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J E A N - C L A U D E D I O N N E 
F o r e s t R e s e a r c h L a b o r a t o r y , Q u e b e c , P . Q. 

T h e a c t i o n of s h o r e i c e a l o n g t h e St . L a w r e n c e E s t u a r y w a s s t u d i e d f r o m 1965 to 1968. 
I c e i s o n e of t h e m o s t i m p o r t a n t a g e n t s of s e d i m e n t a t i o n a n d e r o s i o n in t h i s a r e a . M i l l i o n s of 
t o n s of s e d i m e n t s a r e c a r r i e d a n n u a l l y b y s h o r e i c e w h i c h p l o u g h s a n d s h o v e l s t h e s u r f a c e of t h e 
t i d a l f l a t s a n d s a l t m a r s h e s . T h i s n o t e u n d e r l i n e s b r i e f l y t h e a c t i o n of s h o r e i c e in t h e 
m o r p h o l o g y a n d s e d i m e n t o l o g y of a c o a s t a l a r e a . 

E r o s i o n f e a t u r e s 

a) S c h o r r e a r e a s . S a l t m a r s h e s of t h e S t . L a w r e n c e a r e s e v e r e l y e r o d e d b y i c e e a c h 
s p r i n g . A t b r e a k - u p , i c e b l o c k s o r i c e f l o e s r a i s e d b y h i g h s p r i n g t i d e s p i c k u p a t t h e i r b a s e 
p i e c e s of s c h o r r e of v a r i e d d i m e n s i o n s w h i c h a r e c a r r i e d a w a y a t e b b t i m e . S o m e p i e c e s m a y 
r e a c h u p to 15 m in d i a m e t e r . T h e i r t h i c k n e s s r a n g e f r o m 25 to 35 c m . A p i t t e d s c h o r r e 
( s c h o r r e ^ m a r e l l e s , D i o n n e , 1968a) r e s u l t s f r o m t h i s a c t i o n ( F i g . 1 a n d 2). P a n s p r e s e n t v a r i e d 
s h a p e s a n d s i z e s , w i t h a n a v e r a g e d e p t h of 30 t o 50 c m . T h e y a r e m a i n l y l o c a l i z e d a t t h e m e a n 
h i g h t i d e l e v e l in t h e a r e a c o l o n i z e d by S p a r t i n a s p . I c e b l o c k s w i l l a l s o c u t off a l l t h e g r a s s l i k e 
a m o w i n g m a c h i n e . 

b) S l i k k e a r e a s . M u d f l a t a r e a s a r e s e v e r e l y e r o d e d b y i c e . G r o o v e s p a r a l l e l o r 
p e r p e n d i c u l a r t o t h e s h o r e l i n e m e a s u r i n g 30 to 80 c m w i d e , 2 0 t o 35 c m d e e p , and 1, 500 to 2, 000 
m l o n g ; a n d c i r c u l a r o r s u b c i r c u l a r b a s i n s u p to 2 m in d i a m e t e r a n d 20 to 40 c m d e e p a r e 
p r o d u c e d b y i c e b l o c k s t h a t p l o u g h t h e s u r f a c e a n d g r e a t l y d i s t u r b t h e s e d i m e n t s ( F i g . 3 t o 5). 
E r o s i o n i s p r o d u c e d m a i n l y a t e b b t i m e w h e n t ' 3 i c e b l o c k s a r e c a r r i e d s e a w a r d s b y s t r o n g 
c u r r e n t s . M i l l i o n s of t o n s of s e d i m e n t s a r e r e m o v e d b y t h i s p r o c e s s ; t h e r e f o r e , t h e g o u g i n g a n d 
p l o u g h i n g a c t i o n of i c e s h o u l d b e c o n s i d e r e d a s o n e of t h e m o s t s t r i k i n g p h e n o m e n a o v e r t h e s l i k k e 
a r e a . 

c) S t o n y t i d a l f l a t s . I c e a c t i o n o v e r t h e t i d a l f l a t i s l e s s s p e c t a c u l a r b u t j u s t a s i m p o r t a n t . 
I c e b l o c k s c a r r i e d a w a y b y e b b c u r r e n t s s c r a t c h t h e b o t t o m a n d p r o d u c e v a r i o u s k i n d s of b e a c h 
f u r r o w s ( F i g . 6) . R e s u l t i n g l i n e a r f e a t u r e s i n c i s e d in t h e s a n d y a n d s t o n y s u r f i c i a l d e p o s i t m a y 
r e a c h u p to 30 c m d e e p , 60 c m w i d e a n d 500 m l o n g . T h e y a r e o f t e n p a r a l l e l t o e a c h o t h e r a n d to 
t h e d i r e c t i o n of e b b c u r r e n t s . A l s o , i c e b l o c k s p u s h e d by w i n d a n d n i p o r e b b c u r r e n t s m a y 
d i s p l a c e s c a t t e r e d e r r a t i c s s p r e a d o v e r t h e t i d a l f l a t , t h u s p r o d u c i n g c i r c u l a r o r s u b c i r c u l a r 
r i m m e d d e p r e s s i o n . B o u l d e r s r e m o v e d b y i c e a r e u s u a l l y f o u n d in t h e v i c i n i t y of p a n s . 

S e d i m e n t a t i o n b y s h o r e i c e 

S h o r e i c e s e d i m e n t a t i o n i s a s i m p o r t a n t a s e r o s i o n . I c e b l o c k s o r i c e f l o e s a n n u a l l y 
b r i n g i n t o a n d c a r r y a w a y f r o m t h e c o a s t a l e n v i r o n m e n t m i l l i o n s of t o n s of s e d i m e n t s . D a t a 
o b t a i n e d f r o m s u r v e y s o f - t h e St . L a w r e n c e s h o r e s s h o w t h a t a s i n g l e p i e c e of i c e of a b o u t o n e 
c u b i c m e t r e c a n c a r r y m o r e t h a n o n e h u n d r e d p o u n d s of s e d i m e n t s . C l a y , s a n d , g r a v e l , b o u l d e r s 
a n d o r g a n i c m a t t e r a r e i n c o r p o r a t e d in to t h e i c e in m a n y w a y s ( D i o n n e , 1968b) a n d c a n b e 
t r a n s p o r t e d l o n g d i s t a n c e s ( F i g s . 7 -10) . T h e h i g h p r o p o r t i o n of c r y s t a l l i n e b o u n d e r s ( g e n e r a l l y 
m o r e t h a n 50%), f o u n d o n t h e m a r i n e t e r r a c e s of t h e s o u t h s h o r e of t h e S t . L a w r e n c e i s a r e s u l t 
of i c e r a f t i n g ; t h e s t o n y f a c i e s of t h e t i d a l f l a t s a n d s a l t m a r s h e s a l s o . 

L i t t l e i n t e r e s t h a s b e e n d e m o n s t r a t e d in t h i s p r o c e s s b y s c i e n t i s t s . Z e n k o v i c h (1967) 
s t a t e s i n h i s b o o k on c o a s t a l p r o c e s s e s t h a t t h i s a c t i o n is of m i n o r s i g n i f i c a n c e on t h e s h o r e s of 
U. S . S. R . T h e s u r v e y s m a d e a l o n g t h e S t . L a w r e n c e E s t u a r y s h o w t h a t t h i s i s n o t t r u e e l s e -
w h e r e . M u c h a t t e n t i o n m u s t b e p a i d to t h e a c t i o n of i c e in c o a s t a l m o r p h o l o g y a n d s e d i m e n t o l o g y . 
T h e s h o r e s of t h e S t . L a w r e n c e w i t h t i d e s of u p t o 4 m a n d s t r o n g t i d a l c u r r e n t s s e e m t o b e a 
s u i t a b l e s i t e f o r s u c h a s t u d y . 

^ M a n u s c r i p t r e c e i v e d M a r c h 13, 1969. 



R e p o r t s 
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F i g . 1 - P i t t e d schorre in the v i c i n i t y of R i v ie re -du -Loup , 
South Shore o f the St. Lawrence Es tuary . The water-
f i l l e d depress ions are scars made by the ice at 
break-up. 

Fig- 2 Ice b lock w i t h a p iece of schorre s tuck to i ts base 
at Pe rs i l cove, near R iv ie re -du -Loup . An i l l u s t r a t i o n 
of the power of ice as an agent of eros ion and t rans-
por ta t ion . 

F i g . 3 - T y p i c a l aspec t of a mud f l a t in the v i c i n i t y of I ' l s l e t , 
Midd le St. Lawrence Es tuary . The surface is covered 
by ice-eroded scars . 

F i g 4 - L i n e a r scar in the s l i k k e , at L a Poca t ie re . An ice 
b lock had scratched the surface at ebb t i d e . 

F i g . 5 - C i rcu la r depress ion dug by ice on the sur face of the 
s l i k k e at L a Poca t ie re . The stony c lay under ly ing 
the recent mud depos i t was severe ly eroded. 

T y p i c a l , smal l d r i f t - i c e furrow inc i sed in a stony 

depos i t of the t ida l f l a t of I s le -Ver te . These features 

are made at ebb t i de . 



R e p o r t s 

F i g . 7 - Ice raf ted sediments over an ice foot in the v i c i n i t y 

of L e Por tage. The boulder and the great amount of 

sediments were brought in w i th h igh spr ing t i d e s . 

Ice raf ted sediments abandoned over the t i d a l f l a t 
near I s le -Ver te . Large p ieces of schorre w i th s tony 
c l a y . 

F i g . 9 - Ice b lock ra ised by high t ide and abandoned over the 
ice foo t . The layer of sand and gravel w a s p icked 
up on the beach. 

F i g . 10 - Ice raf ted boulder recent ly car r ied over the sur face 

of the schorre at R iv ie re -du -Loup . 

R e f e r e n c e s c i t e d 

D I O N N E , J . C. , 1968a , S c h o r r e m o r p h o l o g y on t h e S o u t h S h o r e of t h e S t . L a w r e n c e E s t u a r y ; 
A m e r . J o u r . S c i . , vo l . 266 , no . 5, p . 3 8 0 - 3 8 8 , 1 f i g . , 8 p h o t . 

, 1968b, M o r p h o l o g i e e t s e d i m e n t o l o g i e g l a c i e l l e s , cOte s u d du S a i n t - L a u r e n t ; 
Z e i t s c h . f . G e o m o r p h . , S u p p l b d . n o . 7, p . 5 6 - 8 4 , 1 f i g . , 16 p h o t . 

, 1969a , E r o s i o n g l a c i e l l e l i t t o r a l e , e s t u a i r e du S a i n t - L a u r e n t ; R e v . G e o g r . 
M o n t r e a l , vo l . 23 , n o . 1 ( in p r e s s ) . 

, 1969b, T i d a l f l a t e r o s i o n by i c e a t L a P r o c a t i f e r e , St . L a w r e n c e E s t u a r y ; J o u r . 
S e d . P e t r o l o g y ( in p r e s s ) . 

Z E N K O V I C H , V. P . , 1967, P r o c e s s e s of c o a s t a l d e v e l o p m e n t ; N e w Y o r k , I n t e r s c i e n c e 
P u b l i s h e r s , 7 3 8 p . 


