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SUMMARY 

Thirty-two radiocarbon d a t e s  £ram 19 measured s e c t i o n s  i n  t h e  Sagavanirktok, 
Atigun, Toolik, and I t k i l l i k  Val leys  range between about 13,000 and 200 y r  B.P. 
S t r a t i g r a p h i c  r e l a t i o n s  i n d i c a t e  that a major g l a c i e r  readvance of l a t e  I t k i l l i k  
age culminated about 13,000-12,500 y r  B.P. and t h a t  g l a c i e r  tongues r e t r e a t e d  
f r a n  t h e  Ga lb ra i th  Lake-Atigun Gorge a r e a  during t h e  fol lowing 500-1000 y r .  
Re t rea t  of the Atigun Val ley  g l a c i e r  and t h e  probably contemporaneous r e t r e a t  
of ice from the I t k i l l i k  Valley c rea ted  extens ive  depos i t iona l  bas ins  t h a t  
f i l l e d  wi th  organic-r ich Lacustr ine,  fluvial. ,  marsh, and e o l i a n  sediments 
during subsequent mi l lennia .  

I n i t i a l  f i l l i n g  of mora ine -dmed  l a k e s  i n  the Atigun and I t k i l l i k  bas ins  
presumably took p l a c e  between about 10,000 and 6000 y r  B.P., b u t  d e l t a i c  and 
l a c u s t r i n e  sediments of this age genera l ly  a r e  n o t  exposed owing t o  b u r i a l  be- 
neath  younger deposits and t o  eros ion along v a l l e y  cen te r s .  The f i v e  ava i l a -  
b l e  d a t e s  f o r  t h e  i n t e r v a l  10,000-6000 y r  B.P. sugges t  r e l a t i v e l y  mild condi- 
t i o n s ,  with formation of p e a t  on a s t a b i l i z e d  till s lope ,  growth of poplar  in 
arctic v a l l e y s ,  and occupation by human hunting bands. The i n i t i a l  e p i s d e  
of a l l u v i a t i o n  wi th in  t h e  Sagavanirktok, I t k i l l i k ,  and perhaps Atigun bas ins  
may have culminated about 5000-4500 yr B.P., but n e i t h e r  contemporaneity nor 
c o n t r o l  by reg iona l  geologic  or c l i m a t i c  events  can be proven. However, a 
new episode of a l l u v i a t i o n ,  caused by i n t e n s i f i e d  glacial  and p e r i g l a e i a l  
sedimentat ion,  began about 4000-3500 y r  B.P. i n  the  Ribdon Valley and perhaps 
also a t  t h i s  time i n  o t h e r  g lac ie r - fed  v a l l e y s  of the region.  Three subse- 
quent  cyc les  of a l l u v i a t i o n  and downcutting i n  t h e  I t k i l l i k  Valley began some- 
time a f t e r  about 2500, 1300, and 430 y r  B.P. The youngest cycle  c o r r e l a t e s  
with fan-building and g l a c i e r  expansion dated  wi th in  the p a s t  450 y r  by radio-  
carbon and l i c h e n m e t r y ;  t h e  next o l d e r  cycle ,  which culminated about 800 y r  
ago, could c o r r e l a t e  wi th  an e a r l i e r  da ted  episode of fan-building,  g l a c i e r  
expansion, and rock-glac ier  a c t i v i t y .  

Seven a d d i t i o n a l  radiocarbon d a t e s ,  from t h r e e  measured s e c t i o n s  south of 
the Continental  Divide i n  the Wind River Valley,  range from >38,000 t o  about 
4000 y r  B.P. The i n f i n i t e  d a t e  f u r n i s h e s  a minimum l i m i t  on I t k i l l i k  1 gla- 
c i a t i o n  and on a t  l e a s t  p a r t  of t h e  I t k i l l i k  1/11 i n t e r g l a c i a l  o r  i n t e r s t a d e ;  
these  c l e a r l y  are o l d e r  than t h e  range of conventional  radiocarbon da t ing .  
Al luv ia t ion  fol lowing t h e  l a t e  I t k i l l i k  readvance may have ceased about 
10,500 y r  B.P.; it was followed by an i n t e r v a l  of weathering and genera l  
nondeposition t h a t  terminated about 9000 y r  ago when a l a k e  f i l l e d  t h i s  p a r t  
of Wind River Valley.  Onset of Neoglaciation i s  recorded by a p e a t  dated 
about 4000 yr B.P. t h a t  was overridden by s o l i f l u c t i o n .  

F i f t y  o t h e r  radiocarbon d a t e s  fran 11 archeologic  s i t e s  demonstrate 
that  p ~ s t g l a c i a l  environments s u i t a b l e  f o r  game animals and t h e i r  human 
p reda to r s  were widely ava i l ab le  i n  the Sagavanirktok Valley by 11,500- 
10,500 y r  B.P. Subsequent occupation of the Sagavanirktok-Atigun a rea  
appears t o  have been markedly ep i sod ic ,  with r e l a t i v e l y  high human popu- 
l a t i o n s  wi th in  t h e  i n t e r v a l  2700-1600 y r  B.P. a s  we l l  as during the  l a s t  
few hundred years .  Contro ls  over t h e s e  apparent  populat ion f l u c t u a t i o n s  
are uncer ta in ,  b u t  they may i n  p a r t  be r e l a t e d  t o  Neoglacial c l i m a t i c  
chany es , 



INTRODUCTION 

During t h e  past decade, t h e  P h i l i p  Smith Mountains quadrangle has been 

t h e  focus of i n t e n s i v e  re sea rch  by g e o l o g i s t s ,  a rcheo log i s t s ,  b i o l o g i s t s ,  

and workers i n  r e l a t e d  f i e l d s .  The i n i t i a l  impetus f o r  these  s t u d i e s  was 

t h e  requirement for engineering-geologic d a t a  prepara tory  t o  cons t ruc t ion  

of t h e  trans-Alaska p i p e l i n e  (Fe r r i ans ,  1971; Kreig and Reger, 1976) and 

f o r  salvage of archeologic information and m a t e r i a l s  t h a t  otherwise would 

be destroyed by const ruct ion  a c t i v i t i e s  (Cook, 1971, 1977). Subsequent 

s t u d i e s  were motivated by continued need f o r  environmental monitoring 

along t h e  p i p e l i n e  and f o r  assessment of n a t u r a l  resources i n  formerly re- 

mote a r e a s  now r e a d i l y  a c c e s s i b l e  v i a  t h e  hau l  road t h a t  p a r a l l e l s  t h e  

p i p e l i n e  (Brown and o t h e r s ,  1977; Hamilton, 1978b; E l l i s ,  1978; ~ r o s g 6  

and o the r s ,  1979). A s  one r e s u l t  of these  s t u d i e s ,  89 radiocarbon dates 

became a v a i l a b l e  f o r  t h e  P h i l i p  Smith Mountains quadrangle during t h e  br ie f  

i n t e r n a l  1970-1979. 

Measurement and sampling of s t r a t i g r a p h i c  sec t ions  wi th in  the Sagavanirktok 

Valley was c a r r i e d  ou t  i n i t i a l l y  i n  1972 with f i e l d  support  provided by the  

Alyeske P ipe l ine  Service  Canpany and by E. James Dixon (Anthropology Depart- 

ment, Universi ty of Alaska). Four organic samples c o l l e c t e d  a t  t h a t  time 

were dated by William Reeburgh and Margie Young a t  t h e  Radiocarbon Dating 

Iabora tory  of the Univers i ty  of Alaska ' s  Marine I n s t i t u t e ;  two a d d i t i o n a l  

samples were dated  by Robert Stuckenrath a t  the  Smithsonian I n s t i t u t i o n  

Radiocarbon Laboratory ( t a b l e  1 and p l a t e  1). The e n t i r e  P h i l i p  Smith 

Mountains quadrangle subsequently was mapped during 1975 and 1976 a s  p a r t  

of the A r c t i c  Environmental S tudies  Program of t h e  U.S. Geological Survey 

(Hamilton, 1978b). Ten samples c o l l e c t e d  a t  t h a t  t i m e  were dated by Stephen 

Robinson a t  t h e  U.S. Geological Survey Radiocarbon Laboratory i n  Men10 Park, 

CA, and 16 samples were da ted  by Isotopes ,  Inc .  under t h e  supervis ion  of 

James Buckley. F i f t y  a d d i t i o n a l  radiocarbon dates ( t a b l e  2 and p l a t e  1) 

were obtained frm excavations c a r r i e d  ou t  during 1970-1975 as p a r t  of t h e  

trans-Alaska p i p e l i n e  archeologica l  salvage program (Cook, 1971, 1977; 

Alexander, 1974; Dixon, 1975). Michael Kunz and Robert G a l  (Bureau of 

Land Management, Fairbanks,  AK) helped me i n  loca t ing  some of these  s i t e s ,  

and furnished a d d i t i o n a l  information on t h e i r  s t r a t i g r a p h y  and geomorphic 

s e t t i n g s .  Six unpublished radiocarbon d a t e s  wi th  s t r a t i g r a p h i c  information 
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' Table 2. Radiocarbon dates on archeologic e i t e s ,  Phi l ip  Smith Hauntains quadrangle. 
\ 

\ 

LOCJiLITY TABORATORY MATERfAL 
NO. (1) SITENAME DATE (S)  NWBER (S)  (2) DATED (3) REFERENCE 

? Putu 0 . Alexander, 1974; 
C Bryan, 1978, p. 308 
0 

PSM-049 Mosquito Lake < 200 
305+130 

1 0 3 E i 4 0  
1975*140 
2135z160 
2 4 2 5 5 6 0  
2665555 
2705+160 
351c160  

C Kunz, 1977, p. 756-930 
B 
C 
C 
C 
C 
C 
C 
C 

0 Kunz, 1977, p. 751 

PSM-050 Gallagher F l i n t  97W160 to 
S t a t i o n  2665z180 (4)  

C Dixon, 1975 
C 
C 
C 

PSM-055 Tea Lake Knoll 1570+_150 GX-4094 C Cook, 1977, p. 62-64 
1995+165 - . GX-4093 C 

PSM-056 Anaqpak 2305+135 
236c175 

PSM-057 Ipnaq < 200 GX-4092 C Cook, 1977, p. 62-64 
27-40 GX-4091 C 

PSM-058 No Name 
Knob 

PSM-060 Ribdon 178o+_150 GX-4085 B Cook, 1977, p. 62-64 

C 200 GX-4073 C Cook, 1977, p. 62-64 
< 200 GX-4074 C 

PS4-073 B l i p  (5) < 200 GX-4082 C Cook, 1977, p. 62-64 
Modern GX-4083 C 
210510  GX-4086 C 

3480+_180 GX-4084 C 

200 GX-4089 C Cook, 1977, p. 62-64 
115+140 GX-4087 C 
310Ti40 GX-4088 C 
366100  - GX-4090 C 

(1) PSM pref ix  is not used on l oca t ion  map (plate 1) owing to lack of space. 

( 2 )  Gak  = Gakushuin University; GX = Geochron, Inc. ; S I  = Smithsonian I n s t i t u t i o n :  
WSU - Washington State Univers i ty .  

( 3 )  C = charcoal ;  B = bone; 0 = u n i d e n t i f i e d  organic mat ter .  

(4 )  14  dates t o t a l .  See reference for  individual l i s t i n g .  

(5 )  Ucated with in  15 m of PSM-072. 



were cont r ibuted  by Parker Calkin and Stephen E l l i s  ( S t a t e  Univers i ty  of 

New York a t  Buf fa lo ) ;  an a d d i t i o n a l  unpublished d a t e  was furnished by 

Patrick Webber ( I n s t i t u t e  of A r c t i c  and Alpine Research, Boulder, C O ) .  

Three of t h e s e  dates a r e  ass ignable  t o  s t r a t i g r a p h i c  sec t ions  l i s t e d  i n  

t a b l e  1; t h e  remaining four are presented separa te ly  i n  t a b l e  3 .  

I n  t h e  fol lowing sections, I desc r ibe  t h e  geologic s e t t i n g  and s t r a t i -  

graphic  placement of t h e  da ted  organic  samples, and d i scuss  t h e  geologic 

and paleoecologic h i s t o r y  ind ica ted  by t h i s  remarkably l a r g e  assemblage of 

radiocarbon dates. The s u r f i c i a l  geologic map of t h e  P h i l i p  Smith Mountains 

quadrangle (Hamilton, 1978b) should be consulted f o r  d e f i n i t i o n s ,  l o c a t i o n s ,  

and g e o l q i c  i n t e r r e l a t i o n s h i p s  of t h e  s u r f i c i a l  geologic u n i t s  d iscussed 

be low. 

STRATIGRAPHIC SECTIONS 

Sagavanirktok Valley Above Atigun Gorge 

Three b l u f f s  along the upper course of t he  Sagavanirktok River conta in  

dated sediments t h a t  formed during the  l a s t  13,000 years  wi th in  a depos i t iona l  

bas in  c rea ted  by advance of an i c e  tongue of l a t e  I t k i l l i k  age down the  

Atigun Valley (Hamilton, 1978b). The g l a c i e r  extended t o  a te rminal  posi-  

t i o n  a few Ian nor th  of the  p resen t  Ga lb ra i th  Lake and 50 km nor th  of source 

areas along t h e  Continental  Divide. A d i s t r i b u t a r y  i c e  stream flowed e a s t -  

ward through Atigun Gorge, then spread o u t  t o  form a s p a t u l a t e  tongue t h a t  

blocked t h e  Sagavanirktok Valley. Glac ie r  i c e  o r ig ina t ing  near  the  head of 

t h e  Sagavanirktok Valley was s u r p r i s i n g l y  r e s t r i c t e d  a t  t h i s  time; it formed 

end moraines about 30 km south of Atigun Gorge and only 15-25 !-an nor th  of 

t h e  c i rques  from which it or ig ina ted .  

Exposure S-1 ( f i g .  1) is  located  a t  t h e  southern f l ank  of the late 

I t k i l l i k  moraine t h a t  blocked t h e  Sagavanirktok Valley,  and most of the  

sediment sequence a t  t h i s  l o c a l i t y  appears t o  r e f l e c t  a l l u v i a t i o n  behind 

t h a t  b a r r i e r .  F l u v i a l  f e a t u r e s  include cross-bedding, l aye r s  and lenses  

of rounded and wel l  so r t ed  pebbles,  d e t r i t a l  wood along bedding p lanes ,  

and l a t e r a l  f a c i e s  changes from r e l a t i v e l y  coarse bar  deposits t o  r e l a -  

t i v e l y  f ine-grained channel f i l l i n g s .  Units 1, 2 ,  and lower u n i t  3 indi -  

c a t e  r ap id  a l l u v i a t i o n  by channel depos i t s ;  sparse organic  ma t t e r ,  absence 

of weathering, and genera l  s c a r c i t y  of f ine-grained overbank depos i t s  i n d i -  

c a t e  t h a t  a l l u v i a t i o n  probably proceeded without  major pauses o r  r e v e r s a l s .  



Table 3 .  Radiocarbon dates,  Atigun Pass area.  Based on data  of J. M .  E l l i s  and P. E.  Calkin, S ta te  
U n i v e r s i t y  of Mew York a t  Buffalo (wri t ten c m u n i c a t i o n ,  4/9/79).  

Sample S i t e  Stratigraphy (showing date  i n  
designation location yr  B.P. and laboratory no.) Material dated 

CE- 1 5 cm Surface organic mat 
58 cm S i l t  and sand, with 

intermixed organic 
mater ia l  

5 cm Organic horizon * 210 + 90 
( ~ ~ ~ ~ 5 4 7 )  

27+ cm Coarse gravel 

Peaty s i l t?  

CE- 2 -5  cm Surface oraanic mat 
90 cm Sandy cobble gravel 

? Buried organic layer 800 + 90 
(3GsZ548), 

Clayey peat 

Bedrock 
(sandstone) 

Dried vegetation from 
j o in t s  i n  bedrock 

Younger rock-glacier 
depo s i t 480 + 140 
Older rock-glacier ( ~ ~ ~ 1 5 4 9 )  
deposit  

Dead roots incorporated 
i n  younger rock g lac ie r  
a t  i t s  terminus 



The radiocarbon dates appear t o  confirm t h a t  r a p i d  a l l u v i a t i o n  took p lace  

between about 13,000 and 12,500 y r  B .P . ,  and continued u n t i l  a t  l e a s t  

12,000 y r  B.P. i f  t h e  da te  on sample AU-70 i s  v a l i d .  Rapid a l l u v i a t i o n  

probably was t h e  r e s u l t  of (1) blockage by a c t i v e l y  flowing g l a c i e r  i c e ,  

which prevented permanent i n c i s i o n  by t h e  Sagavanirktok River,  and ( 2 )  

relatively high rate of sediment y i e l d  from headward por t ions  of t h e  

Sagavanirktok Valley owing t o  a c t i v i t y  of the l a t e  I t k i l l i k  g l a c i e r  i n  

that area .  Decreasing r a t e s  of sedimentat ion o r  increased i n t e r v a l s  be- 

tween pu l ses  of a l l u v i a t i o n  are i nd ica ted  by t he  inc reas ing  presence of i n  

situ organic  matter i n  u n i t  4 and upper u n i t  3 .  This probably r e f l e c t s  

weakening a c t i v i t y  of t h e  Atigun Gorge ice  tongue and i ts  ultimate stag- 

nat ion .  By about 9000 y r  B . P . ,  t h e  Sagavanirktok River no longer was 

a l l u v i a t i n g ,  and sediments above t h e  20-m l e v e l  i n  t h e  b l u f f  c o n s i s t  a l -  

most e n t i r e l y  of e o l i a n  sand and s i l t  with i n  s i t u  organic mat ter .  The 

d a t e  of 11,890 - + 200 y r  B.P. a t  about 18 m he igh t  i n  the  b lu f f  is  puzzling.  

No phys ica l  evidence w a s  noted f o r  a s i g n i f i c a n t  hiatus between t h i s  l e v e l  

and t h e  20-m l e v e l ,  which d a t e s  about 3000 y r  younger. I n  a d d i t i o n ,  t h e  

cha rac te r  of sediments and organic  ma t t e r  suggests  t h a t  t h e  most r ap id  de- 

crease  i n  r a t e s  of a l l u v i a t i o n  occurred f a r t h e r  down i n  t h e  s e c t i o n ,  a t  and 

j u s t  above t h e  l e v e l  of f loodp la in  willows dated  12,770 - + 180 y r  B.P.  On 

t h e  o the r  hand, repeated wind scour and deposi t ion  on a p a r t l y  vegetated 

su r face  no longer subjec ted  t o  a l l u v i a t i o n  could account for slow ra te  of 

n e t  acc re t ion  between the  18- and 20-m l e v e l s  and for t h e  absence of  s ig-  

n i f i c a n t  s o i l  and weathering p r o f i l e s .  

Exposure S-2 ( f i g .  2)  conta ins  f l u v i a l  sand a t  i t s  base ( u n i t  1) t h a t  - 
probably c o r r e l a t e s  with t h e  b a s i n - f i l l i n g  sand of upper u n i t  3 o r  lower 

u n i t  4 a t  Exposure 1. The radiocarbon d a t e  of 11,760 + 200 i s  v i r t u a l l y  - 
i d e n t i c a l  t o  t h e  11,890-year d a t e  from u n i t  4 of Exposure 1, suggest ing 

t h a t  continued slow a l l u v i a t i o n  of t h e  upper Sagavanirktok River behind 

t h e  moraine dam may indeed have continued up t o  about t h i s  time. Absence 

of gravel suggests t h a t  outwash deposi t ion  from the  upper Sagavanirktok 

Valley glacier  e i t h e r  had ceased o r  was unable t o  extend t h i s  Ear nor th  

i n  t h e  sand-f i l led  b a s i n .  A conspicuous unconformity at t h e  top of u n i t  2 

probably marks downcutting of the  Sagavanirktok River a f t e r  breaching of 

the  moraine dam near t h e  mouth of Atigun Gorge. The d a t e  of t h i s  event i s  

uncer ta in .  Later acc re t ion  of e o l i a n  sand a t  Exposure 2 began sometime 
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before  2275 + 110 y r  B.P. ,  and cont inues  t o  t h e  present .  An archeologic  s i t e  - 
i n  t h e  upper p a r t  of t h e  exposure was s tud ied  i n  co l l abora t ion  with E. James 

Dixon. The s i t e  was occupied sometime wi th in  t h e  p a s t  1200 y r ,  b u t  charcoal  

on t h e  occupation horizon was t o o  spa r se  f o r  da t ing .  

Exposure - S-3 ( f i g .  3 )  i s  s i t u a t e d  between Exposures 1 and 2,  but d i f f e r s  

from them i n  i ts  g r a v e l l y  charac ter .  Two radiocarbon d a t e s  of approximately 

5300 y r  B.P. i n d i c a t e  a c t i v e  a l l u v i a t i o n  a t  that time, b u t  probably ceasing 

soon afterward.  Some of t he  coarse  sediment probably was der ived from 

a l l u v i a l  fans t h a t  b u i l t  outward from the  western v a l l e y  wal l  (Hamilton, 

1978b1, b u t  i t s  d i v e r s e  l i t h o l o g y  sugges ts  t h a t  some of t h e  depos i t  o r i g i -  

nated f r o m  source areas f a r t h e r  up t h e  Sagavanirktok Val ley .  Interbedded 

laminated f i n e  sediments probably were deposi ted  along t h e  f loodp la in  of 

the  Sagavanirktok River,  which remained p a r t l y  dammed a t  a l e v e l  about 11 m 

above p resen t .  The r i v e r  may have eroded r a p i d l y  through d r i f t  abandoned 

by t h e  r e t r e a t i n g  l a t e  I t k i l l i k  g l a c i e r ,  bu t  it undoubtedly remained longer 

a t  a l e v e l  determined by t h e  su r face  of t h e  underlying bedrock upon which 

it was superimposed. This  rock su r face  p resen t ly  r i s e s  15 m above t h e  r i v e r  

l e v e l  i n  t h e  canyon which t h e  Sagavanirktok River has eroded through t h e  

moraine. 

Sagavanirktok Valley Below Atigun Gorge 

Radiocarbon d a t e s  were obtained from n a t u r a l  bluff exposures i n  four  

l o c a l i t i e s  along t h e  Sagavanirktok River and i ts  t r i b u t a r i e s  nor th  of 

Atigun Gorge ( p l a t e  1 1 .  Three l o c a l i t i e s  (Exposures S-4, S-5, and S-6) 

are e s p e c i a l l y  s i g n i f i c a n t  because 'each y ie lded radiocarbon d a t e s  t h a t  l i e  

wi th in  t h e  i n t e r v a l  when l a t e  I t k i l l i k  g l a c i e r  i c e  blocked t h e  upper 

Sagavanirktok Valley. The f o u r t h  l o c a l i t y  (mposure  S-7) yielded a d a t e  

and i n f e r r e d  h i s t o r y  ass ignable  t o  late Holocene ( ~ e o g l a c i a l )  resurgence 

of g l a c i e r s  near v a l l e y  heads. Two l o c a l i t i e s  (Exposures S-4 and 5-51 a r e  

s i t u a t e d  wi th in  t h e  I t k i l l i k  I1 d r i f t  shee t  (Hamilton, 1978b1, and there-  

f o r e  a l s o  provide minimum ages for  t h a t  glacial event .  

Exposure S-4 ( f i g .  4)  yielded l i t t l e  detailed s t r a t i g r a p h i c  informa- 

t i o n  owing t o  t h e  a c t i v e  mudflows t h a t  obscured i t s  lower units and t h e  

hazardous nature  of i t s  overhanging and co l l aps ing  face .  Unit 1 probably 

is l a c u s t r i n e  sediment t h a t  formed within  t h e  bas in  c rea ted  behind t h e  



I t k i l l i k  I1 moraine by the  r e t r e a t i n g  Ribdon Valley g l a c i e r .  The coarse 

alluvium of u n i t  2 probably i s  outwash generated by t h e  readvance of a g la-  

c i e r  of l a t e  I t k i l l i k  age t h a t  terminated a s h o r t  d i s t a n c e  upvalley i n  t h e  

a rea  round Elusive Lake (see Hamilton, 1978b). The radiocarbon d a t e  of 

12,780 - + 440 y r  B.P. provides a l i m i t i n g  minimum age f o r  t h e  maximum ex ten t  

of t h e  l a t e  I t k i l l i k  readvance i n  t h i s  va l l ey .  

Exposure S-5 ( f i g .  5 ) ,  within an outwash' t e r r a c e  of l a t e  I t k i l l i k  age, - 
is s i t u a t e d  6 km downvalley from t h e  mapped l i m i t  of t h e  s p a t u l a t e  d r i f t  

shee t  from which t h e  outwash o r ig ina ted  (Hamilton, 1978b). The lowest ex- 

posed sediments a r e  b a s i n - f i l l  d e p o s i t s ,  da ted  12,170 + 270 y r  B.P. ,  t h a t  - 
accumulated a f t e r  t h e  Sagavanirktok Valley g l a c i e r  r e t r e a t e d  from t h e  

I t k i l l i k  I1 moraine. The over ly ing outwash ( u n i t  2 )  and frost-churned 

l o e s s  ( u n i t  3 )  a r e  assigned respec t ive ly  t o  t h e  maximum s tand and subse- 

quent  recess ion of t h e  l a t e  I t k i l l i k  g l a c i e r .  The radiocarbon d a t e  i s  in-  

compatible with d a t e s  from Exposure 1, which seem t o  demonstrate t h a t  t h e  

l a t e  I t k i l l i k  i c e  tongue was a t  i t s  maximum e x t e n t  from about 13,000 t o  

12,500 o r  12,000 y r  ago; it probably i s  t o o  young. 

Exposure S-6 ( f i g .  6) l i e s  a t  higher a l t i t u d e  wi th in  a bas in  of Sect ion  

Creek t h a t  was dammed by g l a c i e r  i c e  of I t k i l l i k  I o r  I1 age,  bu t  probably 

was not d i r e c t l y  a f fec ted  by g l a c i a l  f l u c t u a t i o n s  during l a t e  I t k i l l i k  time. 

Exposed sediments a r e  daninant ly  l a c u s t r i n e  s i l t  and clayey s i l t  t h a t  a l t e r -  

na te  wi th  g r a v e l l y  beach depos i t s .  Peat  near  the  base of the  s e c t i o n  d a t e s  

12,690 - + 180 y r  B.P. ,  def in ing an i n t e r v a l  of s u b a e r i a l  exposure preceded 

and followed by l a c u s t r i n e  sedimentat ion.  The continued e f fec t iveness  of 

t h e  moraine b a r r i e r  a t  t h a t  time suggests  t h a t  it probably i s  I t k i l l i k  I1 

i n  age r a t h e r  than I t k i l l i k  I a s  i n f e r r e d  previous ly  (Hamilton, 1978b). 

The peat  l a y e r  could rep resen t  s l i g h t l y  mi lder  condi t ions  followed by 

harsher c l imate  and renewed deposi t ion  along Section Creek due t o  some 

combination of (1) increased sediment y i e l d  i n  i t s  upper bas in ,  ( 2 )  penna- 

f r o s t  aggradation wi th in  t h e  moraine dam, decreasing i t s  permeabi l i ty ,  and 

( 3 )  increased s o l i f l u c t i o n  o r  o ther  mass movements p a r t l y  s e a l i n g  t h e  stream 

i n c i s i o n  through t h e  moraine dam. The a l t e r n a t i v e  hypothesis  of damming 

by I t k i l l i k  I1 g l a c i e r  ice  a t  t h i s  time i s  r e j e c t e d  because there  i s  no 

evidence of g l a c i e r  i c e  a s  young o r  younger than about 12 ,700  y r  B.P. over- 

r i d i n g  adjacent  v a l l e y  c e n t e r s  i n  t h e  a reas  around Exposures S-4 and S-5. 
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Exposure S-7 ( f i g .  7) i s  located  wi th in  t h e  l a c u s t r i n e  p l a i n  of Elus ive  - 

Lake, a su r face  t h a t  aggraded t o  a l e v e l  of about +5 m i n  response t o  alLu- 

v i a t i o n  along Ribdon River. The e n t i r e  s e c t i o n  exposes laminated lacus- 

t r i n e  sediments, and d a t e s  3570 + 90 y r  B.P. near  i t s  base. This  d a t e  - 
would be appropr ia te  f o r  a l l u v i a t i o n  by Neoglacial outwash derived from 

t h e  c i rque  g l a c i e r s  a t  t h e  heads of both  fo rks  of Ribdon Valley. Neogla- 

c i a 1  outwash i s  p a r t i c u l a r l y  conspicuous along t h e  south  f o r k  of RiMon 

Valley,  and ev iden t ly  extended farther downvalley than was mapped previ -  

ously (Hamilton, 1978b) . 

Atigun Valley Near Ga lb ra i th  Lake 

Readvance of t h e  l a t e  I t k i l l i k  glacier i n  Atigun Valley formed a broad 

moraine composed l a r g e l y  of redeposi ted  l a c u s t r i n e  sediments t h a t  p r e s e n t l y  

encloses  Ga lb ra i th  Lake t o  t h e  nor th  (Hamilton, 1978b). Subsequent g l a c i a l  

retreat crea ted  an extens ive  p r o g l a c i a l  lake  t h a t  probably extended up 

Atigun Valley a t  l e a s t  16 lan beyond t h e  p resen t  south  shore of Ga lb ra i th  

Lake. The lake f i l l e d  rap id ly  with d e l t a i c  depos i t s  derived from t r i b u t a r y  

v a l l e y s  and from the  two g lac ie r - fed  f o r k s  a t  t h e  v a l l e y  head. F i l l i n g  ex- 

tended progress ively  northward, and was e s p e c i a l l y  r a p i d  where deposi t ion  

of t r i b u t a r y  fans  and d e l t a s  narrowed and p a r t l y  f i l l e d  t h e  v a l l e y  f l o o r .  

Exposure A-1  ( f i g .  8) occupies t h e  concave bank of a t i g h t  meander - 
loop along Atigun River 6 km south of Ga lb ra i th  b k e .  The r i v e r  b lu f f  ex- 

poses 15 rn of b a s i n - f i l l  d e p o s i t s  t h a t  formed behind t h e  Galbra i th  Lake 

moraine of l a t e  I t k i l l i k  age (Hamilton, 1978b). Clayey, s i l t y ,  shallow- 

water t o  wet-marsh depos i t s  through t h e  middle por t ion  of the  exposure grade 

upward i n t o  sand ie r  depos i t s  of probable f l u v i a l  and e o l i a n  o r i g i n  near  i t s  

c r e s t .  Two radiocarbon d a t e s  i n d i c a t e  t h a t  f i l l i n g  of t h i s  por t ion  of t h e  

moraine-dammed bas in  was completed by middle Holocene time, and t h a t  aggrada- 

t i o n  by f l u v i a l  and e o l i a n  processes continued a f t e r  e a r l i e r  open-water and 

marsh phases i n  t h e  basin.  

Exposure A-2 ( f i g .  9 ) ,  3.5 krn f a r t h e r  nor th ,  also occupies t h e  cutbank - 
of an a c t i v e  meander bend of Atigun River. Although t h i s  exposure s tands  

2 2 . 1  m high,  f l u v i a l  and marsh sediments s i m i l a r  t o  those  of Exposure 1 r i s e  

only  17.3 m above t h e  r i v e r ;  t h e i r  upper con tac t  de f ines  a s u r f a c e  t h a t  could 

be c o r r e l a t i v e  with t h e  t e r r a c e  of Exposure A-1.  The over ly ing sediments 

probably rep resen t  eol ian-deposi ted sand s h e e t s  and dunes t h a t  formed du r ing  

o r  following downcutting of Atigun River. A s i n g l e  radiocarbon da te  from 



t h e  middle por t ion  of t h e  exposure sugges ts  t h a t  aggradation of t h e  bas in  wi th  

f l u v i a l  and marsh sediments continued as r e c e n t l y  as 2000 + 80 y r  B.P. Ag- - 
gradat ion  took place e i t h e r  a s  progress ive  northward expansion of a d e l t a i c  

p l a i n  o r  a s  a sepa ra te  l a t e  Holocene event  t h a t  followed e a r l i e r  a l l u v i a t i o n  

and downcutting. 

mposure  A-3 ( f i g .  10) i s  loca ted  along t h e  nor th  bank of Atigun River - 
0.5 km below t h e  mouth of t h e  o u t l e t  s t r e a m  from Galbra i th  Lake. This r i v e r  

b l u f f  exhibits three p r i n c i p a l  sediment u n i t s  t h a t  probably c o r r e l a t e  with 

those  of exposures f a r t h e r  upvalley. Basal sediments r ep resen t  f i l l i n g  of 

t h e  moraine-dammed Atigun bas in  by streams en te r ing  an area of s tanding t o  

s lugg i sh ly  flowing water.  The overlying p e a t  r ep resen t s  an i n t e r v a l  during 

which Atigun River and the  l a c u s t r i n e  p l a i n  around t h e  south end of Ga lb ra i th  

Iake  may have aggraded a t  a slower r a t e .  This i n t e r v a l  d a t e s  between about 

2245 - + 120 and a t  l e a s t  2500 y r  B.P. ;  i t  probably extends back beyond 3000 y r  

according t o  a radiocarbon d a t e  obtained by P. J. Webber from a road cut 

west of Exposure A-3 ( t a b l e  1). The p e a t  accumulation corresponds i n  time 

t o  a per iod  of continued a c t i v e  a l l u v i a t i o n  f a r t h e r  up Atigun River. The 

topmost u n i t ,  dune sand, ev iden t ly  began accumulating more than 740 + 100 - 
y r  ago, and continues t o  be a c t i v e l y  scoured and redeposi ted  by s t rong  

downvalley winds. 

Exposure A-4 ( f i g .  l l), the  headwall of an a c t i v e  ear thf low,  i s  s i t u -  - 
a t e d  on the  inner  f l a n k  of t h e  l a t e  I t k i l l i k  moraine 4.5 Ipn northwest of 

Galbra i th  Lake. S i l t y  diamicton - e i t h e r  till, g lac io - l acus t r ine  sediment, 

o r  g l a c i a l  depos i t s  redeposi ted  as colluviurn - i s  over la in  by p e a t  dated 

1850 - + 85 y r  B.P.  S o l i f l u c t i o n  depos i t s  o v e r l i e  t h e  peat .  This  record 

r e f l e c t s  t h e  extreme i n s t a b i l i t y  of t h e  s i l t - r i c h  Galbra i th  Lake moraine, 

upon which ear thf lows,  s o l i f l u c t i o n ,  and o t h e r  slope processes a r e  reworking 

o lde r  sediments. The p e a t  r ep resen t s  a per iod  of s t a b i l i t y  t h a t  w a s  followea 

by renewed s o l i f l u c t i o n ;  it could correspond t o  mi lder  c l imate  and genera l ly  

more stable slope cond i t ions ,  o r  it may merely be of l o c a l  s ign i f i cance .  

Upper Atigun Valley 

Four radiocarbon da tes  obtained by P .  E. Calkin and J. M.  E l l i s  

( t a b l e  3 )  bear on the  h i s t o r y  of l a t e  Holocene fan  bui ld ing near  t he  head 

of Atigun Valley and on g l a c i e r  and rock-glac ier  expansion wi th in  two cirques 

c lose  t o  the  Continental  Divide. 



Sample CE-1 ( t a b l e  3 )  was obtained from a buried organic  horizon wi th in  - 
an a l l u v i a l  f a n  along t h e  e a s t  s i d e  of Atigun Valley 17 h south of Ga lb ra i th  

Lake. This  p o s s i b l e  p a l e a s o l  w a s  bur ied  by renewed fan a l l u v i a t i o n  sametime 

a f t e r  210  + 90 y r  B.P. The t r i b u t a r y  stream that b u i l t  t h e  f an  o r i g i n a t e s  

i n  a s e t  of c i rques ,  two of which conta in  g l a c i e r s .  Renewed fan  deposi t ion  

a t  t h e  sampling l o c a l i t y  may have been caused merely by l a t e r a l  displacement 

of the tributary stream ac ross  i t s  fan, o r  it could have been t h e  r e s u l t  of 

g l a c i e r  expansion and increased sediment y i e l d  wi th in  the  drainage basin.  

Sample CE-2, da ted  800 + 90 y r  B.P.,  is from a s i m i l a r  bur ied  organic  - 
layer within  an a l l u v i a l  f a n  c l o s e  t o  Atigun Pass (table 3 ) .  The organic  

horizon was bur ied  by 90 cm of f an  sediment following an i n t e r v a l  of sta- 

b i l i t y .  As t h i s  fan also was generated by a cirque-headed t r i b u t a r y  stream 

fed by a g l a c i e r  (J. M. Ellis, w r i t t e n  communication, 4/9/79),  t he  episode 

of a l l u v i a t i o n  could poss ib ly  be related t o  i n t e n s i f i c a t i o n  of g l a c i e r  

a c t i v i t y .  

Sample CE-3 was taken at t h e  terminus of t h e  informally named "Buffalo 

Glacier"  a t  t h e  head of t h e  western fo rk  of Atigun Valley.  Calkin and E l l i s  

r e p o r t  a  d a t e  of 320 - + 100 y r  B.P. on vege ta t ion  overridden by t h e  advancing 

i c e  tongue. 

A s l i g h t l y  o lde r  d a t e  of 480 + 140 y r  B.P. was obtained on Sample CE-4- - 
from a c i rque  11 h southwest of Galbra i th  Lake. Roots from the  su r face  of 

an o lde r  rock g l a c i e r  were incorpora ted  i n t o  the  advancing terminus of a  

younger rock g l a c i e r .  The younger rock g l a c i e r  apparent ly  formed from Neo- 

g l a c i a l  d r i f t  generated by the  g l a c i e r  t h a t  nea r ly  f i l l s  t h e  c i rque  (Hamilton, 

1978b). 

T m l i k  Valley 

A s i n g l e  da ted  exposure from t h e  Tool ik  Valley occupies a  s i t e  s i m i l a r  

t o  t h a t  of Exposure A-4 and l ikewise  r evea l s  a h i s t o r y  of s lope  processes i n -  

dependent of  v a l l e y  a l l u v i a t i o n .  

Exposure T-l ( f i g .  12) i s  located  a t  the  nor th  end of a n  enlarging thaw 

Lake t h a t  formed on morainal deposits  assigned t o  t h e  Sagavanirktok River G l a -  

c i a t i o n  (Hamilton, 1978b). Diarnicton a t  t h e  base of the  exposure ( u n i t  1) 

c o n s i s t s  of e i t h e r  primary till or till redeposi ted  by earthflows o r  o t h e r  

slope processes.  The overlying p e a t  ( u n i t  2)  formed during an i n t e r v a l  of 



s t a b i l i t y  about 9500-8000 y r  B.P.;  s o l i f l u c t i o n  subsequently covered t h e  s i t e  

with a c o l l u v i a l  b lanket  0.5 m t h i c k  ( u n i t  3 ) .  As i n  t h e  case of ExposQre A-4, 

p e a t  formation may correspond e i t h e r  t o  an i n t e r v a l  of genera l ly  more s t a b l e  

s lope  condi t ions  o r  t o  l o c a l  s i t e  f a c t o r s  unre la ted  t o  cl imate.  

I t k i l l i k  Valley 

Three dated exposures near  I t k i l l i k  Lake l i e  within t h e  depos i t iona l  

bas in  t h a t  formed behind an end moraine 02 late I t k i l l i k  age (Hamilton, 197813). 

The exposures, l i k e  those wi th in  Atigun Valley,  show a complex h i s t o r y  of 

bas in  i n f i l l i n g ,  punctuated by s e v e r a l  episodes of i n c i s i o n ,  and continuing 

u n t i l  very r e c e n t  time. 

Exposure 1-1 ( f i g .  13) , a t  t h e  nor th  end of a  probable thaw lake  on t h e  - 
v a l l e y  f l o o r ,  c o n s i s t s  of sandy b a s i n - f i l l  depos i t s  t h a t  accumulated t o  a 

he igh t  of 11 m above lake  l e v e l  and perhaps 12-13 rn above t h e  p resen t  l e v e l  

of t h e  I t k i l l i k  a v e r .  Al luvia t ion  t o  a su r face  about 8 rn above l a k e  l e v e l  

was canpleted by about 4200 y r  B.P., according t o  a da ted  p e a t  horizon 

( u n i t  2 ) .  Subsequent acc re t ion  was dominantly by e o l i a n  processes.  

Exposure - 1 - 2  ( f i g .  14) shows a l a t e r  episode of i n c i s i o n  and t e r race -  

bui ld ing along t h e  p resen t  course of t h e  I t k i l l i k  River. The r i v e r  l ay  a t  

a  l e v e l  a t  or below presen t  during an episode of p e a t  accumulation about 

2500 y r  B.P. ,  then a l l u v i a t e d  t o  a l e v e l  near ly  8 rn above present .  During 

a l l u v i a t i o n  t h e  river was vigorously eroding a kamelike complex of g rave l ly  

ice-s tagnat ion  depos i t s  t h a t  prot rudes  above t h e  v a l l e y  f l o o r  i n  this a rea .  

Gravel derived fram the  eroded f l a n k  of t h i s  depos i t  was intermixed with 

sandy alluvium derived from sources f a r t h e r  up t h e  I t k i l l i k  Valley. 

Exposure - 1-3 ( f i g .  15) shows a genera l ly  younger h i s t o r y  than Exposures 

1-1 and 1-2, and provides d a t e s  f o r  bui ld ing of t h e  two lowest t e r r a c e  l e v e l s  

i n  t h e  I t k i l l i k  Valley. About 1300 y r  ago the  r i v e r  again  was a t  a l e v e l  

c lose  t o  t h e  p resen t ;  it then a l l u v i a t e d  during the  following 500 y r  t o  

bui ld  a t e r r a c e  a t  a height  of about 6 .5  m .  A subsequent episode of down- 

c u t t i n g  culminated s h o r t l y  before  430 - + 50 yr B.P . ,  then was followed by 

a l l u v i a t i o n  t o  form an inner  t e r r a c e  about 4 m above modern river l eve l .  

Wind River Valley 

Seven radiocarbon d a t e s  were obtained f r o m  exposures along the  e a s t  

bank of the  Wind River,  which flows southeas t  from t h e  Cont inenta l  Divide 



i n t o  t h e  s u b a r c t i c  environment of t h e  southern Brooks Range. A l l  t h e  expo- 

s u r e s  a r e  s i t u a t e d  beyond an end moraine assigned t o  the  l a t e  I t k i l l i k  read- 

vance (Hamilton, 1978b1, and wi th in  d r i f t  of o lde r  I t k i l l i k  age. Unfortu- 

n a t e l y ,  t h e  Wind River t r ends  eastward from t h e  corner of t h e  P h i l i p  Smith 

Mountains quadrangle into a region where no s u r f i c i a l  geologic mapping has  

been done, and t h e  d i s t r i b u t i o n  and l i m i t s  of I t k i l l i k  I and I1 d e p o s i t s  

are unknown. Most of t h e  I t k i l l i k  d r i f t  of unassigned age i n  Hamilton 

(1978b) i s  assumed t o  be I t k i l l i k  X I  i n  t h e  fol lowing discuss ion.  All t h r e e  

dated exposures t h e r e f o r e  l i e  wi th in  a s t r e t c h  of g lac io - l acus t r ine  and 

o t h e r  b a s i n - f i l l i n g  depos i t s  t h a t  pos tda te  t h e  l t k i l l i k  11 maximum advance. 

Exposure - W - 1  ( f i g .  16) conta ins  a t h i n  shee t  of probable till ( u n i t  2) 

under la in  by g rave l  of nonglac ia l  r a t h e r  than outwash charac ter  ( u n i t  1). 

The i n f i n i t e  d a t e  on t h e  g rave l ,  i f  v a l i d ,  sugges ts  p rese rva t ion  of i n t e r -  

s t a d i a 1  or i n t e r g l a c i a l  depos i t s  t h a t  predated t h e  I t k i l l i k  I1 g l a c i a l  ad- 

vance. These sediments probably were f rozen p r i o r  t o  glacier  expansion, 

and apparent ly  survived over r id ing  by an ice tongue t h a t  must have advanced 

sLuggishly down t h e  g e n t l e  g rad ien t  of the  Wind River Valley.  The d a t e  bf 
about 4000 y r  B.P. on u n i t  3 probably rep resen t s  a minimum age on a paleo- 

s o l  t h a t  formed on t h e  till and subsequently was buried by s o l i f l u c t i o n  

depos i t s  derived f r m  t h e  base of t h e  e a s t e r n  v a l l e y  wall .  S o l i f l u c t i o n  

a c t i v i t y  apparent ly  followed an i n t e r v a l  of s lope  s t a b i l i t y  t h a t  extended 

through t h e  middle Holocene. 

Exposure W-2 ( f i g .  1 7 ) ,  11 Ian f a r t h e r  downvalley, occupies a wider and - 
f l a t t e r  segment of t h e  v a l l e y  f l o o r  t h a t  today conta ins  s c a t t e r e d  pingos 

and numerous thaw lakes .  F ine  f l u v i a l  g rave l  ( u n i t  1) a t  the  base of t h e  

depos i t  i s  over l a in  by pea t  dated about 9400 and 9600 y r  B.P.  ( u n i t  21, 

which ranges i n  he igh t  along the b lu f f  from 0.5 t o  4 m above r i v e r  l e v e l .  

Lacus t r ine  sediments more than 11 m t h i c k  ( u n i t  3 )  cap t h e  sec t ion .  Thick- 

ness and high c lay  content  of the  lake  sediments suggest  a widespread and 

poss ib ly  deep lake  bas in  e x i s t e d  a t  t h i s  t i m e ,  and t h a t  t h e  smaller thaw 

lakes  of today pos tda te  dra inage  of t h e  a n c e s t r a l  lake.  Two species of 

os t racodes ,  Candona rec tangu la ta  and Cyclocypris ampula, from clay  near t h e  

base of u n i t  3 i n d i c a t e  co ld ,  a l k a l i n e ,  f r e s h  water and suggest a shallow, 

nearshore,  p l a n t  r i c h  h a b i t a t  during a n  early stage of lake formation 

(R. M .  F o r e s t e r ,  personal  communication, 6/15/79).  



Exposure W-3 ( f i g .  1 8 ) ,  6 km downvalley from Exposure 2 ,  e x h i b i t s  a 

v i r t u a l l y  i d e n t i c a l  h i s t o r y .  Al luv ia t ion  of f ine-grained f l u v i a l  sediments 

( u n i t  1) began p r i o r  t o  9700 y r  B.P. and was followed by an i n t e r v a l  of sta- 

bility and peat deposi t ion  t h a t  may have ended about 9100 y r  ago ( u n i t  2 ) .  

A subsequent l a c u s t r i n e  s t a g e  i s  ind ica ted  by t h e  6 m o r  more of clayey 

sediments ( u n i t  3 )  that cap t h e  sec t ion .  Although bedding and o the r  s t ruc -  

t u r e s  wi th in  u n i t  3 are l a r g e l y  obscured by flowage, t he  cha rac te r  of i t s  

sediments as wel l  as s i m i l a r i t i e s  i n  limiting ages, l i t ho logy ,  and i n f e r r e d  

h i s t o r i e s  between Exposures 2 and 3 s t rong ly  i n d i c a t e  t h a t  a widespread 

s i n g l e  l ake  f i l l e d  t h i s  p o r t i o n  of Wind River Valley ( see  Hamilton, 1978b). 

The modern thaw l akes  t h e r e f o r e  comprise a  sepa ra te  and younger l a c u s t r i n e  

s tage .  Origin of t h e  anc ien t  l ake  i s  uncer ta in .  It presumably was d m e d  

by a l a n d s l i d e  o r  o t h e r  b a r r i e r  i n  the unmapped p o r t i o n  of Wind River Val ley  

t h a t  l i e s  e a s t  of t h e  P h i l i p  Smith Mountains quadrangle. 

ARCHEOLCGIC DATES 

Fifty radiocarbon d a t e s  from archeologic s i t e s  i n  the  P h i l i p  Smith 

Mountains quadrangle have been summarized i n  t a b l e  2. Most da tes  a r e  on 

charcoal  recovered from shallow l e v e l s  i n  sediments h ighly  d i s tu rbed  by 

human a c t i v i t i e s  a t  l o c a l i t i e s  where d e t a i l e d  s t r a t i g r a p h i c  information 

i s  n o t  ava i l ab le .  These d a t e s ,  e s p e c i a l l y  where younger than a few thou- 

sand yea r s ,  w i l l  n o t  be d iscussed ind iv idua l ly .  Other d a t e s ,  from o lde r  

l e v e l s  i n  deeper and more c a r e f u l l y  recorded excavations,  are more i n fo r -  

mative. These s i t e s  inc lude  Gallagher Flint Station, Putu,  and Mosquito 

Lake. 

The o l d e s t  well  documented archeologic  s i t e  is  Gallagher F l i n t  S t a t i o n  

(PSM-OSO), s i t u a t e d  on a prominent kame on t h e  f l o o r  of t h e  Sagavanirktok 

Valley.  The s i t e  was dug i n i t i a l l y  by E. J. Dixon, Jr . ,  i n  1970 and 1971 

(Dixon, 1971, 1975);  f u r t h e r  excavations were c a r r i e d  out during Later 

s t a g e s  of t h e  trans-Alaska p i p e l i n e  salvage program (Cook, 1977, p. 6 5 ) .  

Dixon (1975) described t h r e e  s t r a t i g r a p h i c  l e v e l s  a t  the  Gallagher s i t e :  

a  surface organic horizon up t o  9 cm t h i c k ,  a 20-30 cm l oess  b lanket ,  

and underlying ice-contac t  depos i t s .  Three charcoal  d a t e s  between about 

2600 and 3300 y r  B.P. w e r e  obta ined a t  or near  t h e  base of t h e  su r face  or- 

ganic  horizon; a  much older charcoal  da te  of 10,540 - + 150 yr B.P. came from 

wi th in  t h e  l o e s s  a t  a depth of 20-25 cm below t h e  surface  (Dixon, 1975; 



'. 
Stuckenrath and Mielke, 1973, p. 405-406). The I t k i l l i k  I1 d r i f t  shee t  

near  t h e  Gallagher s i t e  c l e a r l y  was deglaciated' ,  s t a b i l i z e d ,  and s u f f i c i e n t l y  

revegeta ted  t o  support  game animals and t h e i r  human preda to r s  by 10,500 y r  

B.P. 

The -- Putu s i t e ,  16 km upvalley f r a n  t h e  Gallagher l o c a l i t y ,  occupies a 

kamelike knob on t h e  c r e s t  of a l a t e  I t k i l l i k  l a t e r a l  moraine t h a t  extends 

along the  east wal l  of t h e  Sagavanirktok Valley. The s i te  i n i t i a l l y  was 

dated  8450 - + 130 y r  B.P. (Alexander, 1974; s t a t e d  as 8450 - + 150 y r  B.P. - i n  

Sheppard and Cha t t e r s ,  1976, p. 144) .  Later ,  it repor ted ly  was dated  

11,470 2 500 y r  B.P. (Bryan, 1978, p. 308). N o  s t r a t i g r a p h i c  d e s c r i p t i o n  

has been published f o r  t h e  Putu s i t e  s o  t h e  o l d e r  d a t e ,  i f  v a l i d ,  can be 

used merely t o  confirm t h a t  t h i s  por t ion  of t h e  l a t e  ~ t k i i l i k  moraine was 

deg lac ia ted  and revegeta ted  by about 11,500 y r  ago. 

Excavations around t h e  informally-named "Mosquito Lake" (PSM-049) were 

c a r r i e d  o u t  during 1971-1975 as part of t h e  trans-Alaska p i p e l i n e  archeolog- 

i c a l  sa lvage  program (Cook, 1977; KUnz, 1971, 1977). A t e s t  p i t  excavated 

j u s t  nor th  of t h e  l ake  on a su r face  about 4 m above modern r i v e r  l e v e l  ex- 

posed 95 cm of e o l i a n  sand above organic-bear& lake  o r  marsh depos i t s  which 

d a t e  4830 + 155 y r  B.P. a t  t h e  contac t  ( t a b l e  21.. The dated m a t e r i a l  may have - 
been obtained £ran sediments t runcated  during r i v e r  downcutting, hence it 

could be s i g n i f i c a n t l y  older than  the c l o s e  of f l u v i a l  o r  l a c u s t r i n e  sedimen- 

t a t i o n  and the  beginning of e o l i a n  depos i t ion  a t  t h i s  l o c a l i t y .  Younger 

d a t e s  fran t h e  Mosquito Lake site tend t o  c l u s t e r  wi th in  the i n t e r v a l  of 

about 2000-2700 y r  B.P. ,  which corresponds i n  genera l  t o  t h e  second human 

occupation a t  Gallagher Flint S t a t i o n  and t o  a small  c l u s t e r  of archeologic 

d a t e s  f r m  t h e  Atigun and Sagavanirktok Valleys ( f i g .  1 9 ) .  A l a t e r  phase of 

r e l a t i v e l y  i n t e n s i v e  human occupation wi th in  t h e  l a s t  350 y r  i s  suggested by 

d a t e s  f r m  Mosquito Iake  and o t h e r  s i t e s ,  b u t  no t  from Gallagher F l i n t  Sta- 

t i o n .  

DISCUSSION 

Nine radiocarbon d a t e s  from seven l o c a l i t i e s  i n  t h e  Sagavanirktok Valley 

f a l l  within the  time i n t e r v a l  of 13,000 t o  10,000 y r  B.P.  (fig. 20) .  This 

s u i t e  of dates a s  a whole i n d i c a t e s  t h a t  l a r g e  segments of the  va l l ey  were 

deglac ia ted  and revegeta ted  by about 12,000 y r  B.P.; t h e  d a t e s  from the  



Gallagher and Putu archeologic s i t e s  show t h a t  h a b i t a t s  became s u i t a b l e  f o r  

game animals and human hunting bands by a t  l e a s t  11,500-10,500 y r  B.P. I n  

d e t a i l ,  the d a t e s  show sane d i s t r e s s i n g  incons i s t enc ies .  Two concordant 

d a t e s  from S-1 and t h e  l i m i t i n g  d a t e  on outwash a t  S-4 appear t o  demonstrate 

t h a t  the Atigun Gorge and Ribdon Valley i c e  tongues remained a t  t h e i r  maxi- 

mum l a t e  I t k i l l i k  p o s i t i o n s  from sane t ime s h o r t l y  before  13,000 y r  B.P. 

u n t i l  about 12,500 yr ago; they then began t o  s t agna te  or r e t r e a t .  Radio- 

carbon d a t e s  of about 11,800 y r  B.P. from f l u v i a l  depos i t s  i n  S-1 and S-2 

seem a l i t t l e  too  young for  t h i s  i n f e r r e d  h i s t o r y ,  but  could be  explained 

by poss ib le  l a t e  f l u c t u a t i o n s  of t h e  Atigun Gorge i c e  tongue o r  by some 

o t h e r  factor t h a t  delayed downcutting by t h e  Sagavanirktok River fol lowing 

culmination of t h e  l a t e  I t k i l l i k  advance. Some support  f o r  a r e l a t i v e l y  com- 

p lex  model of g l a c i a l  and c l i m a t i c  h i s t o r y  a t  t h i s  time is  provided by S-6, 

where p e a t  da ted  12,690 + 180 y r  B.P. r ep resen t s  an i n t e r v a l  of s t a b i l i t y  - 
preceded and followed by lake  s t a g e s  t h a t  poss ib ly  were caused by i n t e n s i -  

f i e d  p e r i g l a c i a l  a c t i v i t y .  The d a t e  of 12 ,170  + 270 y r  B.P. from S-5, on - 
t h e  other hand, must be r e j e c t e d  as  too  young. This s i t e  should be resam- 

p led  and redated  becausenof i t s  p o t e n t i a l  f o r  furnishing a maximum age l i m i t  

on t h e  l a t e  I t k i l l i k  advance. 

The radiocarbon record  from the  Wind River Valley inc ludes  one i n f i n i t e  

d a t e  and f i v e  d a t e s  wi th in  t h e  i n t e r v a l  of about  10,500 t o  9000 yr  B.P. The 

i n f i n i t e  d a t e  confirms t h e  radiocarbon record  from the  Chandalar quadrangle 

(Hamilton, 1978a1, which i n d i c a t e s  t h a t  (1) deep scouring of g l a c i a l  v a l l e y s  

by I t k i l l i k  I g l a c i e r s  occurred a t  some t ime beyond the  range l i m i t  of con- 

ven t iona l  radiocarbon d a t i n g ,  and t h a t  ( 2 )  t h e  subsequent I t k i l l i k  I1 advance 

i n  many v a l l e y s  d id  n o t  erode deeply enough t o  remove a l l  of the sediments 

deposi ted during t h e  I t k i l l i k  1/11 i n t e r g l a c i a l  o r  i n t e r s t a d e  (Hamilton, 

1979).  Three d a t e s  of about 9600-9000 y r  B.P. from W-2 and W-3 demonstrate 

a widespread i n t e r v a l  of s u b a e r i a l  exposure, genera l  s t a b i l i t y ,  and p e a t  

formation wi th in  a s t r e t c h  of t h e  v a l l e y  t h a t  l a t e r  was inundated. The 

dura t ion  of the  l ake  s t a g e  is unknown. Two o the r  dates from W - 3  comprise 

t h e  only major s t r a t i g r a p h i c  inconsistency evident  i n  radiocarbon d a t e s  

f r o m  any of t h e  bluff exposures (see fig. 18). Ei the r  of the  d a t e s  f r o m  

u n i t  1 could be c o r r e c t ,  bu t  one c l e a r l y  m u s t  be i n  e r r o r .  If the  Lower 

d a t e  (9730 + 230 y r  B.P. )  were i n c o r r e c t ,  the age span of 10,500 y r  B.P .  - 
and o lde r  f o r  u n i t  1 would imply t h a t  a l l u v i a t i o n  corresponded i n  t i m e  t o  

l a t e  L t k i l l i k  g l a c i a t i o n  i n  t h e  upper va l l ey .  



Two d a t e s  frcan t h e  Toolik Valley and two from the  Sagavanirktok f a l l  

wi th in  a time range (9500-8000 yr B.P.) genera l ly  s i m i l a r  t o  t h a t  of t h e  

e a r l y  Holocene Wind River da tes .  The two d a t e s  from T-1 de f ine  a peat-  

forming i n t e r v a l  l as t ing  fram about 9500-8200 y r  B.P.; t h e  d a t e  from S-1 

shows continued sediment accumulation at t h a t  time followed by a later epi- 

sode of r e l a t i v e  s t a b i l i t y  and s o i l  formation. The Putu s i t e  apparent ly  

was occupied about 8500 y r  B.P., but descr ipkions  of sediments and s t r a t i g -  

raphy a t  the  s i t e  a r e  vague. An a d d i t i o n a l  date of 8400 + 300 y r  B.P. was - 
repor ted  by R. L. Detterman (1970) from a poplar  log bur ied  wi th in  t e r r a c e  

g r a v e l  near t h e  Sagavanirktok River n o r t h  of t h e  P h i l i p  Smith Mountains 

quadrangle a t  6g031'N, 148°52tW. No reg iona l  geologic  or  c l i m a t i c  p a t t e r n  

i s  evident  i n  t h e  smal l  assemblage of e a r l y  Holocene d a t e s  from t h e s e  

nor thern  v a l l e y s .  

Six radiocarbon d a t e s  frcm four  northern v a l l e y s  range between about 

6000 and 4000 yr B.P. ( f i g .  2 0 ) .  Two dates fram S-3 suggest  t h a t  a l luv ia -  

t i o n  of the  Sagavanirktok River t o  a l e v e l  c o n t r o l l e d  by t h e  rock b a r r i e r  

near  Atigun Gorge may have culminated about  5000 y r  ago. Two d a t e s  from 

~~1 suggest  t h a t  a l l u v i a t i o n  of t h i s  p a r t  of Atigun Valley t o  a l e v e l  about 

15 rn above p resen t  must have culminated s h o r t l y  a f t e r  4600 y r  B.P., e i t h e r  

a s  a basin-wide event  o r  as p a r t  of a northward-extending deltaic p la in .  

Both p a i r s  of d a t e s  e x h i b i t  minor age r e v e r s a l s ,  b u t  i n  each case  t h e s e  a r e  

we l l  wi th in  t h e  bounds of counting e r r o r s .  An a d d i t i o n a l  d a t e  from the  test 

p i t  near  "Mosquito Lake" suggests  t h a t  downcutting near Atigun Gorge t o  a 

l e v e l  wi th in  3-4 m of t h e  p resen t  could have taken p lace  s o m e t h e  a f t e r  

4800 y r  B.P.  A l luv ia t ion  of the I t k i l l i k  River near 1-1 culminated a t  a 

l e v e l  7 . 5  m o r  l e e s  above t h e  modern riverL( then was followed by an episode 

of s t a b i l i t y  and p e a t  formation da t ing  4220 - i- 95 y r  B.P.  A l luv ia t ion  could 

have ceased a few hundred years  e a r l i e r ,  i n  phase wi th  poss ib le  f i l l i n g  of 

the  Atigun and Sagavanirktok bas ins ,  but t h e  contemporaneity of such events  

cannot be proven with t he  d a t e s  p resen t ly  a v a i l a b l e .  

- 

Reference l e v e l  f o r  t h e  measured sec t ion  ( f i g .  13) was t h e  unnamed lake 

r a t h e r  than t h e  r t k i l l i k  River. The lake could be a t  the same a l t i t u d e  as 

t h e  r i v e r ,  o r  it could be a s  much as 2-3 m higher.  



Two important d a t e s  from Wind River Valley and Elus ive  mke appear t o  

document onse t  of Neoglacial condi t ions  about 4000-3500 y r  ago. Neoglacia- 

t i o n ,  a s  defined by P o r t e r  and Denton (19671, r e f e r s  t o  co lde r  c l imates  and 

renewed g l a c i e r  a c t i v i t y  t h a t  followed a middle Holocene i n t e r v a l  of mi lder  

condi t ions .  Although Neoglaciation began close t o  4600 y r  ago according t o  

P o r t e r  and Denton, it ev iden t ly  i n t e n s i f i e d  appreciably  i n  nor thern  and 

central Alaska about 500-1000 y r  l a t e r  (Hamilton and Robinson, 1977). The 

3600-yr-old sample from S-7 appears t o  d a t e  an e a r l y  phase of  a l l u v i a t i o n  

i n  Ribdon Valley t h a t  was con t ro l l ed  by renewed a c t i v i t y  of c i rque  g l a c i e r s  

a t  t h e  v a l l e y  head. The d a t e  of 3995 - + 95 yr B.P. for W-1 provides a maxi- 

mum l i m i t i n g  age on a poss ib ly  contemporaneous s o l i f l u c t i o n  b lanket  t h a t  

covered p a r t s  of t h e  v a l l e y  floor of Wind River fol lowing a long weathering 

i n t e r v a l .  

Anong radiocarbon da tes  younger than about 3000 y r ,  e i g h t  dates frm 

four r i v e r  b l u f f s  y i e l d  s i g n i f i c a n t  information on a l l u v i a l  h i s t o r y  wi th in  

the  Itkillik and Atigun bas ins .  The most d e t a i l e d  chronology was obtained 

from 1-2 and 1-3, which conta in  peat l enses  and i n  s i t u  r o o t s  t h a t  formed 

when t h e  I t k i l l i k  River was c lose  t o  i t s  modern l e v e l  about 2500, 1300, and 

430 y r  ago. The r i v e r  may have a l l u v i a t e d  t o  a  he igh t  of about 8 rn between 

2500 and 1300 y r  B.P.; it b u i l t  a 6.5-m t e r r a c e  during t h e  500-yr i n t e r v a l  

fol lowing 1300 y r  B.P.,  then probably i n c i s e d  t o  a l e v e l  c l o s e  t o  t h e  pres-  

e n t  sanetime between about 770 and 430 y r  ago. A f i n a l  cycle  of a l l u v i a -  

t i o n  t o  4 m he igh t  and downcutting t o  t h e  modern l e v e l  occurred wi th in  the 

p a s t  400-450 y r .  The a l l u v i a l  cycles  may have been con t ro l l ed  by increased 

sediment y i e l d s  r e s u l t i n g  f r m  per iods  of i n t e n s i f i e d  g l a c i a l  and pe r ig la -  

c i a 1  a c t i v i t i e s ,  The a l l u v i a l  record i n  Atigun Valley i s  l e s s  clear.  An 

i n t e r v a l  of genera l  s t a b i l i t y  and p e a t  formation occurred between about 

3000 and 2250 y r  B.P. i n  t he  a r e a  round A - 3 ,  but r a p i d  a l l u v i a t i o n  only 

3 . 5  km f a r t h e r  upvalley was i n  progress  about 2000 y x  ago and must have 

s t a r t e d  a t  l e a s t  s e v e r a l  hundred y r  e a r l i e r .  A l l u v i a l  h i s t o r y  i n  t h i s  

v a l l e y  could be genera l ly  similar t o  t h a t  i n  I t k i l l i k  Valley, but a l l u v i a -  

tion may have taken  place p a r t l y  as a northward-building d e l t a i c  system 

and s i t e s  c lose  to t he  rock-floored Atigun Gorge probably are con t ro l l ed  

l a r g e l y  by t h i s  l o c a l  base Level. 



Far the r  up Atigun Valley,  g lac ie r - fed  a l l u v i a l  f ans  a t  l o c a l i t i e s  CE-1 

and CE-2 were s u b j e c t  t o  renewed depos i t ion  fol lowing i n t e r v a l s  of s t a b i l i t y  

and s o i l  information dated  210 + 90 and 800 + 90 y r  B.P. (J. M. E l l i s ,  w r i t -  - - 
t e n  communication, 4/9/79). The a l l u v i a l  episodes may represen t  only t h e  

l a t e r a l  migra t ions  of streams ac ross  t h e  f a n  su r faces ,  o r  they could r e f l e c t  

r eg iona l  c l i m a t i c  contxols. The younger episode poss ib ly  corresponds t o  a 

per iod  of g l a c i e r  expansion dated  320 - + 100 y r  B.P. a t  CE-3, t o  moraines 

dated AD 1500 and younger by l i c h e n m e t r y  (Calkin and E l l i s ,  1978; E l l i s ,  

1978),  and t o  t h e  f i n a l  a l l u v i a l  cycle of t h e  X t k i l l i k  River. The o l d e r  

episode of fan  a l l u v i a t i o n  could c o r r e l a t e  w i th  the  g l a c i e r  readvance t h a t  

i n i t i a t e d  a renewed phase of rock-glacier  a c t i v i t y  sometime p r i o r  t o  480 2 
140 y r  B.P. a t  CE-4, with t h e  episode of te r race-bui ld ing along the  I t k i l l i k  

River t h a t  culminated about 770 + 130 yr B.P.,  and wi th  widespread read- - 
vances of cirque glaciers i n  t h e  Atigun Pass region t h a t  a r e  dated about 

AD 700-850 by l ichenanetxy ( E l l i s ,  1978).  

Three a d d i t i o n a l  dates from b lu f f  exposures i n  nor thern  v a l l e y s  fall 

within the l a s t  2000 yr .  Buried peat a t  A-4 nor th  of Galbra i th  Lake repre-  

s e n t s  an i n t e r v a l  of s t a b i l i t y  about 1850 y r  B.P. t h a t  was followed by re-  

newed s o i l  flowage. No lichen-dated g l a c i e r  expansions occurred i n  the  

Atigun Pass area  a t  t h i s  time, and e x i s t i n g  radiocarbon da tes  are inade- 

quate t o  prove concurrent  a l l u v i a t i o n  o r  downcutting along t h e  Atigun, 

Sagavanirktok, o r  I t k i l l i k  Rivers.  The c o l l u v i a l  episode could be a 

l o c a l  phenmenon - perhaps caused by d e s t r u c t i o n  of t u r f  by f i r e ,  animals, 

o r  man and r e s u l t i n g  thaw of i ce - r i ch  permafrost ;  it need n o t  have reg iona l  

c l i m a t i c  s ign i f i cance .  Dates of 1180 + 45 and 740 + LOO y r  B.P. were ob- - - 
t a ined  on e o l i a n  sediments t h a t  cap b l u f f s  a t  S - 2  and A-3. Accretion of 

sand shee t s  and dunes probably continued during most of l a t e  Holocene time 

i n  the Sagavanirktok, Atigun, and r t k i l l i k  bas ins ;  t h e  two da tes  conse- 

quently appear t o  have no s p e c i a l  environmental relevance.  

If t h e  age d i s t r i b u t i o n  ( f i g .  19) of 50 radiocarbon da tes  on 11 arche- 

olcgic s i t e s  i s  a v a l i d  measure, human occupation of p a r t s  of the  Sagavanirktok 

and Atigun Valleys shows s t r i k i n g  f l u c t u a t i o n s  during the  past 4000 y r :  



Rela t ive  i n t e n s i t y  Time range Number Duration 
of occupation (yr B.P.) of d a t e s  ( yr) 

Heavy 

Light  

Heavy 

Light 

It is tempting t o  equate t h e  e a r l y  phase of l i g h t  occupation with harsher  

environmental condi t ions  of e a r l y  Neoglacial time and the  subsequent i n -  

t ens ive  phase with a later milder i n t e r n a l  about 2700-1600 y r  B.P. The 

r a t i o n a l e  f o r  the subsequent 1200-yr span of spa r se  occupation is  l e s s  

c l e a r ,  however. Relatively spa r se  occupation apparent ly  continued through 

most of t h e  l a s t  major episode of c i rque-g lac ie r  expansion dated by l ichen- 

anetry a t  about AD 1500-1750, and t h e  succeeding r e l a t i v e l y  heavy use of 

t h e  area  of hunting bands could coincide  wi th  mi lder  condi t ions  and genera l ly  

r e t r e a t i n g  g l a c i e r s  of t h e  p a s t  200-250 y r .  Many o the r  f a c t o r s  could regu- 

late t h e  seemingly episodic  human occupation, however, and t h e  case f o r  

environmental c o n t r o l  remains unproven. 
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THICKNESS 
UNIT (m) DESCRIPTION 

6 0.5 Surface sod and underlying o rgan ic  mat. 

Organic silt; l i g h t  grey ( 2 . 5  Y 6 / 0 )  where weathered; dark  
g rey i sh  brown ( I 0  YR 4/21 where f r e s h l y  exposed. Some i n t e r -  
mixed organic  mat te r ;  some i r o n  oxide s t a i n i n g .  P r i sma t i c  
s t r u c t u r e  near  upper con tac t .  Probably bur ied  tundra  s o i l .  

Sandy p e a t  and peaty sand, h o r i z o n t a l l y  bedded. Pea t  mainly 
matted p l a n t  r o o t s  with twigs;  sand ranges from very  c o a r s e  
with granule-s ized s h a l e  chips t o  s i l t y  f i n e  sand. Sand and 
sandy pea t  l a y e r s  3 c m  t h i c k  a l t e r n a t e  near  base;  sandy pea t  
wi th  t h i n  sand in t e rbeds  i n  mid p a r t  of u n i t ;  massive p e a t  i n  
uppermost 3 rn. 

Bedded sand,  f i n i n g  upward; near-horizontal  beds 3-5 cm t h i c k ;  
p l an t  remains along beddfng p l anes .  Dark grey (10 YR 4 / 1 ) ,  with  
some reddish  brown (5 YR 5/4) oxide mot t l ing .  Medium and 
coa r se  sand a l t e r n a t e  through lower 3 in; concent ra t ion  of 
willow r o o t s  i n  middle of u n i t ;  medium and s i l t y  f i n e  sand 
a l t e r n a t e  through upper 3 m. Rooted p l a n t  remains i n c r e a s e  i n  
abundance upward. 

Grey (10 YR 4/11 sand and f i n e  g rave l ,  interbedded i n  near-  
h o r i z o n t a l  beds 6-12 cm th i ck .  Gravel i n  w e l l  s o r t e d  f i n e  
granule  l a y e r s  and l e s s  s o r t e d  granule-small pebble l a y e r s .  
Sand medium t o  coarse,  wi th  some f i n e  sand l a y e r s  and t h i n  
(0.5 cm) i n t e rbeds  of very coa r se  sand and s h a l e  granules .  
Cross-bedding l o c a l l y  p r e s e n t .  

Grey (10 YR 511) f i n e  t o  c o a r s e  sand,  f i n i n g  upward. Faint  
near -hor izonta l  bedding; s l i g h t l y  undulose and r a r e l y  c ros s -  
bedded. Lower 1.2 rn con ta ins  interbedded granule  and r a r e  
s m a l l  pebble lenses  and l a y e r s  1-2 crn thick; upper 1 . 2  m 
con ta ins  very t h i n  (40.5 cm) clayey in te rbeds .  Rounded 
pebbles  t o  5 crn diameter form t h i n  (5 cm) bed near  upper con tac t .  

0 3.6 Covered. Debris apron a t  s l o p e  base. 

Figure  1. Exposure S-1. N o r t h  bank Saqavanlirktok River 3 km above mouth of Atigun R i v e r .  Total height above river l eve l  
24.6 m. 



F i g u r e  2 .  Exposure 5-2. West side Sagavanirktok River 13 km above mouth of Atigun River. Height of exposed face 

THICKNESS 
UNIT (m) - -  DESCRIPTION 

m 
4 3.8 Weakly bedded medium t o  s i l t y  f i n e  sand, c o n t a i n i n g  abundant 

r o o t s  and o t h e r  p l a n t  f ragments;  some beds s t a i n e d  r e d d i s h  brown 
by i r o n  oxides .  Upper s u r f a c e  rises i n l a n d  5 m t o  dune c r e s t .  
C u l t u r a l  ho r i zon  a t  1.3 m dep th  c o n s i s t s  of  compacted s u r f a c e  
l i t t e r e d  w i t h  f i r e - c racked  rocks ,  r i v e r  c o b b l e s ,  broken c a r i b o u  
bones,  cha rcoa l  f ragments ,  and s p a r s e  c h e r t  c h i p s .  Probably  
e o l i a n  sand a c c r e t i n g  on  v e g e t a t e d  s u r f a c e .  Gradual  t r a n s i t i o n  
t o  u n i t  3 ,  

3 0.5 Mot t led  f i n e  sand w i t h  abundant g r a s s  remains .  Probably e o l i a n ;  
p o s s i b l y  on a c t i v e  r i v e r  f l o o d p l a i n .  Sharp t r a n s i t i o n  t o  u n i t  2 .  

2 0 . 5  Clayey, s i l t y  f i n e  sand ,  with l a y e r s  of  n e a r l y  pu re  c l a y  i n  middle 
N 
VI of u n i t .  Cut -and-f i l l  s t r u c t u r e s  p r e s e n t ,  w i t h  f i l l i n g s  g e n e r a l l y  

c l ay - r i ch .  Probably  marsh o r  sha l low pond on f l o o d p l a i n .  
... . .  . . .  . .  . . - . .  Gradual  t r a n s i t i o n  t o  u n i t  1. 

7 . 8  m above r ive r  l e v e l ,  

- 2 

-0 ' secondary i n s e t  formed by modern r i v e r .  

.._.. - .  .- ..- - -*-. -. - -  . - .. . . ._ .  - . . _ . .  
. . - . . - . - . . . - 
. - .  . . . .\.. ..b. 
.-.- * - . . - * - .  . _ .  _ . ._ . . - .  
. . . .%. . . . . . . . . .  
- . -. - . - .A2 . - ._  ._ . . .  _.I.. 

* . .A. . . . , .%,..-. : - . . ... 

1 2.5 Grey sand;  I l o r f z o n t a l l y  bedded, w i t h  weakly d e f i n e d  s t r a t a  1-5 cm 
+ 1 1 ;  760 200 t h i c k ,  c o n t a i n i n g  r o o t s  and o t h e r  p l a n t  f ragments .  Beds range  

(AU-69) from organ ic - s t a ined  s i l t y  f i n e  sand t o  g rey  s h a l y  medium t o  
. c o a r s e  sand .  Probably  overbank d e p o s i t s  of  aggrading  f l o o d p l a i n .  ' 
" I 

:?:?: ?.- ?-?-? 
COVERED 

0 0.5 Boulder-cobble l a g  c o n c e n t r a t e .  P o s s i b l y  pr imary;  more l i k e l y  





COVERED \ I ?  

THICKNESS 
UNIT (m) DESCRIPTION* 

3 2 Bedded sand 

2 6 Gravel 

1 6 Ice-rich silty clay? Covered with active 
flow apron. 

*Detailed measurement and description of units was not 
possible owing to hazardous condition of act ive ly  
caving b l u f f  face. 

Figure  4. Exposure S-4. South bank Ribdon River 4 km above its mouth. Total height above river level 14 rn. 



THICMES S 
UNIT (m) DESCRIPTION 

3 1 Frost-churned stony s i l t .  Grave l  from u n i t  2 
m i x e d  w i t h  p r o b a b l e  loess cap. 

2 4 Gravel. Subrounded c o b b l e s  and p e b b l e s  i n  sandy 
matrix. Probably outwash. 

1 3 Bedded sand with  d e t r i t a l  o r g a n i c  f ragments  along 
bedding p l a n e s ;  becoming c l a y e y  near b a s e .  Probably  
f l u v i a l ,  grading upward i n t o  l a c u s t r i n e  s e d i m e n t .  

0 4 B a s a l  apron of f l o w  d e b r i s .  

F i g u r e  5 .  Exposure 5-51. West bank Sagavanixktok River 0.5 km above mouth of Acccanplishment Creek. T o t a l  

h e i g h t  above river l eve l  12 m. 



COVERED 

THICKNESS 
UNIT (m) DESCRIPTION 

6 0.5 Surface organic mat above dark brown (10 YR 3/31 s i l t  and 
very  dark grey (10 YR 3/1) clayey silt. Highly deformed 
by frost action. 

5 0.7 Open-textured, very  dark grey (10 YR 3 /1 ) ,  platy, pebble- 
granule grave l .  Thin gravel beds with silty matrix a l t e r -  
nate wi th  thick (20 cm) gravel beds that lack  matrix. 
Probable beach d e p o s i t .  

.----- covered by slumped sediments ........................ 

Brown t o  grey s i l t  and c layey  s i l t ,  as i n  u n i t  6 .  Deformed 
by slumpfng.~ 

Grey p l a t y  gravel, a s  i n  u n i t  5 .  Weakly bedded, with t h i n  
interbeds  of s i l t y  g r a v e l  and s t i f f  c l a y e y  s i l t .  

Black (10 YR 2 / 1 )  peat .  

1 O.l+ Grey platy gravel,  as i n  u n i t  5 .  Mostly covered. 

Figure 6. Exposure S-6. E a s t  bank Sect ion  C r e e k  9 km above its mouth. Total h e i g h t  above creek level 6 m. 
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UNIT 

3 

THICKNESS 
(m) DESCRIPTION 

Dune sand. Dominantly medium sand to  granules, 
with shale  chips abundant i n  coarse sand t o  granule 
range. Upper 2 m mainly peaty f i n e  to  medium sand. 
Irregular upper surface with dunal morphology. 

-. 
Sandy bryophy tic peat  with scattered twigs ; loose  
texture; oxide-stained. Sharp near-horizontal upper 
contact;  gradational lower contact.  

Sand and s i l t y  f i n e  sand with  some lenses  of granule- 
s i zed  shale  chips. Horizontal b e d s ,  generally 1-2 c m  
thick; maximum thickness 4 cm. 

Figure 10. Exposure A-3. North bank Atigun R i v e r  0 . 5  km east of Galbraith Lake o u t l e t  stream. Ileight above 
r i ve r  l e v e l  ranges from 11 to 16 m. 



THf CKNESS 
UNIT (in) DESCRIPTION 

4 0 . 1  Organicmat. 

3 0 . 4  Stony clayey s i l t ,  mottled brown ( 7 . 5  YR 4 / 4 )  to  dark 
grey ( 5  Y 4 / 1 1 .  Probable s o l i f l u c t i o n  deposit .  

2 0.1 Dark brown ( 7 . 5  YR 3/2) p e a t ,  grading l a t era l l y  i n t o  
organic s i l t  with thin ( 1  cm) peat  cap. 

l I+ Dark grey stony s i l t ,  containing s t r ia t ed  stones up to  
1 . 5  m diameter. Contafns excess i ce  i n  lenses  and 
layers up to  0 . 5  cm thick. Underlain by massive ground 
i c e  more than I m thick. 

Figure 11. Exposure A-4. Headwall of earthflow on l a t e  I t k i l l i k  moraine 4.5 km northwest of GaUoraith Lake. 
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THICKNESS 
(m) DESCRIPTION 

7 .8  Bedded f l u v i a l s a n d , a s a t E x p o s u r e s I - 1 a n d I - 3 ,  
with intermixed pebbles and cobbles derived from 
eroding glacial d e p o s i t s .  Bryophytic p e a t  forms 
local  s w a l e - f i l l i n g  d e p o s i t  t h a t  d i p s  below river 
leve 1. 

F i g u r e  1 4 .  Exposure 1-2. East side I t k i l l i k  R i v e r  3 km w e s t  of I t k i l l i k  Lake. Total height above 
r i v e r  l eve l  7.8 rn. 



rn 
-8 

SOUTH NORTH 
. . . . . . . . . . . . . . . .  . . . .  - . . ~i\~t~~i\i~i&\<~\<~i\ii\i<~i\i& -7 7 0 1 3 6.5 m terrace 
. . . . . . . . . . . . . . . . . . . . . . . .  ........... .wa~,,,,,\\\,, ,,- (USGS-166 
................................... 

4 . 1  in terrace - 
...... -'..'.'".' -.+-.x... 

..... >"='*\\\\\\\\\\\. ............................. 

TIIICKNESS 
UNIT (m) DESCRIPTION 

2 4.1 Dark greyish brown (10 YR 4/2) f ine  sand interbedded with dark grey (5 Y 4/11 shaly 
c o a r s e  sand i n  horizontal beds 1-8 cm thick.  Contains abundant i n  situ roots and -- 
l e s s  common peaty sand layers and fragments of detrital  wood. Upper 0.5 m structure- 
l e s s ,  probably owing to reworking by wind. Lens of f f n e  gravel l oca l ly  present a t  
base cons i s t s  of subrounded p e b b l e s  in sandy matrix. 

1 6 . 5  Fine sand interbedded with coarse sand contafning shale chips, as described above. 
Upper 3 m contains abundant mats of grasses and sedges along bedding p lanes .  Basal 
2 m contains lens of byrophytic peat that f i l l s  swale i n  sand. 

Figu re  15.  Exposure 1-3. W e s t  side I t k i l l i k  River 5 km northwest of Itkillik Lake. Heights 
measured above r i v e r  level. 



THICKNESS 
UNIT (m) DESCRIPTION 

5 0 . 4  Organic m a t  above dark greyish brown (LO YR 4 / 2 )  silty 
p e a t  and peaty s i l t .  

0.6 Greyish brown (2.5 Y 5 / 2 )  s i l t  conta in ing subrounded t o  
subangular  pebbles and s m a l l  cobbles,  many oriented 
vertically. 

0.1 Very dark brown (10 YB 2/2)  organ ic  silt  wi th  abundant 
p l a n t  rootlets.  Possibly A horizon of bur ied  tundra  
soil. 

0.6 T i l l .  Subrounded t o  subangular  s t r i a t e d  and f a c e t e d  
s t o n e s  up t o  1 m diameter in compact o l ive  grey ( 5  Y 5/21 
clayey sandy s i l t  matrix.  Base incorpora tes  tongue of 
unit 1 .  

9.5 Gravel. Rounded t o  subrounded pebbles and cobbles i n  l i g h t  
grey (5 Y 5/1) silty sand matrix.  P l a t y  s t o n e s  imbrica ted ,  
d ipping upvalley.  Matrix sandy near base ,  becoming more 
s i l t y  and more v a r i a b l e  upward. D e t r i t a l  wood n e a r  upper 
con tac t .  

F i g u r e  16. Exposure W-l. E a s t  bank Wind River 39 km south of Continental Divide. Total height above 
river level 11.2 m. 



THICKNESS 
UNf T (m) DESCRIPTION 

3 1 1 . 2  Dark grey ( 5  Y 4/11 calcareous clayey s i l t ,  s i l t y  
c lay,  and c l a y ;  horizontally bedded, w i t h  beds 1-3 
cm thick.  Contains fragmented gastropods and pelecy- 
pods, which are associated with Chara i n  zone that 
extends a t  l eas t  3 .4  m above base.  Basal 10 c m  i s  
o l i ve  brown ( 2 . 5  Y 4 / 4 )  Chara-rich clay.  i l ighly dis-  
turbed by flowage. 

2 0.15 Very dark greyish brown (10 YR 3/21 peat above 
clayey peat. Contains f lattened wood fragments. 

1 2 . 0  Dark o l ive  grey ( 5  Y 3/2) sand and gravel.  Rounded 
to  subrounded granules and small pebbles dispersed 
i n  sand-granule matrix. Upper 18 cm intermixed 
with mud, probably by frost churning. 

Figure 17. Exposure W-2. Eas t  bank Wind River 50 km south  of Continental Divide. Total  height above river 
l eve l  13.4 rn. 



UNIT 

3 B 

3A 

THICKNESS 
(m) DESCRIPTION 

2 Covered. Probably same as uni t  3A. 

6 . 1  Dark g r e y i s h  brown ( 2 . 5  Y 4 1 2 )  s i l t ,  dark grey 
(5  Y 4/1)  silty c l a y ,  and dark grey c l a y ;  ca l -  
careous; probably horizontally bedded. Blocky 
t o  p l a t y  s t r u c t u r e .  

0 . 5  Granules and small pebbles  i n s a n d y  matrix above 
very dark brown (10 YR 2 1 2 )  woody p e a t .  

8 . 2  Very dark grey (5 Y 3/1) sand interbedded wi th  
dark grey (5 Y 4 /1)  sf l t  i n  beds 3-10 c m  thick; 
cross-bedded. Sand beds range from well sor ted  
medium sand to  coarse sand with granules and 
d ispersed  s m a l l  pebbles .  S i l t  beds contain lenses 
of  peat and d e t r i t a l  wood, dispersed gastropod 
s h e l l s ,  and some c layey  laminae. 

F i g u r e  18. Exposure W-3. East bank Wind River 56 km south of Continental  Divide. Total height above 
r ive r  level  about 17 m. 
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Figure 19. Age d i s t r i b u t i o n  of l a t e  Holocene archeologic sites, P h i l i p  Smith ~ o u n t a i n s  
quadrangle. 
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Figure 20. Age distribution of radiocarbon dates from b l u f f  exposures 
and other  stratified localities, Philip Smith Mountains quadrangle. 
Dates shown i n  figure 19 are not  included. 
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