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1) !’ POSITIONA L ENVIRONMENTS IN THE COLVILLE RIVER DELTA

By

H .  J Walker

Louisiana State University
Baton Rouge , Louisiana

INTRODUCT ION

D~~t~is , whether ancient c~r mod ern , are highl y comp lex features and
~i: y in s ize , shape , s t ructure  and composition . These variations reflect the

re l a t iv e  lI n o r tance  of the n umerous processes operat~~g prior to , during and
HI I ) ~ e lue n t  to deposition , the sine qua non of delta formation .

~ are bein g formed today,  in a vari ety of environments including
the  oxt re rne  conditions found dlon g arctic shores . Indeed , some of the world ’s
Lr~~e~,t d t l ta~~, especially that of the Lena River occur along arctic shores . Just
d~~ d L ) i ~~ i~~ iiy other coasts , deltas in the Arctic are forming at the mouths of

i~- well as large r ivers  and intermittent as well as perennial streams. In
:~~n . v :~ spt ~ct~ --and especiall y from the stand point of rivers—-t he Arctic is
~u~~~ar to m i d -  d~~I low--lat i t ude arid and semiarid regions (Walker , in press)
It ~)~~~ SCS~~eS r ive r s  or ig inat i ng out~-~ide the region in which the delta is being

a~ w€ ~l1 ~ those ori g inating within i t .  The Ob , Lena , Ye nisei and
ac~~t n z i e  ~uve r~ ca n be considered as exotic r ivers  for the same reasons that

tL~ ~ ile , Ir.dus and Colorado are exotic . I n both cases they are perennial
t i t h u gh t e ;  experience great seasonal variation in discharge .

In the Arct ic , low tem peratures during most of the year are responsible
~ ir  p~ r~ er ’ :incr  what little preci p itatio n exists until the melt season . They are
a l - .o r~~-~~c’ n s :hle  tu~ the presence of permafrost . These two factors combine to

I~~:e w I n t e r  d i scharge  drasticall y or even eliminate it comp letely . As summer
~i i i v e s  extreme flooding is likely to occur . Normall y ,  high water is of short
du r ~h i i on  ~ir :o~ t of the snow melts in a ra ther  short period of t ime.

Uric s u i i  r iver  is the Colville in northern Alaska . It drains about
hl , 00 0  hn 2 or abo ut 1/3 of the North Slope and is creating a delta at its mouth
a~~

; n i t  lo~l~~.ay  between Har row and Barter Is land.  The delta ’s aerial portion has
dO - i r ~~ ( 1  600 km 2 whk~ makes  it about one percent as large as the drainage
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I
basin. It is the objective of this paper to discuss the depositional
environments of the present—day delta.

THE COLVILLE RIVER DRAINAGE BASIN AND THE COLVILLE DELTA

The sediments within a delta are mainly derived from the drainage
basin of the creating river and thus depend on the lithology and
structure of the basin (fig. 1) as well as prevailing hydrologic
characteristics. The depositional and tectonic history of the North
Slope left a variety of rock types and structures ranging from Paleozoic
and Mesozoic limestones, sandstones, and shales and their metamorphic
equivalents in the Brooks Range through Late Mesozoic sediments in the
Arctic Foothills to the Quaternary and Recent unconsolidated silts,
sands, and gravels of the Gubik Formation in the Coastal Plain (Brosge
and Tailleur , 1970; Wahrhftig, 1965; Walker , 1973). The relative
proportion of these source regions varies greatly . The Brooks Range
occupies 26% of the drainage basin whereas the Arctic Foothills and
the Coastal Plain cover 64% and 10% respectively .

The North Slope witnessed relatively little glacial activity
during the Quaternary with no more than about 10% of the Colville
Drainage Basin covered with ice at any one time (Walker, 1973).
Nonetheless, the glacial and glaciofluvial deposits which resulted
contribute sediments to the Colville River and its tributaries today.

The Colville Delta is composed of a subaerial portion which
extends about 40 km from its apex to the ocean and a subaqueous por-
tion which is advancing seaward into Harrison Bay. The subaerial
portion is composed of a variety of feat~ res including distributary
channels, bars and flats , sand dunes , ice-wed ;e polygons and lakes
(fig. 2). The subaqueous portion has many features found in non—
arctic deltas such as offshore bars and c’th~queous levees. However ,
because of ice, which can be either an acti~ e or passive agent ,
additional forms such as ice scores and plunge holes are common
(Reimnitz and Barnes, 1974).

‘S
SEASONALITY AND DEPOSITIONAL PROCESSES

During some 75% of the year virtually all of the Colville Delta
is in a frozen state. The major exceptions are the portions of water

- - bodies deeper than about 2 m and the sediments beneath them . The
upper 2 m of all water bodies and the active permafrost layer are
frozen; in addition , a thin hard-packed snow cover lies over nearly
the entire surface. This snow cover effectively limits wind as a
deltaic modifier during the frozen state. When this is combined with
the reduction or elimination of the river as an eroding , transporting ,
or depositing agent it can be seen that most deltaic processes are
virtually nil for most of the year. The major exception to this
general cessation of activity is the subice intrusion of sea water
into the delta ’s distributaries. Such intruded water extends as much
as 60 km upstream and through flocculation is probably responsible for
increasing the rate of settlement of suspended sediment left in the
river at the time of freezeup (Walker, 1974).
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Spring (late May and early June), which lasts from the time of
the first appearance of meitwater on top of the ice to the cessation
of flooding following breakup, is the most important period of time
in de].taic modification in the Arctic. It is the period when most
of the season ’s water and sediment are carried oceanward. For
example, the flood periods of 1962 and 1971, which lasted 25 and 19
days respectively, accounted for 48 and 58% of the annual discharge
(Walker, 1973). Suspended load is even more extreme with as much as
75% of the annua l amount being accounted for during the major floods
(Arnborg et al., 1966).

Spring is also the time during which the highest flood stages
are recorded . Floodwaters may extend over as much as two-thirds of
the subaerial delta and cover tundra polygons and deltaic lakes as
well as mudbars and sandflats. In 1971, 404 km2 of sea ice at the
front of the delta were flooded (fig. 3). Floodwaters , after progres-
sing over the sea ice to distances of up to 10—12 km from shore join
subice waters through pressure ridge cracks and separate , more or
less circular, moulins or strudel (Reimnitz and Bruder , 1972) , to
continue seaward as a freshwater wedge (Walker, 1973 , 1974). The
rate of advance of this sediment-laden water is variable but averages
:ibout 5 cm/sec and has been mapped as much as 40 km seaward of the
delta front (fig . 3) .

W ind , relatively strong throughout most of the year , is an
effective agent in several ways in the snow—free season. During the
period of early snowmelt prior to flooding , sandbars and mudflats
are exposed and often serve as source areas for the prevailing
northeast winds. During actual flooding , wind is indirectly impor-
tant for , if strong during high water , wave action on frozen banks
results in extensive bank erosion . During the postflood period from
late June through September , when sandbars and mudflats are exposed ,
wind is again effective in erosion , transportation , and deposition .

Marine processes are also mainly active during the short period
of summer. It is then that wind—generated waves, ocean currents ,
tides and drift ice do their greatest amount of work. Ice, whether
it be bottomfast or floating , dampens wave and tidal action. By the
same token , if it is broken it is subject to drift and becomes an
important force in the modification of the structure of bottom

• sediments. Currents during winter have been little investigated but
indications are that they probably have little effect on the bottom
sediments of riearshore environments (Barnes and Reimnitz , 1974).

DEPOSITIONAL ENVIRONMENTS OF THE SUBAERIAL DELTA

• Distributary Channels

Most of the water reaching the head of the delta is carried
seaward in two main channels. The eastern channel is the widest and
deepest and carries about 75% of the total discharge. The western
channel is the next most important with over 20% of the total.
Branching from the east channel are several smaller distributaries
(fig. 3) some of which only flow during flood .
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The thaiweg of both the east and west channels varies greatly in depth.

i:~ the western distributary the channel is shallow enoug h near both its mouth
m d  head to freeze to the bottom during winter . The eastern channel is sufficiently
de”p to maintain unfrozen contact with the ocean throug hout the winter (Ho and
~ mi ker , in preparation) . Its deepest portion is some 12 m below normal stage
level .

The sediments within these channels are also hi ghly variable . In
general , texture decreases in an oceanward direction along the distributaries and
in a bankward direction from the thalweg .

Anal yses of the bed materials of two sections onl y are presented here:
S~~-tion I at the head of the delta and Section II in the upper reaches of the western
channel  ~f:~ - 4 , 5) . Son-iion 1 , 950 m wide at full bank stage , is asymmetric with
the deepest part  of the channel si tuated between 100 m and 160 m from the right
~dnk ( f i g .  4 ) .  b ottom samp les collected On 18 May throug h the 1.8 m ice cover
‘ ep r e s e n t  non - bow conditions . The thaiweg portion is mainly  gravel  although a
fe ’.v t ine  sediments ai e presen t .  More than 70% of the bottom materials are over
10 mm in t i d n 01 - Some ver y l i i i - ’ sedinic~~1 and even organic matter is also
present noi~.. flog ueposit i on since flow cessation du r ing  the previous fall (fig . 6 ) .

he or ot or t i : ) :  of sand increases t o w a r d  the left  bank such that at a distance of
rn t r o o .  t h e  ~~ht h ank  the median diameter is 0 . 2  mm and no material coarser

f l l d f l  I :~;ri r IS  present  -

io~p~es take n ~ ij r ~n e ri s:n~ stage t1 2  June )  , lowering stage (18 June)
and ~~~ -t d g c  (19 Ju~~o) -Low the same basic . pa t t e rn  (fi g .  4) . Thus , the deep
c h a n n c i  can Lt considered an erosional pavement which grades bankward into
sands. The g r a v e l l y  por t ion  of the bottom is about 100 m wide which is about 1/10
the tuL :L hig h- water crors- sectional wi d th .

‘S 
Soc~ I fl  r ; , ti - control section for the western channel , has a left bank

which is t i n ~~ cot into the Gubik For mat :on  (fig . 5,  7) . The right bank is a
p altba r wit h typical rid qe and swale topography . The coarse grained material
t( U:o1 ~t i i e  t t n O  of this channel is f r o m  the Gubik Formation . Nonetheless , the
b~~ik  of We noi ’~- ; oi~ is  m ’ d i u r n  and t i n e  sand ranging generall y between 0.1 and
0. 5 mr : i l l  ~~i z e  - 1 exture graduall y decreases onto the pointbar where at the inner
0 ar i~in averages 0.013 mm in diameter .

‘ 1  ur ~’ i m t s

Sail b a r - . d Od i n : d t  l ot s  a re  numerous , extensiv e , and hig hly varied in
t i m: m~:u i v i I i c  H i ’~m r  Delt. They range in type from mid-channel bars to ocean-

~e in~ 1 i t s and ~n tc~.tu r c ’  from grave l l y-sand to si l ty-clay . Generally bar size
mses  and exture decreases in a dnwnstre, :n direction .

V : i t  1; I I l y  - i l  - . O t O c s  o~ bar development can he found in the delta . They
r a n ~~o t r i m  Ilici pi er it liars covered d u r i n r ~ all but extremely low water to bars
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which have become complex islands . Indeed many of this latter type are presently
being eroded at a rapid rate .

Although small amounts of fine gravel are present at the head of many
bars in the east channel and along the base of the right bank , only one bar can be
considered trul y gravelly . It is located just downstream from the river t s first
distributary in a relatively sheltered position (Nemeth , in preparation) . Upstream
from this island , bars with moderate amounts of gravel are fairl y common . The
Gubik Formation is probabl y the source region for most of the gravel . The only
portions of the actual delta bordering on the Gubik are along the west channel .
Bars immediately downstream from the cutbank portions of this contact also have
small amounts of gravel .

Most delta bars developing in the Colville are controlled by unidirectional
flow . However , a few situations prevail where a reversal of flow durin g flooding
affects bar development . One bar so affected is Putu bar (fi g.  8) which has been
studied in some detail (McKenzie and Walker , 1974) . Large amounts of sediment
may be deposited on the bar especially at times of low flow accompanying flow
rev ersal ( f ig .  9) . This bar , like many in the delta , is backed b y sand dunes.
Interac tions within the dune-bar-river complex result in several overlapping but
relatively distinct units as evidenced by composition. These units vary in posi-
tion grading from Putu Channel itself through a mudflat , bar an d san d te rr ace
into the dunes (fig. 10). Texture across this bar has an average range from 0.02
mm on the mudflat to 0 .3  mm on the sand terrace at the base of the dunes .

The sediments which actually make up the bar have several or igins .
Most of the sediment comes from riverbanks in the adjacent part of the channel ,
althou gh much of the fine sand , silt , and clay is brought in as suspended load
from upriver . During the height of the flood per iod some 500 ,000 tons of sus-
pended load is carried past Section I per day (Arnborg et al .  , 1967) . In the case
of Put u bar and other dune-backed bars , sand is contributed in large amounts

‘S dur ing  the time snow is melting from the adjacent dunes . Such meitwater run-
off is greater than for the tundra surface because the irregular relief of the dune
results in the formation of deep snow drifts . Many temporary fans form at the
hase of the dunes on bars and river ice . These are later eliminated or hig hly
modified by river flooding. Organic matter including driftwood (mostly small
willow) , peat shreds , and other plant remains are important ingredients of Putu
har and virtuall y all other bars in the delta .

i3ar structure , because of the variety of processes operative through the
year and the nature of their sequence , is complex (fig. 10). A study of some 18
microrelief features on Putu bar showed that winter , although it prevails through-
out most of the year , is generally a period of little morpholog ic change. Indeed ,
most alterations on the bar are the result of river activity during the short spring
(McKenzie and Walker , 1974) -

The front of the delta is composed of extensive mudflats. There are rela-
tive]y flat , featureless for ms which gen erall y contain little foreign mater ia l .

C5

_ __ i __ 
- - - _

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



____ 
—----—---

~
-------—---;;

~~~~~~ ii~ ~~~~~~~~~~~~

However , peat shreds in the troug hs of ripple marks are not uncommon (fi g.  11)
and a few large  tree trunks--probably from the Mackenz ie River--are present at
‘ e contact between the flat and the vegetated zone of the delta front (fig. 12) .

Sand Dunes

Ealian transported material is found over most of northern Alaska (Black,
2 951) and is especially common in river valleys. Both active and stabilized dunes
are present in the Colville Delta. Stabilized dunes are generally long, narrow
vegetated ridges generally with a smooth , rounded surface and few blowouts.
Those biuwo: which are found in stabilized dunes are normally initiated by
animal ac~~. ii v . Most of the stabilized dune system s are oriented parallel to and
on the lee side of former river courses .

e dunes are found in two distinct locations. One location is the inner
C , € of the extensi~-e mudflats at the front of the delta where low , irregular dunes
form. I :~ other is on the western and southwestern sides of river channel bars
w . L er e  l L , i : e - ~ . or i e n t e d  :~r r m o l  to the prevailing NE winds , are numerous. These

l I t  ~~e l t i n s (1940) furedune category.

~~ree ut We 1 onc rid ges are as much as 4~ km long and are highly dis-‘1 tie .:lrldward face of a dune x i ~~~~ is generally straight although in cases
We d . o ’~ , r r t ~ perched on thur forms , such as peat banks , the base may be

U r : - - -

:~~it~ ~~~~ i r e  composed m a i n l y u t v e ry  ti ne an d f ine sand although in
‘ l i t  ~ro uL ’ ! -~ o~ the b l ew o u t s  coarser ma te r i a l  i nc lud ing  fine gravel is present
(t ig  - i f l  1 1:0 sIze of the lu oes  correlates closely with the size of the bar upwind
f r om  ~l~e dune . The active period of dune fo r n ~~~ion is during the non-flood por-
tion of ~~:e : o ’ .~ free - O d s O f l .  Bars--from whic.. snow melts first——are a good
source r~ pjon p r l o  to flooding - Wind at this t ime transports what material is

‘S :oo’.- m -  .t t i  ~~:e — n ow s ur f ac e  on and behind the dunes . The discoloration that occurs
often ee.~~h a s~z e s  icrore lief features t t V o I h ~ r , i967)

fl u: ir i i ~ Lhe flood period , bars have their supp ly replenished and are
ex ee i ie : :t  so- .: ere~is during summ er and fall. If the season happens to be dry
- m : , l ‘ - . i : ft 1 1 : 0 ( 1 1 .~~~~- i i - i ~ is t ranspor ted to the dunes and the tundra surface .
J . i ~~~m r r ~d i) O~ - 1 - m i i s  t i : ~ 14) m r e  out  uncommon and many of the flats are stripped
(0  most 01 ~~~ i r  sai~d soup y f i g .  14 . A common overbank type of eolian deposit

- t r i p e  - .~ : ic l i  is a long (up to 30 m )  , narrow (about 1 m wide) and
:o- ~~~:o:  ~~~~- 

~. ft i c k  - -~~~ o r a l  cmi  deposit of re la t ive l y f ine sand.

.m i~ 0

r i  i t  h - t i h~ of ~ del ta  are usua l l y d i s t in c t  and often very informative.
i . .p l i ,  inuri m of a delt a s  his tory in easil y observed form and can be used
n r : io :  dominant  m a t e r i a l s  and structures . In the Colville delta , riverbanks
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are composed of materials ranging from silts, sands, and gravels to thick layers
of dense peat. Most banks average between 1.8 and 4.5 m above mean water level
although some banks cut into sand dunes and the Gubik Formation are 7 to 9 m
high.

In 1971 , data were collected from 170 banks along the main distributaries of
the Colville Delta. Analyses of these data show that 59% of the delta’s banks are
erosional , 35% depositional and 6% neutral (Ritchie and Walker , 1974) . Both the
erosional and depositional categories have a number of types. Most (75%) of the
erosional banks are composed of peat . Distinct horizons of thick , fibrous peat
separated by thin layers of silt are common (fig . 15) . Other erosional banks are
composed of old sand dune deposits (3%), the Gubik Formation (7%), laminated
lakebed silts and other materials.

Natural levee deposits within the delta are less well developed than along
many river systems. However , during flooding levees frequently become
conspicuous (fig. 2a)

Lakes

One of the most conspicuous features of the Colville Delta is its system of
lakes; conspicuous not only because of number but also because of variety in both
size and form . Lakes in the delta include those which now occupy old river chan-
nels , terrace flank depressions , swale s of ridge and swale topography , inter- and
intra-dune depressions and low—centered polygons . Nearly afl of the delta~s lakes ,
the levels of which vary somewhat , are drained by flow over the lowest edge and
by slow seepage through the active layer during the melt seas~~ . However , many
lakes are connected to the various distributaries by narrow and often quite
lengthy channels.

Several distinct factors affect deposition in lakes, including especially depth
and whether flooded during breakup . Shallow lakes--i.e., those lakes less than
about 2 m in depth--freeze to the bottom during winter , have permafrost beneath
them , and usually have large amounts of vegetal growth in them . By far the
greatest number of lakes in the delta are in this category as most of the low-
centered polygons and intra-dune lakes are shallow . Bottom growth in most of
these lakes is caused by the accumulation of organic matter mixed with windblown
sand . However , those polygons subject to flooding, especially those in a natural
levee-backswamp system , receive large amounts of sediment from the river .

Those deep lakes not subj ect to flooding have relatively sm all am oun ts of
material added and that is organic . One source of material is the banks of the
lakes which are subjected to wave and ice action aided by thawing of the frozen
material . In the process of lake expansion ice wedges are melted leaving an
inverted relief along the lake edge. These negative forms act as traps for lake
deposits . 

C7 

— .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Chan ge in the Colville Delta is rapid as is well illustrated by lake history .
As mentioned above , many of the large lakes are connected with the river . Most
connections occur when a meandering distributary cuts through a lake’s bank.
Although river meandering is the dominant agent , the lake itself usually aids an
impending breakthrough. Such breakthroughs are common; a half-dozen lakes
have been tapped in the past 20 years.

As the surface of most lakes is higher than normal river level , connection
results in the exposure of the shallow shore around the lake which represents the
most recent expansion of the lake itself .

Once connection is made the lake is influenced by all changes that occur in —

river level . Flow is into the lake on rising water , out of it on lowering stage.
During breakup flooding (fig. 3 large quantities of water heavily laden with
sands , silts , and clays flow into the lake . As the floodwaters enter they spread
out and , because of a resultant decrease in velocity , the included sediments are
.a-rted and deposited . The result is the formation of a lake delta with its head at
the point of breakthrough.

Such Lji~u deltas continue to develop with each flood. A core from one such
lake show s f i a t  at least 25 major floods added sediment to the lake bottom in less
t h n  10 s-ears. Subsurface lake deltas continue to grow until eventually parts of
t h eno  or-:- exposed even at high water . These lake deltas are similar to those
formed in larger systems where water flows into relatively tideless seas even to
the point ot the creation of a bird’s foot a r r a n g e m e n t .

The~i’ lake deltas increase in length and width and eventually divide lakes,
often into unequal parts . In time , such lakes are normally filled and at low river
s tage become subaerial  fo rms .

A t  - oh deposition is the dominant process for a long period of time , it is
b y no means the only process operating in the lake area . The river channel which
caused the : i ’i~, t b r m ~~h in the first place usually continues to migrate lakeward
arI d in the process erodes the lake deposits it originally broug ht to the lake . In

• ~1~e Golville o L d , lakes at every stage in the sequence described are present .

An other relat i ve ly un ique  lake type is the intra-dune lake (fig. 2f) which is
a t~-p e of perched lake th at forms in blowouts within sand dunes. The perching

‘1 r~ suits because of the presence of a permafrost controlled aquaclude. These lakes
ale usual ly  ~ ir ~~ ii and quite ephemeral . However , as they provide a moist situation
~c ’ :’ir , dunes - vegetation is quite abundant so that organic matter mixes with sand
to ler a i  the iott um materials.

Other Aspects of D~ppsition in the Subaerial Delta

A s i~i -uc 1 most deposition is concentrated in the short flood period which
centers a i o i :nd  r iver ice breakup ,  At first , floodwater flows under the ice in deep
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c h ax ;u e i s  and over ice which is bottom fast . The onl y ice movement is vertical .
l ) ~~u . is i tj O f l  dur ing  this time occurs on top of bottom-fast ice in some river
o} :-ir:nels , in tapped lakes , and on the ocean . Once the ice begin s to move ,
~t al~ o !‘ i nmes a transporting agent carrying not only any formerly suspended
ma t e~ i a ~ which may have been deposited on it but also material (both mineral
an i  u r t a n i c )  that became incorporated in or on it during and subsequent to
f r t - o : - : n g .  Such mater ia l  is f requent ly  as heterogenous in size as in type and
is deposit ed where the iceblock becomes grounded . Thus , nonsorted materials
are c o mu i o r ly  tound on the tundra surface as well as on river bars.

A~thu ug h the si .isionded mater ia l  deposited on river ice is usuall y ca rr ied
~~

n .
~~~~ -~~ ‘~~ :rr from the po int  of deposition , the same is generally not true for

th at sedirr .-~’t di ’pcsn t ed on lake i c e ,  r: tapped lakes ice melts in place and
the ~oiin:~ : ~s a i ied to tha t vh : ch  settled directly from the water itself .

iiET’CSlTi~)\j\L E~~V iBCN’ .iENTS IN 1HL SUBAQUEOUS DELTA

Th ~~ ’~~- oos~ ui~ 1 o n v~r on men t ~- ot the s- : t) aqueous portion of the Colville
T h t -  hove : ‘- ~~~~‘ ve:I r - l a t ~ lv li t t i ’  0 - 

- - c r  the shore , water is shallow
~~or c ’  ny u -c - oe z , t  d o r i n g  summer d i l i  ice ~s bottomfast  complicating

uxd!n l ria tnuo of i ” n: se d : roent s  :n w i n t e r . Some grab bucket samp les and
cores have been .hoot ~-i a nd ~ j :oh~’red (Barnes  and Reimni tz , 1974; Furbr inger
end  Walker , 19741 althouoi muc h of the work to date has been devoted to
~~u i I i e s  of the i; te~ ac t lor i  be n -oc r: ‘resh water and sea water dur ing spring and
~e n , : , - ;  t ’ ~~l1~e~~

, i974~ aud n -~n~nents  ~\ 1~ x andui - , 1974; Hamilton et a l .  , 1974)

TI~e ~ ot~on i t a s t  ~ce Zone

Oat to a ~‘c :  of about 2 rr sea ice is P--ntonnrast dur ing  the winter and
-~~~~ t i-art of We flood p t ~~~o d .  The onl y exception is those few channels

nch ~ch ieau -sea ward foe::-, the mouths  of th e  ma J or  d i s t r n h u ~aries  and even parts
of t~~eiri ;ray be ~hallow enoucTh to ~r eezc to the bottom . As river flooding and
b r e i  ‘ .p is : i n i t i a n e i  pr ior  to oca ice b r e a k u p ,  floodwater from the river pro-
c~r esst i s c~ ‘i n. t l i o  sea ice o:: i much sed i rn :on t  is deposited on the ice.  It varies
in ‘: ,nocs  up to ,ev era l  cnn . Th e rio ter edge of o ’ ’erf lo ’.v ( f igs .  3 , 16)
oa r o - s : - o .  v :,‘ e~~o r h u t  appeors  to lie between the 2 and 4 m contour.

- -:
~~ c u ;  s with  coarser su din ~ent ~ genera l l y deposited on the ice near

s i n , :  a .  i f~aer  se di i i i e r fs f a r the r  - on t ( f i g . 16) . Some of this sediment is lost
iJa ’  U lu  n : ’  ‘h e ir ”t of sea ice •j w a ~ from shore ,  However , d u r i n g  most

of j S~~~ d~’d to t h e  bottom t h r o u g h  mel t ing of the sediment-covered
~‘1 S i t u

Ho ’ ri se~tIni en t in th e  zone is subjected not only to r iver  and wind
0 - iv .n dC t i O l i  h i n t  t i  so 1:: di~ tu rh an c e  by drif t  ice - Such disturbance is

r ~:1oii v el y ranco r , how ev er , be - an i se  d u r i n g  w i n t e r  “~e ice is bottom fast and
ost Di tiur’ :oo has niolb-l from the area before summer dr i f t ing  occurs (Barnes
rId ‘

‘ nirni z , I ~

C9
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Some 15 cores have been taken from this zone , two of which are discussed
briefly here. One (Core 331) is from a relatively sheltered bar off the mouth
of the eastern branch from beneath 1.6 m of water; the other (Core 346) is
from somewhat more open water area off the central part of the delta under 2.1
m of water (fig. 17) . Core 331 consists of a series of layers of fine sands
and silts many of which are separated by thin layers of peat and other plant
fragments. The core has sediment ranging in grain size from 0.002 to 0.4 mm
(fig.  18) and is about 50% very fine sand (Furbringer and Walker , 1973) . The
layers within this core have been relativel y littl e disturbed as evidenced by
the parallel layers . Core 346 tends on the whole to be finer material althoug h
some sands are present . Its structure , however , shows evidence ice action
(fi g .  17b)

The Sea Ice Drainage Zone

The na rrow zon e near the outer ed ge of the overflow area where flood-
water drains through pressure ridge cracks and moulins is unique to arctic
deltas . It is a zone which is affected by a strong influx of water at distinct
points along sharp lines . This water with the sediment it still contains creates
potholes in the bottom which can be observed on sonar images (Reimnitz and
Barnes , 1974) . Just what sedimentary structures prevail in this zone is un-
known . It is likely that the materials are heterogeneous and that particle size
decreases rapidly out from the zone because of the rapid decrease in velocity
of the floodwater as it spreads seaward from this sea-ice drainage zone .

The Freshwater-Wedge Zone

The fl oodwater draining f rom the sea ice surface together with that flowing in
sub-ice channels forms a fresh water wedge as it continues seaward (Walker ,
1973c)  . The interface created between the two water types is sharp as indi-
cated by both temperature and salinity profiles across i t .  However , an exami-
nation of suspended load in the zone of advancing water has shown that
sediments settle across the interface. The total amount of suspended material
in the ocean area of the delta during floodin g was calculated for 1973 (Walker ,
1974) . Samp les fro m the stations off the eastern front of the delta contained
higher amounts of suapended material than those from either the central or
western sectors supporting the observations that delta expansion eastward is
conti nuing at a more rap id rate than to the north or west .

Summary and Conclusions

The delta of the Colville River , presently forming on the Arctic coast
of Alaska , is hig hl y varied and complex . The extreme seasonality of pro-
cesses operating in the Arctic a ffect river discharge and sedimentation . Most
morp holog ic changes within the delta occur during the short spring and
summer and especially dur ing the period of high floods which accompany
breakup .

d o
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Despite the ~‘~~ 1i’~ e ly  shox t pci  i i d  of activity during the year , morpho-
logic change may be great. Riverbank erosion is often rapid and the numerous
lakes ar e  fr equent ly  tapped by nu eandir:ng distributaries . These tapped lakes ,

- ( portions of the ~en1eral tundra surface , and ihe numerous sandbars and mud-
flat -- r eceive :o -och sediment dur ing flooding .

Becau se r ive r  Iiooding occurs before the breakup  of sea ice , floodwater
advances over the b oit on fast  a i r  prior to training through the ice to continue
sea ’.’.crd  as a wed ge of nesh but ~ ir ~~ d water .

The p r e s en c e  of a sea ice cover dui ing  the time when most sediment
is carr :e seaward r e s u l t -  inn the creation of three distinct depositional environ-
r . e n t ,~ in the subaqueous dePot . These are the bottomfast ice zone which
receive~ much of its :~edi ’ :u en t  secondarily from the sea ice as it melts , the sea
ice ciraw ,ann e .one w 1u cl: is  a ryj~~r o v - band seaward of the bottomfast ice zone ,
and the fr e~ l n ’~-~’ t t e r - w e d g e  zone . These subaqueous environments , like other
deposit ional  e n v ir o n m e n t s  in the Arctic , are c lat ive lv  unique .
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