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Engineer ing-geologic maps o f  no r thern  Alaska, 
Wainwright quadrangle 

John R. W i l l i ams 

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

The Wainwright quadran l e  occupies an onshore area o f  about 7,400 km2 a between l a t i t u d e  70' and 7 1  Nor th  and l ong i t ude  159' and 163' West, southwest 
o f  Po in t  Barrow i n  nor thern  Alaska. I t  l i e s  l a r g e l y  w i t h i n  t he  A r c t i c  Coastal  
P l a i n  Prov ince which i s  a f l a t ,  lake-dot ted,  tundra-covered lowland bounded on 
t h e  south by t he  s l i g h t l y  h igher  and more r o l l i n g  topography t h a t  merges w i t h  
t h e  nor thern  sec t i on  of t h e  A r c t i c  F o o t h i l l s  Province (Wahrhaft ig,  1965).  The 
coas ta l  p l a i n  i s  broken by sea c l i f f s  along t he  Chukchi Sea coast,  by 
escarpments i n l a n d  t h a t  mark t he  p o s i t i o n  o f  former shore l i nes ,  by thaw-lake 
basins, and by r i v e r  b l u f f s .  Most o f  t h e  area i s  dra ined by t r i b u t a r i e s  t o  
Kuk River ,  a broad es tuary  d ischarg ing  t o  t he  sea v i a  Wainwright I n l e t ,  by 
Kugrua, Avak, and Utukok R i ve rs  and by shor te r  streams emptying i n t o  the  
Chukchi Sea o r  one o f  i t s  lagoons, bays, and i n l e t s .  A l l  o f  the  quadrangle 
eastward o f  the  mer id ian  passing through I c y  Cape l i e s  w i t h i n  Na t iona l  
Petroleum Reserve--A1 aska. The major set t lement  i s  t h e  v i  11 age o f  
Wainwright. A i r s t r i p s  are loca ted  a t  Wainwright and a nearby Government 
i n s t a l l a t i o n ,  an abandoned Government i n s t a l l a t i o n  a t  I c y  Cape, and a t  t he  
s i t e  of Tuna l i k  Test Well No. 1 near Ongorakvik Creek. This w e l l  and Peard 
Tes t  Well No. 1 near Kugrua Bay a t  t h e  eastern edge o f  t he  quadrangle have 
y i e l d e d  shows of gas. Coal f o r  l o c a l  use i s  a v a i l a b l e  a t  t h r e e  prospects on 
t h e  east  shore o f  Kuk R i ve r  near Wainwright and two on Kugrua River .  

The purpose o f  t h i s  r e p o r t  i s  t o  descr ibe and map bedrock outcrops and 
s u r f i c i a l  depos i ts  o f  eo l ian ,  a l l u v i a l ,  and marine o r i g i n  t o  p rov ide  a use fu l  
bas is  f o r  env i ronmenta l l y  sound land management. From t h i s  i n f o rma t i on  an 
overview can be ob ta ined  o f  t h e  p o t e n t i a l  cons t ruc t i on  m a t e r i a l s  and 
foundat ion problems. I n  add i t i on ,  t he  r e p o r t  i nc ludes  data on t h e  
pa leonto logy o f  t h e  marine depos i ts ,  1 oca t ion  and d e s c r i p t i o n  o f  i c e - r a f  t ed  
e r r a t i c  boulders,  and rad iocarbon dates o f  organic  mate r i  a1 i n  t h e  s u r f  i c i  a1 
deposi ts.  

Th is  r e p o r t  has been prepared w i t h  p a r t i a l  support  o f  M inera ls  Management 
Service, Department of t h e  I n t e r i o r .  I t  i s  based l a r g e l y  on i n t e r p r e t a t i o n  o f  
a e r i a l  photographs f l own  i n  1955 and on f i e l d w o r k  undertaken by the  Geolog ica l  
Survey f o r  t he  Bureau of Land Management land-use study mandated by Chapter 
105-C, P u b l i c  Law 94-258 between August 1 and 14, 1977, and between J u l y  24 
and August 9, 1978, Dur ing these per iods,  about n ine  days o f  h e l i c o p t e r -  
supported f ie ldwork  were used t o  v i s i t  about 110 s i t e s  i n  t h e  Wainwright 
quadrangle. F ie ldwork was concentrated i n  t h e  i n l a n d  p a r t  of the  quadrangle 
t o  supplement t he  r e s u l t s  of coas ta l  s tud ies  f u rn i shed  by D. M. Hopkins, R. 
E. Nelson, and J. K. Brigham of the  Geolog ica l  Survey ( u n p ~ ~ b l i s h e d  f i e l d  notes 
1976, 1977, 1981). L. 0. Car te r  of t he  Geological  Survey j o i ned  the w r i t e r  
f o r  one day i n  1978, and L. A. Mor r i ssey  accompanied t he  w r i t e r  i n  1978 t o  
ob ta i n  g round- t ru th  in fo rmat ion  f o r  a p p l i c a t i o n  o f  Landsat imagery t o  
vegetat ion cover maps be ing prepared by the  Geolog ica l  Survey (Morr issey, 
1979; Morr issey and Ennis, 1981). Naval A r c t i c  Research Laboratory  a t  Barrow 



provided meals, quar ters ,  and l o g i s t i c  support on a cost-reimbursi b le  basis in 
1977 and 1978. The report  has benefited from discussions with 0. M. Hopkins, 
L. 0. Carter ,  3 .  K. Brigham, W. E.  Yeend, and Reuben Kachadoorian of the U.S. 
Geological Survey. 

Previous invest igat ions 

A1 though the coas t l ine  was f i r s t  explored by Beechey (1831), Schrader 
(1904), and others  passing t o  and from Point Barrow, the  f i r s t  comprehensive 
geologic and topographic s tudies  o f  the quadrangle were made by the  Geological 
Survey in 1923-1926 f o r  the U.S. Navy, shor t ly  a f t e r  establishment of Naval 
Petroleum Reserve No. 4 i n  1923. These s tudies ,  including establishment of 
topographic control and elevat ions,  not only were along the  coas t l ine ,  b u t  
included t raverses  up the K u k ,  Avalik, Kaolak, Utukok, and Kugrua Rivers 
(Paige and others ,  1925; Smith and Mertie, 1930). A second and more de ta i led  
geologic inves t iga t ion  of the  petroleum reserve, from 1944 t o  1953, included 
s tudies  of the  bedrock in the  Avalik, Ketik, Kuk and Kugrua River val leys 
(Webber, 1947; Stefansson and Mangus, 1949). After the Naval Petroleum 
Reserve was t ransfer red  t o  the Department of the  I n t e r i o r  in 1976 and renamed 
National Petroleum Reserve--A1 aska, additional geologic and geophysical 
s tudies  were car r ied  out in the  search f o r  o i l  and gas by the  U.S. Geological 
Survey culminating in Peard Test Well No. 1 and Tunalik Test Well No. 1 in the  
Wainwright quadrangle (Bird, 1982). The bedrock geology has a lso  been 
sumnarized in regional maps by Payne and others  (1951), Lathram (1965), 
Beikman and Lathram (1976), and most recent ly  by Mayfield and others  (1978 and 
in press) .  Special s tudies  have been made of t h e  Cretaceous amber (Langenheim 
and others ,  1960), f l o r a  (Dutcher and others ,  1957; Smi ley,  1966, 1969, 1979; 
Stanley, 1967), coal resources (Sanford and Pierce, 1946; Toenges and Jo l l ey ,  
1947; Barnes, 1967; Martin and Callahan, 1978) and of the  Nanushuk Group rocks 
(Ahlbrandt, 1979). Many of these repor ts  on the  bedrock of the quadrangle 
contain percepti ve observati  ons of the  Quaternary deposi ts ,  f o r  example those 
by Smith and Mertie (1930, p. 242) on the  origin and d i s t r ibu t ion  of ice- 
r a f t ed  e r r a t i c  boulders. 

Studies of the  Quaternary deposi ts  of northern Alaska have been la rge ly  
based a t  the Naval Arct ic  Research Laboratory a t  Point Barrow and, although 
they have been concentrated in the  Barrow region, many of the pr inc ip les  
developed there are a1 so applicable t o  the  Wainwright quadrangle. Bl ack 
(1974, 1976) studied the i ce  wedges in permafrost, the construction hazards 
posed by permafrost (1957), t he  eol ian deposi ts  (1951), and has sumnarized the  
Quaternary geology (1964). 0 '  Sull ivan (1961) developed the  framework f o r  
Quaternary deposits o f  the  Arct ic  Slope. Lachenbruch (1962) has invest igated 
the or ig in  of i ce  wedges and the  thermal regime of permafrost, and Osterkamp 
and Payne (1981) have developed a regionalized p ic ture  of the permafrost 
thickness, based on subsurface data. Work by Sellmann and Brown (1973) on 
permafrost and coastal  plain history,  Hussey and Anderson (1963) and Hussey 
and Michelson (1966) on permafrost and re7 ief  forms, and by Black and 
Barksdale (1949), Livingstone and others  (1958), Carson and Hussey (1962),  and 
Sellmann and others  (1975) on the oriented lakes i s  d i r e c t l y  applicable t o  the 
Wainwright quadrangle. McCull och (1967) traced and corre la ted  m a r i n e  
shorel ines northward from the Bering S t r a i t  region in to  the Wainwright 
quadrangle, using the general framework of reference sumnarized by Hopki ns 
(1967). Results of work on the l a t e  Quaternary eol ian and marine sequences 
east of the  Meade River (Car ter ,  1981a, b; Carter and Robinson, 1978; Carter 



and Hopkins, 1982; Ca r t e r ,  1983 i n  p r e s s )  have been extended westward i n t o  the 
Meade River quadrangle by Williams (1983) and a r e  app l i c ab l e  in  the Wainwright 
quadrangle. Yeend (1978, 1983) has s tud ied  the Quate rnary  depos i t s  of t h e  
Lookout Ridge quadrangle t o  t h e  sou theas t  and t h e  Utukok River quadrangle t o  
the south.  Prel iminary summary maps of the e n t i r e  petroleum reserve by 
Williams and o the r s  (1977) ,  and i t s  coas ta l  p l a in  sec t ion  (Williams and 
o the r s ,  1978), a r e  p a r t  of the present  i nves t i ga t i on .  Current and pas t  work 
r e s u l t i n g  from the Offshore  Environmental Assessment p ro j ec t  being done by t h e  
Geological Survey f o r  Bureau of Land Management (unpublished f i e l d  notes ,  D. 
M. Hopkins, 1976, 1977, 1980, 1981; R .  E. Nelson, 1976; J .  K .  Brigharn, 1981) 
have been used i n  compiling t h e  map of t he  Wainwright quadrangle.  Other 
s t ud i e s  t h a t  have provided information a r e  those  of Detterman (1978) and 
Johnson (1978) on the landforms, by Quaide (1955) on the f o s s i  1 mammals, by 
Hume and Schalk (1967) and Hartz (1978) on the coas ta l  erosion p o t e n t i a l ,  by 
and Hopkins and o the r s  (1979) ,  and Hopkins and Robinson (1979) on radiocarbon 
dat ing.  Hydrology, including r i v e r s ,  l akes ,  and snow cover,  has been 
discussed by Sloan (1977) ,  Sloan and Snyder (1979) ,  Sloan and o the r s  (1978) ,  
and Chi1 ders  and o the r s  (1979) .  

Bedrock 

T h e  Wainwright quadrangle is under1 a in  by sedimentary rocks of the 
Nanushuk Group of Ear ly  t o  Late Cretaceous age (Langenheim and o the r s ,  1960; 
Smiley, 1966, 1969, 1979; S tan ley ,  1967; Ahlbrandt,  1979; Mayfield and o the r s ,  
in  p r e s s ) .  The rocks a r e  bes t  exposed along t h e  Kuk  River and i t s  headwater 
streams and l o c a l l y  i n  sea  c l i f f s .  A south-north s t r a t i g r a p h i c  s ec t i on  along 
Kaolak and Kuk  Rivers  and Wainwright I n l e t  was measured by Srniley (1966) as 
fol lows:  

L i tho log ic  U n i t  Thickness General l i t h o l o g i c  cha r ac t e r  
( m )  

7 ( t o p  of s ec t i on ,  8 5 Sandstone, sandy c l a y ,  coa l ;  white ben- 
south)  t o n i t e  and ben ton i t i c  c lay ;  amber 

168 Shale  and hard sandstone i n  t h i ck  u n i t s ;  
t h in  coal beds; white ben ton i te  and ben- 
t o n i t i c  c l ay ;  r a r e  amber 

276 Clay s h a l e  and s i l t y  sha l e ,  with a few 
beds of hard sandstone; t h in  coal beds; 
ben ton i t i c  c lay ;  r a r e  amber 

205 Poor exposures;  mixed sandstone,  sha le ,  
coal based on corr.1 a t i on  with Kaol ak  
t e s t  well s ec t i on .  

134 Shale  and hard sandstone in  th ick  u n i t s ;  
t h i n  coal beds; l i k e  un i t  5 ,  b u t  l a c t i n g  
b e n t o n i t e  and amber 

234 Clay sha l e  and s i l t y  sha l e ,  t h i n  beds o f  
sandstone; coal  beds as t h i c k  as 2 . 7 5  m 



40 Red t o  gray sandstone, w i t h  o s c i l l  a t i o n  
r i p p l e  marks, 1  o c a l l y  cross-bedded; l o c a l  
wel l - rounded wh i t e  t o  gray c h e r t  pebbles 
up t o  5 cm i n  diameter 

1 (bottom o f  sec- 205 Dark gray c l a y  shale, some s i l t y  and some 
t i on ,  no r t h )  carbonaceous beds 

The e n t i r e  s t r a t i g r a p h i c  sec t i on  d ips  about one degree southward and forms t he  
no r t h  l imb  o f  an east-west t r e n d i n g  sync l ine,  t h e  ax i s  of which i s  near 
70' N., t h e  southern'  boundary of t h e  quadrangle. Thus, t h e  youngest beds are 
along t h e  southern boundary o f  t he  quadrangle, and t he  o l d e s t  beds, t he  c l a y  
sha le  o f  u n i t  1, are i n  t h e  nor th ,  bo rder ing  Wainwright I n l e t .  Study o f  the  
f o s s i l  p l a n t s  by Smiley shows a change from warmer temperate gymnosperm- 
dominated f o res t s  i n  t h e  o l de r  depos i ts  t o  coo le r  angiosperm-dominated f o res t s  
over a  30,000,000-year i n t e r v a l  du r i ng  Cretaceous t ime. 

The d i s t r i b u t i o n  of bedrock i s  shown as a  map u n i t  on t he  geo log ic  map 
( p l a t e  1) and by a  spec ia l  symbol f o r  bedrock t h a t  i s  exposed o n l y  i n  v e r t i c a l  
banks along streams, lakes, and the  ocean. The major l i t h o l o g i c  types are 
shown on f i g u r e  1, as s p e c i f i c a l l y  noted by Paige and others  (1925), Webber 
(1947), Stefansson and Mangus (1949), Langenheim and o thers  (1960), and, i n  
unpubl ished notes i n  t he  f i l e s  o f  t h e  Geolog ica l  Survey a t  Menlo Park, 
C a l i f o r n i a ,  by Hopkins (1976, 1981), Nelson (1976), Brigham (1981), and by t he  
w r i t e r  (1977, 1978). Rocks o f  t h e  Nanushuk Group have been i d e n t i f i e d  as t h e  
uppermost bedrock u n i t  between 21 and 1,896 m below ground s u r f  ace i n  Tuna1 i k  
Tes t  Well No. 1, between 16 and 744 m i n  Peard Test  Well No. 1 ( f i g .  I ) ,  and 
between 29 and 1,582 m i n  Kaolak Test Well No, 1, about 13 km south o f  the  
quadrangle boundary a t  long. 160' 14 '  50" W .  (B i r d ,  1982). Seismic shot ho les 
i n  which coa l  o f  t h e  Nanushuk Group was i d e n t i f i e d  by M a r t i n  and Cal lahan 
(1978) are 1  ocated on f i g u r e  1. The coal ,  an impor tant  minera l  resource, i s  
discussed i n  a  l a t e r  sec t i on  o f  t h i s  r epo r t .  

Uncansol i dated depos i t s  

Unconsol idated depos i ts  o f  marine, f l u v i a l ,  and e o l i a n  o r i g i n ,  t he  upper 
p a r t  o f  which has been 1 a rge l y  reworked i n  present  and past  thaw-lake basins, 
cover bedrock i n  t h e  Wainwright quadrangle, except l o c a l l y  along r i v e r ,  lake, 
and ocean banks and i n  i s o l a t e d  h i l l t o p s  where bedrock i s  exposed a t  t h e  
surface. The marine depos i ts  have been subjected t o  t he  a c t i o n  o f  wind, as 
we l l  as t o  thaw-lake a c t i v i t y ,  and they  are covered i n  some areas by one o r  
two meters o f  wind blown sand and have been d e f l a t e d  i n  others,  l eav i ng  a t h i n  
1 ayer o f  pebbles a t  t he  s u r f  ace. I n  a  few areas small dunes have been formed, 
p a r t i c u l a r l y  along some o f  t he  modern stream bars and on low ter races,  bu t  
they are gene ra l l y  t o o  small t o  be mapped a t  t he  sca le  o f  t h e  map. Small 
l ands l i des  are common i n  r i v e r  banks t h a t  are of b e n t o n i t i c  c lay ;  the l a r g e s t  
o f  these have been mapped, and others  t o o  smal l  t o  be mapped are inc luded  i n  
t he  bedrock map u n i t  a long t he  stream cour$ses. 

The unconsol idated depos i ts  have been mapped as t h e  Gubik Formation by 
Gryc and others  (1951), who r e s t r i c t e d  t he  Formation t o  depos i ts  o f  
P le is tocene  age, and by O 'Su l l i van  (1961) and Black (1964),  who broadened t h e  
d e f i n i t i o n  o f  the  Gubik Format ion t o  i nc l ude  depos i ts  o f  Holocene age. More 
recen t l y ,  t he  Gubik Format ion has been found t o  i nc l ude  or  overl ie l a t e  



P l  iocene unconsol idated deposits at  Ocean Point on the Col vi 1 l e  River (Carter 
and others, 1977 )  and a t  S k u 1  1 Cliff on the Chukchi Sea coast i n  the Meade 
River quadrangle (Bri gham, 1981, 1982; Wi 1 1  iams, 1979, 1983). Beds o f  
Pliocene age comparable t o  those a t  Skull Cliff have not yet been posit ively 
identif ied in the Wainwright quadrangle. However, the marine sand that  l i e s  
above the oldest wave-cut c l i f f  (11, f i g .  2 )  may be, in part ,  of Pliocene age, 
b u t  no def in i t ive  data are available t o  support such an age assignment. 

The unconsolidated deposits in th i s  report are mapped (p la te  1 ) :  as 
marine beach, bar, and sp i t  deposits; marine sand; upland s i l t ;  eolian sand; 
al luvial  deposits; landslide deposits; and thaw-lake deposits. They are 
described in the tabular description of map units .  Their age and correlat ion 
are described in the text  and sumnarized in the correlat ion of map units.  
Collections of marine f o s s i l s  that  were made during t h i s  study are located on 
f igure 2 ,  and a l i s t  of the marine fauna identif ied by L .  N .  Marincovich, J r . ,  
of the U.S. Geologial Survey i s  given in table  1. C.  A ,  Repenning of the U.S. 
Geological Survey identif ied a small collection of foss i l  bones discussed in 
the t e x t .  The marine deposits locally include basal gravel and clay. 
Errat ic,  ice-rafted boulders from these deposits are described in table 2 and 
located on f igure 2. Radiocarbon dates for  samples collected as part of t h i s  
study and fo r  those collected by others (Hopkins and Robinson, 1979; Hopkins 
and others, 1979) are l i s t ed  i n  t ab le  3 and located on f igure  2 .  

Marine beach, bar, s p i t ,  and barrier  island deposits 

Fine gravel, gravelly sand, and sand form low-lying offshore bars, 
barrier  islands, and sp i t s ,  notably on the seaward side of Peard Bay and 
Kasegaluk Lagoon, Small s p i t s  and narrow beaches of sand and f ine  gravel 
border the c l i f fed  shorelines on the landward side of Kasegaluk Lagoon, Peard 
Bay, and Kugrua Bay, as well as Wainwright In le t  and the  K u k  2iver estuary. 
In many locations where the shores are backed by bedrock exposures, the 
beaches are largely of angular bedrock shingle. All of these beaches, bars, 
sp i t s ,  and barrier  islands are of Holocene age and are constantly being 
reworked by waves and currents, par t icular ly  those o f  violent storms that  are 
commonly accompanied by storm surges as much as 3 m above normal sea level.  

0 1 der, el evated deposits of former beaches, offshore bars, and barr ier  
islands ( b I ,  f i g .  2 )  are 5 .5  t o  15 m above present sea level seaward of the 
youngest prominent wave-cut escarpment ( I ,  f ig .  2 )  which has been considered 
of Pelukian age, equivalent t o  the Sangamon interglacial  (Hopkins, 1967; 
McCulloch, 1967) .  These deposits paral lel  the modern coastl ine from north of 
Wainwright to  Atanik, enclosing Kugrua Bay. They follow the landward side of 
Kasegaluk Lagoon from near Pingoraruk H i l l  southwestward and westward t o  Icy 
Cape and from there southwestward toward the mouth of Utukok 2iver.  

A re-entrant i n  the shoreline of Pelukian age, at  the former mouth of the 
Kugrua River estuary, i s  the s i t e  of an exposure of marine gravel, possibly a 
beach, or sane form of s p i t  or baymouth bar. The top o f  s t r a t i f i ed  sand and 
gravel containing marine she l l s  and driftwood i s  5.5 m above sea level; i t s  
base. res t ina  on black clay (Cretaceous?) i s  2 . 4  m above sea level .  Fossi ls  
(M-7165, t a b i e  1, f i g .  2 )  ? ncl ude ~acoma'bal thica which inhabits marine waters 
of l o w  sa l in i ty ,  such as those a t  the vouths of streams. The driftwood i s  
more than 40,000 years old ( I - 1 0 , 2 7 2 )  ( B ,  table 3,  f i g .  2 ) .  



S t i l l  o lder  offshore bars and beach deposi ts,  20 t o  30 m above sea l eve l ,  
are landward o f  and above wave-cut escarpment I ( f i g .  2)  and appear t o  be 
r e l a t e d  t o  t he  o l de r  wave-cut c l i f f  (11, f i g .  2)  t h a t  has been c o r r e l a t e d  by 
McCulloch (1967) w i t h  a  p r e - I l l i n o i a n  stand of t h e  sea and i s  probably  t h a t  o f  
the  Kotzebuan t ransgress ion  o f  Hopkins (1967). The most prominent o f  these 
deposi ts are t h e  o f f sho re  bars extending f rom Pingoraruk H i l l  northeastward t o  
t he  west shore o f  Wainwright I n l e t  and Kuk River .  Southwest o f  Pingoraruk 
H i l l ,  marine beach o r  o f f sho re  bar g rave l  ( b  , f ig .  2 )  as h igh  as 30 m above 
sea l e v e l  l i e s  above and landward o f  the  comp * i ex o f  wave-cut c l i f f s  and 
te r races  o f  Peluk ian age (I, f i g .  2). The deposi ts  and form o f  these o lde r  
marine beach and of fshore bar deposi ts  are d i f f i c u l t  t o  recognize because o f  
subsequent depos i t ion  by wind and m o d i f i c a t i o n  by stream eros ion and the thaw- 
l ake  process. For example, o n l y  one i s o l a t e d  k n o l l  of beach gravel  could be 
loca ted  along the  base o f  t he  i n l a n d  wave-cut c l i f f  (11, f i g .  1) marking t h e  
Kotzebuan shorel ine; the beach deposi t ,  about 30 m above sea l e v e l  i s  loca ted  
east  o f  I r a k  Creek, 3.2 km south o f  i t s  conf luence w i t h  M ik i gea l i ak  River .  
F o s s i l s  c o l l e c t e d  from a former o f f sho re  bar now about 23 t o  27 m above sea 
l eve l ,  7 km southwest o f  K i l i m a n t a v i  (M-7308, t a b l e  1, f i g .  2 ) ,  i nc luded  bo th  
Neptunea (Ne tunea) heros heros (Gray) and Neptunea (Neptunea) l y r a t a  
l e f f i n  we1 -3- 1 i D a l l  ) , T e a s  Na t i ca  (Tec tona t i ca )  'anthostoma Deshayes. & N. (1.) l y r a t a  l e f f T G 3 1 i  ( D a l l )  i s  g iven --"r as e r ~ n g i a n  
(P l iocene)  to-~otzebuan, and+os herps Gray ranges from Kotzebuan t o  
Holocene, suggest i  ng t h a t  t h e d e p o s i  t s  con ta in i ng  both forms may be o f  
Kotzebuan age. Na t i ca  (Tec tona t i ca )  janthostoma Deshayes i s  now r e s t r i c t e d  t o  
shal low seas i n  t he  northwestern P a c i f i c  Ocean from Hokkaido. J a ~ a n .  t o  
Kamchatka (L.  N. Marincovich, Jr., w r i t t e n  comnunication, l l j 7178) .  - 

Marine sand 

Marine sand i s  a  general term app l ied  t o  t he  sand and s i l t y  sand 
con ta in ing  sca t t e red  pebbles of quar tz  and che r t  t h a t  form the  s u r f i c i  a1 
deposi ts  o f  much o f  t h e  Wainwright quadrangle. The sand i s  underlain,  i n  some 
places, by marine gravel  which l i e s  on c l a y  t h a t  i s  e i t h e r  marine mud o r  
weathered bedrock, a1 though exposures i n  t he  Wai nwr i  ght  quadrangle demonstrate 
t h i s  sequence much l e s s  commonly than i n  t he  Meade R i ve r  quadrangle. The 
basal marine sand, the  under ly ing  gravel ,  and t he  c l a y  are t he  apparent source 
o f  i c e - r a f t e d  e r r a t i c  boulders ( t a b l e  2, f i g .  2)  and gene ra l l y  l i e  on 
bedrock. F o s s i l  marine she l l s ,  o n l y  l o c a l l y  present  i n  t he  marine sand, are 
more common i n  the  under ly ing  gravel  and i n  t h e  marine beach, o f f sho re  bar, 
and s p i t  deposi ts.  As mapped, the  marine sand may inc lude  t e r race  deposi ts  
border ing  some streams because o f  the  d i f f i c u l t y  i n  i d e n t i f y i n g  on a e r i a l  
photographs t e r race  surfaces t h a t  have been ex tens i ve l y  a l t e r e d  by t he  thaw- 
lake  cycle, t he  small sca le  o f  t he  map, and t he  general lack  o f  good 
exposures. The marine sand i s  l o c a l l y  covered by f i n e -  t o  medium-grained 
pebble- f ree sand o f  poss ib l e  e o l i a n  o r i g i n ,  bu t  these deposi ts have too patchy 
a d i s t r i b u t i o n  and i n s u f f i c i e n t  th ickness t o  be mapped. I n  some exposures 
pebbles from the  marine sand have been concentrated a t  t he  sur face beneath t h e  
t u r f ,  as though by wind de f la t ion .  

Re la t i on  o f  marine sand u n i t  t o  escarpments: The marine sand u n i t  i s  
d iv ided  by o r  i s  bounded by escarpments ( I ,  11, f i g .  2 )  and i nd i ca tes  a record  
o f  a t  1 east t h ree  marine t ransgress ions.  ~umerous -  papers c o r r e l a t i n g  these 
t ransgress i  o i  ns w i t h  the  wor l  d-wi de chronology have been pub1 ished over t h e  
years (OISul l ivan,  1961; Black, 1964; McCulloch, 1967; Hopkins, 1967, 1973; 



Lewel len,  1972; Sel  lmann and Brown, 1973; Wi l l i ams ,  1983; and o t h e r s ) .  I n  t h e  
p r e s e n t  s tudy  t h e  sea l e v e l  i n d i c a t e d  by  some o f  these escarpments and r e l a t e d  
mar ine r a i s e d  beaches and o f f s h o r e  ba rs  can o n l y  be approximated f rom 
topograph ic  maps hav ing  a  ha l f - con tou r  i n t e r v a l  of 25 o r  50 f e e t  ( 8  o r  1 5  m), 
and, w i t h  no exposures a v a i l a b l e  t o  determine a c c u r a t e l y  t h e  l e v e l  o f  t h e  sea 
forming these escarpments, o n l y  approximate l e v e l s  can be g iven.  Bo th  o f  the 
escarpments a r e  o f  mar ine  o r i g i n  and seem t o  mark t h e  onshore l i m i t  o f  
separa te  mar ine t ransg ress ions .  

The mar ine sand u n i t  can be d i v i d e d  i n t o  (1) d e p o s i t s  lower than 20 rn 
above sea l e v e l  t h a t  l i e  above t h e  modern beaches seaward o f  t h e  former sea 
c l i f f  (I, f i g .  2 )  a l r e a d y  r e f e r r e d  t o  as p r o b a b l y  e q u i v a l e n t  t o  t h e  Peluk ian 
s h o r e l i n e  o f  t h e  B e r i n g  Sea r e g i o n  (McCulloch, 1967; Hopkins, 1967), ( 2 )  an 
area o f  Kotzebuan(?)  mar ine  sand on h i g h e r  ground between t h e  two wave-cut 
c l i f f s  ( I  and 11, f i g .  2 )  the  o l d e s t  and h i g h e s t  of which i s  p r o b a b l y  pre-  
I l l i n o i a n  o r  Kotzebuan i n  age (McCulloch, 1967; Hopkins, 1967), and ( 3 )  
depos i t s  o f  pre-Kotzebuan age, a p p a r e n t l y  of mar ine  o r i g i n ,  t h a t  l i e  above and 
i n l a n d  f rom t h e  o l d e s t  (Kotzebuan?) s h o r e l  i ne  and t h a t  merge g r a d u a l l y  w i t h  
t h e  up land s i l t .  

The mar ine d e p o s i t s  seaward o f  t h e  i n n e r  P e l u k i a n  s h o r e l i n e ,  t h e  wave-cut 
c l i f f  ( I ,  f i g .  2 ) ,  c o n s i s t  o f  pebb ly  sand w i t h  beds of g r a v e l  i n  some areas. 
They g e n e r a l l y  1 i e  below 20 m above sea l e v e l  and a re  concen t ra ted  i n s h o r e  o f  
I c y  Cape and around Kugrua Bay i n  an area p r o t e c t e d  by t h e  o f f s h o r e  ba rs  
extending f rom n o r t h  o f  Wainwright t o  A tan ik .  The Kugrua Bay d e p o s i t s  may 
i n c l u d e  an impor tan t  c o n s t i t u e n t  o f  1  agoonal f i n e  sand and s i l t .  Radiocarbon 
dates r a n g i n g  f rom 6,234 t o  9,535 yea rs  have been o b t a i n e d  from thaw l a k e  
sediments developed on t h e  mar ine  sand s u r f a c e  i n  t h e  v i c i n i t y  o f  Noko t lek  
P o i n t  (Hopkins and Robinson, 1979) and 8,295 yea rs  from ice-wedge deformed 
thaw- lake depos i t s  above t he  mar ine depos i t s  west o f  Kugrua Bay ( t a b l e  3, f i g .  
2 ) .  A beach f a c i e s  o f  t hese  mar ine depos i t s ,  desc r ibed  p r e v i o u s l y ,  con ta ins  
d r i f t w o o d  t h a t  i s  o l d e r  than  40,000 yea rs  ( S ,  t a b l e  3, f i g .  2 ) .  The b u l k  of 
the mar ine  sand l i e s  between t h e  i n n e r  P e l u k i a n  s h o r e l i n e  and systems o f  
o f f s h o r e  ba rs  and b a r r i e r  i s l a n d s  (El, f i g .  2 )  t h a t  are 10 t o  15  rn above sea 
l e v e l .  

Pebb ly  sand, i n t e r p r e t e d  as o f  mar ine  near -shore  o r i g i n ,  a l s o  forms t h e  
s u r f i c i  a1 d e p o s i t s  between t h e  s h o r e l  i n e s  o f  Peluki  an and pre-I 11 i n o i  an o r  
Kotzebuan age ( I  and 11, f i g .  2 ) .  S i m i l a r  depos i t s  a re  found landward o f  t h e  
s h o r e l i n e  o f  p r e - I 1  l i n o i a n  o r  Kotzebuan age. Very few exposures i n  these  
depos i t s  a re  a v a i l a b l e  f o r  study,  and, i n  those  v i s i t e d ,  no mar ine s h e l l s  were 
noted. However, e r r a t i c  bou lders ,  a p p a r e n t l y  from these depos i t s ,  a r e  found 
a long t h e  shores o f  Kuk R i v e r  (Smi th  and M e r t i e ,  1930, p, 2 4 2 ) ,  and i n  one 
p lace,  above t h e  Kotzebuan shore l i n e  i n  t h e  ad jacen t  Meade R i v e r  quadrangle 
( N i l l i a m s ,  1983). 

Upland s i l t  

The up land s i l t  of t h e  Wainwr ight  quadrans'te l i e s  a t  t h e  western end o f  a  
be l t  t h a t  can be t r a c e d  eastward th rough  the Yeade R i v e r ,  Lookout Ridge, and 
Ikpukpuk R i v e r  quadrangles and on t o  the C o l v i l l e  R i v e r  a long a zone t h a t  i s  
t r a n s i t i o n a l  between the A r c t i c  Coasta l  ? l a i n  a n d  t h e  A r c t i c  F o o t h i l l s  
p rov inces  (Wi 11 iams and o the rs ,  1977 ) .  W i t h i n  t h e  Wainwr ight  quadrangle t h e  
up land s i l t  forms a cover t h a t  ranges from a few cm t o  as much as 13  m t h i c k  



over bedrock on i n t e r f l u v e s  and over f l u v i a l  deposi ts  i n  t h e  va l l eys  o f  
I v i sa ruk ,  Kaolak, and K e t i k  Rivers.  I n  t he  one o r  two exposures examined 
along Avak and A v a l i k  R ivers  the  s i l t  apparent ly  l i e s  on pebbly sand o r  on 
bedrock. I t  has been mapped as t h e  F o o t h i l l s  S i l t  by O t S u l l i v a n  (1961) and as 
upland s i l t  by W i l l  iams and others  (1977). The nor thern  boundary has been 
re l oca ted  by t he  w r i t e r ' s  f i e l dwo rk  i n  1978 bu t  i s  s t i l l  i n d e f i n i t e l y  located, 
f o r  the  s i l t  grades w i thou t  p e r c e p t i b l e  topographic break i n t o  t he  marine 
deposi ts  o f  t he  coasta l  p l a i n .  

The upland s i l t  cons is ts  o f  s i l t ,  f i n e  sand, and s i l t y  sand, t h a t  
resembles loess i n  o ther  p a r t s  of Alaska. I t  i s  f a i n t l y  bedded i n  some 
exposures, bu t  i s  more commonly massive and uniform. Loca l l y ,  i t  conta ins 
small pebbles of cher t .  The s i l t  i s  s i m i l a r  t o  and i n  t he  same general 
gemorph ic  s e t t i n g  as f l u v i a l  s i l t y  sand i n  t he  T i t a l u k  R i ve r  va l ley ,  t o  t he  
east, where t he  lower p a r t  of these deposi ts  i s  from about 25,000 t o  43,000 
years o l d  (Nelson, 1982). The t op  o f  these f l u v i a l  deposi ts  i s  about 12,000 
years old,  and they  are apparen t l y  t he  product  o f  a mid- t o  late-Wisconsinan 
stream aggradat i  on caused by an increase i n  sediment load  brought about by 
inc reas ing  a r i d i t y  (Car ter ,  1981b, p. 6 ) .  O t S u l l i v a n  (1961, p. 1271136) and 
OISul l ivan and Hussey (1960) argued t h a t ,  i ns tead  of an e o l i a n  o r i g i n ,  the  
s i l t  and t he  under ly ing  coarser deposi ts  were 1 a i d  down i n  a mar i ne - f l uv i  a1 
environment. The w r i t e r  be1 ieves t h a t  the  upland s i l t  i n  t he  Wainwright 
quadrangle i s  l a r g e l y  o f  e o l i a n  o r i g i n  because i t i s  w ide l y  d i s t r i b u t e d  as a 
mant le over v a l l e y  a1 luv ium and bedrock o f  t he  i n t e r f l u v e s ;  i t s  age i s  
probably  Wisconsinan, al though some s i l t  may have been blown i n t o  t he  upland 
by east -nor theast  winds sweeping across the  coas ta l  p l a i n  i n  Holocene t ime. 

F l u v i a l  sand and f i n e  g rave l  beneath the  upland s i l t  i n  exposures along 
Ket i k ,  Kaolak, and I v i s a r u k  R ivers  a re  o f  p a r t i c u l a r  i n t e r e s t  because o f  the  
l a r g e  number o f  l and  mama1 bones found i n  t he  r i v e r  a t  these loca t ions ,  
compared t o  t h e i r  absence o r  r a r i t y  i n  areas under la in  by marine deposi ts.  
These bones are a l s o  found a long Avak and A v a l i k  R ivers  w i t h i n  t he  upland s i l t  
b e l t ,  a l though the  under ly ing  f l u v i a l  deposi ts  were no t  seen a t  t he  few 
exposures studied. I n  general, exposures are poor and are commonly covered by 
s i l t .  Studies by F ladeland ( i n  Quaide, 1955) i d e n t i f i e d  bone fragments o f  
A u i l a  (eagle)  on Ava l i k  R i v e 7 6  km west of 1 at .  159' W.; E uus c f .  caba l lus  4- h) and Canis P o l f )  from A v a l i k  R i ve r  a t  159' W.; Ran 1 e r  (car- 
few km south-0 N. on Kaolak River ,  Bovidae, as f lo& l i t y  no t  
ind icated.  The Bovidae was l a t e r  identi- Saiga t a t a r i c a  (Sai  ga 
antelope) and was repor ted  t o  be l oca ted  i n  t he  Kuk R i ve r  drainage (Kaolak 
R i ve r? )  2.5 km downstream from Omingmaktosak R iver ,  j u s t  south o f  70' N., 
(Har ington, 1981, g. 207). A s i m i l a r  Saiga found on a bar of Usuktuk R i ve r  a 
few km south of 70 N. a t  156' 33' W. was 37,000 + 990 (GSC-3050) years o l d  
(Harington, 1980, 1981, p. 224-225). Quaide (195T, p. 12) be l ieves  t h a t  t h e  
source o f  the mammal f o s s i l s  i n  t he  Wainwright quadrangle was t he  6 m t e r race  
and t h a t  t h e  fauna imp l ies  a temperate t o  co ld  p l a i ns -dwe l l i ng  type. Hopkins 
(unpubl ished f i e l d  notes, 1981) found two horse s k u l l s  ( E  uus lambei) a t  t he  
base o f  an exposure o f  up1 and s i l t  on Avak R i ve r  a t  long% TW.; t h e  
source, al though unknown, cou ld  be t he  upland s i l t .  O t S u l l i v a n  (1961, p. 185- 
186) repor ted  a mammoth sku1 1, apparent ly  i n  place, near t he  base o f  a 1.8 m- 
t h i c k  sand bed t h a t  l i e s  beneath t he  upland s i l t  and above 7.6 rn o f  f i n e  
gravel ,  con ta in ing  sand beds near the  top i n  the  bank o f  Kaolak R iver  a t  l a t .  
6g0 57 30" N. The w r i t e r  found a tusk embedded i n  f i n e  sand beneath the  
gravel  bed o f  I v i s a r u k  R i v e r  3 km downstream from l a t .  70' N.; Rangifer 



ta randus ( c a r i b o u )  f rom t h i s  l o c a l i t y  was i d e n t i f i e d  by C.  A "  Repenning o f  t h e  
Geo log ica l  Survey. A ?B ison p e l v i s ,  a l s o  i d e n t i f i e d  b y  Repenning, was 
c o l l e c t e d  on a  b a r  o f  K e t i k  R i v e r  4 km above i t s  mouth, and t h e  s k u l l  o f  
Ovibos moschatus muskox) was s i m i l a r l y  i d e n t i f i e d  f r o m  t h e  bed o f  t h e  Kaolak b R i v e r  a t  long.  70 N. Of  t h i s  fauna, c a r i b o u  and w o l f  l i v e  i n  the  area today,  
and t h e  l a s t  muskox was k i l l e d  i n  t h e  mid 1 9 t h  c e n t u r y  (Har ing ton ,  1980, p. 
825) a l t hough  a t tempts  have been made t o  r e i n t r o d u c e  them i n  r e c e n t  years.  
The remainder o f  t h e  fauna i s  s i m i l a r  t o  t h a t  o f  t h e  I k p i k p u k  R i v e r  quadrang le  
where f i v e  specimens, i n c l u d i n g  horse, mammoth, and s a i  ga, have rad ioca rbon  
ages g r e a t e r  t han  28,000 yea rs  ( C a r t e r ,  1981b, p. 7 ) .  

Al though t h e  f o s s i l  mammals of t h e  Wainwr ight  quadrangle have n o t  been 
found i n  p l a c e  i n  t h e  a l l u v i a l  depos i t s  beneath t h e  up land s i l t ,  t h e  da ta  
suggest t h a t  t hese  d e p o s i t s  a re  t h e  p robab le  source f o r  t h e  broken and water -  
worn bones and i v o r y  found i n  t h e  r i v e r  t e r r a c e s  and on t h e  r i v e r  f l o o d  
p l a i n s .  However, t h e  Avak R i v e r  horse s k u l l s  may have come from t h e  up land 
s i l t .  The a l l u v i a l  depos i t s  beneath t h e  up land s i l t ,  t h e r e f o r e ,  a re  p r o b a b l y  
of mid-Wisconsinan age, perhaps s l i g h t l y  o l d e r ,  based on s i m i l a r i t y  t o  t h e  
fauna o l d e r  than  28,000 yea rs  i n  t h e  I k p i k p u k  R i v e r  area (Car te r ,  1981b, p. 
7 ) .  

F o s s i l  l o g s  as much as 18 cm i n  d iameter  were no ted  by Langenheim and 
o the rs  (1960, p. 1349) w i t h  t h e  f o s s i l  mama1 bones a t  seve ra l  u n s p e c i f i e d  
p laces  a long  t h e  Kaolak R i v e r ,  b u t  i t  i s  n o t  c l e a r  whether t h e  l o g s  were found 
on r i v e r  ba rs  o r  i n  t h e  s e c t i o n s  of P l e i s t o c e n e  depos i t s  f o r m i n g  t h e  r i v e r  
banks. O ' S u l l i v a n  (1961, p. 117) found one l o g  15 cm i n  d iameter  on t h e  
Kaolak R i v e r  which was i d e n t i f i e d  as 1 arch ( p r o b a b l y  L a r i x  1  a r i c i n a )  by  
F r a n c i s  Kukachka of t h e  U.S. Department o f  A g r i c u l t u r e  F o r e s t  Products  
Labora to ry .  A l a r c h  l o g  from t h e  Kogosukruk R i v e r ,  t r i b u t a r y  t o  t h e  C o l v i l l e ,  
i s  g r e a t e r  t han  36,000 yea rs  o l d  (L-301) and i s  b e l i e v e d  by O ' S u l l i v a n  (1961, 
p. 118) t o  have come from g r a v e l  beneath the s i l t  cover. Presumably, t h e  
Kaolak R i v e r  l a r c h  came f rom t h e  f l u v i a l  depos i t s  beneath t h e  s i l t ,  a l t hough  
no d e f i n i t i v e  i n f o r m a t i o n  i s  a v a i l a b l e  t o  l o c a t e  these  l o g s  i n  t h e  
s t r a t i g r a p h y .  The w r i t e r  observed no l o g s  f rom t h e  f l u v i a l  depos i t s  beneath 
t h e  up land s i l t  i n  t h e  Kuk R i v e r  dra inage basin,but  no ted t h e  presence o f  
w i l l o w ( ? )  l o g s  15 t o  18 cm i n  d iameter ,  l a r g e r  than  any growing today,  i n  t h e  
Avak R i v e r  t e r r a c e  (C,  t a b l e  3, f i g .  2 )  where m a t e r i a l s  immedia te ly  below were 
dated a t  10,200 - + 200 years .  

E o l i a n  sand 

The e x t e n s i  ve and eas i  l y  i d e n t i f i e d  dunes t h a t  c h a r a c t e r i z e  1  arge 
segments of t h e  Meade R i v e r ,  Teshekpuk, and I p i k p u k  R i v e r  quadrangles t o  t h e  
eas t  a re  n o t  found i n  t h e  Wainwr ight  quadrangle.  Ins tead,  t h e  e o l i a n  sand 
appears t o  be a t h i n  man t le  t h a t  i s  d i s c o n t i n u o u s l y  d i s t r i b u t e d  over  mar ine  
sand and beach d e p o s i t s  of t h e  c o a s t a l  p l a i n .  T h i s  sand sheet, g e n e r a l l y  l e s s  
than  2 m t h i c k ,  1 acks dune form i n  most areas. I n  many o the r  areas, p e b ~ l e  
l a g  concen t ra ted  by wind a c t i o n  f rom t h e  u n d e r l y i n g  pebb ly  sand i s  found a t  
t h e  base o f  t h e  t u n d r a  mat. Dune forms, hav ing a  h e i g h t  o f  about 3 rn wdre 
i d e n t i f i e d  by Hopkins (unpub l i shed  notes ,  1981) i n  t h e  T u n a l i k  R i v e r  v a l l e y .  
Many more dunes c o u l d  p r o b a b l y  be l o c a t e d  by more d e t a i l e d  f i e 1  dwork. The age 
of t h e  sand sheet  and l o c a l  dunes i s  p r o b a b l y  Wisconsinan t o  Holocene, by 
analogy t o  t h e  areas t o  the eas t  where C a r t e r  (1951a, b, 1982, 1983) has 
p o s t u l a t e d  d e s e r t  c o n d i t i o n s  d u r i n g  Wisconsinan t i m e  and f o r m a t i o n  o f  a sand 



sheet and smal l  parabol  i c  and l o n g i t u d i n a l  dunes dur ing  Holocene t ime. Small 
areas of s t a b i l i z e d  Holocene dunes and some t h a t  are s t i l l  a c t i v e  are l oca ted  
on t h e  n o r t h  bank of A v a l i k  R i v e r  near i t s  conf luence w i t h  K e t i  k R i ve r  and 
along t he  west shore of Kuk R iver ,  where broad sand bars i n  t h e  d e l t a  a t  t h e  
head of t he  es tuary  p rov ide  a source o f  sand moved by t h e  east -nor theast  
wind. Other a c t i v e  dunes, t o o  small t o  be mapped, are common along r i v e r  
cutbanks and i n  t h e  l a r g e l y  unvegetated b a r r i e r  i s 1  and chains. 

A 1  1 u v i  a1 depos i ts  

As mapped, t he  a l l u v i a l  depos i ts  i nc l ude  t h e  f l o o d p l a i n  and adjacent low 
t e r race  systems a1 ong t h e  major r i  vers. Escarpments bounding t h e  h igher  
te r races  border ing  t he  a1 1 u v i  a1 depos i ts  are mapped by  speci  a1 hachured 
symbols where t h e  sca le  o f  t h e  map permits,  bu t  no i n v e s t i g a t i o n s  o f  t h e i r  
depos i ts  o r  b u r i a l  beneath a l l u v i a l  fans, s lope debr is ,  o r  o ther  cover have 
been made. Quai de (1955) recognized an 01 der "open-val l e y u  t e r r a c e  i n t o  which 
have been c u t  t he  lower te r races  and t h e  f l o o d p l a i n .  I n  many places, 
p a r t i c u l a r l y  along Kuk River ,  t he  breaks i n  s lope t h a t  resemble t e r r a c e  
escarpments cou ld  r e f l e c t  changes i n  l i t h o l o g y  from hard, c l  i f f - f o r m i n g  
sandstone u n i t s  t o  t h e  1 ower coa l - c l  ay u n i t s  which have been more e a s i l y  
eroded and have been sub jec t  t o  l a n d s l i d i n g .  The te r races  c u t  i n t o  t he  "open- 
va l l ey "  te r race ,  accord ing t o  Quai de (1955), probably  r e f l e c t  degradation, 
a l l u v i a t i o n ,  and renewed degradat ion r e s u l t i n g  f rom changes i n  sea l e v e l .  A l l  
o f  t he  lower reaches o f  t h e  1  arger r i v e r s  have been c u t  deeply i n t o  bedrock, 
presumably du r i ng  t he  low stand o f  the  sea du r i ng  t h e  Wisconsinan and e a r l i e r  
g l a c i a l  stages. They now en te r  t he  sea through es tua r i es  i n  which t he  modern 
d e l t a s  a t  t h e  heads o f  t h e  es tau r i es  r e f l e c t  t h e  r i s i n g  base l e v e l  caused by 
p o s t g l a c i a l  r i s e  i n  sea l e v e l .  The es tua r i es  o f  t h e  Kuk and Avak R i ve r  have 
been en larged a f t e r  t he  r i s e  i n  sea l e v e l  by thaw a c t i v i t y  which was 
terminated by i n t e r c e p t i o n  o f  t h e  bedrock su r face  i n  t h e  former v a l l e y  wa l l s .  

Radiocarbon d a t i n g  o f  a l l u v i a l  depos i ts  i s  l i m i t e d  t o  t h e  t e r races  o f  t he  
Kaolak R i ve r  near i t s  conf luence w i t h  t h e  Kuk R i ve r  and t o  a t e r r a c e  o f  t h e  
Avak R iver .  The te r races  on t he  lower Kaolak R i v e r  (Hopkins and others,  1979, 
p. 830) are 3.5 t o  4.5, 7, and 14 m above t he  r i v e r  a t  low water. The lowest  
te r race ,  4.5 m above t he  Kaolak R ive r ,  slopes northward more s t e e p l y  than t he  
present  r i v e r  and i s  o n l y  3.5 m above t he  r i v e r  a t  i t s  conf luence w i t h  Kuk 
R iver ,  5 km downstream. A da te  f o r  tw igs  3.7 t o  3.8 m below t h e  t o p  o f  t he  
4.5-m t e r r a c e  upstream was 1,730 + 40 years (E, t a b l e  3, f i g .  2 ) ,  and t h a t  f o r  
tw igs  i n  t he  f o r e s e t  sand beds in-the 3.541 t e r r a c e  downstream was 1,170 + 45 
years (0, t a b l e  3, f i g .  2) .  The t e r r a c e  depos i ts  are be l ieved  (Hopkins aKd 
others,  1979) t o  have been formed du r i ng  a storm-induced peak d ischarge t h a t  
co inc ided  w i t h  a storm surge t h a t  r a i s e d  t h e  Kuk R i ve r  about 3 m above i t s  
normal he i  ght  . 

A t e r r a c e  about 9 m above t he  Avak R i ve r  (C,  f i g .  2)  i s  composed of sandy 
grave l  t o  about 5 m above t h e  r i v e r  w i t h  a  su r face  mant le  o f  about 4 m 
interbedded f i n e  sand, s i  1  t, peat, and s t i c k s .  The f ine-gra ined s u r f  i c i a l  
depos i ts  may be a l l u v i  a1 f a n  o r  slope-wash depos i ts  c a r r i e d  t o  t h e  su r face  of 
the  grave l  t e r r a c e  from t h e  adjacent v a l l e y  wa l l s ,  which are capped by 13 m o f  
l o e s s - l i k e  s i l t ;  a  p a r t  may be f l u v i a l  overbank depos i ts .  A zone o f  
r e t r anspo r t ed  organic  m a t e r i a l  between two sand beds separates t he  f i n e  
s u r f i c i a l  m a t e r i a l  from the  unde r l y i ng  grave l  a t  about 5 m above t he  r i v e r .  
The organic  m a t e r i a l  conta ins w i l l o w ( ? )  logs t o  15 t o  18 cm i n  diameter, 



larger than any t r e e  growing today in the vicinity;  peat and twigs are 
10,200+ 200 years old ( C ,  table 3, f ig .  2 ) .  This date probably i s  close to 
the age of the ter race  overbank deposits and i s  older than the reworked 
material from the adjacent valley walls that  caps the terrace. Although i t  
cannot be proven much of the eolian s i l t  on the valley walls i s  probably older 
than 10,000 years. Two horse skulls  (Equus lambei) recovered from the valley 
wall above the terrace and apparently w a s h e m t h e  s i  1 t (Hopkins, 
unpublished f i e l d  notes, 1981) seemingly substantiates the pre-10,000 year 
date fo r  the s i l t  because mama1 remains found i n  the up1 and s i l t  t e r ra in  
further east  (Harington, 1980, 1981; Carter, 1981b; Nelson, 1982) have 
general l y  gi ven radiocarbon ages greater than 28,000 years. 

Rocks of e x o t i c  lithology have been noted i n  the Kaolak and Ketik River  
alluvium. Cobbles of chert and other rocks not found in the Cretaceous 
bedrock are reportedly abundant on the Kaolak and K u k  Rivers; a cobble 
containing a coral of Paleozoic age was found on a sand bar of the Ketik River 
(~angenheim and others, 1960, p ,  1348). This led Langenheim and others t o  
suggest that  the K u k  River system once extended t o  the Brooks Range before 
p i r a c y  by the Utukok River captured the former headwaters o f  the Kuk  River. 
However, vari-colored chert and igneous rocks are common c l a s t s  i n  
conglomeratic beds exposed south of the Wainwright quadrangle (Chapman and 
Sable, 1960, p. 87, 104). Chert i s  common in the sandstone throughout the 
Nanushuk Group (Bartsch-Winkler, 1979) .  The source fo r  Nanushuk Group rocks 
was i n  the Brooks Range. The coral-bearing cobble could also have been a 
cl as t  of Brooks Range provenance contained in conglomerates of the Nanushuk 
Group south of the quadrangle. Whether these conglomerates extend northward 
into the Wainwright quadrangle is  unknown, however, Langenheim and others 
(1960, p. 1349) noted a well-cemented strongly cross-bedded conglomerate a t  a 
southern bend of Kaolak River in T. 8 N .  a t  the boundary between R .  32 W ,  and 
R. 33 W . ;  these rocks were assigned a Pleistocene age, b u t  may be a coarse 
channel deposit within the Nanushuk Group, The drainage history of the 
quadrangle i s  s t i l l  largely unknown and awaits further study. 

The studies of terraces by O'Sullivan (1961), Quaide (1955), and 
Langenheim and others (1960) were res t r i c ted  by lack of the 1:63,360-scale 
maps now available, poor exposures, d i f f i cu l t  access, and, within the up1 and 
s i l t  uni t ,  by the cover of s i l t  that  may mask some of the older terrace 
forms. The present study was a rapid reconnaissance of the major exposures 
that  d i d  not permit the detailed work necessary t o  map the  terraces and t o  
re la te  them to  the several h i g h  sea levels recorded by the marine degosits. 

Thaw-1 ake denosi t s  and the thaw-1 ake cvcle 

The thaw-lake cycle i s ,  gerhaps, the dominant form of landscape 
modification in the permafrost environment of the Arctic Coastal Plain, The 
origin, orientat ion,  and cyclic development o f  thaw lakes have been studied 
extensively i n  the Barrow area and t o  a lesser  extent elsewhere f n  the coastal 
plain (Black and Barksdale, 1949;  Srewer, 1958; Livi ngstone and others, 1958; 
Carson and Hussey, 1960, 1962, 1963; Brown, 1965; Hussey and Michelson, 1966; 
Bri t ton,  1967; Carson, 1968; Black, 1969; Sellmann and others, 1975;  
Morrissey, 1979; Williams and Yeend, 1979; and others) .  The thaw-lake cycle 
i s  in i t i a ted  by disruption of the vegetation or by collect ion of water a t  
intersecting ice-wedge polygon trenches t o  form a pool at  the surface. T h e  
pool i s  deepened and expanded 1 a te ra l ly  by thaw of near-surface ice-rich 



permafrost t h a t  i s  adjacent t o  o r  beneath the  water. The pond o r  lake  
cont inues t o  expand l a t e r a l l y  by thawing i t s  i c e - r i c h  banks and becomes deeper 
by thawing t h e  under ly ing  i c e - r i c h  permafrost u n t i l  i t  i n te r cep t s  and dra ins 
t o  a lower lake  o r  t o  a nearby stream. The depth o f  t h e  thaw-lake bas in  i s  
determined by t he  th ickness of i c e - r i c h  permafrost and i t s  p o t e n t i a l  f o r  thaw 
sett lement,  which i s  approximately 3.4 m i n  t h a t  p a r t  o f  t he  coasta l  p l a i n  
under la in  by sandy ma te r i a l ,  and as much as 10 m i n  t he  upland s i l t .  
O r i e n t a t i o n  o f  t he  thaw lakes i n  a N. 10' W. d i r e c t i o n  i s  der ived from and i s  
normal t o  the p reva i  1 i ng eas t -no r t heas te r l y  winds (Carson and Hussey, 1962). 
Once dra ined t he  lake  bed i s  refrozen. A new generat ion o f  i c e  wedges and 
i c e - r i c h  permafrost may be formed, which could, i n  t ime, regenerate a new 
cyc le  o f  thaw lakes, as noted by Hopkins and Robinson (1979, p. B44; L, M, 
t a b l e  3, f i g .  2 )  near Nokot lek Point .  The pa r t s  o f  the  i n i t i a l  sur face t h a t  
have been unaf fected by the thaw-lake cyc le  are c a l l e d  i n i t i a l  su r face  
res idua ls .  Permafrost beneath the  i n i  t i  a1 s u r f  ace res idua l s  has a h igher  i c e  
content than i t does beneath t he  anc ient  l ake  beds, r e c e n t l y  dra ined lake  
beds, and beds o f  e x i s t i n g  lakes (Hussey and Michelson, 1966). The processes 
descr ibed above are discussed more f u l l y  i n  Carson and Hussey (1962), Lewel len 
(1972), and i n  Sellmann and o thers  (1975). 

Deposi ts w i t h i n  t h e  thaw-lake basins vary w i t h  t he  map u n i t  i n  which they  
occur and w i t h  t he  m a t e r i a l  a v a i l a b l e  f o r  redepos i t ion .  Thus, as expla ined i n  
t he  desc r i p t i on  o f  map un i ts ,  t he  deposi ts  can i nc l ude  s i l t ,  sand, and pebbly 
beds and lenses. These mater i  a1 s incorpora te  organic  mater i  a1 t h a t  has been 
redeposi ted f rom the  banks o f  t h e  l ake  and t he  remains o f  p l an t s  t h a t  grew i n  
s i t u  i n  t he  lake  basin. Carson (1968, f i g .  4 )  i l l u s t r a t e s  sect ions through- - 
thaw lake  basins i n  the  Barrow area i n  which o r i g i n a l  sod i s  o v e r l a i n  by sand, 
organic  f i n e s  and peat, and new sod. Because o f  t he  complex i t ies  o f  t he  
s t r a t i g r a p h y  and t he  i n t e r m i x i n g  o f  o l d  and new organic ma te r i a l ,  
i n t e r p r e t a t i o n  o f  rad iocarbon dates f o r  thaw lake  deposi ts  i s  d i f f i c u l t  
(Brown, 1965). 

Radiocarbon dates o f  thaw-lake deposi ts  near Barrow may have 
a p p l i c a b i l i t y  t o  s i m i l a r  deposi ts  i n  t he  coasta l  p l a i n  o f  t h e  Wainwright 
quadrangle. The o ldes t  dated l a c u s t r i n e  basal peat, 12,160 + 200 (1-3244) 
years o l d  (Lewel len, 1972, p. 166) prov ides a maximum known age f o r  opera t ion  
of the thaw-lake process near Barrow (Sellmann and others,  1975; Brown and 
others, 1980). The dated p@at i s  from the  basal organic  l aye r  above marine 
sand. Whether t h i s  peat i s  an o l d  t u r f  t h a t  has been incorporated i n t o  
younger thaw-lake sediments o r  whether i t dates the  deposi ts  o f  t he  thaw l ake  
i s  not  known. Carson (1968) be1 ieves t h a t  t he  thaw-lake expansion a t  Barrow 
reached a maximum between 4,000 and 8,000 years ago and t h a t  the  f i r s t  of 
several  cyc les o f  thaw-1 ake bas in  i n t e r s e c t i o n  and drainage began a f t e r  3,500 
years ago. 

I n  the  Wainwright quadrangle, Hopkins and Robinson (1979) have c o l  l e c t e d  
several  samples t h a t  p rov i  de radiocarbon dates f o r  thaw-1 ake deposi ts.  The 
o ldes t  date, 10,600 + 180 years (H, t a b l e  3, f i g .  2 )  f o r  d e t r i t a l  peat i n  an 
ice-wedge pseudomorpK a t  the  b ? . s  o f  t he  thaw-lake deposi ts shows t h a t  thaw 
lakes were i n  ex is tence a t  t h a t  t ime. A t  Nokot lek Po in t  t he  basal thaw-lake 
sediments are 9,125 + 150 years o l d  (L,  t a b l e  3, f i g .  2 ) ,  and t he  basal peat 
o f  a younger thaw l ake  a t  t he  same s i t e  i s  6,234 2 120 years o l d  (M, t a b l e  3, 
f i g .  2 ) ;  these dates i n d i c a t e  t h a t  the l i f e  o f  the  o l de r  lake a t  t h i s  s i t e  was 
less than 3,000 years. Ice wedges 20 t o  70 cm wide have formed s ince drainage 



o f  the  younger lake. A t  another s i t e  near Nokot lek Po in t  tw igs  i n  basal  
sediments near t h e  margin o f  a  thaw-lake bas in  are 8,435 + 160 years o l d  (I, 
t a b l e  3, f i g .  2 )  and a re  s l i g h t l y  o l de r  than t h e  date o f  J ra i nage  o f  the  lake  
and subsequent f o rma t i on  o f  i c e  wedges 35 t o  125 cm wide i n  t he  thaw-lake 
deposi ts.  A peat  sample c o l l e c t e d  LO km southwest o f  Wainwright I n l e t  i s  
9,180 + 150 years (A, t a b l e  3, f i g .  2 )  and dates basal  thaw-lake depos i ts  i n  
which i c e  wedges 70 t o  250 cm wide have formed s ince  drainage o f  the  lake. 
These, and o ther  dates, suggest t h a t  most, i f  no t  a l l  o f  t h e  thaw lakes are of 
Holocene age, t h a t  many o f  them seemed t o  have been formed between 8,000 and 
s l i g h t l y  more than 10,600 years ago, t h a t  some were dra ined a f t e r  a f a i r l y  
sho r t  l i f e ,  and t h a t  i c e  wedges grew i n  t h e i r  deposi ts,  l ead ing  i n  some cases 
t o  a renewal o f  thaw-lake a c t i v i t y  up t o  t he  present  time. The thaw-lake 
process i s  s t i l l  a c t i v e  and a f f e c t s  Holocene e o l i a n  and a l l u v i a l  deposi ts,  as 
we l l  as t h e  o l de r  marine depos i ts  (Morr issey, 1979). The recen t  a c t i v i t y  i s  
shown by t h e  490 + 50-year date (G, t a b l e  3, f i g .  2) f o r  tw igs  and grass from 
an ice-wedge pseu&morph a t  t h e  base of sandy and g r a v e l l y  thaw-lake depos i ts  
exposed on the  shore of Kasegal uk Lagoon south o f  I c y  Cape (Hopkins and 
Robinson, 1979). The r e g u l a r i t i e s  i n  expansion and drainage o f  thaw lakes 
noted by Carson (1968) i n  t h e  Barrow area have no t  been recognized i n  t h e  few 
records a v a i l  ab le  f o r  t he  Wainwright quadrangle. No da t i ng  has been done o f  
t h e  depos i ts  of t he  r e l a t i v e l y  deep thaw l ake  basins i n  t h e  upland s i l t ,  
which, i n  t h e  Meade R i ve r  and Ikp ikpuk  R i ve r  quadrangles t o  t he  east were 
about 2,500 years o l d  (Wi l l i ams and Yeend, 1979; Nelson, 1982). 

Lands 1 i de depos i ts  

Lands l ides are l i m i t e d  t o  rocks o f  t h e  Nanushuk Group where f a i l u r e  has 
taken p lace  along c l a y  beds t h a t  commonly occur w i t h  coa l .  The c l a y  i s  
b e n t o n i t i c  and, i n  soma areas, i s  o f  n e a r l y  pure benton i te .  Only a  few 
1 andsl ides are 1  arge enough t o  be shown a t  t he  sca le  of t he  map, bu t  many 
o thers  occur i n  areas mapped as Cretaceous bedrock. Lands1 i de  processes are 
e s p e c i a l l y  a c t i v e  along t h e  Kaolak and I v i s a r u k  R ive rs  where cutbanks i n  
bedrock have cracks w e l l  back from t h e  edge o f  the  b l u f f ,  i n d i c a t i n g  i n c i p i e n t  
f a i l u r e  planes. The east bank o f  Kuk R i ve r  exposes slumped coal  and c l a y  t h a t  
i s  backed by a  break i n  s lope t h a t  may mark t h e  p o s i t i o n  o f  a  c l i f f - f o r m i n g  
sandstone u n i t ,  beneath which t he  c l a y  has s l i d  toward the r i v e r .  Some o f  t he  
banks o f  A v a l i k  River ,  i n  which coal  and c l a y  a re  exposed, a lso  appear t o  have 
been sub jec t  t o  l a n d s l i d i n g .  Care fu l  cons idera t ion  o f  t he  p o t e n t i a l  f o r  
l a n d s l i d i n g  a long r i v e r  b l u f f s  and v a l l e y  w a l l s  i s  r equ i r ed  as p a r t  o f  
founda t ion  i nves t i ga t i ons .  

Permafrost  

Permafrost, o r  perenni  a1 l y  f rozen ground, extends f rom the  permafrost  
t a b l e  a t  a depth of about 0.5 m below t he  ground sur face t o  depths est imated 
from e x p l o r a t o r y  t e s t  w e l l s  i n  t h e  r eg ion  t o  be i n  t he  range 200 t o  300 m. 
Data on t he  base of permafrost  are l i m i t e d  t o  t he  Kugrua Test We1 1 No. 1 (207 
m) 12 km east o f  t he  quadrangle boundary and Kaolak Test Well No. 1 (259  t o  
299 m) 16 kin south o f  the  quadrangle boundary. I n f o rma t i on  on permafrost  
th ickness f o r  Tuna l i k  T e s t  Well No. 1 and Peard Test Well No. 1 i s  no t  
a v a i l  able.  

The upper surf ace o f  permafrost  i s  depressed by t h e  thermal d is turbance 
o f  bodies of su r face  water t h a t  are deeper than 2 m (Brewer, 1958). Almost 



a1 1  of t h e  l akes  a r e  sha l l ow  and f r e e z e  t o  t h e  bot tom each w i n t e r ,  i n c l u d i n g  
S i k o l i k  Lake, one of t h e  l a r g e s t  i n  t h e  quadrangle ( C h i l d e r s  and o thers ,  1979, 
tab1  e 2 )  . The w i n t e r  water  s u p p l y  1  ake a t  Wainwri ght ,  however, had 0.3 m o f  
water beneath 2 m of i c e .  I n  a l l  l i k e l i h o o d ,  l a c k i n g  a  d e t a i l e d  depth survey,  
some o f  t h e  l a r g e r  l akes  may have s e c t i o n s  t h a t  a r e  more than  2 m deep. Kuk 
R i v e r ,  r e p o r t e d  t o  be about 5 m deep i n  p laces,  p r o b a b l y  has a  thaw b u l b  
beneath t h e  r i v e r  bed, However, no subsurface i n f o r m a t i o n  i s  g e n e r a l l y  
a v a i l a b l e  on t h e  t h i c k n e s s  o f  t h e  thaw b u l b  beneath t h e  few lakes  and r i v e r s  
t h a t  do n o t  f r e e z e  t o  t h e  bot tom each w i n t e r .  

The i c e  con ten t  of permaf ros t  t h a t  exceeds t h e  vo ids  of t h e  sediments 
determines t h e  amount of s e t t l e m e n t  t o  be expected when pe rmaf ros t  thaws. 
T h i s  i s  an i m p o r t a n t  c o n s i d e r a t i o n  i n  b u i l d i n g  roads, a i r f i e l d s ,  and 
s t r u c t u r e s  on permaf ros t  t e r r a i n  because even a s1 i g h t  d i s t u r b a n c e  t h a t  
r e s u l t s  i n  r e d u c t i o n  o f  t h e  i n s u l a t i n g  p r o p e r t i e s  o f  t h e  ground cover can 
r a i s e  t h e  mean annual ground-surface temperature  and cause thawing o f  
p e m a f r o s t .  I n  t he  Wainwr ight  quadrangle,  as f a r  as i s  known, n e a r l y  a l l  o f  
t h e  pe renn i  a1 l y  f r o z e n  m a t e r i a l s  c o n t a i n  n e a r - s u r f  ace excess i c e  t h a t  w i  1 1  
produce u n d e s i r a b l e  s e t t l e m e n t  upon thawing.  There fore ,  c o n s t r u c t i o n  methods 
t h a t  p reven t  thaw o f  pe rmaf ros t  shou ld  be employed everywhere un less  t e s t  
d r i l l i n g  a t  a  s i t e  shows t h a t  i c e - r i c h  pe rmaf ros t  i s  n o t  a problem. Very few  
n a t u r a l  exposures o f  permaf ros t  were a v a i l a b l e  f o r  s tudy  because those  exposed 
by  s torm waves and r i v e r  e r o s i o n  a re  r a p i d l y  thawed. However, d r i  1  l i n g  i n  t h e  
Barrow area, i n  t e r r a i n  v e r y  s i m i l a r  t o  t h a t  occup ied by  t h e  mar ine sand u n i t  
o f  t h e  Wainwr ight  quadrangle, shows t h a t  t h e  volume of segregated i c e  i n  
excess of t h e  vo ids  o f  t h e  s o i l ,  e x c l u s i v e  of wedge i c e ,  decreased f rom about 
75 pe rcen t  a t  a  depth  o f  1 m t o  ze ro  a t  about 8.5 m (Sel lmann and o the rs ,  
1975, p .  14-18). Hussey and M iche lson  (1966, p .  167-168) made a s i m i l a r  
a n a l y s i s  f o r  t h e  upper 6.6 m of f rozen  ground, based on f o u r  t e s t  ho les  and 
e x c l u d i n g  t h e  es t ima ted  5 p e r c e n t  as wedge ice,  and concluded t h a t  i f  t h e  
upper 6.6 m o f  pe rmaf ros t  i n  t h e  Barrow area were thawed i n  va r ious  t e r r a i n  
u n i t s  t h e  f o l l o w i n g  amounts of s e t t l e m e n t  would take p lace :  

I n i t i a l  s u r f a c e  A n c i e n t  R e c e n t l y  Present  
r e s  i dual  d r a i n e d  d r a i n e d  1  ake 
( h i  ghest  s u r f  ace) thaw l a k e  1  ake 

Average p e r c e n t  
s a t  t 1  ement 55.4 19.0 11.5 2.0 

Minimum a c t u a l  
s e t t l e m e n t  (m) 

The a c t u a l  s e t t l e m e n t  r e s u l t i n g  f rom thaw o f  pe rmaf ros t  t h a t  i s  i c e  r i c h  
o n l y  i n  t h e  upper 6 t o  8 m accounts f o r  t h e  numerous sha l l ow  thaw- lake bas ins  
i n  t h e  c o a s t a l  p l a i n  near Barrow and i n  t h e  Wainwr ight  quadrangle.  The much 
deeper thaw- lake bas ins  i n  t h e  up land s i l t  u n i t  a long  t h e  southern  border  o f  
t h e  Wainwr ight  quadrangle and those  more spec tacu l  a r l y  developed i n  t h e  Mezde 
R i v e r  quadrangle t o  t h e  e a s t  i n d i c a t e  t h a t  t h e  sediments c o n t a i n i n g  i c e  i n  
excess o f  t h e  v o i d  r a t i o s  o f  t he  m a t e r i a l s  may ex tend  t o  g r e a t e r  depths than  
i n  t h e  area o f  mar ine sand o f  t h e  c o a s t a l  ? l a i n .  The i c e - r i c h  up land s i l t  o f  
t h e  Wainwr ight  quadrdangle i s  no t  as t h i c k  as t h a t  i n  t h e  Meade R i v e r  
quadrangle where thaw- lake bas ins  as deep as 21 m have been r e p o r t e d  (Wi 11 iams 



and Yeend, 1979; Wi l l iams,  1983). However, the  i c e  content  o f  t he  upland s i l t  
i n  t he  Wainwright quadrangle probably  approaches t h e  78 percent,  i n c l u d i n g  
wedge ice,  t h a t  was noted i n  s i m i l a r  depos i ts  i n  t h e  Meade R i ve r  quadrangle. 
Thaw-lake basins as deep as 10 m may be expected i n  t he  t h i c k e r  depos i ts  of 
i c e - r i c h  s i l t  i n  t he  Wainwright quadrangle. More of ten,  however, the  upland 
s i l t  i s  t h i n  and t h e  thaw-lake basins are r e1  a t i v e l y  shal low. They have 
coalesced t o  form vast  meadowlands ( a l a s s i )  bordered by a  low scarp separa t ing  
them f rom the  undis turbed r e s i d u a l  surface. As i n  t h e  Sov ie t  Union, where 
thaw l ake  basins (a lass  t e r r a i n )  a re  favored l oca t i ons  f o r  se t t l ement  and 
ag r i cu l t u re ,  much bu t  no t  a l l  o f  t he  ground i c e  has been mel ted and f u r t h e r  
ground se t t lement  i s  minor when compared t o  t he  devas ta t ing  se t t lement  t o  be 
expected by c l e a r i n g  t he  vege ta t ion  and d i s t u r b i n g  t he  thermal regime of 
permafrost  i n  t h e  undis turbed r e s i d u a l  s u r f  aces between t he  thaw-1 ake 
basins. I c e  wedges probably  c o n s t i t u t e  50 percent  o f  t he  ground volume i n  
these undis turbed areas i n  S i b e r i a  (Are, 1973) and extend t o  g rea te r  depths 
than t he  2- t o  5-m l ong  wedges of t he  marine depos i ts  of t h e  A1 askan a r c t i c  
coas ta l  p l a i n ,  where wedge i c e  i s  est imated a t  5 percent  o f  t he  volume o f  t he  
f rozen s o i l s  by Hussey and Michelson (1966) or  10 t o  20 percent  by Sellmann 
and o thers  (1975). 

A d e t a i l e d  account (Lawson, 1982) of t he  impact of the cons t ruc t ion -  
d i s t u rbed  vege ta t ion  on t he  permafrost  i n  upland s i l t  a t  t h e  s i t e  o f  East 
Oumalik Test Well No. 1, 250 km east  of the Wainwright quadrangle p o i n t s  out 
t he  many p o t e n t i a l  problems o f  cons t ruc t i on  on permafrost .  A t  t he  t e s t  w e l l  
s i t e  ground i c e  occurs as wedges o f  two generat ions,  the  younger o f  which 
forms t h e  sur face  polygonal  ground, and as lenses i n  s i l t  t h a t  i s  s i m i l a r  t o  
t he  upland s i l t  o f  t h e  Wainwright quadrangle. The ground i c e  composes 42 t o  
90 percent  o f  t he  volume o f  t he  upper 15 rn o f  f rozen s i l t .  D is turbance was 
p robab ly  g rea tes t  du r i ng  t h e  f i r s t  10 t o  15 years o f  t he  33 years t h a t  has 
elapsed s ince cons t ruc t ion .  Since 1950 the  r e l i e f  a t  t h e  s i t e  has been 
increased from about 2 m then t o  8 m now; the maximum sur face depression has 
been about 5 m d i r e c t l y  over a sha l low i c e  wedge. The s i t e  i s  now an 
i r r e g u l a r  hummocky area w i t h  numerous depressions, some f i l l e d  w i t h  water. 
Lawson concludes t h a t  cons t ruc t i on  s i t e  eva lua t i on  requ i res  an ana lys is  of t h e  
content  and d i s t r i b u t i o n  of ground i c e  t o  determine t he  behavior o f  t he  
sediment upon thawing. The lessons learned a t  t h e  East Oumalik s i t e  are t h a t  
adverse phys ica l  changes w i l l  occur over two t o  t h ree  decades i f  t he  
vegetat ion i s  removed or  even severe ly  compacted dur ing  cons t ruc t ion .  

Water resources 

A t  Barrow, t h e  nearest  s t a t i o n  w i t h  s i g n i f i c a n t  meteoro log ica l  records,  
t he  average annual p r e c i p i t a t i o n ,  co r rec ted  f o r  est imated e r r o r s  caused by 
windblown snow and r a i n  and t o  sum t r a c e  amounts, i s  est imated a t  about 170 
m, of which 106 mm i s  snow and 64 m i s  r a i n ;  monthly maxima are i n  August 
and January (Dingman and others,  1980, p .  52) .  The processes o f  heat balance 
and t he  e f f e c t  on snow cover, evaporat ion,  t r a n s p i r a t i o n ,  microc l imate,  and 
hydro logy ar@ exp la ined  i n  some d e t a i l  f o r  t he  Barrow area by Dingman and 
o thers  (1980). Bas i ca l l y ,  r u n o f f  i s  concent ra ted dur ing  t h e  breakup p e r i o d  i n  
June when between 6 1  and 98 percent  o f  t he  annual streamflow occurs du r i ng  t h e  
snowmelt f l ood .  Heavy summer or  autumn r a i n s  cause secondary peak discharges 
i n  some years. Dur ing  t he  w in te r  months streams i n  t he  Wainwright quadrangle 
have no f low f o r  s i g n i f i c a n t l y  long  per iods,  and the area lacks  i c i ngs ,  which 
are i n d i c a t i o n s  o f  year-round ground-water discharge. Accordingly,  the  o n l y  



source of water i n  w in te r  i s  i c e  and snow, the  smal l  amount o f  l i q u i d  water 
t h a t  i s  beneath occasional  r i v e r  channels and lakes t h a t  are deeper than 2 m, 
o r  ground water s t o red  w i t h i n  the  thaw bu lb  beneath these incomple te ly - f rozen  
bodies o f  water, Not o n l y  are supp l ies  of water beneath t he  i c e  cover 
ext remely  1  im i ted ,  bu t  t he  water qua1 i t y  de te r i o ra tes  i n  w in te r  as downward 
f reez ing  concentrates t he  d i  sso l  ved so l i ds .  Techniques o f  deepening e x i s t i n g  
l ake  basins t o  c r e a t e  rese rvo i r s  t h a t  are capable  of p r o v i d i n g  w i n t e r  s torage 
f o r  water pumped i n  from r i v e r s  du r i ng  t h e  sumner have been used a t  Prudhoe 
Bay t o  p rov ide  water f o r  camp and i n d u s t r i a l  needs. S i m i l a r  techniques cou ld  
be used i n  t he  Wainwright quadrangle. 

Ground water i s  no t  a v a i l a b l e  w i t h i n  t he  usual economic depth range o f  
water we l l s .  The ground i s  f rozen from less  than 1 m t o  depths of a t  l e a s t  
200 m i n  bedrock, except f o r  occasional  lakes and streams channels deeper than 
2 m, beneath which a  small thaw bu lb  develops. Thaw bulbs beneath the  deep 
poo ls  on t he  Sagavanirktok R i v e r  near Prudhoe Bay have proven t o  have o n l y  
l i m i t e d  s torage which i s  not  rep len ished  by i n f l o w  du r i ng  the  w in te r .  Water 
can be obta ined from bedrock below t he  base o f  the  f rozen  layer ,  bu t  the  w e l l  
y i e l d  would be low because o f  low p e r m e a b i l i t y  of t h e  Nanushuk Group rocks.  
Experience over most o f  t he  Petroleum Reserve shows t h a t  format ion water below 
the  permafrost  i s  gene ra l l y  too  h i gh  i n  s a l i n i t y  and d isso lved  s o l i d s  t o  be 
s u i t a b l e  as a po tab le  supply  (Wi l l iams,  1970). 

Economic geology 

O i l  and gas 

A l l  o f  the  quadrangle east  o f  t he  mer id ian  passing through I c y  Cape i s  i n  
Nat i ona l  Petroleum Reserve--A1 aska, f o r m e r l y  Naval Petroleum Reserve No. 4 
which was es tab l i shed  by Execut ive Order i n  1923, based on o i l  seepages a t  
Cape Simpson and o ther  l o c a t i o n s  near Barrow. The o n l y  o i l  seepage repo r t ed  
i n  the  Wainwright quadrangle was an i n d i r e c t  r e p o r t  o f  an o i l  seep near 
Wainwright g iven t o  Brooks (1916); Hanna (1963) be1 i eves t h a t  t h e  in fo rmant  
may have r e f e r r e d  t o  t h e  Sku1 1 Cliff  seepage, east  o f  t he  Wainwright 
quadrangle, f o r  subsequent work has loca ted  no o i l  or  gas seepages i n  t h e  
Wainwright quadrangle. 

Dur ing  e x p l o r a t i o n  o f  Naval Petroleum Reserve No. 4 by t he  Navy between 
1944 and 1953, no t e s t  we l l s  were d r i l l e d  i n  the Wainwright quadrangle. The 
westernmost t e s t  w e l l  i n  t h i s  e x p l o r a t i o n  program, Kaolak Test Well No. 1, was 
d r i l l e d  13 km south o f  t he  quadrangle boundary a t  long. 160' 14 '  51" W. on a 
bu r i ed  east-west t r e n d i n g  a n t i c l i n e  discovered by seismic methods. The w e l l  
reached 2,119 m, bu t  encountered only s l i g h t  shows o f  o i l  and some methane gas 
from the  coal  beds ( C o l l i n s ,  1958). Two w e l l s  i n  t he  quadrangle were d r i l l e d  
by t he  Geolog ica l  Survey a f t e r  1976 when the  reserve was t r a n s f e r r e d  from t h e  
Navy t o  the  Department o f  t he  I n t e r i o r ;  bo th  have been plugged and 
abandoned. Peard T e s t  Well No. 1, l oca ted  on t he  eastern boundary o f  t he  
quadrangle ( f i g .  I ) ,  was d r i l l e d  3,117 m y  reaching the  basement complex a t  
2,338 m (B i r d ,  1982); i t  encountered poor shows o f  gas. Tuna l i k  Test Well No. 
1, i n  t he  west -cent ra l  p a r t  of the  quadrangle ( f i g .  1) was d r i l l e d  6,503 m, 
reaching t h e  L isburne  Group a t  5,238 m (B i r d ,  1982); i t had gas shows, none of 
which were l a r g e  enough t o  develop, D a t a  on t h e  Geolog ica l  Survey e x p l o r a t i o n  
program has been p laced on open f i l e  w i t h  t h e  Environmental Data Service of 
the  Va t iona l  Oceanic and Atmospheric Adm in i s t r a t i on  (NOAA), Boulder,  Col %-ado; 
logs o f  t he  format ions penet ra ted are s u m a r i z e d  by B i r d  (1982). 



Coal - 
Coal of subbituminous rank i n  t h e  Nanushuk Group w i t h i n  t he  Wainwright 

quadrangle c o n s t i t u t e s  a  s i g n i f i c a n t  p a r t  o f  t he  est imated 45 b i l l i o n  m e t r i c  
tons o f  i d e n t i f i e d  coa l  resources and o f  t he  300 b i l l i o n  t o  3 t r i l l i o n  m e t r i c  
tons o f  hypo the t i ca l  undiscovered coal  resources o f  Na t i ona l  Petroleum 
Reserve--Alaska ( M a r t i n  and Callahan, 1978). Coal beds make up about 3 t o  
nea r l y  10 percent o f  t he  th ickness o f  t h e  Nanushuk Group and are found i n  beds 
as much as 2 m t h i c k  a long t h e  eastern shores o f  Wainwright I n l e t  and Kuk 
R iver  and l o c a l l y  on i t s  t r i b u t a r i e s ,  and along Kugrua R i ve r  and i t s  estuary .  

The coal  has been c o l l e c t e d  from beach sh ing le  and dug from t h r e e  
prospects on t he  east  bank o f  Kuk R i ve r  and frm two on Kugrua R i v e r  f o r  use 
by t h e  l o c a l  r es i den t s  ( f i g .  1). These coal  outcrops have been descr ibed by 
Paige and others  (1925) and by Smith and Mer t i e  (1930), and have been f u r t h e r  
examined by t h e  Bureau of Mines du r i ng  t h e  mid 1940's (Sanford and Pierce, 
1946). The coal  depos i ts  a re  f rozen and are i n t e r r u p t e d  i n  some places by 
ground-ice wedges. Two f 1 a t -  l y i n g  coa l  beds a t  t he  northernmost Kugrua R i v e r  
prospect and another a t  t h e  southern prospect were found upon t r ench ing  t o  be 
1.52 t o  1.83 m t h i c k .  A 30-m wide s t r i p  along t h e  488-m l ong  outcrop would 
y i e l d  about 29,900 m e t r i c  tons of coal  a t  t he  nor thern  prospect and about 
10,900 m e t r i c  tons a t  t he  southern prospect from a bed 137 m long  and 1.83 m 
t h i c k  (Sanford and Pierce, 1946, p. 16) .  The Bureau o f  Mines a lso  examined 
the midd le  o f  the  t h ree  coa l  prospects on t he  east  bank o f  Kuk R i ve r  south o f  
Wainwright (Sanford and Pierce, 1946, p. 12-13) and loca ted  two coal  beds, 
1.67 and 1.83 m t h i c k ,  interbedded w i t h  c lay .  No est imates o f  reserves were 
made o f  t h i s  l ong  exposure of coal  or  of t he  prospects t o  t h e  no r t h  and south. 

Fu r t he r  d e t a i l s  on these coal  prospects and r e s u l t s  o f  ana lys is  o f  
samples can be ob ta ined  f rom Sanford and P ie rce  (1946), Paige and o thers  
(1925), Smith and M e r t i e  (1930), and M a r t i n  and Cal lahan (1978). Smith and 
M e r t i e  observed t h a t  coal  beds exposed on t h e  A v a l i k  and Kaolak R ive rs  were 
no t  as t h i c k  as those on Kuk and Kugrua Rivers .  Locat ions o f  these beds f rom 
unpubl ished f i e l d  notes and publ ished r e p o r t s  and t h e  l o c a t i o n  o f  seismic shot  
holes which penet ra ted coal  ( M a r t i n  and Callahan, 1978) a re  p l o t t e d  on f i g u r e  
1 as a  general guide f o r  f u r t h e r  d e t a i l e d  s tud ies.  For  obvious reasons, t h e  
prospects t h a t  have been used by l o c a l  people a re  loca ted  a long nav igable  
waterways, so t h a t  these prospects, a l so  along t h e  rou tes  used f o r  geo log ica l  
exp lo ra t ion ,  have rece ived  t he  most no t i ce .  Away from these waterways the  
coal  and r e l a t e d  sedimentary rocks are gene ra l l y  concealed beneath a mant le  o f  
unconsol i dated depos i t s  and tundra  vegetat ion,  so t h a t  subsurf  ace work i s  
needed t o  l o c a t e  t h e  t h i c k e s t  beds and t o  est imate t h e  coal  reserves. 

Gravel 

Deposi ts o f  sandy grave l  t h a t  are near t he  s u r f  ace and e a s i l y  worked a re  
scarce i n  t h e  Wainwright quadrangle. They are l i m i t e d  t o  modern beaches, 
sp i t s ,  o f f sho re  bars and b a r r i e r  i s l ands  i n  which t h e  sandy grave l  i s  
gene ra l l y  1  ess common than g r a v e l l y  sand, t o  r a i s e d  beaches, bars, and b a r r i e r  
i s lands  re1  ated t o  t he  Pe luk ian  and Kotzebuan shore1 ines, and t o  bars and beds 
c f  streams w i t h i n  a few k i lomete rs  no r t h  of t he  upland s i l t  u n i t ,  Elsewhere, 
the  depos i ts  are gene ra l l y  of sand, Beneath t he  sand are i s o l a t e d  t h i n  grave l  
deposi ts which are gene ra l l y  d i f f i c u l t  t o  l o c a t e  and t o  develop. 



A n e a r l y  cont inuous cha in  of b a r r i e r  i s l  ands f r i nges  Kasegal uk Lagoon 
south o f  Wainwright and a  l ong  b a r r i e r  bar extends from P o i n t  Belcher 
northeastward, enc los ing  Peard Bay. The depos i ts  range from sand t o  sandy 
gravel ,  and, i n  p i t  run, t h e  most common product  would be g r a v e l l y  sand t h a t  
i s  gene ra l l y  low i n  s i l t ,  because a l l  these m a t e r i a l s  have been e x t e n s i v e l y  
worked and cleaned by wave ac t ion .  These b a r r i e r  i s l ands  and t he  s p i t s ,  
beaches and bars e l  sewhere can be easi  l y  searched f o r  t he  des i red  ma te r i a l ;  
they  have l i t t l e  vegetat ion,  and a  l o c a l  cover of small dunes. They are 
sub jec t  t o  i c e  shove and are inundated du r i ng  storm surges, and, the re fo re ,  
are no t  s u i t a b l e  1  ocat ions f o r  permanent f a c i l i t i e s .  Passes separa t ing  t h e  
b a r r i e r  i s l ands  are opened and c losed  f rom t ime  t o  t ime  w i t h  t h e  storms. 
Excavat ion o f  m a t e r i a l  frm these shore features c a r r i e s  w i t h  i t  t h e  
r e s p o n s i b i l i t y  f o r  eva lua t i ng  t he  p o t e n t i a l  e f fec t  of the work on sediment 
t r anspo r t  and beach eros ion.  

The modern beaches a long t he  inshore s i de  o f  Kasegaluk Lagoon and those 
a t  the  base o f  t h e  c l i f f e d  sho re l i ne  elsewhere are narrow and t h i n  and are 
gene ra l l y  o f  sand or  sand and f i n e  grave l  t h a t  i s  l a r g e l y  washed f rom the  
c l  i f f s  by waves and re t r anspo r t ed  along shore; they  i nc l ude  sand c o n t r i b u t i o n s  
from streams d r a i n i n g  t he  reg ions in land .  The most p roduc t i ve  l oca t i ons  f o r  
min ing sand and grave l  are t he  s p i t s  formed a t  p o i n t s  i n  t he  c l i f f e d  
shore l  i ne. 

Raised beaches and wave-cut c l i f f s  o f  Pe luk ian and Kotzebuan age are 
p l o t t e d  on f i g u r e  2, where i t  i s  poss ib l e  t o  show t h e  i n f e r r e d  general t rends  
of the beach l i n e s  as a guide t o  grave l  p rospec t ing  t h a t  may no t  be r e a d i l y  
apparent f rom examining t h e  geo log ic  map. Beaches o f  g r a v e l l y  sand o f  
Pe luk ian age l i e  inshore  f rom Kaseguluk Lagoon between t he  mouth o f  Utukok 
R i ve r  and t h a t  o f  Nokot lek  R i ve r .  These depos i ts  are narrow and l i n e a r  and 
are not  more than a  few meters t h i c k .  Raised beaches o f  Pe luk ian age t h a t  
back t h e  modern beach northeastward o f  P o i n t  Belcher are o f  f i n e  t o  coarse 
sandy g rave l .  A stream c u t t i n g  through these depos i ts  exposed about 2  m o f  
coarse sandy grave l ,  t he  best  q u a l i t y  seen i n  t h e  e n t i r e  quadrangle. Gravel 
has been found i n  o n l y  one l o c a t i o n  a t  the  base of Kotzebuan shore l  i n e  (11, 
f i g .  2) ,  3.2 krn south o f  t h e  conf luence o f  I r a k  Creek and M i k i g e a l i a k  R ive r ,  
and less  than 0.5 km east  of I r a k  Creek. No grave l  depos i ts  were found i n  t he  
unsuccessful a e r i a l  and ground search f o r  t h e  sho re l i ne  as i n f e r r e d  by quer ied  
l i n e s  ( f i g .  2 )  from the  I r a k  Creek s i t e  westward t o  Pingoraruk H i l l  and along 
t he  well def ined  sho re l i ne  f rom I r a k  Creek northeastward t o  the  quadrangle 
boundary. 

Beach depos i ts  of Kotzebuan age 1  i e  inshore  of t he  wave-cut c l i f f  o f  
Pe luk ian age f rom a p o i n t  no r theas t  o f  S i k o l i k  Lake t o  P ingoraruk H i l l  and 
extend northeastward as a se r i es  o f  o f f sho re  bars t o  Wainwright I n l e t  and Kuk 
R i ve r  ( f i g .  2 ) .  These beaches were v i s i t e d  a t  t h ree  l oca t i ons .  High banks on 
the  west s ide  of Kuk River ,  1 t o  3 km south o f  Karmuk Po in t ,  have as much as 7 
rn o f  coarse grave l  near t he  t o p ,  o v e r l a i n  by 1 t o  3 m of sand o f  poss ib l e  
e o l i a n  o r i g i n ;  the grave l  i s  we l l  washed, we l l  sorted, and lacks  f i ne -g ra i ned  
ma te r i a l .  A r a i s e d  beach, 7 km southwest of K i l iman tav i ,  has been eroded by a 
brook, t h e  banks o f  which expose about 5 m o f  s i m i l a r  washed grave l  t h a t  i s  
mant led w i t h  1.5 m o f  pebbly sand an3 1 m o f  peat. The southernmost l o c a t i o n  
i s  the grave l  p i t  (Kachadoorian and others,  1978) developed on e i t h e r  s ide  o f  
a  brook t h a t  d ra ins  through t h e  Pe luk ian  wave-cut c l i f f ,  but  h igh  enough above 
t he  brook t o  be p a r t  of the Kotzebuan beach depos i ts .  T h e  p i t  and the  



m a t e r i a l  taken from i t  i s  g r a v e l l y  sand. When observed by t h e  w r i t e r  i n  1978 
t he  p i t  had been r e h a b i l i t a t e d  by grading, and no exposures were a v a i l a b l e  f o r  
study. A t  t h a t  t ime  n e a r l y  1 m o f  r e1  i e f  had developed i n  t h e  f l o o r  of t he  
p i t  f rom thawing o f  polygonal  i c e  wedges i n  t he  under l y ing  sediments. The 
beach depos i ts ,  l oca ted  on the  map and on f i g u r e  2, between these depos i ts  are 
f avo rab le  l o c a t i o n s  f o r  p rospec t ing  f o r  grave l ,  a l though t h e  depos i ts  are 
l i n e a r ,  o f  o n l y  l i m i t e d  th ickness,  and are commonly covered by sandy 
over burden. 

A l l u v i a l  depos i ts  o f  the  l a r g e r  streams w i t h i n  t he  upland s i l t  u n i t  are  
gene ra l l y  o f  sandy f i n e  grave l .  These depos i ts  become f i n e r  downstream, and, 
a few km beyond t he  nor thern  l i m i t  o f  the  upland s i l t  u n i t ,  the a l l uv i um i s  
gene ra l l y  sand. High bars border ing  t h e  stream channel l o c a l l y  are as much as 
2.5 m t h i c k  and may p rov ide  as much as 10,000 rn3 o f  washed f i n e  grave l .  
Gravel i n  t h e  stream beds i s  gene ra l l y  t h i n  where t h e  streams are scour ing  
bedrock, and t he  depos i ts  l o c a l l y  con ta i n  angular cobbles and boulders der i ved  
from t h e  l o c a l  bedrock. I n  some places t he  g r a v e l l y  stream beds are unde r l a i n  
by f i n e  sand. The source of the  grave l  i s  be l ieved  t o  be grave l  beds w i t h i n  
t he  a l luv ium t h a t  l i e s  beneath t he  upland s i l t  on e i t h e r  s ide  o f  t h e  stream. 
These grave l  beds are commonly i n t e r 1  ayered w i t h  sand and f ine r -g ra ined  
m a t e r i a l s  and are o v e r l a i n  by f r ozen  s i l t .  The best q u a l i t y  and most 
p roduc t i ve  s i t e s  a re  t he  h igh  bar depos i ts .  The Utukok R i ve r  has a grave l  bed 
i n  i t s  broad f l o o d p l a i n  near t he  southern edge of the  quadrangle. The grave l  
extends a few krn downstream i n t o  t he  Wainwright quadrangle be fo re  grad ing i n t o  
sand and sandy s i l t  as t he  r i v e r  approaches i t s  d e l t a  i n  Kasegaluk Lagoon. 
Excavat ion o f  streambed ma te r i  a1 requ i res  cons idera t ion  o f  environmental 
impacts on t h e  stream regimen and f i s h  hab i t a t .  An advantage i n  u t i l i z i n g  
a l l u v i a l  depos i ts  along r i v e r s  i s  t he  p o t e n t i a l  f o r  a t h i c k e r  a c t i v e  l aye r  
than i s  found i n  near-sur face depos i ts  away from t h e  r i v e r s .  

The q u a l i t y  o f  the  grave l  f o r  use as concrete  aggregate i s  af fected by 
the  presence o f  coal  and cher t ,  which has a de le te r i ous  e f f e c t  on concrete. 
Otherwise, the  grave l  i s  gene ra l l y  subrounded t o  subangular, i s  o f  r e l a t i v e l y  
r e s i s t a n t  rock types, and gene ra l l y  has a sandy m a t r i x  t h a t  conta ins l ess  than 
12 percent  s i l t .  

Sand 

Sand i s  the most abundant founda t ion  ma te r i a l ;  i t  forms a widespread 
mant le a t  t h e  su r face  and commonly extends t o  depths of 3 t o  5 m, r a r e l y  t o  10 
rn, I t  g e n e r a l l y  ranges from f i n e  t o  medium e o l i a n  sand t o  f i n e  t o  medium 
marine s i l t y  sand t h a t  conta ins sca t t e red  pebbles and granules o f  quar tz  and 
cher t .  The sand g ra ins  are l a r g e l y  quar tz  and che r t  w i t h  minor amounts o f  
o ther  minera ls  and coal .  I n  general, t he  sand i s  f rozen  below a  depth o f  
about 0.5 m and i n  a  few we l l -d ra ined  s i t e s  below a  depth o f  1 t o  2 m. Once 
t h e  vegetat ion i s  s t r i pped  and t he  under l y ing  sand thawed and dr ied,  t h e  sand 
i s  sub jec t  t o  wind erosion. 

S i l t  - 
S i l t  i n  l a r g e  q u a n t i t i e s  i s  a v a i l a b l e  a t  var ious places i n  t h e  upland 

s i l t  u n i t  o f  t he  southern p a r t  o f  t he  quadrangle. Loca l l y ,  t h e  s i l t  i s  as 
t h i c k  as 13 rn, The s i l t  has been incorpora ted  w i t h  o rgan ic  ma te r i a l  where 
reworked by runn ing  water or l o c a l l y  by s o l i f l u c t i o n  on slopes. I t  i s  



g e n e r a l l y  f rozen below a depth of 0.5 m and has a ve ry  h igh  i c e  content ,  as 
wedges, masses, and i n t e r s t i t i  a1 i c e  approaching 78 percent o f  the  volume o f  
t he  depos i t .  

C lay  above and below the coa l  beds o f  the  Nanushuk Group i s  commonly 
exposed i n  t he  banks o f  Kugrua, Kuk, K e t i k ,  Kaolak, Ava l i k ,  and I v i s a r u k  
Rivers ,  as w e l l  as i n  places along t he  sea coast  south of Wainwright ( f i g .  
1). B e n t o n i t i c  c l a y  i s  r e p o r t e d l y  widespread i n  t h e  Kuk R i ve r  drainage bas in  
(Langenheim and others,  1960, p. 1349; Smiley, 1966), and probably  e l  sewhere, 
a1 though no speci  a1 s tudy has been made of these deposi ts.  I n  i t s  pure fo rm 
ben ton i t e  i s  a whi te,  pu t t y -1  i k e  ma te r i a l  con ta i n i ng  v i s i b l e  b i o t i t e  f l akes ,  
as noted f rom two l o c a t i o n s  on t h e  Kaolak R i ve r  by Langenheim and o thers  
(1960). I t  expands when wet. The c l a y  i s  e s p e c i a l l y  suscep t i b l e  t o  f lowage 
and s lope f a i l u r e s ,  which are common along r i v e r  b l u f f s .  P rope r t i es  o f  t h e  
c l a y  depos i ts  o f  the  quadrangle have no t  been t e s t e d  f o r  t h e i r  s u i t a b i l i t y  f o r  
b r i c k  c l a y  o r  f o r  d r i l l i n g  mud. The c l a y  found w i t h  coal  beds i n  Meade R i ve r  
Test Well No. 1 i n  t h e  Meade R i ve r  quadrangle ( C o l l i n s ,  1958, p. 351-352) 
formed a na tu ra l  d r i l l i n g  mud dur ing  d r i l l i n g  o f  t h a t  we l l .  

Peat - 
Peat i s  l a r g e l y  conf ined t o  the  surface mat o f  l i v i n g  and dead vege ta t ion  

t h a t  seldom exceeds 0.5 rn i n  th ickness.  The peat i s  no rma l l y  not  w e l l  enough 
compressed f o r  use as a b u i l d i n g  m a t e r i a l  or  f o r  f u e l .  
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