindly influence of the sun, and to the action of the numerous
streams that issue from the melting glaciers , and lick out for themselves
deep hollows in the shelf as they rush outwards to the sea.

During summer vast piles of’ rock and rubbish crowd the surface of’ the
ice-foot. These are of course derived from the cliffs, to the base of which
the ice-foot clings. To such an exten t does this rock—rubbish accumulate,
that the whole surface of the shelf is sometimes buried beneath it and en-
tirely hidden from view . In the far north , where the ice—foo t is perennial ,
it becomes thickly char ged with successiv e deep layers and irre gular masses
ot’ rock and debris - the spoil of’ the summer thaws . And when , as frequently —

happens , portions of’ this ice—belt get forced away from the land by the violent
impact of massive floes, the current carries southward the loaded ice, which
ere long will drop its burden of rock and rubbish as it journeys on, and
warmer temperatures begin to tell upon it. Along that part of the coast of
Greenland where the ice-foot is shed at the end of every summer , the  quan-
tities of’ rock debris thus borne seawards must be something prodigious .

Prestwich (1886 , p. 188) writes the following about the icefoot: “W hen
high cliffs overhand and the water is deeper , a belt of ice is formed at the =
base of the cliffs by the freezing of the water and the drifting of snow , wh ich
is known as the ice—foot. It is this ice , wh ich rece ives on its surface the
angular debris detached from overhanging cliffs , that fo rms so importan t an
ins t rument of transport  in Smith’s Sound and Baff in ’s Bay . ” He also prov ides
various i l lus t ra t ions  of the icefoo t (Figures 2 and 3).

For Nordenskjold and Mecking (1925 , p. 290’, the icefoot is: “A narrow
ledge of sea ice several meters thick that forms in the tidal zone.” ; while
for Bentham (1937 , pp. 328 — 329), it corresponds to: “That part of’ the
sea-ice which is frozen to the shore and therefore  unaf fec ted  by tidal
movements . It is separated from sea—ice proper, which moves up and down
with the tide , by the tidal crack .” According to this author two conditions
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loi-mation of sea-ice and survives the disappearance of this ice but is onl y
Permanent if the summers are cold. It melts rapidl y in spring by waters from
the land which erode deep gutters along its edge. by warn-I sea-water which
undermines it and by the sun ’s rays , aided by grit blown Out by the wind.
however , the on l y  t I  l a st - ’ at  ton a t ’ an i ce f oot  con:  eiae5: l a r l o a ;~or t n ’
~~~~ i. 1T h ’ , P 1. V 1  . p. l~ 2 ’i shows a nar row s t r t p  of ice at t a cned  to the
r o c k Y  h an k  a t  t u e  l i mi t  of h i gn  t t d e , a n a l . ’~ ons o n.e exu ~ples p r o v t d e d
i~~ 5ent ham ~~~~~~ p .  1’~r ’ , t he  I i . S .  N a v y  i v d r c g 1 ’ ap n t a  ~‘f :’:~-e i, l - l ” 2 , p .  ~;7 ) ,
:ian;eltn an d cook ¼ 1 a t ~ ’, p .  1’l’ and Armst: - cr:~ et il. ( I - ~”~’, P:gure - C ~~.

tao  reader  o bt a  ins a d t ff er e n t  t 1c~ of t ::e toe f ~o: . ct ’p o n a t u g  upon
wnetuer he r-eads the text or examines th e  ; ‘n c t o g r a p f : c .

~reene (1~~
), p. ~21) distinguishes between the ~~~ mso and the ice foot

r r o t ~ex - : “The kaimoo is defined as a bed a :’ t oe  nun Cr~~~en sand and gravel
ex tema:ag from the water ltne shoreward t o w a r n  t a o  : a o..ancre . Ice t ’oo: to
acre se:’:ned as a fringe of tce bordering the land ana ext endtng seaward
f r~-m Inc water line . rbe icefoot occurs durtug free z e — u p ,  prior to tu e

~eveiopment of shore fa s t sea ice and is .~e l l  ae t ’tnea  nu t :1 tt ts tucor—
por’ated into the fast- ice .”

a recent work on tue  nature  of tue  t o e fo a t  along t u e  beaches of

~.idstoc~ 3ay ¼ T.e de Ievan . Car.adta:; .Ar’cI tc ~, ~LicCanu anu Carltale ¼1~~~.2~
a brief s ur v ey  of several  ~f the deftuit tons pr o v t d e d  above and adopt

~en t h a m ’ s ~~~~~~ Following a number a:’ a u t h o r s  they recognized t h a t  the
tide Oons tltntes an tmportant factor in tue :‘armat~~on of the t c e foo t  and
that the slope and width of tue beacu a l so  play a :‘alo. Par them , “ t h e
:ce fc’ot ts developed tu e upper  part a:’ t h e  tatert tdal zone of t idal  beaches;
I ma be bu t  I t  cons t d e r n h  lv a~ ave  h t~t n — w a t  er level by the t’reezing of swasu

and spray , and clearly extends w e l l  below ntgu—~ater mark . It to unlikely
to con:ai:i  muo n t ut er b e d d e d  s e d t m e n t , Can Ine  lower par t  of th e  beacu bel~ w
the  t o e f o o t  to likely to be sealed by a cover of ice developed at low tides ”

~p. 1’9 ) .

Fo i- ay eux ¼ l ) o9, ~~~. ‘~~C ”  tue  t ce foct  o.rr-ospands to  t h e  toe :‘txed along
Inc ~an k : “A l o n g  tue  bank one o f t e n  sees a too gap s e p a r at . t ng  tb ’~ :‘tx~~d
toe , scmettmes ca led tce t’oot , attached to the bang , f:’a:’: tue toe pack sub—

ec ted  to the movement a t ’ the ttdes . ¼ . .  .~~ n the Saint—Laurent estuat’y
.~inter tue ice foot , o f t en  ancuored , to  f t x e d  t o  tu e  g ravel  and to the plants
t a  th e  coastal mar’shes . lu the sprtng , wnen t he  heav\- tides dislocate
and gr :nd  t i n t o  f l o a t  t ag  ice • so:’-.e of I ca:’nies along some at ’ t a o  grave I
or of the vegetat ive cover  and det’ost :1 :‘n r t  n or’  aw ay . ’

I c e t’oct t s not  exclu s t ve a l o n ~ tao coasts of t h e  oceans or at’ sea border’ s ,
a lt  :touga ~: to best aevol oned al~’a~ he Int ~‘:‘ - I ~lso :‘ormo an he b,iu~-5s
at’ lakes , :‘ vers , an d ar~:o at :‘-‘ ama cola . :“c tans . ‘

~
‘
~~ no ‘_ t cor r e s p on d s

a sued of ice f ixed  t o  tne b . i ru~ b e t w e e n  no I t . n . t  a of :~ i~::; and low w a t e r .
Par  same ant nor’s t I  to a mat I or a:’ a f:’:a~:-’ o :‘ :ce on ~~~~ apper p a r t  o :‘ ne
b n nr ~ r e s u l t  tug Cram t h e  con . tej a t  ton  ot ’ an or  or :  a: an:  ::~ t u :‘ eai-~ :n~: 5 av e s ,
:umberge and ‘.~ilson ¼ . ‘p . .ta’2 ‘ spec :  Cv : ‘ l~t’g: u : , :  g .~ t In  t u e  , - 5.n .‘—

L~._1 
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temperature , sp ray produced in the surf zone is blown onto the foreshore
and frozen . Eventually, through a continuation of this process , the frozen
spray produced a mass of ice firmly attached to the foreshore . This is
called ice—foot” .

Marsh et al. (1973, p. ~8) thus descr ibed the ice foo t along the shores
of Lake Superior: 

~ The long, narrow. continuous ridges of grounded ice.
separat ed by broad areas of low-relief ice, that parallel much of the shorelina
of Lake Superior and other Great Lakes are called ice fools. They form from
fields of small fragments of lake ice and ball ice which have been heaped
up by storm waves and grounded. Once stabilized, an icefoot can continue
to grow by wave overwash and wave spray. A sequence of up to four ridges
of successively increasing size generally forms during the winter, and the
outermost ridge is subject to wave action, both erosional and depositional.
most of the time. The ice foots are of geomorphic importance. as they protect
the shoreline from the high-energy waves of winter and spring, thereby
reducing rates of erosion which otherwise might be expected. - -

B. Existing Classifications

Some authors have thought it useful to differentiate the various types of
icefoot. This involves classif icat ions somet imes based on major di fferences
and sometimes on minor di fferences , with a regional or local connota tion
allowing more precise images on the phenomenon to be achieved.

Wr ight and Pr iestely (1922, pp. 295 — 308) distinguished five types of
ice foo t in the Arc tic:

1. the tidal pla t form icefoot , formed the action of the  t i d e  tn the zone
between the limits of high an d low t ide;

2. t he storm icefoot , formed above the high tide l im i t  sy ‘aac”t ’ spray
thrown along the bank when waves break;

3. the drift icefoot , formed of snow accumulated along trio ta~nk ar:d tn - ir i s -
formed into ice dur ing the course of years ;

1 4 ,  the pressure ice foot , resulting from the overlapping o:’ dr - i f ’ t ice wh en
it is pushed onto the bank by pressures originating in the open ceo ; and

5. the stranded—floe icefoot , composed of drift ice stranded or. tue bunk.

Joyce (1950) describes two other types of icefoot which f r ~- -ilcr’~ the
Antarc tic shores:

1. the false icefoot , situated at or above the high tide mark , and formed
of snow and congealed thawed water;

2. the wash and stain ice foot, situated in the intertidal zone and renulting

- 10 -  15
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from the progressive drop in the temperature of the water in the level of
the sea in wh ich the surf is the only d is turb ing  element;  i ts formation
requires a beach with a slight slope .

The U.S. Navy Hydrographtc Office (1952 , p. 114), taking up the categories
recognized by Wright and Priestley (l922 ’

~ and by Joyce (l~~d) mentions wi thout
definition six types of icefoo~ : the tidal platform icefoot , the storm ice-
foo t , the drift icefoot , the stranded ieet’oot , the false ice t’oot , and the wish
and stain icefoot.

Koch (1928 , pp.  398 — 1420) descr ibes at length the aspects o f the icefoot
along the shores of Greenland , particularly from the “t r a f f i c” poi nt of view ,
but he does not propose any particular classification . Still , he speaks of
a permanent icefoot and of a icefoot which disappears completely in summer,
of a “narrow— icefoot” (30 — 60 m) and of’ a “broad icefoot” (several kilometers),
and occasionally of a “floe pressure icef’oot” an d of a “glacier pressure ice—
foot” , of a “storm icefoot” , of a “drift icefoot” an d of a “stranded floe ice-
foot” .

Bentham (1937 , p. 329) consecrates part of his study to the types of ice—
Coot , but is content with saying that “the character of the icefoot in any
particular locality is dependent on the nature at’ the coast” , specify ing tha t
when the strand is wide the icefoot is extensive , and when the shore is abrupt ,
it is narrow.

For his part , Charlesworth (1957, pp. 174 — l~~ ) distinguishes six types
of’ icef’oot , four of which are identical to those described by Wrigh t and
Pr iestle y (l~22):

1. the drift—ice—foot is fed by snow and eolian contributions coming from
the interior (from the land) and has a maximum development at the foot at’
cliffs and glaciers ; it is the last to fo rm and the first to disappear, con-
sequen t ly the least permanen t ;

2. the spray ice-foot develops from spray and jets of water thrown onto
the shore when waves break;

3. the pressure ice—foot form s along deep bays and on coasts exposed to
packed pressure ; it is made up of rafts of’ sea ice piled up along the ban k
by the wind and tide ; it has a chaotic appearance due to the overlapping of
the flow ; snow and recongealed water cement the gaps and produce an agglomerate
ice covering ;

24 , the tidal platform ice—foot is formed in the intertidal zone by con—
gelation and agglomeration at’ ice floe ; it is well developed along shores
with large tide amplitude , but can also develop at the foot of abrup t cliffs .

t~. the storm ice—foot is farmed during Ant arctic storms ; tt is except-tonally
high and rises above the  level at ’ the sea;

— 11 —
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6. the melt ice—foot corresponds to a submerged t errace bordering icebe rgs
and large ra sps of ice , and is a result at’ the melting ox’ ice.

Rex ( t a~~ , pp. ~~~~.
‘ — ~ ) dist i ngu ish es  between storrr:— iee foo t , gravel—sand—

tcet”oot and t~ dal—platfo rm—icet’aot in t he harrow ’s region (Alaska):

~ Ouring the period of freeze-up, storms may produce a storm-ice foot. This
consists of a shelf or toe of ice near high wafer mark that results from
ad freezing of water as waves wash up the beach. The ice foot runs parallel
to the water ’s edge and has a convex upward cross~ section with an irregular.
broken-oil seaward side. A large amount of gravel and sand is often washed
up the beach from the surf zone and included in the storm-ice foot. Crystals
of frazil ice also washed Onto the beach and incorporated into it. At Barrow
this feature should better be called the gravel-sand-ice foot. ( . . . )  This
gravel-sand-ice foot it finely bedded. with beds ranging from 50 to 10
centim eters in thickness end in exceptional cases rises as much as 8 feet
above the wave-equilibrium surface. ( .  . .) The storm-ice~fooC mantles the
seawarri side of the beach in the Barrow area. It thaws in place without
breaking away from shore, so sand, and gravel incorporated into the ice foot
are dropped on the beach. ( .  . .) In many areas the ice foot is predominantly
a tidal-plat form-ice foo t . . .  When if is present it affords complete protection
from wave-erosion ~~.

In a 1 . rk”  er r  v renment .~tr:nt’c -~~t ’ and W t ison i, t ’)~ , p . . h .’ ) d t t nguished
bet ween snore— at’ t’aa t and a t ’ t ’— u t r o  r~’ ce faa t. ~~ t he hand and act i ye and in—
oat ye cc faa t sri tIre other:

~ At the water-edge of the ice-cover . . . a
new ice-f cot may develop. Sometimes the new ice-foot is initiated by the
presence of an ice ridge lormed by the sh.nglsrrg or ~anmisng of broken ice
blocks along the open water edge of the sheet ice. Spray on this ridge
cements it firmly together, thus producing a new ice-loot , . . This second
type 01 1cc-loot is called the off-shore ice-foot in contrast to the shore ice-
loot, li the ice-loot borders expanse of open lake water , it is an active ice-
foot .~ an ice-foot locked firmly in / ozen lake ice is inactive . . . In shallow
water of the surf zone the off-shore ice-f oot may be grounded. ~

Norrma n (l~)n 14 , pp. 1’ 1 — 1~~h) descr1be~ two types ax ’ icet’aot common an
t h e  banks a t’ the Vattern Lake in ~wedetr . ~ r ’It ’ . called ice p la t fo rm , is t’ot’r~ed
an the upper part ox’ the  beach by water’ osngt’lat ion earn ing t ’r ’arn the aw a sh
the other ,  wtth a mare -‘h a a t - L L ’ app earance , is culled LOt ’ wa l l  an d is th e
result  of the piling up at’ slush , on the upper ’ par t  at ’ the beach , and cemented
by w at er ’  cast up when w ives break: “The suspens tan sent up the ice front by
the swash is rapidly dx’aincd to farm s lush , and the port washed back a gain  is
deposited at t lie outer edge at’ the ice foo t . rht~ dra i nrt ’~l sIns ii a Is , aud
o r i dg e at’ soft Ice with a steep front and a ma rt ’ gen t le Lpo towards the
land is built up ” (p. l’4).

Commentaries on the hefinitions and the C la s si f i ca t i on s

Wh at  asr i we ex t rac t  from t Ir es ’s v ar i o us  d ef in  I ions and a loss r. t ’ icat ions
ex c ep t  an obviou s  lack a t ’ u n i ’- y and a O~ t’to i n  degr” t ’ a t ’ a m b i gu i t y .’ A l l  a x ’
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the authors agree in saying that the icefoot corresponds to a fringe or
“terrace of’ ice” on the border of a shore ; but as soon as an attempt is
made to specify this idea more completely, differences appear .

Some consider the icefoot as a form proper to the polar shores, which
is inexact . It woul d be better to say proper to cold regions , which is not
the same thing. In North America , for example , icefoot forms on shores
situated south of the ‘48° of north latitude, while the polar regions are situated
north of 600 north latitude .

Some state that icefoot corresponds to the ice covering spread over the
intertidal zone, while others claim that it corresponds to a narrow terrace
at the upper limit of high sea, while others understand it as covering the
entire littoral and prelittora]. shallow zone , as long as the ice covering is
continuous and attached to the beach.

A number consider the icefoot to be frozen to the bank by the side and
bottom , arid not subject to tide activity ; others state that it is subject
to vertical movements of the tide , at least part ially , and that it is not
always attached at the bottom , even if it rests on the bottom at low tide.

Some definitions even contain contradictory elements , notably those
which state that the icefoot covers the intertidal zone and is not affected
by tide ; this is almost impossible , since the icefoot is rarely completely
attached to the surface on which it rests3 and since the water penetrates
below the ice covering at times of flood , particularly during periods of’
spring tide and raise the ice.

Some claim that the icefoot is formed by the congelation of water passed
up to the upper part of the bank from the breaking of’ waves , and others claim
that it is formed by the agglomeration of ice rafts or by the congelation on
the spot of the water surface.

Most of the authors state that icefoot lasts for a long time on the shore
in summer, but some claim the contrary , that it melts rapidly in the spring;
some claim that it melts on the spot , and others that it is fragmented and
that the rafts are carried away by the currents.

AU. in all, the majority of the differences found result both from in-
complete definitions and from the existence of’ several regional types of
icefoot which the majority of’ general definitions do not clearly express.

3The case where it is best attached to the surface is in the lit toral
marshes. Now these by definition are situated at the upper part of the
intertidal zone , so that in the lower part ambiguous to the mars h the -

ice foot effect ively submits to the ef fec ts  of tides.
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Depending upon the authors , regions and the env ironments (ocean or lake) ,
the existence of’ several types of icefoot can be demonstrated , so that it is
often difficult to find one ’s bear ings. ~‘lhile the various categories of ice-
foot sometimes allow better understanding of the reality , it is not always
easy to dist ingu ish one typ e from anot her , an d f inal ly  the general def inition
scarcely imp roves th ings.

In a general way it is poss ib le to def ine ice foot as a fr inge of ice of
varied width at the edge of’ the shores in cold regions , entirely or partially
attached to the shore at the bottom or the side and affected or not by the
ver tical movemen ts of the wa ter surface . It is also conven ien t to d i st in—
guish two large types of icef’oot: the upper and lower strand for tidal coasts , - -

or high and low beach for other water surfaces. The other types of’ icefoot
described by various authors constitute secondary , local or regional types ,
under these two large categories.

Second Part : Icefoot in the Saint—Laurent Estuary

While there are a number of works devoted to ice in the Saint-Laurent ,
few authors have dealt with the question of the ice foot. Therefore it appears
expedient to specify its principal characteristics .

A . Definition and Classification

In the Saint-Laurent estuary , we have distinguished two types of’ icefoot:
the upper stran d icefoo t and the lowe r stran d ice foot (F igure 4 ) .

The first corresponds to a narrow strip of ice attached to the upper part
of the shore , fo rming at the beginning of the icy season and disappearing
at the en d of i t .  It is at tached to the bottom and sometimes by the side ,
and is practically unaffected by the vertical movement of the tide . It is
partially composed of rafts pushed to th~ shore by the current  and of’ con—
gelation water cast up when waves break ; but it also includes hardened snow
and ice stemming from the congelation of water from thawing snow. At the
beginning of the icy season , it often has a broken or chaotic topography ,
but in the full of the season it shows an almost uniform surface , hor izon tal
or slightly inclined toward the sea (photographs 1, 2 and 3).

The second is much more extensive ; it covers the intertidal zone between
the low sea limi t and the angle of the strand; it forms later and disappears
earlier. It is basically formed of pure ice (marine , brackish or fresh).
It is more or less intensely subject to the vertical movements of the t ide ,
depending upon its monthly variations. At low tide it rests on the bottom
far the mast part , but is rarely attached to the bottom except in depressions
where the fronds of the vegetative carpet hold it firmly; it~ outer part
usually end s wi th  a small c l i f f’  of ice . In fu l l  season it forms a cont inuous
~ce covering , almost horizontal , sometimes characterized by -eruptions , pressure
a~’ests and various other ice forms (photographs ~4 and ~ ) .  ‘
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Figure ‘4. Types of’ icefoot in the Saint—Laurent estuary . a - in the coves and
bays wi th high and low beaches ; b — along abrupt rocky coasts ; c — along rocky
coasts with erosion platforms in the upper part of’ the bank and a beach in the

lowe r par t ; d — in the f lat  areas .

1 — upper strand icefoot ,
2 - lower strand ice foot
hm - high tide level
bm - low tide level
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Photograph 3. Icefoot in the strict sense along an abrupt rocky coast; tra-
ditional illustration of an icefoo t , Rimuski , 10/3/66,

8. Duration

The duration of’ the icefoot in the Saint-Laurent estuary varies from year
to year, from upstream to downstream , from one coas t to the other and from one
sector to another of’ the same coast. However, it is possible to describe the
duration of the icefoot downstream from Quebec in an approximate way .

In the middle estuary , the upper strand i~efoot usually be~ ins to form at
the end of November or at the beginning of December, rarely before. Its
formation is more or less rapid depending upon the more or less severe climatic
condi tions prevailing and upon other factors , such as tide and wind . In
general the length of formation of’ the upper strand icefoot covers a period
of’ 15 days to a month,

The lower strand icefoot forms after the upper strand icefoot with a
formation taking 25 to 14 5 days , depending upon the year . Normally , in the
middle estuary , an upper strand ice foot exists between the middle and end - -

of December , and the lower strand icef’oot is formed for the most part be-
tween the end of December and mid-January . The maximum development of the
lower strand ice t’oot , however , is not reached before the end of’ January ;
most often it will be between the end of’ January and the beginning of March .

The “upper or lower strand” icefoot develops first in the more sheltered
sections of the bank (coves, bays, depressions and basins); it is 10 to 15
days earlier on the south bank than on the north bank because of gentler
slopes and the weaker waves and currents on the south bank .
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Photograph Lower strand ~~~~~~~ marked by spots a t ’ mud at the L c . Li on  o~
d r i f t  ice turned over and incorporated in the zee surface . L ’L s l e t , l/~ - 72. 
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In the downstream part of’ the mar i t ime estuary (or between Saguenay and
the Point at’ Monts), the formation of’ the icefoot begins 15 days later than
in the middle est uary~ The uppe r strand ice foot forms be tween mid—December

— 

- and mid— Januar y , rarely be fore , and exceptionally later; the lower strand
ice foot develops f rom the end of Decembe r to the end of’ January and reaches
its maximum in February or March . Here also there exists an Interval of
two weeks between the two banks. The north bank becoming ice-covered later.
Like the middle estuary, the more sheltered sections are the first covered
by the icefoot.

Annual thawing occurs fro m the end at’ March to mid-April and f requent ly
coincides with the heavy spring tide periods . The situation is the opposite
of ice formation: the middle estuary thaws after the maritime estuary , the
south bank after the north bank, and the sheltered sections after the exposed
sections. Contrary to ice formation , th aw ing is progressive from downstream
to upstream and the lower strand icef’oot always disappears before the upper
strand icefoot.

In the maritime estuary the icefoot is broken up gradually from the end
of March on, with the process able to continue for a period lasting from a
few days to three weeks , depending upon climatic (temperature and wind ) and
hydrological (tide and currents) conditions . Once the lower strand icefoot
is freed of its covering of ice , the waves attack the upper strand of icefoot ,
which sometimes lasts on the bank until it melts on the spot, especially when
the tide cycle does not permit the sheet of water to dislodge and take control
of t he locali:ed ice raft s on the upper limi t at’ the bank . General ly the
depressions are the last seOtions of’ the coas t to be freed of ice , and very
of t en the icefoot melts on the spot in the upper part of’ the depression .

The sit uation is analogous in the middle es tuary , but the deicing is
produced two weeks later. Thus , on the south bank , it begins at the be-
ginning of April and en ds at the end of the same month , rarely later , except
fo r certain years during which the upper strand ice foot can last to the end
of’ the first week in May .

On the north bank of’ the Saint-Laurent River deicing is generally more
hasty and rapid on the south bank. The dispersion of the upper strand ice—
foo t is of ten a matter  of a few days , while the upper strand icefoot lasts
for another week or more , depending upon the local conditions and the sector.
Still , the section between Beauport and the ap aux Oles behaves like those
of’ the southern bank of’ the Saint—Laurent apposite.

Therefore it can be maintained that an icefoot exists on the banks of the
Saint—Laurent estuary for a period of between 3 and 5 months per year , de—
pendi ng upon the sections , and that the duration of the upper strand ice
wall gene rally lasts a month longer than that of the lower stran d icefoo t .
In addition , recalling that the Saint-Laurent estuary is a dynamic environ-
ment , the lower strand ice wall is the object of constant modification during
the ice season . Partial deicing is frequent in certain sections of the Saint-
Lau rent estuary in the winter , especially an the mar itime estuary .
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C. Extent and Thickness

Cn the banks of ’ the Saint—L aL.~~ nt  estua ry the  extent at’ the  ice fco t
var ies  from one point  t o  another , depending upon t h e  slope  and t :~e b oa!
t o p o gr ap h y . n a general way i t  can be s ta ted  t h a t  i t  is na:’row in steep
:.o ~~

. sections and w~de along base , depressions , and basins ,

.~h i le  the upper st rand Lce t’oot pre serves app rox ima te ly  the same w id th
everywhere throughout the ice season , ~~~~

. 
~~~~~~~~~~~~~~~~ dozen :~e ter s  ~

‘ to ~3 i n ) ,
t:~e w~ dtn of tne lower strand ice foot ts :~iuch more ext en . i~~ve , f rc:~i 100 to
-.000 in. :ts w i d t h  varies in t i me an d space , i e . ,  during the ice season
and dep ending upon the sec t ion .  Ceveral figures will help in establishing
t::es~ ideas . Thus , between Po in t e— au—Pe r e  and the Bay of’ Mi tes , it reaches
a w i d t h  at’ 800 to ~@0 n; opposite RilT~~uski , the ice covering which  can be
conside red as a lower s t r and  ice t’aot , reaches more than  3000 in, connecting

1e Sai n t — ~ arrtabe t o  the  sou th  bank;  at Bic , Cap i—l’0r1.~nal and Saint—
Fa~ ien—s ur— >!er , t he  ice fac t ex tends  for a width at’ 400 to 8CC in ;  b etween
Saint-~ abien and -Cape Mart eau , tt is very nar row . 7~’ - 100 in; oppos i te
~
‘ro~ s—Pistoles , ~t measures 1000 to 2000 m in width; at Isle—Verte it reaches
4000 in and t h u s  joins :le—verte on the south bank; at Cacouna it extends
b etween 800 and 1200 m wide , depending upon the  place ; at the Point of Riviere—
d u— L oup , it scarcely exceeds ~I CC to ~C0 in , but  between this point and Le
Portage , it sometimes reaches 1000 m ; het;~eeri Aadreville and ~amouraska ,
~t reaches between 1000 and 2000 in in w i d t h  and up to $000 in opposite Kan—
ouraska; between La Pocat~ ere and Cap- Sain t— Igna c e , i t  measures between $00
and 700 in , but scnet~ :::es reaches 3C~00 m at  M ont in agny;  be twe en this point
and Berthier i ts  wid th  is 403 to 51) 0 in, whiie in t h e  bays a t ’ Berth ier , Sain t—
V al u er and Bellechasse , it  is 51)0 to ~)00 in wide .

Cn the north bank or’ the Saint—Laurent the ~oefoot is much less extensive
because at’ the narrowness of the strands , the absence at’ deep bays , pi’evailing
winds bl owing fi’-om th e west and nor thwest , and t ide  currents  whi ch pet ’iod~ ca1ly
clear the bank .  Still, during the ice season , a narrow icer’oot $0 to ~~ I) in
wide is found at the limit of’ the average high t id e . The lower strand ice-
:‘oot is exclusive ~n the sections characterized by a large strand. Thus , in
the ful l  ice season it can reach 300 to c00 in wide between Cap aux 1)ies and - -

Saint—Sineon , up to ~COC in wide at the Pointe aux Alouettes at  t h e  mouth of
the Laguenay , and fro m 703 to SOC in wide opposite the Grandes-Ber~eronnes and
in the Baie des Mille-Vaches . Between Baie—C omeau and Sept-Iles it rarely
exceeds 1-3 0 to COO in in width , except in the baic a t ’ Sept —I le s  where i t  can
reach 1303 in. In the sector ups t r eam from the middle estuary , or between
Beauport and the Cap aux 0~ es , the ice t’oct has a great ex tension  and or ’t en
reaches 2000 in in width in full season , especially opposite Montmorency .

The thickness of the icefoot in t n e  Sa in t—Lauren t  estuary is much mart’
constant than its width. In general the upper strand ice t’oot has a th ick-
ness between ~O and 100 cm and that of the lower strand between ~~ and 150 cm.
The latter is ord inar i ly  t h inne r  in i ts  inner part (50 - 7~’ cm ’ , but th ickens
in the direct ion of the sea, whe re it  reaches 130 — 153 cm in full season .
However , the thickness of the lower stran d ice foot is not constant ; it often
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increases along thresholds , I . • , where pressure ores ts are f~’~-ned and in
p bace s w here here is overlap. in the depress ton :.; ~i j ousk i , s be ’ — V~’rt t’
Cacouna , ~a P oc a t i e re , Les Aulnaies , Montm agny , 1 t ’  d ’0 i ’L t ’ uts~~, i t s  th i ck-
ness ~s generally from ~W to 80 cm. In t he ’ basins ~. La ~‘ao~itiore , L’ Islet
Montin agny ) ~t react ’.e-~ ~ to 90 cm.

The few values re la t ive  to the thickness and ex t ent  of the ice t’oot pro—
vided here are not at all absolute; they simply show the many vaz ’ia t icns
wh~~ch ex ist  and indicate the necessity at’ distinguishing between the upper
and lower ~ce tbo t , in order to el iminate any misunderstanding .

D. Method s or ’ Formation

We already know that the upper strand ice foot is fo rmed at the beginning
or ’ icing and that the lower one is formed l at er ,  but s ti l l  dur ing the’ f ir s t
part of’ tac ice season . It remains to specify the various methods and
formations of’ the two types .

1. The Upper Stran d Ice foot

The upper strand icet’aot generally has a complex origin. It rai’ely
results from rapid congelation on the spot of a sheet a:’ water, but- i ’ath e r
from progres sive congelation and in multiple phases or ’ t iny  4uant~~t ies  a t ’
wa te r  cast up to the upper part  or ’ the shore when waves break . i t  of ten
begins with an accumulation of slush and crushed ice pushed onto the  beach
by the current; this mud forms an initial bead at t h e  upper sea limit , the
size or’ which increases gradually with the congebat  ion at’ wat er  cast up wh en
the waves break . At this stage there is oft en an incorporation at’ ~nater ’ial
from the beach to the ice (photographs 1 and C ) .  It- can also resul t fro m tht ’
accumulation at the upper l imi t of the hank of raf t  ice s,young  ioe~ pushed
by the current and later  frozen together by water  splashed when waves break .
In th is  case growth is more rapid  than in the previ ous  case . n rocky and
re la t ive ly  steep sect ions the upper s t rand  icer’oot. ~s often the result or’

the progressive congelation at ’ water  thrown agains t the  cliff o:’ the bank
when waves break . But in the majority or’ cases it is composed p art ia l ly
of snow and ice or ig inat ing  ~n the water  thawed from th i s  snow.

C . The Lowe r Strand lcefoot

The lower strand ice foot  is :‘oi’med e~~t h er  b d i r e c t  conge la t i on  of th e ’
water surface ~n sheltered sections ~, -dept ’ess~ ans , for  examp~ e ) ;  in t h i s  case
it is homogeneous and fo rmed of ’ ice of the same age . But mo re o f t e n  it is
the resul t  at ’ agglomeration or ’ ra ft ~ce and or ’ snail o:’e~ t-s a t’ s lush accumu—
lated on the  bank by the combined action or’ wind and tid~ and then cementedby the water from the sea ~or bra ckish ’ ; in this case ~t c•tn b~’ formed at ’
ice and fresh water  ice at ’ d i ff er en t  ages. This ~n~~t ~al ice foot generally
presents an irregular or chaotic surt ’aoe wh~ ch is gradually sinoothed with
con t r ibu t ion s  o r ’ j nt e r st i :  ~.t1 w at e r  and snow ¼photograp t \  ~~ - u r i n g  the
ice season the lower st rand toe t’aot thickens :‘t’o :n r’ e low by conge b a t  ~an at’
water at the base at ebb t i de , and occ as i onal ly by 1,-at er oo:igelat ~an at t h e ’
sur face , when ~t is submerged during h e av y  sp r in g  t ides .
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F ” 
__

~~~~~~~~~~~~~~~~
- - -

~~~~~~~~~~
_
~~~~~~~~~~~~~~~~~~~~

- .~~~~~~~~~~E~~ I-:’--

Puo t ogr aph  ~~~. ~cwe:’ strand icefoot tn  the process a:’ r’or:~:at~ on; ~-o~.::g ~ce
:‘ormed partly from slusm . Saint—Luce— sur—~-1er . 1$ l~ ~‘

. •

ifl addition the precipitation or’ snow and winter rain can also increase the
tn~ckness or

’ the layer of ice by several centimeters somet imes . In this way ,
by the end of the ice season , the lower stran d icer ’oot fa rms a homogeneous
appearance , or even a continuous and solid covering of toe ephotagraphs ~and 7 ) .

It should ie mentioned that the najor’tty of lowe r st r a n d  toe foot on the
Saint-Laurent a”~’ composi te  and complex: their :‘ormatton takes place in
several stages b e g i n m t n g  w i t h  floe ice a:’ vartous  d tm ens t ons  and d i f f e ren t
ages :‘ro:en together by sea or brackish water.

Methods of B~-eak-up

The deicing at’ the Saint-Laurent banks generally begins at the end or’
March tn the maritime sector and at the end ci’ Apri l  in the middle estuary,
and f requent ly coincides with the heavy spring tides , the nost exposed
sections being freed of ice first , deep recesses with a gentle slope and
well protected being free d of ice with an average dealy at’ two weeks . In
the middle estuary deicing extends from tne beginning to the end or’ April
w i t h  a maximi~n around 15 April: in th e  ma:’itine es tuary i t  extends fr om
the end of March to middle April  w i th  a maximum around 5 April, depending
upon the sections .
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Photograph 7 . Lower strand icefoot in the process of destruction in a basin
of the Saint—Lauren t estuary ; note the great smoothness of the surface and the
glacial microrelief in the mud at the limit of low t ide . Montmagny , l S/ 4 / ’ .

The deicing process occurs according to three modalities:

1) By marginal de tachments , i.e., by gradual reduction of the width of
the lower strand icefoot. There are sporadic detachments at the extreme
edge of rafts of ice lifted by the tide and dislodged by the waves (photo-
graph 6). This method of linear narrowing of the icefoot also exists through-
out the ice season at the extreme mar gin of the lowe r s trand ice foot , depending
upon wind and tide conditions.

2) By mass detachment, coinciding with the heavy spring tides at the end
of Marc h or the beginning of Apr il .  At this time lar ge sec tions of ice are
raised by the water surface which breaks them up and dislodges rafts of’
var ious sizes , which are then carried ou t to sea with the ebb tide. The
essence of deicing takes place in ~4 or 5 days , when about 73% of the ice—
foot is destroyed; the parts carried away by the currents go to feed the
floating rafts in the estuary and the gulf (Brochu , 1960). It sometimes
happens , depending upon climatic and tide conditions , that deicing stops
or is interrupted by a cold spell coinciding with the period between tides .
In this case the break—up of the ice foot is retarded by about 10 days , as
in 1971. Sometimes in the maritime estuary massive deicing occurs during
the ice season when the conditions are favorable , i .e . ,  when the wind blows
out to sea , there are heavy tides and the winter temperature is relatively
high. The mos t ex posed sections of the coasts are the mos t affec ted by
these winter removals of ice. The lower strand icefoot thus undergoes
reductions and increases dur ing the ice season. It would be erroneous to
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believe that it fo rms at the beginning of the cold season and disappears
in spring, thus temporarily but effect ively blocking a large part of the
shore , such as happens in the polar regions where the packed ice protects
the icefoot fro m any rapid destruction . Along the banks of the Saint-
Laurent and the coasts with large tidal amplitude , the lower strand ice-
foot undergoes multiple derangements throughout the ice season .

3) Through Reduction and Thawing on the Spot

Sometimes conditions are such that pare of the lower strand icefoot ,
and particularly the higher strand icefoot , escape dismantlemen t by waves
and tides. In this case , through the force of the sun , rain , running water
from the melting of the snow cover and sometimes from water mining the ice-
foot from below , the ice melts on the spot. This situation often occurs
in depress ions .

F. Morphological Aspects 
- 

-

On the banks of the Saint-Laurent the surface of the icefoot , in full
seaso n or at the end of the ice season , is characterized by total uniformity
and great smoothness ( photographs ~ and 7). While the upper strand icefoot
is not very broken , the lower one offers  a more or less varied microtopo-
graphy which is largely assoc iate d with the ac tion of the tides. It can be
stated that the icefoot on coasts with a lar ge tidal amplit ude are more
broken than those on coasts with weak tides. Since the ice morphology has
never been the subject of extensive work , except for the work of Wright and
Priestley (1922) and a recent work by Marsh et al. (1973), we have thought
it useful to briefly describe here the principal elements of the icefoot.

1. The Ice Cliff

O~~ndar ily the lowe r stran d ice foot ends towar d the sea with an ice
cliff several dozen centimeters to several meters in height. This escarp-
ment is generally vertical and sometimes characterized by a dissolving gap
at the base , at the level of wave action . In addition some c l i f fs  have
sculptured forms , cornices (photograph 8) or caves several meters in thick-
mess analogous to those along rocky coasts . The c l i f f  is a characteristic - 

-

of the upper stran d ice foot only when the lat ter is very indi vidualized or
when there is no lower strand icefoot.

2. Ice Uridines and Pressure Crests

The L.wer strand ice foo t is frequently characterized by the presence
of’ lateral beads composed of ’ t i l ted raf t  ice which can reach 10 to 15 m
in height, 50 to 60 ~n in width and up to 2 km in length (photograph 9).
They are principally formed where there is a shallow bottom , rocky or
loose , and beads of beach. Sometimes 2 or 3 are found extended parallel
to the bank ; these are the ice undines.
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P~otcgraph ~~~. Ice cornice and gap in an ice crest 6 m high , in t h e ’ ~n~ er~ ~~~
zone. Saint—Luce—sur—Mer . 1/1 71).

Other smaller crests ( 2 to ~4 in in height) are the result ot’ the pressure
exerted by the tide where water currents cross the st rand or where there are
tide fissures , sometimes oblique and sometimes perpendicular to the bank ,
rarely paralle l (photograph 10).
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~‘hot ogr iph ‘~ . Ice undine m high at the 1 im t t  of’ mean Lc~ i i  ~~ .i t uo~’ —

sur—Mer. 2 t ~~.

Fina l ly ,  other cres ts form 50 to l~ O cm in height at the external ~-‘r’ ~n te r n a 1
limit of the icefoot because ci’ the accumulat ion or’ slush and small pieces
of ice fro zen together by water cast-up when waves break . This t y p e  of ’ a rest
seems to be very widespread on the banks ci’ Lake Superior W.irsh et al ., l- ~~~~~~~ .
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3. Blisters

A charact er ’i st i c  form of the uppe r st rand iat ’foot  a t  t l i ~ :~j i t i t — L a u r e n i
is the t’armat ion of small peaks 1 to ~ in in height by 2 to ~ in diameter
wnex’e there are isolated blocks of’ strand. These conical peaks r bliotcro
i.phot-ugraph 11) are the result of curling and tipping ice under L ide i c t  ion -

In their morphology they recall the i’orms described by Wi ’i~ ht and Pi’i~- z;t Lay
1 i 00 , p. 3H ) in the Antarctic and attribute it to the eacape or’ a i r  - m d

gas present beneath the ice surface , but different from the “ ea n co o f’ l ac ’
t n  the J rea t  Lakes (Ma r -~h , l~17~~) . They are fre quent  on the south bank ,
h e t w e -- ti Le~ ~s an d the Baie de Mitts , and in the region or’ ~uebec. They are

‘.~;o fo und on the shores of the Canadian Arct ic  ( W i l k i n s on , 1’) 70 , p.  
~~~~ ) .
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E~~ot o.~~-a p i i  10. Pressure crest perpendicular’ to the h~i ih ~ in i c I ai~~r ‘.

‘ce toot ; note the L a r z ,e quantity of sedimen t in tue t i~ ad b l o a k a  or
L’ b l ot. 1 , ~ -‘2.

!~ Chaotic ~3roupo

The lower st rand ice foot , espe c iall y on the sou t u  t ’anko at ’ t h  ~~n : —

Laur ent .  and in the region of ~uebec , o f t e n sha~ s .m chaotic .uu’f to t  • 
a ;-

pecially in tue firs t part of  the ice season ~pho t  o;~:- m p l i  ~~ . ~‘h ~~. - i i ’
re lief  from 50 to 1 0  cm in heigh t i~ the resul t  of t ~1ttn~ or a v - r ~~ pp ~~
of ice rafts under the e t ’t’ect o r ’ various p r ’euour u.; ex er t  ad u~ ~ f -  und •~ ‘ n a .
The ice chaos  U i r re g ul a rly  ~1ictributed and i t a  dt ’no t ~‘ : o x ~~ra- :e 1~ v .: ‘ :. in
f rom one ice t ion to an other ’  and t’r’c’m v ’.m r to  ama t ut ’ - do .~ • • r • 

—

1.ess ab undant  in  c er t a in  regions or’ t h e  C ti ia i an A r a t  a
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Photograph 11. Icefoot blister developed at the location of a large block of
strand. Saint—Luce—sur—Mer . 9/2/65.

5. Fissures and Crevasses

Fissures and cre vasses characterize the entire lowe r strand ice f’oot ,
while they rarely affect the upper strand icefoot. They exist in two
large categories: some due to contraction by cold and others due to tide
action . The first are generally narrow of a polygon shape and require an
icefoot which is not much affected by the vertical movements of’ the water
surface ; the second are wider and grow parallel to the bank (photograph 12);
they are produced when the water surface affected by the tide subjects the
icefoot to periodic vertical movements. During the ice season water in
the crevasses frequently refreezes , resulting in lateral expansion of the
icefoot. In rocky sections a crevasse is sometimes found between the
upper and lower strand icefeet, generally open at low tide , and able to
reach 50 to 200 cm in width.

6. Other Minor Forms

At the surface of the icefoot in spring various minor forms associated
with thawing can be observed . These are sometimes small streams on the top
of the ice evacuating the melted water , and sometimes gutters or melted holes
of various size , sometimes residue cones and residual shapes. These forms ,
by definition , are ephemeral and last only for the space of one ice season .
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Photograph 12. Upper strand icefoot at the end of the ice season; note the
numerous tide crevass es parallel to the shore . Baie de Bellec hass e , 8/L4/69.

It should also be pointed out that during the winter the icefoot is fre-
quently hidden , at leas t part ially , by a covering of snow which itself has
var ious snow and eol ian fo rms: wr inkles , dunes , sastrugi, etc.

G. The Role of’ the Icefoot in Morpho—sedimentology

The icefoot plays an important role in coastal morpho—sedimentology , being
at once an agent of destruction , construction and protection; this is a role
which a numbe r of authors have already emphasized briefly (Kane , 1856; Geikie ,
1882 ; Prestwick , 1886; Nansen , 1922; Wright and Priestley, 1922; Zumbe rge
and Wilson , 1953; Charlesworth , 1957; Corbe l , 1958; Norm an , 19614; Rex, 196L1)
and which we ourselves have already specified (Dionne , 1970).

The plat form of ice covering the coasts during the ice season ( 3  to 5
months on the banks of the Saint—Laurent, 8 to 12 months in the Canadian
Arctic), constitutes a natural defense effective against the action of waves,
currents , tides , and physico—cheinical and biological processes. Since the
banks are partially defended against the direct action of thse modelling
agen ts , the result is a relatively slow evolution of’ the shores of cold
regions. For some authors (Wright and Priestley, 1922 , pp. 322 - 3214;
Zuinberge and Wilson , 1953; Marsh et al., 1973), this is supposed to be the
principal role played by the ice foot. But the latter also proves to be an
effect ive agent of eros ion , transport and sedimentation (Dionne , 1970). In
addition to carrying materials away from the surface of the strand and
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removing debris which has fallen to its surface from the cliffs, it erodes
or ~Lrect 1y undermi nes the loose surfaces and planes or thins the rocky
p la t fo rms cut into the soft rock. In addition it promotes cryoclasism
and the evacuation of debris (Nansen, 1922). Sometimes it causes a sus-
pension of material when the waves break at its front , or controls the
formation of a suitable but temporary balanced profile (Zuinbe rge and Wilson ,
1-~53, p. 203; Norrman, 19614 ; Marsh et al., 1973). In brief it exercises an
important morpho—sedimentological action in the cold regions.

Conclusion

The notion of pied de glace or its English equivalent icefoot proves to
be more complex than appears at first sight. However, part of this complex
comes from the fact that authors do not agree, or more precisely have not
tried to agree on the content of the term or expression , necessar ily ex—
presse d by a certa in amount of con fusion since , for some the ice foot corres ponds
to a narrow fringe of ice at the upper limit of the coast, and for others it
includes all of the ice platform covering the intertidal zone. One solution
consists of distinguishing between an upper strand icefoot (icefoot in the
strict sense ) and a lower strand icefoot (icefoot in the broad sense), as we
have done for the Saint—Laurent . This distinction seems fundamental to avoid
any misunderstanding. Since studies re ferring to the ice foot are relatively
few , this statement , in addition to clarifying am ambiguous idea , perhaps will
have the virtue of arousing interest in more n umerous researchers on a form
apparently well known but little mentioned in the majority of works on littoral
geomor phology, especially in French.
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