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ABSTRACT 

White River Ash, a widespread tephra sheet in southern 
I 

Yukon, was used to measure river changes of Yukon River. The 1 

1230 yr BP tephra is a time datum by which medium term (ca. lo3 

to lo4 yr) channel changes and floodplain accretion rates for 

Yukon River can be gauged. Average rates of lateral migration, 

island growth and vertical accretion were determined by mapping 

the tephra on floodplains and islands in three reaches of the 

river. 

The reaches include two. with meandering planforms and one 

anastomosed. The meander reaches are within the limit of the 

last glaciation (McConnell advance) with confining terraces of 

outwash and glaciolacustrine deposits varying in height from 6 

to 130 m above river level. Floodplain scrolls on alluvial 

plains below the cutwash terraces show that the river has 

meandered for about the last 7000 years. Between the end of 

the last glacial advance and about 7000 years before present 

r e c e s s i o n a l  o u t w a s h  a n d  p a r a g l a c i a l  g r a v e l s  a n d  

glaciolacustrine sediments were deposited. 

The upstream meander reach (Hootalinqua-Big Salmon reach) 

has migrated least; typical bend migrations are 100 m (0.08 

m/yr) with a maximum rate of 0.8 m/yr. Vertical accretion 

above the ash layer is restricted to floodplains 4 m or less 

above river level; average accumulation is 0.41 m (0.34 mm/yr) 
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w i t h  a  maximum r a t e  o f  0 .81  mm/yr. I s l a n d s  a re  uncommon in 

t h i s  r e a c h  and  l a c k  a s h .  

The  m i d d l e  r e a c h  ( E a g l e ' s  N e s t  B l u f f - C a r m a c k s  r e a c h )  

c o m p r i s e s  a more a c t i v e  meander  b e l t  w i t h  m u l t i p l e  p o i n t  b a r  

d e p o s i t i o n  downstream o f  meander  a p i c e s .  T y p i c a l  f l o o d p l a i n  

w i d t h s  w i t h o u t  a s h  a re  150  m (0.12 m/yr) and  maximum l a t e r a l  

m i g r a t i o n  is 0.4 m/yr. A c c r e t i o n  is r e s t r i c t e d  t o  f l o o d p l a i n s  

w i t h i n  4 m o f  r i v e r  l e v e l  a n d  a v e r a g e s  0.29 mm/yr w i t h  a 

maximum r a t e  o f  0.73 mm/yr. Two midchanne l  i s l a n d s  have  b u r i e d  

a s h  a l o n g  t h e i r  a x e s .  

The downstream anas tomosed  r e a c h  (Rink Rapids-Minto r e a c h )  

l i e s  m a i n l y  beyond t h e  l i m i t  o f  t h e  McConnell advance  b u t  was 

g l a c i a t e d  by a t  l e a s t  t h r e e  p r e v i o u s  g l a c i a l  a d v a n c e s  (Re id  and 

p r e - R e i d  a d v a n c e s ) .  I s l a n d s  a re  numerous and  g e n e r a l l y  two 

ma in  c h a n n e l s  are  p r e s e n t .  V o l c a n i c  a s h  was o b s e r v e d  on  1 3  

i s l a n d s  and  a l o n g  most  c u t b a n k s .  The c h a n n e l  h a s  widened and 

i s l a n d s  have  grown and  b e e n  e r o d e d  d u r i n g  t h e  l a s t  mi l l enn ium.  

Bedrock  b e n c h e s ,  which a re  common a l o n g  t h i s  r e a c h ,  h e l p  anchor  

t h e  c h a n n e l .  The maximum l a t e r a l  m i g r a t i o n  ra te  is 0.8 m/yr. 

A c c r e t i o n  o n  i s l a n d s  and  f l o o d p l a i n  up t o  4  m above  r i v e r  l e v e l  

a v e r a g e s  0.67 mm/yr w i t h  a h i g h  r a t e  o f  1 . 8  mm/yr. The minimum 

h e i g h t  o f  v o l c a n i c  a s h  was 0 .1  m above  r i v e r  l e v e l  i n d i c a t i n g  

t h a t  t h e  Yukon R i v e r  h a s  n o t  i n c i s e d  i t s  bed s i g n i f i c a n t l y  i n  

t h e  l a s t  1230 y e a r s .  



T h i s  r e s e a r c h  c o n c e r n s  a  t i m e  s p a n  w h i c h  i s  r a r e l y  

documented  i n  f l u v i a l  geomorphology  r e s e a r c h .  Most l i t e r a t u r e  

o n  c h a n n e l  c h a n g e s  and  f l o o d p l a i n  a c c r e t i o n  d e a l s  w i t h  s h o r t e r  

term. The Whi te  R i v e r  Ash', a d i s t i n c t i v e ,  w i d e s p r e a d  t i m e  

m a r k e r ,  p e r m i t s  p r e c i s e  a n a l y s i s  a n d  d o c u m e n t a t i o n  o f  r i v e r  

c h a n g e s  o v e r  t h e  l a s t  1230  y e a r s .  
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CHAPTER ONE 

Geomorpho log ica l  p r o c e s s e s  have  been  s t u d i e d  a t  v a r i o u s  

t i m e s c a l e s  w i t h  e m p h a s i s  o n  t h e  l o n g  t e rm ( 5  ka t o  1 Ma) and 

t h e  * s h o r t  term ( c a .  1 0  t o  a few hundred  y e a r s )  t i m e  spans .  

R e s e a r c h  o n  t h e  medium term s p a n  o f  a  few hundred t o  thousands  

o f  y e a r s  ( T h o r n e s  a n d  Brunsden ,  1977 ,  p .  185)  r ema ins  t o  be  

d o n e .  

R e s e a r c h  o n  r i v e r  c h a n n e l  c h a n g e s ,  a  s u b f i e l d  o f  

geomorpho logy ,  c a n  a l so  b e  d i v i d e d  be tween  s h o r t  term, medium 

term a n d  l o n g  term timescales. Most f l u v i a l  r e s e a r c h  t e n d s  t o  

f o c u s  o n  s h o r t  t i m e s p a n s  w i t h  few s t u d i e s  o f  l o n g  term changes .  

A g a p  r e m a i n s  i n  u n d e r s t a n d i n g  r i v e r  behav iou r  i n  t h e  medium 

t i m e s p a n  e s p e c i a l l y ,  a t  t h e  lower end  and o u t s i d e  t h e  l i m i t  o f  

r e l i a b l e  r a d i o c a r b o n  d a t i n g  ( H i c k i n ,  1 9 8 3 ) .  

The e m p h a s i s  o n  s h o r t  term changes  i n  r i v e r  s y s t e m s  is  

a t t r i b u t e d  t o  t h e  a v a i l a b i l i t y  o f  m e t h o d s  l i m i t e d  t o  t h i s  

timescale. F o r  example ,  t h e  c h r o n o l o g y  o f  s h o r t  term f l u v i a l  

a c t i v i t y  i n  w e s t e r n  C a n a d a  h a s  b e e n  d e t e r m i n e d  b y ;  (1) 

c o m p a r i n g  s e r i a l  a i r p h o t o s  (1 - 3 5  y e a r s )  ( N o r t h w e s t  

H y d r a u l i c s ,  1 9 7 5 ;  Humphrey, 1 9 7 8 ;  H i c k i n  and Nanson, 1984;  

S i c h i n g a b u l a ,  1985)  , ( 2 )  compar ing  h i s t o r i c a l  maps (1 - 100 

Years) (Hansen,  l 9 3 4 ) ,  ( 3 )  r e p e a t e d  o b s e r v a t i o n s  ( sounding  and 

s u r v e y i n g )  (1 - 30 ( 3 )  y e a r s )  (Crickmay,  1960; Hein and Walker,  

1 9 7 7 ;  B O S ~ O C ~ ,  1 9 7 9 ) ,  and  ( 4 )  dendrochronology  (1 - 400 (?)  
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years) (Eardley, 1938; Strang, 1973; Hickin and Nanson, 1975; 

c h u r c h ,  1 9 7 7 ;  Nanson, 1977). These methods allow 

reconstructions of sequential development in the continuum of 

channel changes. 

Long term river changes are based on morphology, terrace 

height, stratigraphy, (eg. Thorson and Dixon, 1983) 

archeological evidence, soils, eolian sequences, lava 

extrusions (Hickson and Souther, 1984) and radiocarbon dating 

(Brackenridge, 1984; 1985). 

Medium term chronology, the timespan of this work, 

involves radiocarbon dating, palynology, artefacts, 

thermoluminescence, optical dating, and recent tephra. 

Tephra deposits from Cenozoic volcanic eruptions can be 

used to establish a geomorphic chronology (Cullingford et al., 

1980) , This method, called tephrochronology, was first 

established by Thorarinsson (1944) in Iceland. A historical 

perspective of tephra layers as tools for research is provided 

by Thorarinsson (1981). 

Tephrochronology can be used in the Cordillera because 

dated tephra deposits from Cenozoic volcanoes are widespread. 

The method can be used to study local erosion and aggradation 

rates (Thornes and Brunsden, 1977, p. 39) for medium term time 

scales. 

Examples of some recent volcanic ash layers that can be 

used by geomorphologists in the Cordillera, are White River ~ s h  

in Yukon Territory, (ca. 1230 and 1890 yr BP) (Lerbekmo et al., 
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1975 ;  Denton  and  K a r l e n ,  l 9 7 7 ) ,  B r i d g e  R i v e r  Ash ( c a .  2350 y r  

BP) (Mathewes and  W e s t g a t e ,  1 9 8 0 )  i n  s o u t h e r n  B r i t i s h  Columbia 

a n d  E d z i z a  Ash ( c a .  1000  y r  BP) i n  n o r t h e r n  B r i t i s h  Columbia 

( S o u t h e r ,  1 9 7 6 ) .  T e p h r o c h r o n o l o g y  p e r m i t s  b e t t e r  t i m e  c o n t r o l  

a n d  c o r r e l a t i o n  b e t w e e n  s i t e s  w i t h o u t  n u m e r o u s  a g e  

d e t e r m i n a t i o n s .  

1.1 P r e v i o u s  U s e  of W h i t e  R i v e r  Ash a n d  O t h e r  C o r d i l l e r a n  

T e p h r a s  i n  G e o m o r p h o l o g i c a l  R e s e a r c h  

The o c c u r r e n c e  o f  Whi te  R i v e r  Ash i n  a l l  b u t  t h e  most 

r e c e n t  f l o o d p l a i n s  o f  t h e  Yukon l e d  t o  t h e  i d e a  o f  u s i n g  t h i s  

t e p h r a  a s  a t i m e  datum f o r  r e c e n t  f l u v i a l  geomorphic  p r o c e s s e s  

(D.  Tempelman-Kluit ,  1 9 8 3  p e r s .  c o m m . ) .  F e r n a l d  (1965) n o t e d  

t h a t  the presence of white R i v e r  Ash on  a l l  l o w  t e r r a c e s  

p r o v i d e s  a  r e f e r e v c e  p o i n t  f o r  t h e  i n t e r p r e t a t i o n  o f  t h e  

s u r f  i c i a l  g e o l o g y  o f  t h e  u p p e r  T a n a n a  R i v e r  v a l l e y .  H e  

documented a s e c t i o n  o f  f l o o d p l a i n  d e p o s i t  w i t h  4 2  i n c h e s  (1.1 

m )  o f  bedded s i l t  and  s a n d  w i t h  o r g a n i c  d e b r i s  above  t h e  a s h .  

H e  d i d  n o t  u s e  t h e  a s h  or  o u t l i n e  m e t h o d s  t o  u s e  i t  i n  

u n r a v e l l i n g  u p p e r  Tanana  R i v e r  v a l l e y  m i g r a t i o n  or i n c i s i o n  

ra tes .  Dawson (1889)  u sed  t h e  n e a r - s u r f a c e  a s h  t o  i n f e r  minor 

d o w n c u t t i n g  o f  Yukon R i v e r .  Bos tock  (1969)  c i t e d  a n  abandoned 

f a n  w i t h  v o l c a n i c  a s h  and  a g r a s s l a n d  w i t h o u t  a s h  a d j a c e n t  t o  

a n  a c t i v e  Duke R i v e r  f a n  west o f  Kluane Lake. 

O t h e r  w o r k e r s  have  used  Whi te  R ive r  Ash t o  d e t e r m i n e  l a k e  

l e v e l  f l u c t u a t i o n s  a n d  l a n d s l i d e s  i n  s o u t h w e s t e r n  Yukon 
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T e r r i t o r y  (C lague ,  1981a;  Rampton, 1981;  C lague  and Rampton, 

1 9 8 2 ;  G u s t a v s o n ,  1 9 8 6 ) ,  t o  d a t e  p a l y n o l o g i c a l  s a m p l e s  

(Rampton, 1969,  1971;  Denton and  K a r l e n ,  1977;  Mathewes and 

W e s t g a t e ,  1980;  B o u r g e o i s ,  1982;  MacDonald, 1983;  B o u r g e o i s  and 

G e u r t s ,  1983;  S l a t e r ,  1 9 8 5 ) ,  and t o  d e t e r m i n e  r a t e s  o f  p e a t  

a c c u m u l a t i o n  (Kershaw and G i l l ,  1979)  . 
, Geomorphologica l  u s e s  o f  o t h e r  t e p h r a s  i n  w e s t e r n  Canada 

i n c l u d e  e v i d e n c e  o f  a g g r a d a t i o n  i n  S o u t h  Saskatchewan R i v e r  

( S m i t h ,  1 9 7 2 ;  K o s t a s c h u c k  a n d  S m i t h ,  1 9 8 3 )  ; a c c r e t i o n  o n  

a l l u v i a l  f a n s  i n  Thompson, Bonapar  t e ,  and Simi lkameen V a l l e y s  

a n d  Kamloops a r e a  (Ryder ,  1 9 6 9 )  ; t e r r a c e s ,  f a n s  and d e b r i s  

s l i d e s  i n  Thompson V a l l e y  ( A n d e r t o n ,  1 9 7 0 ) ;  v a l l e y  s i d e  s l o p e  

a c t i v i t y  i n  B r i d g e  R i v e r  v a l l e y  (Howes, 1 9 7 5 ) ;  p a r a g l a c i a l  f a n  

a c t i v i t y  i n  Bow Rive r  v a l l e y  ( J a c k s o n  e t  a l . ,  1982)  and  t e r r a c e  

s e q u e n c e s  i n  Klondike  a r e a ,  F o x t  Selkirk area, P o r c u p i n e  R i v e r  

a r e a ,  a n d  F a i 1 b a n . k ~  a r e a  (Naesar e t .  a l . ,  1 9 8 2 ) .  L o e s s  

d e p o s i t i o n  c h r o n o l o g i e s  were  e s t a b l i s h e d  u s i n g    ridge ~ i v e r  and 

Mazama t e p h r a s  i n  A l b e r t a  (Dumansky e t  a l . ,  1980;  Wate r s  and 

R u t t e r ,  1 9 8 4 ) .  

I n  Washington S t a t e ,  v o l c a n i c  a s h e s  were u s e d  t o  c o r r e l a t e  

f l o o d p l a i n  d e p o s i t s  (Moody, 1 9 7 7 )  and d a t e  t h e  most r e c e n t  

s c a b l a n d  f l o o d  (Mul l ineaux  e t  a l . ,  1 9 7 8 ) .  

Mapping t e p h r a  t o  d e t e r m i n e  s u c c e s s i v e  c h a n n e l  c h a n g e s  and 

t h e  h i g h e s t  f l o o d  i n  1200 y e a r s  is t h o u g h t  t o  b e  o r i g i n a l .  I 

know o f  no  o t h e r  r e c o r d  where  t e p h r o c h r o n o l o g y  is a p p l i e d  t o  

l a t e r a l  m i g r a t i o n  o f  r i v e r  c h a n n e l s .  



1.2 T h e s i s  Objective 

The o b j e c t i v e  o f  t h i s  t h e s i s  i s  t o  u s e  a w i d e s p r e a d  t e p h r a  

d e p o s i t  a s  a t i m e  s t r a t i g r a p h i c  m a r k e r  t o  e v a l u a t e  r i v e r  

b e h a v i o u r  f o r  t h r e e  r e a c h e s  o f  Yukon R i v e r .  The ca. 1230  y r  

o l d  ea s t  l o b e  o f  t h e  W h i t e  R i v e r  Ash was s e l e c t e d  f o r  i t s  b road  

d i s t r i b u t i o n  a n d  known o c c u r r e n c e  i n  f l o o d p l a i n s  a n d  i s l a n d s  i n  

c e n t r a l  Yukon T e r r i t o r y .  The mapping  o f  t h e  t e p h r a  allows f o r  

t h e  r e c o n s t r u c t i o n  o f  t h e  s e q u e n t i a l  e v o l u t i o n  o f  r i v e r  

p l a n f o r m  a n d  e s t a b l i s h m e n t  of s e d i m e n t  a c c u m u l a t i o n  r a t e s  i n  

v e r t i c a l  a n d  l a t e r a l  s e q u e n c e s  o v e r  a t i m e s p a n  o f  a b o u t  1200  

y e a r s .  T h e s e  a v e r a g e  r a t e s  p r o v i d e  a more c o n s e r v a t i v e  

estimate o f  s h o r t  term ra t e s  t h a n  t h o s e  e x t r a p o l a t e d  f rom t h e  

measu remen t  o f  " con t empora ry"  a c t i v i t y .  

The t h r e e  Yukon R i v e r  r e a c h e s  were s e l e c t e d  t o  r e p r e s e n t  

e x a m p l e s  o f  a c t i v e  p l a n f o r m  d e v e l o p m e n t  m a p p a b l e  a t  a 

r e c o n n a i s s a n c e  scale o f  1:50 000.  

C h a n n e l  a c t i v i t y  a l o n g  t h e  r e a c h e s  is e s t i m a t e d  f rom t h e  

d i s t r i b u t i o n  o f  a s h  o n  f l o o d p l a i n s .  



1.3 Layout of t h e  T h e s i s  

The s t u d y  is d i v i d e d  i n t o  f i v e  c h a p t e r s .  The f i r s t  is  a n  

o v e r v i e w  o f  t h e  s t u d y  a r e a  w i t h  b r i e f  d e s c r i p t i o n s  o f  

p h y s i o g r a p h y ,  g l a c i a t i o n ,  b e d r o c k  g e o l o g y ,  v e g e t a t i o n ,  climate 

a n d  h y d r o l o g y .  Geomorphic f e a t u r e s ,  s u c h  as  s l o p e  o f  r i v e r ,  

s i n u o s i t y ,  bend r a d i u s ,  and  a v e r a g e  w i d t h ,  o f  e a c h  o f  t h e  t h r e e  

r e a c h e s  f o l l o w  and l e a d  i n  t o  t h e  s e c o n d  c h a p t e r  which  d e a l s  

w i t h  t h e  Whi te  R i v e r  Ash and  i ts g e o m o r p h o l o g i c a l  u s e s .  

F i e l d  and  o f f i c e  c o m p i l a t i o n  me thods  u s e d  i n  t h e  r e s e a r c h  

a re  d i s c u s s e d  i n  c h a p t e r  t h r e e .  

The r e s u l t s  f o r  e a c h  r e a c h  a re  g i v e n  i n  c h a p t e r  f o u r .  

R i v e r  b e h a v i o u r ,  l a t e r a l  m i g r a t i o n ,  and  v e r t i c a l  a c c r e t i o n  a re  

d i s c u s s e d  and  documented w i t h  maps a n d  down r i v e r  p r o f i l e s .  

The  sequence o f  geomorphic  e v e n t s  l e a d i n g  up t o  t h e  f o r m a t i o n  

of f l o o d p l a i n s  is  p r e s e n t e d  w i t h  example s .  

The summary and c o n c l u s i o n s  i n  t h e  f i n a l  c h a p t e r  c o n t a i n  a 

summary o f  t h e  r e l a t i v e  a c t i v i t y  of t h e  r e a c h e s .  
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1.4 Study Area 

The s t u d y  a r e a  c o m p r i s e s  t h r e e  w ide ly - spaced  r e a c h e s  o f  

t h e  Yukon R i v e r  be tween  t h e  T e s l i n  R i v e r  c o n f l u e n c e  and  Minto  

i n  L a b e r g e  ( lO5E) ,  G l e n l y o n  ( lO5L) ,  and Carmacks (1151)  map 

a r e a s  ( F i g .  1.1). The c e n t r e  of t h e  s t u d y  a r e a  is 150  km n o r t h  

o f  W h i t e h o r s e  w i t h  r o a d  a c c e s s  t o  t h e  i n t e r m e d i a t e  r e a c h  and  

d o w n s t r e a m  r e a c h  b y  R o b e r t  C a m p b e l l  Highway a n d  K l o n d i k e  

Highway. The ups t r eam r e a c h  is a c c e s s i b l e  by b o a t  f rom Lake 

L a b e r g e  or L i t t l e  Salmon R i v e r .  

1 .4 .1  Physiography 

The s t u d y  a r e a  l i e s  w i t h i n  Lewes P l a t e a u .  Lewes P l a t e a u ,  

a s u b d i v i s i o r ?  of t h e  Yukon Plateau ( B o s t o c k ,  19481, fo rms  a 

s u r f a c e  o f  l o w  r e l i e f  i n  t h e  s t u d y  area. Rounded h i l l s  r i se  

b e t w e e n  1000 and  1200 m w i t h  i n t e r v e n i n g  b r o a d  v a l l e y s  be tween  

400  a n d  600 m e l e v a t i o n .  I t  is b o r d e r e d  by t h e  h i g h e r  P e l l y  

M o u n t a i n s  on t h e  eas t  and  t h e  rugged  g l a c i e r i s e d  S t .  E l i a s  

M o u n t a i n s  on  t h e  s o u t h w e s t .  

D r a i n a g e  a n o m a l i e s  i n  Yukon P l a t e a u  were n o t e d  by Bos tock  

( 1 9 4 8 )  who r e c o g n i z e d  t h a t  t h e  Yukon crosses some s p u r s  of 

r e s i s t a n t  r a n g e s  a n d  p a s s e s  f l a t t e r  low g r o u n d  a n d  l o n g  

s t r a i g h t  t r e n c h e s .  Bos tock  (1970, pp. 21-23) i n  h i s  work o n  

t h e  Yukon P l a t e a u  found r e m n a n t s  of o l d  e r o s i o n  s u r f a c e s  which 

were p re sumab ly  u p l i f t e d  i n  e a r l y  T e r t i a r y  t i m e .  
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T h i s  u p l i f t  l e a d  t o  t h e  e n t r e n c h m e n t  o f  r i v e r s  i n t o  t h e s e  

p l a t e a u s .  The l a r g e r  v a l l e y s  have  bedrock  t e r r a c e s  w i t h  lower 

g r a d i e n t s  t h a n  t h e  p r e s e n t  r i v e r s  ( B o s ~ o c ~ ,  1970)  . 
Tempelman-Kluit (1980)  p o s t u l a t e d  a  s e q u e n c e  o f  d r a i n a g e  

d e v e l o p m e n t  s p a n n i n g  T e r t i a r y  a n d  Q u a t e r n a r y  P e r i o d s ,  f rom 

e v i d e n c e  o f  t o p o g r a p h y ,  stream i n t e r c e p t s ,  t e r r a c e  h e i g h t s ,  

g l a 6 i a t i o n  and t e c t o n i c  h i s t o r y  o f  s o u t h e r n  Yukon T e r r i t o r y .  

H e  e n v i s i o n e d  a former  s o u t h  f l o w i n g  t r u n k  stream d r a i n i n g  t o  

t h e  P a c i f i c  Ocean i n  a  more d i r e c t  r o u t e  t h a n  a t  p r e s e n t .  

G e n e r a l  b u t  uneven u p l i f t  i n  L a t e  Miocene o r  P l i o c e n e  t i m e  l e d  

t o  e n t r e n c h m e n t  o f  s t r e a m s  e s t a b l i s h e d  i n  a  fo rmer  low s u r f a c e .  

G l a c i a t i o n  a l s o  b l o c k e d  f o r m e r  r o u t e s  w h i c h  were n e v e r  

r e e s t a b l i s h e d .  T h i s  s o u t h w e s t e r l y  r o u t e  was abandoned d u r i n g  

d e g l a c i a t i o n  i n  f a v o u r  o f  a n o r t h w e s t  r o u t e  t h r o u g h  p r o g r e s s i v e  

stream capture. Tempelman-Kluit (1980, p.  1202)  conc luded  t h a t  

t h e  p r e s e n t  n o r t h w e s t  d r a i n a g e  was i n  d a n g e r  o f  b e i n g  c a p t u r e d  

by t h e  more  a g g r e s s i v e  P a c i f i c  d r a i n i n g  r i v e r s  ( s e e  l o n g  

p r o f i l e ,  Tempelman-Kluit (1980,  p. 1 2 0 2 ) ,  and  N a t i o n a l  A t l a s  o f  

Canada ,  (1974)  ) . 

1.4.2 Bedrock Geology 

T h e  g e o l o g y  o f  c e n t r a l  Y u k o n  T e r r i t o r y  c o m p r i s e s  

t e c t o n o s t r a t i g r a p h i c  t e r r a n e s  w h i c h  a r e  c h a r a c t e r i z e d  by  

d i s t i n c t i v e  s t r a t i g r a p h i c  a n d  t e c t o n i c  h i s t o r i e s .  T h e s e  

t e r r a n e s  have  been named and  mapped by Tempelman-Klui t (1978) 

as Yukon C r y s t a l l i n e  T e r r a n e  , Yukon C a t a c l a s t i c  T e r r  a n e  I 
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C a s s i a r  P l a t f o r m ,  and Whi tehorse  Trough. 

The  s t u d y  a r e a  l i e s  w i t h i n  a M e s o z o i c  a s s e m b l a g e  o f  

s e d i m e n t a r y  and v o l c a n i c  r o c k s  i n  a b a s i n  named Whi tehorse  

T r o u g h  ( W h e e l e r ,  1 9 6 1 )  ( F i g .  1 . 2 )  . R e c o n n a i s s a n c e  s c a l e  

mapping  h a s  m o s t  r e c e n t l y  b e e n  c o m p i l e d  by Tempelman-Kluit  

( 1 9 8 4 ) .  R e p o r t s  on g e o l o g y  began w i t h  t h e  t r a v e r s e s  o f  Dawson 

i n  1 8 8 7 ,  and  f o l l o w e d  by more d e t a i l e d  mapping by Bos tock  

( 1 9 3 4 ,  1 9 3 6 ) ,  B o s t o c k  and L e e s  (1938)  1 and  Tempelman-Kluit  

( 1 9 7 8 ) .  

The e v o l u t i o n  h i s t o r y  o f  W h i t e h o r s e  Trough is t a k e n  from 

Tempelman-Klui t  (1978)  . During  L a t e  T r i a s s i c  t i m e  a b a s i n  

e x i s t e d  w i t h  d e p o s i t i o n  o f  c l a s t i c  s e d i m e n t s  i n  f a n s ,  r i v e r  

d e l t a s  a n d  f o r e d e e p s .  V o l c a n i c  d o m i n a t e d  c l a s t i c  m a t e r i a l  

became more  and  more g r a n i t i c  w i t h  t i m e .  C a r b o n a t e  r e e f s  

f o r m e d  along t h e  margin, I n  E a r l y  J u r a s s i c  t i m e  c o a r s e  

s e d i m e n t  was d e p o s i , t e d  as f a n g l o m e r a t e s  close t o  t h e  sed imen t  

S u p p l y  w h i l e  o t h e r  a r e a s  a p p a r e n t l y  r e c e i v e d  v e r y  l i t t l e  

s e d i m e n t  i n p u t .  C o a r s e  s e d i m e n t  g a v e  way t o  a r k o s e  d u r i n g  

e a r l y  Middle  J u r a s s i c .  The s i z e  o f  t h e  b a s i n  d e c r e a s e d  i n  L a t e  

J u r a s s i c  o r  E a r l y  C r e t a c e o u s  t i m e  l e a v i n g  i n t e r  b e d d e d  

c o n g l o m e r a t e ,  s h a l e  and  coal. 

Mesozoic i n t r u s i o n s  and  v o l c a n i c  r o c k s  a l s o  o c c u r  i n  t h e  

s t u d y  a r e a  w i t h i n  a d e f o r m e d  a s s e m b l a g e  c a l l e d  Y u k o n  

C a t a c l a s t i c  Complex (Tempelman-Kluit ,  1 9 7 8 ) .  





1.4.3 Glaciation 

Glacial features and associated chronologies for various 

parts of the study area have been reported by Lees (1934), 

Bostock (1936, 1966) , Campbell (l967), Hughes et al., (l969), 

Hughes, et al., (l972), Morison (l979), Hardy Associates (1980) 

and-Morison and Klassen (1980). Ice flow directions and 

glacial limits have been mapped on a regional scale 

(1:l 000 000) by Hughes et al. (1969) (Fig. 1.3). In addition, 

surficial geology maps are published at 1:250 000 scale for 

Glenlyon (105L) (Campbell, 1967) and at 1:100 000 scale for 

Packers Mountain and Anticline Mountain (105E) (Morison and 

Klassen, 1980). 

Four glacial advances are postulated for central Yukon 

Territory (Bostock, 1966) and are named informally from oldest 

to youngest as Nansen, Klaza, Reid and McConnell. Although 

details of chronology are sketchy the following tentative dates 

have been published (Tarnacai et al., 1985) as follows; 

Pre-Reid (Klaza and Nansen) (0.12-1.2 Ma), Reid (80-120 ka) , 
and McConnell (14-30 ka). 

Ice flowed northwestward during each advance down the 

Yukon valley north of Carmacks and was less extensive with each 

glaciation (Fig. 1.3). 



F i g u r e  1 . 3  Glacia l  l i m i t s  i n  t h e  s t u d y  area. 

Source :  Hughes e t  a l . ,  1969.  
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1 , 4 , 3 , 1  Pre-Reid G l a c i a t i o n s  (0.12-1.2 M a )  

The l i m i t  o f  g l a c i a l  advance  d u r i n g  B o s t o c k ' s  (1966) Klaza  

and  Nansen g l a c i a t i o n s  ( c a l l e d  h e r e  t h e  pre-Reid  g l a c i a t i o n s )  

were  d e r i v e d  from e x p o s u r e s  o f  b o u l d e r  c l a y  i n  Nansen Creek and 

K l a z a  R i v e r  i n  Carmacks map a r e a  (Bos tock ,  1 9 6 6 ) .  T i l l  below 

t h e  S e l k i r k  v o l c a n i c s  and s t r i a e  on  b a s a l t  f l o w s  were i n f e r r e d  

t o  r e s u l t  f rom two g l a c i a t i o n s  o l d e r  t h a n  t h e  Reid.  Subsequent  

w o r k e r s  have n o t  s u b d i v i d e d  t h e  two g l a c i a t i o n s  i n  Mayo and 

McQuesten map a r e a s  but  have  t r e a t e d  them as pre-Reid  advances  

( F o s c o l o s  e t  a l . ,  1977;  Hughes e t  a l . ,  1969;  T a r n a c a i  e t  a l . ,  

1.4.3.2 Re id  G l a c i a t i o n  (80-120 ka) 

D u r i n g  t h e  Reid a d v a n c e  g l a c i a l  ice e x t e n d e d  down t h e  

Yukon R i v e r  V a l l e y  t o  a b o u t  F o r t  S e l k i r k  (Hughes e t  a l . ,  1 9 6 9 ) .  

The t y p e  a r e a  o f  t h e  Reid  Mora ine  is a t  Reid Lakes  i n  McQuesten 

map a r e a  (Bos tock ,  1966,  p. 2 ) .  D r i f t  was d e p o s i t e d  i n  t h e  

Yukon Rive r  v a l l e y  from i c e  c o n t a c t  e n v i r o n m e n t s  and outwash 

v a l l e y  t r a i n s .  The h i g h e s t  outwash  a d j a c e n t  t o  hummocky d r i f t  

s u r f a c e  is r e f e r r e d  t o  i n f o r m a l l y  as  t h e  'Reid t e r r a c e n .  I ts  

most u p s t r e a m  l i m i t  is n e a r  McGregor Creek  where t h e  t e r r a c e  is  

a d j a c e n t  t o  v e r y  hummocky knob-and-ke t t l e  topography .  

T r i b u t a r y  t e r r a c e s  c o r r e s p o n d i n g  t o  t h e  presumed v a l l e y  

f i l l  of  d r i f t  were b u i l t  up  a l o n g  c r e e k s  on  b o t h  s i d e s  of t h e  
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r i v e r  from m e l t w a t e r  s t r e a m s .  Remnants of t h e s e  t e r r a c e s  a r e  

p r e s e r v e d  on  McGregor Creek ,  McCabe Creek ,  Von Wilczek Creek,  I 
W i l l i a m s  Creek and Hoochekoo Creek .  

A l o e s s  c o v e r e d ,  l o w - l e v e l  v a l l e y  t r a i n  downst ream o f  

M i n t o  c o n t a i n s  v e n t i f a c t s  a n d  i s  i n t e r p r e t e d  t o  b e  a  

r e c e s s i o n a l  outwash  o f  Reid G l a c i a l  r e t r e a t .  

1.4.3.3 McConnell G l a c i a t i o n  (14-30 ka )  

The McConnell advance  was t h e  l a s t  major  g l a c i a t i o n  o f  

c e n t r a l  Yukon T e r r i t o r y .  The t y p e  a r e a  o f  McConnell  Moraine is  

i n  S t e w a r t  R i v e r  v a l l e y  w e s t  o f  Mayo ( B o s ~ o c ~ ,  1966,  p. 1; 

McConnel l ,  1903,  p. 42A). I ts  d e p o s i t s  a r e  t h e  f r e s h e s t  and 

b e s t  p r e s e r v e d  o f  a l l  t h e  P l e i s t o c e n e  g l a c i a t i o n s .  Glacial  

limits can be traced on a i r  p h o t o g r a p h s  o v e r  Carmacks map a r e a  

as  a d i s t i n c t i v e  d i g i t a t e  marg in  i n v a d i n g  v a l l e y s  and  wrapping 

a r o u n d  h i l l  s i d e s .  

The C o r d i l l e r a n  i c e  s h e e t  o f  t h e  McConnell  advance  h a s  

b e e n  d i v i d e d  i n t o  two l o b e s  by Wheeler  (1961)  and Campbell  

( 1 9 6 7 ) .  T h e  C a s s i a r  l o b e ,  w i t h  s o u r c e  a r e a s  i n  C a s s i a r  

Mounta ins ,  f lowed i n  a n o r t h w e s t  d i r e c t i o n  down Yukon Rive r  

v a l l e y  (Campbell ,  1967,  p .  22) w h i l e  Selwyn l o b e  f lowed more 

w e s t e r l y  from a source area i n  Selwyn Mounta ins .  The C a s s i a  

l o b e  a n d  Selwyn l o b e  were s e p a r a t e d  by t h e  P e l l y  Mounta ins  

(Hughes e t  a l . ,  1969,  p. 2 ) .  The Cassiar l o b e  p r o b a b l y  had  t h e  

g r e a t e r  e f f e c t  o n  t h e  s u r f i c i a l  geo logy  i n  t h e  s t u d y  a r e a .  

A s t a g n a n t  ice f e a t u r e  of t h e  l a s t  advance  i n  Yukon Rive r  



v a l l e y  n e a r  Carmacks is w e l l  p r e s e r v e d  and  l a r g e l y  unreworked I 
by  Yukon R i v e r  or t r i b u t a r i e s .  I t  c o n s i s t s  of hummocky g l a c i a l  I 
a n d  g l a c i o f l u v i a l  d e p o s i t s  w i t h  c r e v a s s e  f i l l i n g s  and k e t t l e s  i 
e x t e n d i n g  f rom t h e  N o r d e n s k i o l d  R i v e r  v a l l e y  28 km downstream I 

t o  Yukon C r o s s i n g .  T h i s  d e a d  i c e  f e a t u r e ,  r e c o g n i z e d  by  

Campbe l l  ( l 9 6 7 ) ,  i s  c o r r e l a t e d  w i t h  t h e  n o r t h w e s t w a r d  s l o p i n g  

mora4ne  r i d g e  on  t h e  ea s t  wal l  o f  t h e  v a l l e y .  The Yukon R i v e r  

may h a v e  f l owed  i n  t h i s  n o r t h  t r e n d i n g  v a l l e y  p r ior  t o  t h e  l a s t  

g l a c i a t i o n  (Owen, 1 9 5 9 ~ ) .  

McConnell  i c e  a p p e a r s  t o  h a v e  dammed t h e  c o n f l u e n c e  o f  

T a t c h u n  R i v e r  r e s u l t i n g  i n  d e p o s i t i o n  o f  g l a c i o l a c u s t r i n e  s i l ts  

u p  t o  58 m a b o v e  r i v e r  l e v e l .  Two f r e s h  l o o k i n g  t i l l s ,  

b e l i e v e d  t o  b e  o f  McConnell  a g e ,  a re  exposed  n e a r  t h e  mouth o f  

T a t c h u n  R i v e r  i n d i c a t i n g  t h e  p r e s e n c e  o f  g l a c i a l  ice i n  t h e  

v a l l e y .  One o f  t h e s e  t i l ls ,  e x p o s e d  be tween  g r a v e l s  downstream 

o f  t h e  r i v e r  mouth (Dawson, 1 8 8 9 ,  p .  1 4 4 )  is p i n k .  A g r e y  

till, a l s o  f r e s h  l o o k i n g ,  was n o t e d  by B o s t o c k  (1966 ,  p .  4 )  i n  

a n e a r b y  g r a v e l  p i t .  The  r e l a t i o n s h i p  o f  t h e s e  t i l l s  is  

u n r e s o l v e d .  

A b r o a d  v a l l e y  t r a i n  e x t e n d s  f rom t h e  McConnel l  l i m i t  a t  

l e a s t  as f a r  a s  Minto.  I t  is r e f e r r e d  t o  a s  t h e  "McConnell 

terracen t r a c e a b l e  f rom t h e  e n d  m o r a i n e  n e a r  Yukon C r o s s i n g  t o  

McCabe Creek ( F i g .  1 . 3 ) .  O t h e r  o u t w a s h  t e r races  be low t h e  

"McConne l l  ter race"  e x t e n d  o n  b o t h  s i d e s  o f  t h e  v a l l e y  a t  

h i g h e r  g r a d i e n t s  t h a n  t h e  p r e s e n t  r i v e r  s u r f a c e  i n  a s h i n g l e  

l i k e  f a s h i o n .  

Dur ing  d e g l a c i a t i o n  C a s s i a r  l o b e  ice r e t r e a t e d  sou thward  



in Whitehorse map area (Wheeler, 1961) and is believed to have 

retreated similarly in the study area. Selwyn lobe ice, 

although thinning during deglaciation, invaded areas previously 

occupied by the retre.ating Cassiar lobe (Hughes et al., 1969) 

complicating the geomorphological record. For example, in 

Glenlyon map area (Campbell, 1967, p. 25) Selwyn lobe ice 

invaded Little Salmon River valley after the Cassiar lobe 

retreated to the south. Proglacial lakes fed by melting ice 

were established along portions of the study area with outlets 

draining to the north or northwest and dammed by ice to the 

south. During Holocene time many of these lakes were drained 

and the beds incised by streams creating high silt terraces. 

1.4.4 Climate 

1.4.4.1 Present Climate (last 34 years) 

The present climate is continental with long cold winters 

and short warm summers. It is classified by Thomas (1975) as 

boreal from the presence of spruce, fir, larch, poplar, and 

mountain ash. Foscolos et al. (1977) refer to the present 

climate more specifically as subarctic semiarid. 

Records of temperature and precipitation in the study area 

have been compiled for Carmacks since 1951 (Environment Canadat 

1981). Mean annual temperature at Carmacks is -So C with mean 

annual precipitation of 247 mm (Oswald and Senyk, 1977). 
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l , 4 . 4 . 2  Q u a t e r n a r y  C l i m a t e  ( l a s t  m i l l i o n  years) 

T h e  c l i m a t e  d u r i n g  t h e  Q u a t e r n a r y  h a s  b e e n  i n f e r r e d  

( F o s c o l o s  e t  a l . ,  1 9 7 7 )  f r o m  p e d o l o g i c a l  a n d  g e o m o r p h i c  

e v i d e n c e  d e r i v e d  from t h e  ou twash  and  d r i f t  o f  pre-Reid ,  Reid 

a n d  McConnell  a g e  i n  t h e  Mayo and  McQuesten map a r e a s .  A humid 

p e r i o d  f o l l o w e d  pre-Reid  g l a c i a t i o n  l e a d i n g  t o  t h e  deve lopment  

o f  L u v i s o l s .  I n t e n s e l y  c o l d  d r y  p e r i o d s  g a v e  r i s e  t o  s a n d  

wedge f o r m a t i o n  by t h e r m a l  c r a c k i n g  o r  d e s s i c a t i o n  d u r i n g  t h e  

R e i d  and  McConnell  g l a c i a t i o n s .  B r u n i s o l s  d e v e l o p e d  a f t e r  t h e  

R e i d  and  McConnell  a d v a n c e s ,  i n d i c a t i n g  a  more humid c l i m a t e .  

C l i m a t i c  r e c o n s t r u c t i o n  o f  t h e  l a s t  30,000 y e a r s  based  o n  

p a l y n o l o g y  a t  " A n t i f r e e z e  Pond", 230 km west o f  Yukon C r o s s i n g ,  

( R a m p t o n ,  1 9 7 1 )  s u g g e s t s  t h a t  p r e c i p i t a t i o n  h a s  i n c r e a s e d  

during t h e  l a s t  6000 y e a r s  and  t h a t  t r e e  l i n e  f l u c t u a t i o n s  have  

o c c u r r e d .  Logs i n  a l l u v i a l  f a n  g r a v e l s  were found a t  l e a s t  1 0 0  

f e e t  above  modern tree l i n e .  A sample  was d a t e d  a t  5250+130 - y r  

BP (GSC-718; Lowdon a n d  B l a k e ,  1 9 6 8 ) .  S t u m p s  p r o t r u d i n g  

t h r o u g h  White  R i v e r  Ash were found up t o  200 f e e t  above modern 

t r ee  l i n e .  

1.4.4.3 L a t e  Holocene  climate ( l a s t  2000 years) 

C l i m a t i c  c h a n g e s  f o r  t h e  L a t e  Holocene  were i n f e r r e d  from 

p a l y n o l o g y  and  s e d i m e n t  t y p e  f o r  t h e  l a s t  2000 y e a r s  ( ~ o u r g e o i s  

a n d  G e u r t s ,  1 9 8 4 )  f o r  a t r i b u t a r y  of Duke R i v e r ,  1 8 0  km 

s o u t h w e s t  of  Carmacks. T h r e e  p o l l e n  z o n e s ,  f rom cores t a k e n  
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from Volcano Creek and Grizzly Creek, were established: the 

first and third zones (zone I and 111) suggest climatic 

conditions similar to the present. The second zone (zone 11) 

suggests a slightly drier and warmer climate due to the amount 

of loess, increase in Artemesia, and decrease in Pinus. 

Zone I and I11 have high spruce values and Zone I1 has 

decreasing spruce values in pollen samples. 

The effect of volcanic eruptions on temperature changes 

due to increased albedo is discussed by Bray (1979). He 

concluded that temperatures decrease following ash deposition 

from 0.07O to 0.41•‹C which persist for several decades. 

A 400-year tree-ring chronology from a site along Dempster 

Highway in Ogilvie Mountains (370 km north of Carmacks) has 

been used to extend past temperature variations beyond the 

Dawson City records (beginning at 1902) (Jacoby and Cook, 

1981). They infer a warmer period in the late 1700's (p. 414) 

and a drop in temperature in the mid-1800's followed by 

Northern Hemisphere warming. 

Tree ring evidence on spruce (Rampton, 1971) indicates   OF 

cooler temperatures during the 200 years prior to 1940. 

Climatic changes during the last 300 years inferred from 

data on 1% production rates and tree ring widths has been 

reported by Stuiver (1980) . 

1.4.5 Vegetation 

The study area lies in the boreal forest of Oswald and 



Senyk (1977). Vegetation on floodplains and islands is mainly 

white spruce (Picea glauca) , balsam poplar (Populus 

balsamini •’era) , aspen (Populus tremuloides) , willow (Salix 

sp.) , birch (Betula papyrifera) and alder (Alnus crispa) with 

an understory of prickly rose (Rosa acicularis) , horsetail and 

mosses. Lodgepole pine (Pinus) is found on dry terraces. 

Grasses and sagewor t (Ar temesia f r igida) occur on southerly 

facing terrace slopes. 

1.4.6 Soils 

Floodplain soils are classified as Cumulic Regosols and 

are found adjacent to the Yukon River where they are associated 

with Brunisols (Clayton et al., 1977). These soils are found 

in the subarctic climate of Yukon Valley and arctic climate of 

Mackenzie Delta. 

Older soils have been studied most recently north of the 

study area but in a similar setting by Tarnacai et al. (1985). 

Previous pedological studies include that of Foscolos et al. 

(1977) and Rutter (1970). The McConnell soils which formed 

during the last 14 000 years are weakly developed. The Reid 

soils have moderate chemical weathering, exhibit frost 

shattered fragments and common occurrence of ventifacts. 

Pre-Reid soils have strong chemical weathering, well developed 

clay skins, common ventif act occurrences on surface and 

oriented stones. 



1-4.7 Hydrology 

The d r a i n a g e  area o f  t h e  Yukon R i v e r  above  Carmacks is 

81 ,800  km2. The t r u n k  stream is  t h e  n o r t h w e s t  f l o w i n g  Yukon 

R i v e r  a n d  t h e  m a i n  t r i b u t a r i e s  a r e  B i g  Sa lmon  a n d  T e s l i n  

R i v e r s .  The Yukon R i v e r  i t s e l f  is t h e  f i f t h  l a r g e s t  s y s t e m  i n  

~ o r t h  America w i t h  mean a n n u a l  d i s c h a r g e  o f  2360 m 3 / s  a t  t h e  

I n t e r n a t i o n a l  Boundary ( H y d r o l o g i c a l  A t l a s  o f  Canada,  1 9 7 8 ) .  

The l e n g t h  o f  t h e  Yukon R i v e r  f rom Marsh Lake t o  t h e  B e r i n g  Sea  

is 3600 km. T o t a l  d r a i n a g e  a r e a  i s  845,000 km2. 

The Yukon R i v e r  a t  Carmacks p e a k s  d u r i n g  t h e  summer ( J u n e ,  

J u l y ,  A u g u s t )  f e d  b y  m e l t i n g  snow a c c u m u l a t e d  d u r i n g  t h e  

w i n t e r .  H y d r o g r a p h s  i n d i c a t e  a r a p i d  r i s e  i n  r i v e r  l e v e l  

f o l l o w e d  b y  a g e n t l e  d e c l i n e  a f t e r  t h e  p e a k  (Appendix  I ) .  

Discharges at Carmacks are  summarized i n  T a b l e  1.1. 



m3/s 

Mean a n n u a l  d i s c h a r g e  746 

Mean a n n u a l  f l o o d  1960 

5-year  f l o o d  2410 

100 -yea r  f l o o d  3650 

200-year  f l o o d  3970 

Maximum d a i l y  d i s c h a r g e  3600 

Maximum i n s t a n t a n e o u s  d i s c h a r g e  5070 

S o u r c e :  Env i ronmen , t  Canada .  S t a g e - D i s c h a r g e  T a b l e .  S u r f a c e  

Water Data, Yukon and N o r t h w e s t  T e r r i t o r i e s ,  1 9 8 3 -  

R e c o n n a i s s a n c e  scale f l o o d  r i s k  a n d  ice jam s t u d i e s  o f  t h e  

Yukon R i v e r  b a s i n  were  c a r r i e d  o u t  on  b e h a l f  o f  Envi ronment  

C a n a d a  ( F e n n c o  C o n s u l t a n t s ,  1 9 7 4 ;  underwood M c L e l l a n  L t d . ,  

1 9 8 3 ;  a n d  G e r a r d ,  1 9 8 4 ) .  T h e s e  r e p o r t s  o u t l i n e  areas o f  f l o o d  

h a z a r d s .  
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1.4.7.1 R i v e r  Channe l  Changes  ( s h o r t  t e r m )  

The  e a r l i e s t  r e s e a r c h  o n  r i v e r  c h a n n e l  c h a n g e s  o f  t h e  

Yukon R i v e r  is  t h a t  by E a r d l e y  ( 1 9 3 8 ) .  H e  r e p o r t e d  o n  l a t e r a l  

m i g r a t i o n  o f  a  wide meander b e l t  i n  t h e  lower Yukon R i v e r  i n  

A l a s k a .  H i s  c h r o n o l o g y  was b a s e d  o n  t r e e  d i a m e t e r  f rom a 

wooded s c r o l l e d  f l o o d p l a i n .  H e  c o n c l u d e d  f r o m  c a l c u l a t e d  

m i g r a t i o n  r a t e s  t h a t  t h e  Yukon c o u l d  m i g r a t e  a c r o s s  t h e  f u l l  1 0  

m i l e  w i d t h  o f  t h e  v a l l e y  i n  1000  y e a r s .  

More r e c e n t l y  s h o r t  term ( a b o u t  20 y e a r s )  c h a n g e s  were 

e s t a b l i s h e d  f o r  Water S u r v e y  o f  Canada s t a t i o n s  a l o n g  Yukon 

R i v e r ,  Yukon T e r r i t o r y  as p a r t  o f  a p r o j e c t  on  geomorphology 

a n d  h y d r o l o g y  o f  Yukon R i v e r  d r a i n a g e  b a s i n  ( N o r t h w e s t  

H y d r a u l i c s ,  1 9 7 5 )  . T h e s e  c h a n g e s  i n c l u d e d  s c o u r  a r o u n d  a 

b r i d g e  p i e r  which was constructed i n  1957 a t  Carmacks. 

S t u d i e s  o f  r i v , e r  c h a n n e l  c h a n g e s  f o r  o t h e r  r i v e r s  o f  t h e  

same o r d e r  o f  d i s c h a r g e  i n c l u d e  Squamish R i v e r  ( S i c h i n g a b u l a ,  

1 9 8 5 )  and  t h e  M i s s o u r i  R i v e r  ( H a l l b u r y  e t  a l . ,  1 9 7 9 ) .  The 

Squamish  R i v e r  h a s  m i g r a t e d  a t  o n e  meander  bend  450 m o v e r  t h e  

t i m e  i n t e r v a l  o f  a i r p h o t o s  (1948-1984) .  The M i s s o u r i  R i v e r  h a s  

m i g r a t e d  up  t o  2.5 km d u r i n g  t h e  i n t e r v a l  f rom 1890 t o  1923  a t  

a bend n e a r  t h e  c o n f l u e n c e  o f  t h e  P l a t t e  R i v e r .  Few s t u d i e s  

h a v e  b e e n  c a r r i e d  o u t  o n  s h o r t  term m i g r a t i o n  r a t e s  o f  n o r t h e r n  

r i v e r s .  The a n n u a l  m i g r a t i o n  r a te  o f  t h e  Noatak R i v e r  f l o w i n g  

i n  p e r m a f r o s t  c o n d i t i o n s  i n  A l a s k a  -is 1 . 5  t o  3  metres p e r  y e a r  

( K r e i g  and  Reger ,  1982) .  
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1.4.7.2 R i v e r  Channel  Changes ( l o n g  term) 

Long term r i v e r  c h a n n e l  c h a n g e s  r e l a t e d  t o  g l a c i a t i o n  and 

l a v a  f l o w s  i n  t h e  Yukon T e r r i t o r y  h a v e  b e e n  documented  by 

Hughes e t  a l .  (1972) ,  Thomas and Rampton ( 1 9 8 2 ) ,  Bos tock  (1936, 

p.  8-11, 4 7 ) ,  Bostock and Lees  (1938,  p.  4 -5 ) ,  B a i r d  (1964) and 

O w e n s  (1959) .  A p o s t u l a t e d  r e s t o r a t i o n  o f  t h e  p r e g l a c i a l  Yukon 

R i v e r  i s  g i v e n  by Rodd ick  ( 1 9 6 7 ) .  H i g h - l e v e l  v a l l e y s  i n  

Laberge  map a r e a  occur  a t  2700 t o  3000 f e e t  e l e v a t i o n  o f  which 

o n e  v a l l e y ,  e x t e n d i n g  from Lake Laberge  t o  Mandanna Creek ,  may 

have  been t h e  o r i g i n a l  c o u r s e  o f  Yukon R i v e r  (Bos tock  and Lees ,  

1938,  p .  4 ) .  I n  Carmacks map a r e a  a n  e a r l i e r  v a l l e y  o f  t h e  

Yukon l i e s  n o r t h  o f  Min to  a l o n g  t h e  r o u t e  o f  t h e  Klond ike  

Highway t o  S t e w a r t  R i v e r  ( B o s ~ o c ~ ,  1 9 4 8 ,  p .  6 2 ) .  F a r t h e r  

downstream b u t  s t i l l  i n  Carmacks map a r e a  t h e  p r e s e n c e  o f  f l o w s  

o f  S e l k i r k  v o l c a n i c s  i n  t h e  bot tom o f  v a l l e y s  s u g g e s t  t h a t  t h e  

p r e s e n t  topography was e s t a b l i s h e d  a t  t h e  t i m e  o f  l a v a  f low.  

V o l c a n i c  f l o w s  o p p o s i t e  F o r t  S e l k i r k  dammed r i v e r s  and f o r c e d  

t h e  Yukon t o  c u t  across a s p u r  o f  i t s  fo rmer  v a l l e y  ( B o s ~ o c ~ ,  

1936 ,  p.  4 7 ) .  

Owen ( 1 9 5 9 ~ )  s u g g e s t e d  t h a t  t h e  Yukon R i v e r  p r e v i o u s l y  

o c c u p i e d  t h e  c e n t r e  of t h e  v a l l e y  west o f  F i v e  F i n g e r  Rapids  

now o c c u p i e d  by decay ing  i c e  d e p o s i t s .  A s  a r e s u l t  t h e  Yukon 

was f o r c e d  t o  c u t  a new c h a n n e l  on  t h e  e a s t e r n  s i d e  o f  t h e  

v a l l e y ,  p a r t l y  th rough  bedrock .  O t h e r  d i v e r s i o n s  r e l a t e d  t o  

g l a c i a t i o n  a r e  t h e  d i v e r t i n g  o f  Big  Creek i n t o  a bedrock  canyon 

s o u t h w e s t  o f  M i n t o  ( p e r s .  comm., D. Tempe lman-Klu i t )  . The 
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p r e v i o u s  c o u r s e  was t h r o u g h  t h e  more d i r e c t  r o u t e  t o  t h e  eas t .  

Merrice Creek  and  C r o s s i n g  Creek  h a v e  b e e n  s i m i l a r l y  d i v e r t e d  

( B o s ~ o c ~ ,  1 9 3 6 ,  p .  11). A n o t h e r  example  o f  stream c a p t u r e  was 

n o t e d  by B o s t o c k  i n  T a t s h e n s h i n i  R i v e r  v a l l e y  ( C o u t t s ,  1980 ,  

p .  2 1 1 ) .  T h e  t r i b u t a r y ,  P i r a t e  C r e e k ,  h a d  c a p t u r e d  t h e  

h e a d w a t e r s  o f  Robbed Creek .  A n o t h e r  example  o f  stream c a p t u r e  

was ' g i v e n  by B o s t o c k  (Hughes ,  1 9 8 3 ,  pers. c o m m . )  where  P i r a t e  

C r e e k  a n d  T o n s u r e  C r e e k s  i n  M c Q u e s t e n  map a r e a  h a v e  b e e n  

a l t e r e d  b y  g l a c i a t i o n .  

T h e  K l o n d i k e  R i v e r ,  a t r i b u t a r y  o f  t h e  Yukon ,  f l o w e d  

s o u t h e a s t  p r i o r  t o  g l a c i a t i o n  (Hughes  e t  a l . ,  1 9 7 2 ) .  I t s  
i 
! 
, 
I 

c o u r s e  was b l o c k e d  by  g l a c i a l  i ce  o f  t h e  e a r l i e s t  g l a c i a t i o n  

d i v e r t i n g  t h e  d r a i n a g e  t o  t h e  o p p o s i t e  d i r e c t i o n  (Thomas and  

R a m p t o n ,  1 9 8 2 ) .  O t h e r  e x a m p l e s  o f  r i v e r  c h a n n e l  c h a n g e s  

related to glaciation in the Yukon River d r a i n a g e  b a s i n  c a n  be 

i n f e r r e d  f rom t h e  meltwater c h a n n e l s  shown o n  t h e  g l a c i a l  map 

o f  c e n t r a l  Yukon T e r r i t o r y  (Hughes  e t  a l . ,  1 9 6 9 ) .  
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1.5 The Reaches 

Three reaches were selected from the area covered by the 

east lobe of the White River Ash where the tephra is more than 

10 cm thick (using the isopach maps of Bostock (1952) and 

Lerbekmo et al. (1975)). These reaches provide a range of 

planforms from multichannel, single channel, straight to 

winding channel. 

The limit of the last advance (McConnell) separates the 

reaches with and without meanders. The winding reaches are in 

the most recently glaciated area. 

The geomorphology, surficial geology and channel 

characteristics of each reach is described. 

1.5.1 Hootalinqua - Big Salmon Reach 

This reach extends, along the centreline of the river, 

from 14 km downstream of Hootalinqua- to 12 km below Big Salmon 

(Fig. 4.1 in pocket), The total reach length is 44 km and the 

river surface drops about -20 m -in this distance giving an 

average water surface slope of 0.00047. 

A single winding channel predominates though it is 

interrupted by a few islands particularly at Cassiar Bar and 

downstream from Big Salmon River. Four subreaches based on 

channel geometry and terraces are: (1) a 21 km long meander 

belt with terraces 30 to 100 m above river level, (2) a 10 km 
-) 

single channel stretch with terraces below 100 m, (3) a 10 km 
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m o d e r a t e l y  s i n u o u s  m u l t i c h a n n e l  s t r e t c h  w i t h  40 and  66 m h i g h  

g l a c i o l a c u s t r i n e  t e r r a c e s ,  and  ( 4 )  a 7  km meander b e l t  w i t h  

s c r o l l e d  a l l u v i a l  p l a i n s  below 1 0  m and  outwash above  1 5  m. 

Channe l  w i d t h  a v e r a g e s  200 m and  v a r i e s  be tween  75 m and  

3 0 0  m w i d e n i n g  n e a r  t h e  B ig  Salmon R i v e r  c o n f l u e n c e .  The 

v a l l e y  i s  1 . 5  t o  3.5  km wide  a n d  h a s  a n  a v e r a g e  s l o p e  o f  

0.0008. Bend r a d i u s  v a r i e s  from 200 m t o  800 m i n  t h e  u p s t r e a m  

meander  b e l t  where  t h e  s i n u o s i t y  i n d e x  is 2.24. 

1.5.2 E a g l e ' s  N e s t  B l u f f  - Carmacks Reach 

T h i s  r e a c h  l i e s  i n  a  w e s t - n o r t h w e s t e r l y  t r e n d i n g  v a l l e y  

downs t r eam f rom E a g l e ' s  N e s t  B l u f f  t o  Carmacks ( F i g .  4.2 i n  

p o c k e t )  a n d  c o n t i n u e s  i n  a  n o r t h w e s t  t r e n d i n g  v a l l e y .  The 

r e a c h  is  68  km l o n g ,  a l o n g  the centreline; and between 100 and 

275  m wide .  

A m e a n d e r  b e l t  2 . 5  t o  3  km w i d e  i s  e n t r e n c h e d  i n  

r e c e s s i o n a l  ( r e t r e a t a l )  ou twash  t e r r a c e s  6  t o  20 m above  r i v e r  

l e v e l  i n  t h e  f i r s t  40 km and  e n t r e n c h e d  i n  ice c o n t a c t  v a l l e y  

f i l l  w i t h  knob-and-ke t t l e  t opography  up t o  a b o u t  1 0 0  m above  

t h e  r i v e r  f o r  t h e  l a s t  28 km. M u l t i p l e  p o i n t  b a r s  o c c u r  

d o w n s t r e a m  f r o m  b e n d  a p i c e s  a n d  n e a r  t h e  c o n v e x  b a n k .  

F l o o d p l a i n s  h a v e  meander  scrol ls  a n d  a r c u a t e  p a t t e r n s  a l o n g  

s h o r t  s t r a i g h t  c h a n n e l s .  

The r i v e r  i s  i n c i s e d  i n  g l a c i a l  and  g l a c i o f l u v i a l  d e p o s i t s  

a n d  p o s t g l a c i a l  a l l u v i u m .  T h e  h i g h e s t  t e r r a c e  r e m n a n t s  

c o i n c i d e  w i t h  t h e  610 m (2000  f t )  c o n t o u r .  T h e s e  h i g h e s t  
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terraces  a r e  a s s o c i a t e d  w i t h  k n o b - a n d - k e t t l e  topography and 

c o i n c i d e  a p p r o x i m a t e l y  w i t h  h a n g i n g  g l a c i a l  d e l t a s .  Above t h i s  

l e v e l  abandoned m e l t w a t e r  c h a n n e l s  form a n o r t h w e s t  d r a i n a g e  

p a t t e r n  u p  t o  760 m (2500 f t ) .  

B r a i d e d  c h a n n e l  p a t t e r n s  a r e  e v i d e n t  o n  a i r p h o t o s  

downst ream o f  Mandanna Creek  v a l l e y  i n  a n o r t h e r l y  p r o g r a d i n g  

fan: G r a v e l  domina ted  f l u v i a l  d e p o s i t s  and  t i l l  form v a l l e y  

fill t h e  d e p t h  o f  which ( f rom b o r e h o l e  and  seismic s u r v e y s ;  

Hardy A s s o c i a t e s ,  1980)  is u p  t o  110  m and  a s  wide a s  1000 m e  

The s i n u o s i t y  i n d e x  is h i g h  f o r  t h e  s t u d y  a r e a  (1.85)  b u t  

n o t  a s  h i g h  as  l o c a l  s i n u o s i t y  i n  t h e  u p s t r e a m  sub- reach  o f  

K l o n d i k e  Bend (2 .24) .  The r i v e r  s u r f a c e  s l o p e  a v e r a g e s  0.00041 

a n d  t h e  v a l l e y  s l o p e  is 0.001. 

1.5.3 R i n k  R a p i d s  - M i n t s  R e a c h  

T h i s  downstream r e a c h  e x t e n d s  f rom Rink R a p i d s  t o  Minto i n  

a n o r t h w e s t  t r e n d i n g  v a l l e y  ( F i g .  4 .3  i n  p o c k e t ) .  The main 

c h a n n e l  i s  50 km l o n g  a n d  d i v i d e d  by  n u m e r o u s  m i d c h a n n e l  

i s l a n d s  i n  a l o w  s i n u o s i t y  (1 .13)  anas tomosed  r e a c h .  B a r s  

wh ich  a r e  v e g e t a t e d ,  i n c l u d e  examples  o f  c r e s c e n t i c ,  m e d i a l ,  

a n d  l a t e r a l  b a r  t y p e s .  

Yukon R i v e r  is e n t r e n c h e d  i n  McConnell  a g e  ou twash  p l a i n s  

for  most o f  t h e  r e a c h  w i t h  Re id  a g e  d r i f t  a t  t h e  downstream end 

(Hughes e t  a l . ,  1~969;  1 9 7 2 ) .  C h a n n e l s  p i n c h  and  swel l  w i t h  

n o d e s  ( p i n c h e s )  a t  b e d r o c k  a n c h o r e d  w a l l s  and  swells where t h e  

c h a n n e l  b i f u r c a t e s  a r o u n d  m i d c h a n n e l  i s l a n d s .  The g l a c i a l  
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h i s t o r y  o f  t h e  v a l l e y  d i f f e r s  f rom t h e  o t h e r  two r e a c h e s  which 

were l a s t  g l a c i a t e d  by McConnel l  ice .  The McConnell l i m i t  

e x t e n d e d  t o  Yukon C r o s s i n g  (Hughes e t  a l . ,  1969)  w i t h  a t h i c k  

v a l l e y  ou twash  s l o p i n g  f rom 93 m above  r i v e r  l e v e l  ( a b o u t  580 m 

e l e v . )  a t  Yukon C r o s s i n g  t o  a b o u t  30 m ( a b o u t  500 m e l e v . )  a t  

McCabe Creek .  A lower ou twash  t e r r a c e  was t r a c e d  t o  Minto 

where  i t  i s  6 m above r i v e r  l e v e l .  B e f o r e  t h e  l a s t  g l a c i a t i o n  

t h i s  p a r t  o f  t h e  v a l l e y  was b u r i e d  by Re id  i ce  t o  an  e l e v a t i o n  

o f  a b o u t  600 m b a s e d  o n  t h e  map o f  Hughes e t  a l .  (1969) .  

T e r r a c e s  6  m and  more above  r i v e r  l e v e l  a r e  g r a v e l  t o  

w i t h i n  1 m o f  t h e  t o p .  They a re  c r u d e l y  s t r a t i f i e d  and p e b b l e s  

a n d  c o b b l e s  a r e  i m b r i c a t e d .  The g r a v e l  i s  c o v e r e d  by s a n d  w i t h  

a v e n e e r  o f  loess. Sand d u n e s  o c c u r  o n  t e r r a c e s  below 1 6  m i n  

t h e  Yukon C r o s s i n g  area. T e r r a c e s  above  30 m e x h i b i t  b r a i d e d  

c h a n n e l  p a t t e r n s  d i s c e r n i b l e  an airphotos, Fans e x t e n d  from 

t h e  t r i b u t a r i e s  a n d  e n t r e n c h e d  i n  o l d e r  terrace d e p o s i t s .  

T e r r a c e s  3 m and  lower a re  s a n d ,  s i l t y  s a n d ,  s i l t  and 

o r g a n i c  l a y e r s .  V o l c a n i c  a s h  is b u r i e d  or a b s e n t .  G r a v e l  was 

o b s e r v e d  l o c a l l y  below r i v e r  l e v e l  t o  1 .5  m above  r i v e r  l e v e l .  

On i s l a n d  c u t b a n k s  t h e  s h a r p  c o n t a c t  be tween  g r a v e l  and sand  

d i p s  downstream. 
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CHAPTER TWO 

WHITE RIVER ASH 

2.1 Introduction 

Postglacial volcanic ash covers parts of British Columbia, 

Alberta, and Yukon in western Canada and adjacent northwestern 

United States (Figure 2.1) (Bostock, 1952; Powers and Wilcox, 

1964; Hanson, 1965; Nasmith et al., 1967; Westgate and 

Dreimanis, 1967; Lerbekmo et al., 1975; Souther, 1976; Clague, 

l98lb). The eruptions from which they derive are associated 

with Cordilleran volcanics in the Garibaldi, Anahim, Wrangell 

and Stikine Belts (Rogers and Souther, 1983). The ash provides 

stratigraphic markets between 6400 years BP and 1000 years BP. 

The deposition time of recent volcanic eruptions such as 

Krakatoa in 1883 and Mount Hekla in 1947 lasted only a couple 

of days. The Mount Mazama eruption may have lasted three years 

(Kittleman, 1979). Volcanic eruptions of Mount St. Helenso 

Washington during 1980 spanned about three months (Waitt et 

al., 1981). The time range of deposition shows that ashes are 

precise geologic time markers. 

The White River Ash, derives from a source in the Wrangell 

belt (Lerbekmo and Campbell, 1969; MacKevett, 1978) is 

interpreted to be a Plinian eruptive (Hanson, 1965; Downest 
i 

1985). Plinian eruptions result from extreme explosive Power 

and produce widely dispersed ash (Walker and Croasdale, 1970; 



A source of other auh beds 

F i g u r e  2 . 1  D i s t r i b u t i o n  a n d  s o u r c e s  o f  v o l c a n i c  a s h  b e d s  

y o u n g e r  t h a n  3500 y r s  BP i n  Canad ian  C o r d i l l e r a  and  

a j a c e n t  A l a s k a .  

S o u r c e :  Lerbekmo e t  a l . ,  1975 ;  S o u t h e r ,  1976;  Mathewes and  
2 

W e s t g a t e ,  1980 ,  C l a g u e ,  1981b.  



Walke r ,  1 9 8 1 ) .  P a l e o c e n e  v o l c a n i c  a s h  n e a r  Norman Wel l s ,  NWT i s  

b e l i e v e d  t o  r e p r e s e n t  P l i n i a n  e r u p t i o n s  i n  c e n t r a l  Yukon 

T e r r i t o r y  ( R i c k e t t s ,  1985 )  f rom a s imilar  s o u r c e .  

The Whi te  R i v e r  Ash is a n  e x t e n s i v e  a n d  t h i c k  C o r d i l l e r a n  

t e p h r a ;  it c o v e r s  324,000 km2 (Lerbekmo a n d  Campbel l ,  1 9 6 9 ) .  I t  

was n o t e d  by g e o l o g i s t s  a n d  s u r v e y o r s  e x p l o r i n g  t h e  Yukon i n  t h e  

l a t e  1 8 0 0 ' s  a n d  e a r l y  1 9 0 0 ' s  p a r t i c u l a r l y  a l o n g  r i v e r  c o u r s e s  

(Schwa tka ,  1 8 8 5 ;  Dawson, 1889 ;  McConne l l ,  1 8 9 0 ;  Hayes,  1892 ;  

B r o o k s ,  1900;  M o f f i t  a n d  Knopf ,  1910 ;  C a i r n e s ,  1910;  C a i r n e s ,  

1915 ;  Capps ,  1915;  L e e s ,  1 9 3 6 ,  p. 22;  J o h n s t o n ,  1 9 3 6 ,  p .  1 7 ) .  

2.2 P e t r o l o g y  

The ash is rhyodacite in composition; its c o n s t i t u e n t s  a r e  

g l a s s ,  h o r n b l e n d e , ,  h y p e r s t h e n e ,  a n d  m a g n e t i t e  (Lerbekmo a n d  

Campbe l l ,  1969;  Lerbekmo e t  a l . ,  1 9 7 5 ) .  

2.3 D i s t r i b u t i o n  a n d  Age 

The a s h  fo rms  a d i s c r e t e  w h i t e  l a y e r  o n  or n e a r  t h e  t o p  of 

s u r f  i c i a l  d e p o s i t s  e x t e n d i n g  f r o m  n e a r  t h e  K l u t l a n  Glacier  

(Lerbekmo e t  a l . ,  1 9 7 5 )  t o  t h e  h e a d w a t e r s  o f  t h e  Keele R i v e r  

some 720 km t o  t h e  e a s t  (Capps, 1 9 1 5 ) .  T r a c e s  of Whi t e  R i v e r  

Ash were n o t e d  n e a r  t h e  F i s h e r m a n  Lake ,  NWT some 970 km from t h e  

i 
s o u r c e  ( C h a r l e s  Schweger ,  pers. comm.  i n  Workman, 1978 ,  p .  45)  

a n d  a t  E i l d u n  Lake,  NWT 940 km f rom t h e  s o u r c e  ( S l a t e r ,  I9851  



W h i t e  R i v e r  Ash was n o t e d  by G a b r i e l s e  (1985,  p e r s .  c o m m . )  n e a r  . 

B l u e  R i v e r  i n  n o r t h e r n  B r i t i s h  Columbia .  G. M. MacDonald no t ed  

W h i t e  R i v e r  Ash 1 0  c m  be low t h e  top o f  a p e a t  a l o n g  t h e  N a t l a  

R i v e r ,  N o r t h w e s t  T e r r i t o r i e s    lake, 1 9 8 2 ) .  

The d i s t r i b u t i o n  was s t u d i e d  by Capps (1915)  who o u t l i n e d  

o n e  * l o b e  a n d  b y  B o s t o c k  ( 1 9 5 2 )  who r e c o g n i z e d  two d i s t i n c t  

l o b e s .  B o s t o c k  a t t r i b u t e d  t h e s e  t o  a sudden  change  i n  wind 

d i r e c t i o n  d u r i n g  o n e  e r u p t i o n  or t o  two s u r g e s  o f  t h e  same 

e r u p t i o n  d u r i n g  a g r a d u a l  wind s h i f t .  The l a r g e r  l o b e  l a y  on 

t h e  eas t  and  a second  n a r r o w  l o b e  l a y  t o  t h e  n o r t h .  A map (Fig. 

2 .2)  shows t h e  s t u d y  area i n  r e l a t i o n  t o  t h e  1 5  cm i sopach .  

O t h e r s  h a v e  m o d i f i e d  B o s t o c k ' s  i s o p a c h  map ( H a n s o n ,  1 9 6 5 ;  

Le rbekmo  a n d  C a m p b e l l ,  1 9 6 9 ;  Rampton,  1 9 6 9 ;  Hughes e t  a l . ,  

1 9 7 2 ) .  

The two l o b e s  d i f f e r  i n  a g e  as  d e t e r m i n e d  f rom r a d i o c a r b o n  

d a t e s  o n  o r g a n i c  m a t t e r  a b o v e  and  be low t h e  a s h .  The n o r t h  l o b e  

is  a b o u t  1890  y r  BP ( F e r n a l d ,  1962 ;  Lowden and  B l a k e ,  1968; 

S t u i v e r ,  1 9 6 9 ;  Hughes e t  a l . ,  1 9 7 2 ;  Lerbekmo e t  a l . ,  1975 ;  

Den ton  a n d  K a r l e n ,  1977;  B l a k e ,  1 9 8 2 ,  p .  14-15) and eas t  l o b e ,  

o f  i n t e r e s t  h e r e ,  i s  d a t e d  a s  a b o u t  1230  BP (Denton and  Kar l en ,  

1 9 7 7 ) .  Dur ing  t h i s  work a sample o f  wood from w i t h i n  a s h  1 km 

d o w n s t r e a m  o f  W i l l i a m s  C r e e k  was d a t e d  a t  1 2 1 0  - + 60 y r  BP 

(GSC-7441). 

P r e s e n t  wind d i r e c t i o n s  s u g g e s t  t h a t  t h e  eas t  l o b e  f e l l  

d u r i n g  w i n t e r  a n d  t h e  n o r t h  l o b e  d u r i n g  summer (Hanson, 1965,  P -  

27-28) .  Hanson s u g g e s t e d  t h a t  t h e  eas t  l o b e ' s  p r e s e r v a t i o n  may 

r e f l ec t  e r u p t i o n  d u r i n g  a snow f a l l  which migh t  a i d  compac t ion  
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F i g u r e  2 . 2  Isopach map o f  White River  Ash. 

* Source of White River Ash 
, V V * I V  
, " Y V Y V  
, IV IYY Ash thickness > 15cm 

Source  : Bostock ,  1952 .  



and account for preservation on slopes. 

Grain size uniformity of the east lobe ash implies a 

violent short-lived event (Hanson, 1965; ~erbekmo et al., 1975) 

characteristic of Plinian eruptions. 

2.4 Stratigraphic Position 

The ash occurs from mountain tops to valley bottoms but its 

position within other recent valley deposits, particularly 

floodplains, is discussed to show how it fits in with fluvial, 

eolian and organic deposits. 

White River Ash is locally overlain by fluvial deposits of 

silt and sand particularly on floodplains. On high terraces it 

is overlain by eolian deposits and recent soils, In Beaadeash 

map area, 170 km so,uth of Carmacks, wind blown soil up to 0.6 m 

thick covers the ash (Kindle, 1952). 

Buried organic accumulations including peat occur locally 

above the ash (Moff it and Knopf, 1910). Ash is well preserved 

on level ground and on slopes up to 40•‹ (Lerbekmo and Campbell, 

1969). 

Lees (1936) noted the ash about 1 m above river level along 

part of Teslin River. Dawson (1889) noted the ash along Pelly 

River and Yukon River where in one place it is underlain by 

undecayed logs and a few feet of sand'. Bostock (1952, p. 37) 

noted ash on two islands beyond the study area; one island is 

near the mouth of Selwyn River and the other is a few kilometers 

above the mouth of White River. 



CHAPTER THREE 

METHODS 

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

The  s t u d y  a r e a  was d e l i m i t e d  t h r o u g h  a  l i t e r a t u r e  rev iew 

a n d  t h r o u g h  s t u d y  o f  t o p o g r a p h i c  maps f o r  r i v e r  p a t t e r n s  o f  

d i f f e r e n t  g e o m o r p h i c  s e t t i n g s .  A i r  p h o t o g r a p h s  w e r e  

i n t e r p r e t e d  a n d  c o m p i l e d  o n  1 :50  000  a n d  1:250 000 t o p o g r a p h i c  

maps. F o u r  r e a c h e s  were s e l e c t e d  f o r  f i e l d  e x a m i n a t i o n  as 

e x a m p l e s  o f  t y p i c a l  r i v e r  p l a n f o r m s  f o r  Yukon R i v e r .  The 

f u r t h e s t  downs t r eam r e a c h ,  f r o m  M i n t o  t o  F o r t  S e l k i r k ,  i n c l u d e s  

I n g e r s o l l  I s l a n d s ;  it was r e j e c t e d  b e c a u s e  o b s e r v a b l e  a s h  is 

rare .  

The  f i e l d  work was c a r r i e d  o u t  by t h e  a u t h o r  and B r i a n  

Lueck  f r o m  a f r e i g h t e r  c a n o e  b e t w e e n  J u n e  7 and August  3,  1984. 

3.2 Field Methods  

A  r e c o n n a i s s a n c e  c a n o e  t r a v e r s e  f rom Lake Laberge  to  Minto 

f a m i l i a r i z e d  u s  w i t h  t h e  r i v e r ,  i t s  a s h  a n d  t h e  c u t b a n k  

e x p o s u r e s .  

3.2.1 Traverses 

F l o o d p l a i n  t r a v e r s e s  a l l o w e d  u s  t o  map f h e  a s h  d i s t r i b u t i o n  

a n d  t h e  t h i c k n e s s  o f  p o s t - a s h  a c c r e t i o n .  T h e  f l o o d p l a i n  



i n c l u d e s  t h e  r i v e r  c h a n n e l ,  p o i n t  b a r s ,  meander  s c r o l l s ,  

s l o u g h s ,  l e v e e s  and ove rbank  d e p o s i t s  (Leopold e t  a l . ,  1964, p. 

317). The f l o o d p l a i n  i s  where  v o l c a n i c  a s h  is e roded  o r  where 

m a t e r i a l  i s  d e p o s i t e d  above  t h e  a s h ;  i t  is  n o t  a s p e c i f i c  f l o o d  

r e c u r r e n c e  i n t e r v a l  s t a g e .  Leopold  e t  a l .  (1964) s u g g e s t  a 

f l o o d  l e v e l  r e a c h e d  o n  a v e r a g e  t w o  o u t  o f  t h r e e  y e a r s  (a  

r e c u r r e n c e  i n t e r v a l  o f  1 . 5 )  i s  f o u n d  o n  w e l l - d e f i n e d  

f l o o d p l a i n s .  They a l s o  n o t e  t h a t  f l o o d p l a i n s  a r e  covered  by 

0.8 o f  t h e  mean bank h e i g h t  w i t h  a  r e c u r r e n c e  i n t e r v a l  o f  abou t  

50 y e a r s .  T h e i r  f i n d i n g s  a re  b a s e d  o n  r i v e r s  i n  s o u t h e r n  

U n i t e d  S t a t e s  and  a r e  n o t  c o n s i d e r e d  a p p l i c a b l e  t o  n o r t h e r n  

r i v e r s .  S m i t h  ( 1 9 8 0 )  h a s  d e t e r m i n e d  a n  a v e r a g e  b a n k f u l l  

d i s c h a r g e  o f  l a r g e  n o r t h e r n  r i v e r s  a t  a r e c u r r e n c e  i n t e r v a l  of 

n i n e  y e a r s .  Ths  i s  a t t r i b u t e d  t o  r i v e r  i c e  e n l a r g i n g  t h e  

c h a n n e l ;  a geomorphic  p r o c e s s  n o t  a c t i v e  i n  ~ e o p o l d ' s  r i v e r  

e x a m p l e s .  I c e  da&ing  c a n  a l so  c a u s e  f l o o d i n g .  F l o o d p l a i n s  

are d i v i d e d  i n t o  two t y p e s  a l o n g  t h e  Yukon R i v e r .  The f i r s t  is 

f l o o d p l a i n  w i t h o u t  a s h ;  formed f o l l o w i n g  e r o s i o n  o f  t h e  a s h  

l a y e r  d u r i n g  p o s t - a s h  t i m e  or formed i n  a n  a r e a  p r e v i o u s l y  

o c c u p i e d  by  t h e  r i v e r  c h a n n e l ( s )  and  t h e  s e c o n d  i s  f l o o d p l a i n  

w i t h  a s h ;  formed b o t h  b e f o r e  a n d  a f t e r  a s h  d e p o s i t i o n  ( F i g -  

3-11 The f l o o d p l a i n  is s i m p l y  t h e  z o n e  of f l u v i a l  d e p o s i t i o n  

s i n c e  a s h  d e p o s i t i o n .  

A c c r e t e d  f l o o d p l a i n  is t h e  s u r f a c e  a t t a c h e d  t o  t h e  bank, 

p o s s i b l y  a f o r m e r  i s l a n d .  F o r  a r ea  c o m p u t a t i o n s r  t o t a l  

f l o o d p l a i n  i n c l u d e s  a c c r e t e d  f l o o d p l a i n .  i s l a n d s ,  b a r s  and 

s l o u g h s .  





Soil pits were dug along chained and paced compass lines 

perpendicular to the channel to establish the ash limits. A 

soil auger was used with a depth limit of 1.8 m. Dug pits were 

limited in their maximum depths by the permafrost table; 

permafrost occurs at a 30 cm depth in the study area. Natural 

exposures along riverbanks augment the shallow pits. 

The limits of ash were plotted on airphotos (Appendix IV) 

and transferred to 1:50 000 scale topographic maps which were 

used to infer the area traversed by the river following 

eruption. 

Floodplain with ash was identified at sites if some or all 

of the sediment overlying the ash layer resembled fluvial 

deposits. Bedding and buried organic layers were interpreted 

as f luvial process indicators. Eolian deposits are massive, 

well sorted, and cohesive by contrast with the fluvial 

material. Gill (1972) differentiated eolian from fluvial 

deposits in the point bars of Mackenzie Delta by homogeneity 

and stratification. 

The relative heights of terraces adjacent to the channel 

and farther away were measured with altimeters and a level and 

1.5 m range pole. Terrace stratigraphy was studied in 

cutbanks, bare slopes, road cuts, and soil pits. ~istribution 

~ of tephra on scarps, benches and gullied surfaces was noted to 

1 permit qualitative evaluation of ash preservation and of 

1 terrace stability. r AS used here terraces are surfaces without evidence of 

post-ash flooding although dunes, organic material and soil are 



p r e s e n t  l o c a l l y .  T h i s  m a t c h e s  Leopo ld  e t  a l . ' s  (1964, p. 459) 

d e f i n i t i o n  o f  t e r r a c e s  a s  abandoned f l o o d p l a i n .  

T e r r a c e s  a r e  s u b d i v i d e d  b y  m o r p h o l o g y ,  c o m p o s i t i o n ,  

h e i g h t ,  s u r f a c e  d e p o s i t s  and  c o n t i n u i t y .  S c r o l l e d  t e r r a c e s  
(81 

show r i d g e  and  swa le  morphology.  Anastomosed t e r r a c e s  have 

i r r e g u l a r  s e c o n d a r y  c h a n n e l s  w i t h  or w i t h o u t  w a t e r  (abandoned 

or a c t i v e ) .  P a i r e d  t e r r a c e s  o c c u r  a t  t h e  same l e v e l  on b o t h  

s i d e s  o f  t h e  v a l l e y .  C h a n n e l l e d  t e r r a c e s  have c h a n n e l  s c a r s  

r e s e m b l i n g  t h e  b r a i d e d  p a t t e r n  o f  m e l t w a t e r  c h a n n e l s .  

3.1.2 V e r t i c a l  C o n t r o l  ( e l e v a t i o n s )  

V e r t i c a l  c o n t r o l  o f  t h e  r i v e r  l e v e l  was a f f o r d e d  by hand 

l e v e l l i n g  G e o d e t i c  S u r v e y  o f  Canada bench  marks  l o c a t e d  n e a r  

t h e  r i v e r  (Appendix 111). Bench marks  n o t  amenable  t o  hand 

l e v e l l i n g  were  l e v e l l e d  by a l t i m e t e r .  S u r v e y o r ' s  f i e l d  n o t e s  

( p r o v i d e d  by S u r v e y s  a n d  Mapping)  i n d i c a t e  t h e  b e n c h  mark 

p o s i t i o n  above  r i v e r  l e v e l .  The d r o p  i n  r i v e r  l e v e l  ups t r eam 

a n d  downst ream o f  F i v e  F i n g e r  R a p i d s  is 0.82 m as d e t e r m i n e d  

from t h e  s u r v e y e d  r i v e r  s u r f a c e  i n  J u l y ,  1 9 5 6  (Owens, 1 9 5 9 ~ ) .  

S u r f a c e s  l e s s  t h a n  15  m a b o v e r  r i v e r  l e v e l  were  measured by 

h a n d .  Hand l e v e l s  a re  c o n s i d e r e d  a c c u r a t e  t o  3 c m  f o r  banks  

b e l o w  3 m and  1 5  c m  for h i g h e r  b a n k s  a n d  i n l a n d  r e a d i n g s .  

S u r f a c e s  h i g h e r  t h a n  1 5  m above  t h e  r i v e r  were  measured  by 

a l t imeters  w i t h  a n  a c c u r a c y  o f  1 m. 
-, 
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3.3 Office Compilation Methods 

Morphological measurements were made from 1: 50 000 scale 

topographic maps (NTS 105E, 105L, 1151). Sinuosity, the ratio 
h 

of river centreline length to down valley distance, Was 

calculated. Meander loops were classified according to Brice's 

(1974) scheme. Bend radius was measured subjectively as the 

arc closest to the channel centreline. The procedure is 

outlined by Williams (1984). Floodplain area was measured with 

a planimeter calibrated to graph paper and checked by the grid 

method (Brinker, 1969). 

Bar type terminology follows Church and Jones (1982) (ego 

lateral bars, longitudinal bars), and Nanson and Page (19831 

(eg. concave benches). 

3.3.1 Vertical Floodplain Accumulation Diagrams 

The relationship between height of ash in floodplains and 

the vertical accretion above ash was graphed to show the 

influence of floodplain elevation on accretion rates (Fig. 

4.15, 4.27, and 4.41). Envelopes of maximum accretion Were 

sketched in to show the limit of flood deposition. These 

envelopes define maximum accretion in relation to floodplain 

elevation above river datum. Best fit lines by least squares 

linear regression permit predictions of f'loodplain accretion 
-3 

beyond data points. The equation of the best fit lines allows 

for the calculation of average accretion. 



3.3.2 Long Profile Construction 

The longitudinal profile or long profile is a graph of the 

height of the river against downstream distance. The river 

surface was drawn from located and surveyed bench marks and 

interpolated. The downstream profiles in this work (Fig. 4-16, 

4-28, 4.42 and 4.43) also include terrace level and height of 

ash (m) matched with channel distance (river km) using the most 

upstream point of Hootalinqua reach as the origin (0 km). 

Elevations were adjusted to the minimum rate of change of river 

level date of June 23, 1984 (the river datum date) (~ppendix 

I). Measurements were adjusted to the river datum date using 

the daily stream gauge records at Carmacks station (Water 

Survey of Canada) (Appendix 11). 

Some bench marks that approximate the height of terraces 

but which were not levelled were projected onto the profile. 

This was useful particularly for outwash terrace correlation in 

Rink Rapids reach. 

The lowest level of ash on floodplains was drawn on the 

profile. It measures the amount of incision of Yukon River. 

The highest flooded level of f losdplain with ash approximates 

the 500-year flood. Shadings identify the generalized 

floodplain without ash, floodplain with ash, and alluvial 

terraces. Ash bearing and ash free floodplains overlap by 

about 1.5 m. 



3.3.3 Reach Maps 

Three reach maps (Fig. 4.1, 4.2, and 4.3 in pocket) 

compiled from airphoto interpretations, measured sections and 

profiles are the main data set. The map units are based on 

morphology, composition, elevation, soil development and 
,I 

relationship to glaciation. 
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CHAPTER FOUR 

RESULTS 

The f u n d a m e n t a l  p r i n c i p l e  u s e d  i n  a n a l y s i s  is  t h a t  t h o s e  

p a r t s  o f  t h e  f l o o d p l a i n  w i t h  a s h  a r e  n o t  e r o d e d  s i n c e  a s h  

d e p o s i t i o n .  The s t a b i l i t y  o f  t h e  p r e s e n t  p l a n f o r m  i s  a d d r e s s e d  

i n  terms o f  e x t e n t  o f  f l o o d p l a i n  w i t h o u t  a s h .  R i v e r  a c t i v i t y  

is d i v i d e d  s u b j e c t i v e l y  i n t o  low a c t i v i t y  (0.02 m/yr o f  l a t e r a l  

m i g r a t i o n ) ,  modera t e  a c t i v i t y  (be tween  0.02 and  0 .1  m/yr o f  

l a t e r a l  m i g r a t i o n ) ,  and  h i g h  a c t i v i t y  ( g r e a t e r  t h a n  0 .1  m/yr of  

l a t e r a l  m i g r a t i o n ) .  

4 . 1  Bootalinqua - B i g  Salmon Reach 

T h i s  r e a c h  ( F i g .  4 .1  i n  p o c k e t )  h a s  a meander ing  p l an fo rm 

w i t h  v a r i e d  s i n u o s i t y  and  c h a n n e l  morpho logy  a n d  c o n f i n i n g  

t e r r a c e s  a t  d i f f e r e n t  l e v e l s  ( F i g .  4.4 and  4 . 5 ) .  The c h a n n e l  

i s  t y p i c a l l y  a  s i n g l e  t h r e a d  e n t r e n c h e d  i n  o u t w a s h  a n d  

g l a c i o l a c u s t r i n e  d e p o s i t s  w i t h  i s o l a t e d  e x p o s u r e s  o f  t i l l  

o v e r l y i n g  bed rock .  Downstream it i n c l u d e s  a  m u l t i p l e  c h a n n e l  

meande r ing  p l an fo rm.  

Downstream from t h i s  r e a c h  t h e  Yukon R i v e r  c h a n g e s  from a  

m e a n d e r i n g  p l a n f o r m  t o  a d o m i n a n t l y  s i n g l e  c h a n n e l  low 

s i n u o s i t y  r e a c h .  The v a l l e y  n a r r o w s  and  t h e  r i v e r  is  c o n f i n e d  

by i ce -con  t a c t  c j ~ d c i o f l u v i a l  d e p o s i t s  mapped by Mor i s o n  and 

K l a s s e n  (1980) .  



S u r f i c i a l  geology i n  t h i s  r e a c h  was c a r r i e d  o u t  by Owen 

( 1 9 5 9 a , b )  and Boyer (1960) who mapped t h e  geology o f  two dam 

s i tes;  H o o t a l i n q u a  dam s i t e  a t  t h e  j u n c t i o n  o f  T e s l i n  and Yukon 

R i v e r s  and  Big Salmon dam s i t e  19  km below t h e  mouth of Big 

Salmon R i v e r .  Bos tock  and  L e e s  (1938)  n o t e d  t e r r a c e s  and 

e l e v a t e d  v a l l e y s  o f  L a b e r g e  map a r e a  (Cogh lan  and  O g i l v i e  

v a l l e y s ,  t e r r a c e  l e v e l s  a t  790  m a n d  850 m ) .  N o r t h w e s t  

H y d r a u l i c  C o n s u l t a n t s  ( 1 9 7 5 )  r e p o r t e d  o n  h y d r o l o g y  a n d  

geomorph ic  c h a r a c t e r i s t i c s  o f  t h e  Yukon Rive r  a t  Water Survey 

o f  C a n a d a  s t a t i o n s .  M o r i s o n  ( 1 9 7 9 )  , i n  a n  u n p u b l i s h e d  

m a n u s c r i p t  o f  f i e l d  n o t e s  and l o c a t i o n  map, d e s c r i b e d  s u r f i c i a l  

g e o l o g y  s e c t i o n s  a long  t h e  Yukon R i v e r  between Lake Laberge  and 

Carmacks. 

4.1.1 G l a c i a l  H i s t o r y  o f  H o o t a l i n q u a  Reach 

T h i s  r e a c h  was i c e  c o v e r e d  d u r i n g  t h e  pre-Reid ,  Reid and 

M c C o n n e l l  a d v a n c e s .  P r e - R e i d  a n d  R e i d  a g e  l a n d f  orms a n d  

r e l a t e d  p e r i g l a c i a l  f e a t u r e s  and  p a l e o s o l s  were n o t  r e c o g n i z e d  

i n  t h e  v a l l e y .  One t i l l  was o b s e r v e d  i n  r i v e r b a n k  e x p o s u r e s  

o v e r l a i n  by g r a v e l ,  s a n d ,  and l a m i n a t e d  s i l t  i n  s e v e r a l  p l a c e s  

i n  h i g h - l e v e l  t e r r a c e s .  The f r e s h  g l a c i a l  l andfo rms  s u g g e s t s  

d e p o s i t i o n  d u r i n g  t h e  l a s t  advance  (McConnell) a l t h o u g h  g l a c i a l  

d e p o s i t s  a re  n o t  d a t e d  i n  t h e  r e a c h .  Ice f l o w  d i r e c t i o n s  

mapped b y  Hughes  e t  a l .  ( 1 9 6 9 )  a n d  C a m p b e l l  ( 1 9 6 7 )  t r e n d  

n o r t h w e s t e r l y .  ~ h d  f i n a l  a d v a n c e  o f  g l a c i a l  i c e  p r o b a b l y  
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followed the valleys of Yukon and Big Salmon Rivers. 

Ice-contact deposits occur up to about 610 m elevation along 

both valley walls. Above these hummocky surfaces abandoned 

lateral meltwater channels are cut presumably along the 

successively lower glacial margin during retreat. Similar 

lateral meltwater channels have been described in Whitehorse 

map area (Wheeler, 1961) and in Glenlyon map area (Campbell, 

1967). 

Ice stagnation followed leaving disintegration topography. 

Meltwater deposited gravel in esker and kame complexes and 

deposited fine sand and silt in proglacial lakes. Meltout of 

buried ice led to pitted outwash fans which were dissected and 

deflated supplying eolian sediment. A blanket of widespread 

loess covering the glaciofluvial terraces was deposited. This 

loess is tentatively correlated with the "McConnell loess" on 

the terraces of Stewart River valley in McQuesten map area 

north of Fort Selkirk. The loess may derive from unvegetated 

outwash in the valley. The loess helps distinguish 

glaciofluvial terraces and postglacial alluvial terraces. 

After glaciation a weak brunisol, characterized by a weakly 

developed B horizon and a well developed Cca horizon, formed on 

the loess. 

4 .1 .2  Major Geomorphic Map U n i t s  of Hootalinqua Reach 

The last glaciation of this reach and postglacial incision 

produced terraces and fans of various compositions, age and 



height. The terraces are the key in establishing the 

geomorphologic evolution of the valley. The terraces can be 

grouped into four sets on height, morphology and composition. 

The present channel planform may be influenced strongly by the 

nature of the confining terraces. High cobbly terraces would 

constrain migration more than low sand terraces. 

The geomorphic units are: 

Fans 

Paired terraces: 

High-level glaciofluvial terraces 

(90-130m) 

Glaciolacustrine terraces (30-75m) 

Low-level glaciofluvial terraces (15-40m) 

Scrolled terraces and floodplains: 

Low-level terraces with volcanic ash 

(3-llm) 

Floodplain without volcanic ash (0-4m) 

4.1.2.1 Fans 

Tributary fans are commonly incised to the level of low 

glaciofluvial terraces and younger alluvium. The fan 

morphology emanates from tributaries cut through high-level 

terraces. Irregular shallow channels 

surface of the fans. Most of the larger 

Klondike Bend subreach, have been incised 

are present on the 

fans, for example in 

since deposition both 



by t r i b u t a r y  s t r e a m s  and Yukon R i v e r .  

The i n c i s e d  f a n s  c o n t a i n  s t r a t i f i e d  washed g r a v e l  and sand  

w i t h  d i a m i c t o n s .  G r i t t y  s a n d ,  which is a b s e n t  i n  v a l l e y  f l o o r  

a l l u v i u m ,  o c c u r s  i n  t h e  f a n s .  

The f a n s  a r e  i n t e r p r e t e d  a s  p a r a g l a c i a l .  Church and Ryder 

(197.2) and  J a c k s o n  e t  a l .  ( 1 9 8 2 )  c o n s i d e r  t h a t  f o l l o w i n g  

g l a c i a t i o n  a b u n d a n t  s e d i m e n t  i s  a v a i l a b l e  f o r  t r a n s p o r t  and 

r e d e p o s i t i o n  a t  h i g h e r  r a t e s  t h a n  t h o s e  t h a t  p r e v a i l  d u r i n g  

n o n g l a c i a l  i n t e r v a l s .  Toward t h e  end  o f  t h e  p a r a g l a c i a l  p e r i o d  

t h e  s e d i m e n t  y i e l d  d r o p s  t o  t h e  n o n g l a c i a l  l e v e l s  ( F i g .  9  o f  

Church  and Ryder ,  1 9 7 2 ) .  

A f a n  t h a t  was a c t i v e  b e f o r e  and  a f t e r  White  R i v e r  Ash 

d e p o s i t i o n  is i n c i s e d  by t h e  r i v e r  o p p o s i t e  t h e  i s l a n d  a t  Big 

Salmo:: ( r i v e r  km 3 3 . 2 ) .  T h e  cutbank s h o w s  a  g r a v e l l y  

f a n - s h a p e d  b o d y  s l o p i n g  u p s t r e a m  a n d  d o w n s t r e a m  f r o m  a 

t r i b u t a r y  above  r i v e r  l e v e l .  Ash exposed  a b o u t  1 . 5  m above 

r i v e r  l e v e l  follows t h e  l a n d f o r m  s u r f a c e .  The a s h  is also 

o v e r l a i n  by 0.4 m o f  g r a v e l l y  s e d i m e n t .  The p r e s e n t  t r i b u t a r y  

c h a n n e l  is a t  o n e  end o f  t h e  f a n .  

4.1.2.2 P a i r e d  T e r r a c e s :  H i g h - l e v e l  G l a c i o f l u v i a l  T e r r a c e s  

(90-130 m) 

The h i g h e s t  terraces a re  90 t o  1 3 0  m above  t h e  r i v e r  ( s e e  

F i g .  4.4 and  4 .5) .  Hummocky knob-and-ke t t l e  topography and 

m e l t w a t e r  s t r e a m  c h a n n e l s  a l o n g  v a l l e y  m a r g i n s  s u g g e s t  

p r o x i m i t y  t o  g l a c i a l  ice. Landforms i n c l u d e  p i t t e d  outwash ,  



kames, e s k e r s  and  c r e v a s s e  f i l l i n g s .  Remnants o f  t h i s  t e r r a c e  

se t  c a n  b e  t r a c e d  from Klond ike  Bend t o  3  km downstream from 

C a s s i a r  Bar  a d j a c e n t  t o  t h e  eas t  wal l  o f  t h e  v a l l e y  ( F i g .  4 .1  
1 

i n  p o c k e t ,  F i g .  4.4 and 4 . 5 ) .  An e s k e r  complex merges w i t h  

t h i s  s u r f a c e  a t  t h e  u p s t r e a m  e n d  i n  a v a l l e y  o c c u p i e d  b y  

i r r e g u l a r l y  shaped  l a k e s .  The l o n g  e s k e r s ,  k e t t l e  h o l e s  and 

l a c k  o f  r e c e s s i o n a l  m o r a i n e s  (Shaw, 1985 ,  p .  68 )  i n d i c a t e  t h a t  

t h i s  t e r r a c e  is  t h e  p r o d u c t  o f  a f o r m e r  s t a g n a n t  ice mass 

r a t h e r  t h a n  a  r e t r e a t i n g  ice margin .  

I n  r i v e r  bank e x p o s u r e s  t h e s e  t e r r a c e s  a r e  composed o f  

c r u d e l y -  t o  w e l l - s t r a t i f i e d  g r a v e l  and  s a n d ,  g l a c i o l a c u s t r i n e  

s i l t ,  a n d  d i a m i c t o n .  B e d r o c k  o c c u r s  a t  t h e  b a s e  o f  some 

c u t b a n k s .  Exposures  are  capped  by l o e s s  o v e r l a i n  by v o l c a n i c  

a s h  a n d  s o i l .  C l i f f  t o p  d u n e  s a n d s  o v e r l i e  and  u n d e r l i e  

v o l c a n i c  a s h  n e a r  t h e  crown o f  banks .  The h i g h - l e v e l  t e r r a c e s  

a r e  d e e p l y  e n t r e n c h e d  a n d  s e v e r l y  r e s t r i c t s  meander  b e n d  

m i g r a t i o n .  

V o l c a n i c  a s h  on t h e  s l o p e s  up t o  some h i g h  t e r r a c e s  away 

f rom t h e  r i v e r  banks  ( f o r  example ,  r i v e r  km 1 9 ,  20.8, and 23) 

s u g g e s t s  t h a t  p a r t s  o f  t h e s e  s c a r p s  a r e  s t a b l e  i n  t h e  1230 y e a r  

t e rm.  

4.1.2.3 P a i r e d  T e r r a c e s :  G l a c i o l a c u s t r i n e  T e r r a c e s  (30-75 Id 

The second  s e t  of terraces are  30 t o  7 5  m above  r i v e r  l e v e l  

and  t y p i c a l l y  have  f l a t  s u r f  aces m o d i f i e d  by e o l i a n  d e p o s i t s ;  

t h e y  may a b u t  l a r g e  k e t t l e - l i k e  f e a t u r e s  ( f o r  example,  s o u t h  of 



Cassiar Bar, west side of valley, river km 11). A myriad of 

ponds interpreted as thermokarst ponds cover the terrace 

surface between Walsh Creek and Big Salmon River east of the 

limit of mapping. Klassen (1979) described how melting frozen 

silts produced similar irregularly shaped ponds in valley flats 

near Whitehorse. 

Bostock and Lees (1938, p. 59 noted 30 m of silt beds 

exposed in the bank downstream of Big Salmon River. Near the 

mouth of Walsh Creek the silt was measured to 40 m above river 

level (Fig. 4.6). This silt abuts a 66 m high bench in the 

lowland between Big Salmon River and Walsh Creek and along the 

west side of Yukon River. Upstream and downstream of these 

terraces pitted outwash occurs at least 90 m above the river 

along both sides of the river. 

Sections of the 66 m bench upstream of Big Salmon (river km 

26-37) are composed of laminated light-coloured silt and fine 

sand sometimes with gravel capping top surfaces. Scarps not 

actively eroded are gullied. A white salt ( ? )  precipitate is 

present near the base of the sections presumably from 

groundwater seepage. 

The deposits are interpreted as glaciolacustrine fills 

deposited in proglacial lakes. They are mapped as two units, a 

lower bench at about 40 m and a higher bench at about 66 m. 

The two levels may reflect lowering of the lake outlet during 

its evolution. Alternatively post-depositional faulting may 

have occurred in what was originally a single high terrace or 

the river was ponded by a readvance of Selwyn lobe. 
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4.1.2.4 P a i r e d  T e r r a c e s :  Low-level  G l a c i o f l u v i a l  T e r r a c e s  

The t h i r d  s e t  o f  t e r r a c e s  are  g e n t l y  downstream s l o p i n g  

b e n c h e s  be tween 1 5  t o  40 m above  t h e  r i v e r .  Remnants a r e  found 

a l o n g  t h e  s t r a i g h t  c h a n n e l  u p s t r e a m  f rom C a s s i a r  Bar as narrow 

b e n c h e s  on  b o t h  s i d e s  o f  t h e  r i v e r .  No c h a n n e l  s c a r s  were 

n o t e d  on  a i r p h o t o s  t o  s u g g e s t  d e p o s i t i o n  from b r a i d e d  r i v e r s .  

The p o s t g l a c i a l  Yukon R i v e r  may have  f i l l e d  t h i s  nar row s t r e t c h  

which is o n l y  a b o u t  300 m wide be tween  t h e  90  m h i g h - l e v e l  

g l a c i o f l u v i a l  t e r r a c e s .  

Cu tbanks  a r e  o f  p o o r l y - s t r a t i f i e d  g r a v e l  and s a n d  w i t h  s i l t  

i n t e r b e d s .  T a b u l a r  c r o s s - b e d d i n g  was n o t e d  n e a r  t h e  t o p s  o f  

some expcsures. Eeddish  loess forms a v e n e e r  i n  t u r n  o v e r l a i n  

by  v o l c a n i c  a s h .  

T h e s e  t e r r a c e s  a r e  i n t e r p r e t e d  a s  r e c e s s i o n a l  o u t w a s h .  

They a r e  t h e  immediate  p r e c u r s o r s  o f  t h e  meander b e l t  d e p o s i t s  

d e p o s i t e d  when t h e  s e d i m e n t  s u p p l y  was r e d u c e d  and v e g e t a t i o n  

abundan t .  
r 
C 

4-1.2.5 S c r o l l e d  T e r r a c e s  and  F l o o d p l a i n :  

Low-level  T e r r a c e s  and  F l o o d p l a i n  w i t h  V o l c a n i c  Ash (3-11 m) 

The f o u r t h  and lowest se t  o f  t e r r a c e s  i n  H o o t a l i n q u a  r e a c h  

a r e  3  t o  11 m h i g h  a n d  h a v e  r i d g e s  a n d  swales ( s c r o l l e d  

a l l u v i a l  p l a i n )  a c c e n t u a t e d  by v e g e t a t i o n  ( s e e  F i g .  4 4 )  

Oxbow l a k e s  a r e  a b s e n t  u n l i k e  some Yukon R i v e r  t r i b u t a r i e s .  



This valley fill commonly merges with the ash free floodplain. 

The low terraces are mostly a fining-upward alluvial fill. 

The lower part is washed cobbly gravel. It is overlain by 

rhythmically bedded sand with low angle cross-stratification 
~ 

(epsilon cross-bedding ( ? )  Allen, 1963) and the top metre or so 

is finer sand and silt with organic horizons capped by volcanic 

ash and soil. Bedded sand or gravel are absent above the ash 

but organic horizons and forest litter are present locally. 

The terraces may represent meandering river deposits formed 

as successive point bars. The basal gravel is interpreted as 

channel and bar; the upper sand as overbank sediment. 

4.1.2.6 Scrolled Terraces and Floodplain: 

Flo~dplain without Yolcanic Ash (0-4 m) 

The floodplain, or surface with post-ash fluvial deposits, 

is most commonly 1.5 m above the river; other surfaces occur at 

0.5 and 1.0 m. The 1.5 m surface probably marks the 5-year 

flood level; at Carmacks it is 1.29 m above river datum. The 

bankfull height of Yukon River probably corresponds to the 1.5 

m level. 

The floodplain includes islands and unvegetated bars near 

the banks exposed during mapping or visible on airphotos. 

Islands show a fining-upward sequence in sections and soil 

pits. The bars are gravel with or without a thin sand 

covering . 
Floodplain with and without ash are identical in the field 



a n d  t h e y  o v e r l a p  i n  h e i g h t  ( a b o v e  r i v e r  l e v e l ) .  

A l d e r ,  w i l l o w ,  and  p o p l a r  a r e  common o n  t h e  f l o o d p l a i n  

w i t h o u t  a s h .  V e g e t a t i o n  c h a n g e s  w i t h  d i s t a n c e  f rom t h e  c h a n n e l  

a n d  f l o o d p l a i n  l e v e l .  A l d e r  is  p r e s e n t  t o  r i v e r  l e v e l  and  

w i l l o w s  d o m i n a t e  f a r t h e r  back .  S t i l l  f a r t h e r  f rom t h e  r i v e r  

popl-ars d o m i n a t e .  B e h i n d  t h e  poplars  s t a n d  t h e  s p r u c e .  

B u r i e d  a s h  l o c a l l y  f l oo r s  f l o o d p l a i n s  w i t h  s p r u c e  f o r e s t  and  

w i l l o w  c o v e r e d  a b a n d o n e d  s l o u g h s ,  b u t  n o t  u n d e r  t h e  a l d e r s  

a l o n g  t h e  bank .  P o p l a r  f o r e s t  areas a l so  l a c k  a s h .  



4.2 Post-ash Channel B ehavioun of Hootalinqua Reach 

Bank sections and traverses show that the channel has been 

stable since the ash was deposited. Only minor changes have 

occurred for much of this reach except for a 5 km stretch 

downstream of Big Salmon River. The area traversed by the 

river is inferred to be that area of total floodplain without 

ash which is 3.1 x lo6 m2. 

The Hootalinqua reach is subdivided into four subreaches: 

Klondike Bend, Cassiar Bar, Big Salmon and Walsh Creek (Fig. 

4.7). 

Klondike Bend subreach comprises a dominantly single 

channel meandering planform extending from the beginning of 

this reach t~ near Cassiar 3ar. Lateral migraticn G•’ the river 

eroded fans, high-level glaciolacustrine sediments, high-level 

glaciofluvial terraces and more recent alluvial plain fills as 

the Yukon has migrated across the valley. 

Gravel (cobble) bars occur downstream of bend apices as 

crescentic lags overlain by sand (see Fig. 4.4) with buried 

organic horizons in the top metre. Floodplain banks opposite 

midchannel islands are being cut and ash is exposed in these 

banks. 

Terraces of glaciofluvial and glaciolacustrine fill on the 

concave (outer) bank are eroded. ~ s h  is preserved on Some 

uncut, steep scarps of these terraces indicating slopes have 

been stable for at least the last millennium. 



CASSIAR BAR 
SUBREACH 

U C a s s l a r  B a r  

SALMON 

KLONDIKE BEND 
SU BREAC H 

SUBREACH 

F i g u r e  4.7. S u b r e a c h e s  of H o o t a l i n q u a  r e a c h .  



A t  C a s s i a r  Bar  s u b r e a c h  t h e  r i v e r  h a s  c u t  i n t o  t e r r a c e s  on 

F y f e  Creek .  G r a v e l  and s a n d  a r e  d e p o s i t e d  i n  near-bank p o i n t  

b a r s  and l a t e r a l  b a r s  ( F i g .  4 . 5 ) .  

S t r a i g h t e r  c h a n n e l  segment s  have  m i g r a t e d  t h e  l e a s t .  Where 

t h e  s i n u o s i t y  i n c r e a s e s  downstream l a t e r a l  c h a n n e l  m i g r a t i o n  i s  

e v i d e n t  w i t h  a l t e r n a t e  a s h - f r e e  s l i v e r s  o f  f l o o d p l a i n  o n  

o p p o s i t e  s i d e s  o f  t h e  r i v e r .  

A t  B i g  Salmon s u b r e a c h  t h e  Yukon R i v e r  h a s  c o n s t r u c t e d  many 

l o w  i s l a n d s  a n d  c u t  t h e  f a c e  o f  a m o d e r a t e - l e v e l  

g l a c i o l a c u s t r i n e  bench. 

A l o n g  W a l s h  C r e e k  s u b r e a c h  t h e  c h a n n e l  h a s  m i g r a t e d  

d o w n v a l l e y  l e a v i n g  s c r o l l e d  f l o o d p l a i n  w h i l e  i n c i s i n g  o l d e r  

a l l u v i a l  f i l l  and  r e c e s s i o n a l  outwash .  

4.2.1 P o s t - a s h  L a t e r a l  M i g r a t i o n  of H o o t a l i n q u a  Reach 

T h e  r i v e r  h a s  p r o d u c e d  3.1 x l o 6  m2 o f  f l o o d p l a i n  by 

l a t e r a l  m i g r a t i o n  d u r i n g  p o s t - a s h  t i m e .  The c a l c u l a t e d  a v e r a g e  

d e p o s i t i o n  o f  f l o o d p l a i n  per. k i l o m e t e r  o f  r e a c h  i s  76 .4  

m2/km/yr. Much o f  t h i s  a r e a  is a t t r i b u t e d  t o  p o i n t  b a r  

f o r m a t i o n  and  a c c r e t i o n .  M i g r a t i o n  r a t e s  and  number o f  r i d g e s  

a n d  s w a l e s  p roduced  a re  i n f e r r e d  f rom t h e  ash--free s c r o l l e d  

f l o o d p l a i n .  An example o f  p o s t - a s h  m i g r a t i o n  r e s u l t i n g  from 

p o i n t  b a r  f o r m a t i o n  s u g g e s t s  t h a t  o n e  r i d g e  a n d  swale was 

p r o d u c e d  i n  t h e  l a s t  m i l l e n n i u m  ( F i g .  4.8) . Along much o f  t h e  

r e a c h  a s h  i s  m i s s i n g  a l o n g  1 0  m w i d e  s t r i p s  across  from 

a c t i v e l y  e r o d i n g  banks .  The a v e r a g e  m i g r a t i o n  r a t e  o f  t h i s  



less active zone is about 1 cm/yr. However, alluvium without 

ash forms strips up to 110 m wide downstream of bend apices. 

The maximum migration rate is 9 cm/yr. 

At Cassiar Bar subreach lateral migration was evident as 

accreted floodplain on alternate sides of the river. The 

amount of migration varies as a few examples of floodplain 

traverses will illustrate. In the first example, at river 

kilometer 20.8, post-ash migration is inferred to be 115 m (9.3 

cm/yr) on the convex bank (Fig. 4.9) . The concave bank is of 

outwash gravel terraces occupying part of Fyfe Creek valley. 

The terraces vary between 11 m to 42 m in height. In the 

second example (Fig. 4.10), at river kilometer 25, the width of 

floodplain without ash is about 85 m (6.9 cm/yr). In both 

cases the limit of ash was marked by a terrace scarp. 

This subreach appears to have experienced migration rates 

of less than 10 cm/yr. Ash was observed on both sides of the 

channel along much of this stretch of the river. The low 

migration rate is attributed to the lower discharge (upstream 

position), presence of high-level terraces some of which have 

bedrock at river level, low input of sediment, and low water 

surface gradient (0.00047). 

The Big Salmon subreach provides an example of a multiple 

channel meander bend between Big Salmon confluence and Walsh 

Creek. The many islands and bars in this bend are less than 

1.5 m above river level, lack ash and vary in vegetative cover. 

The largest island is covered in spruce, balsam, and willow, 

the smallest in alder. Bare gravel bars have driftwood near 
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CROSS SECTKN AND STRATIGRAPHY 

""I FOST-ASH DEPOSlTS 

PRE-ASH DEPOSIT$ 
O 

N S 

FLOODPLAIN TRAVERSE 
IERT. EXAG. 2 X  n RIVER LEVEL 

SECT. A 
- 

f i n e  and medium sand, s t r a t i f i e d  

g rave l  

SOiL PIT B 

two organic  l a y e r s ,  1 cm t h i c k  

f i n e  and medium sand 

permafrost 

SOIL PIT C 

organic l a y e r ,  12 cm t h i c k  
vo lcan ic  a s h  l a y e r ,  c ryoturbated  

permafrost 
Figure 4.8 Geomorphic profile and stratigraphic sections 

from a floodplain traverse at river km 8.8, right bank. 

See map legend (in pocket) for identification of patterns 

in cross-section. One ridge and swale is preserved on this 

floodplain without ash. The floodplain with ash is 

slightly higher than ash free floodplain. 
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CROSS SECTON AND STRATIGRAPHY 

w 
FLOODPLAIN TRAVERSE 

VERT. EXAG. 23 

SOIL PIT A 

SOlL PIT B 

sand 

SOIL PIT C 

medium sand 

SOlL PIT D 

volcanic  ash  l ayer  
sand 

medium sand 

t h r e e  organic l a y e r s  

medium sand 
permafrost 

Figure 4.9 Geomorphic profile and stratigraphic sections 

from a floodplain traverse at river km 20.8, right bank. 

There are two levels of floodplain without ash and a higher 

terrace with ash at the surface. The average migration 

rate based on 115 m width of floodplain is 9.3 cm/yr. 



FLOODPLAIN TRAVERSE 
VERT. EXAG. 21 

SOIL PIT A 

'1 .............. .............. 
f i n e  and medium sand ............. .-............ ............. .............. ............. .............. ............. .............. ..*.....-.... , .............. ............. 

hR grave l ,  cobbly 

SOlL PIT B 

f i n e  and medium 

f i n e  and medium 

permafrost 

sand wit  

sand 

:h 1 cm t h i c k  organic  l a y e r s  

SOlL PIT C 

organic  l a y e r  15 c m  t h i c k  
volcanic  a s h  l a y e r  w i t h  s i l t  below 

F i g u r e  4.10 Geomorphic  p r o f i l e  a n d  s t r a t i g r a p h i c  s e c t i o n s  

from a f l o o d p l a i n  t r a v e r s e  a t  r i v e r  km 25, r i g h t  bank.  An 

abandoned  s l o u g h  is  p r e s e n t  n e a r  t h e  bank.  The bounda ry  

be tween  f l o o d p l a i n  w i t h o u t  a s h  a n d  t h e  a d j o i n i n g  terrace is 

marked by a s c a r p .  



river level. Opposite the largest island the ash layer is 

conformable to low-angle epsilon cross-stratification down to 

where it merges with the basal gravel along the inner left 

channel bank at river km 37. Here the ash is preserved on the 

slip-off slope of a former point bar to the basal gravel where 

ash was likely washed away. 

Lateral migration has captured a meander loop of the Walsh 

Creek meander belt. The former mouth of this tributary is 500 

m downstream (Fig. 4.1 in pocket). 

Two examples from this subreach illustrate the amount of 

lateral migration. The first example (Fig. 4.11) I is from 

river kilometer 32.2. About 270 m of floodplain without ash is 

present on a scrolled floodplain yielding a migration rate of 

22 cm/yr. This accretion is the narrowest width of ash free 

floodplain in this .subreach. The second example (Fig. 4.12), 

is also from a scrolled floodplain on the opposite side of the 

river. The floodplain lacking ash is about 300 m wide yielding 

a migration rate of 24 cm/yr. The two examples have similar 

settings and the width of floodplain without ash is the same; 

they share a common migration rate and accretion process. 

The maximum post-ash migration is about 1 km (81 cm/yr) at 

river km 37. This is calculated from the width of islands at 

their widest. More rapid channel shifting is accomplished by 

I sloughing of silt banks and toppling of spruce trees. Perhaps 

I thawing of permafrost along cutbanks has led to more rapid 

1 erosion of these low banks. 

The activity of this subreach may reflect rapid cutting of 



CROSS SECTON AND STRATK3RAPHY 

FLOODPLAIN TRAVERSE 
VERT. EXAG. 4 X  

SOlL PIT A 

medium sand wi th  t h r e e  o rgan ic  l a y e r s  

s o i l  p i t  B medium sand t o  0.8 m 

SOlL P ITC 

medium sand 
t h r e e  organic l a y e r s  
medium sand 

s o i l  p i t  B medium sand t o  0.8 m 
s o i l  p i t  E medium sand t o  0.65 m 

SOlL PIT F 

medium sand 

SOIL PlTG 

organic  l a y e r ,  10 cm t h i c k  
vo lcan ic  ash  l a y e r  

pp - -  

Figure 4.11 Geomorphic profile and stratigraphic sections 

from a floodplain traverse at river km 32.2, right bank. 

Abandoned channels remain on the floodplain as narrow 

depressions and a levee occurs at site "c " .  An unflooded 

t e r r a c e  a t  s i t e  "GI1 i s  c l o s e  t o  the l e v e l  o f  the 

floodplain. 



CR088 8ECTKm AND STRATK3RAPHY - 
ROOOPUN T R A W  

VERT. EXAG. 41 

SECT. A SOIL PIT B SOIL PIT F 

1 ' grey s i l t ,  s t r a t i f i e d  silt 
sand and s i l t  

gravel 

soeL PIT c 
................... ......... gravel ................. .................. ................ i..--i... ........... ............................. s i l t  ............... .............. ............... .............. SOIL PIT H 

SOIL PIT E volcanic ash 

s i l t  SOIL PITS D ,  G: sand 
I 

gravel  

F i g u r e  4.12 Geomorphic p r o f i l e  a n d  s t r a t i g r a p h i c  s e c t i o n s  

from a f l o o d p l a i n  t r a v e r s e  a t  r i v e r  km 35.3, l e f t  bank.  

The boundary  be tween t h e  f l o o d p l a i n  w i t h  a s h  and f l o o d p l a i n  

w i t h o u t  a s h  is n o t  d i s t i n c t .  The f l o o d p l a i n  l e v e l  r i ses  

g e n t l y  away f rom t h e  c h a n n e l .  



s i l t s ,  i n c r e a s e d  local  s e d i m e n t  s u p p l y  , t h e r m a l  bank s lumping ,  

a n d  l a c k  o f  bed rock  a n d  till a t  r i v e r  l e v e l .  

The Walsh Creek  s u b r e a c h  h a s  a s i n g l e  c h a n n e l  i n  a meander 

b e l t  e n t r e n c h e d  i n  ou twash  g r a v e l s .  S e c t i o n s ,  1 0 0 0  m l o n g ,  i n  

t h e  s c r o l l e d  f l o o d p l a i n  ( F i g .  4 .13  a n d  4.14) i l l u s t r a t e  t h e  

g e o l o g y  and  topography .  A l l u v i a l  s u r f a c e s  d r o p  i n  e l e v a t i o n  

downst ream d i r e c t i o n .  The g r a v e l - s a n d  c o n t a c t  a l s o  f a l l s  i n  

t h e  s a m e  d i r e c t i o n .  T h e  maximum m e a s u r e d  h e i g h t  o f  t h e  

f i n i n g - u p w a r d s  a l l u v i u m  is 10.5 m. I t s  s c r o l l e d  s u r f a c e  a b u t s  

a h i g h e r  l o e s s - c a p p e d  g r a v e l  ou twash  t e r r a c e  1 6  t o  20 m above 

r i v e r  l e v e l  which was e r o d e d  b e f o r e  t h e  f in ing -upward  s e q u e n c e  

was d e p o s i t e d .  

Logs and  b r a n c h e s  a r e  e x p o s e d  above  g r a v e l  i n  a s e c t i o n  o f  

o n e  6.4 m h i g h  f i n i n g - u p w a r d s  a l l u v i a l  t e r race  ( F i g .  4 .13 ) .  A 

s a m p l e  o f  s p r u c e  frpm 1 0  c m  above  t h e  g r a v e l  and  w i t h i n  bedded 

s a n d s  was d a t e d  by r a d i o c a r b o n  a t  t h e  G e o l o g i c a l  Su rvey  o f  

Canada  (GSC 3 7 9 1 ) .  The r e p o r t e d  d a t e  of 4770 - + 40 y e a r s  BP 

a p p r o x i m a t e s  t h e  t i m e  when Yukon R i v e r  was a t  t h i s  l o c a t i o n ;  

m a x i m u m  i n c i s i o n  h a s  b e e n  a b o u t  6  m ( 1 . 2 5  m m / y r ) .  

E x t r a p o l a t i n g  t h e  r a d i o c a r b o n  d a t e  t o  t h e  h i g h e s t  f i n ing -upward  

terrace h e r e  s u g g e s t s  t h a t  t h e  r i v e r  meandered f o r  6000 y e a r s .  

The f l o o d p l a i n  w i t h o u t  a s h  a l o n g  t h e  same bank is 110 m 

wide.  The a v e r a g e  r a te  o f  l a t e r a l  m i g r a t i o n  is  d e t e r m i n e d  from 
I 

t h e  d a t e d  wood a n d  t h e  v o l c a n i c  a s h  r e s p e c t i v e l y ;  23  cm/yr and  

9  cm/yr . 
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I n  s h o r t ,  l a t e r a l  m i g r a t i o n  o f  bends  w i t h  r a d i i  between 200 

and 800 m have  m i g r a t e d  l a t e r a l l y  down t h e  v a l l e y .  The h i g h e s t  

a v e r a g e  r a t e s  c a l c u l a t e d  from t h e  w i d t h  o f  f l o o d p l a i n  w i t h o u t  

a s h  a r e  8 1  cm/yr ( f o r  example ,  o p p o s i t e  t h e  mouth o f  Walsh 

C r e e k ) .  The lowest r a t e  is  less t h a n  1 cm/yr ( f o r  example,  for 

much' o f  t h e  Klond ike  Bend s u b r e a c h ) .  

4 - 2 . 2  P o s t - a s h  V e r t i c a l  A c c r e t i o n  o f  H o o t a l i n q u a  Reach 

P o s t - a s h  a c c r e t i o n  on  f l o o d p l a i n s  was measured  a t  s i tes  

a l o n g  t h e  r i v e r  a n d  i n l a n d .  A v e r a g e  r a t e s  o f  v e r t i c a l  

a c c r e t i o n  w e r e  c a l c u l a t e d  f o r  t h e  p o s t - a s h  p e r i o d .  T h e  

p r e s e r v a t i o n  o f  White R i v e r  Ash p e r m i t s  p r e c i s e  e s t i m a t e s  o f  

the  r a t e  of s e d i m e n t  accumulated outside t h e  c h a n n e l .  

The s e d i m e n t a r y  s e q u e n c e  i n  t h e  f l o o d p l a i n  d e p o s i t s  o f  t h i s  

r e a c h  form o n e  f in ing-upward  s u c c e s s i o n  o f  g r a v e l  c o v e r e d  by 

s a n d .  C h a n n e l  l a g  g r a v e l  a t  t h e  b a s e  i s  o v e r l a i n  b y  

r h y t h m i c a l l y  bedded s a n d  f i n i n g  upward t o  s i l t y  s a n d  and  s i l t .  

Low-angle e p s i l o n  c r o s s b e d d i n g  is common i n  t h e  sand .  S c r o l l e d  

a l l u v i a l  p l a i n  d e p o s i t s  have t h e  same c y c l e .  O r g a n i c  h o r i z o n s  

be tween  1 c m  and  10 c m  t h i c k  a r e  s e e n  i n  s o i l  p i t s  w i t h i n  t h e  

u p p e r  1 . 5  m. 

Examples o f  f l o o d p l a i n  t r a v e r s e s  a n d  d o w n r i v e r  s e c t i o n s  

i n c l u d e  i n f o r m a t i o n  on  t h e  t h i c k n e s s  of s e d i m e n t  above  t h e  a s h  

( F i g .  4.12, 4.13, 4 .14 ) .  The s u r f i c i a l  g e o l o g y  map ( F i g .  4 .1 

i n  p o c k e t )  p r o v i d e s  s i t e  i n f o r m a t i o n  o f  t h e  s e c t i o n s  w i t h  

p o s t - a s h  a c c r e t i o n .  



A c c u m u l a t i o n  on  f l o o d p l a i n  w i t h  a s h  for  v a r i o u s  h e i g h t s  

a b o v e  t h e  r i v e r  d a t u m  ( T a b l e  4 . 1 )  a v e r a g e s  0 . 4 2  m w h i c h  

r e q u i r e s  a n  a v e r a g e  r a t e  f o r  t h e  p o s t - a s h  p e r i o d  o f  0.34 mm/yr. 

The  maximum r a t e  is 0 . 8 1  mm/yr. A g g r a d a t i o n  r a t e s ,  however ,  

a r e  v a r i a b l e  w i t h  abandoned  s l o u g h s  b u i l d i n g  u p  most r a p i d l y .  

F o r  e x a m p l e ,  a s l o u g h  u n d e r l a i n  by  a s h  a t  r i v e r  km 3.8  h a s  0.8 

t o  0.9  m o f  s i l t  above  t h e  a s h .  The loca l  i n f i l l i n g  r a t e  h e r e  

i s  0 .65  t o  0.73 mm/yr almost d o u b l e  t h e  a v e r a g e  r a t e  for  t h e  

r e a c h .  



TABLE 4.1 

Vertical post-ash accumulation on floodplains at different 

levels for Hootalinqua - Big Salmon Reach 
Downstream Base of Vertical Accr e t i ~ n  

\ 

distance ash accumulation rate 



Downstream Base of Vertical Accretion 

distance ash accumulation rate 

(km) (m) (m) (mm/y r ) 



4.2.3 F l o o d p l a i n  A c c r e t i o n  Diagram of H o o t a l i n q u a  Reach 

The f l o o d p l a i n  a c c r e t i o n  d i a g r a m  ( F i g ,  4.15) i l l u s t r a t e s  

t h e  n a t u r e  o f  v e r t i c a l  a c c u m u l a t i o n  w i t h  r e s p e c t  t o  t h e  p re -a sh  

f l o o d p l a i n  ( t h e  f l o o d p l a i n  t h a t  e x i s t e d  a t  t h e  t i m e  of v o l c a n i c  

a s h  ' d e p o s i t i o n ) .  A l though  p l o t t e d  d a t a  a r e  w i d e l y  s c a t t e r e d  

t h e  o v e r a l l  t e n d e n c y  i s  d e c r e a s i n g  a c c r e t i o n  t h i c k n e s s ~ w i t h  

i n c r e a s i n g  f l o o d p l a i n  h e i g h t .  T h i s  was t h e  e x p e c t e d  r e s u l t  i f  

lower f l o o d p l a i n s  a r e  more f r e q u e n t l y  f l o o d e d  t h a n  h i g h e r  

f l o o d p l a i n s .  P o i n t s  l o c a t e d  o n  t h e  h o r i z o n t a l  a x i s  i n d i c a t e  

si tes where  t h e  a s h  l a y e r  l a c k e d  o v e r l y i n g  f l u v i a l  s ed imen t .  

T h i s  s u g g e s t s  a l i m i t  o f  d e p o s i t i o n  d u r i n g  p o s t - a s h  t i m e  a t  

a b o u t  3 .9  m above  r i v e r  datum. The l i n e a r  r e g r e s s i o n  l i n e  

p r o v i d e s  a n  e q u a t i o n  f o r  vertical accretion for f l o o d p l a i n s  o f  

d i f f e r e n t  h e i g h t .  

y = -0.256 x  + 0.986 

where:  y = v e r t i c a l  a c c u m u l a t i o n  ( m )  

x  = f l o o d p l a i n  h e i g h t  ( a t  b a s e  o f  a s h )  
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HEIGHT OF VOLCANIC ASH LAYER ON FLOODPLAIN (m) 

2.4 

Figure 4.15 Hootalinqua - Big Salmon reach floodplain 

accretion diagram. The upper curved line is a sketched in 

envelope suggesting an upper limit to floodplain accretion. 

L 

The scatter in points may reflect different position of 

site with respect to channel. 
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4.2.4 Long Profi le  of H o o t a l i n q u a  Reach 

The  l o n g  p r o f i l e  ( F i g .  4 .16  i n  p o c k e t )  s u m m a r i z e s  a s h  

d i s t r i b u t i o n  i n  t e r r a c e s  a n d  f l o o d p l a i n s  a l o n g  t h e  r i v e r  

l e n g t h .  The l i m i t  o f  p o s t - a s h  a g g r a d a t i o n  l i n e  s u g g e s t s  t h a t  

f l o o d p l a i n s  h i g h e r  t h a n  4  m above  r i v e r  l e v e l  were n o t  f l o o d e d  

s i n c e  a s h  was l a i d  down. F l o o d p l a i n  l e v e l s  below 4 m have 

v a r y i n g  t h i c k n e s s e s  o f  p o s t - a s h  d e p o s i t s .  F i e l d  o b s e r v a t i o n s  

a t  Walsh Creek  show t h a t  t h e  t h i c k e s t  p o s t - a s h  d e p o s i t s  o c c u r  

w h e r e  t h e  a s h  is lowest i n  c u t b a n k s  a n d  d e c r e a s e  as  t h e  a s h  

r ises w i t h  r e s p e c t  t o  t h e  r i v e r .  F l o o d p l a i n  w i t h o u t  a s h  o c c u r s  

u p  t o  3  m above  r i v e r  l e v e l .  T h i s  s u g g e s t s  t h a t  t h e  maximum 

a g g r a d a t i o n  ( s a n d  and  g r a v e l )  w i t h  r e s p e c t  t o  r i v e r  datum is 3 

m (2.5 mm/yr), 

The lowest l e v e l  o f  a s h ,  a segmen ted  l i n e  d e n o t i n g  s i tes 

w h e r e  a s h  i s  close t o  r i v e r  l e v e l ,  p r o v i d e s  i n f o r m a t i o n  o n  t h e  

n e t  amoun t  o f  i n c i s i o n  w h i c h  h a s  o c c u r r e d  d u r i n g  t h e  l a s t  

m i l l e n n i u m .  The amount o f  d o w n c u t t i n g  is i n f e r r e d  from t h e  

p o s i t i o n  o f  t h e  lowest a s h  a n d  r i v e r  l e v e l .  The  lowest  

o c c u r r e n c e  o f  a s h  was o b s e r v e d  a t  0.3 m above  r i v e r  l e v e l  a t  

r i v e r  km 37 n e a r  Walsh Creek .  The a v e r a g e  i n c i s i o n  ra te  is,  

t h e r e f o r e ,  f rom 0.25 t o  0.8 mm/yr. 
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4 -2 .5  Midchannel Bar Accretion to the Floodplain 

Midchannel islands are uncommon; those upstream of Cassiar 

Bar range from unvegetated bars to wooded accreted floodplain 

with abandoned slough. 

'An example of the stages of evolution is shown (Fig. 4.17) 

from Klondike Bend subreach. The meander pattern, although not 

shown in the figure, is composed of bends with similar radii of 

curvature and orientations. The first stage of bar formation 

results in a longitudinal island with bank cutting on both 

sides of the main channel. Accretion has occurred in the 

upstream direction with unvegetated sand at the tip. A "hornn 

or "wingn has developed around the upstream side of this island 

f o r m i n g  a n  a r c u a t e  r i d g e  w h i c h  a p p e a r s  to b e  g r o w i n g  

downstream. The pr.ocess was described by Walker (1976) for the 

South Saskatchewan River. 

Holes dug in the high point of this island (1.5 m) to a 

depth of 1.2 m uncovered clean layered sand with two 1 cm thick 

organic layers at 33 cm and 40 cm depth and no ash. The time 

span required for deposition of the top 1.2 m of this island 

was short compared to the adjacent 1.4 m floodplain with 13 

buried organic horizons in the top 30 cm. 

The second stage shows the island considerably enlarged by 

lateral accretion. Ash occurs on the floodplain but not on the 

island. 

In the third stage the slough between the former island and 



I ST AQE 4 , . 1 

AREA WITHOUT VOLCANIC ASH 

1-1 . . AREA UNDERLAIN BY VOLCANIC ASH 

BIFURCATION OF CHANNEL I 
I 

AROUND MIDCHANNEL ISLAND 
ACCRETING UPSTREAM, 
LONGITUDINAL ISLAND IS  , 
ACCRETING ON RIGHT BANK 

, 

ISLAND ACCRETING OUTWARDS 
FROY CENTRE, DIMINISHING 
CHANNEL ON LEFT BANK, 
CONTINUING LATERAL 
ACCRETION ON RIGHT BANK 

ABANDONED CHANNEL ON 
RIGHT OF "ISLAND", 
FINAL ACCRETION TO FLOODPLAIN 

DRY SLOUGH WITH BURIED ASH 
RIVER CUTTING FORqER 
ISLAND, BAR ACCRETING ON 
RIGHT BANK 

F i g u r e  4.17 S t a g e s  o f  m i d c h a n n e l  b a r  a c c r e t i o n  t o  t h e  

f l o o d p l a i n .  S e c t i o n s  a r e  n o t  drawn t o  s c a l e .  The S t a g e s  

were  t r a c e d  from Klond ike  Bend s u b r e a c h .  



a g g r a d i n g .  Ash u n d e r l i e s  t h e  f l o o d p l a i n  o n  t h e  s l o u g h l s  

l a n d w a r d  s i d e .  

The f o u r t h  s t a g e  h a s  a s h  b u r i e d  b e n e a t h  a 0.8 t o  0.9 m 

b l a n k e t  o f  g r e y  mud (s i l t )  i n  t h e  abandoned  s l o u g h .  Ash is 

p r e s e n t  o n  t o p  o f  t h e  f o r m e r  i s l a n d .  The f l o o d p l a i n  h a s  b u i l t  

u p  to a l e v e l  which i s  r a r e l y  f l o o d e d .  T h i s  fo rmer  i s l a n d  is 

i n  t u r n  b e i n g  e r o d e d  b y  t h e  p r e s e n t  r i v e r  t h u s  s h o w i n g  a 

c r o s s - s e c t i o n  t h r o u g h  i t s  s t r a t i g r a p h y .  The a s h  l a y e r  f o l l o w s  

a l a n d  s u r f a c e  which t a p e r e d  i n  t h e  u p s t r e a m  and  downstream 

d i r e c t i o n  a b o u t  1230  y e a r s  ago .  



4.3 E a g l e ' s  N e s t  B l u f f  - Carmacks Reach 

T h i s  r e a c h  ( F i g .  4 . 2  i n  p o c k e t )  h a s  a  meander ing  r i v e r  

p l a n f o r m  d o w n s t r e a m  o f  H o o t a l i n q u a  r e a c h .  I t  c o n t a i n s  a 

w i n d i n g  c h a n n e l  and  s c r o l l e d  meander  l o b e s  s i m i l a r  t o  t h e  

upst'ream r e a c h  w i t h  some d i f f e r e n c e s .  F i r s t ,  t h e  meander b e l t  

i s  e n c l o s e d  b y  low g l a c i o f l u v i a l  t e r r a c e s  r a t h e r  t h a n  

h i g h - l e v e l  t e r r a c e s .  Where t h e  ou twash  is removed t h e  r i v e r  is 

c u t t i n g  h i g h e r  kame terraces and  i c e - c o n t a c t  d e p o s i t s .  Second,  

t h e  c h a n n e l  c o n t a i n s  numerous v e g e t a t e d  p o i n t  b a r s ,  l a t e r a l  

b a r s  and  m e d i a l  b a r s .  M u l t i p l e  p o i n t  b a r s  o c c u r  downstream o f  

bend a p i c e s  and  n e a r  t h e  convex bank ( i n n e r  bank)  ups t r eam o f  

Carmacks .  Concave b e n c h e s  a r e  a l s o  e v i d e n t  o n  t h e  r e c e n t  

f l o o d p l a i n ,  They are  found a s  Isw f l o o d p l a i n s  on  t h e  concave  

s i d e  o f  bends  ( o u t e r  b a n k ) .  I n  t h e  lower  p a r t  o f  t h e  r e a c h  

i s l a n d s  are  less common. The c h a n n e l  is c o n f i n e d  by t h i c k ,  

e x t e n s i v e  ice s t a g n a t i o n  d e p o s i t s  p e r h a p s  r e s t r i c t i n g  t h e  wid th  

o f  t h e  c h a n n e l .  

4.3.1 G l a c i a l  H i s t o r y  of E a g l e ' s  N e s t  B l u f f  Reach 

P r e v i o u s  work on s u r f i c i a l  g e o l o g y  and geomorphology f o r  

t h e  Yukon R i v e r  b e t w e e n  B i g  Sa lmon  a n d  C a r m a c k s  h a s  b e e n  

c a r r i e d  o u t  as  p a r t  o f  dam s i t e  i n v e s t i g a t i o n s .  Owen (1959b) 

as  p a r t  o f  h i s  dam s i t e  i n v e s t i g a t i o n s  mapped t h e  s i t e  ups t r eam 

of t h e  r e a c h ,  Hardy A s s o c i a t e s  (1980)  r e p o r t e d  on  dam s i t e  

g e o l o g y  a n d  d r i l l i n g  r e s u l t s  a s  w e l l  a s  a n  a i r p h o t o  
i 



i n t e r p r e t a t i o n  map o f  t h e  e a s t e r n  p o r t i o n  o f  t h e  r e a c h .  

C a m p b e l l  ( 1 9 6 7 )  p u b l i s h e d  a 1 : 2 5 0  0 0 0  s c a l e  map o f  t h e  

s u r f i c i a l  g e o l o g y  i n  G l e n l y o n  map a r e a  which  i n c l u d e s  t h e  

u p s t r e a m  p o r t i o n .  

During t h e  McConnell advance  ( a n d  e a r l i e r  advances )  t h i s  

r e a c h  was invaded  by i c e  which f lowed  nor thwes tward  and was 

p r o b a b l y  c o n t r o l l e d  by  t o p o g r a p h y  (Hughes  e t  a l . ,  1 9 6 9 ) .  

I c e - m a r g i n a l  c h a n n e l s  were  c u t  o n  b o t h  s i d e s  o f  t h e  v a l l e y  a t  

s u c c e s s i v e l y  l o w e r  e l e v a t i o n s  a s  i ce  r e t r e a t e d .    he l a s t  

v a l l e y  g l a c i e r  o c c u p i e d  t h e  v a l l e y  t o  a b o u t  2 0 0 0  f e e t  

e l e v a t i o n .  I t  d i s i n t e g r a t e d  r a p i d l y  l e a v i n g  i c e  b u r i e d  by 

g l a c i a l  and g l a c i o f l u v i a l  d r i f t .  S t a g n a t i o n  f e a t u r e s  r ema in  as 

hummocky t o p o g r a p h y  a s s o c i a t e d  w i t h  e s k e r s  a n d  c r e v a s s e  

fillings, Wd-jacent t o  t h e  s t a g n a n t  ice i c e - m a r g i n a l  l a k e s  were  

f e d  by t r i b u t a r y  s t r e a m s  d e p o s i t i n g  s t r a t i f i e d  s a n d  and  g r a v e l .  

T h e s e  s e d i m e n t s  p r e s e n t l y  form kame t e r r a c e s  a l o n g  t h e  v a l l e y  

walls. 

Outwash v a l l e y  t r a i n s  w e r e  b u i l t  u p  a t  t h e  i c e  m a r g i n  

e s t a b l i s h i n g  v a r i o u s  h i g h  l e v e l  g r a v e l  a n d  s a n d  p l a i n s .  

I n c i s i o n  o f  t h e s e  o u t w a s h  f i l l s  b y  t h e  l a t e s t  m e l t w a t e r  

c h a n n e l s  l e f t  h i g h  t e r r a c e s  w h i l e  t h e  m e l t w a t e r  c h a n n e l s  b u i l t  

lower r e c e s s i o n a l  outwash f i l l s .  P a r a g l a c i a l  f a n s  merged w i t h  

t h e s e  lower  t e r r a c e s  from t h e  a b u n d a n t  s e d i m e n t  s u p p l y  i n  t h e i r  

u p s t r e a m  c o u r s e s .  

The lower  f i l l s  were p r o b a b l y  i n c i s e d  i n  p o s t g l a c i a l  t i m e  

l e a v i n g  l o w - l e v e l  t e r r a c e s  and d e p o s i t i n g  a l l u v i u m  i n  a  meander 

b e l t .  P a r a g l a c i a l  f a n s  were e n t r e n c h e d  by s t r e a m s  c a r r y i n g  



lower s e d i m e n t  l o a d s  and  merging  w i t h  a lower Yukon R i v e r  i n  1 
Holocene  t i m e .  I 
4.3.2 Major Geomorphic Map U n i t s  of ~ a g l e ' s  N e s t  B l u f f  Reach 

The t e r r a c e s  a l o n g  t h i s  r e a c h  a r e  g rouped  i n t o  t h r e e  sets 

b a s e d  on  morphology, h e i g h t  and  c o m p o s i t i o n .  These terrace 

sets are: 

C h a n n e l l e d  terraces: 

H i g h - l e v e l  G l a c i o f l u v i a l  T e r r a c e s  

(90-100 m) 

Low-level G l a c i o f l u v i a l  T e r r a c e s  (5-15 m) 

S c r o l l e d  terraces and  f l o o d p l a i n :  

Low-level T e r r a c e s  and  F l o o d p l a i n  w i t h  

V o l c a n i c  Ash (9-5.0 m )  

4.3.2.1 C h a n n e l l e d  T e r r a c e s :  H i g h - l e v e l  G l a c i o f l u v i a l  T e r r a c e s  

(90-100m) 

High  t e r r a c e s  h a v e  smoo th  s u r f a c e s  a n d  merge  w i t h  ice  

s t a g n a t i o n  (knob-and-ke t t l e )  t opography  be tween  a b o u t  550 and  

610 m e l e v a t i o n .  They t e n d  t o  b e  a s s o c i a t e d  w i t h  t r i b u t a r y  

stream terraces  and  a r e  b e s t  p r e s e r v e d  n e a r  t r i b u t a r i e s  such  as 

Mandanna Creek .  An e s k e r  or c r e v a s s e  f i l l i n g  was s u r v e y e d  a t  

52  m above r i v e r  l e v e l  a b o u t  h a l f w a y  down t h e  r e a c h .  

The t e r races  a r e  p r o b a b l y  composed  o f  g r a v e l  a n d  s a n d  

o v e r l y i n g  and  p o s s i b l y  u n d e r l y i n g  till o f  t h e  l a s t  advance.  



T r i b u t a r y  s t r e a m s  p r e v i o u s l y  g r a d e d  t o  t h e  g e n e r a l  l e v e l  o f  

t h i s  f i l l  a r e  d e e p l y  e n t r e n c h e d  a t  p r e s e n t .  

The t e r r a c e s  and r e l a t e d  d e a d  i c e  f e a t u r e s  p r o b a b l y  were 

d e p o s i t e d  when t o n g u e s  o f  i c e  i n  Yukon R i v e r  v a l l e y  s t a g n a t e d .  

Outwash was d e p o s i t e d  on t h e  ice fo rming  k e t t l e d  outwash and 

c r e v a s s e  f i l l i n g s  a n d  u n d e r  t h e  i c e  f o r m i n g  e s k e r s .  

T r i b u t a r i e s  c a r r i e d  f  l u v i a l  l o a d  i n t o  i c e - m a r g i n a l  b a s i n s  and 

c h a n n e l s .  T h e s e  became h a n g i n g  g l a c i a l  d e l t a s  and  kames. 

Ponds  may have  been c o n n e c t e d  by i c e - m a r g i n a l  s t r e a m s  a l o n g  t h e  

v a l l e y  s i d e s .  

4.3.2.2 C h a n n e l l e d  T e r r a c e s :  Low-level G l a c i o f l u v i a l  T e r r a c e s  

(5-25 m) 

T e r r a c e s  e x t e n d i n g  ou tward  from v a l l e y  s i d e s  and i n s e t  i n  

o l d e r  h i g h e r  g l a c i o f l u v i a l  t e r r a c e s  a r e  p r e v a l e n t  i n  t h e  

s e c t i o n  from E a g l e ' s  N e s t  B l u f f  t o  Carmacks. They were  p a r t l y  

d e s t r o y e d  by l a t e r  meander ing  o f  t h e  r i v e r  l e a v i n g  meander 

c u s p s .  These  t e r r a c e  r e m n a n t s  a r e  r e a d i l y  t r a c e d  a l o n g  t h e  

r i v e r  c h a n n e l  and a c r o s s  t h e  v a l l e y .  T h e i r  s u r f a c e  h a s  c h a n n e l  

scars r e s e m b l i n g  t h o s e  o f  b r a i d e d  r i v e r s .  

They a r e  composed o f  c o b b l y  g r a v e l  o v e r l a i n  by e o l i a n  s a n d  

a n d  t e p h r a .  C o a r s e  s a n d  n e a r  t h e  t o p  s h o w s  t a b u l a r  

c r o s s b e d d i n g  and  t h e  g r a v e l  is i m b r i c a t e d .  The e o l i a n  sand  

f o r m s  d u n e s  w i t h  a p a r a b o l i c  t endency .  The v o l c a n i c  a s h  c o v e r s  

t h e  bedded s a n d  i n  a l l  e x p o s u r e s .  

The t e r r a c e s  may have o r i g i n a t e d  as outwash d e p o s i t s  from 



m e l t w a t e r  i s s u i n g  f r o m  i c e  u p v a l l e y  or a s  b r a i d e d  r i v e r  

d e p o s i t s  formed a f t e r  g l a c i a t i o n  b u t  b e f o r e  t h e  f l o o d p l a i n  was 

v e g e t a t e d ;  d u n e s ,  w i t h  a s h  o n  them, were o b s e r v e d  on  a i r p h o t o s  

a n d  i n  t h e  f i e l d  o v e r  s t r e t c h e s  o f  t h e s e  t e r r a c e s .  

4.3-'2.3 S c r o l l e d  T e r r a c e s  a n d  F l o o d p l a i n :  

Low-leve l  T e r r a c e s  a n d  F l o o d p l a i n  w i t h  V o l c a n i c  Ash (0.9-5.0 m) 

The s c r o l l e d  a l l u v i u m  c o n t a i n i n g  t e p h r a  fo rms  meander l o b e s  

i n  r e c e s s i o n a l  ou twash .  The l o b e s  a re  up  t o  1 . 5  km wide and  

t h e i r  e l e v a t i o n  f a l l s  s t e p - w i s e  downst ream f rom t h e  outwash  

t e r r a c e s .  The e l e v a t i o n  o f  t h e  v o l c a n i c  a s h  f a l l s  w i t h  t h e  

f l o o d p l a i n .  The s c r o l l e d  a l l u v i u m  is a f in ing -upward  sequence .  

Bedded s a n d  o v e r l i e s  basal g r a v e l  which  r i s e s  te 3.2 m above 

r i v e r  l e v e l .  The a s h  is e n c l o s e d  i n  s a n d  i n  f l o o d p l a i n s  

b e t w e e n  0.9 m and  3.6 m. S u r f a c e s  ( a t  r i v e r  km 123,  144.7,  

1 4 7 ,  163 ,  and  1 6 6 )  a b o u t  3  m h i g h  show n o  p o s t - a s h  d e p o s i t i o n .  

The f in ing -upward  s e q u e n c e  is i n t e r p r e t e d  a s  t h e  p r o d u c t  o f  

meander  t y p e  p o i n t  b a r  d e p o s i t s  a n d  s l o u g h  f i l l  b e f o r e  and  

a f t e r  a s h  d e p o s i t i o n .  V e g e t a t i o n  c o v e r  may h a v e  b e e n  a s  

e x t e n s i v e  as  t o d a y  as  n o  d u n e s  o c c u r  o n  t h i s  a l l u v i u m .  

4-3.2.4 S c r o l l e d  T e r r a c e s  and  F l o o d p l a i n :  

F l o o d p l a i n  w i t h o u t  V o l c a n i c  Ash (0-2.3 m) 

The f l o o d p l a i n  w i t h o u t  a s h ,  t h e  l o w e s t  a l l u v i a l  s u r f a c e ,  

O v e r l a p s  w i t h  a s h  c o v e r e d  f l o o d p l a i n .  I t  c o v e r s  3.8 x l o 6  



m2 m a i n l y  o n  t h e  downva l l ey  s i d e  o f  meander l o b e s .  The s u r f a c e  

c o m p r i s e s  e n  e c h e l o n  p o i n t  b a r s  i n  v a r y i n g  s t a g e s  o f  a c c r e t i o n .  

R e c e n t l y  abandoned  s l o u g h s  a r e  c o v e r e d  w i t h  g r a s s  and  have  

w i l l o w  a n d  a l d e r  g r o w i n g  o n  t h e m .  I n  c u t b a n k s  t h e  

f i n i n g - u p w a r d  s e q u e n c e  h a s  b a s a l  g r a v e l  o v e r l a i n  a b r u p t l y  by 

bedded  s a n d s .  

Midchanne l  i s l a n d s  o c c u r  s i n g l y  or i n  small  g r o u p s .  Where 

a s h  is p r e s e n t  o n  b o t h  b a n k s  o p p o s i t e  t h e  i s l a n d  t h e  i s l a n d  

a p p e a r s  t o  have  expanded a t  t h e  e x p e n s e  o f  e r o s i o n  o f  t h e  a s h  

b e a r i n g  banks .  

The g r a v e l  is  i n t e r p r e t e d  a s  c h a n n e l  l a g  and  b a r  d e p o s i t s  

a n d  t h e  s a n d ,  0 .5  t o  2.0 m t h i c k ,  a s  o v e r b a n k  d e t r i t u s .  



4.4 P o s t - a s h  Channe l  B e h a v i o u r  o f  ~ a g l e ' s  N e s t  B l u f f  Reach 

P o s t - a s h  b e h a v i o u r  i n  t h i s  r e a c h  ( F i g .  4 . 2  i n  p o c k e t )  

i n c l u d e s :  l a t e r a l  a c c r e t i o n  a r o u n d  meander  b e n d s ,  deve lopmen t  

o f  n a r r o w  i s l a n d s  n e a r  t h e  c o n v e x  b a n k ,  d e v e l o p m e n t  o f  

m i d c h a n n e l  i s l a n d s  a t  p o i n t s  o f  maximum c u r v a t u r e ,  e x p a n s i o n  o f  

two m i d c h a n n e l  i s l a n d s  i n  s t r a i g h t  s t r e t c h e s ,  and  a c c r e t i o n  o f  

f l o o d p l a i n  o n  b o t h  convex  a n d  c o n c a v e  s i d e s  o f  c h a n n e l  bends.  

Narrow s l o u g h s  be tween  i s l a n d s  a n d  f l o o d p l a i n  w i t h o u t  a s h  

a r e  s i n u o u s  w h e r e  t h e  i s l a n d s  a r e  h e a v i l y  v e g e t a t e d  a n d  

s t r a i g h t  where  t h e  i s l a n d s  a r e  t h i n l y  v e g e t a t e d  or b a r e .  Ash 

is  e x p o s e d  l o c a l l y  a l o n g  t h e  s l o u g h s  where  t h e  c h a n n e l  c u t s  

h i g h  f l o o d p l a i n .  

T h i c k l y  wooded m i d c h a n n e l  i s l a n d s  o c c u r r i n g  i n  s t r a i g h t  

s t r e t c h e s  a re  u n d e q l a i n  by a s h  a l o n g  t h e i r  l o n g  a x e s  (2.9 m 

h i g h )  b u t  l a c k  a s h  a r o u n d  m a r g i n s  u p  t o  1 0 0  m f rom t h e  bank. 

P i t s  show t h a t  t h e  a s h  was b u r i e d  by  a l t e r n a t e  s a n d  and  o r g a n i c  

l a y e r s .  The a s h  l a y e r  v a r i e s  f r o m  0.4 m t o  1 . 5  m above  r i v e r  

l e v e l .  

L e n t i c u l a r  midchanne l  i s l a n d s  which  o c c u r  a t  bend a p i c e s  

l a c k  a s h  s u g g e s t i n g  t h a t  t h e y  h a v e  formed i n  p o s t - a s h  t i m e .  

4.4.1 P o s t - a s h  L a t e r a l  M i g r a t i o n  of E a g l e ' s  N e s t  B l u f f  Reach 

E v i d e n c e  o f  t h e  e x t e n t  o f  l a t e r a l  m i g r a t i o n  is shown by t h e  

d i s t r i b u t i o n  o f  f l o o d p l a i n  w i t h o u t  a s h  ( F i g .  4.2 i n  p o c k e t ) .  

The  r i v e r  c h a n n e l  is  i n f e r r e d  t o  have  s w e p t  o v e r  3 . 8  x l o 6  



m* d u r i n g  p o s t - a s h  t i m e .  The  c a l c u l a t e d  a v e r a g e  r a t e  o f  

f l o o d p l a i n  d e p o s i t i o n  p e r  km o f  r e a c h  l e n g t h  is 4 4 . 7  m2/km/yr. 

Meander bend m i g r a t i o n  is d e s c r i b e d  for  a f e w  examples  t a k e n  

a l o n g  t h e  r e a c h .  The two s t a g e  deve lopment  o f  a  concave  bench 

a t  a t i g h t  bend i s  d e t a i l e d  w i t h  a n  example  and  p a r t  o f  t h e  

r e a c h  is r e s t o r e d  t o  i t s  p r e - a s h  c o n f i g u r a t i o n .  

An i m p o r t a n t  d i f f e r e n c e  b e t w e e n  t h i s  r e a c h  a n d  t h a t  

u p s t r e a m  is  t h e  h e i g h t  o f  t h e  t e r r a c e s ;  c o n f i n i n g  t h e  r i v e r .  

The  c o n f i n i n g  t e r r a c e s  a r e  lower i n  h e i g h t  t h a n  ~ o o t a l i n q u a  

Reach. I t  is b e l i e v e d  t h a t  l o w e r  t e r r a c e s  a r e  more r a p i d l y  

e r o d e d  t h a n  h i g h e r  t e r r a c e s  o f  t h e  same l i t h o l o g y .  T h i s  would 

b e  s u p p o r t e d  by g r e a t e r  w i d t h s  o f  f l o o d p l a i n  w i t h o u t  a s h  f o r  

l o w - l e v e l  terrace a r e a s .  

The  channel has migrated in the d ~ w n v a l l e y  d i r e c t i o n  a s  

i n f e r r e d  by t h e  mapped f l o o d p l a i n  w i t h o u t  a s h .  The r e l a t i v e l y  

l o w  o u t w a s h  t e r r a c e s  a r e  b e i n g  e r o d e d  a s  a  c o n s e q u e n c e  o f  

m i g r a t i o n .  Where t h e  r i v e r  is  c u t t i n g  h i g h e r  t e r r a c e  r emnan t s  

t h e  w i d t h  o f  f l o o d p l a i n  w i t h o u t  v o l c a n i c  a s h  d e c r e a s e s .  

E x a m p l e s  o f  b e n d  m i g r a t i o n  f o l l o w  b e g i n n i n g  w i t h  t h e  

u p s t r e a m  bends  and  moving downstream. The most u p s t r e a m  bend 

( r i v e r  km 106-113) h a s  a compound form a n d  is  l o c a l l y  c a l l e d  

"Big  Bendn ( s u r v e y o r ' s  n o t e s )  ( F i g .  4 . 2 ) .  I t  is a t i g h t  bend 

w i t h  a p o i n t  b a r  and c o n c a v e  bench  a l o n g  t h e  l e f t  bank i n  an  

a c t i v e l y  m i g r a t i n g  c h a n n e l .  A b e d r o c k  b l u f f  o c c u r s  a t  t h e  apex 

of t h e  bend r e s t r i c t i n g  n o r t h w a r d  m i g r a t i o n .  Down t h e  v a l l e y  

t h e  r i v e r  is  c u t t i n g  l o w - l e v e l  g r a v e l  ou twash  t e r r a c e s  and a 

h i g h e r  s i l t  terrace. The maximum w i d t h  o f  f l o o d p l a i n  w i t h o u t  



a s h  o n  t h e  v e g e t a t e d  p o i n t  b a r  is  550 m and  t h e  maximum w i d t h  

o f  t h e  c o n c a v e  b e n c h  w i t h o u t  a s h  i s  a l s o  5 5 0  m .  ~ 0 t h  

f l o o d p l a i n  a r e a s  a p p e a r  t o  have  m i g r a t e d  a t  t h e  same a v e r a g e  

r a t e  o f  0.45 m/yr i n  t h e  l a s t  1230  y e a r s .  

Two f l o o d p l a i n  t r a v e r s e s  o n  t h e  c o n c a v e  bench  ( F i g u r e s  4.18 

a n d - 4 . 1 9 )  i n d i c a t e  t h a t  t h e  t o p  0.5 m o f  t h e  f l o o d p l a i n  is sand  

w i t h  o r g a n i c  l a y e r s .  G r a v e l  o c c u r s  a b o u t  0 .5  m down i n  t h e  

s o i l  p i t s .  The f l o o d p l a i n  h a s  r i d g e  a n d  s w a l e  morphology. 

An a s h  c o v e r e d  d e b r i s  f l o w  a b u t s  t h e  f l o o d p l a i n  o f  t h e  

c o n c a v e  bench  (F ig .  4 .29) .  The f l o w  d r a p e s  a  1 4  m h i g h  outwash  

t e r r a c e  c u t b a n k  a l m o s t  t o  a n  abandoned c h a n n e l  a t  t h e  edge  o f  

t h e  c o n c a v e  bench.  The a s h  l a y e r  is i n  t h e  s l i d e  d e b r i s  a t  t h e  

t e r m i n u s  i n d i c a t i n g  movement o f  t h e  t o e  a f t e r  a s h  d e p o s i t i o n .  

P a r t  o f  t h e  f l o w  t e r m i n u s  a p p e a r s  t o  have  b e e n  c u t  by a former 

c h a n n e l  o c c u p y i n g  t h e  swale. ' 
F a r t h e r  downstream ( r i v e r  km 113-117) ( F i g .  4.2 i n  p o c k e t )  

t h e  c h a n n e l  h a s  changed  v e r y  l i t t l e ;  a f e w  l a t e r a l  b a r s  are 

a d d e d  s i n c e  a s h  d e p o s i t i o n .  The meander  l o b e s  downstream from 

h e r e  a re  s i m p l e  and  s y m m e t r i c a l  ( r i v e r  km 116-122) .  They c u t  

l o w  ou twash  t e r r a c e s  l e a v i n g  s t r i p s  o f  f l o o d p l a i n  w i t h o u t  a s h  

as p o i n t  b a r s  and  concave  b e n c h e s .  Fo r  example ,  a s t r i p  of 

f l o o d p l a i n  w i t h o u t  a s h  a t  r i v e r  k i l o m e t e r  1 1 7 . 1  i s  110  m wide  

o p p o s i t e  two p o i n t  b a r s  a n d  1 3 0  m w i d e  a t  k i l o m e t e r  1 1 8 - 8  

downst ream o f  t h e  p o i n t  b a r s .  The a v e r a g e  m i g r a t i o n  ra te  i s  

9.7 cm/yr a t  t h e s e  p o i n t  b a r s .  Around t h e  n e x t  bend a low 

i s l a n d  is d e v e l o p i n g  n e a r  t h e  c o n c a v e  c u t b a n k  ( r i v e r  km 1 1 9 . 5 ) -  
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g r a v e l  

o r g a n i c  m a t t e r  i n  t o p  15 c m  
sand 

g r a v e l  a t  b a s e  

Figure 4.18 Geomorphic p r o f i l e  and: s t r a t i g r a p h i c  

s e c t i o n  and auger l o g s  from a f loodp la in  t r ave r se  a t  

r i v e r  km 111.6, l e f t  bank. The f l oodp la in  without ash  

i s  under la in  by a sand veneer over gravel .  This i s  

p a r t  of a concave bench a b u t t i n g  the  toe of a  deb r i s  

s l i d e .  

I 



CROSS SECTKM AND STRATK3RAPHy 

SOIL PIT A 

s i l t y  sand w i t h  f o u r  o r g a n i c  l a y e r s  up t o  
3 cm t h i c k  

permafros t  

SOlL PIT B 
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c o a r s e  sand,  g r a v e l  
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F igure  4.19 Geomorphic p r o f i l e  and. s t r a t i g r a p h i c  

s e c t i o n s  from a f l o o d p l a i n  t r a v e r s e  a t  r i v e ?  icm 1 1 2 ,  

l e f t  bank. The f l o o d p l a i n  h a s  a veneer  of sand 

over ly ing  g r a v e l  n e x t  t o  t h e  t o e  of a d e b r i s  s l i d e  wi th  

con to r t ed  ash.  Th i s  i s  p a r t  of t h e  concave bench of 

f i g u r e  4.18. 



A p a i r  o f  meander l o b e s  a r e  s i m p l e  a s y m m e t r i c a l  forms a t  

r i v e r  km 1 2 3  t o  129 ( F i g .  4.2 i n  p o c k e t ) .  F l o o d p l a i n  w i t h o u t  

a s h  was measured a t  140  m i n  w i d t h  a t  r i v e r  k i l o m e t e r  125.2 

o p p o s i t e  t h e  downstream end o f  t h e  f i r s t  p o i n t  b a r ,  g i v i n g  a 

m i g r a t i o n  r a t e  o f  11 c m / y r .  F a r t h e r  a l o n g  o n  t h e  same  

f l o 6 d p l a i n  a t  k i l o m e t e r  1 2 6  t h e  a s h  l i m i t  i s  a  swamp. A 

s u r f a c e  1 m h i g h e r  t h a n  t h e  swamp i s  v e g e t a t e d  w i t h  s p r u c e  and 

c o n t a i n s  a s h  below 20 c m  o f  b l a c k  o r g a n i c  m a t t e r  and minor  

s i l t .  The  a s h - f r e e  f l o o d p l a i n  i s  1 9 7  m w i d e  h e r e ;  t h e  

m i g r a t i o n  r a t e  i s  t h e r e f o r e  1 6  cm/yr. The s i n u s o i d a l  o u t l i n e  

o f  t h e  a s h - f  r e e  f l o o d p l a i n  f o l l o w s  r i d g e s  d i s c e r n i b l e  o n  

a i r p h o t o s  and p a r a l l e l s  t h e  p r e s e n t  bank l i n e .  

Around t h e  second  s i m p l e  a symmet r i c  l o o p  a s h  is b u r i e d  by 

3 0  cm of sand o n l y  ?Q m from the river at t h e  apex of t h e  bend 

which  h a s  m i g r a t e d  , a t  a n  a v e r a g e  r a t e  o f  5.7 cm/yr. F a r t h e r  

downst ream ( r i v e r  km 128.4)  a s h  w a s  e n c o u n t e r e d  f i r s t  i n  a s o i l  

p i t  157  m e a s t  o f  t h e  r i v e r  bank on  a terrace w i t h  a  n o r t h  

t r e n d i n g  s c a r p .  

A s y m m e t r i c a l  m e a n d e r  l o o p  ( r i v e r  km 1 2 9 - 1 3 2 )  o c c u r s  

f a r t h e r  downstream o p p o s i t e  a h i g h  t e r r a c e  w i t h  local  k e t t l e  

h o l e  topography  ( F i g .  4.2 i n  p o c k e t )  . T h i s  bend h a s  m i g r a t e d  

v e r y  l i t t l e  a f t e r  a s h  d e p o s i t i o n .  The a s h  o c c u r s  a t ,  or n e a r ,  

the  bank a round  i ts  convex and c o n c a v e  s i d e s .  

A m e d i a l  i s l a n d  ( r i v e r  km 137.8)  low i n  E a g l e ' s  Nes t  B l u f f  

r e a c h  and u n d e r l a i n  by v o l c a n i c  a s h  i n  t h e  c e n t r a l  area (F ig .  

4 .20)  is  a good example o f  l i m i t e d  l a t e r a l  m i g r a t i o n  and  i s l a n d  

g r o w t h  f o l l o w i n g  a s h  e r u p t i o n .  O p p o s i t e  t h e  i s l a n d  o n  t h e  



r i g h t  bank ,  a s h  i s  exposed  i n  a  3 m c u t b a n k  w h i l e  on  t h e  l e f t  

bank a s h  l i e s  o n  an  8 m g l a c i o f l u v i a l  t e r r a c e .  On t h e  n o r t h  

s i d e  o f  t h e  i s l a n d  t h e  f l o o d p l a i n  w i t h o u t  a s h  is  50 m wide and  

o n  t h e  s o u t h  s i d e  i t  is 20 m wide .  An a u g e r  h o l e  i n  t h e  

u p s t r e a m  end  o f  t h e  i s l a n d  ( r i v e r  km 137 .5 )  c u t  v o l c a n i c  a s h  a t  

7 5  c m  40 m f rom t h e  r i v e r .  The a s h  a p p e a r s  t o  d r a p e  o v e r  t h e  

i s l a n d  s l o p i n g  toward t h e  c h a n n e l .  A l though  i t  h a s  e r o d e d  low 

t e r r a c e s  and  widened i ts  c h a n n e l  t h e  r i v e r  h a s  o n l y  widened t h e  

i s l a n d  by 70 m. I s l a n d  g rowth  a v e r a g e s  5.7 cm/yr. 

I n  a t o r t u o u s  s e c t i o n  o f  E a g l e ' s  N e s t  B l u f f  r e a c h  j u s t  

downst ream o f  Carmacks,  a l a t e r a l  b a r  h a s  d e v e l o p e d  a l o n g  t h e  

e d g e  o f  a n o t h e r  l o w  o u t w a s h  t e r r a c e .  N i n e  c l o s e - s p a c e d  

f l o o d p l a i n  t r a v e r s e s  were made t o  t h e  a s h  boundary .  The w i d t h  

of f l o o d p l a i n  w i t h o u t  a s h  i n c r e a s e s  downstream from 3 4  m t o  

1 5 0  m. Between one, and f o u r  minor  s l o u g h s  are  p r e s e n t  on  t h i s  

f l o o d p l a i n .  An example of o n e  t r a v e r s e  ( F i g .  4.21) shows t h e  

r e l a t i o n s h i p  b e t w e e n  t h e  o u t w a s h  t e r r a c e ,  n a r r o w  l o w - l e v e l  

terrace and  f l o o d p l a i n  w i t h  a n d  w i t h o u t  a s h .  

Around t h e  n e x t  s y m m e t r i c a l  meander  l o b e ,  a  f l o o d p l a i n  

t r a v e r s e  o n  t h e  c o n v e x  s i d e  a t  t h e  b e n d  a x i s  ( F i g .  4 .22)  

i n d i c a t e s  a b o u t  1 1 0  m o f  p o s t - a s h  l a t e r a l  m i g r a t i o n  ( 8 . 9  

cm/yr ) .  A c o b b l e  s h e l f  a t  t h e  bank is two t o  t h r e e  meters 

wide .  A d r y  s l o u g h  a p p e a r s  t o  mark t h e  boundary  be tween t h e  

f l o o d e d  p r e - a s h  s u r f a c e  and  t h e  p o s t - a s h  f l o o d p l a i n .  The p o i n t  

b a r  h e r e  was t r a c e d  downstream where  t h e  w i d t h  o f  f l o o d p l a i n  

w i t h o u t  a s h  n a r r o w s  t o  77 m ( r i v e r  km 1 5 0 ) .  

T h e  r i v e r  s h o w s  l i t t l e  e v i d e n c e  o f  p o s t - a s h  l a t e r a l  
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Figure 4.20 Geomorphic profile and* stratigraphic 

sections from an .island traverse at river km 137.8. 

This island has expanded outward from a core which 

has ash. 
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Figure  4.21 Geomorphic p r o f i l e  and Y'tratigraphic 

s e c t i o n s  from a f loodp la in  t r ave r se  a t  r i v e r  km 146.5,  

r i g h t  bank. P i t s  I1BN and vC1t have sand covering the 

ash  while p i t  "DM has  ash  a t  surface .  
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Figure 4.22 .Geomorphic profile and -stratigraphic 

sections from a floodplain traverse at river km 148.5, 

right bank. A narrow depression marks the boundary 

between floodplain with ash and floodplain lacking 

ash. 
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m i g r a t i o n  be tween  r i v e r  k m  150 .5  and  1 5 9  where t h e  r i v e r  is  

c o n f i n e d  by McConnell ice  s t a g n a t i o n  d e p o s i t s .  

A t r a v e r s e  o f  a  c o n c a v e  b e n c h  ( F i g .  4 . 2 3 )  f a r t h e r  

downst ream ( r i v e r  km 1 6 3 )  s u g g e s t s  250 m o f  l a t e r a l  m i g r a t i o n  

a f t e r  t h e  a s h  was l a i d  down a t  a r a t e  o f  20 cm/yr. The 

boundary  be tween t h e  f l o o d p l a i n  and  terrace i s  marked by a n  

a b r u p t  c h a n g e  i n  s l o p e  w i t h  a s h  p r e s e n t  o n  t h e  s l o p e  a n d  

b e n e a t h  t h e  terrace. 

P a r t  o f  E a g l e ' s  N e s t  B l u f f  r e a c h  was  r e s t o r e d  t o  i t s  

presumed p o s i t i o n  a t  t h e  time o f  a s h  d e p o s i t i o n  a b o u t  1230 y r  

BP ( F i g .  4 .24) .  The s k e t c h  map was c o n s t r u c t e d  from t h e  known 

a n d  i n f e r r e d  l i m i t s  o f  a s h  d e t e r m i n e d  i n  t h e  f i e l d .  The 

f o l l o w i n g  g e n e r a l i z a t i o n s  c a n  b e  made a b o u t  bend m i g r a t i o n s  o f  

Yukcn R i v e r  d u r i n g  t h i s  i n t e r v a l .  E l igra t ior !  tends t o  b e  down 

t h e  v a l l e y  a n d  t h e  a g e  o f  t h e  f l o o d p l a i n  a t  any one  p l a c e  

i n c r e a s e s  up  t h e  v a l l e y .  Cu tbanks  t h e r e f o r e  t a p e r  downstream. 

Knowing t h e  w i d t h  o f  f l o o d p l a i n  w i t h o u t  a s h  p e r m i t s  estimates 

o f  t h e  l o o p  m i g r a t i o n  rates f o r  t h e  l a s t  1230 years..--.This r a t e  

c a n  b e  e x t r a p o l a t e d  t o  e s t i m a t e  how l o n g  meanders  have  b e e n  

p r e s e n t .  The s c r o l l e d  a l l u v i a l  p l a i n  is a b o u t  1 .5  km wide;  

t h a t  o f  a s h  f r e e  a l l u v i u m  i s  a b o u t  200 m. The 200 nr s t r i p  

formed i n  1230 y e a r s  and  t h e  1 .5  km wide s c r o l l e d  s u r f a c e  is 

t h e r e f o r e  formed i n  7500 y e a r s .  T h i s  assumes  t h a t  t h e  ra te  

a p p l i e s  t o  t h i s  l o n g e r  t i m e s p a n .  T h e  r a d i o c a r b o n  a g e  

d e t e r m i n a t i o n  i n  H o o t a l i n q u a  r e a c h  i n d i c a t e s  t h a t  l a t e r a l  

m i g r a t i o n  h a s  b e e n  more r a p i d  i n  t h e  l a s t  4700 y e a r s  t h a n  t h e  

l a s t  1 2 0 0  y e a r s .  The  7 5 0 0  y e a r  e s t i m a t e  f o r  t h e  o l d e s t  





scrolled surface in Eagle's Nest Bluff reach may be a maximum 

age. 

4.4.2 Post-ash Vertical Accretion of ~agle's Nest Bluff Reach 

Post-ash vertical accretion on floodplains of different 

elevations above river level show that those in the 2 to 3 m 

range are flooded periodically. Alluvial surfaces above 4 m 

show no evidence of being flooded since ash deposition. 

Post-ash deposits are of bedded sand and silt with or 

without buried organic layers (Fig. 4.26) . Floodplains which 

are devoid of ash occur up to 3 m above river datum. These are 

comprised of basal gravel overlain abruptly by fining-upward 

bedded sand and silt. Organics are present in the upper half 

of sections. 

The thickness of vertical accretion above the ash layer 

(Table 4.2) varies to a maximum of 0.9 m and averages 0.34 m; 



F i g u r e  4.26 R i v e r b a n k  e x p o s u r e  i n  E a g l e ' s  N e s t  B l u f f  r e a c h  a t  

r i v e r  km 129 .1 .  V o l c a n i c  a s h  is reworked  o n  t o p  o f  g r a v e l  

a n d  o v e r l a i n  by  l a m i n a t e d  s a n d s  f o r m i n g  t h e  2 . 3  m 

f l o o d p l a i n .  Band c o v e r s  t h e  a s h  t o  a d e p t h  o f  0 .8  m a t  

t h i s  s i t e .  



TABLE 4.2 

Vertical post-ash accumulation on floodplains of different 

level for Eagle's Nest Bluff - Carmacks Reach 
Downstream Base of Vertical Accretion 

distance ash accumulation rate 

(km) - (m) (m) (mm/y r 



Downstream Base of Vertical Accretion 

distance ash accumulation rate 

(km) (m) (m) (mm/y r 



Downstream Base of Vertical Accretion 

distance ash accumulation rate 

(km) (m) (m) (mm/y r 



4.4.3 Floodplain Accretion Diagram of Eagle's Nest Bluff Reach 

A floodplain accretion diagram shows the relationship 

between the amount of vertical accumulation measured on the ash 

and height above the river for floodplains with buried ash 

(Fig; 4.27). This graph suggests more variation in the amount 

of material accreted on low floodplains than on high ones. 

This is expected because low floodplains are flooded more 

frequently than higher floodplains. However, although specific 

sites show an increase in accretion corresponding to a drop in 

ash height, the data taken as a whole shows poor correlation 

between ash height and accretion. This may be partly explained 

by the varying site of deposition; point bars and sloughs, 

concave and convex side of channel and width of floodplain. 

The limiting envelope was sketched through the maximum 

accretion for floodplains of different ash height may represent 

the highest accretion rate for the last millenium for 

floodplains which existed before 1230 yr BP. With time and 

similar hydrologic conditions the floodplains below the 

envelope will approach the maximum. 

An average line was constructed by least squares 

regression. The equation of this line predicts medium term 

accretion rates for floodplains based on their height. 

y = -0.003~ + 0.36 

y = vertical accretion (m) 

x = height of floodplain (at base of ash) 

where: 



EAGLE'S NEST BLUFF - CARMACKS REACH 

FLOODPLAIN ACCRETION 

0.6 1.0 1.6 2.0 2.6 3.0 3.6 4.0 

HEIGHT OF VOLCANIC ASH LAYER ON FLOODPLAIN (m) 

F i g u r e  4.27 E a g l e ' s  Nest B l u f f  - Carmacks r e a c h  f l o o d p l a i n  

a c c r e t i o n .  



4.4.4 Long P r o f i l e  of E a g l e ' s  N e s t  B l u f f  Reach 

The l o n g  ( d o w n r i v e r )  p r o f i l e  f o r  E a g l e ' s  N e s t  B l u f f  r e a c h  

shows t h e  d i s t r i b u t i o n  o f  f l o o d p l a i n s  a n d  t e r r a c e s  a l o n g  t h e  

s t r e a m  c h a n n e l  ( F i g .  4 . 2 8  i n  p o c k e t ) .  U n p a i r e d  t e r r a c e  

segm'ents,  which r e p r e s e n t  s c r o l l e d  meande r ing  r i v e r  d e p o s i t s ,  

a r e  n o t  l i n k e d  o n  t h e  d i a g r a m .  T e r r a c e  s e g m e n t s  w i t h o u t  

meande r ing  p l a n f o r m  or w i t h  l o w  s i n u o s i t y  c h a n n e l s  a n d  dune  

f i e l d s  a r e  i n f e r r e d  t o  have  formed a s  ou twash .  Such s e g m e n t s  

a r e  l i n k e d  s u b j e c t i v e l y  b a s e d  o n  h e i g h t .  

A s p e c t s  o f  v e r t i c a l  a c c r e t i o n  o n  f l o o d p l a i n s  o f  v a r y i n g  

p o s i t i o n  a n d  h e i g h t  c a n  b e  i n f e r r e d  f rom t h e  p r o f i l e .  The 

l i m i t  o f  a g g r a d a t i o n  i s  3 . 2 5  m a b o v e  r i v e r  l e v e l  a n d  i s  

p a r a l l e l  w i t h  t h e  a v e r a g e  r i v e r  surface grade .  The  f loodpla in  

w i t h o u t  a s h ,  or t h o s e  d e p o s i t e d  i n  t h e  l a s t  1230  y e a r s ,  a re  2.5  

m b e l o w  t h e  h i g h e s t  f l o o d  l e v e l .  The  h i g h e s t  a n d  o l d e s t  

s c r o l l e d  a l l u v i a l  terraces a re  8 m above  r i v e r  l e v e l .  T h i s  

shows t h a t  w i t h  t i m e  Yukon R i v e r  h a s  i n c i s e d  i t s  bed l e a v i n g  

o l d e r  meander scrolls as abandoned  f l o o d p l a i n s  ( terraces);  The 

r i v e r  h a s  b e e n  r ework ing  o u t w a s h  a n d  s c r o l l e d  a l l u v i u m .  The 

segmen ted  lowest l e v e l  o f  a s h  l i n e  is be tween  0.8 and  1 .25  m 

above  r i v e r  l e v e l  showing t h a t  t h e  r i v e r  h a s  i n c i s e d  a b o u t  1 m 

s i n c e  t h e  a s h  f a l l .  
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4.4.5 Concave Bench A c c r e t i o n  t o  t h e  F l o o d p l a i n  

An example  o f  concave  bench  f o r m a t i o n  ( r i v e r  km 111-112) i s  

p r e s e n t e d  a s  a s e q u e n c e  o f  s t a g e s  i n  t h e  e v o l u t i o n  o f  

f l o o d p l a i n .  

- T h e  s t a g e s  i n  deve lopment  o f  t h e  c o n c a v e  bench  a r e  i n f e r r e d  

f r o m  m o r p h o l o g i c a l  f e a t u r e s  o b s e r v e d  i n  t h e  f i e l d  a n d  o n  

a i r p h o t o s .  T h e  W h i t e  R i v e r  Ash c o n s t r a i n s  t h e  amoun t  o f  

c o n c a v e  bench  formed o v e r  a f i x e d  i n t e r v a l  which  is  d e p i c t e d  

( F i g .  4 .29 )  a s  a p r e - a s h  ( s t a g e  1) a n d  p r e s e n t  ( s t a g e  2 )  

c o n f i g u r a t i o n  o f  t h e  c h a n n e l  and  f l o o d p l a i n .  The t a i l  o f  t h e  

u p s t r e a m  p o i n t  b a r  i s  a l s o  i n c l u d e d  i n  t h e  d i ag ram.  A z o n e  o f  

d e p o s i t i o n  a t  t h e  apex  o f  t h e  bend  is p r e s e n t  w i t h  a s m a l l e r  

c h a n n e l  on t h e  concave  s i d e  and a more a c t i v e  c h a m e l  on t h e  

convex  s i d e .  The minor c h a n n e l  e v e n t u a l l y  is  abandoned  w i t h i n  

t h e  p o s t - a s h  p e r i o d  and  r e m a i n s  a s  a l o w  l y i n g  swale n e x t  t o  a 

f o r m e r  c u t b a n k .  Near t h e  p r e s e n t  c o n c a v e  bank w a t e r  f i l l e d  

s l o u g h s  s t i l l  t r a v e r s e  t h e  lowest f l o o d p l a i n  and  a r e  at l e a s t - 2  

m d e e p .  

O t h e r  e x a m p l e s  of c o n c a v e  b e n c h  e v o l u t i o n  h a v e  b e e n  - 

documented by Nanson and Page  (1983)  f o r  a r i v e r - i n  A u s t r a l i a .  



M I E A  WITHOUT VOLCANIC ASH - 
- - 1-1 AREA UNDERLAIN BY VOLCANIC ASH 

a:*. 

.LANDSLIDE AREA WITH DISTURBED VOLCANIC ASH 

F i g u r e  4.29 Development o f  a concave  bench a t  "Big   end" 



4.5 Rink R a p i d s  - Minto  Reach 

The Rink Rap ids  r e a c h  h a s  a n  anas tomosed p l a n f o r m  ( F i g .  4.3 

i n  p o c k e t )  w i t h  a b u n d a n t  i s l a n d s  a n d  low s i n u o s i t y .  The  

s u r f i c i a l  g e o l o g y  i n  t h i s  r e a c h ,  a t  F i v e  F i n g e r  Rapids ,  was 

mapped a s  p a r t  o f  dam s i t e  i n v e s t i g a t i o n s  (Owen, 1 9 5 9 ~ ;  Hardy 

A s s o c i a t e s ,  1 9 8 0 ) .  O t h e r  mapping h a s  b e e n  c a r r i e d  o u t  by  

K l a s s e n  ( i n  p r e s s ) .  Bos tock  (1936 pp. 7-12) r e p o r t e d  on b road  

a s p e c t s  o f  t h e  phys iography  and g l a c i a t i o n  o f  t h e  r e g i o n .  

4.5.1 G l a c i a l  H i s t o r y  of Rink R a p i d s  Reach 

E x c e l l e n t  p r e s e r v a t i o n  o f  g l a c i o f  l u v i a l  f e a t u r e s  p e r m i t  

f o r m u l a t i o n  of a t e n t a t i v e  l a t e  g l a c i a l  h i s t o r y  for this r e a c h  

b a s e d  o n  a i r p h o t o  i n t e r p r e t a t i o n  a n d  g r o u n d  c h e c k i n g  o f  

m a t e r i a l s  and  l andfo rms .  

P r o g l a c i a l  d e p o s i t i o n a l  forms e x t e n d  beyond t h e  l i m i t  o f  

t h e  l a s t  g l a c i a l  advance  n o r t h w e s t  o f  Yukon C r o s s i n g .  These 

l a n d f o r m s  i n c l u d e  a v a l l e y  t r a i n ,  f a n s ,  a n d  d e l t a s .  The  

h i g h e s t  t e r r a c e ,  which merges  w i t h  t h e  end mora ine  a t  Yukon 

C r o s s i n g  gnd h a s  a  s o i l  s u g g e s t i v e  o f  McConnell age- d e p o s i t s ,  

formed as t h e  outwash p l a i n  a t  t h e  maximum o f  t h e  ~ c ~ o n n e l l  

a d v a n c e .  T h i s  v a l l e y  t r a i n  h a s  b e e n  mapped by h e i g h t  and  

s u r f a c e  f e a t u r e s  from Yukon C r o s s i n g  t o  beyond t h e  s t u d y  r e a c h  

and  i s  i n f o r m a l l y  c a l l e d  t h e  "McConnell t e r r a c e " .  P a r t  o f  t h e  

"McConnell t e r r a c e n  and o t h e r  outwash  t e r r a c e s  were e r o d e d  as  

t h e  ice wi thdrew from t h e  v a l l e y .  Younger outwash  f i l l s  a t  



successively lower elevations were deposited and subsequently 

channelled and terraced by meltwater streams. This left a 

series of terrace segments with a common depositional history 

in the valley (Fig. 4.30). 

The highest and oldest terraces formed in closer proximity 

to ice than did the lower terraces. Channel scars on these 

terraces indicate their glacial in•’ luence. For example, a 

teardrop shaped remnant south of Yukon Crossing is remarkably 

similar to an outwash remnant described by Mollard and Janes 

(1984, p. 51) in Saskatchewan. Both features share a common 

genesis of channelling along a glacial spillway leaving a 

remnant surrounded by postglacial alluvium. 

After McConnell glacial time, valley fills were incised 

leaving terraces well above the present river level. 

Braided rivers.probably formed because abundant sand and 

gravel were available to streams. Channel scars can be 

discerned on airphotos of the lower terraces. They are here 

referred to as outwash terraces but their relationship to a 

melting ice margin is not known, Deflation by wind left dune 

fields on the lower terraces which were stabilized before the 

White River Ash was erupted. Vegetation was estqblished at 

this time and the river assumed the anastomosed channel 

character which persists today. 



F
ig

u
re

 
4

.3
0

 
D

o
w

n
st

re
am

 v
ie

w
 
o

f 
l

a
s

t
 m

ea
n

d
er

 
lo

b
e

 o
f 

R
in

k
 

R
a

p
id

s 
re

a
c

h
 

(
r

iv
e

r
 k

m
 1

.7
9

.3
) 
. 

H
ig

h
-l

e
v

e
l 

g
la

c
io

f 
lu

v
ia

l 
te

rr
a

c
e

s
 f

ro
m

 t
h

e
 M

cC
o

n
n

el
l 

g
la

c
ia

ti
o

n
 f

o
rm

 a
 

s
e

r
ie

s
 

o
n

 
th

e
 r

ig
h

t 
h

an
d

 
s

id
e

 o
f 

th
e

 v
a

ll
e

y
. 

F
lo

o
d

p
la

in
 

w
it

h
o

u
t 

a
s

h
 i

n
 f

o
re

g
ro

u
n

d
 
is

 v
e

g
e

ta
te

d
 w

it
h

 a
ld

e
r 

a
n

d
 

w
il

lo
w

. 
S

p
ru

c
e

 c
o

v
e

re
d

 
fl

o
o

d
p

la
in

 c
o

n
ta

in
s

 
th

e
 a

sh
. 



4.5-2 Major Geomorphic Map Units of Rink Rapids Reach 

The geomorphic units are: 

Channelled Terraces: 

"Reid Terraces" (10-112 m) 

"McConnell Terrace" (7-110 m) 

High-level Glaciofluvial Terraces 

(36-86 m) 

Glaciolacustrine Terrace (63-79 m) 

Low-level Glaciofluvial Terraces (5-19 m) 

Anastomosed Terraces and Floodplains: 

Low-level Terraces and Floodplain with 

Volcanic Ash (2-5 m) 

Floodplain without Volcanic Ash (0-3,8 m) 

4-5.2.1 Channelled Terraces: "Reid Terraces" 

The terrace extending in remnants downstream of McGregor 

Creek (river km 203) to below Minto roughly coincides with- 

hummocky drift in Yukon River Valley and Von Wilczek Creek 

valley. This drift is presumed to be Reid age (Hughes pers- 

comm.) . Its topography is more subdued than the fresh looking 

McConnell hummocky drift upvalley. The terrace remnants are 

informally named "Reid terraces" based on the proximity to 

presumed Reid drift and the presence of ventifacts, weathered 

stones and deeper soil profiles than McConnell age deposits- 

Similar criteria were used in McQuesten map area to 



differentiate deposits of different ages in Stewart River 

Valley (Tarnacai et al., 1985). 

4.5.2.2 Channelled Terraces: 'McConnell Terrace" 

 h he largest and most extensive terrace in the Rink Rapids 

reach extends from near Yukon Crossing to Minto. It merges 

with the north sloping moraine ridge marking the McConnell 

limit (Hughes et al., 1969) (river km 196) (Fig. 4.30, 4.31, 

and 4.32). It is informally named the "McConnell terrace" and 

bears the same relationship to the McConnell ice limit at Yukon 

Crossing as the terrace traced from the McConnell glacial limit 

on the Stewart River to below McQuesten airstrip (Hughes, 1983 

field work).  The "McConnell terracen in McQuesten map area is 

a.lso covered with. a veneer of loess overlying a brunisol 

developed in gravelly outwash. Ventifacts commonly observed in 

terraces above the McConnell terrace are absent from the 

"McConnell terracen and younger terraces in both Yukon River 

valley and Stewart River valley. 

4.5.2.3 Channelled Terraces: High-level Glaciofluvial Terraces 

(36-86 m) 

Airphotos show that high terraces not mapped as Reid or 

McConnell terraces have channel patterns and dunes. Small 

meltwater channels merge with the highest of these surfaces 

south of the limit of mapping. The terraces occur near Tatchun 
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R i v e r  a n d  Rink R a p i d s  a d j a c e n t  t o  t h e  hummocky s t a g n a n t  ice 

d e p o s i t  i n  t h e  c e n t r e  o f  t h e  v a l l e y  ( r i v e r  km 177  t o  1 9 1 ) .  

E x p o s u r e s  a re  o f  p o o r l y  s t r a t i f i e d  a n d  p o o r l y  s o r t e d  c o b b l y  

g r a v e l .  L a r g e  c l a s t s  r a n g e  f rom 30 t o  1 0 0  c m  and  a r e  m a t r i x  

s u p p o r t e d .  V o l c a n i c  a s h  30 c m  t h i c k  o v e r l i e s  loess  which is 

a b o u t  50 c m  t h i c k  above  t h e  g r a v e l .  Two g u l l i e s  a t  r i v e r  km 

1 8 7  r e t a i n  a s h  on  s u r f a c e  s l o p e s ;  t h e s e  s l o p e s  have  remained  

s t a b l e  s i n c e  a s h  was d e p o s i t e d .  Ash is p r e s e n t  on  p a r t  o f  t h e  

t e r r a c e  s c a r p  b u t  m i s s i n g  i n  o t h e r  p a r t s .  The s c a r p  w i t h  no  

a s h  s l o p e s  a t  36O. 

4-5.2.4 C h a n n e l l e d  T e r r a c e s :  G l a c i o l a c u s t r i n e  T e r r a c e  (63-79 m) 

N o r t h  o f  T a t c h u n  R i v e r  a srnootk flat terrace c o n t a i n s  

s t r a t i f i e d  s i l t  and c l a y  o v e r l y i n g  a p i n k i s h  t i ll .  Washed 

s t r a t i f i e d  g r a v e l s  o v e r l i e  t h e  same l a m i n a t e d  r h y t h m i t e s  on a 

r o a d  c u t  5 3  m above  t h e  r i v e r .  T h e s e  d e p o s i t s  a re  i n t e r p r e t e d  

t o  b e  t h e  g l a c i ~ l a c ~ s t r i n e  f i l l  o f  a - l a k e  p o n d e d  b y  i c e  

o c c u p y i n g  Yukon R i v e r  v a l l e y  a n d - d r a i n e d  b y  a  l a r g e  m e l t w a t e r  

c h a n n e l  i n c i s e d  i n  t h e  terrace. 

4.5.2.5 C h a n n e l l e d  T e r r a c e s :  Low-leve l  G l a c i o f l u v i a l  T e r r a c e s  

.(5-19 m) 

G r a v e l  t e r races  b e l o w  t h e  "McConne11 t e r r a c e n  n e a r  t h e  

t e r m i n u s  o f  t h e  l a s t  g l a c i a t i o n  o c c u p y  t h e  v a l l e y  i n  s l o p i n g  

s t e p s  f o r m i n g  t h e  r i v e r  bank a l o n g  much o f  t h e  c o u r s e  ( F i g .  



4 . 3 2 ) .  T h e i r  s u r f a c e  i s  m o d i f i e d  by dune  f i e l d s  and t r i b u t a r y  

f a n  d e p o s i t s .  The g r a v e l  is  i m b r i c a t e d  and  c r u d e l y  bedded and 

o v e r l a i n  by a b o u t  a m e t e r  o f  s a n d ,  a s h  n e a r  t h e  t o p  and  covered  

by e o l i a n  sand .  

4.5.2.6 Anastomosed T e r r a c e s  a n d  F l o o d p l a i n :  

Low-level  T e r r a c e s  and  F l o o d p l a i n  w i t h  V o l c a n i c  Ash (2-5 m) 

The low v a l l e y  f l a t s  ( a l l u v i a l  p l a i n )  s t  r a d d l e  t h e  r i v e r  

c h a n n e l  i n  m o d e s t  p r o p o r t i o n s  compared  t o  o u t w a s h  d e p o s i t s  

n o t a b l y  i n  t h e  Yukon C r o s s i n g  a r e a  a n d  u p s t r e a m  o f  McCabe 

Creek.  I r r e g u l a r  minor c h a n n e l s  o p e n  a t  t h e i r  e x i t s  and c l o s e d  

u p s t r e a m  a r e  p r e s e n t  on  t h i s  map u n i t ,  f o r  example a t  r i v e r  

k i l o m e t e r  2 0 6  and  215, T h e y  are  i n  t h e  process of b e i a g  

abandoned.  T h i r t e e n  i s l a n d s  a re  p a r t l y  u n d e r l a i n  by t h i s  u n i t .  

Cu tbanks  o f  f e t i d  l a y e r e d  s i l t  a n d  s a n d  o v e r l i e  g r a v e l .  c he' 

a s h  is b u r i e d  by bedded s e d i m e n t  o n  i s l a n d  f l o o d p l a i n s  from 1 .4  

t o  3 . 8  m above r i v e r  datum. The  g r a v e l - s a n d  c o n t a c t  o f  i s l a n d s  

commonly f a l l s  i n  , e l e v a t i o n  downstream. - 

4.5.2.7 Anastomosed T e r r a c e s  a n d  F l o o d p l a i n :  

F l o o d p l a i n  w i t h o u t  V o l c a n i c  Ash (0-3.8 m) 

T h i s  map u n i t  c o n t a i n s  many i s l a n d s ,  b a r s  a n d  a c c r e t e d  

l a t e r a l  b a r s .  The anas tomosed p a t t e r n  o f  minor  c h a n n e l s  is  

p r e s e n t  i n  t h e s e  l o w  l y i n g  d e p o s i t s  o f  Rink R a p i d s  r e a c h .  The 

r i v e r  bed i s  c o b b l y  g r a v e l .  C o h e s i v e  c u t b a n k s  a r e  of s imilar  



s t r a t a  as t h e  a l l u v i a l  p l a i n  w i t h  a s h .  R h y t h m i c a l l y  l a y e r e d  

o r g a n i c / s a n d y  s i l t  l a y e r s  a r e  common i n  t h e  t o p  meter. The 

o r g a n i c  l a y e r s  a r e  more c l o s e l y  s p a c e d  t h a n  s c r o l l e d  f l o o d p l a i n  

a n d  a r e  f e t i d .  S o i l  p i t s  i n  t h e s e  o r g a n i c  r i c h  h o r i z o n s  

e n c o u n t e r  p e r m a f r o s t  a s  s h a l l o w  as  3 5  c m  h i n d e r i n g  d e p t h  t o  a s h  

measu remen t s .  

4.6 P o s t - a s h  C h a n n e l  B e h a v i o u r  of Rink  R a p i d s  Reach 

The Yukon R i v e r  h a s  n o t  changed  i t s  anas tomosed  morphology 

i n  t h e  l a s t  m i l l e n i u m .  R a t h e r  i t  h a s  m o d i f i e d  i s l a n d s  and  

f l o o d p l a i n  by e r o s i o n  a n d  d e p o s i t i o n  w i t h i n  t h e  r e s t r i c t e d  

v a l l e y  f l a t  b o u n d e d  b y  h i g h  t e r r a c e s .  W h i t e  R i v e r  Ash  

d i s t r i b u t i o n  shows the low l e v e l  ef c h a n n e l  change .  I i n f e r  

f r o m  t h e  map ( F i g .  4.3 i n  p o c k e t )  t h a t  m i d c h a n n e l  i s l a n d s  grew 

a n d  d i m i n i s h e d ,  t h a t  b a n k s  e r o d e d  be tween  n o d e s ,  t h a t  l a t e r a l  

b a r s  a c c r e t e d  and  t h a t  ou twash  t e r r a c e s  e r o d e d  s i n c e  a s h  f e l l .  

~ x a m p l e s  o f  t r i v e r  c h a n g e s  a re  i l l u s t r a t e d  f rom s e l e c t e d  

p a r t s  o f  t h e  r e a c h .  A s e q u e n c e  of e v e n t s  f o r  t h e - g e n e r a t i o n  of 

a c c r e t e d  f l o o d p l a i n  is a l s o  d i s c u s s e d  b a s e d  o n  t h e  1230  y e a r  

r e c o r d .  

The a s h  is exposed  i n  b a n k s  0 . 1  t o  5  m above  r i v e r  l e v e l  on  

t e n  m i d c h a n n e l  i s l a n d s .  T h i s  is  s t r o n g  e v i d e n c e  f o r  l o n g e v i t y  

o f  i s l a n d s  i n  ' anas tomosed  r i v e r s .  



121 

4.6.1 Post-ash Lateral Migration o f Rink Rapids Reach 

Lateral floodplain accretion and midchannel island growth, 

seen in this reach, is illustrated with examples. Upstream of 

Yukon Crossing and at the terminus of the McConnell ice 

staghation deposits (river km 187 to 193) Yukon River is split 

by many islands. The riverbanks are low-level glaciofluvial 

gravel terraces with dune fields and alluvium with and without 

ash. Volcanic ash underlies segments of four islands, from 

river km 187 to 192, showing that islands have mig-rated little 

since the ash was laid down. However, the aggregate width of 

islands lacking ash at river km 192 is 700 m and both banks 

have ash yielding a channel shift rate of 57 /yr. A north 

facing bank especially susceptible to slumping is b e i n g  

actively eroded here. It contains buried ash in a cohesive 

organic silt stratum. Rapid bank erosion is believed to have 

occurred as a result of thermal erosion. Thawing of permafrost 

releases water saturating the thawed sedlment which leads to an 

unstable condition. This type of erosion is discussed by - -  

Walker and Arnborg (1966) and Outhet (1974). 

Downstream of Yukon Crossing (river km 196.5) a 200 m wide 

post-ash floodplain is accreted to pre-ash floodplain (Fig. 

4.33) with a slough at the boundary. Southwest of the slough 

ash is overlain by 25 cm of silt indicating that it has been 

flooded in post-ash time. Farther downstream (river km 200.8) 

accreted floodplain abuts a low-level glaciofluvial terrace. 

The floodplain without ash is 173 m wide and another slough 



marks the bound 

rate for these 

ary (Fig. 4.34). The average lateral migration 

two examples is 15.2 cm/yr. A longitudinal 

island is underlain by volcanic ash at its downstream end. 

Channel migration is therefore restricted to the area of 

accreted floodplain and the present channel. Cutbanks with 

volcanic ash on both sides of this island indicate that the 

island was wider when ash was deposited than today. 

Similar relations are seen just upstream of McCabe Creek. 

Islands divide the Yukon River between low-level glaciofluvial 

terraces. Volcanic ash is absent on the large island (river km 

220.6) (Fig. 4.35) opposite a 250 m wide accreted floodplain. 

Two kilometers farther downstream accreted floodplain abuts 

floodplain with ash at a narrow slough (Fig. 4.36). The I 
I 

post-ash floodplain is 105 m wide %re inferring a rate of 13.4 

cm/yr. Because ash is exposed on the opposite bank of the , 

river in an alluvial fan, migration has been toward the right 

bank. 

A lenticular island occurs in midchannel between a 100 m 

high "Reid terracen on the left bank and an 8 m low-level 

outwash terrace on the right bank at river kilometer 224.5. 

The central axis of this island (Fig. 4.37) is underlain by ash 

surrounded by lower ash-free areas ("wingsn). The channel must 

be migrating away from the island centre and cutting terraces 

on each bank. 

Another midchannel island with volcanic ash (river km 229) 

shows that lateral migration has widened the left channel and 

perhaps narrowed the right channel. 
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SOIL PIT C 

organic matter and s i l t  . 

permafrost ' . '  . 

SOlL PIT D 

organic silt 
volcanic ash layer 

Figure 4.33 Geomorphic p r o f i l e  andstratigraphic 

sect ions  from a  floodplain traverse a t  r iver  km 1 9 6 . 5 ,  

l e f t  bank. Floodplain without ash i s  separated from 

floodplain with ash by an ac t ive  minor channel. 

Another minor channel is i n f  i l l e d  with detritus.  
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sand 

permafrost 

Figure- 4.34 Geomorphic profile and- stratigraphic 

sections from a floodplain traverse at river km 200.8, 

left bank. The floodplain lacking ash, an accreted 

lateral bar, occurs next to a former cutbank in gravel 

ou twash. 
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permafrost 

sand and organic layers 
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WlL PIT D 

4 @ 
sand w i t h  f e w  organic layers 

s o i l  p i t  E sand and very few organic layers  

Figure 4.35 Geomorphic profile and stratigraphic 

sections from an island traverse at river km 220.6. 

This island, which lacks ash, has buried organic layers 

in the overbank deposits indicating repeated flooding. 
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FLOO~PLAIN TRAVERSE 
VERT. EXAG. 4 X  

f i n e  sand with s i x  to  eight organic layers 
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Figure 4.36 

medium sand w i t h  poorly defined 1 cm thick 
organic layers 
permafrost 

sand 

' organic layer 
sand 
volcanic ash layer,  frozen 
pemaf ros t 

( 4  

Geomorphic profile and. stratigraphic 
b 

sections of a floodplain traverse at river km 222.6, 

left bank. A lateral'bar is in the final stages of 

accretion to the bank. 
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Figure 4.37 Geomorphic. profile and stratigraphic 

sections from an island traverse at river km 224.5. 

The floodplain without ash forms one nwingn around 

a core with buried ash. Another "wingn is present 

to the left of this core (not shown). 
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CROSS SECTION AND STRATWAPHY 

- 
FLOODPLAIN TRAVERSE 

VERT. EXAG. 2 

son PIT A 

SOIL QiT B 

SOIL, PIT C 

.............. 

SOIL PIT D 

-3 

f i n e  sand 

organic layer below oxidized (burnt) sand 

permafrost 

80% organic layers in  s i l t y  sand 

peimaf rost 

sand 
gravel 

volcanic ash layer 
sand 

Figure 4.38 Geomorphic profile and .s tratigra~~ic 

sections from a floodplain traverse at river hn 229.1, 

right bank. A floodplain with an abandonned minor 

channel is accre ted to an unflooded terrace. Note 

a change in scale from previous figures. 



F i g u r e  4.39 A c leaned  f a c e  on t h e  bank of  a l a r g e  
i s l a n d  i n  Rink Rapids r e a c h  ( r ive r  km i9O. 4 )  . A 
20 cm t h i c k  ash l a y e r  i s  exposed i n  a  1 .9  m f lood-  
p l a i n  a t  t h e  downstream end of t h i s  i s l a n d .  The 
b a s e  of  a sh  i s  0.7 m above t h e  r i v e r  and it i s  I - -  I 

cave red  by 0.95 m of pos t -ash  accumulat ion of  lam- 
i n a t e d  s i l t y  sand and o r g a n i c  l a y e r s .  



F i g u r e  4 . 4 0  A cutbank i n  Rink Rapids reach  
( r i v e r  k m  1 9 7 )  showing a s h ,  20 c m  t h i c k ,  bu r i ed  
by 1 . 2  m of sand i n  a 3.4 m f l o o d p l a i n .  There 
i s  a wel l -def ined  s h a r p  c o n t a c t  below t h e  ash 
and a more undu la t ing  c o n t a c t  above t h e  ash .  



I 
I 

T h e  a s h  f r e e  s u r f a c e  o n  i s l a n d s  c a n  e x t e n d  u p s t r e a m ,  

d o w n s t r e a m  a n d  o u t w a r d s  from t h e  c e n t r e .  ~ a n k s  o p p o s i t e  t h e  

m i d c h a n n e l  i s l a n d s  c o n t a i n  a s h  i m p l y i n g  e r o s i o n  a f t e r  t h e  a s h  

was d e p o s i t e d .  The amount  of e r o s i o n  is  p r e s u m a b l y  close t o  

t h e  w i d t h  o f  a s h  f r e e  i s l a n d s .  

4.6.2 P o s t - a s h  V e r t i c a l  A c c r e t i o n  sf R i n k  R a p i d s  Reach 

S e d i m e n t  a n d  o r g a n i c  l a y e r s  h a v e  a c c u m u l a t e d  above  t h e  a s h  

i n  t h e  Rink  R a p i d s  r e a c h  f l o o d p l a i n s .  D e p o s i t i o n  s i tes  i n c l u d e  

t h e  cores o f  some i s l a n d s  a n d  f l o o d p l a i n s  a d j a c e n t  t o  s l o u g h s .  

Areas  w i t h o u t  d e p o s i t o n  i n c l u d e  l o w - l e v e l  g l a c i o f l u v i a l  

t e r races  and  l o w - l e v e l  terraces  o f  a n a s t o m o s e d  morphology.  

T h e  a c c r e t i o n  m e a s u r e d  i n  s o i l  p i t s  and  c u t b a n k s  ( T a b l e  

4 .3 )  a v e r a g e s t 0 . 8 5  , m  a n d  r e a c h e s  a maximum o f  2.2 m a t  r i v e r ,  

k i l o m e t e r  212.3. T h i s  s i t e  is l o c a t e d  o n  a c c r e t e d  f l o o d p l a i n .  

The  a v e r a g e  p o s t - a s h  a c c r e t i o n  r a t e  is  0.07 cm/yr. 

The  a s h  l a y e r  is g e n e r a l l y  n e a r  t h e  m i d d l e  o f  2.4 to 3.0 m 

c u t b a n k s ,  b u t  is  l o c a l l y  w i t h i n  1 0  c m -  o f  r i v e r  l e v e l .  Those  

a b o v e  3 .8  m show no  s i g n  of h a v i n g  b e e n  f l o o d e d  d u r i n g  p o s t - a s h  

t i m e .  



TABLE 4.3 

Vertical post-ash accumulation on floodplains of different 

level for Rink Rapids - Mint0 Reach 
Downstream Base of Accumulation Accretion 

distance ash rate 

(km)' (m) (m) (mm/y r 

I 



Rapids Reach 

Downstream Base of Aecumulation Accretion 

distance ash rate 

(km) (m) (m) (mm/yr 



4.6.3 F l o o d p l a i n  A c c r e t i o n  Diagram of Rink  Rapids Reach 

T h e  f l o o d p l a i n  a c c r e t i o n  d i a g r a m  ( F i g .  4 . 4 1 )  f o r  R ink  

R a p i d s  r e a c h  shows s c a t t e r e d  p o i n t s .  V a r i a b i l i t y  i n  a c c r e t i o n  

i n c r e a s e s  as  t h e  v o l c a n i c  a s h  e l e v a t i o n  d e c r e a s e s .  The lowest 

a s h  'bed h a s  t h e  t h i c k e s t  a c c u m u l a t i o n  above  them and  a s h  l a y e r  

4  m a b o v e  r i v e r  l e v e l  l a c k s  c o v e r .  T h e  l e a s t  s q u a r e s  

r e g r e s s i o n  l i n e  t h r o u g h  t h e  p o i n t s  s h o w s  t h e  t r e n d  o f  

s e d i m e n t a t i o n  r a t e .  The e q u a t i o n  o f  t h i s  l i n e  p r e d i c t s  medium 

term a c c r e t i o n  r a t e s  f o r  f l o o d p l a i n s  b a s e d  o n  t h e i r  h e i g h t .  

where:  

y  = - 0 . 3 8 4 ~  + 1 .46  

y  = v e r t i c a l  a c c r e t i o n  ( m )  

x = h e i g h t  c f  f l o o d p l a i n  (at base of ash) 

0 

T h e  maximum a c c r e t i o n  f o r  f l o o d p l a i n s  w i t h  r e s p e c t  t o  

h e i g h t  i s  s u g g e s t e d  by  t h e  e n v e l o p e  a r o u n d  t h e  p l o t t e d  p o i n t s  

a n d  t h e  maximum a c c r e t i o n  i s  a b o u t  2.4 m t h i c k  which g i v e s  a n  

a v e r a g e  a c c r e t i o n  r a t e  o f  1 . 9 5  mm/yr. T h e  h i g h e s t  f l o o d  i n  o n e  

t h o u s a n d  y e a r s  a p p e a r s  t o  b e  a b o u t  3&6 m above  r i v e r  datum. 



7 - - 
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RINK RAPIDS - MINT0 REACH . 

I \ FLOODPLAIN ACCRETION 

HEIGHT OF VOLCANIC ASH LAYER ON FLOODPLALN.(m) 

Figure 4.41 Rink Rapids - Minto reach floodplain accretion. 



4.6.4 Long Profi le  o f  Rink R a p i d s  Reach 

The down r i v e r  p r o f i l e  of Rink R a p i d s  r e a c h  ( F i g .  4.42 and 

4 . 4 3  i n  p o c k e t )  s u m m a r i z e s  d o w n s t r e a m  c h a n g e s  i n  t e r r a c e  

h e i g h t ,  f l o o d p l a i n  h e i g h t ,  a n d  a s h  h e i g h t  a n d  p e r m i t s  

c o r r ' e l a t i o n  o f  t e r r a c e  segmen t s .  

T h e  l o n g  p r o f i l e  p e r m i t s  e s t i m a t e s  o f  t h e  g e n e r a l i z e d  

lowest l e v e l  o f  t h e  a s h  l a y e r  a n d  i m p l i e s  t h e  h i g h e s t  f l o o d  i n  

1 0 0 0  y e a r s .  The p r o x i m i t y  o f  t h e  a s h  t o  r i v e r  da tum,  shown by  

t h e  segmented  l i n e  o n  p r o f i l e ,  f u r t h e r  i m p l i e s  t h a t  Yukon R i v e r  

h a s  i n c i s e d  i t s  bed by a b o u t  0 . 1  m d u r i n g  t h e  l a s t  1230  y e a r s .  

The h i g h e s t  f l o o d e d  l e v e l  is 4.0 m above  r i v e r  l e v e l  and  i s  

p a r a l l e l  t o  t h e  r i v e r  s u r f a c e  s l o p e .  The h i g h e s t  a l l u v i a l  
* 

t e r r a c e s  a r e  a b o u t  3 m h i g h e r  t h a n  t h e  limit o f  p o s t - a s k !  

a g g r a d a t i o n .  T h i s  s u g g e s t s  t h a t  i n  Rink R a p i d s  r e a c h  t h e  r i v e r  , 

is  i n c i s i n g  i t s  bed a t  a much lower r a t e  t h a n  H o o t a l i n q u a  a n d  

E a g l e ' s  N e s t  B l u f f  r e a c h e s .  The h i g h e s t  f l o o d p l a i n  w i t h o u t  a s h  

i s  a b o u t  2 .4  m a b o v e  t h e  r i v e r -  t h e  same as  t h e  p r e d i c t e d  

maximum v e r t i c a l  a c c r e t i o n  f rom t h e  v e r t i c a l  a c c r e t i o n  d i a g r a m  

( F i g .  4 .41) .  

T h e  " ~ c c s n n e l l  f i e r r a c e "  g r a d i e n t  i s  s t e e p e r  t h a n  t h e  

p r e s e n t  w a t e r  s u r f a c e .  T h i s  may b e  b e c a u s e  t h e  "McConnell  

t e r r a c e n  is a n  outwash  terrace;  s u c h  te r races  a re  d e p o s i t e d  o n  

s t e e p e r  s l o p e s  t h a n  anas tomosed  r i v e r  d e p o s i t s .  A l t e r n a t i v e l y  

t h e  "McConne l l  t e r racen  may h a v e  b e e n  t i l t e d  by i s o s t a t i c  

r e c o v e r y  s i n c e  d e p o s i t i o n .  
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4.6.5 Lateral Bar Accretion to the Floodplain 

Examples o f  p o s t - a s h  l a t e r a l  a c c r e t i o n  a r e  s e e n  a l o n g  Rink 

Rapid r e a c h  ( r i v e r  km 197 ,  201, 206, 212, 215. 220. and 222) .  

They h a v e  s i m i l a r  l a n d f o r m s ;  l e n t i c u l a r  f l o o d p l a i n  a b u t s  a 

te r race  and  p r o j e c t s  downst ream.  A b a r  d e v e l o p s  n e a r  t h e  

c u t b a n k  and as  i t  expands  more b a r s  are  d e p o s i t e d  downstream. 

Each b a r  i n  s u c c e s s i o n  i s  a c c r e t e d  t o  t h e  f l o o d p l a i n  a s  t h e  

c h a n n e l s  b e t w e e n  b a r s  a r e  f i l l e d  i n  w i t h  s e d i m e n t .  F o r  

example,  a d j a c e n t  to  t h e  75  .m h i g h  "McConnell t e r r a c e n  a t  r i v e r  

k i l o m e t e r  197 ,  l a t e r a l  b a r  a c c r e t i o n  is s u g g e s t e d  ( F i g .  4 .44 ) .  

Both  t h e  f l o o d p l a i n  w i t h o u t  a s h  and f l o o d p l a i n  w i t h  a s h  d r o p  i n  

e l e v a t i o n  i n  t h e  d o w n s t r e a m  d i r e c t i o n  ( F i g .  4 . 4 4 ) .  Two 
* 

v e g e t a t e d  i s l a n d s  a r e  l o c a t e d  j u s t  downstream from t h e  150 m 

wide a s h  f r e e  a c c r e t i o n  s t r i p .  The l a r g e r  i s l a n d  is s e p a r a t e d  

from t h e  a c c r e t e d  f l o o d p l a i n  by a  n a r r o w  c h a n n e l  and w i d e r  

c h a n n e l s  are p r e s e n t  be tween  t h e  i s l a n d s .  I n  a d d i t i o n  t h e  

boundary  be tween t h e  a s h  f l o o d p l a i n  and a s h  f r e e  f l o o d p l a i n  is 

s imilar  i n  s h a p e  t o  t h e  na r row s l o u g h .  I t  a p p e a r s  t h a t  1230 

y e a r s  ago  t h i s  boundary  was a c h a n n e l .  

F o u r  s t a g e s  a r e  p o s t u l a t e d .  T h e  f i r s t  s t a g e  i n l u d e s  
C 

development  o f ' " l e n t i c u 1 a r  b a r s  n e x t  t o  a g r a v e l  outwash  t e r r a c e  

downstream from a c o n s t r i c t i o n  o f  t h e  r i v e r .  The head o f  t h e  

i s l a n d  n e a r e s t  t h e  c o n s t r i c t i o n  m i g r a t e s  toward t h e  a c c r e t e d  I 

f l o o d p l a i n  n a r r o w i n g  t h e  c h a n n e l  t o  a s l o u g h .  Dur ing  t h i s  

s t a g e  g r a v e l  b a r s  f a r t h e r  downstream grow and become v e g e t a t e d .  

Dur ing  t h e  s e c o n d  s t a g e  d e p o s i t i o n  and e r o s i o n  make t h e  s l o u g h  



DEVELOPMENT O F  GRAVEL BAR 
NEXT TO A C T I V E  FLOODPLAIN AT 
T I M E  O F  ASH D E P O S I T I O K  

ATTACHMENT OF GRAVEL BAR TO 
FLOODPLAIN,  GROWTH O F  SECOND 
BAR 
SMALL BAR GROWS ON L E F T  BAKK 

INNER CHANNEL D I N I N I S H E S  AIiD 
FILLS WITH SEDIMENT A S  A 
T H I R D  BAR GROWS DOWNSTREAM 
L E F T  BANK BAR EXPANDS AND 
ATTACHES TO BANK 

CHANNELS BECOME ABANDONED AND 
ACCUMULATE S I L T  AND ORGANIC 
D E P O S I T S I  POURTH BAR DEVELOPS 

LEFT BANK BAR IS FULLY ACCRETED 

Fig. 4.44. Example of evolution of floodplain in Rink Rapids 

reach (river km 197). Bars grow progressively downstream and 

minor channels become filled in accreting the bars to the 

floodplain. 



s i n u o u s .  A c c r e t i o n  c o n t i n u e s  as  t h e  u p s t r e a m  i s l a n d s  b e g i n  t o  

c o a l e s c e .  I n  t h e  t h i r d  s t a g e  t h e  s l o u g h  i s  f i l l e d  w i t h  s e d i m e n t  

a n d  b l o c k e d  a t  i t s  mouth;  a s h a l l o w  water f i l l e d  s l o u g h  is l e f t  

b e t w e e n  i s l a n d s  and  a c c r e t e d  f l o o d p l a i n  o p e n  a t  t h e  downs t ream 

e n d .  F i n a l l y  t h e  s l o u g h  i s  f i l l e d  w i t h  o r g a n i c  d e p o s i t s  a n d  

f i n e '  s e d i m e n t  a n d  becomes a n  u n b r o k e n  f l o o d p l a i n  s u r f a c e ,  

w h o l l y  a t t a c h e d  t o  t h e  f o r m e r  cutbank. .  
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CHAPTER FIVE 

SUMMARY AND CONCLUSIONS 

Of the three reaches examined, two have a meandering 

planform (Hootalinqua-Big Salmon reach and Eagle's Nest 

Bluff-Carmacks reach) while the other reach is anastomosed 

(Rink Rapids-Minto reach). The presence or absence of White 

River Ash on the floodplain provides a stratigraphic tool for 

estimating rates of channel migration, vertical accretion and 
* 

incision as well as for mapping recent floodplain. 

Hootalinqua-Big Salmon Reach 

The Hootalinqua-Big Salmon reach has behaved as a 

meandering river for the last 4000 years to 6000 years. This 

time estimate is based on a radiocarbon date (GSC-3971 4770 2 

60 yrs BP) from a fining-upward alluvial plain 6.4 m above 

river level and extrapolated to the highest (oldest) scrolled 

alluvial plain which is 10 m above the river. This general 

sequence of events for the Yukon River is similar to that found 

for streams draining the east flank of the Rockies (Jackson et 

al., 1982). t .  

During the last 1230 years, point bar deposits at or just 

downstream of bend apices have been the depositional norm. 

Direct lateral accretion as convex bends was the dominant 

process. Less common was midchannel accretion to floodplain 

involving island growth and bank erosion followed by channel 

abandonment by infilling. The river has deposited roughly 3.1 



x lo6 m2 of floodplain area along a channel length of 44 km 

since ash eruption. The average rate of floodplain accretion 

is 56.4 m2/km/yr. Based on an average depth of 1.5 m the 

volume of sand on this floodplain is 4.7 x lo6 m3. The 

increased area and volume represents lateral channel migration 

and *vertical accretion to the floodplain after ash Was laid 

down. 

The floodplain deposits are a fining-upward succession with 

a lower gravel overlain by epsilon crossbedded sand. The 

stratigraphy and scrolled morphology reflect deposition from a 

meandering river. 

Lateral migration rates vary within the reach, but 

generally increase downstream from a maximum rate of 0.8 m/yr 

at the bend at Walsh Creek to a low rate of 0.08 m/yr. 

Accumulation sof fluvial sediment above the ash is 

restricted to floodplains within 3.9 m (river datum). Above 

this the ash is overlain by organic litter, soil and eolian 

sediment. The 3.9 m level is thus inter2reted to approximate 

the highest flood in 1000 years. 

The maximum thickness of sediment above the ash on the 
t ,  

floodplain is 1.0 m and the lowest ash is 0.4 m ,above river 

datum. This suggests a maximum accretion rate of 0.8 mm/yr on 

pre-ash floodplains and an incision rate of 0.33 mm/yr. 

The height and stratigraphy of terraces confining the river 

appear to influence the river's planform. Where the river has 

Cut moderate-level glaciolacustrine terraces, paraglacial fans 

and low-level outwash terraces meander lobes have developed. 



T h e s e  meander  l o b e s  a r e  be tween  1 and  1 . 5  km wide.  Where i t  

c u t s  h i g h - l e v e l  ou twash  t e r r a c e s  t h e  r i v e r  is  less s i n u o u s  and  

meander  l o b e s  smaller. 

E a g l e ' s  N e s t  Bluf f -Carmacks  Reach 

The  E a g l e ' s  N e s t  ~ l u f  f -Carmacks  Reach  h a s  a m e a n d e r i n g  

p a t t e r n  w h e r e  i t  c u t s  l o w - l e v e l  o u t w a s h  a n d  h i g h - l e v e l  

i c e - c o n t a c t  d e p o s i t s .  

L a t e r a l  m i g r a t i o n  i n  t h i s  r e a c h  o v e r  t h e  l a s t  m i l l e n i u m  h a s  

b e e n  a c c o m p l i s h e d  b y  d e v e l o p m e n t  o f  e n  e c h e l o n  p o i n t  b a r s  

d o w n s t r e a m  f r o m  b e n d  a p i c e s  a l o n g  t h e  c o n v e x  s i d e  o f  t h e  

c h a n n e l .  A c c r e t i o n  a r o u n d  b e n d s  o f  h i g h  c u r v a t u r e  (4600 m) is 

o n  t h e  c o n c a v e  s i de  w i t h  w i d e n i n g  o f  t h e  c h a n n e l  toward  t h e  

convex  bank.  A t  bend r a d i u s  o f  a b o u t  600 m t h e r e  a p p e a r s  t o  b e  

minimum m i g r a t i o n .  

F l o o d p l a i n  is  a c c r e t e d  by  s u c c e s s i v e  i n f i l l i n g  o f  s l o u g h s .  

o u t w a r d  f rom t h e  f l o o d p l a i n  m a r g i n  as  t h e  main c h a n n e l  m i g r a t e s  

d o w n v a l l e y  c u t t i n g  r e c e s s i o n a l  o u t w a s h  t e r r a c e s .  I n  t h i s  

manner  g r a v e l  c h a n n e l  l a g  is  o v e r l a i n  by  d e p o s i t s  o f  s a n d  and  

s i l t  w i t h  o r g a n i c  l a y e r s  n e a r  t h e  s u r f a c e .  Abandoned or r a r e l y  

o c c u p i e d  s l o u g h s  o c c u r  as  t rough- shaped  d e p r e s s i o n s .  
Yi * 

Midchanne l  i s l a n d s  i n  s t r a i g h t  p a r t s  o f  t h e  r e a c h  h a v e  l o n g  

a x e s  u n d e r l a i n  w i t h  b u r i e d  a s h .  T h e s e  i s l a n d s  a r e  v e g e t a t e d  

w i t h  s p r u c e  i n  b o t h  a s h - f r e e  a n d  a s h - b e a r i n g  s u r f a c e s .  They 

a p p e a r  t o  h a v e  a l m o s t  d o u b l e d  t h e i r  s i z e  o v e r  t h e  l a s t  

m i l l e n n i u m .  Midchannel  i s l a n d s  a n d  b a r s  l o c a t e d  a t  or n e a r  

bend  a p i c e s  are  l e n t i c u l a r  i n  s h a p e  a n d  d e v o i d  o f  a s h .  

D e p o s i t i o n  a f t e r  Whi te  R i v e r  Ash e r u p t i o n  o c c u r r e d  a t ,  and  



downs t r eam o f ,  bend a p i c e s  s i g n i f y i n g  d o w n v a l l e y  meander l o b e  

m i g r a t i o n .  The f l o o d p l a i n  was c o n s t r u c t e d  by d e p o s i t i o n  a t  

p o i n t  b a r s  a n d  g rowth  o f  m i d c h a n n e l  i s l a n d s .  Fo r  68 km of 

c h a n n e l  l e n g t h  t h e  f l o o d p l a i n  area w i t h o u t  a s h  is 3 . 8  x l o 6  m2;  

o n  t h i s  b a s i s  t h e  f l o o d p l a i n  a c c r e t i o n  r a t e  was 4 5  m2/km/~r .  

T h e - e s t i m a t e d  volume o f  s e d i m e n t  d e p o s i t e d  above  r i v e r  da tum is 

5.7 x  1 0 6  m3. 

Two m i d c h a n n e l  i s l a n d s  a r e  p a r t l y  u n d e r l a i n  by b u r i e d  a s h  

i n d i c a t i n g  t h e  r e l a t i v e  p e r m a n e n c e  o f  t h e s e  i s l a n d s  i n  

p a r t i c u l a r  a n d  o t h e r  i s l a n d s  i n  g e n e r a l .  

L a t e r a l  c h a n n e l  s h i f t s  a r e  g r e a t e s t  w h e r e  t h e  r i v e r  is 

e r o d i n g  l o w - l e v e l  o u t w a s h  t e r races .  T h e  maximum i n f e r r e d  

l a t e r a l  m i g r a t i o n  r a t e  i s  0.4 m/yr. L a t e r a l  m i g r a t i o n  is t h e  

l e a s t ;  about 0.01 m / y r ,  w h e r e  t h e  r i v e r  i s  c o n f i n e d  b y  

h i g h - l e v e l  i c e - s t a g n a t i o n  d e p o s i t s .  

E v i d e n c e  o f  p o s t - a s h  f l o o d i n g  o f  E a g l e ' s  N e s t  B l u f f   each 6 e3 
is s e e n  t o  3 . 1  m above  r i v e r  da tum a n d  l a c k i n g  above  3.4 m; t h e  

h i g h e s t  f l o o d  i n  1000  y e a r s  is t h e r e f o r e  a b o u t  3.4 in ( r i v e r  

d a t u m ) .  The maximum t h i c k n e s s  of s e d i m e n t  above  a s h  is  0.9 m 

a n d  t h e  lowest a s h  is 0.8 m;  i n c i s i o n  may b e  a b o u t  0.8 m s i n c e  

a s h  e r u p t i o n ;  a n  a v e r a g e  r a te  o f  0.65 mmlyr. 

R ink  Rapids-Minto  Reach 

The  R ink  Rap ids -Min to  R e a c h  h a s  a n  a n a s t o m o s e d  c h a n n e l  

p a t t e r n  w i t h  many c h a n n e l s ,  i s l a n d s  a n d  b a r s  i n  a low s i n u o s i t y  

p l a n f o r m .  

A f t e r  Whi t e  R i v e r  Ash e r u p t i o n  t h e  r i v e r  h a s  c o n s t r u c t e d  

i s l a n d s  a n d  m o d i f i e d  o l d e r  o n e s .  Former i s l a n d s  have  b e e n  



a t t a c h e d  t o  t h e  b  ank. Ash was s e e n  o n  a t  l e a s t  1 3  o f  t h e  50  I 

i s l a n d s  which i n d i c a t e s  medium term i s l a n d  s t a b i l i t y  i n  t h i s  

s e t t i n g .  

L a t e r a l  m i g r a t i o n  was by a c c r e t i n g  l a t e r a l  b a r s  ( i s l a n d s )  

t o  l o w - l e v e l  ou twash  terraces .  T e r r a c e  e r o s i o n  and  midchannel  

i s l a h d  e x p a n s i o n  a l s o  o p e r a t e d .  The maximum l a t e r a l  m i g r a t i o n  

r a t e  i n f e r r e d  from t h e  w i d t h  of a s h  f r e e  f l o o d p l a i n  is  0.8 

m/yr. Fo r  50 km o f  r i v e r  l e n g t h  t h e  f l o o d p l a i n  w i t h o u t  a s h  

o c c u p i e s  8 x  l o 6  m 2 ;  a  f l o o d p l a i n  g e n e r a t i o n  r a t e  of 1 2 0  

m2/km/yr. The volume o f  s e d i m e n t  above  r i v e r  datum f o r  t h i s  

a r e a  is  1 2  x  l o 6  m3 assuming a d e p t h  o f  1 . 5  m. 

E v i d e n c e  o f  p o s t - a s h  f l o o d i n g  o c c u r s  u p  t o  3.7 m ,  b u t  above  

4 m f l u v i a l  d e p o s i t i o n  above  t h e  a s h  is l a c k i n g .  The h i g h e s t  
Br 

f l o o d  i n  1000 y e a r s  p re sumab ly  c o r r e s p o n d s  t o  3.7 m. 

The maximum t h i c k n e s s  o f  s e d i m e n t  above  a s h  is  2.2 m and  , 

t h e  lowest l e v e l  a t  which a s h  was o b s e r v e d  is  0 .1  m above  r i v e r  

datum. T h i s  s u g g e s t s  a c c r e t i o n  r a tes  o n  p r e - a s h  s u r f a c e s  o f  

1 . 8  mm/yr and t h a t  l i t t l e  or n o  c h a n n e l  i n c i s i o n  h a s  o c c u r r e d .  

F l o o d p l a i n  s t r a t i g r a p h y  c o m p r i s e s  a lower g r a v e l  o v e r l a i n  by 

s a n d  w i t h  o r g a n i c - r i c h  s i l t .  

Twelve hundred  y e a r s  a g o  t h e  Yuk R i v e r  i n  Rink R a p i d s  

r e a c h  p r o b a b l y  had t h e  same morphology as  t o d a y ,  midchanne l  

i s l a n d s  i n  a  low s i n u o s i t y  c h a n n e l  s y s t e m .  The  c h a n g e  i n  

morphology from a  s i n g l e  c h a n n e l  meander ing  r i v e r  t o  a m u l t i p l e  

c h a n n e l  l o w - s i n u o s i t y  p l a n f o r m  f a r t h e r  downst ream o c c u r s  n e a r  

t h e  i c e  marg in  o n  t h e  McConnel l  a d v a n c e  a t  Yukon C r o s s i n g .  

T h i c k  M c C o n n e l l  a n d  R e i d  a g e  o u t w a s h  a n d  r o c k  b e n c h e s  



c o n t r o l l e d  t h e  p l a n f o r m  and  impeded l a t e r a l  c h a n n e l  s h i f t i n g ,  

The f l o o d p l a i n  w i d t h  was t h e r e f o r e  r e s t r i c t e d  p r o m o t i n g  t h e  

p r e s e r v a t i o n  o f  a n  anas tomosed  r i v e r .  

A summary o f  t h e  r e a c h e s  is  t a b u l a t e d  ( T a b l e  5 .1)  f o r  

compar ing  r a t e s  d e t e r m i n e d  i n  t h i s  s t u d y .  I n  g e n e r a l ,  t h e  a r e a  

a n d  - v o l u m e  o f  f l o o d p l a i n  w i t h o u t  W h i t e  R i v e r  Ash i n c r e a s e s  

d o w n s t r e a m .  T h i s  c o r r e s p o n d s  t o  s t e e p e r  g r a d i e n t ,  h i g h e r  

d i s c h a r g e  a n d  number  o f  i s l a n d s  p e r  k i l o m e t e r .  C h a n n e l  

s i n u o s i t y  d e c r e a s e s  downst ream,  The h e i g h t  a n d  c l a s t  s i z e  of 

c o n f i n i n g  t e r r a c e s  a p p e a r s  t o  c o n t r o l  t h e  f l o o d p l a i n  w i d t h .  

Meander ing  r i v e r  p l a n f o r m s  w i t h  w ide  s c r o l l e d  f l o o d p l a i n s  have  

d e v e l o p e d  i n  l o w - l e v e l  o u t w a s h ;  i n  r e a c h e s  w i t h  h i g h - l e v e l  

o u t w a s h  t e r r a c e s  t h e  s c r o l l e d  a l l u v i u m  is n a r r o w e r .  Rock 
"% 

benches a n c h o r e d  t h e  c h a n n e l  d u r i n g  t h e  l a s t  e n  or 

more. 

T h i s  r e s e a r c h  d o c u m e n t s  medium term c h a n g e s  i n  r i v e r  

p l a n f o r m  a n d  v e r t i c a l  a c c r e t i o n  by u s i n g  a r e c e n t  t e p h r a  

m a r k e r .  T h e r e  a r e  n o  d a t a  o f  t h i s  t i m e s p a n  f o r  other r i v e r s .  

S h o r t  term r a t e s  f o r  Yukon R i v e r  a n d  o t h e r  n o r t h e r n  r i v e r s  

( T a b l e  5 .2)  c a n  b e  compared t o  t h e  s t u d y  r e s u l t s .  M i g r a t i o n  

r a t e s  f o r  a 250 y e a r  r e c o r d  o f  B e a t t o n  R i v e r ,  n o r t h e r n  B r i t i s h  

C o l u m b i a  i n  terms o f  c h a n n e l (  w i d t h s  p e r  y e a r  a r e  0 . 0 2 4  
,%," 

c h a n n e l / y r  w h i l e  Yukon R i v e r  m i g r a t e s  0 . 0 0 0 0 4 1  t o  0 . 0 0 2 3  

c h a n n e l / y r .  O p p o r t u n i t i e s  f o r  s t u d y i n g  o t h e r  Yukon T e r r i t o r y  

streams w i t h i n  t h e  eas t  l o b e  o f  Whi te  R i v e r  Ash a n d  t h e  o l d e r  

n o r t h  l o b e  a r e  a v a i l a b l e .  I n  B r i t i s h  Columbia ,  B r i d g e  R i v e r  

Ash,  E d z i z a  Ash and  Mount S a i n t  H e l e n s  Ash may p r o v e  u s e f u l  i n  
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c o m p a r a b l e  u n r a v e l l i n g  of stream d e v e l o p m e n t .  

The t e p h r a  m a r k e r s  may a l so  b e  u s e f u l  i n  s t u d i e s  o f  s l o p e  

s t a b i l i t y ,  g u l l y i n g ,  e o l i a n  d e p o s i t i o n  r a t e s  a n d  p e r m a f r o s t  

i n v a s i o n  ra tes .  , 
I 

T h i s  r e s e a r c h  h e l p s  • ’111  a g a p  b e t w e e n  t h e  l o n g  a n d  s h o r t  1 
I 

term' i n  t h e  s t u d y  of r i v e r  e v o l u t i o n .  I t  h e l p s  document  t h e  
4 

Q u a t e r n a r y  s e q u e n c e  of e v e n t s  i n  t h e  Yukon R i v e r  v a l l e y  where  

r e g i o n a l  ice  f l o w  p a t t e r n s  a n d  g l a c i a l  m a r g i n s  a r e  known. 

T a b l e  5 .2  

SHORT TERM CHANNEL CHANGES I N  YUKON TERRITORY 

R i v e r  D i s t a n c e  Timespan  Migr .  R a t e  R e f e r e n c e  

( m )  ( y e a r s )  (m/y r 

Yukon R. 0  , 20 

P e l l y  R i v e r  0 20 

S t e w a r t  R. 1 2 2  1 7  

S t e w a r t  R. 1 8 3  2 3  

E a g l e  R. 60 28 

I n d i a n  R. 64 6 1  

F o r t  N e l s o n  R. 

0 N. Hydr. ' 7 5  

0 N. Hydr. ' 7 5  

7 .2  N. Hydr.  ' 7 5  

8  N. Hydr.  ' 7 5  

2 .2  Crampton  ' 7 9  

1 Crampton  ' 8 7  

6.68 H i c k i n  a n d  

Nanson ' 8 4  

N. Hydr. = N o r t h w e s t  H y d r a u l i c  

4 
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A p p e n d i x  I1 

DATE GAUGE HT RIVER ADJUSTMENT TO 
m o / d  ay ( m )  ELEV. J u n e  23, 1984 

( m )  ( m )  

J u n e  07 
08 
09 
10 
11 ' 
12 
13 
14 



DATE GAUGE HT RIVER ADJUSTMENT TO 
mo/d ay (m) ELEV. June 23, 1984 

(m) (m) 

July 01 
02 
03 
04 
0 5 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3 0 



I 
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DAILY MEAN RIVER ELEVATION AT CARMACKS STATION 

DATE GAUGE HT RIVER ADJUSTMENT TO 
mo/day (m) ELEV. June  23, 1984 

(m) (m) 

A u g  01 3.21 518.90 -0.65 
02 3.18 518.87 -0.68 
0 3 3 . 15 518.84 -0.71 
0 4 3.12 518.81 -0.74 
0 5 3.09 518.78 -0.77 
0 6 3.07 518.76 -0.79 
07, 3-05 518.74 -0.81 
0 8 3.05 518.74 -0.81 
09 3.09 518.78 -0.77 
10 3.12 518.81 -0.74 3 

S o u r c e :  Water S u r v e y  of C a n a d a  R i v e r  G a u g e  R e c o r d s  for Y u k o n  
R i v e r  a t  C a r m a c k s ,  1984. 
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APPENDIX IV 

AIRPHOTO LIST 

105E Laberge 

High Level Airphotos: 
~ugust 1980 
A25577-79, 80, 106, 107, 108, 155, 156, 157 
A25578-20, 21,22, 33, 34 

Low Level Airphotos: 
A114'47-30, 31, 36, 37, 38, 39, 40, 41, 42, 43 
A12178-69, 70, 71, 72, 73, 74 
Al2853-359, 360, 362, 363, 364, 365, 366, 367, 368, 369, 
370, 371 

1151 Carmacks 

August 1980 
A25578-57, 58, 59, 133, 134, 135, 146, 147, 148 
A20059-138, 139, 140, 85, 86, 87 
A20060-57, 58, 59 
A20061-82, 83, 84, 85, 86 
A20112-1, 2, 3, 4, 5, 6 

1949 
A11069-76, 77, 78, 79, 80 
A11541-4, 5, 6, 7, 8 ,  9, 10 


