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CNTXODUC'r TON AND A(:KNO\rlLJ!I)GMENI'S 
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The C o l v i l l e  R i v e r  I l e l t a  ( f  l g .  I ) ,  l o c a t e d  a b o ~ ~ t  hal fway between Barrow 
and Kaktovik ( B a r t e r  I s l , ~n t l ) ,  is t h e  terrnin+ls of t h e  ( : o l v i l l e  R i v e r ,  which 
d r a i n s  29 p e r c e n t  (60,000 km2) o f  t h e  North Slope of Alaska ,  Most t r i b u t a r i e s  
of  t h i s  r i v e r  head i n  t h e  ltrooks 1Fiinge ailti f l o w  not-thward a c r o s s  t h e  A r c t i c  
F o o t h i l l s  and A r c t i c  C o a s t a l  1'1aill b e f o r e  r e a c h i n g  t h e  A r c t i c  Ocean. From t h e  
s t a n d p o i n t  of t h e  development of perlnaf ros l  and permnf r o s t - r e l a t e d  Forms, t h e  
600-kmz d e l t a  i s  s i t u a t e d  i n  one of t h e  most i d e a l  1 ~ 1 c . a r i o n s  i n  North America 
( f i g .  2 ) .  

B a s i c a l l y ,  t h e  C o l v i l l e  R iver  I l e l t a  rli f f z r s  l i t t l e  from most del  t a s  
around t h e  wor ld .  I t  h a s  a  l a r g e  d r a i n a g e  b a s i n  (abou t  109 t i m e s  i t s  own 
a r e a )  and a  l a r g e  r e c e i v i n g  b a s i n  ( t h e  A r c t i c  Ocean);  i s  composed of b o t h  
s u b a e r i a l  and subaqueous p o r t i o n s ;  and h a s  n ~ i g r a t i r l g  d i s t r i b u t a r y  c h a n n e l s ,  
l a k e s  of v a r i o u s  t y p e s ,  n a t u r a l  l e v e e s ,  sand dunes ,  sand b a r s ,  and mud f l a t s .  
However, u n l i k e  most d e l t a s ,  i t  a l s o  i n c l u d e s  i c e  w ~ d g e s ,  ice-wedge polygons ,  
f r o s t  mounds, and p i n g o s ,  a l l  of which are r e  Lar ed t o  p e r m a f r o s t .  :n 
a d d i t i o n ,  p e r m a f r o s t  i s  impor tan t  i n  de l  i a i c  m o d i f i c a t i o n  because  i t  
i n f l u e n c e s  t h e  volume, t i m i n g ,  and c h a r a c t e r  of r l v e r  d i s c h a r g e  and t h e  n a t u r e  
of d e l t a  e r o s i o n .  Emphasis i n  t h i s  f i e l d  g u i d e  is  p laced  on t h o s e  d e l t a i c  
forms and p r o c e s s e s  t h a t  a r c  a s s o c i a t e d  w i t h  o r  deternl ined by p e r m a f r o s t .  

T h i s  f i e l d  g u i d e  i s  d e d i c a t e d  t o  Nannie Woods, h c r  l a t -  husband,  George, 
and t h o s e  of  h e r  c h i l d r e n  and g r a ~ l d c l i i l d r e n  who, f o r  o v e r  20 y r ,  have g iven  
a s s i s t a n c e  and encouragement t o  me dnd my c o l l e a g u e s  and s t u d e n t s  i n  our  
endeavors  t o  u n d e r s t a n d  t h e  cnvironment of t h e i r  homeland, t h e  C o l v i l l e  R iver  
and i t s  d e l t a  i n  a r c t i c  Alaska.  1 thank  K.P. Reger (DGGS) f o r  h i s  t h o u g h t f u l  
r ev iew of  t h e  m a n u s c r i p t .  

DELTA MORPHOLOGY AND PE33AFROST 

Although open t a l i k s  e x i s t  below t h e  deep c h a n n e l s  a n d  l a k e s  w i t h i n  t h e  
C o l v i l l e  R i v e r  D e l t a  ( abou t  15 p e r c e n t  of  t h e  s u r f a c e  a r e a ) ,  pe rmaf ros t  is  

I 
Department of Geography. Loui s i a n a  S t a t e  I J n i v e r s i t y  , Baton Rouge, 1,oui s i a n a  
70803. 
2~ number of a r t i c l e s  have been p u h l i s h e d  by t h e  a u t h o r  arid h i s  c o l l e a g u e s  

and s t u d e n t s  a s  a r e s u l t :  of f i e l d  a n d  l a b o r a t o r y  r e s e a r c h  on t h e  C o l v i l l e  
R iver  d r a i n a g e  b a s i n  and d e l t a  d u r i n g  t h c  l a s t  20 y r .  Near ly  a l l  t o p i c s  i n  
t h i s  f i e l d  g u i d e  have been d i s c u s s e d  i n  some d e t a i l  i n  t h e s e  p a p e r s ,  t h e  most 
r e l e v a n t  of which a r e  c i t e d .  To keep documentation w i t h i n  t h e  t e x t  t o  a  
minimum, they  a r e  n o t  c i t e d  i n  t h e  t e x t .  However, p o i n t s  stenlnling from 
p a p e r s  p u b l i s h e d  by o t h e r  i n d i v i d u a l s  o r  teams a r e  r e f e r e n c e d .  Most r e s e a r c h  
f o r  t h e s e  a r t i c l e s  a ~ d  f o r  t h i s  r e p o r t  was funded by t h e  O f f i c e  of Naval 
Research and t h e  North S lope  Korough and was suppor ted  i n  t h e  f i e l d  by t h e  
Naval A r c t i c  Research Labora to ry .  
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Figure 1. The C o l v i l l e  River  Del ta  and, ,adjacent  environments, Alaska. 
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F i g u r e  2 .  Degree-days of f r e e z i n g ,  pe rmaf ros t  zones ,  and ice-wedge a c t i v i t y  i n  
Alaska (adap ted  from P&w&, 1966) .  

dominant,  and few d e l t a i c  forms escape  i t s  i n f l u e n c e .  Except ions  i n c l u d e  
smal l  s u r f i c i a l ,  ephemeral  forms such a s  s a s t r u g i ,  which a r e  n e a r l y  u b i q u i t o u s  
on t h e  snow s u r f a c e  i n  w i n t e r ,  and b a r c h a n s ,  which f r e q u e n t l y  form on sandbars  
i n  summer. For convenience of d e s c r i p t i o n ,  d e l t a i c  forms a r e  d i v i d e d  i n t o  t h e  
fo l lowing  groups:  a )  d i s t r i b u t a r y  channe l s  and o t h e r  s t r e a m s ,  b) l a k e s  and 
ponds, c )  r i v e r  banks and l a k e  banks ,  i n c l u d i n g  sandbars  and mud f l a t s ,  
d )  sand dunes ,  e )  p ingos  and f r o s t  mounds, f )  i c e  wedges and polygons,  and 
g) microforms . 

D i s t r i b u t a r y  Channels and Other  Streams 

The C o l v i l l e  River  D e l t a  heads  over  40 km upst ream from i t s  e a s t e r n  mouth 
( f i g .  1 )  Formerly,  t h e  head of t h e  d e l t a  was 5 km f a r t h e r  upst ream,  b u t  t h e  
i n i t i a l  d i v e r s i o n  p o i n t  h a s  migra ted  oceanward. Most w a t e r  r e a c h i n g  t h e  head 
of t h e  d e l t a  i s  c a r r i e d  t o  t h e  ocean through two d i s t r i b u t a r i e s ,  t h e  main 
channe l  of t h e  C o l v i l l e  (Eas t  Channel) and t h e  Nechel ik  (westernmost)  Channel. 
Toge ther ,  t h e s e  two channe l s  c a r r y  abou t  90 p e r c e n t  (about  70 p e r c e n t  i n  t h e  
E a s t  Channel a l o n e )  of t h e  t o t a l  f low d u r i n g  f l o o d  p e r i o d  and up t o  99 p e r c e n t  
d u r i n g  t h e  r e s t  of t h e  h y d r o l o g i c  y e a r .  S e v e r a l  o t h e r  d i s t r i b u t a r i e s  branch 
from t h e  E a s t  Channel,  i n c l u d i n g  t h e  Sakoonowg, Tamayayak, and Elaktoveach 
Channels.  Combined, t h e y  t r a n s p o r t  about  10 p e r c e n t  of t h e  w a t e r  f lowing  t o  
t h e  ocean d u r i n g  breakup ( f i g .  3 ) ,  b u t  v e r y  l i t t l e  d u r i n g  t h e  r e s t  of t h e  
y e a r .  
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F i g u r e  3 .  The C o l v i l l e  River  D e l t a ,  Alaska,  d u r i n g  t y p i c a l  f l o o d i n g  i n  l a t e  
May. 
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The Colville and Nechelik Channels vary greatly in depth and width. The 
thalweg of the main channel is deep enough to remain open beneath the ice 
throughout winter, whereas the other channels, including Nechelik Channel, 
have reaches that freeze to the bottom during winter, thus blocking seawater 
intrusion for part of the year. Maximum depths (as much as 12 m) occur 
adjacent to cut banks, at entrances to tapped lakes, and at heads of inter- 
channel islands. 

Flowing into the delta are a number of streams that drai.n the tundra. 
Some drain lakes of various types, including oriented lakes that are common 
both east and west of the delta (fig. 1B); few streams are beaded (fig. 4A). 
Within the delta, short streams have developed either as connecting channels 
in small deltas that are forming in tapped lakes (fig. 4B) or as drainage 
channels from interdistributary surfaces. These streams are especially 
functional during snowmelt. 

Lakes and Ponds 

The Colville River Delta is a maze of lakes and ponds that range in 
length up to 3 km, in area from small ponds covering a few square meters to 
over 2.5 km2, in depth up to 8 my and in shape from regular to very irregular 
and from circular to extremely elongate (fig. 4B). Most are shallow and 
freeze to the bottom during winter, and the majority are associated with 
ice-wedge polygons. Types of lakes within the delta include: a) oriented 
lakes, b) abandoned-channel lakes (fig. 4C), c) point-bar lakes, d) perched 
ponds (fig. 4D), e) ice-wedge-polygon ponds (fig. 4 ~ ) ,  and f) miscellaneous 
thaw lakes. 

The term 'oriented lake,' as applied to a type of lake on the Arctic 
Coastal Plain, refers to a relatively large lake with a long axis oriented 
generally north-northwest. Some oriented lakes near the delta have been 
drained because of encroachment by migrating river channels. Within the 
delta, only one section (near the mouth of Nechelik Channel) contains the 
remnants of oriented lakes. The Nechelik Channel has cut through a section of 
the oriented-lake system and in the process has isolated and fragmented some 
oriented lakes. 

Two types of abandoned lakes are present in the Colville River Delta. 
One type has resulted from channel braiding, the other from meandering. The 
former is most common on midchannel islands in the lower reaches of the East 
Channel. Abandoned meanders, or oxbow lakes, are common throughout the rest 
of the delta and tend to be larger and more regular in outline than lakes 
occurring in braided channels. 

Butted against the base of bluffs---especially bluffs along the western 
edge of the delta---are numerous lakes occupying channels that were active 
when the river flowed at its westernmost position. These lakes are similar in 
some respects to levee-flank-depression lakes common in other deltas. 

Point-bar lakes (fig. 4C) might also be considered abandoned. They are 
common in swales within the ridge-and-swale topography that occurs in many 
parts of the delta. Some point-bar lakes are seasonal because a) the swales 
in which they occur serve as part of the river channel during flooding, and 
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F igure  4 .  Lakes and ponds assoc i -a ted  w i t h  t h e  C o l v i l l e  River  D e l t a ,  Alaska.  
A ,  beaded d r a i n a g e ;  B ,  l a k e s  of  v a r i e d  shapes  and s i z e s ;  C ,  abandoned 
r i v e r  channe l s ;  D ,  perched ponds,  and E, ice-wedge-polygon ponds.  
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the lakes or ponds in them represent water left after the drop in stage level, 
and b) some are ephemeral. During the formation of the active layer in the 
ridges, these lakes drain and often become dry by the end of summer. 

Among the most interesting lakes within the delta are those that are best 
described as perched (fig. 4D). ~irched lakes occur in many parts of the 
world for a variety of reasons, but in the Colville River Delta they are 
chiefly perched on permafrost. In regions of continuous permafrost, 
ground-water flow occurs within the active layer only during the period of 
thaw. In areas of the Colville River Delta where surface relief is irregular, 
as in many of the sand-dune belts, ponds are established each summer. 

By far the most common type of water body in the delta is the pond 
in low-center ice-wedge polygons (fig. 4E). Most ponds are very shallow, 
although a few are 1 to 2 m deep. Their shape is controlled by the polygonal 
basin in which they occur. Even smaller ponds, which are often quite 
elongate, are present in troughs between and at intersections of many 
ice-wedge polygons. 

Several types of thaw lakes occur within the delta. In one sense, any 
growing lake in the zone of continuous permafrost expands, at least partly, 
because of thawing; frozen banks thaw before, during, and after recession of 
the lake edge, and depths increase as a result of subsidence that accompanies 
the thawing of the permafrost beneath lakes. Some dunal blowouts in the delta 
have become thaw 1-akes, numerous ice-wedge-polygon lakes have coalesced 
because of bank thaw, and thaw---including melting of ice wedges---has led to 
inverted relief in many lakes (fig. 5A). Associated with such changes is the 
tapping of lakes by migrating rivers, a process discussed below. 

River Banks, Lake Banks, Sandbars, and Mud Flats 

River banks and lake banks are composed of various materials, including 
silt, sand, gravel, peat and other organics, and ice (fig. 5) and range in 
height from near water level at the distal end of the delta to 9 m above 
normal stage. Average bank height ranges from 1.8 to 4.5 m, with higher 
levels predominating toward the proximal end of the delta. Of 170 banks 
studied in detai.1 in 1971, 59 percent are classified as erosional, 35 percent 
as depositional, and 6 percent as neutral. Seventy-two percent of the eastern 
banks are erosional, whereas only 46 percent of the western banks are 
erosional. 

Many river banks, especially those composed of peat and numerous ice 
wedges, are serrate in plan (figs. 5A and 5B). Ranks where -sediment 
predominates are usually straight. The vertical profile of river banks also 
varies. Banks composed mainly of peat tend to be vertical. throughout the year 
(fig. 5B). In contrast, banks dominated by inorganic sediments are probably 
vertical only after breakup flooding (fig. 5C), because rapid thawing of newly 
exposed permafrost promotes sloughing, which promotes the development of a 
sloping bank as the summer progresses. 

Sandbars and mud flats abound in the delta. Gravel bars (fig. 50) are 
few and, except for a few patches of gravel and boulders that occur along 
Nechelik Channel where it has eroded into the Gubik Formation, are restricted 
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A 

B 

C 

F i g u r e  5 .  R iver  banks and b a r s  on t h e  C o l v i l l e  River  D e l t a ,  Alaska.  A ,  r e l i e f  
i n v e r s i o n  produced by m e l t i n g  of i c e  wedges; B ,  s e r r a t e  r i v e r  bank formed 
by ice-wedge thaw; C ,  i c e  wedge i n  a  r i v e r  bank a few days  a f t e r  breakup 
f l o o d i n g ;  D ,  g r a v e l  on a  b a r  n e a r  t h e  head of t h e  d e l t a ;  E ,  sediment 
s o u r c e  r e g i o n s  and wind t r a n s p o r t  i n  t h e  v i c i n i t y  of t h e  C o l v i l l e  River  
D e l t a .  



COLVILLE RIVER DELTA 9 

t o  t h e  head of t h e  d e l t a .  Sandbars  a r e  common a long  t h e  s i d e s  of d i s t r i b u -  
t a r i e s  and a r e  numerous w i t h i n  c h a n n e l s ,  e s p e c i a l l y  t h e  E a s t  Channel. Many 
midchannel b a r s  a r e  l a r g e  and s u p p o r t  t h e i r  own dune systems.  P o i n t  b a r s  a r e  
b e s t  developed a long  t h e  Nechel ik  Channel where meandering predominates .  

Sand and s i l t  s u p p l i e d  t o  t h e s e  b a r s  by t h e  r i v e r  a r e  adequa te  t o  
m a i n t a i n  them a s  e f f e c t i v e  s o u r c e  r e g i o n s  f o r  t h e  e x t e n s i v e  dune systems t h a t  
occur  throughout  t h e  d e l t a  ( f i g .  5E).  

Sand Dunes 

Within  t h e  C o l v i l l e  River  D e l t a ,  b o t h  a c t i v e  and s t a b i l i z e d  sand dunes 
a r e  p r e s e n t .  S t a b i l i z e d  dunes t end  t o  have long ,  narrow, rounded c r e s t s .  A 
few s t a b i l i z e d  zones  have blowouts ,  most of which were i n i t i a t e d  by ground 
s q u i r r e l s  o r  brown b e a r s .  The g e n e r a l  p o s i t i o n  and o r i e n t a t i o n  of s t a b i l i z e d  
dunes show t h a t  t h e y  formed when r i v e r  channe l s  and b a r s  were p r e s e n t  i n  a  
windward d i r e c t i o n .  

A c t i v e  dunes a r e  found a t  t h e  f r o n t  of t h e  d e l t a  and a l o n g  t h e  wes t  banks 
of d e l t a  d i s t r i b u t a r i e s  ( f i g .  5E).  A l l  a c t i v e  dunes l i e  immediately leeward 
of adequa te  sediment s o u r c e s .  Dune s i z e s  c o r r e l a t e  c l o s e l y  w i t h  t h e  s i z e s  of 
t h e i r  s o u r c e  a r e a s .  A t  t h e  f r o n t  of t h e  d e l t a ,  sand dunes a r e  u s u a l l y  low and 
i r r e g u l a r  and occur  i n  s m a l l  f i e l d s .  Along d i s t r i b u t a r i e s ,  dune r i d g e s  form, 
some a s  long  a s  4 .5  km. Most a r e  v e r y  a c t i v e  and a r e  s o  furrowed t h a t  t h e y  
have been broken i n t o  many p a r a l l e l  b lowouts  ( f i g .  4D), some of which have 
perched l a k e s .  The windward f a c e  of t h e s e  leeward dune r i d g e s  i s  g e n e r a l l y  
s t r a i g h t .  I n  some c a s e s ,  where t h e y  form t h e  r i v e r  banks ,  t h e y  a r e  be ing  
d e s t r o y e d .  

Pingos  and F r o s t  Mounds 

Pingos  a r e  r e l a t i v e l y  r a r e  w i t h i n  t h e  d e l t a ,  a l t h o u g h  t h e y  a r e  q u i t e  
numerous on t h e  t u n d r a  s u r f a c e  a d j a c e n t  t o  i t .  The two b e s t  examples of 
d e l t a - r e l a t e d  p ingos  were formed a s  t h e  r e s u l t  of l a k e  d r a i n a g e ,  one i n  a 
d e l t a i c  oxbow l a k e ,  t h e  o t h e r  i n  an  o r i e n t e d  l a k e  t h a t  was tapped by t h e  
m i g r a t i n g  E a s t  Channel.  

F r o s t  mounds a r e  more common w i t h i n  t h e  d e l t a .  Although i n d i v i d u a l  f r o s t  
mounds a r e  s c a t t e r e d  throughout  t h e  d e l t a  i n  f a v o r a b l e  l o c a t i o n s ,  frost-mound 
f i e l d s  a r e  mainly  r e s t r i c t e d  t o  t h e  n o r t h - c e n t r a l  p a r t  of t h e  d e l t a  where 
marshy s u r f a c e s  predominate .  Maximum h e i g h t  of f r o s t  mounds i s  about  1 .5  m; 
maximum d iamete r  i s  abou t  5  m. Many a r e  found w i t h i n  low-center polygons,  and 
some a r e  surrounded by a  narrow moat. 

I c e  Wedges and Ice-wedge Polygons 

I c e  wedges ( f i g .  5C) and ice-wedge polygons ( f i g .  6 )  a r e  v e r y  w e l l  
developed i n  t h e  C o l v i l l e  R i v e r  D e l t a .  I c e  wedges v a r y  from narrow v e i n s  of 
i c e  t h a t  form i n  some coarse -gra ined  sed iments  such a s  dune sand t o  wide (up 
t o  8 m) wedges t h a t  a r e  common i n  p e a t  banks ,  where t h e y  nlay occupy o v e r  25 
p e r c e n t  of t h e  upper  few m e t e r s  of m a t e r i a l .  
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F i g u r e  6 .  Forms of ice-wedge polygons  on t h e  C o l v i l l e  R i v e r  D e l t a ,  A laska .  
A ,  s q u a r e  and r e c t a n g u l a r ;  b y  i r r e g u l a r l y  shaped ;  and C ,  ice-wedge 
polygons  t h a t  developed i n  v a r i o u s  env i ronments .  
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Both low- and high-center ice-wedge polygons occur, but the low-center 
variety is dominant. Polygons are located from the head of the delta to the 
ocean (where some retreat is occurring). They are found within dune and 
point-bar systems, in recently drained lakes, and in newly formed bars. 

Almost every possible shape of polygon is present in the delta. They 
range from very regul-ar, four-sided forms (fig . 6A) to highly irregular, 
multisided and even extremely elongate forms (fig. 6B). Most low-center 
polygons support ponds and help account for the high proport?:.on of the delta 
surface that is covered by water (fig. 6C). 

High-center polygons are most common along the edges of river banks, 
where ice wedges have thawed (fig. 5C). They are also present beneath some 
lakes, where they represent an excellent example of topographic inversion when 
ice wedges thaw (fig. 5A). 

Microforms 

Most small features that develop in the delta are not related directly to 
permafrost, although many develop because of the same conditions that cause 
permafrost. Sastrugi, ice-carved grooves and ice-push ridges, alluvial fans, 
and strandline terracettes are associated with wind, snow, ice, and flowing 
water and occur naturally in both permafrost and nonpermafrost areas. Frost 
cracks, drainage pipes and channels (figs. 7A and R )  , and me1 t-drip deposits 
in thermoerosional niches (figs. 7C and D) are often related to permafrost and 
the active layer. Although some microforms such as grass tussocks (fig. 7E) 
and river-bank ice-shove features may last for years, most are quite 
ephemeral and range in age from minutes to a few seasons. 

DELTA HYDROLOGY AND PERMAFROST 

Like the Olnek, Kolyma, and Indigirka Ri.vers in Siberia, the Colville 
River lies within the zone of continuous permafrost (fig. 8). Only beneath 
water bodies with depths greater than about 2 m are permafrost-free zones or 
thaw bulbs (taliks) likely to occur. Although such unfrozen zones occur 
beneath deeper lakes and river channels within the drainage basin and delta, 
the continuous permafrost elsewhere tends to isolate most potential sources of 
ground water from the river throughout the year. Beneath the river, irregular 
water depths break the continuity of the thaw bulb. 

In this permafrost-dominated system, extreme seasonal changes occur 
within a few meters depth. Hydrologically, these seasonal changes can be 
arranged into four rather distinct---albeit highly variable---periods 
(table 1). Winter lasts about 8 months, and all surface water---except 
perhaps that from a few springs in the headwaters of the eastern tributaries 
of the Colville River---is frozen. 1ncl.uded are lakes, streams, rivers, the 
ocean, and water within the active layer. Summer, less than 3 mo long, occurs 
between the end of the flooding that accompanies breakup and the return of low 
temperatures that set the stage for freezeup. Both spring arid fall are short. 
Nonetheless, spring, especially from the standpoint of geomorphology, 
hydrology, and near-shore oceanography, is by far the most important season. 
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F i g u r e  7 .  M i c r o f e a t u r e s  on t h e  C o l v i l l e  R iver  D e l t a ,  Alaska.  A ,  b a r  d r a i n a g e  
and plunge p o o l ;  B y  b a r - c o l l a p s e  f e a t u r e ;  C and D, p e r m a f r o s t  thaw-drip 
forms; and E ,  g r a s s  t u s s o c k s .  
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F i g u r e  8 .  I.,ocation of a r c t i c  r i v e r s  r e l a t f v e  t o  p e r m a f r o s t  zones .  

Winter  

By t h e  end of w i n t e r ,  t h r e e  major co r ld i t ions  p r e v a i l  w i t h i n  t h e  d e l t a .  
F i r s t ,  t h e  e n t i r e  a r e a  i s  snow covered ,  excep t  f o r  a few smooth s u r f a c e s  such 
a s  mud f l a t s  o r  l a k e  and r i v e r  i c e .  Because of wind,  deep s n o w d r i f t s  deve lop  
a l o n g  r i v e r  and l a k e  banks .  The o v e r a l l  e f f e c t  i s  t o  mask many s u r f a c e  forms 
and reduce  l o c a l  r e l i e f .  Second, a s  r i v e r  f low d e c r e a s e s ,  f r e s h  w a t e r  w i t h i n  
d i s t r i b u t a r i e s  i s  gra .dual ly  r e p l a c e d  by s e a w a t e r .  The n a t u r e  of t h i s  
replacement  can b e  de te rmined  by a v e r t i c a l  examina t ion  of r i v e r - c h a n n e l  i c e  
(Osterkamp, 1.97%). I n  t h e  most ext reme c a s e s ,  e s p e c i a l l y  i n  t h e  lower  p a r t  of 
t h e  d e l t a ,  f r e s h w a t e r  i c e  a t  t h e  s u r f a c e  changes w i t h  d e p t h  t o  b r a c k i s h  i c e ,  
which i n  t u r n  b l e n d s  w i t h  s a l i n e  i c e  t h a t  dominates t h e  lower  p r o f i l e .  The 
d e p t h  of r i v e r  w a t e r  a t  f r e e z e u p  i s  a  niajor i n f l u e n c e  on t h e  d i s t a n c e  s e a w a t e r  
p e n e t r a t e s  upst ream and on t h e  d e g r e e  of i s o l a t i o n  of w a t e r  i n t o  p o c k e t s  

0 
w i t h i n  t h e  r i v e r .  Extremel.y h i g h  s a l j . n i . t i e s  (50 t o  60 l o o )  o f t e n  o c c u r  
w i t h i n  i s o l a t e d  p o c k e t s  ( S c h e l l  and H a l l ,  1 9 7 2 ) .  T h i r d ,  t h e  a c t i v e  I.ayer 
formed d u r i n g  t h e  p r e v i o u s  summer i s  v i r t u a l l y  f r o z e n .  Thick sed iments  t h a t  
s lough  t o  t h e  b a s e s  of some h i g h e r  r i v e r  banks  d u r i n g  summer a r e  p r o t e c t e d  by 
deep s n o w d r i f t s  d u r i n g  w i n t e r  and p robab ly  do n o t  f r e e z e  comple te ly .  
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Table  1. Seasons i n  t h e  C o l v i l l e  River  D e l t a ,  Alaska ,  based on h y d r o l o g i c  
c h a r a c t e r i s t i c s .  

Approximate 
Season I n i t i a t e d  by C h a r a c t e r i s t i c s  d u r a t i o n  (wk) 

Winter  

E a r l y  

L a t e  

Spr ing  

Prebreakup 

Breakup 
Postbreakup 

Summer 

F a l l  

Appearance of a  
s o l i d  i c e  cover  

Appearance of 
mel twa te r  

Discharge  under  i c e  t o  
ocean 
No d i s c h a r g e  under  i c e  
t o  ocean 

Snow mel twa te r  accumulat ing 
on and f lowing  over  and 
under  i c e  
Removal of i c e  from r i v e r  
Flooding f o l l o w i n g  breakup 

End of breakup Dry p e r i o d s  
Flooding Wet p e r i o d s  

Reduct ion of Low a i r  and w a t e r  tempera- 4 
average  a i r  temp- t u r e s  and low, s t a b l e  
e r a t u r e  t o  O°C s t a g e  

Spr ing  

Most geomorphic a c t i v i t y  w i t h i n  t h e  d e l t a  i s  i n i t i a t e d  i n  s p r i n g  and i s  
marked by t h e  appearance of mel twa te r  on r i v e r  i c e .  Spr ing  c o n s i s t s  of t h r e e  
d i v i s i o n s :  a )  a  prebreakup p e r i o d ,  when mel twa te r  accumulates  on and f lows 
over  and under  r i v e r  i c e ,  b)  a  breakup p e r i o d ,  when r i v e r  i c e  moves 
downstream, and c )  a pos tb reakup  p e r i o d  t h a t  l a s t s  u n t i l  r i v e r  f l o o d i n g  
c e a s e s .  The f l o o d i n g  sequence v a r i e s  i n  tlime of i n i t i a t i o n  and d u r a t i o n .  
S e v e r a l  y e a r s  05 o b s e r v a t i o n  i n d i c a t e  t h a t  u s u a l l y  a  r a t h e r  r a p i d  r i s e  i n  
r i v e r  l e v e l  i s  fol lowed by breakup,  which o c c u r s  a.t abou t  t h e  t ime  maximum 
s t a g e  i s  reached .  During o r  s h o r t l y  a f t e r  breakup,  t h e  s t a g e  d r o p s  r e l a t i v e l y  
r a p i d l y  ( f i g .  9 ) .  G e n e r a l l y ,  t h i s  sequence o c c u r s  i n  abou t  3 wk, b u t  t h e  
a c t u a l  d u r a t i o n  i s  a f f e c t e d  by t h e  r a t e  and n a t u r e  of snowmelt w i t h i n  t h e  
d r a i n a g e  b a s i n .  

Summer and F a l l  

Normally, r i v e r  s t a g e  i s  low i n  summer and f a l l .  Flow comes from t h e  
m e l t i n g  of snow t h a t  remains a f t e r  t h e  main snowmelt p e r i o d ,  from 
p r e c i p i t a t i o n  i n  t h e  d r a i n a g e  b a s i n ,  from l a k e  overf low a c r o s s  t h e  tundra  
s u r f a c e ,  and a s  ground w a t e r  from a  deve lop ing  a c t i v e  l a y e r .  S t a g e  a l s o  
v a r i e s  w i t h i n  t h e  d e l t a  accord ing  t o  wind c o n d i t i o n s  and t i d a l  v a r i a t i o n s .  
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1971 

Figure 9. Stage variation during breakup in the Colville River Delta, Alaska. 

Generally, lowest stages occur during late summer and fall, especially during 
the first days of freezeup. 

DELTA PROCESSES AND PERMAFROST - SELECTED EXAMPLES 

As suggested in the previous section, the delta is a dynamic feature 
despite the fact that during three-fourths of the year it is best described as 
dormant. 

Temperature and Wind 

During winter, the major processes operating in the delta are related to 
temperature, snow, and wind. With favorable temperature changes, frost 
cracking occurs, especially in recently deposited material. Frost cracking is 
aided by a thin snow cover, a condition that also favors modification by wind. 
Once wind has removed the snow from a sandbar or mud flat, deflation may 
occur, even if the sediment is frozen. Deflated material is then transported 
from the bar or flat to the snow-covered dunes or tundra surface. This 
process is especially common during the initial stages of melting---the thin 
snow cover over river bars melts first and, if winds occur at the same time, 
large volumes of sand may be moved. Stripes of wind-deposited sediment 
stretching across snow-covered surfaces are not an uncomrnon sight during May. 
In spring and early summer, wind is not an especially effective eroding or 
transporting agent because most source areas are either covered with flood- 
water or are very moist from previous flooding. 
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Flooding 

Soon a f t e r  t h e  m e l t i n g  season  i s  i n i t i a t e d  and mel twa te r  b e g i n s  t o  
accumulate ,  f low o c c u r s  above bot tom-fas t  r i v e r  i c e  and below f l o a t i n g  i c e .  
R iver  i c e ,  which averages  about  1 .8  m t h i c k  i n  t h e  C o l v i l l e  R i v e r ,  c a u s e s  a  
h i g h e r  s t a g e  than  would o t h e r w i s e  occur .  T h i s  h i g h  s t a g e  r a i s e s  t h e  l e v e l  a t  
which t h e  f r o z e n  r i v e r  banks a r e  mel ted and eroded by t h e  f lowing  w a t e r .  Such 
thermoerosion---especially e f f e c t i v e  on i c e  wedges and on sediment banks  w i t h  
a  h i g h  i c e  content- - - is  mainly  r e s p o n s i b l e  f o r  c r e a t i n g  t h e  s e r r a t e d  form of 
peat-dominated banks ( f i g .  5B) and of the rmoeros iona l  n i c h e s  ( f i g .  10) t h a t  
a r e  p r e s e n t  i n  most banks ,  a t  l e a s t  d u r i n g  f l o o d i n g .  

The s i z e  ( h e i g h t  and dep th)  of n i c h e s ,  t h e i r  d u r a t i o n ,  and t h e i r  im-  
p o r t a n c e  t o  bank r e c e s s i o n  a r e  mainly  dependent on bank composi t ion,  f l o o d  
s t a g e  and d u r a t i o n ,  c u r r e n t  v e l o c i t y ,  and w a t e r  t empera tu re .  The amount of 
n i c h i n g  v a r i e s  from y e a r  t o  y e a r  and i n  some c a s e s  i s  cumula t ive ,  t h a t  i s ,  
n o t c h e s  t h a t  a r e  deep enough a r e  p r e s e r v e d  by b u r i a l  from one season  t o  t h e  
n e x t  by s loughing  from t h e  bank above. I n  t h o s e  y e a r s  when t h e  s t a g e  v a r i e s  
f r e q u e n t l y  d u r i n g  f l o o d i n g ,  m u l t i p l e  n i c h e s  u s u a l l y  develop ( f i g .  10C). 

I n  t h e  C o l v i l l e  River  D e l t a ,  n i c h e s  o f t e n  become v e r y  l a r g e  ( f i g .  1 0 ) .  
Depths of o v e r  8 m and h e i g h t s  of o v e r  2 m a r e  n o t  uncommon i n  t h e  Gubik 
Formation,  which b o r d e r s  t h e  wes t  bank of p a r t  of t h e  Nechel ik  Channel ( f i g .  
10A) . 

Thermoerosional  n i c h i n g  o f t e n  Leads t o  bl.ock c o l l a p s e  ( f i g .  10E),  which 
i s  a n  impor tan t  f a c t o r  i n  bank r e t r e a t .  I n  extreme c a s e s ,  b l o c k  c o l l a p s e  
o c c u r s  a l o n g  i c e  wedges a f t e r  t h e y  a r e  u n d e r c u t .  Such c o l l a p s e d  b l o c k s  beg in  
t o  thaw on a l l  s i d e s  and a r e  r a p i d l y  reduced t o  pyramidal  p i l e s  ( f i g .  10F) ,  
t h a t  a r e  r e l a t i v e l y  e a s i l y  eroded by subsequent  f l o o d s .  

Rapid thaw of pe rmaf ros t  exposed by n i c h i n g  c o n t i n u e s  a f t e r  f l o o d w a t e r s  
s u b s i d e ,  a.nd t h e  n a t u r e  of thawing i s  r e s p o n s i b l e  f o r  t h e  c r e a t i o n  of unique 
microforms t h a t  a r e  e v e n t u a l l y  b u r i e d  by s loughing  from t h e  banks above. 

Thermoerosion d u r i n g  f l o o d i n g  i s  r e s p o n s i b l e  f o r  much of t h e  bank r e t r e a t  
t h a t  o c c u r s  i n  t h e  d e l t a .  Because i c e  wedges a r e  e s p e c i a l l y  v u l n e r a b l e  t o  
thawing, t h e y  o f t e n  r e t r e a t  more r a p i d l y  t h a n  t h e  r i v e r  banks i n  which they  
a r e  s i t u a t e d .  Along many banks ,  t h e i r  r e t r e a t  i s  r e s p o n s i b l e  f o r  d r a i n i n g  t h e  
ponds i n  ].ow-center polygons and f o r  t h e  e v e n t u a l  convers ion  from low-center 
t o  h igh-cen te r  v a r i e t i e s  ( f i g .  5 B ) .  

Lake t a p p i n g  ( f i g .  11) i s  t h e  r e s u l t  of e r o s i o n  i n  banks  t h a t  s e p a r a t e  
l a k e s  from r i v e r  channe l s .  T h i s  p r o c e s s  i s  common w i t h i n  t h e  d e l t a  and i s  
fo l lowed by a  d i s t i n c t  s e r i e s  of e v e n t s .  During i n i t i a l  d r a i n i n g ,  a  p lunge 
poo l  t h a t  deve lops  a t  t h e  l a k e  e n t r a n c e  t o  t h e  channel  c u t s  deep i n t o  t h e  
pe rmaf ros t  ( f i g .  11B). A f t e r  t a p p i n g ,  l a k e  l e v e l s  f l u c t u a t e  w i t h  r i v e r  s t a g e .  
A t  low r i v e r  s t a g e ,  t h e s e  l a k e s  may be  s o  sha l low t h a t  pe rmaf ros t  b e g i n s  t o  
form and p ingos  may develop.  Lake bottoms a r e  f r e q u e n t l y  exposed,  which 
f a v o r s  t h e  f o r m a t i o n  of i c e  wedges. 
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Figure 10. Thermoerosional niches and block collapse along the Colville 
River, Alaska. 
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Figure 11. Tapped lakes near the Colville River, Alaska. A, four deltaic 
lakes illustrate changes since tapping; B, diagram of lake B-1 in 
figure 11A showing plunge pool and new lake delta; and C, connecting 
channel between lakes B-3 and B-4 in figure 11A. 

During breakup flooding, tapped lakes are also flooded. Most suspended 
load is deposited in the lake (figs. 11A and llB), which acts as a settling 
pond. These lakes are eventually filled and become subaerial forms. 

Deposition during flooding also occurs at other locations within the 
delta. Floodwaters often cover up to 65 percent of the delta (fig. 3). In 
extreme cases, floodwaters extend onto the tundra and over snow-covered 
surfaces. Sediment deposition may amount to more than 25 cm (fig. 12). Such 
zones of deposition, especially on point bars and in tapped lakes, have 
aggrading permafrost tables. 

River Ice 

River ice is important in delta development in several ways. During 
winter, ice that caps the river helps limit geomorphic activity. During the 
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Figure 12. Flood-stage deposition by the Colville River on (A) snow and (B) ice. 

initial stages of breakup, water flows over it and deposition occurs on it 
(fig. 12B). When river ice begins moving, it is an important eroding, 
transporting, and depositing agent. River-ice dams may cause higher water 
levels than normal. 

The effect of river ice depends to some extent on the nature of breakup. 
If the ice moves oceanward on rising water (which happens most of the time), 
it causes less erosion than if it moves at lower stages, when ice may become 
stranded. Many river banks, primarily those composed of peat, are shaved by 
ice contact (fig. 10D). Along many sections of the river, ice-push forms and 
stranded gravel accumulations are common along tops of river banks. 

FIELD SITES ALONG THE NECHELIK CHANNEL 

This part of the field guide deals with specific forms and processes 
examined along the field-trip route in Nechelik Channel (fig. 13). They are 
discussed below in the sequence numbered on the accompanying map. Because 
many forms and processes have already been analyzed, this section is mainly 
descriptive and historical and is designed to serve as a stimulus for 
discussion at the various stops. 

STOP I. NUIQSUT AND NUIQSUT AIRFIELD. Nuiqsut, a village on the upper 
Nechelik Channel of the Colville River, was founded in 1973 when a number of 
Eskimos moved east from Point Barrow. Nuiqsut grew rapidly from the tent 
village that was first erected. Today, only 10 yr later, it has over 300 
people, nearly 100 buildings (fig. 13-1) a modern $11 million school, a 
heated water-storage tank, and a stable road system. The town continues to 
expand as new houses are constructed each year. Although the present village 
contrasts greatly with the former (mostly temporary) settlements and camp 
sites along the Colville River, the residents, nonetheless, engage in many of 
their traditional activities. Hunting, trapping, and fishing are common 
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F i g u r e  13. Map of  f i e l d - t r i p  s t o p s  and C o l v i l . l e  R i v e r  D e l t a  f e a t u r e s .  Photo- 
g r a p h s  1 ,  2 ,  4 ,  10, 12, and 13 r e f e r  t o  r e s p e c t i v e  f i e l d - t r i p  s t o p s .  
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endeavors .  Although e l e c t r i c i t y  i s  p r e s e n t ,  some i c e  c e l l a r s  have been dug 
i n  pe rmaf ros t  f o r  large-volume s t o r a g e .  

I n  1981, c o n s t r u c t i o n  began on t h e  1,550-m-long runway t h a t  now forms t h e  
southwest  b o r d e r  of t h e  v i l l a g e .  Some 200,000 m3 of sand and g r a v e l  were 
dredged from t h e  thalweg of Nechel-ik Channel,  pumped t o  t h e  runway s i t e ,  and 
p laced  d i r e c t l y  on t h e  t u n d r a  s u r f a c e .  T h i s  method of sand and g r a v e l  
a c q u i s i t i o n  proved s o  s u c c e s s f u l  t h a t  d redg ing  con t inued  d u r i n g  1982. Gravel  
o b t a i n e d  from a s  deep a s  20 m benea th  t h e  r i v e r  was crushed and used a s  
topp ing  f o r  t h e  runway, and 500,000 m3 of sand and g r a v e l  was s t o c k p i l e d .  I t  
i s  t o o  e a r l y  t o  s e e  t h e  e f f e c t s  of runway c o n s t r u c t i o n  on permaf ros t  o r  t h e  
e f f e c t  of d redg ing  o p e r a t i o n s  on t h e  r i v e r .  During c o n s t r u c t i o n ,  environ-  
mental  damage t o  t h e  tundra  s u r f a c e  n e a r  t h e  runway was minimal because  of t h e  
e f f e c t i v e  c o n t r o l  of runof f  from t h e  h y d r a u l i c  o p e r a t i o n .  

STOP 2. ORIENTED LAKES AND BEADED DRAINAGE. The t u n d r a  s u r f a c e  on which t h e  
runway was p laced  i s  r e l a t i v e l y  l e v e l  f o r  1,400 m from i t s  e a s t e r n  end s o  t h a t  
t h e  dep th  of f i l l  i s  uniform. However, toward t h e  w e s t e r n  end of t h e  runway 
t h e  s u r f a c e  d r o p s  abou t  8  m t o  an  e l l i p t i c a l  thaw pond ( f i g .  13-2) t h a t  was 
formed d u r i n g  d r a i n a g e  of a  l a r g e  (2.5 km2) o r i e n t e d  l a k e .  The d r a i n e d  l a k e ,  
a lmost  a  t ex tbook  example, d i s p l a y s  t h e  t y p i c a l  b o r d e r i n g  p l a t f o r m  and v a r i o u s  
s t a g e s  i n  t h e  development of ice-wedge polygons.  

The d r a i n a g e  channe l  from t h e  o r i e n t e d  l a k e  i s  a  t r i b u t a r y  t o  a  s m a l l  
(4-km-long) beaded s t ream t h a t  f lows  e a s t  from t h e  tundra  s u r f a c e  t o  t h e  f l o o d  
p l a i n  of Nechel ik  Channel. On t h e  f l o o d  p l a i n ,  t h e  s t r e a m  h a s  a  v e r y  a n g u l a r  
course  t h a t  h a s  a l s o  se rved  a s  t h e  o u t l e t  f o r  s e v e r a l  o t h e r  o r i e n t e d  l a k e s .  
Between t h e  wes t  end of t h e  runway and t h e  f l o o d  p l a i n  (approx imate ly  2 km), 
t h e  s t r e a m  h a s  more t h a n  60 ' b e a d s , '  which r e p r e s e n t  t h e  j u n c t i o n  of i c e  
wedges ( f i g .  1 3 - 2 ) .  

STOP 3.  PUTU CHANNEL. One meaning of t h e  Eskimo word ' p . ~ t u '  i s  ' c o n n e c t i o n , '  
and Putu  Channel i s  indeed t h e  connec t ion  between t h e  main channel  and 
Nechel ik  Channel. I t  se rved  a s  a  major waterway between t h e  two channe l s  
u n t i l  a  few y e a r s  ago ,  when i t  became so  s h a l l o w  t h a t  b o a t s  could  n o t  u s e  i t  
d u r i n g  low w a t e r  ( f i g .  1 4 ) .  

The d i r e c t i o n  of f low i n  Putu  Channel r e v e r s e s  w i t h  a  r i s e  i n  r i v e r  s t a g e  
( f i g .  1 5 ) .  During low and normal s t a g e s ,  t h e  w a t e r  f lows  e a s t  t o  w e s t ;  d u r i n g  
f l o o d  s t a g e ,  f low i s  west  t o  e a s t .  Because f low i s  eas tward  d u r i n g  breakup,  
much r i v e r  i c e  t h a t  would normal ly  £1-ow down Nechel ik  Channel i s  r e t u r n e d  t o  
t h e  main channel .  Even more c r i t i c a l  i s  t h e  e f f e c t  of s t a g e  r e v e r s a l  on 
s e d i m e n t a t i o n  r a t e s .  Flooding t h a t  accompanies breakup i s  r e s p o n s i b l e  f o r  
t r a n s p o r t i n g  about  75 p e r c e n t  of t h e  annua l  sediment l o a d  t h a t  i s  c a r r i e d  
oceanward. Ilowever, d u r i n g  t imes  of f low r e v e r s a l  i n  Putu  Channel, t h e  
c a r r y i n g  c a p a c i t y  i s  d r a s t i c a l l y  reduced and d e p o s i t i o n  i s  heavy. Heavy 
d e p o s i t i o n  a l s o  o c c u r s  i n  s lack-water  a r e a s  dammed by i c e  jams. 

A t  t h e  w e s t e r n  end of Putu  Channel t s  a  sand-dune system t h a t  formed when 
t h e  channel  was n o r t h e a s t  of i t s  p r e s e n t  p o s i t i o n .  These dunes a r e  t y p i c a l  of 
numerous s t a b l e  dune systems i n  t h e  d e l t a .  Swales w i t h i n  t h e  dunes c o n t a i n  
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F i g u r e  14 .  Pu tu  Channel,  b o r d e r i n g  dunes ,  s a n d b a r s ,  and polygons,  C o l v i l l e  
River  D e l t a ,  Alaska.  
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p e a t  f i l l i n g s  ( c l e a r l y  v i s i b l e  between S tops  3 and 4) and suppor t  deve lop ing  
ice-wedge polygons.  P e a t  and ice-wedge growth i n  t h e  swales  g r a d u a l l y  reduces  
t h e  1-ocal  r e l i e f  of t h e s e  s t a b i l i z e d  dune systems.  

STOP 4. TAPPED LAKE, ERODING PINGO, AND THAW LAKES. Toward t h e  n o r t h  end of 
t h e  w e s t e r n  Pu tu  dune system i s  t h e  end of a  former abandoned r i v e r  channel  
( f i g .  1 6 ) .  S i n c e  abandonment, t h i s  channe l  developed i n t o  an  e l o n g a t e  l a k e  
t h a t  was subsequen t ly  tapped by t h e  r i v e r  and f i n a l l y  was t h e  s i t e  of 
s e d i m e n t a t i o n  d u r i n g  r i v e r  f l o o d i n g .  The pingo and ice-wedge polygons t h a t  
formed i n  t h e  t rough  a r e  be ing  eroded.  T h i s  example i s  one of t h e  most 
dynamic sequences  w i t h i n  t h e  d e l t a .  

Before  t a p p i n g ,  t h e  l a k e  b a s i n  was a p p a r e n t l y  a  l i t t l e  more t h a n  t w i c e  a s  
long a s  i t  i s  today and was o n l y  s l i g h t l y  curved.  A s  Neche l ik  Channel 
migra ted  n o r t h  ( f i g .  17A), i t  tapped t h e  l a k e .  A f t e r  t h e  l a k e  d r a i n e d ,  a 
pingo formed i n  t h e  middle  of t h e  long ,  narrow b a s i n ,  and l a k e  f i l l i n g  began. 
Today, t h e  m i g r a t i n g  Nechel ik  Channel i s  e r o d i n g  n o t  o n l y  t h e  l a k e  bed i t  
he lped  b u i l d ,  b u t  a l s o  t h e  p ingo  ( f i g .  17B). Eros ion  r a t e s  of t h e  pingo and 
t h e  a d j a c e n t  b a s i n  f i l l  a r e  o v e r  2  m p e r  y r .  

The r e l a t i v e l y  low l a k e  bed s t i l l  s e r v e s  a s  a  t r a p p i n g  a r e a  f o r  r i v e r  i c e  
d u r i n g  breakup.  I c e  jams, which a r e  f r e q u e n t  j u s t  downstream from t h i s  a r e a ,  
cause  i c e  (some of i t  2  m t h i c k )  t o  be  f o r c e d  about  1  km up t h e  o l d  channe l ,  
where i t  becomes s t r a n d e d  ( f i g s .  11 and 18) .  Sand, g r a v e l ,  and o r g a n i c  m a t t e r  
( p e a t  s h r e d s ,  g r a s s e s ,  wi l low t r e e s )  c a r r i e d  by t h e  i c e  a r e  d e p o s i t e d  a s  i t  
m e l t s  ( f i g .  1 8 ) .  I c e  shove i s  a  common p r o c e s s  i n  t h i s  p a r t  of t h e  r i v e r  
bank. 

T h i s  b a s i n  i s  bordered  on t h e  n o r t h  by a  long ,  narrow dune r i d g e  t h a t  
p a r a l l e l s  a n o t h e r  former  channe l  and a n o t h e r  dune r i d g e  ( f i g .  16) .  Within  t h e  
dune r i d g e  j u s t  n o r t h  of t h e  pingo a r e  two thaw l a k e s  t h a t  appear  t o  b e  
blowouts---possibly i n i t i a t e d  by s q u i r r e l  a c t i v i t y  ( f i g .  19)---that have 
p r o g r e s s e d  t o  t h e  s t a g e  where l a k e s  have developed.  

STOP 5.  PEAT BANKS, ICE WEDGES, AND POLYGONS. One of t h e  most common t y p e s  
of r i v e r  banks  i n  t h e  C o l v i l l e  River  D e l t a  i s  composed of p e a t .  Although t h e y  
a r e  most e x t e n s i v e  a l o n g  t h e  e a s t  bank of t h e  main channe l ,  t h e y  a l s o  occur  
a l o n g  Nechel ik  Channel. P e a t  banks c o n t a i n  t h e  b e s t  developed i c e  wedges i n  
t h e  C o l v i l l e  River  D e l t a  ( f i g .  2 0 ) ,  and t h e  networks  t h e y  form a r e  q u i t e  
conspicuous  because  t h e y  have low-center polygons w i t h  well-developed t r o u g h s .  
Many polygons n e a r  S top  5 a r e  permanent ponds 1 t o  2  m deep.  

Eros ion  a long  t h i s  bank i s  t y p i c a l  of p e a t  banks i n  t h e  d e l t a .  I c e  
wedges recede  a t  a  f a s t e r  r a t e  t h a n  t h e  p e a t  t h a t  s e p a r a t e s  them. A t  t h e  
b a s e s  of t h e s e  wedges, where u n d e r c u t t i n g  h a s  o c c u r r e d ,  ponds u s u a l l y  develop 
and t u n d r a  mats d rape  down over  t h e  upper  wedges ( f i g .  20B). A s  summer 
p r o g r e s s e s ,  p a r t s  of t h e s e  p e a t  ' c u r t a i n s '  f a l l  i n t o  t h e  pond benea th .  I c e  
wedges i n  t h i s  s e c t i o n  of t h e  d e l t a  a r e  wide enough t o  be  exposed throughout  
t h e  summer. 

T h i s  bank shows b o t h  t h e  minimal n o t c h i n g  t h a t  normal ly  o c c u r s  i n  p e a t  
banks and t h e  ' shaved '  c h a r a c t e r  of t h e  p e a t  s u r f a c e  ( f i g .  20A). Large quan- 
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Figure  16. Pingo, s t r anded  i c e  i n  former r i v e r  channel ,  s t a b i l i z e d  dune bands,  
and f looded  ice-wedge polygons,  C o l v i l l e  River  De l t a ,  Alaska.  

F igure  17. Erosion of (A) r i v e r  bank i n  Gubik Formation and ( B )  pingo shown i n  
f i g u r e  16. 
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Figure 18. Stranded ice illustrating Figure 19. Ground squirrel, a common 
ice thickness, ice shove, and ice inhabitant of the delta. 
transport of organic debris. 

tities of peat are contributed to the river, as evidenced by the abundance of 
peat in grab-bucket samples from the bottom of the river. 

Although these peat banks are up to 5 m above normal river level, they 
are occasionally overtopped during breakup flooding. On the top, driftwood, 
pebbles, and ice-shove features are common. 

STOP 6. GUBIK FORMATION. Site 6 is one of two locations where Nechelik 
Channel is eroding directly into the Gubik Formation, which here is composed 
of a heterogeneous mixture of silts, sands, gravels, and boulders (fig. 21). 
The formation also contains the fossil remains of trees no longer growing in 
the drainage basin and of extinct animals such as mammoth and mastadon. 
Fragments of mammoth tusks that look like pieces of coal are commonly found 
along the river banks. 

Banks cut into the Gubik Formation range from 8 to 10 m above normal 
river level and immediately after breakup display vertical cliffs with 
prominent ice wedges (fig. 5C). Because of the ice-rich nature of the 
sediments, the rate of retreat of both the wedges and the surrounding material 
is about the same. 

A distinctive characteristic of this type of bank is the frequent 
development of deep thermoerosional niches during flooding and their 
subsequent block collapse. Because of the sediment-rich nature of the 
permafrost, sloughed material. from the banks quickly covers the niches and the 
ice wedges each summer (figs. 10F and 22). Retreat along this bank has 
averaged over 1 m per yr during the past 30 yr, or the equivalent of the width 
of the channel every 100-120 yr. 
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Figure 20.  Ice-wedge erosion, tundra-mat collapse,  and 'shaved' peat bank, 
Colvi l le  River Delta, Alaska. A ,  r iver view of peat bank and i c e  
wedges; and B y  closeup of i c e  wedge showing basal pond. 



COLVILLE RIVER DELTA 2 7 

Figure 21. Gubik Formation, cutbank, and ice-wedge polygons, C o l v i l l e  River 
Del ta ,  Alaska. 
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Figure 22.  Schematic diagram of river-bank eros ion  i n  the  
Gubik Formation, C o l v i l l e  River Del ta ,  Alaska. 
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Across  from t h e  o u t c r o p  of t h e  Gubik Formation i s  a  p o i n t  b a r  t h a t  i s  
advancing a t  t h e  same r a t e  t h a t  t h e  bank recedes .  D e p o s i t i o n  o f  sediment on 
p a r t s  of t h i s  b a r ,  based on measurements of t h e  t h i c k n e s s  of sediment de- 
p o s i t e d  on snow, i s  as much a s  15 cm d u r i n g  breakup ( f i g .  12A). However, 
remnant snowmelt runof f  and s u r f a c e  d r a i n a g e  a c r o s s  t h e  b a r  ( f i g .  6 C )  c a r r y  
much of t h i s  sediment back  t o  t h e  r i v e r  a f t e r  breakup. Such over-bar t r a n s -  
p o r t  i s  o f t e n  i n t e n s e  enough t o  c r e a t e  small f a n  d e l t a s  a l o n g  t h e  edge of t h e  
r i v e r .  

A t  t h e  n o r t h  end of t h i s  exposure  of t h e  Gubik Formation are two t e r r a c e s  
s e p a r a t e d  by a  band of s t a b i l i z e d  dunes.  A l l  t h r e e  f e a t u r e s  t r e n d  p a r a l l e l  t o  
a former  bank c u t  i n t o  t h e  Gubik Formation and,  a l o n g  w i t h  t h e  p o i n t  b a r  w i t h  
which t h e y  merge, r e p r e s e n t  changes t h a t  o c c u r  a s  t h e  r i v e r  channe l  s h i f t s .  
The r e l a t i v e  a g e s  of t h e s e  s u r f a c e s  can be  d i s c e r n e d  by comparing t h e  degree  
of ice-wedge development and sand dune s t a b i l i t y  a c r o s s  t h e  po in t -bar  system. 

STOP 7 .  TAPPED LAKE AND LAKE FILL. S i t u a t e d  between two p e a t  banks i s  t h e  
e r o d i n g  f i l l  of  a former  l a k e ,  which i s  a t  abou t  t h e  same s t a g e  of development 
a s  t h e  tapped l a k e  a t  S top  4 .  S i n c e  o r i g i n a l  t a p p i n g ,  l a k e  f i l l  h a s  been 
i n t e n s i v e .  However, t h e  n e a r - r i v e r  p a r t  of t h e  d r a i n e d  l a k e  i s  b u i l d i n g  up 
more r a p i d l y  t h a n  t h e  p a r t  f a r t h e s t  from t h e  r i v e r ,  and a  l a k e  i s  p r e s e n t  a t  
nonf lood s t a g e .  I t  i s  e i t h e r  a remnant of t h e  former l a k e  (because  t h e  
o r i g i n a l  l a k e  was d e e p e r  a t  t h e  t ime of t a p p i n g  t h a n  t h e  r i v e r  a t  low s t a g e )  
o r  a  new l a k e  (because  of t h e  n a t u r a l - l e v e e  d e p o s i t i o n  a t  i t s  p r e s e n t  
e n t r a n c e ) .  Flowing a c r o s s  t h e  s t r e t c h  of l a k e  bed t h a t  now forms t h e  r i v e r  
bank is  a  l ake-dra inage  channe l  t h a t  c a r r i e s  snowmelt, i c e  mel twa te r ,  and 
r i v e r  w a t e r  t h a t  e n t e r  t h e  b a s i n  d u r i n g  f l o o d i n g .  The bank i s  r a p i d l y  e r o d i n g  
and c l e a r l y  shows t h e  sediment banding t h a t  r e p r e s e n t s  s e l e c t i v e  d e p o s i t i o n .  
A t r a v e r s e  normal t o  t h e  r i v e r  bank c r o s s e s  a s u r f a c e  sequence t h a t  e x t e n d s  
from t h i c k ,  newly d e p o s i t e d  sediment w i t h  b u r i e d  v e g e t a t i o n  through a  zone of 
l e s s  d e p o s i t i o n ,  where b u r i e d  v e g e t a t i o n  is  growing up through t h e  new 
d e p o s i t s ,  t o  a  good s t a n d  of marsh g r a s s e s ,  and f i n a l l y ,  l a k e  w a t e r .  

STOP 8 .  SLOUGH ENTRANCE, WILLOW VEGETATION, AND TURF-HOUSE SITE. Loca t ion  8 
is  t h e  e n t r a n c e  t o  a s lough  t h a t  meanders a c r o s s  d e l t a  f i l l  u n t i l  i t  r e a c h e s  
t h e  Gubik Formation and f lows  i n  a  former  major  channe l  t h a t  e v e n t u a l l y  
r e j o i n s  t h e  Neche l ik  Channel ( f i g .  1 3 ) .  The s u r f a c e  n o r t h  of t h e  s lough  i s  a  
r e l a t i v e l y  l e v e l  p l a i n  w i t h  numerous ice-wedge polygons and low b e l t s  o f  sand 
dunes.  A v a s t  f i e l d  of dwarf wi l low t r e e s  e x t e n d s  t o  t h e  nor thwes t .  

T h i s  l o c a t i o n  was used a s  a house  s i t e  and,  a l t h o u g h  e r o s i o n  cf t h e  bank 
h a s  been q u i t e  e x t e n s i v e ,  t h e  f o u n d a t i o n  of a t  l e a s t  one t u r f  house remains.  
The house was b u i l t  on a  low sand-dune r i d g e  t h a t  e x t e n d s  i n l a n d  f r o ?  t h e  
r i v e r  bank. Turf b l o c k s  and c o r n e r  l o g s  o f  t h e  house  a r e  s t i l l  i n  p l a c e .  

3 I n  d i s c u s s i n g  t h e  t u r f  houses ,  S t a t e  of Alaska a r c h e o l o g i s t  R.D. Shaw s a i d  
t h a t  v i s i t o r s  t o  t h e  s i t e s  are encouraged t o  r e s p e c t  t h e  c u l t u r a l  remains  and 
t o  avo id  d i s t u r b i n g  them. "Severa l  s t a t e  and f e d e r a l  laws p r o h i b i t  d i s t u r b i n g  
a r c h e o l o g i c a l  and h i s t o r i c a l  s i t e s , "  h e  s a i d .  
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The bank f a c e  i l l u s t r a t e s  a v a r i e t y  of d e l t a i c  environments  and pro- 
c e s s e s .  The west  bank of t h i s  s e c t i o n  of Nechel ik  Channel is  mainly  p e a t ,  
a l t h o u g h  dune sand and h i g h l y  o r g a n i c  s i l t  a r e  i n t e r s p e r s e d .  I n  some loca-  
t i o n s ,  dune sand o v e r l i e s  p e a t  d e p o s i t s .  Wind s c o u r  and s q u i r r e l  a c t i v i t y  a r e  
e v i d e n t .  Exposed wi l low r o o t s  (some of which a r e  a s  l o n g  a s  12 m) a r e  common 
because  of bank r e t r e a t .  

STOP 9. SAND DUNE AND TURF-HOUSE SITE. J u s t  s o u t h  of Lake Nanuk is  a h i g h ,  
s t a b i l i z e d  dune band t h a t  i s  be ing  eroded by t h e  r i v e r .  I t  i s  h i g h  enough t o  
t r a p  d r i f t i n g  snow d u r i n g  w i n t e r ,  and snow d r i f t s  remain i n  t h i s  dune a r e a  
i n t o  J u l y  ( f i g .  23) .  Within  t h e  swales  of t h i s  dune system, ice-wedge 
polygons have formed, some w i t h  s u r f a c e  ev idence  of o n l y  one o r  two polygon 
w i d t h s .  L i n e a r  l a k e s  a r e  a l s o  p r e s e n t  i n  some swales .  

T h i s  dune i s  t h e  h i g h e s t  p o i n t  i n  t h e  a r e a  and h a s  f r e q u e n t l y  s e r v e d  a s  a  
camp s i t e .  The remains of t u r f  houses  t h a t  were supposedly  c o n s t r u c t e d  by 
r e i n d e e r  h e r d e r s  d u r i n g  t h e  e a r l y  1900s,  when domes t ica ted  h e r d s  were 
main ta ined  i n  t h e  d e l t a ,  a r e  p r e s e n t .  

T h i s  van tage  p o i n t  a l s o  p r o v i d e s  a good view of t h e  t u n d r a  t o  t h e  
sou thwes t ,  where a number o f  p ingos  a r e  v i s i b l e .  

STOP 10. LAKE NANUK. Lake C i n  f i g u r e  11A i s  a diagram of Lake Nanuk, which 
i s  one of t h e  more r e c e n t l y  tapped l a k e s  i n  t h e  d e l t a ;  t a p p i n g  occur red  p r i o r  
t o  t h e  f i r s t  a e r i a l  photography (1943).  S i n c e  t h e n ,  t h e  e n t r a n c e  t o  t h e  l a k e  
h a s  n e a r l y  doubled i n  w i d t h ,  and t h e  a r e a  o f  t h e  d e l t a  forming i n  t h e  l a k e  h a s  
i n c r e a s e d  s e v e r a l f o l d .  

The n o r t h  bank of t h e  e n t r a n c e  i s  s u b j e c t  t o  s e v e r e  e r o s i o n  ( f i g .  13-10). 
I n  a d d i t i o n  t o  t h e  development of the rmoeros iona l  n i c h i n g  by f loodwate r  and 
t h e  high-sediment component of d e p o s i t s  benea th  t h e  s u r f a c e ,  i c e  gouging i s  
i n t e n s i v e .  

Another f e a t u r e  o f  l a k e  t a p p i n g  t h a t  i s  i l l u s t r a t e d  i n  Lake Nanuk i s  t h e  
f l u c t u a t i o n  of l a k e  l e v e l s  w i t h  changes i n  r i v e r  s t a g e .  A t  low r i v e r  s t a g e ,  
much of  t h e  l a k e  bot tom i s  exposed.  The a r e a  of exposed bot tom h a s  i n c r e a s e d  
because  of d e p o s i t i o n  by t h e  r i v e r  d u r i n g  t h e  y e a r s  s i n c e  t app ing .  These 
bot toms t h e n  become s o u r c e s  f o r  wind- t ranspor ted  sand t h a t  i s  c a r r i e d ,  i n  t h e  
c a s e  of Lake Nanuk, on to  t h e  t u n d r a  s u r f a c e  s e p a r a t i n g  i t  from t h e  r i v e r .  

The e n t r a n c e  t o  Lake Nanuk is a n o t h e r  i d e a l  l o c a t i o n  f o r  a  camp si te.  
F i s h i n g  i s  good and t h e  s i t e  is  used f r e q u e n t l y  f o r  d r y i n g  f i s h .  However, 
because  of r a p i d  e r o s i o n  of t h e  most i d e a l  camping s i t e ,  many c u l t u r a l  remains  
have been l o s t  t o  t h e  r i v e r .  

STOP 11. LOW TUNDRA SURFACE. The t u n d r a  s u r f a c e  lowers  n e a r  t h e  f r o n t  of t h e  
d e l t a .  P e a t  i s  t h e  common bank m a t e r i a l .  A s  i n  p e a t  banks  e l sewhere ,  e r o s i o n  
p r o g r e s s e s  most r a p i d l y  a l o n g  i c e  wedges normal t o  t h e  banks.  Then s h e a r i n g  
o c c u r s  a l o n g  t h e  low banks  between t h e s e  i n d e n t a t i o n s ,  l e a v i n g  ].ow narrow 
t e r r a c e s  ( f i g .  24) .  F loods  f r e q u e n t l y  o v e r t o p  t h i s  bank, and d r i f twood  i s  
o c c a s i o n a l l y  c a r r i e d  i n l a n d  50-100 m,  a l t h o u g h  most of i t  i s  s t r a n d e d  n e a r  t h e  
bank ( f i g .  24) .  
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Figure 23. Stop 9: Sand dune, remnant snowdr i f t ,  and sandbar,  C o l v i l l e  River 
Del ta ,  Alaska. 

I n  t h i s  p a r t  of t h e  d e l t a ,  polygonal s t r u c t u r e s  a r e  not  e s p e c i a l l y  
conspicuous. I c e  wedges a r e  a s  much a s  45-50 m a p a r t .  

STOP 12. N I G L I K .  Nig l ik  ( t h e  Eskimo word f o r  'geese '  which, when s a i d  
quick ly ,  sounds l i k e  a  goose c a l l )  i s  one of t h e  most famous l o c a t i o n s  along 
t h e  no r th  coas t  of Alaska. I t  was o f t e n  t h e  meeting and t r a d i n g  p l ace  f o r  
Eskimos who came e a s t  from Barrow and those  who came downriver from in land  
a reas .  Campsites abound along t h e  bank, a l though ex tens ive  e ros ion  has 
destroyed many of them. 

A r ecen t  r e p o r t  from t h e  North Slope Borough (1979) no te s  t h a t  "Siber ian  
goods, brought overland from t h e  S i s u a l i k  t r a d i n g  s i t e  near  p re sen t  Kotzebue, 
continued t h e i r  way i n t o  t h e  Canadian A r c t i c  from Nigl ik .  Even a f t e r  t he  
a r r i v a l  of commercial t r a d e r s ,  t h e  Nig l ik  t r a d e  f a i r s  cont inued,  incorpbra t ing  
modern t r a d e  goods wi th  t r a d i t i o n a l  ones u n t i l  t he  e a r l y  decades of t h i s  
century.  " 

For t h e  l a s t  35 y r  o r  so ,  t h i s  l o c a t i o n  has  been t h e  home of t h e  Woods 
family,  t o  whom t h i s  guidebook is  dedica ted .  During t h i s  per iod ,  t h e  family 
depended t o  a l a r g e  e x t e n t  on car ibou  and f i s h ,  both of which were s t o r e d  i n  
i c e  (permafrost)  c e l l a r s  ( f i g .  25).  U n t i l  r e c e n t l y ,  dr i f twood c o l l e c t e d  along 
t h e  r i v e r  served a s  f u e l .  Although t h e  Woods family '  l i v e s  i n  Nuiqsut today, 
they s t i l l  maintain t h e i r  house a t  Nigl ik.  
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Ice ill Figure 24. Low, flat, tundra surfs ustrating str 
bank erosion. 

of dri .ftwood and 

STOP 13. ORIENTED LAKES AND MACKENZIE RIVER DRIFTWOOD. Niglik is situated at 
the northern edge of the most northerly of the oriented lakes bordering the 
western side of the delta. It was drained in the past by the river. Across 
the channel from Niglik is another section of former oriented lakes, the 
remnants of which still remain. Much of this area is low enough to be 
flooded, especially during storm surges from the sea. When these surges 
occur, logs from Canada are frequently carried onto the low surfaces. 

Northwest of Stop 13 is an extensive (over 15 km2) flat that has formed 
at the mouth of the Nechelik Channel (fig. 26). Composed of fine-grained 
materials, this flat serves as the source region for a suite of dunes that is 
forming locally. 

By this time you have probably noticed the presence of the 'Alaska State 
Bird' (fig. 27). Take as many samples home as you wish. (There is no bag 
limit. ) 
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Figure 25. Perma 
frost cellar 
Niglik over- 
looking the 
mouth of the 
Nechelik 
Channel. 

Figure 26. Silt flat 
with trapped 
organic matter 
at the front of 
the Nechelik 
Channel. 

C 

Figure 27. Mosquit- 
\ 

2- oes, one of the 
% most common 

I 

forms of life 
in the delta 
during the 
months of July 
and August. 

9 The parka is 
r a 

L i I 

typical of 
L those issued by 

NARL---the 
former Naval 
Arctic Research 
Laboratory. 
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