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Eng ineer ing -geo log ic  maps o f  n o r t h e r n  Alaska, 
Meade R i ver  quadrangle 

by 

John R. W i l l i a m s  

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

The Meade R i v e r  quadran f  e  occupies an area o f  12,634 km' between 1  a t .  a 70' and 71' N. and long.  156 and 159' W. b o r d e r i n g  t h e  Chukchi Sea south  and 
southwest  of P o i n t  Barrow i n  n o r t h e r n  Alaska.  I t  l i e s  e n t i r e l y  w i t h i n  t h e  
A r c t i c  Coas ta l  P l a i n  p rov ince ,  t h e  seaward o r  o u t e r  p a r t  o f  which i s  a  f l a t ,  
lake-dot ted,  tundra-covered low land  bounded on t h e  south  by  t h e  s l i g h t l y  
h i g h e r  and more r o l l i n g  topography o f  t h e  i n n e r  coas ta l  p l a i n .  The c o a s t a l  
p l a i n  i s  broken by  sea c l i f f s  a long t h e  ocean and by escarpments i n l a n d  t h a t  
mark t h e  p o s i t i o n  o f  fo rmer  sho re l i nes ,  t h e  marg in  of dunef ie lds ,  o r  r i v e r  
b l u f f s .  Most o f  t h e  area i s  d r a i n e d  by  t h e  Meade R i v e r  and i t s  major  
t r i b u t a r i e s ,  I n a r u ,  Usuktuk, and N i g i s a k t u v u k  R ive rs ,  by t h e  Topagoruk R ive r ,  
by  t h e  Ava l  i k  R ive r ,  and by smal l e r  streams d r a i n i n g  d i r e c t l y  t o  t h e  sea. The 
e n t i r e  area o f  t h e  quadrangle l i e s  w i t h i n  t h e  N a t i o n a l  Pet ro leum Reserve- 
Alaska. The o n l y  permanent s e t t l e m e n t  i s  Atkasook (Meade R i v e r  V i  11 age); 
a i r s t r i p s  a re  l o c a t e d  a t  Atkasook and a t  a  former Government i n s t a l l a t i o n  a t  
Peard Bay. The area i s  c r i s s - c r o s s e d  by w i n t e r  t r a c t o r  t r a i l s  t h a t  have been 
used f o r  o i l  e x p l o r a t i o n  and f o r  h a u l i n g  coa l  f r o m  t h e  mine a t  Atkasook t o  
Barrow, b e f o r e  a supp ly  o f  gas was made a v a i l a b l e .  Four e x p l o r a t o r y  o i l  w e l l s  
and one co re  t e s t  ( f i g .  1) have n o t  y i e l d e d  economic o i l  and gas resources.  

The purpose o f  t h i s  r e p o r t  i s  t o  d e s c r i b e  and map bedrock and s u r f i c i a l  
depos i t s  o f  eo l i an ,  a l l u v i a l ,  and mar ine o r i g i n  t o  p r o v i d e  a u s e f u l  b a s i s  f o r  
e n v i r o n m e n t a l l y  sound l a n d  management. From t h i s  i n f o r m a t i o n  an overv iew can 
be o b t a i n e d  o f  t h e  a v a i l a b i l  i t y  o f  n a t u r a l  c o n s t r u c t i o n  m a t e r i a l s  and 
p o t e n t i a l  f o u n d a t i o n  problems. I n  a d d i t i o n ,  t h e  r e p o r t  i n c l u d e s  d a t a  on t h e  
p a l e o n t o l o g y  of t h e  mar ine depos i ts ,  rad ioca rbon  dates, and l o c a t i o n  of i c e -  
r a f t e d  e r r a t i c  bou lde rs .  

T h i s  r e p o r t  has been prepared w i t h  p a r t i a l  suppor t  o f  M i n e r a l s  Management 
Serv ice ,  Department o f  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 o w n  i n  1955 and on f i e l d w o r k  undertaken by t h e  Geo log ica l  
Survey f o r  t h e  Bureau o f  Land Management land-use s tudy  under Chapter 105-C, 
P u b l i c  Law 94-258 ( W i l l i a m s  and o thers ,  1977) between August 1 and 14, 1977, 
and between J u l y  24 and August 9, 1978. Dur ing  these  p e r i o d s  about h a l f  o f  
t h e  26 days of h e l i c o p t e r - s u p p o r t e d  f i e l d w o r k  was used t o  v i s i t  about 160 
s i t e s  i n  t h e  Meade R i v e r  quadrangle; t h e  remainder was used f o r  s t u d i e s  o f  t h e  
ad jacent  Barrow and Wainwr ight  quadrangles.  To supplement t h e  f i e l d  data, use 
has been made of unpub l ished f i e l d  d a t a  c o l l e c t e d  b y  D. M. Hopkins (1976, 
1981) and R .  E. Nelson (1976, 1977) of t h e  Geo log ica l  Survey, c h i e f l y  a long  
t h e  coast  where t h e  v e r y  complex Q u a t e r n a r y  s t r a t i g r a p h y  i s  c u r r e n t l y  under 
s tudy  by Hopkins and J. K. Brigham (Br igham and o thers ,  1980; Brigham, 
1981). L. D. C a r t e r  o f  t h e  Geo log ica l  Survey accompanied t h e  w r i t e r  f o r  two 
days i n  1978 and has p r o v i d e d  i n f o r m a t i o n  from h i s  1982 f i e l d w o r k  a long t h e  
eas te rn  boundary o f  t h e  quadrangle.  L .  A. M o r r i s s e y  accompanied t h e  w r i t e r  i n  
t h e  f i e l d  i n  1978 t o  o b t a i n  g r o u n d - t r u t h  d a t a  f o r  a p p l i c a t i o n  o f  Landsat 
imagery t o  v e g e t a t i o n  cover maps be ing  prepared by  t h e  Geo log ica l  Survey 



(Morr issey,  1979; Mor r i ssey  and Ennis, 1981). Naval A r c t i c  Research 
Labora to ry  a t  Barrow p rov ided  meals, quar te rs ,  and l o g i s t i c  suppor t  on a cos t -  
re imbursab le  bas is  i n  1977 and 1978. 

Prev ious s t u d i e s  of t h e  A r c t i c  Coasta l  P l a i n  have been h e l p f u l  i n  
p r o v i d i n g  a d d i t i o n a l  observat ions and deve lop ing concepts, and may be used by 
t h e  reader seeking a d d i t i o n a l  in format ion.  The e a r l y  work along t h e  a r c t i c  
coast  by Ray (1885), Le f f i ngwe l l  (1919), D a l l  (1921), and Meek (1923) was 
fo l lowed by e a r l y  reconnaissance s t u d i e s  o f  Naval Petroleum Reserve No. 4, 
e s t a b l i s h e d  i n  1923 (Paige and others ,  1925; Smith and Mer t ie ,  1930). U.S. 
Geolog ica l  Survey f i e f  d i n v e s t i g a t i o n s  by Webber (1947), Stef  ansson and Mangus 
(1949), and r e p o r t s  on t h e  t e s t  w e l l s  and core t e s t s  d r i l l e d  by t h e  Navy 
( C o l l i n s ,  1958a, b, 1961) as p a r t  of i t s  1944-53 e x p l o r a t i o n  o f  t h e  Reserve 
were supplemented by r e g i o n a l  and t o p i c a l  s tud ies  and comp i la t ions  by MacNeil 
(1957), Tappan (1961), Swain (1961), Black (1964), Lathram (1965), Beikman and 
Lathram (1976), and Detterman (1978). Other geo log ic  and permaf ros t  studies, 
supported by var ious agencies and based a t  t h e  Naval A r c t i c  Research 
Labora to ry  a t  Barrow, i n c l u d e d  those of B lack (1951, 1957a, b)  , MacCarthy 
(1952), Lachenbruch (1957, 1962), Brewer (1958), OISul 1 i v a n  and Hussey (1960), 
0 '  S u l l  i v a n  (1961), Lachenbruch and o thers  (1962), G e i s t  (1962), Hussey and 
Reckendorf (1963), Hussey and Miche l  son (1966), Lachenbruch and Marshal 1 
(1969), Lewel l e n  (1972), Sel  lmann and o thers  (1972, 1975), Brown and Sel  lmann 
(1973), Sellmann and Brown (1973), and Shor t  and Wright  (1974). S o i l s  s t u d i e s  
by Tedrow and H i 1  1 (1955), Tedrow and Cant lon (1958), Tedrow and o thers  
(1958), Brown (1967, 1969a, b), and Brown and o thers  (1980) and s o i l  and 
b o t a n i c a l  s t u d i e s  r e l a t e d  t o  t h e  Tundra Biome and RATE p r o j e c t s  by R i c k e r t  and 
Tedrow (1967), Komarkova and Webber (1977, 1980), E v e r e t t  and o thers  (1978), 
Peterson and B i l l  i n g s  (1978, 1980), E v e r e t t  (1979, 1980), and Haugen and Brown 
(1980) have emphasized t h e  s o i  1- forming processes i n  t h e  tundra  environment. 
B r i t t o n  (1957, 1967) descr ibed t h e  vege ta t ion  and t h e  thaw-lake cyc le .  The 
o r i e n t e d  1 akes r e s u l t i n g  from thawing of permafrost  have been discussed by 
Cabot (1947), B lack and Barksdale (1949), Brewer (1958), L i v i n g s t o n e  and 
o thers  (1958), Carson and Hussey (1960, 1962, 1963), and Carson (1968). 
C o r r e l a t i o n  o f  t h e  Qua te rnary  marine depos i t s  o f  the  coas ta l  p l a i n  w i t h  t h e  
bet ter-known reg ions  around t h e  Ber ing  Sea r i m  has been made by Hopkins (1967, 
1973, 1979), McCu1 1 och (1967), Lewel len (1972), and Sel lrnann and Brown 
(1973). Engineer ing geology, geo log ic  hazards, and c o n s t r u c t i o n  techniques 
have been discussed by Black (1957b) and by C r o r y  and o thers  (1979). 
Shore l ine  processes have been descr ibed by Hume and Schalk (1964, 1967) and 
H a r t z  (1978). E r r a t i c ,  i c e - r a f t e d  bou lders  near t h e  coast  and i n  i n l a n d  areas 
have been r e p o r t e d  by L e f f i n g w e l l  (1919) and MacCarthy (1958) near Barrow, by 
Hopkins (unpubl ished f i e l d  notes, 1976, 1981) a long t h e  Chukchi Sea coast, and 
by Pai  ge (unpubl ished f i e l d  notes, 1923), Webber (1947),  and Hamil t o n  
(unpubl ished f i e l d  notes, 1962) on Meade R ive r .  Water supply  and hydro logy 
are descr ibed by Johnson and K i s t n e r  (1967), S laughter  and o thers  (1975), 
Nelson (1977) ,  Sloan (1977), Chi lders and o thers  (1978), Jones (1978), Sloan 
and Snyder (1978), and Sloan and o thers  (1978), and t h e  h y d r o l o g i c  i n f o r m a t i o n  
and processes i n  t h e  nearby Barrow r e g i o n  have been summarized i n  Dingman and 
o thers  (1980). Coal resources have been eva luated by Sanford and P i e r c e  
(1946), Toenges and Jot l e y  (1947), Barnes (1967), and M a r t i n  and Cal lahan 
(1978).  Reports of geophysical  e x p l o r a t i o n  and t e s t  d r i l l i n g  f o r  o i l  and gas 
i n  bo th  t h e  Navy program and t he  one r e c e n t l y  concluded by t h e  Department o f  
t h e  I n t e r i o r  have been p laced on open f i l e  (e.g., B i r d ,  1982) and are 
c u r r e n t  1 y be ing  summarized, Recent r e g i o n a l  permafrost  i n v e s t i g a t i o n s  have 



enabled Osterkamp and Payne (1981) t o  provide a regional pattern of permafrost 
thickness f o r  the Prudhoe Bay area which could be applied to  the Meade River 
region if more re1 iable  subsurface data were avai 1 able. 

Transfer of the Petroleum Reserve from the Navy to the Department o f  the 
Interior  in 1976, under P.L.  94-258, generated a new se r ies  of studies,  
supported by the Bureau of Land Mangement in exercising i t s  responsibi l i t ies  
under the Act. The studies conducted by the U.S. Geological Survey in 1977 
and 1978 resulted in a reconnaissance of the sur f i c ia l  deposits of the en t i re  
Reserve (Williams and others, 1977, 1978; Yeend, 1975), coastal erosion 
potenti a1 (Hartz, 1978), pingos (Gal 1 oway and Carter, 1378; Carter and 
Gal loway, 1979a), slope character is t ics  (Johnson, 1978), additional work on 
the sand dunes, the western edge o f  which i s  in the Meade River quadrangle 
(Carter and Robinson, 1978; Carter and Galloway, 1979b; Carter, 1981a, b; and 
Carter and Hopkins, 1982), adaptation of LANDSAT imagery to  vegetation cover 
mapping (Morrissey, 1979; Morrissey and Ennis, 1981), and s t ra t igraphic  
studies a t  Skull Cliff  (Williams, 1979) and a t  Topagoruk River (Williams and 
Yeend, 1979).  These studies,  supplemented i n  some cases by additional 
fieldwork, have formed the basis fo r  the current ser ies  of quadrangle maps 
being prepared for  Minerals Management Service. 

Bedrock 

Sedimentary rocks of the Nanushuk Group of Early and Late Cretaceous age 
l i e  beneath the unconsolidated deposits in nearly a l l  of the Meade River 
quadrangle ( f ig .  2 )  (Mayfield and others, in press) .  A small area of Torok 
shale of Early Cretaceous age i s  believed t o  l i e  beneath the unconsolidated 
deposits along the northern boundary of the quadrangle (Mayf ie ld  and others, 
in press) ,  based on data from Walakpa Test Well No. 2,  4 km north of the 
quadrangle boundary; these rocks are not exposed in the Meade River 
quadrangle. Nanushuk Group rocks are exposed local ly  in r iver beds, in r iver  
and lake banks, and in sea c l i f f s ;  they are the uppermost bedrock formation in 
t e s t  wells, the core t e s t ,  and i n  numerous seismic shot holes throughout the 
quadrangle (Bird, 1982; Martin and Callahan, 1978). Rocks of the Nanushuk 
Group are generally f la t - ly ing and have dips of less  than 10'; they thicken 
from about 380 m a t  Kuyanak Test Well No. 1 in the northeastern corner of the 
quadrangle t o  about  1,050 m at  Meade Test Well No. 1 near the southern border 
(Bird, 1982) .  These rocks are dominantly sandstone, shale, and coal, with 
1 esser amounts of s i l  tstone, ironstone, and congl omerate, as noted by 
appropriate symbols on f igure 2 ,  where the lithology i s  known from previous 
investigations (Webber, 1947; Ste f  ansson and Mangus, 1949) and the present 
study. Webber reported limestone along Meade River and pointed out that  the 
sandstone i s  more prominent i n  outcrop than the sof ter  rocks because o f  i t s  
greater resistance t o  erosion. Coal content, expressed as a percentage o f  the 
s t ra t igraphic  thickness of the Nanushuk Group, increases from near zero at  the 
boundary with the Torok shale in the northern part o f  the quadrangle t o  
greater than 5 percent in the southwest quadrant of the map area; the coal i s  
subbituminous, grading along the southern boundary of the quadrangle t o  
bituminous (Martin and Call ahan, 1978). 

The bedrock surface beneath the outer coastal plain ranges from about 18 
m above sea level along the Meade River south o f  Atkasook and 1 4  m along the 
southwestern end of the sea c l i f f s  along Chukchi Sea t o  3 rn along the coast a t  
the northern border o f  the quadrangle and 13 m below sea level a t  Kuyanak Test 



Well No. 1 near t h e  Meade R i v e r  d e l t a .  Al though bedrock has been g u l l i e d  
along t h e  sea c l i f f s ,  t h e  general  northeastward s lope of the  bedrock surface 
i s  about 0.3 m/km; t h a t  a long t h e  n o r t h e r n  border o f  the  quadrangle i s  about 
0.4 m/km eastward. Absence of bedrock outcrops on Usuktuk and Topagoruk 
R ive rs  w i t h i n  t h e  b e l t  o f  dunes and i n  t h e  area o f  upland s i l t  east  o f  Meade 
R i v e r  suggests t h a t  t h e  bedrock s u r f a c e  i s  p robab ly  s i m i l a r  t o  o r  lower  i n  
a l t i t u d e  and s lope t o  t h a t  a long t h e  Meade R ive r ,  a l though covered w i t h  
t h i c k e r  unconsol idated depos i ts .  Un fo r tuna te ly ,  t h e  se ismic  shot holes were 
n o t  logged w i t h  t h e  i n t e n t  o f  d e f i n i n g  t h e  t o p  o f  bedrock, nor are  t h e  ground 
c o n t r o l  p o i n t s  accurate  enough t o  p o r t r a y  w i t h  any degree o f  accuracy any 
breaks i n  t h e  bedrock su r face  t h a t  m igh t  mark former ocean shore l ines ,  
However, t h e  presence o f  grave l  and c lay ,  c o n t a i n i n g  mar ine s h e l l s  and e r r a t i c  
i c e - r a f t e d  bou lders  on t h e  bedrock surface along t he  Meade R i v e r  and o ther  
streams suggests t h a t  t h e  bedrock su r face  may have been planed by t h e  sea 
along a  s lope  c l o s e  t o  t h a t  descr ibed above. A t  a  number o f  l o c a l i t i e s  t h e  
bedrock su r face  has been planed by t h e  r i v e r s  as t h e y  have c u t  down i n t o  
bedrock. 

The bedrock s u r f  ace of t h e  i n n e r  coas ta l  p l a i n ,  west o f  Meade R ive r ,  has 
g r e a t e r  r e l i e f  than t h a t  of t h e  ou te r  coas ta l  p l a i n  and i s  es t imated t o  be 
between 30 and 50 m above sea l e v e l .  Data on t h e  t r a n s i t i o n  between t h e  
bedrock sur faces o f  t h e  i n n e r  and ou te r  coas ta l  p l a i n  are no t  a v a i l a b l e .  

Unconsol idated depos i t s  

Unconsol idated depos i t s  o f  e o l i  an, marine, and f l u v i  a1 o r i g i n ,  t h e  upper 
p a r t  o f  which has been l a r g e l y  reworked and redepos i ted  i n  thaw-lake basins, 
cover bedrock i n  t h e  Meade R i v e r  quadrangle, except  l o c a l l y  i n  n e a r - v e r t i c a l  
exposures of bedrock a long r i v e r s ,  lakes, and t h e  ocean. These unconsol i d a t e d  
depos i ts  have been mapped as t h e  Gubik Format ion by Gryc and o thers  (1951), 
who r e s t r i c t e d  t h e  Format ion t o  depos i t s  o f  P le i s tocene  age and by O I S u l l i v a n  
(1961) and Black (1964), who broadened the  d e f i n i t i o n  of t he  Gubik Format ion 
t o  i n c l u d e  depos i t s  o f  Holocene age. Inc luded  i n  t h e  subsurface a t  S k u l l  
C l  i f f  are mar ine depos i ts  t h a t  may be o f  P l iocene age (MacNeil, 1957, p. 108- 
109; Brigham, 1981). 

The unconsol idated depos i t s  i n  t h i s  r e p o r t  are mapped on t h e  b a s i s  o f  
o r i g i n ,  as mar ine beach, bar, and s p i t  deposi ts;  mar ine sand; upland s i l t ;  
e o l i z n  sand; a l luv ium;  and thaw-lake depos i ts ;  they  a re  descr ibed i n  t h e  
t a b u l a r  d e s c r i p t i o n  of map u n i t s .  T h e i r  age and c o r r e l a t i o n  are summarized i n  
t h e  c o r r e l a t i o n  o f  map u n i t s .  F o s s i l  c o l l e c t i o n s  f rom t h i s  s tudy  a re  l o c a t e d  
on f i g u r e  1, and a  check l i s t  o f  mar ine fauna i d e n t i f i e d  by L. N. Mar incovich,  
Jr.,  o f  t h e  U.S. Geolog ica l  Survey i s  g iven i n  t a b l e  1. Other f o s s i l  
c o l l e c t i o n s  are r e p o r t e d  by D a l l  (1921), Meek (1923), Smith and M e r t i e  (1930), 
and MacNeil (1957). The mar ine depos i t s  l o c a l l y  i n c l u d e  basal  grave l  and c l a y  
t h a t  c o n t a i n  e r r a t i c ,  i c e - r a f t e d  bou lders  t h a t  are descr ibed i n  t a b l e  2 and 
l o c a t e d  i n  f i g u r e  1. Radiocarbon dates f o r  samples c o l l e c t e d  as p a r t  o f  t h i s  
s tudy  and by E v e r e t t  (1979; w r i t t e n  communication, 1978) ( t a b l e  3 )  are l o c a t e d  
i n  f i g u r e  1. A cross s e c t i o n  ( f i g .  3)  showing t h e  m a t e r i a l s  o f  t h e  coas ta l  
b l u f f s  f a c i n g  t h e  Chukchi Sea i s  p rov ided  t o  show t h e  range of m a t e r i a l s  
r e s t i n g  on bedrock i n  these complex depos i ts ,  which d i f f e r  cons ide rab ly  f rom 
t h e  t h i n n e r  marine unconsol idated depos i t s  i n 1  and. 



Marine beach. s ~ i t .  and bar d e ~ o s i t s  

Fine gravel,  gravelly sand, and sand form low-lying offshore bars, 
bar r ier  islands, and s p i t s  bordering Peard Bay on the north and eas t  and 
narrow beaches bordering the sea c l i f f s  south of Peard Bay and along the 
Chukchi Sea coast. These deposits are of Holocene age and are constantly 
being reworked by waves and currents .  Older, raised beach deposits have been 
recognized only along the south shore of Peard Bay where they are about 10 m 
above sea level and are probably re la ted  t o  a high sea level a t  or below 
escarpment I ( f i g .  1) which probably marks the  l a s t  major transgression of 
Peluki an age (Hopki ns, 1967; McCul 1 och, 1967).  A 1  though other 01 d beach 
deposits of t h i s  type probably e x i s t ,  they are generally concealed by 
overburden of marine or eolian sand, and t h e i r  form has been largely 
obl i te ra ted  by the thaw-lake process. 

Marine sand 

Marine sand i s  a general term applied t o  the sand and s i l t y  sand 
containing scat tered pebbles of quartz and chert tha t  form the  s u r f i c i a l  
deposits of much of the Meade River quadrangle. The sand i s  commonly 
underlain by marine gravel which l i e s  on clay tha t  i s  e i the r  marine mud or 
weathered bedrock; the gravel and underlying c lay  local ly  contain ice-rafted 
e r r a t i c  boulders ( t a b l e  2 ;  f i g .  1) and generally r e s t  on bedrock. Fossil 
marine s h e l l s ,  although loca l ly  present in the pebbly sand, are much more 
common in the underlying marine gravel. As mapped, the marine sand may 
include ter race  deposits bordering some streams because of the d i f f i c u l t y  in 
identifying on aeri a1 photographs ter race  surf aces tha t  have been extensively 
a1 tered by the thaw-1 ake cycle, the small scale of the map, and general lack 
of good exposures. 

Over most of the area of the quadrangle, outcrops of the marine sand and 
underlying gravel and clay expose only a s ingle pulse of marine deposition. 
Only in the  Chukchi Sea b luffs  has the marine sand been seen overlying older 
marine deposits.  The marine sand i s  local ly  covered by f ine  t o  medium-grained 
pbb le - f ree  sand of possible eolian or ig in ,  b u t  these deposits have too patchy 
a d is t r ibut ion  and insuf f i c i en t  thickness t o  be mapped. I n  some areas the 
pebbles from the marine sand have been concentrated a t  the surface beneath the 
t u r f ,  as though by wind defl atlon. 

Relation of marine sand unit  t o  escarpments: The marine sand unit  i s  
divided by or i s  bounded by escarpments or ind i s t inc t  breaks in slope ( I - I V ,  
f i g .  I ) ,  indicat ing a record of a t  l e a s t  three marine transgressions. 
Numerous papers correl a t i  ng these transgressions with the worl d-wi de 
chronology have been pub1 i shed over the years (OISul 1 ivan, 1961; B 1 ack, 1964; 
McCulloch, 1967; Hopkins, 1967, 1973; Lewellen, 1972;  Sellmann and Brown, 
1973; and o thers) .  Many of these correlat ions have also discussed t i  1 t ing  of 
the various shorel ine positions assigned t o  these escarpments and of the 
marine deposits by tec tonic  a c t i v i t y  or i s o s t a t i c  adjustment. In the present 
study the  sea levels  indicated by some o f  these escarpments can only be 
approximated from topographic maps having a half-contour interval  of 25 or 50 
f e e t  ( 2  or 15 m ) ,  and, with no exposures available t o  determine accurately the 
level of  the sea forming these escarpments, only approximate levels  can be 
given. Some o f  the escarpments seem t o  have a nonmarine origin.  Fossil 
col lect ions from the several levels  o f  marine deposits are s t i l l  too 



incomplete f o r  r eg iona l  c o r r e l a t i o n  o f  t he  depos i ts  o r  f o r  comparison w i t h  t he  
l i s t  o f  s i g n i f i c a n t  f o s s i l s  used t o  c o r r e l a t e  marine fo rmat ions  i n  b e t t e r -  
known reg ions  o f  A1 aska (Hopkins, 1967, tab1 e  2) .  Amino-aci d  racemiza t ion  
s tud ies t o  determine t h e  re1  a t i  ve age o f  t h e  marine fauna are underway, bu t  
the  r e s u l t s  have no t  y e t  been pub1 i shed. 

The marine sand u n i t  can be d i v i ded  i n t o  t he  (1) depos i ts  t h a t  l i e  above 
t h e  modern beaches and g e n e r a l l y  lower than about 20 m above sea l e v e l  t h a t  
l i e  seaward o f  t h e  former sea c l i f f  ( I ,  f i g .  1 )  t h a t  was recognized as a 
f ragmental  sho re l i ne  by O ISu l l i van  (1961, f i g .  5 )  i n  t h e  Peard Bay area and 
p o s s i b l y  n o r t h e a s t e r l y  f rom an i n d i s t i n c t  break i n  s lope shown on topographic  
maps (11, f i g .  1 )  between t he  coast  and Meade River ;  ( 2 )  an area o f  h igh 
ground between wave-cut c l i f f  I ( f i g .  1 )  and t h e  t h e  base o f  another wave-cut 
escarpment i n l a n d  (111, f i g .  1 )  which was recognized as a sho re l i ne  by 
OISu l l i van  (1961) and McCulloch (1967), a l so  a t  about 20 m above sea l e v e l ;  
and ( 3 )  depos i t s  g e n e r a l l y  above 30 m, t h e  l e v e l  o f  t he  t o p  o f  escarpment I 1 1  
( f i g ,  I ) ,  t h a t  extend southward t o  merge w i t h  t h e  i nne r  coasta l  p l a i n  and 
f o o t h i l  1  s  beyond t h e  quadrangle boundary. Marine depos i ts  beneath dune and 
t e r race  depos i ts  a1 ong t h e  Meade R i v e r  south o f  Atkasook 1  i e  i n 1  and from t h e  
northeastward p r o j e c t i o n  o f  sho re l i ne  I 1 1  ( f i g .  l ) ,  bu t  t h e i r  r e l a t i o n  t o  t h e  
marine depos i ts  above 30 m i n  t h e  southwestern p a r t  o f  t h e  quadrangle i s  no t  
c l ea r .  

The sho re l i ne  ( I ,  f i g .  1 )  t h a t  merges northeastward w i t h  t he  coas ta l  
b l u f f s  southwest of S k u l l  C l i f f  seems t o  i n d i c a t e  a sea l e v e l  a long t he  base 
of the c l  iff a t  about 20 m, o r  even less,  above sea l e v e l .  Hopkins ( o r a l  
comnunication, Dec. 1982) be l ieves  t h i s  i s  t h e  i n n e r  Pe luk i  an shore l  ine, 
a l though i t s  l e v e l  i s  h igher  than t h a t  commonly ascr ibed t o  t h e  Pe luk ian  
shore l  i n e  o f  t he  Ber ing  Sea reg ion  (125,000 years, Sangamon i n t e r g l a c i a l )  by 
Hopkins (1967) which i s  v a r i o u s l y  l oca ted  a t  7 + 3 m above sea l e v e l  (Hopkins 
and Car ter ,  1980) o r  about 13 t o  14 m above sea-level (McCulloch, 1967). 
Brigham (1981) has noted t h a t  t he  youngest beach depos i ts  i n  t he  Peard Bay 
area are 9 m and 6 m above sea l e v e l .  The o l de r  i s  c o r r e l a t e d  w i t h  t h e  
Peluk ian and dated by rad iocarbon methods on d r i f twood  as o l de r  than 38,000 
years; the  younger i s  equ iva len t  t o  a  l a t e r  i n t e r g l a c i a l  (Pe luk ian)  phase 
equ iva len t  t o  t he  so -ca l led  Flaxman sho re l i ne  o f  the Beaufor t  Sea coast  
(Hopkins, 1979) o r  t o  a  mid-Wisconsin event. 

The escarpment east  o f  Meade R i ve r  near Atkasook ( I V ,  f i g .  1 )  was 
i d e n t i f i e d  as a  marine sho re l i ne  (Lewellen, 1972) because o f  i t s  a l ignment 
w i t h  and i t s  s i m i l a r i t y  i n  he igh t  above sea l e v e l  t o  t he  escarpment (111, f i g .  
1) west o f  t h e  Meade R iver .  I t  could  a lso  be an extens ion o f  t h e  i n d i s t i n c t  
break i n  s lope (11, f i g .  1) west o f  the  Meade River ,  the  base o f  which i s  a l s o  
about 20 m above sea l e v e l .  Under t h i s  i n t e r p r e t a t i o n ,  t he  grave l  depos i ts  a t  
Barrow t h a t  r i s e  t o  about 18 m above sea l e v e l  cou ld  be i n t e r p r e t e d  as an 
o f f sho re  bar o r  s p i t  o f  t h i s  stand o f  t h e  sea. A t h i r d  and c u r r e n t l y  more 
a t t r a c t i v e  i n t e r p r e t a t i o n  i s  t h a t  t he  escarpment ( I V Y  f i g .  1) i s  no t  a  
shore l  i n e  a t  a l l ,  bu t  mere ly  t h e  nor thern  edge of t h e  Holocene dune f i e l d  t h a t  
extends from the  escarpment southward. The l a t t e r  hypothes is  seems 
subs tan t ia ted  by t h e  l ack  o f  an apprec iab le  break i n  s lope o r  wave-cut notch 
i n  t he  marine depos i ts  and t h e  unde r l y i ng  bedrock su r face  between t he  area 
no r t h  o f  t h e  escarpment and t h a t  along t h e  Meade R i ve r  t o  t he  south. Also, a  
shore l  i n e  t h a t  cu t s  dunes o f  Holocene age seems unreasonably young, 
cons ider ing  t he  fauna l  c h a r a c t e r i s t i c s  o f  t h e  marine depos i ts  n o r t h  of t h e  
escarpment and t h e i r  pre-Hol ocene age. 



The prominent escarpment r i s i n g  from about 38 t o  68 m above sea l e v e l  i n  
t h e  southeastern  p a r t  of t h e  quadrangle (V, f i g .  1 )  does n o t  con t inue  west of 
t h e  Meade R i v e r .  I t s  base i s  i n  t h e  dune area, and i t s  upper surface i s  
u n d e r l a i n  by upland s i l t  t h a t  mant les a  t h i c k  accumulat ion of f l u v i a l  
depos i ts ,  t h e  lower p a r t  o f  which con ta ins  reworked mar ine s h e l l s .  A l though 
t h e  escarpment was i d e n t i f i e d  as a s h o r e l i n e  by O ' S u l l i v a n  (1961, p. 131), t h e  
l a c k  o f  c o n t i n u i t y  west o f  t h e  Meade R i v e r  suggets t h a t  i t  may have been 
formed by streams d i v e r t e d  southward d u r i n g  t h e  t i m e  o f  maximum dune 
fo rmat ion .  No evidence has been noted o f  any break i n  t h e  bedrock su r face  
t h a t  would i n d i  ca te  a  mar ine shore l  i ne. No bedrock or unconsol i dated depos i t s  
o the r  than f l  u v i a l  depos i t s  are  exposed down t o  r i v e r  l e v e l  i n  s e c t i o n s  
through t h e  escarpment a long t h e  Usuktuk and Topagoruk R i v e r s  and a long 
smal l  e r  streams. Format ion of t h e  escarpment must post -date  t h e  f 1 u v i  a1 
depos i t s  beneath t h e  upland s i l t ,  and these are  25,000 t o  44,000 years o l d  
(m idd le (? )  Wisconsinan age) (Car te r ,  persona l  communication, 1982; Nelson, 
1982) where exposed i n  t h e  I k p i k p u k  R i v e r  quadrangle 42 km southeast  o f  t h e  
southeast  corner  o f  t h e  Meade R i v e r  quadrangle. A m idd le  Wisconsinan age f o r  
t r u n c a t i o n  by t h e  sea a t  38 m above sea l e v e l  seems unreasonably young, and i t  
i s  more l i k e l y  t h a t  t h e  b l u f f s  were formed by streams d i v e r t e d  a g a i n s t  i t  
d u r i n g  t h e  dune f o r m i n g  per iod.  

I n  summary, two prominent former s h o r e l i n e s  ( I  and 111, f i g .  1) have been 
recognized,  t o g e t h e r  w i t h  an i n d i s t i n c t  break i n  s lope (11, f i g .  1) recognized 
on topograph ic  maps. The o l d e r  o f  these s h o r e l i n e s  (111, f i g .  1) has been 
c o r r e l a t e d  w i t h  s h o r e l  i n e s  of p r e - I  1  l i n o i  an age t o  t h e  south (McCulloch, 1967, 
f i g .  2 )  and may be e q u i v a l e n t  t o  t h e  i n n e r  1  i m i t  o f  t h e  Kotzebuan 
t r a n s g r e s s i o n  o f  Hopkins (1967). The younger ( I ,  f i g .  1 )  i s  b e l i e v e d  
e q u i v a l e n t  t o  t h e  P e l u k i a n  s h o r e l  i n e  o f  Hopkins (1967) and McCul l o c h  (1967). 
No data  are  a v a i l a b l e  on t h e  age o r  even t h e  v a l i d i t y  o f  t h e  i n d i s t i n c t  break 
i n  s lope  (11, f i g .  I ) ,  al though i t  i s  p o s s i b l e  t h a t  t h i s  break i n  s lope  marks 
t h e  inshore  edge o f  an embaynent t h a t  i s  e q u i v a l e n t  t o  t h e  younger shore l  i n e  
( I ,  f i g .  1 )  o f  P e l u k i a n  age. Escarpment I V  ( f i g .  1 )  i s  i n t e r p r e t e d  as t h e  
n o r t h e r n  edge o f  t h e  Meade R i v e r  dune f i e l d  and i s  n o t  a  mar ine s h o r e l i n e .  
Escarpment V ( f i g .  1) i s  i n t e r p r e t e d  as a r i v e r - c u t  b l u f f  i n  m i d d l e ( ? )  
Wisconsi nan f l u v i  a1 depos i t s  and not  a mar ine s h o r e l  ine .  

Coasta l  b l u f f s :  A v a i l a b l e  i n f o r m a t i o n  f rom t h e  p resen t  s tudy  and f rom 
unpubl ished f i e l d  notes by Hopkins (1976) and Nelson (1976, 1977) on t h e  
s t r a t i g r a p h y  o f  b l u f f s  f a c i n g  t h e  Chukchi Sea i s  surmar ized i n  f i g u r e  3, which 
cannot show a t  such a  smal l  s c a l e  t h e  comp lex i t y  of these sec t ions .  Few o f  
t h e  c l i f f s  a re  exposed i n  complete s e c t i o n s  f rom sea l e v e l  t o  t h e  top,  some 25 
m above t h e  sea. The most complete s e c t i o n  exposed i n  1977-78 i s  550 m 
southwest o f  VABM SKULL a t  S k u l l  C l i f f ,  where f i v e  s t r a t i g r a p h i c  u n i t s  were 
noted (Wi l l i ams ,  1979). They inc lude :  ( 1 )  basal  mar ine c l a y e y  s i l t  and c l a y  
c o n t a i n i n g  e r r a t i c  bou lde rs  t h a t  l i e  unconformably on Cretaceous sandstone; 
( 2 )  f o l d e d  mar ine s i l t y  sand t h a t  i s  unconformable on t h e  lower u n i t ;  ( 3 )  
h o r i z o n t a l  t h i n  s h e l l  hash mixed w i t h  t r a n s g r e s s i v e  sandy g rave l  t h a t  i s  
unconformable on t h e  f o l d e d  s i l t y  sand; ( 4 )  h o r i z o n t a l  mar ine sand, s i l t ,  and 
f i n e  g rave l  t h a t  i s  d isconformable  on t h e  u n d e r l y i n g  u n i t ;  and ( 5 )  an upper 
thaw-lake depos i t  t h a t  l i e s  d isconformably  on t h e  u n d e r l y i n g  mar ine 
depos i t s .  F u r t h e r  f i e l d w o r k  by Hopkins and B r i  gham, and amino-acid 
racemiza t ion  s t u d i e s  i n d i c a t e  t h a t  t h e  s t r a t i g r a p h y  i s  even more compl ica ted 
than  t h a t  r e p o r t e d  p r e v i o u s l y  (D. M. Hopkins, unpubl ished f i e l d  notes,  1981; 
Brigham, 1981).  A l though f o s s i l s  have been c o l l e c t e d  f rom these b l u f f s  by 



L e f f i n g w e l l  ( i n  D a l l ,  1921; MacNeil, 1957, p. 110), Meek (1923), Hopkins 
(unpubl ished data),  and by t h e  w r i t e r  ( t a b l e  2; f i g .  3 ) ,  t h e i r  s t r a t i g r a p h i c  
p o s i t i o n  i s  t oo  p o o r l y  known w i t h  respec t  t o  t he  s t r a t i g a p h i c  column o u t l i n e d  
above t o  comen t  on the  pa leon to l og i ca l  content  o f  t h e  several  s t r a t i g r a p h i c  
u n i t s .  The marine fauna from the  coas ta l  b l u f f s  inc ludes  some o f  t he  
c h a r a c t e r i s t i c s  i n d i c a t i v e  of Be r i ng i  an, A n v i l i  an, and Einahnutan ages 
(Hopkins, 1967, t a b l e  2) .  MacNeil (1957, p. 108) thought t h a t  t he  S k u l l  C l i f f  
fauna, as known a t  t h a t  time, was of equ i va l en t  age o r  younger than t h a t  of 
l a t e  P l iocene age on t h e  C o l v i l l e  R i ve r  a t  Ocean Po in t .  Brigham (1981) s t a t e d  
t h a t  t he  01 dest unconsol i dated depos i ts  i n  t he  coas ta l  b l  uffs r eco rd  marine 
t ransgress ions t h a t  are more than 2 m i l l i o n  years o l d  ( l a t e  P l iocene) ,  s i m i l a r  
t o  the  age o f  t h e  Ocean P o i n t  sec t i on  (Car te r  and others,  1977). I n  t h e  
w r i t e r ' s  opinion, the  uppermost marine beds i n  t h e  coas ta l  b l u f f s  are p robab ly  
c o r r e l a t a b l e  w i t h  t h e  i n l a n d  wave-cut c l i f f  (111, f i g .  1) which seems l i k e l y  
t o  be a  northeastward extens ion of t he  p r e - I l l i n o i a n  sho re l i ne  o f  McCulloch 
(1967, f i g .  2), o r  perhaps t h e  Kotzebuan t ransgress ion  of Hopkins (1967). The 
lower beds exposed i n  t he  b l u f f s ,  therefore,  would be those o f  one o r  more o f  
t h e  o l de r  t ransgress ions,  Einahnutan, Anv i l i an ,  and Ber ing ian  o f  Hopkins 
(1967). 

I n a r u  R i ve r  and Kucheak Creek: These streams l o c a l l y  have c u t  down t o  
bedrock i n  t he  area southwest o f  t h e  i n d i s t i n c t  break i n  s lope (11, f i q .  1) . - 
t h a t  separates a marine sur face  h igher  than 20 m f rom lower l e v e l s .  

- 

Downstream from the  break i n  s lope t h e  I n a r u  R i ve r  has not  c u t  i n t o  bedrock. 
Sect ions exposed on I n a r u  R i v e r  above t h e  break i n  s lope c o n s i s t  o f  pebbly  
sand under la in  by t h i n  she l l - bea r i ng  grave l  on c l a y  o r  bedrock. F o s s i l s  (M- 
7175, M-7176, M-7177, t a b l e  1; f i g .  1) are  gene ra l l y  o f  t he  t ype  o f  marine 
fauna t h a t  e x i s t s  i n  t he  r eg ion  today, except f o r  A s t a r t e  l e f f i n g w e l l i  D a l l  
which i s  repor ted  by L .  N. Mar incov ich ( w r i t t e n  communication, Feb. 23, 1978) 
t o  be e x t i n c t  but  present  i n  depos i ts  of 1  a te  P l iocene through Peluk ian age. 
Marine f o s s i l s  (M-7311, t a b l e  1, f i g .  1 )  were c o l l e c t e d  on Kucheak Creek f rom 
basal sand and in terbedded sand and clay,  c lose  t o  bedrock and, a t  exposures 
downstream, from the  pebbly  marine sand and from the  g r a v e l l y  mud a t  t he  base 
o f  t h e  sec t ion .  Other c o l l e c t i o n s  (M-7173, t a b l e  1, f i g .  1 )  and i n  E. 1/2, 
T. 15 N., R .  24 W. have been made from l ake  banks i n  t h e  I n a r u  R i ve r  reg ion.  
I n  a l l  p r o b a b i l i t y ,  t h e  marine depos i ts  are near-shore f a c i e s  o f  t he  h i gh  sea 
l e v e l  t h a t  terminated i n  sho re l i ne  I 1 1  ( f i g .  1) and a re  p robab ly  o f  pre- 
I 1  1 i n o i  an o r  Kotzebuan age. The re1  a t i o n  o f  these depos i ts  t o  those on t h e  
Meade R i ve r  a t  and south o f  Atkasook, i n l a n d  of t he  northeastward p r o j e c t i o n  
o f  t h i s  sho re l i ne  (111, f i g .  I ) ,  was no t  determined. However, t he re  i s  no 
obvious s t r a t i g r a p h i c  o r  topographic  break between t h e  marine depos i ts  o f  t he  
I n a r u  and those o f  t h e  Meade R i ve r  above and below Atkasook. 

Lower Meade R i ve r :  Marine sand i s  exposed between 10 and 13 m above sea 
l e v e l ,  accord ing t o  topographic  maps, a t  a number o f  p laces on t he  e a s t  bank 
o f  Meade R i ve r  and i n  thaw-lake banks eastward t o  t he  quadrangle boundary. 
Some o f  t h e  sand along Meade R i v e r  l i e s  on a t h i n  grave l  con ta i n i ng  s h e l l s  and 
c l a y  t h a t  i s  be l ieved  t o  be t h e  source o f  e r r a t i c  boulders ( t a b l e  2, f i g .  
1). Although not  examined by a pa leon to l og i s t ,  t h e  f o s s i l s  seem t o  be 
dominantly, bu t  no t  exc l us i ve l y ,  A s t a r t e  sp. a long t h e  Meade R i ve r  and n e a r l y  
e x c l u s i v e l y  A s t a r t e  sp. i n  t he  sandy banks o f  lakes near t he  quadrangle 
boundary i n  T.  15 N. and i n  T. 16 N. E r r a t i c  boulders ( t a b l e  2, f i g .  1 )  were 
found by L. D. Car te r  i n  1982 i n  t h e  nor theast  bank o f  a l ake  i n  SW 1/4 
Sec.20, T. 14  N . ,  R.  20 W .  along the  base o f  t he  no r t he rn  edge o f  t he  dune 
f i e l d  a t  a  map e l e v a t i o n  o f  about 20 m. 



Meade R i ve r  above confluence of Usuktuk R i ve r :  Th is  reach o f  the  Meade 
R i ve r  i s  l a r g e l y  w i t h i n  the  area o f  Holocene dunes which have covered r i v e r  
t e r r ace  depos i ts  and marine deposi ts,  except f o r  l o c a l  exposures i n  t he  cu t  
banks o f  t h e  r i v e r .  Exposures a t  Atkasook show t h a t  t h i n  s h e l l - r i c h  grave l  
1  i es  on c l a y  a t  about 15 m above sea l e v e l .  E r r a t i c  boulders noted by 
OISu l l i van  (1961) and by Hami l ton (unpubl ished f i e l d  notes, 1962) near t h i s  
p o i n t  may have come f rom these marine deposi ts.  F o s s i l  c o l l e c t i o n  15929 
(MacNeil, 1957, p. 110) from t h i s  bank inc luded:  Na t i ca  c lausa Broder ip  and 

sp. a f f .  V .  s tefanssoni  Dal 1  , Neptunea ven t r i cosa  
~ u c c i n u m  lec t rum Stimpson, A s t a r t e  a m n i c o s a  + D a l l  A s t a r t e  benne t t i  m t a r t e  eff i n  we1 1 i D m r d i  t a  TCydTocardi t a )  

c f .  E . m r e b r i  cos ta ta  ( K r m C * i  dens Broder ip  and Sowerby, 
Macoza c ~ l c a ~ ~  Saxicava aFct iTa (* and Bal anus r o s t r a t u s  
m n s i s  P i l s b r y .  Th is  c o l l e c t i o n  i s  probably  dup l i ca ted  by M m b l e  
1) which records o n l y  t h ree  o f  the  species i n  MacNei l ls  l i s t .  MacNeil 
considered t he  Meade R i ve r  fauna younger than t h a t  c o l l e c t e d  by Meek (1923) 
f rom the  upper 7.6 m o f  t he  S k u l l  C l i f f  sect ion.  Hopkins (1967, p.  81) once 
regarded these depos i ts  as o f  A n v i l i a n  age, but  now ( o r a l  comnunication, Dec. 
1982) be1 ieves t hey  may be o f  Kotzebuan age, based on h i s  recen t  work and on 
p r e l i m i n a r y  amino-acid r a t i o s .  

Exposures i n  t h e  west bank of Meade R i ve r  between between 70° 11 ' N. and 
70' 12'  N. i n  T. 10 N a y  R. 21 W. (M-7309, t a b l e  1, f i g .  1) show t h a t  3.7 m of 
e o l i a n  sand covers pebbly  sand o f  f l u v i a l  o r  marine o r i g i n  t h a t  r e s t s  on c l a y  
and sandstone. H i a t e l l a  a r c t i c a  Linnaeus seems t h e  most common f o s s i l  i n  
these exposures and i n  those upstream, bu t  they  have been broken and abraded, 
and perhaps have been redepos i ted i n  a t e r r a c e  sand. The s h e l l - r i c h  depos i t  
i s  about 17 t o  18 m above sea l eve l ,  based on map contours. 

She l l s  were found as f l o a t  on t h e  shore o f  an oxbow l ake  on t he  east  s i de  
o f  the  Meade R i ve r  f l o o d p l a i n  adjacent t o  a c l i f f  formed o f  s t r a t i f i e d  f l u v i a l  
sand and d e t r i t a l  coal  t h a t  l i e  beneath the  upland s i l t  (M-7310, t a b l e  1, f i g .  
1) and were presumably washed ou t  of the  c l i f f .  S i m i l a r  occurrences upstream 
on t he  Meade R i ve r  were noted by Yeend (personal  communication, Nov. 1982) and 
t h e  presence o f  H i a t e l l a  a r c t i c a  Linnaeus on bars o f  the Topagoruk R i ve r  j u s t  
south o f  t he  qua-boundary suggest t h a t  t h e  marine depos i ts  extend 
southward beyond t h e  l i m i t s  o f  the  quadrangle and beyond t h e  escarpment ( V ,  
f i g .  1 )  t h a t  separates the upland s i l t  from t h e  eo l i an  depos i ts  mapped between 
Topagoruk and Meade R ivers .  

H igh- leve l  marine depos i ts :  Pebbly sand i n  the  southwestern p a r t  o f  the  
map area a t  e l eva t i ons  rang ing  from 30 m above sea l e v e l  a t  t he  upper 1 i m i t  of 
the  p r e - I l l i n o i a n  o r  Kotzebuan sho re l i ne  (111, f i g .  1) t o  about 46 m near 
A v a l i k  R i ve r  seemingly are h igher  than the  depos i ts  along Meade River ;  t h e i r  
r e l a t i o n  i s  obscured by t he  i n t e r v e n i n g  cover o f  e o l i a n  sand and t he  general 
l a ck  o f  exposures. The depos i ts  may o v e r l i e  marine beds t h a t  i nc l ude  e r r a t i c  
stones o r  may, themselves, i nc l ude  these stones as shown by t h e  presence on 
the  tundra  surface o f  an e r r a t i c  boulder of p o r p h y r i t i c  g r a n i t e  (28, t a b l e  2, 
f i g .  1) about 30 m above sea l e v e l  on t he  southwest s ide  o f  Ko l ipsun Creek. 
These depos i ts  are c l e a r l y  o l de r  than those a t  the  base o f  t h e  escarpment 
(111, f i g .  1 )  which a re  c o r r e l a t e d  w i t h  t h e  p r e - I l l i n o i a n  (McCulloch, 1967, 
f i g .  2 )  o r  Kotzebuan h igh  sea l e v e l .  They seem t o  merge southward w i t hou t  
apprec iab le  topographic  break i n t o  the  i nne r  coas ta l  p l a i n  which, along Aval i k  
and Ava l i k t ok  Rivers ,  i s  covered by o n l y  a  t h i n  mant le o f  upland s i l t  above 



t he  sand. From the l i m i t e d  exposures, i t  i s  no t  even c l e a r  t h a t  a l l  o f  these 
deposi ts are of marine o r i g i n ,  f o r  they  are non - f oss i l  i fe rous and have been 
reworked by thaw-lake a c t i v i t y  and by wind over a  l ong  p e r i o d  o f  t ime. 

E r r a t i c  boul ders: E r r a t i c  bout ders, conspicuous by t h e i r  presence i n  
marine depos i ts  and present  as a  l a g  concen t ra t ion  i n  a l l u v i a l  deposi ts,  have 
been noted along t he  a r c t i c  coas ta l  zone i n  many l o c a l i t i e s  ( L e f f i n g w e l l ,  
1919; MacCarthy, 1958; O tSu l l i van ,  1961; Hami l ton unpubl ished f i e l d  notes, 
1962; Black, 1964; and Hopkins, unpubl ished f i e l d  notes, 1976). 

The boulders ( t a b l e  2, f i g .  1) are  o f  a  v a r i e t y  o f  1  i t h o l o g i c  types, some 
o f  which are no t  known i n  t he  area southward t o  t he  Brooks Range. They 
cons i s t  o f  gabbro o r  pyroxeni te ,  r e d  q u a r t z i t e ,  r e d  and gray g ran i te ,  b i o t i t e  
sch i s t ,  carbonate rocks,  basa l t ,  c h e r t  congl omer ate, and o ther  types. The 
boulders were apparen t l y  t r anspo r t ed  by f 1 o a t i  ng i ce ,  perhaps icebergs o r  i c e  
i s lands  c a l v i n g  f rom coas ta l  g l a c i e r s  along t h e  A r c t i c  Ocean. 

Al though o r i g i n a l l y  noted o n l y  a long t h e  coas t l i ne ,  e r r a t i c  boulders a re  
as h igh  was 30 m above sea l e v e l ,  above t he  p r e - I  1  l i n o i  an/Kotzebuan shore l  i n e  
(28, t a b l e  2, f i g ,  I )  and i n  t h e  bed o f  t he  Meade R i ve r  south o f  t he  
northeastward p r o j e c t i o n  o f  t h a t  shore l ine,  as w e l l  as i n  t h e  lower u n i t s  of 
t he  S k u l l  C l i f f  s t r a t i g r a p h i c  column ( f i g .  3 ) .  The boulders, therefore,  a re  
found i n  marine depos i ts  o f  probable  Kotzebuan age and i n  those o f  a t  l e a s t  
one pre-Kotzebuan h i gh  sea l e v e l .  The boulders have a l s o  been found on t h e  
n o r t h  shore o f  S i sg rav i k  Lake near sea l e v e l  i n  t h e  Meade R i ve r  d e l t a  and 
i n l a n d  f r o m  a sho re l i ne  which separates marine sand from bou lde r - r i ch  muds 
along t he  Beau fo r t  Sea Coast. A l l  o f  t h e  boulders seem t o  be i n 1  and f rom o r  
h igher  than t h e  Flaxman depos i ts  o f  Hopkins (1979) which a re  be1 ieved t o  be 
post -Peluk ian i n  age o r  a  l a t e  phase o f  t he  Pelukian, 

T i 1  ti ng and c r u s t a l  warping o f  marine depos i ts :  D i f f e r e n t i  a1 up1 i f t  o f  
t he  o l de r  marine sur faces descr ibed i n  t he  l i t e r a t u r e  south o f  t h e  Meade R i v e r  
quadrangle i s  r epo r t ed  t o  have Seen about 100 t o  200 m g rea te r  i n  t h e  r eg ion  
due south o f  Barrow than i n  t h a t  a long t h e  Chukchi Sea coast (O1Su11ivan, 
1961; Black ,  1964; McCulloch, 1967, p. 115; Hopkins, 1967, p. 6 7 ) .  No data 
f rwn  the present  s tudy seem t o  bear on t h i s  problem, and t h e  s o l u t i o n  must 
await  more d e t a i l e d  s tud ies  of the  r eg ion  t o  the  south. 

T i l t i n g  or  warping o f  t he  shore l ines  ( I  and 111, f i g .  1 )  i d e n t i f i e d  i n  
the  Meade R i ve r  quadrangle cannot be est imated u n t i  1  de ta i  1  ed s t r a t i  graphic  
i n f o rma t i on  f i x i n g  t h e  he igh t  o f  sea l e v e l  a long t h e  escarpments and accurate 
topographic  i n f o rma t i on  become avai  1  able.  The marine s u r f  ace between these 
shore l  i nes, however, e x h i b i t s  a s t r o n g l y  asymnetri  c a l  drainage system, hav ing 
shor t  streams d r a i n i n g  t o  t he  Chukchi Sea t h a t  head aga ins t  much longer  
streams d r a i n i n g  t o  t h e  Meade R iver .  Th i s  zsyrrmetry, and t h e  abrupt  s h i f t  i n  
d i r e c t i o n  of Meade R i ve r  n o r t h  o f  Atkasook, l e d  OISul l  i van  (1961, p. 145) t o  
suggest t h a t  t h e  western p a r t  of t he  coas ta l  p l a i n  had been up1 i f t e d  
d i f f e r e n t i  a l l y  w i t h  respec t  t o  t h a t  a long Meade R iver .  Meek (1923, p. 414) 
a lso  suggested a s l i g h t  upwarping o f  the  coasta l  p l a i n  a t  S k u l l  C l i f f .  
Est imated g rad ien ts  o f  the bedrock surface, 0.3 m/km northeastward a long t he  
coast, and 0.4 m/km eastward along the nor thern  edge o f  t he  quadrangle, are 
very  f l a t ,  a l though the  g rad ien ts  do support  O ' S u l l i v a n l s  pos tu l a ted  u p l i f t  o f  
t he  western p a r t  o f  t he  coas ta l  p l a i n .  



The r e c o r d  of t i l t i n g  and c r u s t a l  warping of the  marine sur faces w i l l  
become c l e a r  o n l y  when t h e  topographic,  s t r a t i g r a p h i c  and pa l  e o n t o l o g i c  data  
a re  used t o  produce a  r e g i o n a l  r e c o r d  f o r  t h e  A r c t i c  Coastal  P l a i n  t h a t  can be 
compared w i t h  s i m i l  ar  records f o r  o ther  reg ions.  

Upland s i l t  

The upland s i l t  o f  t h e  i n n e r  coas ta l  p l a i n  g e n e r a l l y  mant les f l u v i a l  
depos i ts  a1 ong t h e  southern boundary o f  t h e  quadrangle east  o f  t h e  Meade R i v e r  
between 40 and 70 m above sea l e v e l .  I n  t h i s  area t h e  s i l t  t h i ckness  may 
reach 10 m, but  exposures are  l a c k i n g  from which accurate  measurements may be 
made. West o f  the  Meade R i v e r  t h e  s i l t  cover i s  i n  many places ve ry  t h i n ,  and 
i t  mant les pebbly  sand t h a t  i s  p robab ly  o f  mar ine o r i g i n ,  a l though a  f l u v i a l  
o r i g i n  i s  poss ib le .  A t  Meade Tes t  Well No. 1 ( C o l l i n s ,  1958a) t h e  s i l t  cover 
i s  s c a r c e l y  1 m t h i c k ,  and, accord ing t o  t h e  l o g  o f  t h e  t e s t  we l l ,  i t  i s  
u n d e r l a i n  by 2.5 t o  3 m o f  s i l t ,  sand, and grave l  t h a t  c o n t a i n  a  few 
Foramini f  era, p o s s i b l y  reworked f rom t h e  under l y ing  bedrock o f  t h e  Nanushuk 
Group. Exposures a long Aval  i k  and Aval  i k t o k  R i v e r s  a l s o  i n d i c a t e  r e 1  a t i v e l y  
t h i n  depos i ts  o f  s i l t .  The upland su r face  merges i m p e r c e p t i b l y  w i t h  t h e  o u t e r  
coas ta l  p l a i n  west o f  t h e  Meade R ive r ,  and i t s  boundary has no t  been p r e c i s e l y  
def ined. The upland s i l t  was c a l l e d  t h e  F o o t h i l l s  S i f t  by  O I S u l l i v a n  (1961); 
i t s  boundaries i n  t h i s  r e p o r t  d i f f e r  from those shown by O I S u l l i v a n  and from 
t h e  up1 and s i l t  mapped by W i l  li ams and others  (1977), based on a d d i t i o n a l  
f i e l d w o r k  i n  1978. 

The upland s i l t  and u n d e r l y i n g  f l u v i a l  depos i t s  can be t r a c e d  eastward 
from t h e  Meade R i v e r  i n t o  t h e  Teshekpuk quadrangle t o  t h e  east  and i n t o  t h e  
I kp ikpuk  R i v e r  quadrangle t o  t h e  southeast where rad iocarbon d a t i n g  o f  t h e  
lower p a r t  o f  these depos i ts  (Nelson, 1982, p. 21-23) i n d i c a t e s  an age range 
from about 25,000 t o  43,000 + 1400 years  (USGS-746) on t h e  T i t a l u k  R i v e r .  The 
grave l  a t  t h e  base of t h i s  s e c t i o n  i s  44,100 + 1700 years o l d  (USGS-747). A t  
t h e  T i t a l u k  s i t e  t h e  depos i ts  above t h e  basalAgravel are f l u v i a l  f i n e  s i l t y  
sand t h a t  encloses a  lens  o f  sand (Nelson, 1982). Even though t h e  T i t a l u k  
s e c t i o n  i s  i n  t h e  same general  geomorphic u n i t  as the  upland s i l t  east  o f  the 
Meade R ive r ,  i t  i s  no t  a b s o l u t e l y  c l e a r  whether t h e  up1 and s i l t  i n  t h e  Meade 
R i v e r  quadrangle i s  t h e  e q u i v a l e n t  o f  t h e  f i n e  s i l t y  f l u v i a l  sand o f  t h e  
T i t a l u k  s e c t i o n  o r  whether i t  i s  a separate, younger s i l t  mant le.  The f l u v i a l  
deposi ts,  seen beneath t h e  s i l t  i n  o n l y  a  few exposures on t h e  Meade, Usuktuk, 
and Topagoruk R i v e r s  i n c l u d e  medium t o  coarse sand and granule  grave l ,  bo th  o f  
which i n c l u d e  p a r t i n g s  o f  d e t r i t a l  coal ,  and s i l t .  Ox id i zed  grave l  s i m i l a r  t o  
t h a t  a t  t h e  base o f  t h e  T i t a l u k  s e c t i o n  was n o t  seen i n  t h e  Meade R i v e r  
quadrangle. Al though t h e  upland s i l t  o f  t h e  Meade R i v e r  quadrangle i s  
p robab ly  loess because of i t s  t e x t u r e  and p o s i t i o n  downwind from a l a r g e  area 
o f  sand dunes, it i s  p o s s i b l e  t h a t  t h e  s i l t  i s  p a r t  o f  the  f l u v i a l  sequence 
t h a t  i s  b e t t e r  exposed on T i t a l u k  R ive r .  O ' S u l l i v a n  and Hussey (1960) and 
O ' S u l l i v a n  (1961) p o i n t e d  o u t  t h a t  t h e  upland s i l t  was no t  eo l ian ,  and 
suggested a  m a r i n e - f l u v i a l  o r i g i n  i n  which t h e  s i l t  was deposi ted by streams 
t h a t  aggraded as sea l e v e l  rose  and advanced i n t o  t h e  i n n e r  coas ta l  p l a i n .  I f  
t h e  upland s i l t  i s  a p a r t  o f  t h e  f l u v i a l  depos i ts  i n  t h e  Meade R i v e r  
quadrangle, i t  may be about 25,000 years  o ld ,  o r  even o lder ,  depending on i t s  
equ iva lency w i t h  t h e  dated T i t a l u k  R i v e r  sec t ion .  I f  a p a r t  o f  t h e  s i l t  i s  
e o l i a n ,  i t  i s  perhaps e q u i v a l e n t  t o  t h e  sand sea t o  the east ,  thought by 
Car te r  (1981a) t o  be o f  L a t e  Wisconsinan age, o r  e q u i v a l e n t  t o  Holocene e o l i a n  
a c t i v i t y  t h a t  took p lace i n  fo rm ing  t h e  dunes n o r t h  o f  the  escarpment ( V ,  f i g .  



1) i n  t h e  Meade R i ve r  quadrangle. The f a c t  t h a t  t he  f l u v i a l  depos i ts  con ta i n  
reworked marine s h e l l s  on t he  Meade and Topagoruk R ive rs  suggests t h a t  t he  
depos i ts  may, at  depth, con ta i n  o r  over1 i e  marine beds, as suggested by 
O'Sul l i v a n  and Hussey (1960). 

Al though t he  f l u v i a l  depos i ts  were no t  found exposed i n  t he  Meade R i ve r  
quadrangle west o f  Meade River ,  they  reappear beneath t h e  upland s i l t  i n  t h e  
Wainwright quadrangle t o  t he  west. Mammal remains, common i n  t he  T i t a l u k  
R i v e r  sec t i on  and o l de r  than 28,000 years (Car ter ,  1981b, p. 7), are a lso  
repor ted  from the  Meade R i ve r  south o f  t he  quadrangle boundary (Webber, 1947, 
p. l o ) ,  f rom t h e  A v a l i k  R i ve r  (Quaide, 1955; OISul l ivan,  1961), and a re  
p l e n t i f u l  a t  t he  base o f  exposures o f  f l u v i a l  depos i ts  beneath t he  upland s i l t  
i n  t he  Kaolak R i ve r  v a l l e y  i n  t h e  Wainwright quadrangle. A date o f  
37,000 2 990 years (GSC-3050) was repo r t ed  f o r  bone colbagen frcm the  sku1 1 o f  
a sa iga antelope found on a bar of Usuktuk R i ve r  a t  156 33'W, 3  km south o f  
t he  quadrangle boundary (Har ington, 1981, p. 224-225). Al though i t s  
s t r a t i g r a p h i c  p o s i t i o n  was no t  evident,  the  date i s  cons i s t en t  w i t h  those o f  
mammal remains f r o m  the  I k p i  kpuk-T i ta l  uk R i ve r  reg ion.  OISul 1 i van  (1961, p. 
87-136) has discussed a t  l e n g t h  t h e  s i l t  and unde r l y i ng  f l u v i a l  depos i ts  f o r  
most o f  t he  A r c t i c  Coastal  P l a i n  reg ion;  h i s  r e p o r t  deserves careful study f o r  
those p lann ing  f u r t h e r  s tudy of these deposi ts.  

Eo l i an  sand 

A b e l t  o f  e o l i a n  sand extends across the southern p a r t  o f  the  coas ta l  
p l a i n  from t h e  C o l v i l l e  R i v e r  t o  a  p o i n t  32 km west o f  t h e  Meade R iver ,  where 
t h e  obvious dune forms can no longer  be recognized on a e r i a l  photographs. 
These e o l i a n  deposi ts,  f i r s t  de l inea ted  by Black (1951) and a lso  observed by 
0'  Sul 1 i van  (1961), have been s tud ied  i n  de ta i  1  by Car te r  and Robinson (1978), 
Car te r  and Galloway (1979b), Car te r  (1981a), and by Car te r  and Hopkins 
(1982). These s tud ies,  i n  t h e  area eas t  o f  the  Meade R i ve r  quadrangle, have 
i d e n t i f i e d  an o l de r  s e t  of l i n e a r  dune r idges  o f  a  sand sea t h a t  was a c t i v e  
between 12,000 and 36,000 years ago, bu t  which a re  not  known t o  be present  i n  
t h e  Meade R i ve r  quadrangle, a sand sheet formed between 8,000 and 11,400 years 
ago, and smal l  l o n g i t u d i n a l  and p a r a b o l i c  dunes t h a t  have been formed i n  t h e  
l a s t  3,500 years (Car ter ,  1981b; personal comnunication, 1982).  A l l  of these 
e o l i a n  depos i ts  have been formed by winds t h a t  were e s s e n t i a l l y  p a r a l l e l  t o  
the eas t -no r t heas te r l y  winds t h a t  p reva i  1  today. 

The Meade R i ve r  has c u t  i t s  v a l l e y  through the  younger dunes and t h e  
under l y ing  sand sheet t o  basal pond depos i ts  and a l luv ium t h a t  r e s t s  on marine 
gravel ,  c lay ,  and bedrock. The basal pond deposi ts,  2 rn above r i v e r  l e v e l  i n  
t he  east bank of Meade R i ve r  5 km east o f  Atkasook (E, t a b l e  3, f i g .  I ) ,  are  
11,200 + 220 years  o l d  (1-10,785). Basal peat beneath t he  tundra  t u r f ,  about 
10 m abzve t he  dated pond deposi ts,  i s  3,610 + 90 years o l d  (I-11,124). 
Da t ing  of t h e  e o l i a n  depos i ts  (Evere t t ,  1979,p.  220) on t he  west s i d e  o f  the 
Meade R i ve r  near Atkasook g ives an age of 9,470 2 145 years (DIC-464; C, t a b l e  
3, f i g .  1) f o r  organic  m a t e r i a l  a t  a  depth o f  1.22 rn below t he  t o p  o f  the  
r i v e r  bank, and severa l  younger dates, mos t l y  between 4,000 and 6,000 years, 
f rom sur face s o i l s  t h a t  bear on t he  s t a b i l i z a t i o n  o f  t he  dunes. A prominent 
and h o r i z o n t a l l y  cont inuous peat hor i zon  on the  east bank of Usuktuk R i ve r  (L, 
t a b l e  3, f i g .  1)  i n d i c a t e s  a  pe r i od  o f  s t a b i l i z a t i o n  o r  t he  beginn ing of l o c a l  
dune fo rmat ion  11,460 + 200 years ago ( I -11,496).  The rad iocarbon da t i ng  i s  
cons i s t en t  w i t h  carterTs recons t ruc t i on  o f  the  eo l  i an  h i s t o r y  and shows t h a t  



most o f  the e o l i a n  sand i s  equ iva len t  i n  age w i t h  h i s  8,000 t o  11,400-year o l d  
sand sheet and t h a t  most o f  t h e  s u r f i c i a l  eo l i an  depos i ts  are o f  Holocene age. 

Ac t i ve  dunes and blowouts are common on t he  l a r g e r  streams both w i t h i n  
t he  b e l t  o f  e o l i a n  sand and n o r t h  o f  it. Dune and blowout a c t i v i t y  i s  
g rea tes t  on the  downwind (west)  s i de  o f  the  r i v e r s .  Downwind from the  a c t i v e  
dunes and blowouts are s t a b i l i z e d  dunes and a t h i n  sheet o f  e o l i a n  sand, as 
noted on the  lower Meade R i ve r  by R i c k e r t  and Tedrow (1967) and by Peterson 
and B i l l i n g s  (1978). Local  modern dunes are gene ra l l y  too  small t o  be shown 
on t he  geolog ic  map, except along Meade r i v e r .  

The e o l i a n  sand i s  f i n e  t o  medium gra ined and conta ins no coarse 
ma te r i a l ,  i n  con t ras t  t o  the pebbles t h a t  are sca t te red  through t he  marine 
sand and t o  beds and lenses of coarse ma te r i  a1 i n  f l u v i a l  deposi ts.  The 
e o l i a n  sand i s  massive t o  s t r a t i f i e d  and i s  l o c a l l y  cross bedded. Exposures 
are gene ra l l y  poor, and none were observed where t he  sand could  be s tud ied  i n  
t he  f rozen  s ta te .  However, thaw lakes are numerous, i n d i c a t i n g  t h a t  t he  sand 
or  under l y ing  depos i ts  are i c e  r i c h  i n  many places. 

A1 1 u v i  a1 deposi t s  

A1 1 u v i  a1 depos i ts  t h a t  are t ranspor ted  downstream cons i s t  1 a r g e l y  o f  sand 
redepos i ted f rom eros ion  o f  r i v e r  banks and bed scour. F i ne  grave l  
t ranspor ted  down t he  Meade R i ve r  from the  f l u v i a l  depos i ts  beneath t h e  upland 
s i l t  and coarser gravel ,  l a r g e l y  o f  rubangular pieces and angular s labs of the  
l o c a l  bedrock, occur l o c a l l y  on bars and i n  shoals along t he  r i v e r  downstream 
t o  the conf luence w i t h  Usuktuk R i ve r .  Below t h e  Usuktuk River ,  t h e  Meade 
R iver  a l l u v i a l  depos i ts  are l a r g e l y  sand, grad ing i n  t h e  d e l t a  r e g i o n  t o  f i n e  
sand and s i l t y  sand. Gravel on t h e  A v a l i k  and lower  A v a l i k t o k  R i ve r s  i s  
l a r g e l y  o f  the l o c a l  rock, i n c l u d i n g  l a rge  amounts o f  coal .  The Usuktuk and 
Topagoruk R ive rs  have f i n e  g rave l  beds a few km downstream from t h e  southern 
boundary o f  the  quadrangle, beyond which t he  a1 luv ium i s  sand. The smal ler  
streams, such as t h e  Inaru,  Kucheak, Kugrua, and Nig isaktuvuk Rivers ,  
gene ra l l y  f l o w  on sandy bed mate r i  a1 s i m i l a r  t o  t h a t  i n  which the  va l l eys  are 
cu t ,  except i n  l o c a l  areas s i m i l  ar t o  those i n d i c a t e d  on t he  map ( f i g .  2 )  
where the stream i s  c lose  t o  bedrock and fragments of the  l o c a l  rock form 
g r a v e l l y  bars and shoals, some of which have f r ac tu red  bedrock i n  poor 
outcrop, Commonly t he  l a r g e r  s izes form an armor over f ine r -g ra ined  
mate r i  a1 s, i n c l u d i n g  c l  ay. 

Radiocarbon ages o f  the a l l u v i a l  depos i ts  o f  the Meade R i ve r  a t  Atkasook 
show t h a t  t hey  are, i n  general, l e ss  than 4,000 years old, o r  l a t e  Holocene. 
Eve re t t  (1979, p. 220) obta ined dates o f  3,740 + 110 years (DIC-694) f o r  
sedge, fragments o f  leaves, and stems a t  a  dep t5  of 63 cm, and 2,560 2 75 
years (DIC-695) f o r  f i n e  f i b rous  m a t e r i a l s  a t  a  depth o f  48 cm i n  a t e r r a c e  
(13, t a b l e  3, f i g .  1) t h a t  i s  5 t o  6 rn lower than t h e  l e v e l  o f  t h e  e o l i a n  sand 
depos i ts  i n t o  which t h e  Meade R i ve r  has cut .  The t e r r a c e  i s  probably  one o f  
t he  o l des t  and h ighes t  o f  the  complex o f  a l l u v i a l  sur faces t h a t  i s  grouped i n  
the  a l l u v i a l  depos i ts  map u n i t .  Two other  dates adjacent t o  t he  Meade R i ve r  
( A  and I ,  t a b l e  3, f i g .  1) were 2,180 + 65 f o r  a  lower a l l u v i a l  su r face  t h a t  
i s  s l i g h t l y  h igher  than one dated a t  970 + 70 (K. R .  Evere t t ,  w r i t t e n  
comnunication, Jan. 8, 1978). The ages are gene ra l l y  cons is ten t  w i t h  t h e  
concept discussed i n  t h e  s e c t i o n  on e o l i a n  sand i n  which t he  age o f  the  sand 
sheet i n t o  which t he  Meade R i ve r  has c u t  i t s  channel i s  8,000 t o  11,400 



years .  Apparent ly ,  t h e  a l l u v i a l  sur faces are  s l i g h t l y  younger than o r  a re  
e q u i v a l e n t  i n  age t o  t h e  1  a t e  Holocene p a r a b o l i c  and l o n g i t u d i n a l  dunes. 

A smal l  dune on t h e  Meade R i v e r  d e l t a  (K, t a b l e  3, f i g .  1) i n c l u d e d  
w i l l o w  s t i c k s ,  perhaps t r a n s p o r t e d  by t h e  r i v e r  and r o l l e d  by t h e  s t r o n g  winds 
o f  t h a t  r e g i o n  i n t o  peat  beds t h a t  were i n c o r p o r a t e d  i n t o  t h e  dune depos i ts .  
A rad ioca rbon  age of 6,990 + 125 years ( I -11,123) favors  t h i s  i n t e r p r e t a t i o n  
because t h e  dunes a re  s t i l l - a c t i v e l y  be ing  b u i l t  and reworked by t h e  wind and 
because t h e  date  i s  o l d e r  t h a n  those descr ibed above from t e r r a c e s  near 
Atkasook. 

Thaw- 1  ake d e ~ o s i  t s  and t h e  thaw- 1  ake c v c l  e 

The thaw-lake c y c l e  i s ,  perhaps, t h e  dominant fo rm o f  landscape 
m o d i f i c a t i o n  i n  t h e  pe rmaf ros t  environment o f  t h e  A r c t i c  Coasta l  P l a i n .  The 
o r i g i n ,  o r i e n t a t i o n ,  and c y c l i c  development o f  thaw lakes have been s t u d i e d  
e x t e n s i v e l y  i n  t h e  Barrow area and t o  a  l e s s e r  e x t e n t  e lsewhere i n  t h e  c o a s t a l  
p l a i n  (B lack  and Barksdale, 1949; B r i t t o n ,  1957; Brewer, 1958; L i v i n g s t o n e  and 
others,  1958; Carson and Hussey, 1960, 1962, 1963; Brown, 1965; Hussey and 
Michelson, 1966; Carson, 1968; 01 ack, 1969; M o r r i  ssey, 1979; W i l l  i ams and 
Yeend, 1979; and o t h e r s ) .  Thaw lakes  have been c l a s s i f i e d  (Sellrnann and 
o thers ,  1975) i n t o  severa l  ca tegor ies ,  of which t h e  Meade R i v e r  quadrangle has 
1  ar  e- t o  i n t e m e d i  a te -s i zed  l a k e s  w i t h  moderate t o  we1 1-developed o r i e n t a t i o n  3 (10 t o  15' west o f  n o r t h )  i n  t h e  o u t e r  coas ta l  p l a i n ,  and i n t e r m e d i a t e  t o  
smal l  s ized,  p o o r l y - o r i  ented, 1  ow-densi ty l akes  i n  t h e  i n n e r  coas ta l  p l a i n  
u n d e r l a i n  by upland s i l t .  

The thaw-lake c y c l e  i s  i n i t i a t e d  by d i s r u p t i o n  o f  t h e  v e g e t a t i o n  o r  by 
c o l l e c t i o n  o f  water a t  i n t e r s e c t i n g  ice-wedge polygon t renches t o  f o m  a poo l  
a t  t h e  sur face.  The poo l  i s  deepened and expanded l a t e r a l l y  by thaw o f  near- 
surface i c e - r i c h  pe rmaf ros t  t h a t  i s  marg ina l  t o  or  beneath t h e  water.  The 
pond o r  l a k e  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  u n d e r l y i n g  i c e - r i c h  permaf ros t  u n t i l  i t  e i t h e r  
i n t e r c e p t s  and i s  d ra ined  t o  another lower l a k e  o r  a  nearby stream. The depth 
o f  t he  thaw-lake b a s i n  i s  determined by t h e  th i ckness  o f  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 se t t l emen t ,  about 3.4 m i n  t h e  o u t e r  c o a s t a l  p l a i n  
and as much as 21 m i n  p a r t s  o f  t h e  i n n e r  c o a s t a l  p l a i n .  O r i e n t a t i o n  o f  t h e  
thaw lakes by wave-induced c u r r e n t s  i s  d e r i v e d  f rom and i s  normal t o  t h e  
p r e v a i l i n g  e a s t - n o r t h e a s t e r l y  winds (Carson and Hussey, 1962). Once d ra ined  
t h e  l a k e  bed i s  r e f r o z e n  and a  new genera t ion  o f  i c e  wedges and i c e - r i c h  
permaf ros t  may be formed, which could, i n  t ime, regenerate  a  new c y c l e  o f  thaw 
lakes.  The p a r t s  of t h e  i n i t i a l  su r face  t h a t  have been u n a f f e c t e d  by t h e  
thaw-lake c y c l e  are c a l l e d  i n i t i a l  s u r f a c e  r e s i d u a l s ,  and, as shown l a t e r ,  
have a h igher  i c e  con ten t  than do t h e  anc ien t  1 ake beds, r e c e n t l y  d r a i n e d  1  ake 
beds, and beds o f  e x i s t i n g  lakes  (Hussey and Michelson,  1966).  The processes 
desc r ibed  above a r e  d iscussed more f u l l y  i n  Carson and Hussey (1962), Lewe l len  
(1972), and i n  $ e l  lmann and o t h e r s  (1975). 

Depos i ts  w i t h i n  t h e  thaw-lake bas ins  v a r y  w i t h  t h e  map u n i t  i n  which t h e y  
occur and w i t h  t he  m a t e r i  a1 a v a i l  a b l e  f o r  r e d e p o s i t i o n ;  thus,  as e x p l a i n e d  i n  
t h e  d e s c r i p t i o n  o f  map u n i t s ,  t h e  depos i t s  can i n c l u d e  s i l t ,  sand, and pebb ly  
beds and lenses.  These m a t e r i a l s  i n c o r p o r a t e  o rgan ic  m a t e r i  a1 t h a t  has been 
redepos i ted  f rom t h e  banks o f  the  l a k e  and m a t e r i a l s  t h a t  grew i n  s i t u  i n  t h e  
l a k e  basin.  Carson (1968, f i g .  4 )  i l l u s t r a t e s  sec t ions  th rough  thaw l a k e  



bas ins  i n  t h e  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, o r g a n i c  
f i n e s  and peat, and new sod. Because o f  t h e  c o m p l e x i t i e s  o f  t h e  s t r a t i g r a p h y  
and t h e  i n t e r m i x i n g  o f  o l d  and new o r g a n i c  m a t e r i  a l ,  i n t e r p r e t a t i o n  o f  
rad ioca rbon  d a t i n g  o f  thaw- lake depos i t s  i s  d i f f i c u l t  (Brown, 1965).  

Radiocarbon s t u d i e s  o f  thaw- lake depos i t s  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  d e p o s i t s  i n  t h e  o u t e r  c o a s t a l  p l a i n  o f  t h e  Meade 
R i v e r  quadrangle. The o l d e s t  dated l a c u s t r i n e  peat, 12,160 + 200 years  old  
(Lewe l l  en, 1972), p rov ides  a maximum known age f o r  o p e r a t i o n o f  t h e  thaw-1 ake 
process a t  Barrow (Sel lmann and o thers ,  1975, p. 18; Brown and o thers ,  
1980).  I t  i s  n o t  known whether t h i s  p e a t  i s  an o l d  t u r f  t h a t  has been 
i n c o r p o r a t e d  i n t o  younger thaw-lake sediments, o r  whether i t  dates t h e  
depos i t s  o f  t h e  thaw lake.  Carson (1968) b e l i e v e d  t h a t  t h e  l a c u s t r i n e  
expansion reached a maximum between 4,000 and E,000 years  ago and t h a t  t h e  
f i r s t  o f  seve ra l  c y c l e s  o f  b a s i n  i n t e r s e c t i o n  and dra inage began a f t e r  3,500 
years  ago. The process o f  f o r m a t i o n  and dra inage o f  thaw 1 akes con t inues  
today  i n  t he  Meade R i v e r  quadrangle (Morr issey,  1979), and i t  has a f f e c t e d  
oxbow lakes o f  t h e  young a l l u v i a l  depos i t s  and t h e  l a t e  Holocene dunes. 

Thaw-lake a c t i v i t y  i n  t h e  i n n e r  coas ta l  p l a i n  i s  c o n t i n u i n g  today, and 
t h e  l a r g e r ,  deep thaw lakes  developed on up1 and s i l t  seem t o  have formed about 
2,500 years  ago ( W i l l i a m s  and Yeend, 1979; Nelson, 1982). Fo r  example, a  
rad ioca rbon  sample f rom i n  s i t u  peat  i n  t h e  bot tom o f  a 21-m deep thaw l a k e  i n  
t h e  up1 and s i l t  (M, table3,g. 1) was dated a t  2,640 + 85 years (I-10,273) 
( W i l  1  iams and Yeend, 1979), b u t  r e t r a n s p o r t e d  tw igs ,  f rom t h e  same 
s t r a t i g r a p h i c  l e v e l ,  were 8,980 + 140 years  o l d  (I-10,787). N e a r l y  i d e n t i c a l  
r e s u l t s  were o b t a i n e d  from t h e  T i t a l u k  R i v e r  s e c t i o n ,  about 42 km t o  t h e  
southeast ,  where t h e  i n  s i t u  peat  a t  t h e  base of t h e  thaw-lake depos i t s  was 
2,500 + 50 yea rs  o l d  (UsGS-628) and t h e  woody m a t e r i  a1 a p p a r e n t l y  
r e t r a n s p o r t e d  frm t h e  lake banks was 6,960 + 80 years  o l d  (USGS-1271) 
(Nelson, 1982).  I n  t h e  l a t t e r  case, t h e  f l u v i a l  sediments beneath t h e  thaw- 
l a k e  depos i t s  are between about 25,000 and 43,000 years  o l d .  The age o f  t hese  
thaw 1  akes seems t o  be l a t e  Holocene, a l t hough  f u r t h e r  s t u d y  may i d e n t i f y  
o the rs  t h a t  have a g r e a t e r  age. 

Permaf ros t  

Permafrost ,  o r  p e r e n n i a l l y  f rozen ground, extends f rom a depth o f  about  
0.5 m below t h e  ground sur face t o  depths es t ima ted  from 1 i m i t e d  da ta  
(Osterkamp and Payne, 1981, f i g .  2, t a b l e  1) t o  be l e s s  than  200 rn t o  g r e a t e r  
t han  300 rn. Osterkamp and Payne no ted  a  tendency f o r  t h i c k e n i n g  o f  pe rmaf ros t  
i n  t h e  n o r t h e r n  p a r t  of the quadrangle.  Data on the base o f  permafrost  a r e  
l i m i t e d  t o  t h e  Kugrua Tes t  Wel l  No. 1 (207 m), S k u l l  C l i f f  Core T e s t  No. 1 
( g r e a t e r  t han  236 m), Topagoruk T e s t  Wel l  No. 1 (335 m), 4  km east  o f  t h e  
quadrang le  boundary, and Kaolak Tes t  We1 1  No. 1 (259-299 m), 48 kin west- 
southwest of t h e  southwestern corner  of t h e  quadrangle.  The upper s u r f a c e  o f  
permaf ros t ,  o r  t h e  pe rmaf ros t  t a b l e ,  i s  depressed by t h e  thermal  d i s tu rbance  
o f  bodies o f  s u r f  ace water  t h a t  are deeper than 2  m (Brewer, 1958).  Almost 
a l l  o f  t h e  l akes  a r e  sha l l ow  and f reeze  t o  t h e  bot tom each w i n t e r .  No 
subsur face i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  th i ckness  o f  t h e  thaw b u l b  beneath 
deep 1  akes and r i v e r s .  

The i c e  con ten t  of p e r n a f r o s t  t h a t  exceeds t h e  n a t u r a l  vo ids  o f  t h e  
f r o z e n  sediments determines t h e  amount of s e t t l e m e n t  t o  be expected when 



permafrost thaws. This i s  an important consideration i n  b u i  1 ding roads, 
a i rf ie lds ,  and structures on permafrost terrain because even a sl ight 
disturbance of the ground cover can raise the mean annual ground-surf ace 
temperature and cause thawing of permafrost. I n  the Meade River quadrangle 
construction methods that prevent thaw of permafrost should be employed, for, 
as far  as i s  known,  al l  of the perennially frozen materials contain near- 
surf ace excess ice that wi 1 1  produce undesirable settlement upon thawing. 
Very few natural exposures of permafrost were available for study because 
those exposed by storm waves and river erosion are rapidly thawed and become 
slumped. However, dril l ing in the Barrow area, in terrain very similar t o  
that of the outer coastal plain section of the Meade River quadrangle, shows 
that segregated ice, exclusive of wedge ice, decreases frcm about 75 percent 
of the volume of the frozen sediments at a depth of about 1 rn t o  zero at about 
8.5 m (Sellmann and others, 1975, p. 14-18). Hussey and Michelson (1966, p. 
167-168) made a similar analysis for the upper 6.6 rn of frozen ground and 
concluded that if the upper 6.6 m of permafrost in the Barrow area were thawed 
in various terrain units, the following amounts of settlement would take 
place. These amounts are based on four tes t  holes and, excluding wedge ice, 
estimated as 5 percent of the volume of the sediments, are: 

In i t ia l  surface Ancient Recently Present 
resi dual dr ai ned drained 1 ake 
(highest surf ace) thaw lake 1 ake 

Average percent 
se t t  1 ement 55.4 19 .O 11.5 2.0 

M i  n i m u m  actual 
settlement (m) 3.4 

The actual settlement resulting from thaw of permafrost that i s  ice rich 
only in the upper 6 t o  8 rn accounts for the numerous shallow thaw-lake basins 
in the outer coastal plain at Barrow and in the Meade River quadrangle. The 
much deeper thaw 1 ake basins in the inner coastal plain along the southern 
border of the quadrangle indicate that the sediments containing ice i n  excess 
of the v o i d  ratios of the materials may extend t o  greater depths than in the 
outer coastal plain and a t  Barrow. A deep basin a l o n g  Topagoruk River at the 
southeastern corner of the quadrangle, 21 m below the original 1 and surface, 
is  estimated to have had an average i c e  content (including wedge ice)  of about 
78 percent before thaw of the permafrost (Will iarns and Yeend, 1979, p. B36), a 
value that compares with the ice content (excluding wedge ice) of the 
uppermost part of the Barrow sections (Sellmann and others, 1975) and with an 
ice content approaching 80 percent in Yakutia (Are, 1973) and 68 percent at 
East Oumalik Lake in the upland s i l t  terrain 42 km east of the Topagoruk River 
1 ocal i ty  (Livingstone and others, 1958). Processes o f  formation of thick 
sections of segregated ice described by Mackay (1971) or deeper more numerous 
ice wedges than in the Barrow area may account for these thick ice-rich areas, 
b u t ,  unfortunately, no exposures were available fa r  study. 

Ice wedges, expressed at the surface as raised- and depressed-center 
polygons, generally extend 2 t o  5 m below the permafrost table in the inner 
coastal plain. They contribute an amount of ice ranging from 5 percent of the 
volume of the soi ls  at Barrow (Hussey and Michelson, 1966) t o  10 t o  20 percent 



accord ing t o  Sellmann and o t h e r s  (1975). I n  S i b e r i a ,  i n  an area somewhat l i k e  
t h e  up1 and s i l t  u n i t  o f  t h e  Meade R i v e r  quadrangle, i c e  wedges make up as much 
as 50 pe rcen t  o f  t h e  ground volume (Are, 1973). Wedge i c e  was n o t  i n c l u d e d  i n  
t h e  s e t t l e m e n t  f i g u r e s  tabu1 a ted above. 

Floods and storm surges 

F lood  surveys have been made on t h e  Meade R i v e r  a t  Atkasook and on Aval  i k  
R i v e r  near i t s  mouth west o f  t h e  quadrangle boundary ( C h i l d e r s  and o thers ,  
1979, t a b l e  1 ) .  B a n k f u l l  d ischarge o f  t h e  Meade R i v e r  i s  ccm u ted  a t  246 m3/s 

3 9 ( c u b i c  meters per second and f o r  A v a l i k  R ive r ,  i t  i s  2,642 m /s. The maximum 
e v i d e n t  f l o o d  i s  2,973 rn / s  f o r  t h e  Meade R i v e r  and 2,585 m3/s f o r  A v a l i k  
R i v e r  The two-year f l o o d  f o r  MeadeRive r  i s  425rn3/s, t h e  50-year f l o o d  
934 m2/s. The d u r a t i o n  o f  s p r i n g  f l o o d s  i s  b r i e f  and depends on t h e  r a t e  o f  
snow me l t ,  which v a r i e s  f rom year t o  year.  Normal ly,  d u r i n g  t h e  snow-me1 t 
p e r i o d  l a k e  l e v e l s  are  h i g h  and much o f  t h e  area o f  thaw-lake bas ins  i s  
t e m p o r a r i l y  f l o o d e d  by mel twater .  Breakup on t h e  r i v e r s  i s ,  a t  f i r s t ,  
s t reamflow over  t h e  ice ,  then, as t h e  r i v e r  r i s e s ,  t h e  i c e  cover i s  1  i f t e d  t o  
f l o a t  downstream where i t  causes l o c a l  i c e  jams. I c e  jams a re  broken when t h e  
r i v e r  i s  backed up enough t o  p r o v i d e  t h e  necessary f l o t a t i o n  t o  l i f t  t h e  jam 
o r  when t h e  r i v e r  over tops the  j a m  and cu ts  a  channel th rough it. 

Storm surges g e n e r a l l y  acccmpany l a t e  sumner or f a l l  c y c l o n i c  storms when 
t h e  a r c t i c  i c e  pack i s  f a r  removed f rom the  coast .  The surges a re  as much as 
3 m above normal sea l e v e l  (Har tz ,  1978), compared t o  t h e  normal t i d a l  range 
a t  Barrow of about 0.3 m. The h e i g h t  o f  these surges i s  i n d i c a t e d  by 
d r i f t w o o d  and windrows o f  sma l le r  vege ta t ion  along g u l l i e s  t h a t  i n d e n t  t h e  
c l i f f e d  c o a s t l i n e  and a long l o w - l y i n g  shores. The i n t e r v a l  between storms 
d u r i n g  which i c e  c o n d i t i o n s  favor  a  surge and h i g h  waves i s  severa l  years.  
The storms are  b e l i e v e d  t o  cause most of t h e  c o a s t a l  e ros ion,  which averages 0 
t o  2 m per  year  a long  t h e  Chukchi Sea coast  (Har tz ,  1978). E ros ion  i s  
r e 1  a t i v e l y  slow because t h e  coas ta l  b l u f f s  a re  defended by consol  i d a t e d  rock;  
i n  o the r  areas, n o t a b l y  t h e  Beau fo r t  Sea coast, e ros ion  o f  t h e  f r o z e n  mar ine  
sediments i s  much more r a p i d .  

Water resources 

Average annual p r e c i p i t a t i o n  a t  Barrow, the neares t  me teoro log ica l  
s t a t i o n ,  c o r r e c t e d  f o r  es t ima ted  e r r o r s  caused by windblown snow and r a i n  and 
t o  sum t h e  t r a c e  amounts, i s  es t ima ted  a t  about 170 mm, o f  which 106 mm i s  
snow and 64 mm i s  r a i n ;  mon th ly  maxima are i n  August and January (Dingman and 
others,  1980, p. 5 2 ) .  The processes of heat balance and t h e  e f f e c t  on snow 
cover, evaporat ion,  t r a n s p i r a t i o n ,  m i  c r o c l  imate, and hydro logy  are e x p l a i n e d  
i n  some d e t a i l  by Dingman and o the rs  (1980). B a s i c a l l y ,  r u n o f f  i s  
concent ra ted d u r i n g  t h e  breakup p e r i o d  i n  June when between 6 1  and 98 pe rcen t  
o f  the annual streamflow occurs d u r i n g  t h e  snowmelt f lood.  Heavy summer r a i n s  
cause secondary peak d ischarges i n  some years.  Dur ing  t h e  w i n t e r  months 
streams have no f l o w  f o r  s i g n i f i c a n t l y  l ong  per iods,  and t h e  area l a c k s  
i c i n g s ,  whi ch are i n d i  c a t i o n s  o f  year-round ground-water d ischarge.  
Accord ing ly ,  t he  o n l y  source o f  water i n  w i n t e r  i s  i c e  and snow, and t h e  smal l  
amount o f  l i q u i d  water t h a t  i s  beneath occas iona l  r i v e r  channels and lakes  
t h a t  are  deeper than 2 m o r  as ground water s t o r e d  w i t h i n  t h e  thaw b u l b  
beneath these i n c o m p l e t e l y  f r o z e n  bodies of water.  Not  o n l y  are  s u p p l i e s  o f  
water beneath t h e  i c e  cover ex t reme ly  1  im i ted ,  bu t  t h e  water qua1 i t y  



deteriorates in winter. Techniques of deepening exist ing lake basins t o  
create reservoirs that  are capable of providing winter storage for  water 
pumped in from r ivers  during the summer have been used a t  Prudhoe Bay t o  
provide water fo r  camp and industr ial  needs, Similar techniques could be used 
in the Meade River quadrangle. 

Ground water i s  not avail able within the usual economic depth range of 
water wells. The ground i s  frozen from less than 1 m to  depths of a t  l eas t  
200 rn in bedrock, except fo r  the very rare  lakes and stream channels deeper 
than 2 m,  beneath which a small t h a w  bulb develops. Thaw bulbs beneath the 
deep pools on Sagavanirktok River near Prudhoe Bay have proven t o  have only 
limited storage which i s  not replenished by inflow during the winter. Water 
can be obtained from bedrock below the base of the frozen 1 ayer, b u t  the we1 1 
yield would be low because of low permeability in the sandstone and shale 
units  of the N a n u s h u k  Group rocks. Experience over most of the Petroleum 
Reserve shows that  formation water below the permafrost i s  generally too high 
in s a l i n i t y  and dissolved solids to  be sui table  as a potable supply (Williams, 
1970). 

Economic geology 

The area of the quadrangle, en t i re ly  within National Petroleum Reserve-- 
A1 aska, has been examined by geophysical methods for potenti a1 s t ructura l  and 
s t ra t igraphic  traps that  might yield economic amounts of o i l  and natural 
gas. Four t e s t  wells and  one core t e s t  have been dr i l led .  Meade Test Well 
No. 1, 1,660 m deep, and producing no oi l  and a small amount of gas (Collins, 
1958a, p. 342) and Skull Cliff  Core Test No. 1, 237 m deep and encountering no 
o i l  nor gas (Coll ins,  1961, p. 575) were dr i l led  by the U.S. Navy. S o u t h  
Meade Test We1 1 No. 1, 3,031 m deep and yielding only poor gas shows, Kugrua 
Test Well No. 1, 3,858 m deep and dry, and Kuyanak Test We1 1 No. 1, 2,039 m 
deep and yielding minor o i l  and gas shows, were dri 1 led by the U.S. Geological 
Survey. However, Walakpa Test Well No. 2 ,  only 4 km north o f  the quadrangle 
boundary, was dri 1 led 1,329 m deep and was completed as a gas well by the 
Geological Survey. Peard Test Well No. 1, 0.1 km west o f  the quadrangle 
boundary, was dr i l led  3,117 m by the Geological Survey and  encountered only 
poor shows of gas. Topagoruk Test Well No. 1 was dr i l led  by the U.S. Navy 4 
k m  east  of the quadrangle boundary t o  a depth of 3,202 m and  was essen t ia l ly  a 
dry hole, except fo r  a small show of o i l  and a s l igh t  blow of gas (Coll ins,  
1958b) ;  East Topagoruk Test Well No. 1, located nearby, was dr i l l ed  t o  1,094 m 
by the Navy and yielded no shows of oi l  and no comercial  shows of gas. Data 
on the Geological Survey exploration program has been placed on open f i l e  with 
the Environmental Data Service of the National Oceanic and Atmospheric 
Administration (NOAA), Boulder, Colorado; logs of the formations penetrated 
are surrrnarized by Bird (1982). 

Coal, largely of subbituminous rank, occurs in the wedge of marginal 
marine to  nonmarine sedimentary rocks of the Nanushuk Group o f  Early and Late 
Cretaceous age which l i e s  beneath the unconsolidated deposits in a l l  b u t  the 
northern edge of the Meade River quadrangle (Martin and Callahan, 1978; 
Mayfield and others,  i n  press). Coal in the Nanushuk Group ranges from near 
zero a t  i t s  contact with the underlying Torok shale t o  more t h a n  5 percent of 
the thickness of the Nanushuk rocks in the southwest quadrant of the area 
(Martin and  Callahan, 1978). These coal deposits are a significant  part of 
the 45 b i l l ion metric tons of identif ied coal resources and of the 300 bi l l ion 



t o  3 t r i l l i o n  metric tons of hypothetical undiscovered coal resources of 
National Petroleum Reserve--Alaska, as estimated by Martin and Callahan. 

The coal resources have been developed only a t  the Meade River coal mine, 
a t  Atkasook, where coal was f i r s t  mined in a p i t  in the r iver  bank and l a t e r  
(1944) the coal mined in an 18 by 20 m room was hoisted t o  the surface through 
a shaf t .  This method enabled winter work and allowed d i rec t  loading in to  
t r ac to r  t r a i n s  hauling the coal t o  Barrow where i t  was used in Government 
f a c i l i t i e s  and was sold t o  the  local residents  (Sanford and Pierce, 1946)  in 
the days before development of the Barrow gas f i e l d  that  now supplies fuel t o  
the vi l lage.  The coal beds, 0.3 t o  2 m thick,  are frozen, as i s  the 7.5 t o  9 
m of clay and sand overburden. The coal i s  subbituminous and has a ra t ing  of 
10,330 t o  12,960 B t u .  Although t h i s  mine i s  no longer operating, the more 
than 62,000 metric tons ident i f ied  by d r i l l i n g  can be developed, providing 
equipment can be brought in and the coal taken out economically and without 
adverse environmental impact. Other deposits o f  coal in the quadrangle as 
thick as tha t  in the Meade River mine have not been ident i f ied  close t o  the  
s u r f  ace. 

Rock tha t  i s  su i t ab le  fo r  use as a construction material i s  limited t o  
sandstone beds in the  Nanushuk Group because the shale, clay, and coal 
generally have insuff ic ient  s trength fo r  most uses. The sandstone i s  exposed 
in the bed or low in the banks of the Veade, Avalik, lower Avaliktok Rivers, 
and local ly  on the middle Inaru and other streams. The sandstone breaks along 
shaly partings and bedding planes t o  form th in ,  f l a t  fragments, the s i ze  of 
which i s  controlled by the jo in t  system in the rock. The sandstone i s  
be1 ieved too weak, in many areas, t o  pass the abrasion t e s t s  required f o r  i t s  
use as r i p  rap, or would pass only marginally. Locating thick-bedded 
sandstone with wi dely-spaced jo in t s  su i t ab le  f o r  quarrying f o r  r i p  rap i s  
expected t o  be d i f f i c u l t .  Even where exposed in r iver  banks the sandstone i s  
covered by frozen overburden tha t  i s  generally 3-  t o  20-m thick. 

Gravel of any type i s  in short supply, I t  occurs i n  offshore bars, s p i t s  
and beaches along the Chukchi Sea coast,  in the beds and bars of the larger  
streams in the southern part  of the area, and i n  the marine deposits as a th in  
layer on clay or bedrock and as former beach deposits. The principal source 
of well-sorted, washed gravel and gravelly sand i s  the offshore bars tha t  
bound Peard Bay and some of the narrow beaches and s p i t s  t h a t  form the shore 
l i n e  of Peard Bay and occur in indentations in the c l i f f e d  coas t l ine  f a r the r  
northeast,  where streams enter  the sea. The gravel of these deposits i s  more 
l ike ly  t o  be unfrozen t o  a greater  depth than a t  any other s i t e  during the 
sumner, b u t  in p i t  r u n  the deposits are l ike ly  t o  contain a large amount of 
sand. Excavation of bar, s p i t ,  and beach deposits incurs responsib i l i ty  f o r  
evaluating the environmental consequences of a l t e r ing  the shoreline. The 
beach deposits are long and narrow, and, where adjacent t o  c l i f f s ,  contain 
e r r a t i c  boulders, broken blocks of bedrock, and f i n e  material washed down 
gu l l i e s  t o  the beach. Former beaches are d i f f i c u l t  t o  ident i fy  on aer ia l  
photopraphs and are of limited s i ze  and thickness; those ident i f ied  from study 
of a i r  photos (Williams and others ,  1977)  along the base of the pre-I l l inoian 
shoreline (111, f i g .  1) have proved, upon inspection in 1978, t o  be marine 
sand, not former beaches. Gravelly materi a1 a t  the base of the marine sand 
and over the bedrock and clay i s  seldom more than 1 - m  thick and i s  generally 
buried by frozen overburden; i t  i s  not a viable source of gravel. 



Even more 1  i m i t e d  are depos i ts  of grave l  i n  t he  seasonally-thawed bars 
and bed o f  Meade R i ve r  south of 70' 30' N,, t h e  A v a l i  k  and lower A v a l i  k tok  
Rivers ,  and t he  southernmost 5 km of Usuktuk and Topagoruk Rivers .  The t h i n  
a l l u v i a l  grave l  on I n a r u  R i ve r  and smal ler  streams i s  gene ra l l y  concent ra ted 
from l o c a l  bedrock exposures and from the  basal marine grave l  exposed i n  t he  
r i v e r  banks; these l o c a l  occurrences would y i e l d  an i n s i g n i f i c a n t  amount o f  
gravel .  Even on t h e  1 arger r i v e r s  the  grave l  probably  does no t  extend below 
t he  depth of stream scour or, a t  many places, i s  mere ly  an armor t h a t  mant les 
f i n e r - g r a i n e d  deposi ts.  The grave l  o f  streams which a re  c u t t i n g  i n t o  bedrock, 
l i k e  t h e  Meade R i  ve ry  i n c l  udes angul ar p ieces o f  sandstone, i ronstone,  shale, 
and coal .  Gravel i s  seldom a v a i l a b l e  f rom te r races  border ing  t h e  streams and 
seems gene ra l l y  con f ined  t o  t he  present  stream courses; t h i s  r a i ses  t he  
problem o f  environmental impact o f  m in ing  t h e  grave l  on f i s h e r i e s  and on water 
q u a l i t y .  I n  add i t i on ,  the  presence o f  l a r g e  amounts o f  che r t  and coal  i n  t h e  
marine and a1 1  u v i  a1 grave l  makes t he  ma te r i  a1 general l y  unsu i t ab l e  f o r  
aggregate. I n  ge e ra l ,  t he  r i v e r  grave l  may be a v a i l a b l e  i n  q u a n t i t i e s  o f  9 l e ss  than 1,000 m  f o r  l o c a l  use, bu t  no depos i ts  l a r g e  enough f o r  major 
cons t ruc t i on  p r o j e c t s  have been found. 

Sand i s  the  most abundant cons t ruc t i on  m a t e r i a l  o f  the  Meade R i ve r  
quadrangle; i t  forms a  widespread mant le a t  t h e  surface and extends t o  depths 
as great  as 30 m. 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 s i l t y  mar ine 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 c h e r t  w i t h  minor 
amounts o f  o ther  minera ls  and coal .  I n  general t he  depos i ts  are f r ozen  
downward from a depth o f  about 0.5 m and i n  a  few we l l - d ra i ned  s i t e s  downward 
from a depth o f  1 t o  2 m. Loca l l y ,  the  upper p a r t  o f  t h e  dune sand conta ins 
peat beds. The sand i s  e a s i l y  worked by wind when thawed, and, i n  opening any 
area as a  borrow or  cons t ruc t i on  s i t e ,  t h e  e f f e c t  of wind i n  r edepos i t i ng  t h e  
sand across undis turbed tundra  downwind and t h e  p o t e n t i  a1 f o r  wi nd-en1 argement 
of the  borrow area by b l  ow-out a c t i o n  should be considered. 

C lay  i s  common above and below t he  coal  beds of the  Nanushuk Group and i s  
exposed i n  beds and banks o f  t h e  Meade, Ava l i k ,  and Ava l i k t ok  R ive rs  and 
l o c a l l y  along Kucheak Creek, I n a r u  R ive r ,  and Kugrua R iver .  I t  is a l so  
exposed near t he  base of t he  unconsol idated depos i ts  along t h e  Chukchi Sea 
b l u f f s .  Al though no t e s t s  have been made o f  i t s  p rope r t i es ,  the c l a y  appears 
t o  have some p l a s t i c i t y  when sa tu ra ted  and t o  be hard when dry; i t  may, thus, 
be a  poss ib l e  source o f  b r i c k  c lay .  The c lay ,  found w i t h  coa l  i n  Meade Test  
Wel l  No, 1, formed a  na tu ra l  d r i l l i n g  mud du r i ng  most o f  the  d r i l l i n g  o f  t h a t  
w e l l  ( C o l l i n s ,  1958a, p. 351-352). Whether these depos i ts  cou ld  be developed 
as a source o f  d r i l l i n g  mud would r e q u i r e  f u r t h e r  t e s t s  o f  t h e i r  p r o p e r t i e s  
and l o c a t i o n  o f  a  s u i t a b l e  source near proposed d r i l l  s i t e s .  Even i f  s u i t a b l e  
c l a y  were a v a i l a b l e  i n  t he  beds and banks o f  t h e  r i v e r s ,  excavat ion o f  these 
depos i ts  may cause an adverse environmental impact by adding suspended 
sediment t o  t h e  stream. The cost  o f  overcoming environmental problems might  
e l  im ina te  any savings t o  be achieved by us ing  l o c a l  sources o f  d r i  11 i n g  mud. 

Peat i s  1 a rge l y  conf ined t o  t h e  sur f  ace mat o f  l i v i n g  and dead vege ta t ion  
t h a t  seldom exceeds 0.5 m i n  th ickness.  Loca l l y ,  w i t h i n  c l  i f fhead dunes along 
streams, peat reaches thicknesses o f  3 t o  5 rn. I n  these l o c a t i o n s  the  peat i s  
norma l l y  no t  we 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  o r  f u e l ,  
and i t conta ins sand and i s  in terbedded w i t h  sand. No est imates o f  t h e  f u e l  
value o f  peat are ava i lab le .  
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