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R E P O R T S 

S e d i m e n t a t i o n in A r c t i c W a t e r s of t he W e s t e r n Queen E l i z a b e t h I s l a n d s ; 
D i s t r i c t of F r a n k l i n , C a n a d a * 

B. R. P E L L E T I E R 
B e d f o r d I n s t i t u t e of O c e a n o g r a p h y , D a r t m o u t h , N. S. 

I n t r o d u c t i o n 

T h i s r e p o r t i s a p r e l i m i n a r y s t a t e m e n t of con t inu ing s t u d i e s of s e d i m e n t a t i o n c a r r i e d out 
s i n c e I960 in Canad i an A r c t i c w a t e r s u n d e r the d i r e c t i o n of the P o l a r Con t inen t a l Shelf P r o j e c t 
( D e p a r t m e n t of E n e r g y , M i n e s and R e s o u r c e s ) . The p r o g r a m i n c l u d e s i n v e s t i g a t i o n s in the 
fo l l owing s e d i m e n t a r y e n v i r o n m e n t s : l a c u s t r i n e , f luv ia l , i n s h o r e d e l t a i c , i n s h o r e n o n - d e l t a i c , 
channe l , and o f f s h o r e m a r i n e (i. e. A r c t i c c o n t i n e n t a l s h e l f ) . The m a j o r a r e a of s tudy i s in the 
w e s t e r n p o r t i o n of the Queen E l i z a b e t h I s l a n d s ( F i g u r e 1). 

P r e v i o u s w o r k 

The g e n e r a l w o r k in o c e a n o g r a p h y u n d e r t a k e n in the w e s t e r n A r c t i c w a s r e p o r t e d by Col l in 
(1962, 1966) w h i l e t he g e o l o g i c a l w o r k w a s r e p o r t e d by P e l l e t i e r (1962, 1966). S tud ies in P e a r y 
Channe l w e r e c a r r i e d ou t by H o r n (1963, 1967) and in the P r i n c e Gustaf Adolf Sea by M a r l o w e and 
Vi lks (1963) and M a r l o w e (1966, a) . D e v e l o p m e n t of s u b m a r i n e p h y s i o g r a p h y in the A r c t i c 
A r c h i p e l a g o , b a s e d on the c o n c e p t of a s u b m e r g e d T e r t i a r y d r a i n a g e s y s t e m s u g g e s t e d by F o r t i e r 
and M o r l e y (1956), w a s d i s c u s s e d by P e l l e t i e r (1966). F a u n a l s t u d i e s f r o m s a m p l e s c o l l e c t e d o v e r 
the A r c t i c c o n t i n e n t a l she l f w e r e m a d e by W a g n e r (1962, 1964) and t h o s e o v e r the i n s h o r e a r e a s of 
t he w e s t e r n Q u e e n E l i z a b e t h I s l a n d s by V i l k s (1964, 1967). In r e c e n t y e a r s , w o r k in the e a s t e r n 
A r c h i p e l a g o w a s u n d e r t a k e n in L a n c a s t e r Sound by Buck ley (1963), in E x e t e r Bay on the e a s t e r n 
c o a s t of Ba f f i n I s l a n d by K r a n c k (1965), in n o r t h e r n B a f f i n Bay by G r a n t (1965), and c e n t r a l Ba f f i n 
Bay by M a r l o w e (1966 b). 

P r e s e n t s t u d i e s 

A r c t i c i n v e s t i g a t i o n s in m a r i n e geology p r e s e n t l y u n d e r p r e p a r a t i o n a t the B e d f o r d I n s t i t u t e 
i n c l u d e s t u d i e s in the fo l l owing a r e a s : H e c l a and G r i p e r Bay by R. M. M c M u l l e n and G. Vi lks , 
F i t z w i l l i a m Channe l by G. Vi lks , M a r i e Bay a d j a c e n t to the e a s t s ide of F i t z w i l l i a m C h a n n e l by 
J . D. M a c d o u g a l l , B a r r o w S t r a i t by M r s . John H e n d e r s o n (nee P e n e l o p e Wise) , Ba f f i n Bay by 
J . I. M a r l o w e , and f i n a l l y N a r e s S t r a i t , J o n e s Sound and the A r c t i c Con t inen t a l Shelf by F . J . E . 
W a g n e r and B. R . P e l l e t i e r . The p r e s e n t r e p o r t d e a l s m a i n l y wi th the w r i t e r ' s r e s e a r c h in A r c t i c 
m a r i n e geo logy in the w e s t e r n Queen E l i z a b e t h I s l a n d s ( F i g u r e 1). 

M e c h a n i c a l s e d i m e n t a t i o n 

S a m p l e s w e r e c o l l e c t e d f r o m a l l a q u e o u s e n v i r o n m e n t s and s e v e r a l c h a r a c t e r i s t i c s of the 
s a m p l e s c o m p a r e d . In the f l u v i a t i l e e n v i r o n m e n t i t w a s p o s s i b l e to s a m p l e a l l p h y s i o g r a p h i c 
r e a c h e s of the s t r e a m due to the f a c t t h a t m o s t r i v e r s a r e l e s s than 20 m i l e s in l eng th , and a l l 
p o r t i o n s a r e a c c e s s i b l e . Al though s e v e r a l r i v e r s w e r e s a m p l e d , the da t a f r o m only one t r u n k 
s y s t e m i s p r e s e n t e d in F i g u r e 2. 

T e x t u r a l a n a l y s e s of t h e s e r i v e r s a m p l e s w e r e m a d e and the da t a w e r e p lo t t ed a s s i z e 
f r e q u e n c y h i s t o g r a m s ( F i g u r e 2). The m o s t s t r i k i n g f e a t u r e s of t h e s e a r e t h e b i m o d a l d i s t r i b u t i o n s , 
w h i c h a r e c h a r a c t e r i s t i c of h i g h l a n d s e d i m e n t s , and the u n i m o d a l d i s t r i b u t i o n s c h a r a c t e r i s t i c of 
the l owland s e d i m e n t s . A d e c r e a s e in g r a i n s i z e w i th d i s t a n c e of s e d i m e n t a r y t r a n s p o r t i s 
a p p a r e n t , bu t on a s e m i - l o g a r i t h m i c p lo t of a v e r a g e s i z e (log. m m ) v e r s u s d i s t a n c e of t r a n s p o r t 
( l i n e a r d i s t a n c e ) , t he p o i n t s do no t l i e on a s t r a i g h t l i ne ( F i g u r e 3). H o w e v e r by s u b s t r a c t i n g the 
c o a r s e g r a v e l m o d e and p lo t t i ng the m e a n of the sand m o d e , a l l p o i n t s l i e on a s t r a i g h t l i n e and 
S t e r n b e r g ' s l a w of e x p o n e n t i a l s i z e d e c r e a s e wi th d i s t a n c e of s e d i m e n t a r y t r a v e l h o l d s . 

S o r t i n g v a l u e s d e c r e a s e f r o m h i g h l a n d t o lowland r e a c h e s , and a c o m p a r a t i v e d e c r e a s e in 
the c o n t e n t of h e a v y m i n e r a l s a l s o t a k e s p l a c e . The g r a v e l and sand c o n t e n t d e c r e a s e s r e g u l a r l y 
and p r o g r e s s i v e l y d o w n s t r e a m , the f o r m e r c e a s i n g to be a n i m p o r t a n t c o n s t i t u e n t w i th in a v e r y 
s h o r t d i s t a n c e of the h i g h l a n d a r e a . 

' • -Manuscr ipt r e c e i v e d 20 N o v e m b e r , 1967. BIO Con t r ibu t ion Number 117 



Map of Arctic Islands. Traverses of 1960-61 shown in solid lines; t r ave r ses of 1962 shown in dashed lines. Shaded a reas indicate inshore t r ave r se s 
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Figure 2. Sedimentary t ranspor t in the a rc t i c f l uv i a l env i ronment . Mechan ica l proper t ies are shown 
to decrease in magnitude w i th p rogress ive ly larger d is tance from the h igh land source area. 
Re-concent ra t ing of heavier and coarser f rac t ions occurs at the shore l ine due to the w in -
nowing in f luence of wave ac t ion dur ing per iods of open water . 
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Figure 3. Expohent ia l s ize decrease of sediments dur ing t ranspor t in three a rc t i c r i ve rs . When the 
arenaceous content is subt rac ted from the coarser biomoda! c l a s t i c s of the h igh lands and 
is re-p lo t ted, the mean sand diameter f a l l s on the ex t rapo la ted curve of the unimodal low-
land sands. Note: large dot represents b imodal sands and grave ls in h igh lands ; smal l dot 
on broken l ine represents unimodel sands in h igh land; and smal l dot on so l i d l ine repre-
sents unimodal sand in lowlands. 



R e p o r t s 93 

4 0 0 

350 

O 

n 
—o— 

100 

L E G E N D 
S a n d / M u d Rat ios 

> f 

±ro 2 
I I 
I lo I 
1 T 

Traverse l ines , & 
samp le s ta t ions . 

S u b m a r i n e contou i 

( f e e t ) 

2 p O 4 Q 0 F E E T 

Figure 4. L i t h o f a c i e s of an a rc t i c marine de l ta . Coarses t sediments are near the shore l ine . Asym-
metr ic arcuate pat tern is developed over regular bathymetr ic controus ind ica t ing a prograd-
ing pat tern wh ich may be due to recent u p l i f t in the area. Asymmetry of arc is due to con-
t i nu ing longshore d r i f t from le f t to r igh t so that f ine sediments t ra i l current-ward. 
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Figure 5. Sedimentary t ranspor t in non-de l ta ic a rc t i c inshore wate rs . A para l le l decrease in magni-

tude of mechanicaI proper t ies of sediments w i th d i s tance from shore is shown for both 
lacus t r ine and marine bodies. 
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S a m p l e s c o l l e c t e d in m a r i n e w a t e r s w e r e o b t a i n e d f r o m the s h o r e l i n e a n d a t l o g a r i t h m i c 
i n t e r v a l s a w a y f r o m t h e s h o r e (e. g. 5 0, 100, 200, 400, 800 f e e t a n d so on) . T h e s e i n t e r v a l s w e r e 
s e l e c t e d on t h e e m p i r i c a l o b s e r v a t i o n s t h a t t e x t u r a l p r o p e r t i e s of c l a s t i c s e d i m e n t s v a r y 
e x p o n e n t i a l l y w i t h d i s t a n c e of s e d i m e n t a r y t r a n s p o r t . T h e r e f o r e , t he n u m b e r of s a m p l e s w a s 
p r o p o r t i o n a t e l y l a r g e r in t h e i n s h o r e a r e a . A c r o s s one d e l t a , t h r e e t r a v e r s e s w e r e m a d e 
b e g i n n i n g a t a c o m m o n o r i g i n on s h o r e : one a l o n g the a x i s of t h e d e l t a , a n d two o t h e r s a t 6 0 ° on 
e i t h e r s i d e of t h i s a x i s ( F i g u r e 4) . A l i t h o f a c i e s a n a l y s i s of t h e s e s a m p l e s ( F i g u r e 4) r e v e a l e d a 
p a t t e r n of c o n c e n t r i c a r c u a t e b e l t s of v a r y i n g t e x t u r e s w i th t h e c o a r s e s t s e d i m e n t s n e a r s h o r e , 
a n d t h e f i n e r o n e s f u r t h e r s e a w a r d . A p r o g r a d i n g p a t t e r n i s e v i d e n t a n d i s e x p e c t e d , a s t h i s a r e a 
i s u n d e r g o i n g r e l a t i v e u p l i f t . 

M a r i n e a n d l a c u s t r i n e s e d i m e n t s a m p l e s w e r e c o l l e c t e d in a r e a s a d j a c e n t to n o n - d e l t a i c 
c o a s t l i n e s . Upon m e c h a n i c a l a n a l y s i s t h e r e s u l t s of e a c h s e t of s a m p l e s w e r e f o u n d to b e 
s t r i k i n g l y s i m i l a r a n d t h u s t h e y a r e p r e s e n t e d t o g e t h e r ( F i g u r e 5) . The s i z e - d i s t r i b u t i o n s 
r e p r e s e n t e d b y t h e h i s t o g r a m s , a r e s i m i l a r f o r s a m p l e s o b t a i n e d a t e q u a l d i s t a n c e s f r o m the 
s h o r e l i n e a s s h o w n by t h e p a r a l l e l s h i f t in t h e p r i n c i p a l t e x t u r a l m o d e s . T h e c o n t e n t of h e a v y 
m i n e r a l s d e c r e a s e s g r a d u a l l y a t s i m i l a r d i s t a n c e s f r o m s h o r e f o r bo th s e t s of s a m p l e s . Sand 
c o n t e n t a s w e l l d e c r e a s e s m a r k e d l y f r o m the s a m e 2 0 0 - f o o t m a r k in e a c h s e t of s a m p l e s . 
S o r t i n g v a l u e s a r e g e n e r a l l y t h e s a m e in e a c h s e t of s a m p l e s a n d i m p r o v e s e a w a r d f r o m t h e 2 0 0 -
f o o t s a m p l i n g i n t e r v a l . 

In t h e o p e n m a r i n e e n v i r o n m e n t of t h e c o n t i n e n t a l s h e l f a n d a d j a c e n t w e s t e r n a p p r o a c h e s of 
t h e A r c t i c c h a n n e l s , s e d i m e n t a r y t e x t u r e s a p p e a r to r e f l e c t t h e w i n n o w i n g a c t i o n of c u r r e n t s 
r a t h e r t h a n t h e d i s t a n c e of s e d i m e n t a r y t r a n s p o r t f r o m n e a r b y i s l a n d s o u r c e s . T h i s m a y b e d u e 
to the e x i s t e n c e of s t r o n g e r c u r r e n t s f l o w i n g o v e r t h e m e d i a l r i d g e s on t h e f l o o r of t h e i n t e r -
i s l a n d c h a n n e l s , a s w e l l a s o v e r t h e s h a l l o w a r e a s l o c a t e d off t h e i s l a n d h e a d l a n d s . T h i s i s s h o w n 
in F i g u r e s 6 a n d 7. G e n e r a l l y the c o a r s e r s e d i m e n t s , e x c l u s i v e of i c e - r a f t e d p e b b l e s a n d c o b b l e s , 
a r e a b u n d a n t on t he t o p o g r a p h i c h i g h s a n d t h e f i n e r s e d i m e n t s a r e f o u n d in g r e a t e r a m o u n t s in t h e 
t o p o g r a p h i c l o w s . 
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Figure 6. H is tograms of a rc t i c marine sediments. Samples of she l f sediments taken nor thwest of 
E l l e f Ringes Is land ( F i g . 7); mid-channel and channe l -s ide samples taken from Peary 

Channel and Pr ince Gusta f Ado l f Sea ( F i g . 7) as w e l l as Ba l l an t yne and Wi l k ins St ra i ts 
immediate ly southwest of Bordon Is land (not shown). Note : for " s i l t and c l a s s e s " read 
" l i l t and c lay c l a s s e s " . 



Figure 7. Tex tu res of a r c t i c marine sediments. The r ight -hand panel shows the bathymetry of the ^ 
area s tud ied, pa r t i cu l a r l y , the median r idges in the channe ls between the i s l ands . The le f t - £ 
hand panel shows the sample loca t ions w i th respect to the drowned areas. The l i m i t of the 
drowned areas is 425 metres. The coarser sediments are assoc ia ted w i th h igher re l i e f (e .g . 
median r idges) , whereas the f iner sediments are assoc ia ted w i t h low re l i e f and t roughs. 

sO 
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MARINE 
DEPOSITIONAL 
SITE 

• DIABASE - -DIABASE AND SHALE- - S H A L E -

LEGEND 

X-RAY ANALYSIS 
OF SINGLE SAMPLE 
SEDIMENTARY TRANSPORT 

-SANDSTONE AND SHALE - - SHALE - - P A R E N T BEDROCK -
ILLITE 

F i g u r e 8 . C l a y m ine ra l d i s p e r s i o n and bed rock . N o t e s h i f t a l ong re fe rence axes (b roken l i ne ) o f com-
p o s i t i o n o f c l a y g roups w i t h d i s t a n c e from bed rock , and the d i r e c t influence o f the compo-
s i t i o n o f t h e u n d e r l y i n g bed rock . D i a b a s e c o n t a i n s c h l o r i t e s and i l l i t e s p r e d o m i n a t e l y , the 
sands tone c o n t a i n s k a o l i n i t e p redomina te ; and the sha le c o n t a i n minor or i n t e r m e d i a t e 
amoun ts o f a l l t h ree c l a y g roups as i t is composed i t s e l f of p roduc ts o f long w e a t h e r i n g . 

D i s p e r s a l of c l a y m i n e r a l s 

A r e l a t i o n s h i p e x i s t s b e t w e e n the d i s p e r s a l of c l a y m i n e r a l s a n d t h e a s s o c i a t e d p a r e n t a l 
b e d r o c k . T h i s i s i l l u s t r a t e d in t h e t e r n a r y c o m p o s i t i o n a l d i a g r a m ( F i g u r e 8) i n w h i c h k a o l i n i t e 
(K), c h l o r i t e (C), a n d i l l i t e (I) f o r m t h e a p i c e s of t h e t r i a n g l e . F l u v i a l s e d i m e n t s o b t a i n e d in 
a r e a s u n d e r l a i n b y d i a b a s e c o n t a i n c h l o r i t e a n d i l l i t e . F u r t h e r d o w n s t r e a m w h e r e t h e a r e a i s 
u n d e r l a i n b y s h a l e , a s w e l l a s by d i a b a s e in p l a c e s , h a l f t h e s a m p l e s c o n t a i n c h l o r i t e a n d i l l i t e 
on ly ; t h e o t h e r h a l f c o n t a i n s c h l o r i t e , i l l i t e a n d m i n o r a m o u n t s of k a o l i n i t e . F u r t h e r d o w n c u r r e n t 
s t i l l in t h e m a r i n e e n v i r o n m e n t , w h i c h i s u n d e r l a i n on ly by s h a l e , a l l s a m p l e s s h o w m a j o r a m o u n t s 
of k a o l i n i t e a n d l e s s e r q u a n t i t i e s of c h l o r i t e a n d i l l i t e . 

A n o t h e r d i s p e r s a l p a t t e r n i s a l s o s h o w n i n t h e l o w e r p a n e l of F i g u r e 8. H e r e t h e a n a l y s e s 
of c l a y m i n e r a l s a r e p l o t t e d f o r s a m p l e s o b t a i n e d in t h e h e a d w a t e r s of a n a r e a u n d e r l a i n by b o t h 
s a n d s t o n e a n d s h a l e , a n d f o r s a m p l e s o b t a i n e d in t h e a d j a c e n t m a r i n e d e p o s i t i o n a l a r e a u n d e r l a i n 
on ly by s h a l e . In t h e f o r m e r c a s e , h a l f t h e s a m p l e s s h o w m a j o r a m o u n t s of k a o l i n i t e a s w e l l a s 
l e s s e r a m o u n t s of i l l i t e a n d c h l o r i t e , a n d t h e o t h e r h a l f s h o w p r e d o m i n a n t a m o u n t s of k a o l i n i t e a n d 
i l l i t e b u t n o c h l o r i t e . In the m a r i n e a r e a u n d e r l a i n by s h a l e , a l l s a m p l e s s h o w c o n s i d e r a b l e 
a m o u n t s of k a o l i n i t e a n d i l l i t e , a n d m i n o r a m o u n t s of c h l o r i t e . T h i s i s s i m i l a r to t h e a n a l y s e s 
f r o m s a m p l e s c o l l e c t e d f r o m o t h e r a r e a s u n d e r l a i n by s h a l e . 

T h i s s u g g e s t s t h a t c l a y m i n e r a l s in t h e s e a r c t i c e n v i r o n m e n t s a r e r e l a t e d to t h e a d j a c e n t 
g e o l o g i c a l f o r m a t i o n s a n d a r e d e t r i t a l in o r i g i n . T h e y a p p e a r to b e u n a l t e r e d by d i a g e n e t i c 
p r o c e s s e s . 

E l e m e n t a l A n a l y s e s 

To d a t e a p p r o x i m a t e l y 15 0 s a m p l e s h a v e b e e n a n a l y z e d by m e a n s of s p e c t r o c h e m i c a l 
m e t h o d s in o r d e r to d e t e r m i n e c e r t a i n f a c t o r s d i a g n o s t i c of a r c t i c e n v i r o n m e n t s . P r e l i m i n a r y 
r e s u l t s i n d i c a t e t h a t c e r t a i n e l e m e n t s o c c u r in a n a b u n d a n c e w h i c h a p p e a r s to b e r e l a t e d d i r e c t l y 
to t h e g e o l o g i c a l f o r m a t i o n s u n d e r l y i n g t h e d r a i n a g e b a s i n s . T h e s e r e s u l t s a l s o i n d i c a t e t h e 
v i r t u a l a b s e n c e of c h e m i c a l a c t i v i t y a t t h e s i t e of d e p o s i t i o n . 
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D i s t r i b u t i o n of t h e m a j o r o x i d e s 

S p e c t r o c h e m i c a l a n a l y s e s w e r e c a r r i e d ou t on s a m p l e s o b t a i n e d f r o m a r i v e r s y s t e m a n d 
i t s a d j a c e n t d e l t a . T h e d a t a w e r e r e s o l v e d in t e r m s of o x i d e s , a n d the p e r c e n t a g e c o m p o s i t i o n of 
t h e o x i d e s f o r b o t h s e t s of s a m p l e s w e r e c a l c u l a t e d a n d l i s t e d in T a b l e I. 

T A B L E I 

V A R I A T I O N S O F M A J O R O X I D E S - C O M P A R A T I V E R E S U L T S 

R i v e r S e d i m e n t s D e l t a i c S e d i m e n t s A v e r a g e 
O x i d e s ( S a n d / C l a y = 5 3 / 4 7 Av. ) ( S a n d / C l a y = 1 3 / 8 7 Av. ) S h a l e 

S i O z 60. 75 % 5 9 . 3 3 % 58. 10 

A I 2 O 3 17. 68 16. 93 15. 40 

F e 2 0 3 7. 23 6. 98 6. 67 

K 2 O 2. 4 3 2. 57 3. 24 

M g O 0. 33 0. 24 2. 44 

N a z O 0. 30 0. 85 1. 30 

T i 2 0 0. 933 0. 938 0. 650 

CaO 0. 333 0. 238 3. 110 

M n O 0. 044 0. 038 

T h e s e a r e a v e r a g e d v a l u e s , a n d t h e s l i g h t v a r i a t i o n in p e r c e n t a g e c o m p o s i t i o n of t h e 
s e d i m e n t s f r o m bo th e n v i r o n m e n t s i s a p p a r e n t . S i l i c a f o r e x a m p l e , r e m a i n s c o n s t a n t in b o t h 
r i v e r a n d d e l t a s e d i m e n t s i r r e s p e c t i v e of s e d i m e n t a r y t e x t u r e . F e r r i c i r o n i s g e n e r a l l y u n i f o r m 
e x c e p t a t t h e s h o r e l i n e w h e r e h e a v y m i n e r a l s , in the f o r m of i r o n o r e s , a r e c o n c e n t r a t e d by 
w a v e a c t i o n a n d s l i g h t t i d a l e n e r g y . S o d i u m o x i d e ( N a 2 0 ) i s v a r i a b l e b u t t e n d s to i n c r e a s e in the 
m a r i n e a r e a s , p e r h a p s due to the i n f l u e n c e of s a l i n e w a t e r s . C a l c i u m o x i d e (CaO) o c c u r s in 
l e s s e r a m o u n t s o f f s h o r e e x c e p t in the a r e a s w h e r e c a l c a r e o u s - s h e l l e d o r g a n i s m s t h r i v e . T h e 
a c c u m u l a t i o n of t h e t e s t s a n d s h e l l s of t h e s e o r g a n i s m s in t h i s z o n e p r o b a b l y i n f l u e n c e s the 
i n c r e a s e d a m o u n t s of CaO s h o w n in t h e a n a l y s e s . M a n g a n e s e o x i d e (MnO) i s s l i g h t l y l e s s in s e a 
w a t e r a n d t h i s m a y be due to a t r a n s f e r of m a n g a n e s e i o n s in s e a w a t e r . G e n e r a l l y , d i a g e n e s i s 
d o e s n o t a p p e a r to h a v e p l a y e d a m a j o r p a r t in the v a r i a t i o n of t h e o x i d e s in f l u v i a l a n d d e l t a i c 
s e d i m e n t s . 

In T a b l e I, a c o m p a r i s o n i s a l s o g i v e n w i t h the a v e r a g e s h a l e , ( P e t t i j o h n , 195 7, p. 100) 
a n d t h e d a t a s h o w s t h a t t h e s e d i m e n t a r y b o d y n o w f o r m i n g in t h e d e l t a wi l l , u p o n i n d u r a t i o n , 
y i e l d a g e o l o g i c a l f o r m a t i o n t h a t i s f a i r l y s i m i l a r to a s h a l e in c o m p o s i t i o n . 

C o m p a r a t i v e e n v i r o n m e n t a l s t u d i e s of pH, c a r b o n a t e a n d o r g a n i c c a r b o n 

S e d i m e n t s f r o m s e v e r a l d e p o s i t i o n a l e n v i r o n m e n t s w e r e a n a l y z e d f o r t h e i r pH v a l u e a n d 
f o r t h e i r c o n t e n t of c a r b o n a t e a n d o r g a n i c c a r b o n . T h e s e r e s u l t s a r e g iven in T a b l e II, and 
c o n s t i t u t e the a v e r a g e s of s e v e r a l a n a l y s e s . S i g n i f i c a n t l y , t h e pH i s l o w e s t in f l u v i a l s e d i m e n t s , 
p r o b a b l y b e c a u s e of t h e p r e s e n c e of h u m i c s o i l a c i d s . In the l a k e , f r e s h w a t e r n e u t r a l i z e s the 
a c i d i t y a n d in t h e d e l t a s w h e r e r i v e r s e m p t y , t h e a l k a l i n i t y i s d i l u t e d b y a d i s c h a r g e of f r e s h 
w a t e r . F u r t h e r f r o m t h e d e l t a , a l k a l i n i t y i n c r e a s e s , a n d in the o p e n o c e a n , i t i s the h i g h e s t of 
a l l t h e e n v i r o n m e n t s . 

C a r b o n a t e c o n t e n t i n c r e a s e s in t h e m a r i n e e n v i r o n m e n t due to the i n c r e a s e d a m o u n t s of 
c a l c a r e o u s t e s t s a n d s h e l l s . O v e r t h e c o n t i n e n t a l she l f , t h i s i s m o s t p r o n o u n c e d . B e c a u s e t h e 
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T A B L E II 

C O M P A R A T I V E S T U D I E S ON pH, C O 3 , AND O R G A N I C C A R B O N 

D e p o s i t i o n a l A V E R A G E V A L U E S 
E n v i r o n m e n t 

PH C a r b o n a t e % O r g a n i c C a r b o n % 

L a c u s t r i n e 6. 66 # 2. 54 1. 14 

F l u v i a l 4 . 27 3. 32 1. 70 

D e l t a i c 
( P r o t e c t e d Bay ) 

6. 54 4 . 45 2. 10 

N o n - D e l t a i c 
( P r o t e c t e d Bay ) 

7. 00 3. 61 2. 42 

O c e a n 
(Con t . Sh e l f ) 

7. 54 6. 57 0. 81 

i c e in t h e p r o t e c t e d b a y s p e r s i s t s m o s t of t h e y e a r , p h o t o s y n t h e s i s i s r e d u c e d in t h e s e w a t e r s a n d 
a c o r r e s p o n d i n g r e d u c t i o n in t h e g r o w t h of p h y t o p l a n k t o n a n d the f o o d - d e p e n d e n t s h e l l y o r g a n i s m s 
t a k e s p l a c e . T h i s in t u r n y i e l d s l o w e r a m o u n t s of c a r b o n a t e in the b o t t o m s e d i m e n t s . O v e r t h e 
o c e a n , l e a d s g e n e r a l l y o p e n in the i c e , g iv ing r i s e to i n c r e a s e d pho to s y n t h e t i c a c t i v i t y . N u t r i e n t s 
a r e m o r e a v a i l a b l e in the o p e n o c e a n a s p r e v a i l i n g c u r r e n t s t r a n s p o r t c o n t i n u o u s s u p p l i e s and , 
c o n s e q u e n t l y , l i f e i s m o r e a b u n d a n t . Wi th the r a i n of p l a n k t o n i c t e s t s on t h e b o t t o m , t o g e t h e r 
w i t h t h e a c c u m u l a t i o n of b e n t h i c s h e l l s , t h e s e d i m e n t s a r e e x p e c t e d to c o n t a i n m o r e c a r b o n a t e . 

O r g a n i c c a r b o n i s l o w in l a c u s t r i n e a n d f l u v i a l a r e a s due to i t s l a c k of p r e s e r v a t i o n in t h e 
o x i d i z i n g e n v i r o n m e n t of t he a t m o s p h e r e , a n d to the r i g o u r s of m e c h a n i c a l s e d i m e n t a t i o n . An 
a l m o s t s i m i l a r c a s e m a y b e m a d e f o r the s e d i m e n t s of t he c o n t i n e n t a l s h e l f . H e r e d e p o s i t i o n i s 
s l o w a n d p r e s e r v a t i o n of t h e o r g a n i c m a t t e r i s n o t g r e a t l y e f f e c t i v e . In the i n s h o r e m a r i n e a r e a s 
of t he p r o t e c t e d b a y s , c u r r e n t s a r e w e a k a n d s e d i m e n t a t i o n p r o c e e d s a t a f a s t e r r a t e t h a n e l s e -
w h e r e in a r c t i c w a t e r s . T h u s p r e s e r v a t i o n of o r g a n i c c a r b o n i s e n h a n c e d . A l t h o u g h t h e s e v a l u e s 
of o r g a n i c c a r b o n a r e h i g h f o r a r c t i c s e d i m e n t s , t h e y a r e r e l a t i v e l y l o w w h e n c o m p a r e d w i t h 
s i m i l a r e n v i r o n m e n t s in w a r m e r , i c e - f r e e w a t e r s w h e r e l i f e i s m o r e a b u n d a n t . 

S u m m a r y 

G e n e r a l l y t h e m e c h a n i c a l p r o p e r t i e s of s e d i m e n t s v a r y w i t h d i s t a n c e of s e d i m e n t a r y 
t r a n s p o r t w h i c h i s d e m o n s t r a t e d f r o m a n a l y s e s of r i v e r a n d d e l t a i c s e d i m e n t s . O f f s h o r e t h e 
v a r i a t i o n i s r e l a t e d to t o p o g r a p h i c f e a t u r e s a n d t h e e x i s t e n c e of o c e a n c u r r e n t s . D i a g e n e s i s 
h a s v e r y l i t t l e e f f e c t on s e d i m e n t s a s s h o w n by t h e d i s p e r s a l p a t t e r n of t h e c l a y m i n e r a l s , a n d a 
c o m p a r i s o n of t h e v a r i a t i o n of t h e m a j o r m e t a l l i c o x i d e s f r o m r i v e r a n d d e l t a i c s e d i m e n t s . 

A c k n o w l e d g e m e n t s 

T h e w r i t e r e x p r e s s e s h i s t h a n k s to E . F . R o o t s , c o - o r d i n a t o r of t h e P o l a r C o n t i n e n t a l 
She l f P r o j e c t f o r p r o v i d i n g t h e l o g i s t i c a l s u p p o r t f o r t he p r o j e c t . C o n s i d e r a b l e t h a n k s a r e 
g i v e n to D. R. H o r n , G. V i l k s , a n d A. C. G r a n t , a l l a s s o c i a t e s of t h e w r i t e r w h o a s s i s t e d in 
c o l l e c t i n g m a n y of t h e s a m p l e s . T h e m e c h a n i c a l a n a l y s e s w e r e c a r r i e d o u t by E . F i e l d s of t h e 
G e o l o g i c a l S u r v e y of C a n a d a a n d R . C o r m i e r of t h e B e d f o r d I n s t i t u t e . T h e c l a y m i n e r a l a n d 
e l e m e n t a l a n a l y s e s w e r e m a d e r e s p e c t i v e l y by A n n S a b i n a a n d E . C a m e r o n of t h e G e o l o g i c a l 
S u r v e y . S p e c i a l t h a n k s a r e g i v e n to R . M. M c M u l l e n , a n d D. H. L o r i n g b o t h c o l l e a g u e s of t h e 
w r i t e r a t t h e B e d f o r d I n s t i t u t e , a n d to L a i n g F e r g u s o n of M o u n t A l l i s o n U n i v e r s i t y , w h o c r i t i c a l l y 
r e a d t h e m a n u s c r i p t . 
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