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SUMMARY 

Twenty-eight organic samples from 17 l o c a l i t i e s  i n  t h e  Anaktuvuk, 
Tulunga, and I t k i Z l i k  Valleys and a t  Shainin Lake range i n  age from more 
than 40,000 to  about 1000 L4c y r  B.P. These dates, combined with f o s s i l  
i d e n t i f i c a t i o n s  and measured s t r a t i g r a p h i c  s ec t ions ,  provide s i g n i f i c a n t  
i n s i g h t s  i n t o  t h e  h i s t o r y  of g l a c i a t i o n ,  c l ima t i c  change, and r e l a t e d  events  
of l a t e  Quaternary time i n  t h e  north-central  Brooks Range. 

Two da t e s  from Tulunga Valley show t h a t  peat-forming i n t e r v a l s  during 
t h e  middle Wisconsin and during an e a r l i e r  per iod were terminated by episodes 
of l o e s s  acc re t ion  t h a t  probably correspond t o  g l a c i a t i o n s  i n  t h e  Brooks Range. 

The Anayaknaurak Bluff exposure i n  Anaktuvuk Valley conta ins  a weathered 
till of t h e  Banded Mountain ( I t k i l l i k  I )  g l a c i a t i o n  ove r l a in  by unweathered 
outwash grave l  of Antler  Valley ( I t k i l l i k  11) age. Radiocarbon da t e s  from 
f i n e r  alluvium above t h e  outwash i n d i c a t e  t h a t  a subsequent g l a c i a l  readvance 
north of t h e  range f r o n t  occurred s h o r t l y  a f t e r  13,000 y r  B.P. This event 
was synchronous with a major g l a c i a l  readvance t h a t  culminated between about 
12,900 and 12,700 y r  B.P. f a r t h e r  e a s t  i n  t he  Atigun and Sagavanirktok Valleys 

Addit ional  da t e s  from Anaktuvuk Valley show t h a t  g l a c i e r  i c e  had r e t r e a t e d  
from t h e  Antler  Valley end-moraine complex by 10,600 y r  B.P. The elongate  
basin t h a t  formed behind the  moraine dam was being f i l l e d  by alluvium a t  t h i s  
time, and f i l l i n g  continued a s  l a t e  a s  6200 y r  B.P. near t h e  range f ron t .  A 
poss ib l e  c l ima t i c  r e v e r s a l  during t h i s  i n t e r v a l  i s  suggested by da t e s  from 
Anaktuvuk Valley and from Toolik Valley f a r t h e r  e a s t ,  which show pea t  forma- 
t i o n  between about 9500 and 8200 y r  B.P. followed by s o l i f l u c t i o n  and fan- 
bui lding.  

S o i l  t e s t  p i t s  and o the r  excavations near Anaktuvuk Pass show t h a t  t h e  
pass  was deglac ia ted  some time p r i o r  t o  7250 y r  B.P . ,  and was s u i t a b l e  f o r  
human hab i t a t i on  by a t  l e a s t  6500 y r  B.P. Dated buried p e a t  suggests  a change 
t o  more severe f r o s t  c l imate  sometime a f t e r  about 4750 y r  B.P. 

Other d a t e s  from the  Chandler Lake quadrangle bear mainly on formation 
of low (genera l ly  2 .5  t o  6 rn) r i v e r  t e r r a c e s  during i n t e r v a l s  of renewed g la-  
c i a t i o n  a t  va l l ey  heads during t h e  Late Holocene. Neoglaciation i n  t h e  north- 
c e n t r a l  Brooks Range ev ident ly  began about 3500 y r  B . P . ,  o r  a t  l e a s t  was per- 
c e p t i b l e  by this time as increased loess i n f l u x  t o  s i t e s  nor th  of t h e  range 
f r o n t ,  Stream a l l u v i a t i o n  was i n  progress  2800-2700 y r  B.P. a t  s i t e s  near 
Anaktuvuk Pass,  and continued u n t i l  sometime a f t e r  2003 y r  B.P. F i n a l  phases 
of a l l u v i a t i o n  began about 1200 and 450 y r  B.P. Independent da t ing  o f  cirque- 
g l a c i e r  advances by lichenometry supports  t he  a l l u v i a l  chronology and suggests  
t h a t  a l l u v i a t i o n  was cont ro l led  l a rge ly  by increased sediment y i e l d  t o  streams 
during times of c irque-glacier  expansion and increased rock-glacier  a c t i v i t y .  



INTRODUCTION 

The Chandler Lake quadrangle p l ays  a key r o l e  i n  t he  h i s t o r y  of Quaternary 

research  i n  northern Alaska. Anaktuvuk Pass ,  i n  t h e  south-central  p a r t  of t h e  

map a r e a ,  has been a focal p o i n t  f o r  a rcheologica l  i n v e s t i g a t i o n s  s i n c e  1950; 

i t s  s o i l s  and s u r f i c i a l  depos i t s  have a l s o  received in t ens ive  study. Anaktuvuk 

Val ley is  t h e  type  l o c a l i t y  f o r  t h e  Anaktuvuk River g l a c i a t i o n  of Detterman 

and o t h e r s  (19501, and f o r  t h e  fou r  substages of I t k i l l i k  g l a c i a t i o n  proposed 

by Po r t e r  (1964). Peaks and v a l l e y  heads a s h o r t  d i s t ance  no r theas t  of 

Anaktuvuk P a s s  comprise t h e  type l o c a l i t i e s  f o r  t h e  Alapah Mountain and Fan 

Mountain g l a c i a t i o n s ,  episodes of g l a c i e r  f l u c t u a t i o n  t h a t  were r e s t r i c t e d  t o  

higher a l t i t u d e s  during Holocene and perhaps l a t e s t  P le i s tocene  time (Det teman 

and o t h e r s ,  1958; Porter, 1964; Hamilton, 1979a, b). 

I n t e r e s t  i n  t h e  Quaternary geology around Anaktuvuk Pass was spurred by 

discovery i n  1950 of archeologic  s i t e s  t h a t  contained mu l t i p l e  c u l t u r a l  com- 

ponents and t h a t  were i n f e r r e d  t o  r ep re sen t  s eve ra l  thousand years  o f  human 

occupation ( I rv ing ,  1951, 1953; Solecki ,  1951).  Extensive a rcheologic  excava- 

t i o n s  i n  t h e  a r e a  around Anaktuvuk Pass were c a r r i e d  o u t  during 1956 and seve ra l  

e subsequent f i e l d  seasons by John M. Campbell (1962). I nves t i ga t ions  of s o i l s  

a t  Anaktuvuk Pass  were made independently during t h i s  time by f i e l d  p a r t i e s  

from Rutgers Universi ty  ( e - g . ,  Ugolini and Tedrow,1963), and geologic  mapping 

wi th  p a r t i c u l a r  emphasis on g l a c i a l  depos i t s  was c a r r i e d  ou t  concurrent ly  by 

Stephen C. Po r t e r  (1964, 1966). Among the  r e s u l t s  of t he se  s t u d i e s ,  s i x  

radiocarbon da t e s  from Anaktuvuk Pass  and t e n  d a t e s  from a d d i t i o n a l  l o c a l i t i e s  

wi th in  o r  near Anaktuvuk Valley were publ ished i n  Radiocarbon and i n  o the r  
l/ t e c h n i c a l  journa ls  ( t a b l e  1 and p l a t e  1)- . Based on d a t e s ,  s t r a t i g r aphy ,  

and geologic  mapping c a r r i e d  o u t  between 1959 and 1961, Po r t e r  (1964) sug- 

gested t h a t  major r e v i s i o n s  were necessary f o r  t h e  l a t e  Quaternary g l a c i a l  

succession of t h e  c e n t r a l  Brooks Range proposed by Det teman and o t h e r s  

(1958). 

Two of t h e  a rcheologica l  d a t e s  from Anaktuvuk Pass a r e  from shallow s o i l  

horizons and a r e  repor ted  as "modern" (S tu iver  and others, 1960, p. 56-57).  

They are  no t  shown i n  t he  t a b l e ,  and w i l l  no t  be discussed f u r t h e r  i n  t h i s  

r epo r t .  



Table 1. Radiocarben drtes from the  Chandler Lake quadrangle.  

m p o s u r e  S l t e  Date ' C o l l e c t o r  c Dare M a t e r i a l  Datad cdmnents 
NO. ~ o c a t l o n  t d b  NO. 

% very  s p a r s e  pol len1  predom~nant ly  Cypereceae 
1 "-1 69'OO'N >40,000 T. D. Hamilton P e a t  and G r m l n e a e ,  wi th  t r a c e s  cf =, -, 
2 15lo22.5'W (I-11,240) 6/30/78 *, c m p o s ~ t a e ,  Lycopodlm, and sqhaqnurn (1) 

68'51.5'N 33,220 , 1760 T. D. HamiltDn Wwd 
s p a r s e  p o l l e n  rncludrng traces of Grmaneae,  

$ m-2 151'39.5'W (I-11,012) 6/30/78 
Cypersceae, u, Ericaceae ,  Caryopn:~llaccae. 

i 2 fen devQs 
s a r ~ f r a q a c e a ~ ,  s n a  C r u c l f e r a e  (1). Bryophyres 

1 E  ( 3 )  

AN-1 68'34.5'N 13,000 + 140 T. D. H m i l t o n  HDod 
151°17.5'W USGS-695 7/7/78 

13,170 + 70 T. I]. Hsmilton Pa r t  and misc. 
USGS-694 6/29/78 p l a n t  fragments 

13,270 + 160 9. C. P o r t e r  Wood see P o r t e r  (1964) 
(Y-1084) 1961 (%) 

AN- 2 68'27.5'N 9720 r 140 T. D. H s m ~ l t o n  P e a t  
151'20'W (1-10.783) 6/29/78 

10,580 5 150 T. D. H m l l t o n  Wood and mlsc. Mixed bryophyte assearblage c o n s i s t r n g  of dry 
11-11.010) 6/29/78 p l a n t  fraaments and mois t  calcareous elements (31 

-- - - 

AN-3 6B825'N 7940 2 75 T. D. Hamilton Wood 
151m29.5'W (USGS-696) 7/23/78 

s a l i x  ( 2 )  

0 - 
r( 9620 5 60 T. D. H m r l t o n  'LDod and p e a t  Very s p a r s e  p e l l e n ,  with t r a c e s  of 
*I -. (USGS-6971 7/23/78 Cyperaceae (1)  +- ~ . . . 
A 

AN-4 6B018'N 6200 , 120 T. D. b m ~ l t o n  Wad - S a l i x  ( 2 ) .  Mixed bryophyte assemblage con- 
il 151'301W (I-10,925) 7;18/78 s l a t i n g  of dry  and wet ca lcareous  e l m e n t s  ( 3 )  

6220 2 140 T. D .  iiamilton MDod and misc.  H L r d  bryophyte acs&lage cons lu t ing  of 
(1-10.784) 7/18/78 p l a n t  fragments mois t  f e n  e l a n e n t s  with some d r r e r  elements 

(3)  

AN-5 68'09'N 4750 + 110 J e r r y  Worn P e a t  Forms l a y e r  of f t b r o u s  p l a n t  remains 5-10 cm 
151'43'W (1-206) 1959 t h ~ c k  beneath 0.3 m of mlnera l  s o i l  

(Trautrmn, 1963, p. 64-65] 

68'09'N 6260 + 160 S. C. P o r t e r  mod Frau l a c u s t r i n e  silt 2 .5  m h l o w  s u r f a c e  
151°43'W (Y-770) 1959-60 ( p o r t e r ,  1964) 

68'12'N 6510 + 610 J. M. Campbell Charred bone F r m  h e a r t h  a t  10-20 cm depth  rn  g r a v e l  o f  
15la36'w (SI-114) 1959 kama t e r r a c e  ( b n q ,  1965, p. 250) 

68'09'N 7240 + 100 5 .  C. Por te r  Unknown From l a c u s t r i n e  s l l t  4.2 m below s u r f a c e  
151'43'W IY-1082) 1961 ( P o r t e r ,  19641 

AN-6 68'34'N 5180, 70 5. C. P o r t e r  U&now Near top  cf 4 . 5  m sutbank ( S t u l v e r  and 
151'17 '.I (Y-1085) 1961 o t h e r s .  1963. p.  325) 

AN-7 68'02'N 2830, 120 5 .  C. P o r t e r  Wood 'frm base of 5 ,5  m s e c t i o n  of s t r s t l f ~ e d  
151a43.5'W (Y-771) 1959 g r a v e l  ( P o r t e r ,  1964) 

AN-8 68'14.5'F 2760 2 15C S. C P o r t e r  Vood Near base of 2.5 m cutbunk (S t u l v r r  and 
151m32'W (Y-871) 1959-60 Dewey, 1961. p .  129) 

AN-9 6Bm18'N 1935 ' 80 T. a .  Hamilton B r y o p h y t ~ c  p e a t  1;umerous leaves  and s h o r t  stems of t h e  moss 

15ln29.5'W (1-11.011) 6/29/78 S c c r ~ i d l ~ n n  5,orploides i n  m a r l  m a t r l x ;  i n d i c a t e s  
extremely rl;h f e n  ( 3 )  

AN-10 68'18'N 1045 , 200 S. C. Por te r  Ywd Near base of 6 m cutbank (Sturver  and 

151'29'W (Y-873) 1960 Deevey, 1961, p.  129) 

A N - 1 1  bB816'N 1120 + 90 S. C.  P o r t e r  Vmd Near base of 4.4 m cutbank (Stu lver  and 

151'30.5'W (Y-872) 1960 Deevey. i961, p.  129) 

AN-12 68'37'N 1280 r 00 5 .  C .  P o r t e r  Peat and W a r  mlddlc of 3 . 3  n cutbank (Stu lvcr  and 
151m15'W (Y-10831 1961 - ~ a l l x  twigs o t h e r s .  1963, p .  3 2 4 )  

AN-13 68.12'N 117 0 + 110 5. C. Por ter  Unknown Orqanlc laycr  b u r ~ c d  benuat11 d.4 m luess 
151'32'W (Y-772) 1959 (Stu iver  and Ducvcy,  1'461, 2. 1291 



SH-1 68'20'H 1530 1 7 0  S. C. P o r t e r  Wood 
151'02'W (Y-1086) 1%l  

1.5 m above base cf c u t b n n k  ncar 
mouth of Alapah Cr. (S tu iver  and o t h e r s ,  
1963, p. 324)  

2195 + 115 T. D. Hamilton Pent and plant 
(1-10.927) 7/22/78 F r a m e n t s  - - 

2330 + 90 T .  D. Hamilton P e a t  and p l a n t  
(I-10,926) 7/22/78 fragments 

2750 5 70 6. C. P o r t e r  Uood 3 m above h s e  of cutbank near mouti. 
(Y-1087) 1461 ( e l  of Alapsh C r .  [ s t u i v e r  and o t h e r s .  1963, 

D. 3251 

5 > 1-4 
d w bBe59.5'N 3890 + 90 T. D. Hamilton Wood and p e a t  

d 4 4 ,., 15O010.5'W (I-10,258) 7/17/76 
x 9 

$ ' 
I - I s o t o p e s ,  Inc. (1) I d e n t i f r e d  by T. A. Ager, U . S .  Geeloqica l  Survey 

sI = smithsonzan I n s t i t u t r o n  (2 )  I d e n t i f i e d  by F o r e s t  Products  Laboratory, Madison. Wisconsin 

UsGs = U.S. Geologica l  Survey, Menlo Park h b .  

Y = Yale 

(3 )  I d e n t i f i e d  and l n t e r p r e r e d  by J .  A .  Janssmns, U n i v e r s i t y  
of Alberca ,  Edmonton, A l b e r t a  



A l a t e r  phase of reg iona l  s u r f i c i a l  geologic  mapping was i n i t i a t e d  i n  

1975 by the  Arc t i c  Environmental S tudies  Program of t he  U . S .  Geological 

Survey (Hamilton, 1977).  Por t ions  of t h e  Chandler Lake quadrangle were 

mapped i n  1976 and 1977; t he  remainder of t he  quadrangle was completed i n  

1978, and a s u r f i c i a l  geologic  map was published the  following year (Hamilton, 
L / 1979a)- . This p r o j e c t  a l s o  r e su l t ed  i n  f u r t h e r  r ev i s ions  of t he  c e n t r a l  

Brooks Range g l a c i a l  succession ( t a b l e  2 ) .  One radiocarbon cample was col-  

l ec t ed  from the  I t k i l l i k  Valley i n  1976; 13 add i t i ona l  samples were taken 

from t h e  remainder of t h e  quadrangle during 1978 ( t a b l e  1 and p l a t e  1). 
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STRATIGRAPHIC SECTIONS 

Tulunga Valley 

The two o l d e s t  radiocarbon samples from the  Chandler Lake quadrangle 

came from cutbank exposures along Tulunga River i n  unglaciated t e r r a i n  beyond 

the  l i m i t s  of t h e  most extensive of t h e  Brooks Range i c e  advances (Hamilton, 

1979a). Although Tulunga Valley i t s e l f  was not  g l a c i a t e d ,  it received out- 

wash from the  western f l ank  of t h e  g l a c i e r  t h a t  f i l l e d  Anaktuvuk Valley during 

Anaktuvuk River time. I t  received only windblown s i l t  during subsequent l e s s  

extensive g l a c i e r  advances. 

The s u r f i c i a l  geologic  map of t he  Chandler Lake quadrangle should be con- 

su l t ed  f o r  d e f i n i t i o n s ,  l oca t ions ,  and geologic  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  discussed on t h e  following pages. 



a Table 2 .  Late Quaternary g l a c i a l  succession,  Anaktuvuk Valley (from Hamilton, 1979b).  

P o r t e r  (1964) / Thi s  paper 

Fan Mountain G lac i a t i on  
Neoglaciat ion 

Alapah Mountain G lac i a t i on  

Anivik Lake Stade 

- - - - -  
Ant le r  Valley Stade 

I t k i L l i k  
G lac i a t i on  Anayaknaurak Stade  

Banded Mountain Stade 

- - - - - -  

Fan Mountain G lac i a t i on  -- Neoglaciation 

Late  I t k i l l i k  readvance It kill ik 
Glaciat ion 

I t k i l l i k  I1 phase I 
I tk iLLik  I phase I 
Ea r ly  I t k i l l i k  ( ? )  J 



Exposure TU-1 ( f i g .  l ) ,  a 7-m cutbank on t h e  e a s t  s i d e  of Tulunga River,  

exposes s i l t  above f l u v i a l  sand and grave l .  Although Tulunga River o r i g i -  

na t e s  i n  f o o t h i l l s  north of t h e  Brooks Range, many s tones  within t h e  grave l  

(Unit 1) were derived from a reas  near t h e  Continental  Divide deep wi th in  the  

mountains. These s tones  probably were contr ibuted t o  t h e  Tulunga drainage 

system by meltwater streams t h a t  issued from the  western f lank  of t h e  

Anaktuvuk River g l a c i e r .  The overlying f l u v i a l  sand (Unit 2 )  probably i s  

an overbank depos i t  t h a t  formed s h o r t l y  a f t e r  depos i t ion  of t h e  grave l .  It 

conta ins  pea t  o lder  than 40,000 1 4 ~  y r  B.P. and sparse  pol len  t h a t  suggests  

herbaceous tundra with some shrubs present .  The sand extends t o  only 2 . 5  m 

above modern r i v e r  l e v e l ,  forming a  low t e r r a c e  t h a t  l i e s  wi th in  an o lde r  

and higher outwash t e r r a c e  along Tulunga River. The low t e r r a c e  and L i t t l e -  

weathered sand and g rave l  poss ib ly  a r e  a s  young a s  I t k i L l i k  I i n  age 

(Hamilton, 1979a1, and conta in  s tones  derived from older  outwash and rede- 

pos i t ed  by a  nonglacial  stream. The overlying s i l t  (Unit 3)  probably i s  

loes s  t h a t  was draped over t he  t e r r a c e  during a  l a t e r  i c e  advance, but  t he  

i n f i n i t e  radiocarbon da te  from Unit 2 provides no f i rm age l i m i t  for  t h i s  

event. 

Exposure TU-2 ( f ig .  2 ) ,  a s imi l a r  cutbank along t h e  e a s t  s i d e  of Tulunga 

River,  l i e s  20 lon south of TU-1.  A t  i t s  downstream end, t he  exposure s tands  

only 2 m high and c o n s i s t s  of compact black pea t  over stream grave l ;  it ex- 

tends f a r t h e r  in land  a s  an amphitheater t h a t  i s  forming by thaw and flowage 

of i ce - r i ch  s i l t .  A t  t he  upstream end of t he  cutSank, s i l t  extends t o  the  

r i v e r  edge and no gravel i s  evident .  The g rave l  (Unit 1) appears t o  be a 

bar  depos i t  with 1.5 m o r  more of r e l i e f ,  comparable t o  t he  po in t  bars  t h a t  

r i s e  t o  he ights  of Z m o r  more above the  modern low-water stage o f  Tulunga 

River. The pea t  (Unit 2 ) ,  which da t e s  33,220 - + 1760 y r  B.P. ,  probably formed 

on a Low t e r r a c e  c rea ted  when Tulunga River inc ised  i n t o  Unit 1. It contains  

sparse  pol len  of tundra p l a n t s  and a moss assemblage t h a t  i s  c h a r a c t e r i s t i c  

of marshy va l l ey  f loo r s .  The overlying s tone-free s i l t  ( U n i t  3 )  mantles t h e  

h i l l s l o p e  t h a t  r i s e s  from the  v a l l e y  f l o o r .  It evident ly  formed a s  l oes s  

during l a t e  Wisconsin time, but may i n  par t  have been modified by s o l i f l u c -  

t i o n .  



Anaktuvuk Valley 

A l l  of t h e  dated exposures from Anaktuvuk Valley l i e  wi th in  t h e  l i m i t s  

of t h e  d r i f t  shee t  of I t k i l l i k  11 age and i ts  outwash t r a i n  (Hamilton and 

P o r t e r ,  1975; Hamilton, 1979a). Three exposures (AN-1,  AN-2,  and AN-3) l i e  

c lose  t o  t h e  massive Antler  Valley end-moraine complex of Po r t e r  (1964); 

da t e s  from these  s i t e s  p lace  l i m i t s  on the  l a s t  major advance and f i n a l  

f l u c t u a t i o n  of P le i s tocene  g l a c i e r s  beyond the  nor th  f lank  of t h e  Brooks 

Range i n  t he  Anaktuvuk Valley region. Other measured sec t ions  along Anaktuvuk 

River and i t s  t r i b u t a r i e s  represent  a l l u v i a l  episodes of t he  Holocene, some 

o f  which a r e  r e l a t e d  t o  expansions of c i rque  g l a c i e r s  during the  l a s t  3500- 

4000 years .  Four o the r  samples, from p i t s  excavated near Anaktuvuk l a s s ,  

p lace  l i m i t s  on f i n a l  deq lac i a t ion  of t he  main va l l ey  and def ine  a  subse- 

quent  Holocene per iod  of s o i l  s t a b i l i t y .  

Exposure AN-1 ( f ig .  3 )  extends f o r  more than 0.5 km along the west side - 
of Anaktuvuk River about 1 .5  km downstream from t h e  Antler  Valley moraine 

f r o n t .  Its f ace  is  concave eastward i n  p lan ,  being most deeply indented 

through i ts  c e n t r a l  p a r t  and extending outward toward t h e  v a l l e y  cen te r  a t  

both ends. A pronounced outwash t e r r a c e  about 15 m high, which extends down- 

va l l ey  past  the  s i t e ,  ' l i e s  j u s t  inland from the  edge of the  b luf f  and i s  

separated from it by an e ros iona l  sur face  l i t t e r e d  with small  Lag boulders.  

Strongly jo in ted  and moderately weathered till (Unit 1) a t  t h e  base of the  

exposure i s  i d e n t i c a l  i n  p o s t g l a c i a l  modif icat ion t o  jo in ted  and weathered 

till of I t k i l l i k  I age i n  t h e  Koyukuk Valley (Hamilton, 1980) .  

This depos i t  probably was subjected t o  weathering f o r  an appreciable  time 

p r i o r  t o  renewed depos i t ion  a t  t he  s i t e .  Unit 2 i s  unweathered outwash t h a t  

o r ig ina t ed  from the  Antler  Valley end moraine, which i s  of I t k i l l i k  11 age 

(Hamilton and Por t e r ,  1975; Hamilton, 1979a). The r i v e r  continued t o  aggrade 

a f t e r  depos i t ion  of outwash ceased, and f i n e r  overbank depos i t s  (Unit 3)  

were l a i d  down t o  a he ight  of 10 m above modern r i v e r  l e v e l .  Organic fraq-  

ments taken from a shallow trough on a  bedding-plane sur face  0.9 m below t h e  

top of U n i t  3 da te  13,170 - + 160 y r  B.P . ,  and i n  s i t u  r o o t s  a t  a comparable -- 
l e v e l  f a r ther  along t h e  b l u f f  date 13,000 - + 140 y r  B.P. These da t e s  a r e  

near ly  i d e n t i c a l  t o  t he  da t e  of 13,270 - + 160 y r  B.P. obtained i n  1961 from 

t h i s  l o c a l i t y  by S. C. Po r t e r  (1964). The sand is  discolored by oxides 

through i t s  upper 0.7-0.9 m ,  suggesting t h a t  it was exposed t o  t he  sur face  

f o r  some time before being covered by the  overlying sediments. Unit 4 ,  a 



diamicton, was considered a t r u e  till by Por te r  (19641, but  now is  bel ieved 

t o  be a c o l l u v i a l  depos i t  f o r  reasons discussed i n  a subsequent sec t ion .  

Unit 5, an outwash grave l ,  was subsequently deposi ted t o  15.5 m i n  he ight  

then was c u t  down t o  about 12.5 m across a s l ip-of f  s lope t h a t  connects t he  

t e r r a c e  f a c e  with the  b luf f  edge. Carbonate c r u s t s ,  v e r t i c a l l y  oriented 

s tones ,  and admixed s i l t  i n d i c a t e  t h a t  t he  12.5-m sur face  has been exposed 

t o  weathering and f r o s t  mixing f o r  an appre icable  per iod.  

Exposure AN-2 ( f i g .  4) i s  a 7-m cutbank along Anaktunk River near t h e  - 
upvalley end of t he  Antler  Valley moraine complex. The bank exposes horizon- 

t a l l y  bedded f l u v i a l  sand t h a t  conta ins  peaty in te rbeds  and fragments of 

d e t r i t a l  wood. Organic d e b r i s  2.5 m above t h e  base of t he  exposure da t e s  

9720 - + 140 y r  B.P. Near t h e  upvalley end of t h e  exposure, beds of d e t r i t a l  

pea t  t h a t  d ip  south a t  1 2  degrees f i l l  an e ros iona l  channel cu t  i n  t he  sand. 

Wood fragments from the channel f l o o r  da t e  10,580 - + 150 y r  B.P. The two 

da t e s  show an apparent  age r e v e r s a l ,  which may be due t o  redepos i t ion  of 

o lder  organic  d e b r i s  eroded a t  t he  time of channel i n c i s i o n ,  but  which might 

a l s o  have been caused by (a) an add i t i ona l  cu t -and-f i l l  structure not  noted 

a i n  t he  f i e l d ,  (b)  acc iden ta l  switching of t h e  two samples i n  t he  f i e l d  o r  i n  

t he  labora tory ,  or ( c )  l abora tory  counting e r r o r s  somewhat l a r g e r  than those 

reported.  Despite t he  age r e v e r s a l ,  these  two da t e s  provide a minimum 

l i m i t i n g  age f o r  f i n a l  g l a c i e r  r e t r e a t  from the  Antler  Valley moraine com- 

plex and, together with  the  da t e s  from AN-1,  bracket  the l a s t  major read- 

vance of late I t k i l l i k  age between about 13,000 and 10,600 y r  B.P. I n  addi- 

t i o n ,  the two d a t e s  show t h a t  f i l l i n g  of the  basin c rea ted  by i c e  recess ion  

was i n  progress  between about 10,500 and 9700 y r  B.P. 

Exposure AN-3 ( f i g .  5)  was measured along the  west wal l  of a grave l  p i t  

excavated i n t o  till and fan grave l  within the  d r i f t  l i m i t  of l a t e  I t k i l l i k  

age 8 km upvalley from the  Antler Valley moraine complex. Diarnicton (Unit 1) 

occurs throughout t h e  g rave l  p i t ;  it appears t o  be basa l  till t h a t  grades 

upward i n t o  water-washed ice-contact  s t r a t i f i e d  d r i f t .  Weathering near t h e  

upper contac t  of Unit 1 suggests  t h a t  an appreciable  i n t e r v a l  separated depo- 

s i t i o n  of till and accretion of fan gravel a t  t he  s i t e .  Peat (Unit 2 )  between 

these  two depos i t s  da t e s  9620 - + 60 y r  B.P. The overlying sandy grave l  i s  

p re sen t  only l o c a l l y ;  i t s  f a b r i c  and d i s t r i b u t i o n  suggest fan  depos i t ion  by 

the small  t r i b u t a r y  stream t h a t  flows eastward toward the  center  of Anaktuvuk 

Valley. Willow fragments near t h e  base of the  g rave l  da t e  7940 - + 7 5  ys B.P .  



The two concordant da t e s  from AN-2 provide a minimum age l i m i t  f o r  deglacia- 

t i o n  of t h i s  segment of Anaktuvuk Valley,  and suggest t h a t  revegeta t ion  and 

s t a b i l i z a t i o n  of t h e  d r i f t  shee t  had occurred by about 9700 y r  B.P. The cause 

of f a n  accumulation about 1800 y r  l a t e r  i s  uncertain.  It  could r e l a t e  t o  

c l ima t i c  d e t e r i o r a t i o n ,  leading t o  increased sediment y i e l d  t o  t he  t r i b u t a r y  

stream; a l t e r n a t i v e l y ,  it could r e f l e c t  des t ruc t ion  of sod cover by some 

agency unre la ted  t o  cl imate o r  merely the  normal outward expansion of a  

growing a l l u v i a l  fan .  

Exposure AN-4 ( f i g .  6 )  is t h e  a c t i v e l y  caving bank of a  thaw Lake on a  

broad, nearly l e v e l  segment of t he  v a l l e y  f l o o r  a t  t he  north margin of t he  

Brooks Range. Through t h i s  s t r e t c h  of Anaktuvuk Valley,  t he  p o s t g l a c i a l  f i l l  

c o n s i s t s  of a complex of f l u v i a l  and l a c u s t r i n e  depos i t s  t h a t  formed behind 

the  Ant le r  Valley moraine b e l t .  Most of t h e  measured sec t ion  a t  AN-4  c o n s i s t s  

of wel l  s t r a t i f i e d  f i n e  sand and s i l t y  f i n e  sand (Unit 1) t h a t  d ips  eastward 

a t  about 8 degrees and conta ins  d e t r i t a l  pea t  along many bedding planes 

( t a b l e  1). These sediments probably represent  d i s t a l  fan-del ta  depos i t s  

der ived from Akmagolik Creek, a  western t r i b u t a r y  t o  t he  Adaktuvuk t h a t  

c rosses  t h e  v a l l e y  f l o o r  about 2 lun nor th  of AN-4. Wood and peat 2 . 1  m 

above the  base of Unit 1 da te  6220 - + 140 y r  B.P.;  wood and pea t  1 m  below 
/ 

i ts  upper contac t  da t e  6200 - + 120 y r  B.P. The bedded sand ev ident ly  was 

deposi ted r ap id ly  i n  middle Holocene time, poss ib ly  while t h i s  segment of 

the  v a l l e y  s t i l l  supported a  moraine-dammed lake.  The fan-del ta  depos i t s  

are ove r l a in  by s i l t  and sandy s i l t  (Unit 2 )  t h a t  may have formed subae r i a l l y  

a f t e r  drainage of t he  l ake  o r  a l l u v i a t i o n  of t he  fan-del ta  above i t s  surface.  

Sandy pea t  and modern su r f ace  sod (Unit 3 )  cap the  sec t ion .  

S o i l  P i t s  Near Anaktuvuk Pass 

Four middle Holocene d a t e s  were obtained by S. C. Por t e r ,  J. M. Campbell, 

and J e r r y  Brown from excavations a t  Anaktuvuk Pass (Loca l i ty  AN-5). Ages of 

7240 - + 100 and 6260 t l 6 0  y r  B.P. were reported by Por te r  (1964) from organic 

ma te r i a l  a t  4.2 and 2.5 m depth i n  l a c u s t r i n e  s i l t  on the  f l o o r  of the pass. 

These two da t e s  p l ace  minimum l i m i t s  on deglac ia t ion  of Anaktuvuk Pass ,  and 

a l s o  represent  a time a t  which k e t t l e  lakes were more extensive than a t  

p re sen t  p r i o r  t o  downcutting of t h e i r  o u t l e t s .  A comparable d a t e  of 6510 - + 

610 y r  B.P. on charred bone fragments near t h e  sur face  of a kame t e r r a c e  was 



reported by Campbell. This da t e  provides a minimum l i m i t  not  only on degla- 

c i a t i o n  bu t  a l s o  on revegeta t ion  s u f f i c i e n t  t o  permit i n f l u x  of game animals 

and t h e i r  human preda tors  i n t o  the  Anaktuvuk Pass a rea .  A d a t e  of 4750 - + 110 

y r  B.P. ,  obtained by Brown on buried pea t  beneath s i l t y  tundra s o i l ,  repre-  

s e n t s  a period of s o i l  s t a b i l i t y  t h a t  l a t e r  was terminated by increased f r o s t  

ac t ion  o r  by increased depos i t ion  of windblown s i l t .  

Addit ional  Dates From Anaktuvuk Valley 

Eight  o the r  radiocarbon da t e s  of middle t o  l a t e  Holocene age have been 

obtained from low t e r r a c e s  along Anaktuvuk River and some of i t s  t r i b u t a r i e s .  

The o l d e s t  sample, from mposure AN-6 near Anayaknaurak Creek ( t a b l e  3), i s  

pea t  from overbank depos i t s  t h a t  o v e r l i e  coarse g rave l  a t  a height  of about 

3 m above r i v e r  l eve l .  The pea t  i s  covered by about 0.4 m of f i n e r  g rave l  

and by mixed d e b r i s  t h a t  poss ib ly  was frost-churned above the  permafrost 

t ab l e .  The d a t e  of 5180 - + 70 y r  B.P. may represent  a pause during a l luv ia -  

t i o n ,  but  t he  d i f f e r i n g  charac te r  of t he  g rave l  above and below the  pea t  

i n d i c a t e  t h a t  t h e  r i v e r  could have eroded down t o  t h e  3-m l e v e l ,  then a l l u -  

v i a t ed  s l i g h t l y  before f i n a l  downcutting. 

A d a t e  of 2830 - + 120 y r  B.P. from Exposure AN-7 i n  Inukpasugruk Valley 

near Anaktuvuk Pass ( t a b l e  3 )  appears t o  represent  a l l u v i a t i o n  of an outwash 

t e r r a c e  t h a t  both Por t e r  (1964, 1966) and Hamilton (1979a) assigned t o  an 

end moraine t h a t  l i e s  a s h o r t  d i s tance  upvalley. However, t h i s  conclusion 

is  incons i s t en t  with l ichenometric measurements ca r r i ed  ou t  i n  1978 by 

Parker E. Calkin and James M. E l l i s  on moraines of c i rque  g l a c i e r s  near 

Anaktuvuk Pass. Calkin and E l l i s  found t h a t  l o c a l  g l a c i e r s  have not  extended 

beyond cirque thresholds s ince  a t  l e a s t  middle Holocene time (J. M. E l l i s ,  

wr i t t en  communication, 10/12/78). Drainage p a t t e r n s  evident  an a e r i a l  photo- 

graphs suggest t he  a l t e r n a t i v e  p o s s i b i l i t y  t h a t  t he  outwash t r a i n  was l o c a l l y  

eroded a t  t he  sample l o c a l i t y  by a s t eep  t r i b u t a r y  stream t h a t  e n t e r s  

Inukpasugruk Valley from the  southwest, and t h a t  the  stream Later a l l u v i a t e d  

i n  response t o  renewed g l a c i e r  a c t i v i t y  i n  c i rques  a t  i t s  head. A s imi l a r  

d a t e  of 2760 - + 150 y r  B.P. ( t a b l e  3 )  was obtained near t he  base of a low cut-  

bank a t  Exposure - AN-8 i n  Anaktuvuk Valley about 25 km f a r t h e r  nor th ,  suggesting 

t h a t  a l l u v i a t i o n  i n  response t o  renewed c i rque-g lac ie r  a c t i v i t y  may have been 

widespread a t  t h i s  time. 

Exposure AN-9 ( f i g .  7 ) ,  a n  8.8-rn cutbank along Anaktuvuk River,  i n t e r -  

s e c t s  an alluvial t e r r a c e  t h a t  extends down t h e  center  of t h e  v a l l e y  and i s  



Table 3. S t r a t i g r a p h i c  s e c t i o n s  measured i n  Anakturntk Val ley  by S. C. Po r t e r .  

1. Exposure AN-6. Cutbank, west s i d e  Anaktuvuk River about  200 m above mouth of 
Anayaknaurak Creek. Measured 8/2/61. 

THICKNESS 
UNIT (m DESCRIPTION 

4 0.46 T i l l  o r  t i l l - l i k e  sediment. 

3 0.38 Pebble grave l .  

2 0.41 Dusky-yellow sand with dark brown peaty l aye r  near base 
dating 5180 + 70 y r  B.P. (Y-1085). Sand th ickens  northward; 
t h i n s  southward abrupt ly .  

1 3.05 Cobble-boulder grave l .  

2. Exposure AN-7. Cutbank, west s i d e  Inukpasugruk Creek 11 km above i t s  mouth. 
Measured 1959. 

THICKqESS 
UNIT (m ) DESCRIPTION 

2 5.3 Gravel ly  alluvium. 

S i l t  and c l ay  containing wood da t ing  2830 - + 120 y r  B.P. (Y-771). 

3. Exposure AN-8. West bank Anaktuvuk River 0.5 km below mouth of Akvalutak Creek. 
Measured 1960. 

THICKNESS 
UNIT (m ) DESCRIPTION 

3 0.8 Fine t o  very f i n e  sand containing rooted tundra vege ta t ion .  

2 0 .9  Fine t o  medium sand, with beds of s i l t  and organic  s i l t y  f i n e  
sand. Thin (0.15 m )  bed of s i l t  and clay a t  base. 

1 0.4 S i l t  and f i n e  t o  medium sand containing organic  mat te r  t h a t  
includes willow twigs t o  2 .5  cm diameter and 20 c m  length.  
Wood d a t e s  2760 - + 150 yr B.P. (Y-871). 

- - 0.3 Covered. 

4.  Exposure AN-10, Eas t  s ide Anaktuvuk River 2 km above mouth o f  l t ikmala iyak  
Creek. Measured 1960. 

THICKNESS 
UTJLT (m ) DESCRIPTION 

2 0.6 Organic mat containing rooted tundra vege ta t ion .  

1 5.6 I n t e r s t r a t i f i e d  sand and s i l t ,  w i t h  fine sand dominant. 
Wood fragments 0.76 m from base of exposure date 1045 - + 200 
y r  B.P. (Y-873). 

l l a  



5. Exposure AN-11. Cutbank along Anaktuvuk River 6 km above mouth o f  I t ikmalaiyak 
Creek. Measured 8/7/60. 

THICKNESS 
UNIT (m ) DESCRIPTION 

3 0.5 Organic mat containing rooted tundra vegetat ion.  

2 1.8 Fine t o  medium sand. 

1 1.5 Bedded f i n e  t o  medium sand, s i l t ,  and clay. Willow twigs 
present  a t  base and near top. Twigs near base d a t e  1120 2 
90 yr B.P. (Y-872) . 

-- 0.6 Covered. 

6. Exposure AN-12. Cutbank, west s i d e  Anaktuvuk River 5 lan below mouth of 
Anakaknaurak Creek. Measured 8/4/61. 

THICKNESS 
UNIT (m DESCRIPTION 

3 0.9 Sand and gravel .  Bedded f i n e  sand, sandy pebbly g rave l ,  
and cobble-pebble grave l .  

2 0.15 Fine dark brown sand containing pea t  and w i 1 l . o ~  twigs da t ing  
1280 + 80 y r  B.P. (Y-1083). - 

1 0.5 Medium sand containing p l a n t  fragments. 

-- 0.8 ~ o v e r e d .  

7. S i t e  AN-13. S o i l  p i t  near nor th  shore of Anivik Lake. Excavated and measured 
8/22/59. 

THICKNESS 
U N I T  (m DESCRIPTION 

5 0.30 Tundra vegeta t ion  rooted i n  s i l t .  

4 0.27 Nons t ra t i f ied  f i n e  s i l t .  

3 0.03 Dark brown organic layer. Dates 1170 - + 120 y r  B.P. (Y-772). 

2 0.18 S t r a t i f i e d  f i n e  sand. 

1 0.15+ Pebble g rave l .  Extends below base of p i t .  



i n s e t  wi th in  bas in  depos i t s  of e a r l y  t o  middle Holocene age. F l u v i a l  sand 

containing sha l e  ch ips  and peaty in te rbeds  i s  exposed through most of t h e  

sec t ion ,  with increas ing  ambunts of eo l i an  sand probably incorporated i n  

t he  upper 2 m. An e spec i a l ly  prominent pea t  horizon 3 .3  m above r i v e r  l e v e l  

da tes  1935 - + 80 y r  B.P. and marks a pause i n  a l l u v i a t i o n .  The depos i t  sub- 

sequent ly accre ted  t o  a he ight  of 8.8 m,  with a t  l e a s t  some o f  t he  acc re t ion  

r e s u l t i n g  from i n f l u x  of windblown sand. 

Three add i t i ona l  da t e s  from low a l l u v i a l  t e r r a c e s  along Anaktuvuk River 

(Exposures AN-10,  A N - 1 1 ,  and AN-12; t a b l e  3 )  f a l l  within the  time range of 

about 1300-1000 y r  B.P. These d a t e s  suggest t h a t  a f i n a l  episode of a l l u v i -  

a t i o n  may have been widespread through the  v a l l e y  b e g i n ~ i n g  about t h i s  time. 

A comparable da t e  of 1170 - + 1 2 0  y r  B.P., obtained by Por te r  from a buried 

organic  s o i l  beneath loes s  near Anivik Lake (Exposure AN-13; t a b l e  31, 

appears t o  record an i n t e r v a l  of s o i l  s t a b i l i t y  followed by f r o s t  a c t i v i t y  

o r  l o e s s  i n f lux .  

I t k i l l i k  Valley 

Five radiocarbon da t e s  from a sec t ion  of I t k i l l i k  Valley t h a t  l i e s  j u s t  

beyond the  e a s t  margin of t h e  Chandler Lake quadrangle near t h e  no r th  margin 

of the  Brooks Range have been discussed i n  a previous report (Hamilton, 1 9 7 9 ~ ) .  

One add i t i ona l  d a t e  (from Exposure 1-4, f i g .  8) was obtained from a low cut-  

bank along I t k i l l i k  River about 65 !un north of t h e  range f r o n t  within t h e  

Chandler Lake quadrangle. A widespread a l l u v i a l  t e r r a c e  about 4 m high may 

represent  outwash of I t k i l l i k  age i n  t h i s  s t r e t c h  of I t k i l l i k  Valley 

(Hamilton, 1979a). Exposure 1-4 c o n s i s t s  of coarse gravel t h a t  i s  ove r l a in  

by f loodpla in  depos i t s  and by pea t  buried beneath about half  a meter of s i l t  

and sod. The pea t  da t e s  3890 - + 90 y r  B.P. ,  and probably represents  an epi- 

sode of nondeposition and s o i l  s t a b i l i t y  t h a t  was followed by renewed i n f l u x  

of loess .  

Shainin Lake Area 

Shainin Lake occupies the  n o r t h  end of an elongate  moraine-dammed basin 

t h a t  was p a r t l y  f i l l e d  f r a n  t h e  south by progradinq d e l t a i c  sediments from 

Alapah Creek. Exposure SH-1, a 6.7-m cutbank near t h e  mouth of Alapah Creek, 

exposes northward-dipping d e l t a i c  depos i t s  of f i n e  t o  medium sand with i n t e r -  

bedded mats of d e t r i t a l  p l a n t  fragments ( f i g .  9 ) .  Samples were taken near 

t he  nor th  and south ends of the  exposure i n  an attempt t o  determine the  r a t e  



of northward progradat ion of t h e  d e l t a .  The d a t e s  show a small apparent age 

reversal, but  counting e r r o r s  a r e  s u f f i c i e n t l y  high t h a t  t he  two samples may 

be considered e s s e n t i a l l y  contemporaneous. If t h i s  inference i s  v a l i d ,  t h e  

d a t e s  i n d i c a t e  very rap id  northward growth of t h e  d e l t a  about 2200-2300 y r  

B.P. a t  a time when Shainin Lake stood approximately 7 m higher than present .  

This l o c a l i t y  was examined independently i n  1961 by S. C.  Po r t e r ,  who 

obtained radiocarbon da t e s  of 1530 - + 70 and 2750 + 70 y r  B.P. from beds about - 
1.5 and 3 m above r i v e r  l e v e l  i n  a cutbank along Alapah Creek t h a t  probably 

l i e s  a s h o r t  d i s t ance  upstream from SH-1. P o r t e r ' s  f i e l d  notes  show a younger 

+2-m a l l u v i a l  t e r r a c e  s e t  within the  o lder  d e l t a i c  depos i t s  along Alapah Creek. 

H i s  younger da t e  might represent  cons t ruc t ion  of t h i s  t e r r a c e  about 1500 y r  

B.P.; h i s  o lde r  d a t e  may document a phase of d e l t a i c  progradat ion a few 

hundred years  o lde r  than  t h a t  recorded c l o s e r  t o  t h e  modern lake  shore a t  

SH-1 . 

DISCUSSION 

The o l d e s t  radiocarbon da t e s  i n  t h e  Chandler Lake quadrangle were obtained 

from two exposures i n  Tulunga Valley,  w h e r e  organic  depos i t s  on low a l l u v i a l  

t e r r a c e s  a r e  buried beneath s i l t  and muck. The f i n i t e  da t e  of 33,220 - + 1760 

y r  B.P. from a buried p e a t  a t  TU-2, i f  v a l i d  d e s p i t e  i t s  l a rge  counting e r r o r ,  

suggests  t h a t  during middle Wisconsin time much of t h e  va l l ey  f l o o r  may have 

been a s t a b l e  and loess - f ree  floodplain marsh where pea t  accumulated. Renewed 

i n f l u x  of l oes s  took p l ace  probably during a subsequent g l a c i a t i o n  t h a t  corre- 

sponds i n  time with the  I t k i l l i k  I1 phase a s  def ined and dated by Hamilton 

and Por te r  (1975) and by Hamilton and o t h e r s  (1980). 

Within Anaktuvuk Valley,  t he  s ec t ion  a t  Anayaknaurak Bluff (AN-1) demon- 

s t r a t e s  t h a t  a major unconformity separa tes  g l a c i a l  phases of I t k i l l i k  I and 

I t k i l l i k  I1 age, and shows t h a t  the I t k i l l i k  I1 i n t e r v a l  was marked by a t  

l e a s t  two g l a c i a l  advances i n t o  the  end-moraine complex near Antler  Valley. 

Three concordant radiocarbon da tes  from AN-1 demonstrate t h a t  t he  youngest 

readvance occurred sho r t ly  a f t e r  about 13,100 y r  B.P . ,  a da t e  t h a t  c o r r e l a t e s  

very well  with a beginning da t e  of 12,840 - + 160 y r  B.P. o r  s l i g h t l y  e a r l i e r  

f o r  t h e  advance of an  ice  lobe through Atigun Canyon i n t o  Sagavanirktok Valley 

(Hamilton, 1979c, p. 5 -7 ) .  A s  dated i n  t he  Sagavanirktok Valley, the  g l a c i e r  

during t h i s  advance remained a t  i t s  maximum between about 12,900 and 1 2 , 7 0 0  

y r  B . P . ,  and i c e  had receded o r  s u b s t a n t i a l l y  diminished by 11,890 - + 200 y r  



B.P. The Sagavanirktok Valley chronology is  f u r t h e r  supported by t h e  o lde r  

of two radiocarbon da t e s  from AN-2, a t  t h e  upvalley end of t he  Antler  Valley 

moraine complex, which shows t h a t  f i n a l  recess ion  of i c e  from t h i s  p a r t  of 

Anaktuvuk Valley occurred p r i o r  t o  10,580 - + 150 y r  B.P. 

Anayaknaurak Bluff i s  the  type l o c a l i t y  f o r  t he  Anayaknaurak readvance 

of Po r t e r  (1964), which i s  based on h i s  i d e n t i f i c a t i o n  of till above the  

13,000-year-old alluvium. This  depos i t  (Unit  4 i n  f i g .  3 )  was res tudied  

i n  1978, and the  fol lowing evidence suggests  t h a t  i t  i s  not  a t r u e  till: 

1. Absence of c l a s t s  l a r g e r  than those c a r r i e d  by g l a c i a l  meltwater 

streams. Most s tones  a r e  5-10 cm diameter,  and rarely exceed 15 cm. 

2. Lack of basa l  deformation. Some s tones  a r e  pressed down s l i g h t l y  

i n t o  the  underlying sand, which mus t  have been unfrozen during 

emplacement of t he  " t i l l " ,  bu t  no mixing o r  i n t e rpene t r a t ion  of 

t h e  2 u n i t s  is  evident .  

3 .  Lack of compaction. Unlike till, which genera l ly  supports near- 

v e r t i c a l  faces  i n  r i v e r  b l u f f s ,  t h e  diamicton shows l i t t l e  consol i -  

da t ion  and flows r e a d i l y  i n  a l l  exposures. 

4. Localized occurrence. The diamicton forms a l e n s  1.5-2.0 m t h i ck  

through t h e  c e n t r a l  p a r t  o f  t he  b lu f f  where till i s  exposed near 

t he  r i v e r  edge. It t h i n s  and disappears  toward both ends of t he  

b l u f f ,  where the  basa l  u n i t  i s  outwash grave l ,  and i s  represented 

only by a s tone l i n e  i n  outwash. 

The t i l l - l i k e  sediment (diamicton) ev ident ly  occurs only where the  deeply 

indented c e n t r a l  s ec t ion  of t he  b lu f f  i n t e r s e c t s  till near t he  base of t he  

v a l l e y  s ide .  Erosion of the  till by l a t e r a l  c u t t i n g  of the  meltwater stream 

may have formed an oversteepened f ace  down which the  highly mobile clayey 

sediment flowed r ead i ly  ( f i g .  1 0 ) .  The s tone l i n e  within the  outwash indi -  

c a t e s  t h a t  emplacement of t he  diamicton and redepos i t ion  of small e r r a t i c  

boulders were contemporaneous with outwash deposi t ion.  

Ice r e t r e a t  from the  Antler  Valley moraine complex was followed by pro- 

g re s s ive  f i l l i n g  of t he  depos i t iona l  basin t h a t  formed behind the  moraine 

d m .  F i l l i n g  was i n  progress  close t o  the  moraine b e l t  by 10,600 y r  B.P., 

and continued a s  l a t e  as 6200 + 1 2 0  y r  B.P.  near t he  range f r o n t .  T h e  9700- - 
year-old buried peat  a t  AN-3 does suggest an episode of a t  l e a s t  loca l  s t a -  

b i l i t y  followed by renewed sedimentation about 8000 y r  B.P. Comparable 



da te s  of 9500-8200 y r  B.P. f o r  pea t  formation t h a t  was followed by s o l i f l u c -  

t i o n  near Toolik River (Hamilton, 1979c, p. 12-13) suggest t h a t  t he  peat- 

forming i n t e r v a l  might have reg ional  s ign i f icance .  

Dates of about 6300 t o  7300 y r  B . P . ,  obtained from Anaktuvuk Pass by 

Por t e r  and Campbell ( t a b l e  l ) ,  p lace  minimum l i m i t s  on f i n a l  g l a c i e r  recess ion  

from por t ions  of Anaktuvuk Valley deep within the  Brooks Range. The a c t u a l  

i n t e r v a l  when i c e  disappeared from the  pass  i s  uncer ta in .  By analogy with 

t h e  Sagavanirktok Valley record,  it f a l l s  somewhere wi th in  the  broad time 

range of about 11,800 t o  7300 y r  B.P. 

Subsequent geologic h i s t o r y  i n  t h e  Chandler Lake quadrangle i s  marked 

mainly by renewed g l a c i e r  expansion and stream a l l u v i a t i o n  during the  l a s t  

4000-3500 y r  following a middle Holocene episode of downcutting and s o i l  

formation under probably milder c l imate.  Dates from Anaktuvuk Xiver and 

Anaktuvuk Pass show pea t  formation about 5200-4700 y r  B.P. t h a t  was followed 

by renewed a l l u v i a t i o n  and l o e s s  deposi t ion.  A da te  of 3890 - + 90 y r  B.P. on 

buried p e a t  along t h e  I t k i l l i k  River p laces  a maximum l i m i t  on the  onse t  of 

Holocene l a e s s  acc re t ion  nor th  of t he  range f r o n t .  NeogLacial a l l u v i a t i o n  

began a t  an unknown time, bu t  was i n  progress  2800-2700 y r  B.P. a t  s i t e s  

AN-8 and AN-9,  and rap id  d e l t a  bui lding continued u n t i l  a t  Least 2200 y r  B.P. 

a t  Shainin Lake. A t h i ck  buried pea t  a t  AIJ-9 may record a pause i n  a l l uv ia -  

t i o n  about 1900 y r  B.P. A poss ib l e  younger episode of a l l u v i a t i o n  t o  he ights  

genera l ly  2.5 t o  3.5 m above modern stream l e v e l s  i s  ind ica ted  by th ree  

s i m i l a r  da t e s  of 1300-1000 y r  B.P. i n  lower po r t ions  of low a l l u v i a l  t e r r a c e s  

along Anaktuvuk River;  pea t  buried beneath l o e s s  near Anivik Lake ( S i t e  AN-13)  

has a corresponding da t e  of 1170 + 120 y r  B.P. 

Radiocarbon da t e s  on poss ib l e  episodes of l a t e  Holocene a l l u v i a t i o n  

correspond c lose ly  t o  da t e s  reported by Hamilton ( 1 9 7 9 ~ )  from northern Brooks 

Range v a l l e y s  within the  P h i l i p  Smith Mountains quadrangle ( f i g .  11). Dates 

of 3890 - + 90 y r  B.P. from I t k i l l i k  Valley ( t h i s  r epo r t )  and 3570 - + 90 y r  B.P. 

from t h e  Sagavanirktok Valley (Hamilton, 1979c, p .  10)  bracket  t h e  beginning 

of a widespread episode of l oes s  depos i t ion  and stream aggradation that corre-  

l a t e s  with Neoglacial i c e  advances i n  cirques a t  va l l ey  heads (Hamilton, i n  

p r e s s ) .  Vigorous a l l u v i a t i o n  appears t o  have continued u n t i l  perhaps 2600 y r  

B.P., f o r  widespread th i ck  p e a t s  of t h a t  age i n  stream depos i t s  i nd ica t e  a 

a genera l  pause o r  r eve r sa l  i n  a l l u v i a t i o n .  This corresponds t o  t he  beginning 

of an i n t e r v a l  of reduced c i rque  g l a c i a t i o n  which, according t o  lichenometry, 



l a s t e d  between about 2600 and 1100 y r  B.P. i n  t he  c e n t r a l  Brooks Range (Calkin 

and E l l i s ,  i n  p r e s s ) .  According t o  t h e  Shainin Lake record,  downcutting t o  a 

stream l e v e l  c l o s e  t o  present  may have taken p l ace  sometime between about 

2000 and 1500 y r  B.P. ,  and d a t e s  from I t k i l l i k  Valley show comparable down- 

c u t t i n g  must  have occurred t h e r e  a t  about t h e  same i n t e r v a l .  Renewed a l luv ia -  

t i o n  began abaut 1300 y r  B.P. i n  both I t k i l l i k  and Anaktuvuk Valleys,  and a 

separa te  l a t e r  phase of a l l u v i a t i o n  t h a t  began about 450 y r  B.P. ox e a r l i e r  

i n  I t k i l l i k  Valley (Hamilton, 1979c, p. 13) may be widespread through a t  

l e a s t  headward por t ions  of mountain va l leys .  
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THICKNESS 
UNIT (m) DESCRIPTION 

3 4 . 5  Grey to very dark grey silt and organic s i l t .  

2 1.5 Bedded f l u v i a l  sand, containing detr i ta l  wood 
and p e a t  lenses along bedding planes. 

L 1.0 Pebble-cobble gravel containing c l a s t s  of 
Devonian Kanayut Conglomerate. 

Figure  1. Exposure TU-1. East bank Tulunga River a t  n o r t h  margin  o f  Chandler Lake quadrangle. 
Stands 7 m high.  



THICKNESS 
UNIT (m) DESCRIPTION 

3 6 . 5  I c e - r i c h f r o z e n g r e y s i l t .  Subject t o  flowagewhen 
thawed (subunit 3a) . 

2 0 . 5  Compact black peat. Forms r e s i s t a n t  ledge 2 m above 
river l e v e l .  

1 1.5 Gravel. Rounded pebbles and small cobbles  i n  sandy 
matrix. 

3a 

Figure  2. Exposure Ti?-2. East bank Tulunga River 8 km above confluence with East Fork. Stands 

2 m high,  r i s ing  i n l a n d  to 8 . 5  m. 



THICKNESS 
UNIT (m) DESCRIPTION 

5 1.2 OUTWASH GRAVEL. Pebb les ,  cobbles and s c a t t e r e d  
small boulders  i n  poor ly  s o r t e d  brown sandy 
mat r ix .  Carbonate c r u s t s  on unders ides  o f  
s t o n e s .  Forms prominent 15-m t e r r a c e  along 
b o t h  s i d e s  of v a l l e y .  

4 1.5 DIAMICTON. Pebbles ,  cobb les ,  and v e r y  s p a r s e  
13,000 2 140 s m a l l  bou lders  i n  s i l t y  mat r ix .  Upper 0.5 m 

. . *  . . . .  (USGS-695) . .  . . . ... oxid ized  (7.5 YR 5/41; lower 1.0 m v e r y  d a r k  
\\w.\\\\\n\rr\~\\ru t 13,170 2 70 - . . . . . . . grey (10 YR 3/1). P r e s e n t  on ly  i n  c e n t r a l  p a r t  

(USGS-694) of b l u f f .  Flows r e a d i l y  on a l l  exposed f a c e s .  
13,270 2 160 
(Y-1084) 3 2.2 SAND; brown (7 .5  YR 5 /4) ,  f i n e  t o  medium, hor f -  

z o n t a l l y  bedded w i t h  some l o c a l  crossbeds .  
Contains  some i n t e r b e d s  of o rgan ic  s i l t y  f i n e  
sand. 

2 4.3 OUTWASH GRAVEL. Subrounded t o  rounded pebbles  

0 \ 0 'o\o , and cobbles ,  w i t h  some small boulders ,  i n  c l e a n l y  
0 \ washed medium sand t o  g r a n u l e  mat r ix .  ' f o  ,o \ 0 

1 3.5 TILL. S t r i a t e d  stones up t o  1 m diameter  i n  
C O V E R E D  very  compact d a r k  g r e y  (10 YR 4 1 1 )  muddy mat r ix .  

S t r o n g l y  j o i n t e d ,  w i t h  some ox ide  p e n e t r a t i o n  
and some s t o n e  weather ing a long  joint planes .  

Figure 3. Exposure AN-1. West bank Anaktuvuk River 0.5 km below mouth of Anayaknaurak Creek. Stands 12 .7  m 
high,  r i s i n g  in land  t o  15.5 m t e r r a c e .  





THICKNESS 
U N I T  (m) DESCRIPTION 

3 0 .7 -1 .5  Sandy gravel, dominantly pebbles and small cobbles, inter- 
bedded with layers and lenses of organic f ine  sand 5-15 
c m  thick. 

2 0 . 4  Compact black peat; strong f e t i d  odor. 

1 7 . 0  Diamicton. Stones up to  1 m exposed diameter, nonsorted 
and nonstratified, in  generally sandy matrix. Upper 
0.2-1.0 m commonly i s  water-washed sand and gravel. Upper 
0 . 6  m oxidized, with stones weathered and carbonate- 
encrusted; some stones oriented vert ical ly .  

Figu re  5.  Exposure AN-3. Gravel pit n e a r  Tiglukpuk a i r s t r ip ,  1.5 lan w e s t  of Anaktuvuk Rive r  opposite mouth 
of I k n i v i k  Creek .  Stands up to 8.9 m high. 



THICKNESS 
UNITS (m) DESCRIPTION 

0 . 2  S a n d y p e a t .  

0 . 8  S i l t  and sandy silt; dark greyish brown (10 YR 412) w i t h  
yellowish brown (10 YR 5/6) layers and lenses. 

11 .0  Very dark greyish brown (10 YR 3/2) silty f ine  sand, with 
layers and lenses of dark yellowish brown (10 YR 4 / 4 )  
f ine  sand. Well stratified, with parallel beds 0.2-1.5 
c m  thick. Thin (0.2-1.0 cm) p e a t  mats along many bedding 
planes. General eastward d i p  i n t o  b l u f f  face. 

Figure  6. Exposure AN-4. E a s t  bank of thaw l a k e  1 km w e s t  of Anaktuvuk River a t  no r th  f l a n k  of Brooks Range 
about 2 Ian u p v a l l e y  from mouth of A h a g o l i k  Creek.  S t a n d s  1 2  m h i g h ,  w i t h  upper su r f ace  forming p a r t  of 
e x t e n s i v e  l a c u s t r i n e  p l a i n .  



THICKNESS 
UNIT (m) DESCRIPTION 

1 8 . 8  Angular medium to  f i n e  sand containing shale 
ch ips  of large sand to granule s i ze .  Beds of 
pea ty  sand common i n  lower 4 . 5  m and upper 2 rn. 
Especially prominent peat bed a t  3 . 3  m above 
river level.  

F i g u r e  7. Exposure AN-9. West bank  Anaktuvuk River 2 km above  mouth of I t i b a l a i y a k  C r e e k  a t  n o r t h  
f l a n k  of Brooks Range. S tands  8.8 m h igh .  



THICKNESS 
UNIT (m) DESCRIPTION 

4 0 . 5 5  Surface sod above mottled dark grey ( 5  Y 4 / 1 )  t o  l i g h t  
olive brown (2.5 Y 5 / 4 )  clayey-siit . 

- 3 0.10-0.15 Very dark brown (10 YR 212)  peat a l t e r n a t i n g  w i t h  very 
dark g r e y i s h  brown ( 2 . 5  Y 312 )  s l i g h t l y  c layey  s i l t  in  
l a y e r s  and l e n s e s  2-4 c m  thick. D e t r i t a l  wood and l e n s e s  

- of grass  peat present near base.  

2 0.05-0.25 Very dark greyish brown (10 YR 3/21 t o  very dark grey 
- ( I 0  YR 311) w e l l  sorted nonbedded f i n e  sand. 

1 3 Gravel. Rounded cobbles and pebbles in coarse sandy 

-0  matrix.  Usual maximum diameter 15 cm. 

Figure 8 .  Exposure 1-4. East bank I t k i l - l i k  R i v e r  at n o r t h  margin of Chand le r  Lake quadrangle. Stands 
3 .8  m high. 



THICKNESS 
UNIT (m) DESCRIPTION 

1 6.7 SAND, f i n e  t o  medium, i n  beds 6-10 cm thick; alternate w i t h  
detr i tal  organic mats in beds of same thickness. Beds 
steepen upward from 8-12O at base of bank t o  15-20° near 

rn top. 

rl* 

Figure 9. Exposure SH-1. E a s t  bank of Alapah Creek on del ta  at s o u t h  shore of Shain in  Lake. 



1 .  Deposition of till (Unit 1) across  
f loor  and flank of Anaktuvuk Valley 
during Itkillik I time. 

2 .  Deposition of outwash and inter-  
stadia1 alluvium (Units 2 and 3) during 
maximum i ce  advance of Itkillik I1 time 
and subsequent glacier recession. 

3 .  Deposition of outwash (Unit 5)  
during readvance of l a t e  I t k i l l i k  
time. Erosion of till bluff 
generates diamicton (Unit 4)  and 
stone l i n e .  

4 .  Subsequent inc i s ion  of Anaktuvuk 
River forms terraces a t  1 5 . 5  and 1 2 . 5  m 
(shown above) a s  wel l  a s  a t  lower l e v e l s .  

Figure  10. View north down Anaktuvuk Val ley,  showing val ley  floor and i ts  west 
f lank  i n  area of Exposure AN-1 .  Inferred depositional sequence and subsequent 
terrace formation. 
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