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SUMMARY 

Thirty-four radiocarbon da t e s  were obtained from 20 r i v e s  b luf f  and 
t e r r a c e  exposures and t h r e e  roadcuts  i n  t h e  wiseman quadrangle, and from an 
add i t i ona l  r i v e r  b luf f  a few km f a r t h e r  south near Be t t l e s .  The d a t e s  and 
t h e  s t r a t i g raphy  of unconsolidated depos i t s  a t  these  l o c a l i t i e s  provide a 
framework f o r  t he  l a t e  P le i s tocene  I t k i l l i k  I and I1 g l a c i a l  phases i n  t h e  
Koyukuk drainage. Younger d a t e s ,  obtaiced pr imar i ly  from a l l u v i a l  t e r r a c e s ,  
provide information on episodes of s o i l  formation, fan-bui lding,  and r i v e r  
aggradat ion during t h e  Holocene. 

The mul t ip l e  g l a c i e r  expansions of t he  I t k i l l i k  I phase were preceded 
and followed by growth of boreal  f o r e s t s  through t h e  Koyukuk and Chandalar 
lowlands near t h e  south f l ank  of t h e  Brooks Range. Wood fragments with 
apparent ly f i n i t e  radiocarbon ages unde r l i e  till i n  two separa te  b l u f f s ,  
bu t  weathering r e l a t i onsh ips  and two o ther  i n f i n i t e  d a t e s  i n d i c a t e  t h a t  t h e  
e n t i r e  h i s t o r y  of t h e  I t k i l l i k  I phase may l i e  beyond t h e  range of conven- 
t i o n a l  radiocarbon da t ing .  

Glac ia t ion  of I t k i l l i k  I1 age began sometime around 30,000 t o  28,000 
years  ago, and probably a t t a i n e d  two o r  more maxima during the  i n t e r v a l  of 
about 24,000 t o  14,000 y r  B.P. Advancing g l a c i e r s  wi th in  the Brooks Range 
blocked nonglaciated t r i b u t a r y  va l l eys ,  causing streams wi th in  them t o  
aggrade r ap id ly ;  they a l s o  caused widespread a l l u v i a t i o n  through t h e  Koyukuk 
lowland. Pol len d a t a  i n d i c a t e  marshy t r e e l e s s  f loodpla ins ,  dominated by 
sedges and with willow shrubs common. Spruce d id  not recolonize t h e  Koyukuk 
region u n t i l  perhaps 8000 years  ago. I n  add i t i on  t o  r i v e r  a l l u v i a t i o n ,  
p e r i g l a c i a l  processes  included s o l i f l u c t i o n ,  l oes s  depos i t ion ,  f r o s t -  
churning, growth of i c e  wedges, and cons t ruc t ion  of a l l u v i a l  f a n s  on sur faces  
t h a t  now a r e  fo re s t ed  and i nac t ive .  Buried s o i l s  within p e r i g l a c i a l  depos i t s  
and a t  l e a s t  one h i a t u s  recorded i n  an a l l u v i a l  succession suggest t h a t  an 
i n t e r s t a d i a l  episode poss ib ly  occurred sometime between about 23,000 and 
20,000 y r  B.P. 

Two near ly  co inc ident  da t e s  averaging about 11,600 y r  B.P .  p l ace  minimum 
age limits on f i n a l  r e t r e a t  of g l a c i e r s  from end moraines c lo se  t o  t he  south 
margin of the  range. Major downcutting by t he  John River near t h e  range f r o n t  
occurred sometime between about 11,600 and 10,000 years  ago, poss ib ly  repre- 
sen t ing  t h e  time of f i n a l . d e g l a c i a t i o n  of t h e  upper v a l l e y  near Anaktuvuk 
Pass,  

Holocene h i s to ry  was dominated by t h r e e  episodes of poss ib ly  widespread 
s o i l  formation on uplands and along va l l ey  f loors .  Most streams may have been 
c lose  t o  t h e i r  modern l e v e l s  a t  these  t imes, and e i t h e r  were downcutting o r  
remaining a t  a r e l a t i v e l y  cons tan t  l e v e l .  Each of t h e  soil-forming episodes 
was terminated by s o l i f l u c t i o n  on s lopes ,  f r o s t  churning and loes s  acc re t ion  
on more l e v e l  su r f aces ,  and stream o r  fan  a l l u v i a t i o n  on the  f l o o r s  of some 
va l l eys .  Lichenometric da t a  suggest t h a t  a t  l e a s t  t he  two youngest of these  
events  coincided with major episodes of c irque-glacier  a c t i v i t y  i n  higher 
p a r t s  of t he  range (Calkin and E l l i s ,  1980). The e a r l i e s t  soil-forming 
i n t e r v a l  da t e s  about 9200-8400 y r  B.P. i n  the  Wiseman quadrangle, and i s  
supported by comparable da t e s  on pea t  a t  four  o ther  l o c a l i t i e s  i n  t he  c e n t r a l  
Brooks Range. The second i n t e r v a l ,  documented by buried s o i l s  a t  four  l o c a l i  
t i e s ,  terminated s h o r t l y  a f t e r  4000 years  ago. The youngest i n t e r v a l  da t e s  
1700-1600 y r  B.P. a t  two l o c a l i t i e s .  



Late Holocene a l l u v i a t i o n  of many fans  and va l l ey  f loors  was cont ro l led  
by l o c a l  environmental f a c t o r s  r a t h e r  than by reg ional  c l ima t i c  changes. 
Al luvia t ion  wi th in  the  John Valley may be r e l a t e d  t o  f a u l t  a c t i v i t y  near t he  
va l l ey  mouth and t o  ep isodic  movements of t he  Eagle Creek l ands l ide  f a r t h e r  
north.  Fan-building i n t e r v a l s  i n  t h e  metamorphic t e r r ane  may be due t o  
ep isodic  movements of t he  numerous flow-slides i n  t r i b u t a r y  basins  and 
along va l l ey  walls .  Al luvia t ion  of many cirque-headed v a l l e y s ,  i n  c o n t r a s t ,  
probably r e f l e c t s  increased sediment y i e l d  t h a t  followed reg ional  c l ima t i c  
r eve r sa l s  about 3500 and 500 years  ago. 

INTRODUCTION 

The Wiseman quadrangle contains  a r i c h  s t r a t i g r a p h i c  record of a l l u v i a l ,  

g l a c i a l ,  and p e r i g l a c i a l  events  of t h e  l a t e  Quaternary i n  t h e  south-central  

Brooks Range. The numerous b l u f f s  along the  Koyukuk River and i t s  t r i b u t a r i e s  

expose d r i f t  shee t s  of t h e  l a t e  P le i s tocene  I t k i l l i k  I g l a c i a l  phase ( t a b l e  l j ,  

and outwash and o t h e r  proglacial deposits of t h e  succeeding I t k i l l i k  I1 phase. 

During I t k i l l i k  I time, g l a c i e r s  flowed south through v i r t u a l l y  a l l  of t he  

va l l eys  of t he  south-central  Brooks Range t o  terminate  i n  piedmont lobes 

wi th in  t h e  Koyukuk lowland ( ~ a m i l t o n ,  1979, 1979a). Outwash covered the  

Koyukuk Valley f l o o r  beyond the  i c e  limits. Glac iers  of I t k i l l i k  I1 age 

were more . r e s t r i c t ed ;  t h e  l a r g e s t  reached pos i t i ons  near t he  south margin 

of t h e  range, bu t  many mountain va l l eys  of t he  Wiseman quadrangle remained 

unglaciated.  Lower a l l u v i a l  t e r r a c e s  of Holocene age record a l t e r n a t i n g  epi-  

sodes of aggradation and s o i l  development. Some of these  events  were con- 

t r o l l e d  l o c a l l y  by mass movements and perhaps by f a u l t i n g ,  but  o t h e r s  may 

be r e l a t e d  t o  reg iona l  c l ima t i c  r eve r sa l s  and t o  f l uc tua t ions  of c i rque  gLa- 

c i e r s  a t  valley heads. 

F i e l d  s t u d i e s  of Quaternary geology i n  t h e  Wiseman quadrangle began i n  

1973 with a  t r ave r se  by boat down t h e  Koyukuk River and the  lower course o f  

t h e  John River. Eight radiocarbon samples were co l l ec t ed  a t  t h a t  time from 

th ree  of t he  b luf f  exposures discussed i n  t h i s  r epo r t  ( t a b l e  2 and p l a t e  1). 

Addit ional  s t r a t i g r a p h i c  s t u d i e s  were ca r r i ed  ou t  i n  1975 during a reconnais- 

sance along t h e  Alyeska p i p e l i n e  haul road (Hamilton, 1979b). Three radio- 

carbon samples were co l l ec t ed  a t  t h a t  time from th ree  of t h e  many roadcuts 

t h a t  were examined ( t a b l e  2 and p l a t e  1). The e n t i r e  Wiseman quadrangle 

subsequently was mapped during 1977 a s  p a r t  of t he  Arc t ic  ~ n v i r o n n e n t a l  S tudies  



Table 1. Stratigraphic succession in the Koyukuk drainage system. 

From Hamilton, 1978. 

Postglacial downcutting, thaw-lake formation, and peat 

Holocene accumulation in major valleys. Accumulation of basin-fill 

deposits up-valley from Itkillik I1 end moraines. 

ITKILLIK II GLACIATIOK. Deposition of till, ice-stagnation 

deposits, outwash, Loess, and proglacial lake sediments. 

Late Interglacial or interstadial unconformity with local peat 

Pleistocene and forest beds. 

ITKILLIK I GLACIATION. Deposition of till, outwash, and 

loess. 

.. . --- 

Deposition of interglacial gravel, now heavily oxidized. 

Middle ( ? )  

Pleistocene SAGAVANIRKTOK RIVER GLACIATION. Deposition of younger pre- 

Itkillik drift ( s )  . 

Deposition of thick interglacial alluvium. 

~arly ( ? )  

Pleistocene ANAKTUVUK RIVER GLACIATION. Deposition of older pre-Itkillik 

drift (s) . 

Pliocene ( ? )  Deposition of preglacial gravel. 



T a b l e  1. Rad ioca rken  d a t e s  from t h e  Wissman q u a d r a n g l e ,  Alaska .  

E x p s u r e  S i t e  C o l l e c t o r  I4c  ate material 
N o .  , L o c a t i o n  a n d  Da te  s Lab No. ( 1 )  Dated C m e n t s  - 

KY-2 67'03'N T. D. Hamrlton 13 ,160  + 1 7 0  wood 
1Sla06.5 'W 6 C. E. Schweger (SI-1877) P o l l e n  d o m ~ n a t e d  by Cyperaceac ,  w l t h  abundan t  

7/26/73 G r a m n e a r ,  A r t m l s l a .  C r u c l f e r a e ,  and mLnur he r -  
15 ,455  + 130  w i l l o w  (3)  M c e o u s  e l ement s .  e 1 5  d o m ~ n a n t  s h r u b ,  with 

(ST-1876) Wood nunor  and  ( 3 )  

23 ,500  + 380 sedge and  
151-1875) g r a s s  

35,400 2 ZOO0 P l a n t  roots 
(SI-1878) & s t m a  

m-3 67'01.5'N T. D. Hamil ton > 4 0 , 0 0 0  peat and Sphagnum and t w i g s .  Polierl domina ted  by 

151°07.5'W & C.  E. Schweqer (51-1879) ucad Cyperaceae  and  u; Gramlneae,  A r t e m l r i a ,  
7/27/73 SUbuiif l o r a e ,  and  C r u c i f e r a e  c m o n  (31 

KY- 4 66.57.N T. D. Hamilton 17,420 + 180  Wood 
151a44.5'W 6 C. E.  Schveger  (51-1882) P o l l e n  dominated by C k ~ e r a c c a r ,  w i t h  ccmmon; 

7/29/73 19 ,700  360 w i l l o v  ( 3 )  Gramlneae r a r e  cc abundan t ;  minor A r t e m l s i a .  

(SI-1881) Wood T u b u l l i l o r a e .  and  C r u c l f e r a e :  r i c h  assemblage  of  
n e r b a c s o u s  taxa ( 3 )  

2 9 , 0 0 0 , 7 0 0  W i l l o w ( 3 )  
(SI-1880) Wood 

KY- 5 67'04'N T. D. h i l t o n  20.600 + 400 P e a t y  s i l t  P a l e o s o l  
150'12'W 6/21/77 (1-10.573) 

- 

JO- 1 67"28'N T. D. I i m l l t o n  '48,000 Wood S a l l x ;  Popu lus  ( 7 )  ( 2 )  
151°49'W 7/25/77 (USGS-414) 

JO- 2 67"20.5'N T. D. Hamll ton 1670  s 8 0  P e a t  
152 '1B'W 7/11/77 (1-10.597) 

JO-3 67'49.5'N T. D. Xamil ton 6620 + 1 1 0  Pest 
152'20'W 7/31/77 (1-10.277) 

JO-5  67'07.5'N T. D. Hamilton 2630 + 85 P e a t  
151'53 'W 6/14/77 (1-10.5701 

687.0 + 110  Wood B e t u l a :  t w l g  o r  s m a l l  b ranch  1 2 ) .  P o l l e n  
(1-10.5711 

- 
d a n i n a t e d  by Picea and  u, w i t h  l e s s e r  
a n d  sphagnum :5) 

9890 + 8 0  Wood s a l l x  ( 2 ) .  Marrlx c o n t a i n s  r emains  - 
(USGS-412) f r a g m e n t s  bst n o  b r y o p h y t e s  14) 

50-6 67'25'N T. D. Hamilton 6260 5 1 1 0  Wood Plcea ( 2 )  
152'04.5'W 7/29/77 (I-1O.CC2) 

50-7 67'24'N T. D. H m l l t o n  2060 + 7 5 Wood and 
152'27'W 7/27/77 (1-10.601)  eat 

JO-8 67'31'N T- D. Hnmll ton 6 9 5 %  75 Wood --- I n  s ~ t u  P l c t a  r o o t s  ( 2 )  
152'10'W ( I -10 ,830)  

JD- 9 67'39.5'N T. D. Hamil ton 
152'32.5'W 

I n  s l t u  S a l l x  r o o t s  ( 2 1  

W I - 1  67'13'N T. D. W i l t o n  22.740 + 560 wood f r a g m e n t s  (21 
151m26.5'W 7/21/77 ( I -11 ,238)  

n1-1 67"12'N T. D. Hami l ton  2 8 . 4 5 0 + 9 5 0  Wood S a l l  t w l q s  
150°i6'W 6/21/75 (1-10.816) 

HI-2 67'32.5'N T. D. kbml l ton  9180 + 280 Wood 
150'07'W 8/11/77 ( I - 1 0 , 6 0 3 )  

MI-3 67'25'N T. D. Hamilton 8430 + 70  P e a t y  muck ~o i d e n t l f r a b l e  o r g a n l c s  
6/25/75 (USGS-45) 



NO- 1 67'15.5'N T. D. Hamilton Undated Paat 
150'13'W 7/19/77 

11,660 + 170 WDOd 
(1-10.714) 

NO-2 67.34'N T. D. Hamilton 10,700 + 190 wood 
151'12'W 7/21/77 (1-10.600) 

NO- 3 67.22.5.N T. D. Hamilton 2355 + 80 mod Picea and ( 2 )  
150115.5'W 7/18/77 (I-10,598) - 

3230 + 90 wood Sal rx  r o o t s  ( i )  
(I-10,599) - 

-- - - -- 

NO-4 67'35'N T. D. Hamllton l3a0  + 120 mod * e l l  fraqments prcked from pea t .  Pol len  
150a23'W 8/10/77 (1-11.239) and spores  sparse; inc lude  Plcea ,  B c t ~ L a .  

Alnus, Tl.ix ( 5 )  - 
LA85 2 80 Wood smal l  fragments pzcked from pea t  
11-11,008) 

NO- 5 67'31-5'N T. D. Ham~l ton  1C35 + 140 Wwd m a l l  fraqruents ~ z c k e d  fran p e a t .  R a c e  
150°24.5'W 8/10/77 (1-11.009) amounts PI-eL k o l l e r  and Spnagnum s p ~ r e r  9'  

(1) I - I so topes ,  Inc . ;  SI  - m i t h s o n ~ a n  1 n s t i t u t l o r . r  USGS = U.S. Geolcqica l  Survey Menlo Park Lab. 

( 2 1  I d e n t l f l e d  by F o r e s t  Products h b o r a t o r y ,  Madison, WI 

( 3 )  I d e n t i f i e d  by C.  E. Schweger, Univ@rsi ty  of Alber ta  

( 4 )  I d e n t ~ f l c d  end interpreted by J. A .  Janssons ,  University of Alber ta  

(5)  Identified by T. A. Ager, U . S . G . S . ,  Reston,  VA 



I/ Program of t he  U . S .  Geological Survey (Hamilton, 1979a)- , Twenty-three 

radiocarbon da tes  were obtained from 18 of t h e  s t r a t i g r a p h i c  s ec t ions  t h a t  

, were measured a t  t h a t  time ( t a b l e  2 and p l a t e  1). 

Archeological s t u d i e s  i n  t he  Wiseman quadrangle were i n t i a t e d  by J. M. 

Campbell i n  t h e  l a t e  1950s (Campbell, 1962). Further  a rcheologica l  research  

was c a r r i e d  ou t  during 1970-1975 a s  p a r t  of t he  trans-Alaska P ipe l ine  archeo- 

l o g i c a l  salvage program (Cook, 1971, 1977; Holmes, 1971).  According t o  

a v a i l a b l e  information, most of  t h e  known archeologic  s i t e s  lie a t  t h e  sur face  

or a t  very shallow depth,  and only a s i n g l e  "modern" radiocarbon da t e  (<200  y r  

B.P.; G X - 4 0 9 5 )  has been obtained from t h e  archeologic  excavations. 
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STRATIGRAPHIC SECTIONS 

Koyukuk Lowlands 

Ten radiocarbon da t e s  ( t a b l e  2 )  were obtained from f i v e  sec t ions  measured 

on bluff  exposures along por t ions  of t he  Koyukuk River,  i t s  North and South 

Forks,  and t h e  John River t h a t  l i e  5-20 km south of t h e  Brooks Range. These 

exposures, from which depos i t s  ranging i n  age from more than 40,000 t o  about 

13,000 14c years  o l d  have been dated.  document g l ac i a l  advances and c l ima t i c  

changes during t h e  I t k i l l i k  I and I t k i l l i k  I1 g l a c i a l  phases (Hamilton and 

Por t e r ,  1975; Hamilton, 1978, 1979a). Seven radiocarbon da t e s  t h a t  range 

between about 13,000 and 30,000 y r  B.P. show good i n t e r n a l  consistency; t he se  

seem t o  provide r e l i a b l e  d a t e s  on the  I t k i l l i k  I1 g l a c i a l  phase. Three o lde r  

da t e s ,  from samples t h a t  unde r l i e  I t k i l l i k  I till and outwash, a r e  mutually 

i ncons i s t en t  and leave  the  t r u e  age of t h i s  g l a c i a l  event i n  quest ion.  

Exposure KY-1 (fig. L), along t h e  Koyukuk's North Fork, exposes d r i f t  

of I t k i l l i k  I age above p r e g l a c i a l  g rave l .  The grave l  (Unit 1 1 ,  w h i c h  i s  

s t rongly  oxidized,  cons i s t s  of rounded pebbles and small cobbles with abun- 

dant  sand; it c o n t r a s t s  s t rongly  with the  bouldery outwash grave l  exposed 

elsewhere through the  Koyukuk lowlands. The g rave l  i s  more s t rongly  oxidized 

near i t s  upper con tac t ,  implying t h a t  sur face  weathering r a t h e r  than ground- 

water c i r c u l a t i o n  con t ro l l ed  oxide penet ra t ion  i n t o  the  deposi t .  Lenses of 

compact grey s i l t ,  probably ovesbank depos i t s ,  become more abundant near t h e  

top of t h e  oxidized gravel.  Di rec t  over r id ing  by g l a c i e r  i c e  i s  demonstrated 

by deformation a t  t h e  contac t  between t h e  grave l  and t h e  overlying till. 

The till (Unit 2) i s  continuous with g l a c i a l  depos i t s  of I t k i l l i k  I age mapped 

through t h i s  s ec t ion  o f  t he  v a l l e y  (Hamilton and Por t e r ,  1975: Hamilton, 1979a). 

JointingL' and oxida t ion  i n  Unit 2 c o n t r a s t  s t rongly  with t h e  unweathered 

appearance of till t h a t  was deposited during t h e  subsequent I t k i l l i k  T I  phase, 

suggesting t h a t  a considerable  i n t e r v a l  of time separated t h e  two g l a c i a l  

episodes. Fragments of d e t r i t a l  spruce wood t h a t  were co l l ec t ed  along a 

bedding plane a t  t h e  t o p  of a sand l aye r  5 m above r i v e r  l e v e l  da t e  50,100 + 
3200,'-2600 y r  B.P. This da t e  may be f i n i t e ,  bu t  it a l s o  could be merely a 

l imi t ing  minimum age (i.e., t r u e  age i s  g r e a t e r  than 50,100 y r  B . P . )  because 

' The mast prominent j o i n t  s e t  i s  subpa ra l l e l  t o  t he  f ace  of t he  b l u f f ,  i n d i -  

c a t i ng  t h a t  j o in t ing  was caused by expansion outward toward t h i s  exposed sur- 

face.  



of i t s  l a rge  counting e r r o r .  A s  an add i t i ona l  problem, da tab le  ma te r i a l  was 

found only a t  t he  west end of t he  b l u f f ,  where till does not  d i r e c t l y  over- 

l i e  t h e  grave l  from which t h e  wood was obtained. The wood probably preda tes  

t h e  till, which has been s t r i pped  by eros ion ,  because ( a )  i t s  sand and g rave l  

mat r ix  i s  similar t o  t h a t  d i r e c t l y  under till f a r t h e r  e a s t  along the  bank, 

and (b) ind iv idua l  sand l a y e r s  a r e  traceable eastward beneath t h e  deb r i s  

apron t h a t  covers t h e  base of t h e  main sec t ion  of t he  b l u f f .  However, t h e r e  

i s  a s l i g h t  p o s s i b i l i t y  t h a t  t h e  wood could be contained wi th in  alluvium t h a t  

pos tda tes  t he  till and i s  inc i sed  wi th in  it. 

Exposure KY-2 ( f i g .  2 1 ,  about 17.5 km downvalley from KY-1,  ranges i n  

height  between 23 and 2 8  m and extends 0.8 krn along the  north bank of t he  

Koyukuk River. Oxidized g rave l  a t  t h e  base of t he  sec t ion  (Unit 1) resembles 

t h e  basa l  grave l  a t  KY-1 i n  s ize ,  shape, and oxidized charac te r ;  t h e  gravel 

probably was widespread through the  Koyukuk Valley p r i o r  t o  t h e  time of 

I t k i l l i k  g l ac i a t ion .  The overlying ti11 (Unit 2)  resembles t h a t  a t  KY-1, 

and t h i s  u n i t  extends across  t h e  Koyukuk Valley f l o o r  a s  p a r t  of a widespread 

depos i t .  Unit 3 ,  above t h e  till, i s  more v a r i a b l e  along t h e  b l u f f ;  it ranges 

i n  charac te r  from rhythmically bedded grey c l ay  beneath f i n e  g rave l  t o  f i s s i l e  

grey c l ay  interbedded with buff s i l t  and oxidized s i l t y  sand. These sediments 

probably formed i n  a lake enclosed by the  end moraine of I t k i l l i k  I age; they 

include alluvium deposited a f t e r  drainage of t he  l ake  but  p r i o r  t o  downcutting. 

Jo in t ing  and oxida t ion  within Unit 3 suggesr a c lo se  a f f i n i t y  i n  age t o  t he  

underlying till and a considerable  h i a t u s  before depos i t ion  of t he  overlying 

unweathered sand. The sand (Unit 4 )  appears e n t i r e l y  f l u v i a l  near i t s  base, 

where it is  cross-bedded and conta ins  d e t r i t a l  mats of organic  debr i s .  The 

sand becomes f i n e r  and more s i l t y  higher i n  t he  sec t ion  and, toward the  west 

end of t h e  b l u f f ,  i t  contains  in te rbeds  of organic  s i l t  about 5 an th ick .  

This p a r t  of Unit 4 appears t o  be a f loodpla in  depos i t  t h a t  conta ins  increas ing  

amounts of loess .  Pol len spec t ra  from Unit 4 suggest f loodpla in  communities 

comparable t o  those t h a t  p re sen t ly  occur north of t h e  Brooks Range (Charles E. 

Schweger, wr i t t en  communication, 6 /79) .  Sedge pol len  is  dominant, with 

abundant willow and with g ra s ses  and herbs a l s o  p re sen t ,  Massive loes s  (Unit 5 )  

o v e r l i e s  the  sand, and t h e  sec t ion  i s  capped by an organic mat and a zone o f  

frost-churned l o e s s  (Unit 6 ) .  



Four radiocarbon dates  were obtained from KY-2 ( t a b l e  1): 35,400 + 2,000 y r  - 
B.P. fmm plant  roo t s  in a thin sand l a y e r  within Unit 1; 23,500 - + 380 and 15,455 

+ 130 y r  B.P. from d e t r i t a l  organic mats near the  base of Unit 4 ,  and 13,160 - 
+ 170 yr B.P. from wood fragments i n  the  loess of  Unit 5.  The date from the  - 
basal  gravel, i f  co r rec t ,  would permit only a very shor t  i n t e r v a l  fo r  deposition 

of the  till and lacus t r ine  beds and f o r  t h e i r  deep weathering p r i o r  t o  f l u v i a l  

sedimentation about 23,500 yr B.P. Because of i t s  large  counting error, t h i s  

35,400-yr da te  should be considered an upper age l i m i t  r a t h e r  than a t rue  age 

(R. Stuckenrath, personal communication, 6/24/80]. Sand deposi t ion began about 

23,500 y r  ago a t  the  s i t e  when the  a l l u v i a t i n g  Knyukuk River overtopped the  

l acus t r ine  p la in  i n t o  which it earlier had inc ised .  A l imi t ing  minimum age on 
0 

the  a l l u v i a l  episode i s  provided by the  date of 13,160 + 170 yr  B.P. from the  - 
overlying loess .  These da tes  suggest t h a t  sand deposition was contemporaneous 

with the  advance of g lac ie r s  of I t k i l l i k  II age down t h e  North and Middle Forks 

of the  Koyukuk t o  terminal pos i t ions  jus t  within the south f lank of the  Brooks 

Eange (Hamilton, 1979a; Hamilton and o thers ,  1980). Pollen data ,  which suggest 

t r e e l e s s  tundra vegetation with sparse shrubs, confirm t h a t  deposi t ion took place 

under g l a c i a l  conditions s ign i f i can t ly  harsher than a t  present  (C. E.  Schweger, 

wr i t t en  communication, 6/79). The sand evidently is  d i s t a l  outwash, as described 

by Boothroyd and Ashley (1975) . 
Exposure KY-3 ( f ig .  3) extends along the  south bank of the  Koyukuk River 3.5 

h below KY-2 a t  the  downvalley l i m i t  of the  d r i f t  sheet  of I t k i l l i k  I age 

(Hamilton, 1979a). The b luff  face stands 50 m high, e x p s i n g  two gravel  deposi ts  

separated by organic-bearing s i l t  and sand and overlain by th ick  loess .  The 

lower gravel (mi t  1) is general ly fine-grained; it resembles the preglac ia l  

alluvium a t  KY-1 and KY-2, but  s tands about 15 m higher above the  modern r i v e r .  

S i l t  and sand (Unit 2 )  subsequently were deposited on a floodplain during a pause 

i n  a l luv ia t ion .  Peat and wood from t h i s  deposi t  a r e  more than 40,000 y r  old;  

pollen spect ra  a r e  dominated by sedge and willow, and resemble floodplain spectra 

from u n i t s  3 and 4 of KY-2. The upper gravel  (Unit 3 )  i s  r e l a t i v e l y  coarse, and 

formed during a t i m e  t h a t  the  Koyukuk River a l luv ia ted  by about 10 rn; it i s  

t raceable  d i r e c t l y  i n t o  the end moraine of I t k i l l i k  I age, and c l e a r l y  i s  outwash 

derived f r o m  it. A thick l o e s s  deposi t  (Unit 4 )  ove r l i e s  the  weathered surface 

of the  gravel ,  which indica tes  t h a t  loess  and gravel deposition were sepaxated by 

a subs tan t i a l  time interval. Units 1, 2, and 3 probably represent  a long-last ing 

a l luv ia t ion  of the  Koyukuk Valley t h a t  apparently was n o t  in ter rupted  by a major 

i n t e r g l a c i a l  episode and t h a t  may have taken place during a 2-phase g lac ia t ion  o f  



I tk iL l ik  I age. That event was followed by downcutting and by a Long weathering 

in te rva l ,  which i n  turn  w a s  terminated by loess  deposi t ion during the  succeeding 

I t k i l l i k  I1 t i m e .  

Exposure KY-4 ( f ig .  4)  l i e s  ins ide  the  arcuate end moraine of I t k i l l i k  1 

age t h a t  crosses the mouth of John Valley near Be t t l e s  (see Hamilton and Por ter ,  

1975, f i g .  2 ) .  Although t h i s  b luff  l i e s  5 km south of the Wiseman quadrangle, 

it is included i n  t h i s  report: because of  (1) i t s  nearness t o  and close s t r a t i -  

graphic associa t ion  with o ther  Itkillik-age deposi ts  of the  Koyukuk lowland and 

(2) i ts  importance in the chronology of I tk i l l ik-age  g lac ia t ion .  Unit 1, a t  the  

base of the  exposure, cons i s t s  of stream-deposited f ine  gravel t h a t  formed a f t e r  

g l a c i e r  r e t r e a t  from the  Be t t l e s  moraine. A lake subsequently f i l l e d  the  moraine- 

dammed basin f o r  an in te rva l  s u f f i c i e n t l y  long f o r  deposition of a 4-m s e c t i o n '  

of l acus t r ine  c l ay  (Unit 2 ) .  Alluviation began about 29,000 y r  B.P.  and continued 

u n t i l  sometime a f t e r  17,500 y r  ago (Units 3-61, The a l l u v i a l  sediments c o n s i s t  

of sand with considerable s i l t  t h a t  may have been redeposited from loess. A 

massive s i l t  bed (Unit 4 )  underlain by flow deposi ts  that perhaps were generated 

by thaw of ice-r ich silt, suggests a possible pause o r  reversa l  i n  a l luv ia t ion  

sometime between about 29,000 and 20,000 yr  B.P. Subsequent a l luv ia t ion  was 

r e l a t i v e l y  rapid and marked by predominance of sand. Pollen spectra from the  

a l l u v i a l  sequence show sedges dominant, willow abundant, grasses rare t o  abundant, 

and a r i c h  assemblage of herbaceous taxa (C. E. Schweger, wr i t ten  communication, 

6/79); willow also i s  dominant among wood fragments col lec ted  f o r  14c dating. 

This p lan t  assemblage, l i k e  Chat from KY-2 and Ky-3, i s  c h a r a c t e r i s t i c  of t r e e l e s s  

tundra i n  which willow l o c a l l y  is  important on f loodplains.  ~ l l u v i a t i o n  ceased 

sometime a f t e r  about 17,500 y r  B.P., downcutting may have s t a r t e d ,  and a t h i ck  

loess  cap ( U n i t  7)  formed a t  the  s i t e .  Alluvial  h i s to ry  a t  KY-4 shows c lose  

correspondence in age and in environment t o  t h a t  recorded a t  KY-2. Both events 

probably are synchronous, and were contemporaneous with the  I t k i l l i k  11 g l a c i a l  

phase . 
Exposure KY-5 ( f ig .  5 )  i s  located i n  the  extreme southeastern corner of the  

W i s e r n a n  quadrangle where the  Koyukuk's South Fork i n t e r s e c t s  t h e  d r i f t  sheet of 

Itkillik I age (Hamilton, L979a). The exposed face stands about 34 m high, 

r i s i n g  inland another 6.5 m t o  t h e  c r e s t  of t h e  end moraine that marks the outer  

l i m i t  of the  I t k i l l i k  I ice advance. Pa r t ly  obscured r i v e r  gravel near  the  base 

of the  b luff  ( U n i t  1) continues upward into s imi lar  gravel containing mult iple 

stone l i n e s  of c lose ly  packed cobbles and small boulders (Unit 2 ) .  The stone 



l i n e s  probably a r e  l a g  deposi t s  derived from erosion of coarse outwash t h a t  

issued from the  moraine f r o n t  and spread i n t o  the  aggrading floodplain of the  

South Fork. Overlying f i n e r  gravel (Unit 3) is  in terpre ted  a s  alluvium t h a t  was 

deposited by the  South Fork during o r  a f ter  g l a c i a l  r e t r e a t .  A t h i c k  deposi t  of 

s i l t y  colluvium (Unit 4 )  caps the  sect ion;  it i s  connected t o  the  moraine c r e s t  

by a smoothly graded slope t h a t  resembles a s t ab i l i zed  sol ifLuction apron. A 

sharp contact  separates colluvium from underlying gravel ,  indica t ing  t h a t  the  

South Fork probably had abandoned i ts high-level floodplain p r io r  t o  the  flowage 

of debr i s  down the  moraine f ront .  A paleosol within the  colluvium cons i s t s  of 

p a t y  s i l t ,  dated 20,600 - + 400 y r  B.P., t h a t  has been segmented and deformed 

i n t o  a s e r i e s  of overturned fo lds  by downslope movement subsequent t o  i ts  

formation. Some of the  f l a t  stones beneath the paleosol stand on end; t h e i r  

v e r t i c a l  f lanks bear carbonate c r u s t s  t h a t  must have formed i n i t i a l l y  beneath 

the  stones. Following an i n i t i a l  episode of s o l i f l u c t i o n ,  the stones evidently 

remained i n  place long enough f o r  carbonate crusts t o  form on t h e i r  undersides 

and f o r  the  peaty paleosol  t o  develop. Stones and s o i l  l a t e r  were subjected t o  

renewed flow and deformation. The date and s t ra t igraphy from KY-5 indica te  t h a t  

the  I t k i l l i k  X I  g l a c i a l  phase was associated with in tens i f i ed  pe r ig lac ia l  

a c t i v i t y  near  the  south f lank of the  Brooks Range. This episode was punctuated 

by an i n t e r v a l  of r e l a t i v e  slope s t a b i l i t y  about 20,600 yr ago t h a t  could coincide 

with possible pauses in a l luv ia t ion  along the  Koyukuk and John Rivers. 

John Valley 

Twelve radiocarbon dates  were obtained from nine sec t ions  measured on r i v e r  

b l u f f s  16 t o  70 m high and on lower a l l u v i a l  t e r races  within John Valley and 

along i ts  pr inc ipal  t r i b u t a r i e s .  The b luf f  deposi ts  range i n  age from more than 

49,000 y r  B.P. t o  middle Holocene; they provide information on t h e  I t k i L l i k  I and 

II g l a c i a l  advances and on a l luv ia t ion  and re la t ed  events  during l a t e -g lac ia l  and 

e a r l y  pos tg lac ia l  t i m e .  The t e r races ,  which range i n  height  up t o  about 8 m ,  

provide data on a l l u v i a l  episodes of the John River system between about 6,250 

and 450 yr B.P. All of the  radiocarbon da tes  show good consistency within and 

between exposures, and are considered r e l i a b l e .  

Exposure JO-L ( f ig .  6 )  l i e s  along Allen River, an eas tern  t r i b u t a r y  t o  the  

John River, a t  a point  where an unusually sharp bend of the r i v e r  i n t e r s e c t s  the  

base of the  southeastern val ley w a l l .  During I t k i l l i k  I time, the val ley  of Allen 

River formed a conduit f o r  g l a c i e r  i c e  t h a t  was generated near the heads of 

Tinayguk and Publituk Valleys and t h a t  flowed southward across low divides t o  



join t he  John Valley i c e  stream. During the  subsequent I t k i l l i k  I1 phase, ice 

from John Valley intruded about 8 km i n t o  the  lower course of Allen Valley, but  

the  remainder of Allen Valley remained unglaciated (Hamilton, 1979a). The exposure 

l i es  near  the  upvalley end of  a th ick  sandy val ley  f i l l .  t h a t  appears t o  have formed 

agains t  the  outer  face of the  moraine t h a t  blocked the  val ley  mouth. The measured 

sect ion cons i s t s  of 22.5 m of f l u v i a l  sand and gravel (Units 1-5) t h a t  bears  a 

poorly exposed cap of sand containing a t  l e a s t  one 2-3 an bed of clayey s i l t  

(Unit 6). A l e n s  of  detrital wood from a bedding plane 1.5 m below the  top  of 

Unit 3 includes w i l l o w  and i s  more than 48,800 yr old.  Many of the  wood fragments 

a r e  s t rongly  impregnated with i ron  oxides. The alluvium of Units 1, 2 ,  and 3 

generally lacks  c l a s t s  larger than small cobbles, and probably formed i n  the  

i n t e r g l a c i a l  o r  i n t e r s t a d i a 1  i n t e r n a l  t h a t  separated the  I t k f i l i k  I and II 

g l a c i a l  phases. Unit 4 ,  i n  con t ras t ,  contains some f l a t i ron-shapd  l a rge  cobbles 

t h a t  may have been introduced as outwash i n t o  Allen River. The clayey s i l t  within 

hit 6 possibly was emplaced when Allen Valley was blocked by the John Valley 

g lac ie r  during I t k i l l i k  I1 time. 

Exposure JO-2 ( f ig .  7) f i l l s  a reent rant  near the mouth of Sixtymile Creek, 

a western t r i b u t a r y  t h a t  a l s o  was blocked by the  John Valley g l a c i e r  during 

I t k i l l i k  11 time (Hamilton, 1979a). The val ley  f i l l  i n  t h i s  a rea  has a t o t a l  

height  of 102 m from the  c r e s t  of the  b lu f f  t o  the  lowest exposures along the 

f l o o r  of a small t r i b u t a r y  gulley t h a t  t rends  north i n t o  Sixtymile Creek. P l a s t i c  

sediments squeezed upward along the  gul ley  f l o o r  cons i s t  of dark grey (5 Y 4/11 

laminated s i l t y  c lay  with s t r i a t e d  dxopstones, and flows of clayey sediments a r e  

common along the  lower va l l ey  s ides .  The deepest continuous e x p s u r e  has been 

cut t o  a depth of 69 m below the  bluff c r e s t  ( f i g .  7) .  The oldes t  deposi t  exposed 

i n  t h i s  sect ion (Unit 1) is  crossbedded sand with some gravel. t h a t  da tes  27,700 

+ 950 y r  B.P. Dips near the  top  of L h i t  1 suggest deposi t ion by water flowing - 
southeast p a r a l l e l  t o  the present  course of s ixtymile Creek. Interbeds of clayey 

s i l t  and s i l t y  clayey f ine  sand indica te  t h a t  drainage per iodica l ly  w a s  blocked, 

probably by a b a r r i e r  near the  mouth of Sixtymile Creek. The sand coarsens upward, 

passing without any sharp break i n t o  sandy gravel  (Unit 2 )  t h a t  continues t o  

coarsen toward the t op  of t h e  b l u f f .  The fine component of the  gravel i s  well  

sorted,  rounded t o  subrounded, small t o  medium pebbles t h a t  cons is t  dominantly 

of quartz and quar t z i t e ;  it includes cobble interbeds of the same l i thology,  which 

i s  c h a r a c t e r i s t i c  of headwaters of Sixtymile Creek. The boulders a t  the  top of 

Unit 2 a r e  g l a c i a l l y  faceted,  and cons i s t  mainly of marble t h a t  was derived from 

the  Skagit Limestone, which crops out  widely in John Valley ( ~ r o s g h  and Reiser, 



1971). The sect ion is  capped by s i l t ,  peat, and sand about 85 crn th ick  t h a t  a r e  

associated with a sloping co l luv ia l  surface t h a t  r i s e s  toward the  val ley  side a t  

an angle of 11 degrees. The peat (Unit 41, which forms p a r t  of a paleosol t h a t  

dates 1,670 - + 80 yr B.P., is  buried beneath a s o l i f l u c t i o n  deposi t .  The o lder  

radiocarbon date from JO-2 appears t o  place a firm age of about 28,000 yr  B.P. on 

the  growth of the  John Valley g l a c i e r  during I t k i l l i k  I1 t i m e  t o  i t s  terminal 

pos i t ion  a t  the  south margin of  the  Brooks Fange. It corresponds t o  da tes  of 

about 29,000 t o  24,000 y r  B.P. f o r  e a r l y  phases of a l luv ia t ion  f a r t h e r  south i n  

t h e  Koyukuk lowland. The signif icance of the  poorly exposed clays a t  the  base of 

the  sect ion i s  uncertain. These l acus t r ine  sediments could have formed e i t h e r  

during g lac ie r  recession a t  the  close of the  T t k i l l i k  I phase o r  during i n i t i a l  

g l a c i e r  advances of I t k i l l i k  I1 age. 

Exposure JO-3 ( f ig .  81, along the e a s t  s ide of John River near i t s  head, 

l i e s  within a sect ion of the  va l ley  t h a t  i s  f loored by till and ice-contact 

s t r a t i f i e d  d r i f t  of l a t e  ~ t k i l l i k  age (Hamilton, 1979a). The bluff  face stands 

55 m high, i ts  upper surface rising inland t o  a t e r race l ike  level 60 m above the  

r i v e r  t h a t  i s  underlain by sand o r  very sandy gravel .  I r r egu la r  kamelike mounds 

l i t t e r e d  wi th  e r r a t i c  boulders protrude above t h i s  surface.  A t  i t s  south end, 

the  b lu f f  has been eroded t o  f o m  a lower t e r race  18 m high. The measured 

sec t ion ,  a composite of main b luff  and 18-m te r race ,  cons i s t s  of a succession of 

till and a l l u v i a l  deposi t s  t h a t  r e f l e c t  the in te rac t ion  of g lac ie r  i ce  and running 

water along the  narrow f l o o r  of the  mountain valley. Most of the  t i l l s  contain 

abundant rounded t o  subrounded pebbles and cobbles in very sandy matrix material ;  

these components represent  alluvium redeposited by the  g lac ie r .  Two of the  t i l l s  

terminate upward i n  boulder concentrations t h a t  were formed by subsequent stream 

erosion of t h e i r  exposed surfaces.  The th ick  basa l  till (Unit 1) has been 

eroded i n  t h i s  manner, forming a concentration of oxide-stained boulders t h a t  

represents  a s ign i f i can t  weathering i n t e r v a l  p r i o r  t o  deposition o f  a thinner 

younger till ( U n i t  2 ) .  No eros ional  fea tures  separate the succeeding gravel 

(Unit 3) from the  t i l l s  above and below it, a re la t ionsh ip  t h a t  suggests near ly  

continuous aggradation by till and alluvium with l i t t l e  or no intervening i n t e r v a l  

of  weathering and erosion. The th ick  till of U n i t  4 i s  eroded a t  the  top and 

overlain by gravel t h a t  appears continuous with the  extensive kame and kame-terrace 

deposi ts  mapped in t h i s  segment of John Valley ( ~ a m i l t o n ,  1979a). The three  

t i l l s  exposed in the  b luff  range i n  age from l a t e  I t k i l l i k  t o  possibly I t k i l l i k  I. 

The oxidized boulders on top  of Unit 1 suggest a major weathering i n t e r v a l  t h a t  



may have been comparable t o  the  one t h a t  separates the  T t k i l l i k  X and XI g l a c i a l  

phases elsewhere in the  Koyukuk drainage system; t h e  t h i c k  upper till of Unit 4 

l i e s  c lose  t o  the  terminus of the  d r i f t  sheet  fanned by a l a t e  I t k i l l i k  readvance. 

The intervening till, which i s  not separated from Unit 4 by any evident  i n t e r v a l  

of  weathering o r  downcutting, may date from the  mximum advance of the  John Valley 

g lac ie r  during I t k i l l i k  11 t i m e .  Following deglaciat ion,  major downcutting of 

the  va l l ey  f l o o r  r e su l t ed  i n  formation of an 18-m te r race  t h a t  cons i s t s  of eroded 

till overlain by gravel  (Unit 6 )  and capped by p a r t l y  decomposed brown peat  t h a t  

da tes  6,630 - + 110 y r  B.P. near i t s  base. The peat  probably formed a f t e r  

abandonment o f  the  18-m terrace and fu r the r  inc is ion  of  John River t o  a pos i t ion  

c lose r  t o  i t s  present  l eve l .  

Exposure SO-4 ( f i g .  9 )  Lies along the  west side of John Rivex j u s t  within 

the  end-moraine b e l t  of I t k i l l i k  I1 age t h a t  crosses the  va l ley  a t  the  south 

flank of the  Brooks Range (Hamilton, 1979a). The b luff  s tands 42 m high, exposing 

sand and sandy fine gravel t h a t  f i l l e d  a basin created by g l a c i e r  r e t r e a t  from 

the  m r a i n e  complex. The o ldes t  organic component i n  the sect ion,  la rge  fragments 

of in s i t u  willow, occurs a t  30 m height. These date 11,560 + 170 y r  B.P., -- - 
providing a m i n i m u m  l imi t ing  age f o r  i c e  r e t r e a t  from the  John Valley moraine 

b e l t  and f o r  subsequent revegetation o f  this segment of the  aggrading va l l ey  

floor. The r a t e  of a l luv ia t ion  may have decreased markedly a t  about t h i s  tine 

t o  permi t  growth of l a rge  willows on the  floodplain. Sand above the  30-m l e v e l  

may in part be eol ian ,  and it i s  uncertain whether John River aggraded t o  the 

f u l l  height  of the  b lu f f .  

Exposure JO-5 ( f i g .  10) which extends along the e a s t  bank of John River 11.5 

h downvalley from JO-4, cons i s t s  of four t e r race  l e v e l s  t h a t  range i n  height: 

from more than 30 m t o  about 7.7 rn. Several poss ib le  fault l i n e s  cross  John 

Valley in t h i s  a rea  (Hamilton, 1979a). These a r e  marked by s t r a i g h t  l i n e a r  

pa t t e rns  of r e l a t i v e l y  dense vegetation t h a t  t r ansec t  na tu ra l  drainage systems 

on both s ides  of the  r i v e r .  The l i n e a r  elements continue i n t o  unusually s t r a i g h t ,  

narrow, and deep swales and g u l l i e s  t h a t  extend down t o  the  r i v e r  from b l u f f s  on 

e i t h e r  s ide .  John River i n  this area  has an exceptionally narrow, paral lel-s ided 

bend t h a t  curves back upvalley f o r  about 1 h; it a l s o  exh ib i t s  a sequence of 

t e r race  l eve l s  t h a t  may be unique t o  t h i s  l o c a l i t y .  Each o f  the  foux measured 

t e r race  sect ions shown i n  figure 10 d i f f e r s  s u f f i c i e n t l y  from i ts  neighbors t o  

suggest t h a t  it is  wholly o r  l a rge ly  a separate deposi t ional  sequence ra the r  than 

a s ingle  f l u v i a l  deposi t  t h a t  has been beveled t o  successively l o w e r  l eve l s .  

They a r e  in terpre ted  a s  a s e r i e s  of construct ional  terraces for t h i s  reason, 



although the  basal  few meters may be r e l i c t  ( i . e . ,  f i l l - s t r a t h )  in nature .  

Sequence A, exposed in the  highest  and o ldes t  t e r race ,  s tands 30 m high and 

cons i s t s  e n t i r e l y  of sand. The deposi t  rises f a r t h e r  inland t o  a general t e r race  

l e v e l  a f e w  meters higher, but  lacks  exposures through t h i s  in te rva l .  In i t s  

height  and lack  of organic deposi t s ,  Sequence A resembles the  basa l  inorganic 

portion of JO-4, and the  two deposi t s  may be of equivalent  age. Sequence B, 

measured about 75 rn f a r t h e r  downstream, cons i s t s  of 16 m of s i l t  and f i n e  sand 

with thin peaty interbeds.  The sediments axe very well sor ted ,  with bedding 

i n d i s t i n c t  except on weathered faces where horizontal  strata stand ou t  in sharp 

r e l i e f .  W i l l o w  fragments from an espec ia l ly  prominent 10-cm l aye r  of woody peat  

6.6 m above r i v e r  level. da te  9,890 2 80 y r  B ,P .  Sequence C,  50 m f a r t h e r  

downstream, is  11.5 m high and cons i s t s  of beds of fine sand separated by a 6-m 

deposit of sandy gravel (Unit 2 )  . The youngest t e r race ,  7.7 m high where measured 

25 m downstream from sequence C, cons i s t s  of sand and s i l t y  f i n e  sand containing 

some black peaty beds. Twigs 4 m above r i v e r  l e v e l  da te  6,820 - + 110 y r  B.P. and 

associated pollen,  dominated by spruce and bi rch  with lesser a l d e r  and Sphagnum 

spores, suggests t h a t  an open spruce f o r e s t  occupied the  val ley  f l o o r  a t  t h a t  

time (T.A. Ager, wr i t ten  communication, 6/5/78). Peat 3 rn higher i n  the  sect ion 

da tes  2,630 + 85 y r  B.P. The radiocarbon da tes  from JO-5 place a minimum 

l imi t ing  age of about 10,000 y r  B.P. on downcutting through th ick  sand d e p s i t s  

t h a t  formed shor t ly  a f t e r  g l a c i e r  recession from the  end-moraine complex near  the  

mouth of John Valley. The dates  from SO-5 and the  probably cor re la t ive  YO-4 

suggest t h a t  mult iple episodes of downcutting and a l luv ia t ion  may have taken place 

l o c a l l y  between about 11,500 and 7,000 y r  B.P. Stream f luc tua t ions  of t h i s  age 

and magnitude a r e  unusual in the c e n t r a l  Brooks Range; they could be re la t ed  t o  

local f a u l t  a c t i v i t y .  

Exposure JO-6 (fig. 11) was c u t  by John River i n t o  the  northern f lank of the  

l a rge  a l l u v i a l  fan b u i l t  by McKinley Creek. The cutbank decl ines i n  height  

eastward toward the  center  of John Valley and the  d i s t a l  end of t h e  a l l u v i a l  fan. 

It: stands 11.2 m high a t  its west end, exposing 2 . 3  m of sand and muck above 9 m 

of  gravel. Farther  east, a s  shown i n  f igure  11, it stands 10.7 m high and 

cons i s t s  of peat  and muck above about 8 m of gravel .  T h i s  part of the  fan contains 

an ancient f loodplain forest f l o o r  that includes rooted spruce stumps dat ing  

6,260 - + 110 y r  B.P. The buried f o r e s t  may merely i nd ica te  a change i n  locus of 

deposition an t h e  fan, o r  it could r e f l e c t  a general mid-Holocene i n t e r v a l  of 

s t a b i l i t y  t h a t  w a s  terminated abruptly by renewed deposition of fan gravel.  



Exposure SO-7 ( f ig .  12) is  located on a broad, l e v e l ,  and marshy segment of 

the  valley f loor  o f  Sixtymile Creek j u s t  a b v e  the  a l l u v i a l  fan of Organ Creek, 

one of i ts  laxgest t r i b u t a r i e s .  This segment of the  va l ley  f loor  present ly  forms 

a l o w  t e r race ,  covered by dense muskeg vegetat ion and numerous thaw ponds, and 

underlain by ice-r ich,  fine-grained sediments. A 3.3-m cutbank d o n g  the  west 

s ide  of Sixtymile Creek exposes highly organic sand and s i l t ,  probable slackwater 

deposi t s  t h a t  accumuLated when t h e  creek was p a r t l y  blocked by growth of Organ 

Creek's a l l u v i a l  fan. Wood and peat sampled 1 m above stream l e v e l  da te  2,060 - + 
75 B.P., suggesting t h a t  a l luv ia t ion  of the  fan w a s  taking place a t  about t h a t  

time. 

Exposure JO-8 ( f i g .  131, a cutbank along the  e a s t  side of John River, is  

located 5 km southeast  o f  a very large  landslide that covers t h e  e n t i r e  northern 

valley wall of Eagle Creek near i t s  mouth (Hamilton, 1979a). The bank i n t e r s e c t s  

a t e r race  about 5.7 m high, and exposes ice-r ich sandy t o  silty f loodplain deposi t s  

that contain a succession of buried p a t s  with -- i n  s i t u  spruce roots .  A prominent 

peat  horizon 4.8 rn above r i v e r  l e w l  dates 695 - + 75 y r  B.P.  Terrace-building t o  

he ights  of  5-6 m r a r e l y  occurred i n  o the r  va l l eys  of the  c e n t r a l  Brooks Range 

during the  las t  1,000 yr ,  hence a l l u v i a l  h i s to ry  a t  JO-8 may have been a f fec ted  

by episodic  movements of the Eagle Creek lands l ide .  I f  so, fu r the r  study and 

dat ing  of  t h i s  exposure could provide valuable i n s i g h t s  i n t o  the  pas t  h i s to ry ,  

present  s t a b i l i t y ,  and po ten t i a l  fu ture  movements of the  enonnous slide block on 

Eagle Creek. 

Exposure JO-9 ( f i g .  14 1 , a cutbank on Shukokluk Creek 6 km above i t s  

confluence with Wolverine Creek, exposes Eluvial sand t h a t  h l luvia ted  t o  form a 

low ( 3 . 5  m) bu t  unusually broad and smooth-surfaced deposit, -- In s i t u  willow roo t s  

1.4 m above stream l e v e l ,  which date 450 + - 75 yr  B .P., apparently were buried during 

a time of rapid a l luv ia t ion .  The fine-grained character  of the deposi ts  suggests 

slackwater conditions and possibly p a r t i a l  blockage of Shukokluk Creek by 

aggradation f a r t h e r  south along Wolverine Creek. 

Wild River Valley 

The ~ l l e y  of  Wild fiver, which contains only a few small and low-lying 

cirques, apparently served mainly a s  a conduit f o r  g lac ie r  i c e  t h a t  w a s  generated 

farther north i n  the  headwaters of Tinayguk River. The Tinayguk g l a c i e r  overflowed 

southward through passes north of Wild Lake (Hamilton, 1979a1, and some addi t ional  

i c e  reached the va l l ey  from the Allen River drainage system f a r t h e r  t o  the west.  



The main val ley  of Wild River was f i l l e d  with g l a c i e r  i c e  during I e i l l i k  f time, 

bu t  remained v i r t u a l l y  ice-free during a l l  of the Z t k i l l i k  I1 g l a c i a l  phase. 

Exposure W I - 1  ( f ig .  15) , a low b lu f f  along the  w e s t  s ide of Wild River 6 km 

north of the  range f ron t ,  i n t e r s e c t s  an extensive d e p s i t i o n a l  slope t h a t  cons i s t s  

of  fan deposi t s  i n t e r s t r a t i f i e d  with colluvium. The exposure i s  made up e n t i r e l y  

of fan gravel a t  i t s  downvalley end, but f a r t h e r  north the  fan sediments 

i n t e r f i n g e r  with fine-grained, organic-rich bog and m r s h  deposi t s  t h a t  w e r e  

confined along the  upvalley f lank of the fan. These deposi t s  include micaceous 

f i n e  sand and dark brown t o  dusky red organic s i l t  with wood fragments in addit ion 

t o  the prominent buried organic s o i l  i l l u s t r a t e d  i n  f igure  15. All wood fragments 

a re  heavily impregnated w i t h  i ron oxides. Where measured near  i t s  upvalley end, 

the  exposure stands 14  m high and cons i s t s  of a buried s o i l  p r o f i l e  between two 

th ick  deposi ts  of p la ty  fan gravel .  Willow fragments from the paleosol  da te  

22,740 - + 560 yr B . P .  This date demonstrates t h a t  a t  l e a s t  the lower segment of 

Wild Valley remained unglaciated during Xtk i l l ik  I1 time, and supports the  

hypothesis t h a t  Itkillik 11: g lac ia t ion  was marked by fan-building in val leys  of 

the  southern Brooks Range t h a t  remained unglaciated a t  t h a t  time (see descr ip t ion  

of Unit f i  in Hamilton, 1979a) . The date  fu r the r  suggests t h a t  fan development 

was punctuated by an i n t e r v a l  of s t a b i l i t y  t h a t  might correspond t o  the  o the r  

in ter rupt ions  in soLifluct ion a c t i v i t y  and r i v e r  a l luv ia t ion  noted a t  exposures 

KY-2 , KY -4, and KY -5 . 

Middle Pork Koyukuk River 

The va l l ey  of the Middle Fork, like Wild River V a l l e y ,  contains few c i rques  

t h a t  generated g lac ie r s  i n  I t k i l l i k  time; it served l a r g e l y  as a conduit for 

g lac ie r  i c e  t h a t  or ig inated  elsewhere. During Xtki l l ik  I t i m e ,  the Middle Fork 

supported a r e l a t i v e l y  small g lac ie r  t h a t  joined more extensive i c e  from the  

Koyukuk's North Fork t o  form a piedmont lobe j u s t  south of t h e  Brooks Range. During 

I t k i l l i k  If t i m e ,  g l ac ie r  i ce  in  the Middle Fork was much more r e s t r i c t e d ,  

terminating about 18 km ins ide  the  range. Four radiocarbon dates  a re  ava i l ab le  

from four exposures within the  drainage system of the Middle Fork. Three of the  

four w e r e  obtained f r o m  road cu t s  during a rapid  reconnaissance of the Alyeska 

haul road i n  1975 (Hamilton, 1979b) . These exposures were measured and described 

i n  haste, and a re  presented here with l i t t l e  detail. The fourth da te ,  from a 

western t r i b u t a r y  t o  the Middle Fork, was col lec ted  in 1977 from a natural exposure 

that w a s  studied more c lose ly .  

Exposure M I - 1  ( f i g .  16), a roadcut about 5 m deep, i n t e r s e c t s  the a l l u v i a l  



fan of Rasie Creek near the  south f lank of the  range about 12 km beyond the l i m i t  

of ice advances o f  r t k i l l i k  II time. Exposed sediments cons i s t  of sand and s i l t y  

f ine  sand (Wnit 1) overlain by fan gravel (Unit 2 )  t h a t  contains ice-wedge c a s t s  

and o the r  fea tures  indica t ive  of  severe f r o s t  a c t i v i t y .  Although covered by a 

basa l  debr is  apron, the sand o r  similar fine-grained deposi t s  must extend t o  a t  

l e a s t  the  l eve l  of the roadway, which was wet and subsiding in 1975 owing to 

thaw of ice-r ich permafrost. Smal l  twigs near the  upper contact  of U n i t  1 date 

28,450 - + 950 y r  B.P., providing a maximum age l i m i t  on a l luv ia t ion  of the  fan 

deposi t s .  Alluviation evidently took place under a severe f r o s t  cl imate,  and 

seems t o  have coincided in time with the  I t k i l l i k  I1 g l a c i a l  phase a s  dated 

elsewhere in the  John and Koyukuk Valleys. 

Exposure MI-2 ( f ig .  17) was measured near the mouth of Canyon creek, a 

western t r i b u t a r y  t o  Hammond River, which i n  turn e n t e r s  the Middle Fork near 

Wiseman. During I t k i l l i k  I1 time, Hammond River w a s  blocked by a lobe of  g l a c i e r  

ice from the Middle Fork; till and outwash from the i c e  lobe blocked the mouth of 

Canyon Creek and created a lake in i t s  lower va l ley  (Hamilton, 1979a). The 47-171 

exposure i n  Canyon Creek cons i s t s  mainly of laminated clayey s i l t  (Enit 1) t h a t  

probably extends beneath mudflow deposi t s  t o  a l eve l  near  the  modern val ley  f loor .  

The l acus t r ine  beds should be contemporaneous w i t h  the maximum advance of g lac ie r  

i c e  i n  I t k i l l i k  I1 t i m e ;  the  overlying alluvium ( U n i t  2 )  probably was formed by 

Canyon Creek during a b r i e f  i n t e r v a l  before it c u t  down through the  plug of g l a c i a l  

deposits in the va l l ey  of Nammond River. Overlying s o l i f l u c t i o n  deposi t s  (Units 

3 and 5 )  are unmixed with alluvium and probably postdate downcutting. A paleosol  

within t he  s o l i f l u c t i o n  sequence is  9,180 2 280 yr  o ld ;  it provides a minimum 

limiting age on downcutting and dates  a subsequent i n t e r v a l  of s t a b i l i t y  during 

accret ion of the sol . i f luct ion apron. 

Exposure MI-3 (fig. 18) i s  a cut 4-5 m deep t h a t  extends 100 m along the  west 

s ide  of t he  Alyeska haul road close  t o  the  mouth of Minnie Creek opposite the  town 

of Wiseman. The haul road i n  t h i s  area crosses  a prominent end moraine of late 

I t k i l l i k  age (Hamilton, 1979a, b). The exposure cons i s t s  02 two diamictons (Vnits 

I. and 5 )  that are separated by a sequence of sand, diamicton, and organic soil. 

(Units 2-4) that f i l ls a ke t t l e - l ike  depression i n  the lower diamicton. Sand and 

gravel ( U n i t  6 )  overlap the  upper diamicton and cover i t s  eroded north and south 

flanks. The buried s o i l ,  a peaty muck in the area  of the  depression, grades 

l a t e r a l l y  i n t o  lenses  of organic s i l t  t h a t  separate Units 1 and 5.  The sec t ion  

shown i n  figure 18 was measured near  the south end of the roadcut where the  f i l l e d  

depression i s  deepest and the buried s o i l  bes t  developed. Peaty muck (Unit 4 )  in 



t h i s  l oca t ion  has a su rp r i s ing ly  young age of 8,430 2 70 y r  B.P.  It  had been 

expected t h a t  t he  upper diamicton and grave l  (Units  5 and 6) would represent  a 

g l a c i a l  readvance of l a t e  I t k i l l i k  age t h a t  da t e s  about 13,000 t o  12,000 y r  

B.P. i n  o the r  va l l eys  of t h e  c e n t r a l  Brooks Range (Hamilton, 1979c, 1980a). 

The radiocarbon d a t e  from MI-3 may be too  young owing t o  contamination o r  t o  

sampling o r  labora tory  e r r o r .  I f  t h e  d a t e  is  c o r r e c t ,  however, t he  upper dia- 

micton probably was emplaced a s  a pos t -g l ac i a l  deb r i s  f l o w  from t h e  Wiseman 

moraine. Pos tg l ac i a l  l ands l ide  depos i t s  from over-steepened va l l ey  walls  have 

been confused with g l a c i a l  depos i t s  i n  o the r  mountain va l l eys  (Por te r  and 

Orombelli, 1980) ,  b u t  t he  pebbly, sandy, boulder-free na ture  of t h e  diamicton 

a t  M I - 3  makes t h i s  a l t e r n a t i v e  o r i g i n  unl ike ly .  

Exposure MI-4 (fig, 19)  is  a c u t  along the  Alyeska haul road where it 

crosses  t he  edge of t he  h ighes t  a l l u v i a l  t e r r a c e  of the  Middle Fork a t  t h e  

south f l ank  of t he  Brooks Range. This t e r r a c e  probably c o r r e l a t e s  with o the r  

t e r r a c e  remnants a t  about t h e  same height  t h a t  were mapped a s  outwash of 

I t k i l L i k  I1 age through t h i s  p a r t  of Middle Fork Valley (Hamilton, 1979a). 

The c u t  extends about 50 m along the  road, exposing up t o  1 0  m of sand and grave l  

beneath a peaty sur face  cap. The pea t  thickens t o  2 m depth near t h e  north 

end of the c u t ,  where it f i l l s  a depression i n  t he  sur face  of t h e  gravel .  I n  

t h i s  l o c a l i t y ,  willow wood and fragments of e i t h e r  spruce o r  l a r ch  da t e  7,990 

+ 130 y r  8.P. ( f i g .  1 9 ) .  This da t e  p laces  a minimum l imi t ing  age on the  out- - 
wash t e r r a c e  and on e a r l y  Holocene r e f o r e s t a t i o n  of t he  a rea .  

North Fork Koyukuk 

Six radiocarbon da t e s  a r e  a v a i l a b l e  from five measured sec t ions  along 

the  North Fork and i t s  two l a r g e s t  t r i b u t a r i e s ,  Tinayguk and Glacier  Rivers.  

The d a t e s ,  which range between about 12,000 and 1,000 y r  B . P . ,  r epresent  epi-  

sodes of fan-building and a l l u v i a t i o n  assoc ia ted  with waning phases of I t k i l l i k  

g l a c i a t i o n  and with f l u c t u a t i n g  environmental condi t ions  of middle and l a t e  

Holocene t i m e .  

Exposure NO-1 (fig. 20)  l i e s  along the  west s i d e  of North Fork about 5 kfn 

downvalley from the  end moraine of I t k i l l i k  I1 age (Hamilton, l979a) .  The bluff 

s tands  about 13 m high, with i t s  upper sur face  r i s i n g  inland a s  a smooth and 

gen t l e  s lope  of about 3 degrees.  Unit  1, a t  t h e  base of t he  sec t ion ,  i s  outwash 

derived from t h e  end moraine immediately upvalley. It  contains  abundant c l a s t s  

derived from r e s i s t a n t  rock types t h a t  crop out  along the  Continental  Divide near 

t he  v a l l e y  head. The grave l  i s  heavi ly impregnated with i r o n  and manganese oxides,  

and cemented blocks a s  much a s  1 . 5  m diameter have f a l l e n  i n t a c t  from t h e  b l u f f  

i n t o  the  r i v e r ,  Fine-grained sediments t h a t  cap the  outwash da t e  11,660 2 170 y r  



B.P.; these  i n  turn  are overlain by a u t  6 m of fan gravel consist ing largely 

of angular p l a t y  fragments of local s c h i s t  and vein quartz.  A l aye r  of f ine-  

grained sediment within the  gravel ( .Unit  4 )  contains peaty horizons 5-10 cm above 

its base. Feat from t h i s  unit was sampled bu t  has not yet been dated. The date 

of about 11,650 yr B.P. between fan and outwash deposi t s  p laces  a minimum l i m i t  

on r e t r e a t  of the North Fork g l a c i e r  from i t s  moraine b e l t  of I t k i l l i k  II age 

and on s t a b i l i z a t i o n  of i ts  outwash train. This date coincides very closely with 

the  l imi t ing  age of 11,560 - + 170 yr B.P. on ice r e t r e a t  from the  John Valley 

moraine belt .  Ice r e t r e a t  may have occurred shor t ly  before t h i s  i n t e r v a l ,  o r  

the coincident da tes  may represent  a t i m e  a t  which cLimatic amelioration allowed 

recoLonization of the  south f lank a f  the  c e n t r a l  Brooks Range by willow and 

perhaps other shrubs. 

Exposure NO-2 ( f ig .  21) ,  within a small unnamed tributary t o  Tinayguk River, 

stands 21.5 rn high; i t s  upper surface forms an inac t ive  a l l u v i a l  fan t h a t  has 

been deeply inc ised  by the modem stream. Coarse fan gravel a t  the  base of t h e  

exposure (Unit 1) grades upward i n t o  f i n e r  and more sandy beds t h a t  dip p a r a l l e l  

t o  the gradient  of the  modern stream. The beds contain accumulations of i ron and 

manganese oxides s imi lar  t o  those i n  modem fans. Wood fragments col lec ted  a t  the 

center  of Unit 2 ,  8 m below i t s  surface,  date l0,700 - + 190 yr B.P. The 

s igni f icance  of t h i s  da te  i s  uncertain. It w a s  believed o r i g i n a l l y  t h a t  the 

sandy fan gravel (Unit 2) of NO-2 must have f o m d  when Tinayguk Valley was 

blocked by glacier i ce ;  t h i s  impeded streamflow from the  unglaciated tributary 

and caused it t o  aggrade. I f  t h i s  were the  case,  however, the radiocarbon date 

should be s ign i f i can t ly  o lder  than 10,700 y r  B . P .  Tf t he  date is  correc t ,  on the  

o the r  hand, U n i t  L must represent  fan accret ion under g l a c i a l  condit ions and U n i t  2 

marks a t r a n s i t i o n a l  phase between l a t e  Pleistocene fan-building and modern 

conditions under which fan construct ion i s  r a r e  in this p a r t  o f  the  North Fork 

drainage system. As a t h i r d  p o s s i b i l i t y ,  the  va l l ey  may have been blocked by a 

lands l ide ,  no t  recognized during f i e l d  study, t h a t  caused a l luv ia t ion  of the sandy 

fan gravel. 

Exposure NO-3 ( f i g .  23) is  a 5-m inc is ion  into a broad, f l a t ,  marshy segment 

of valley f l o o r  along the North Fork j u s t  above the  Large a l l u v i a l  fan o f  Ruby 

Creek (Hamilton, 1979a). U n i t  1, the  deposit of a sluggish stream, cons i s t s  of 

cross-bedded sqnd and f ine  gravel containing abundant d e t r i t a l  wood. The 

overlying peaty t o  clayey s i l t ,  which f i l l s  the  i r r e g u l a r  surface t h a t  was eroded 

i n t o  U n i t  1, forms the  widespread marshy f l a t s  on t h i s  segment o f  the valley 



f loor .  In s i t u  roots of spruce and willow immediately below the contact  between -- 
Units 1 and 2 date  3,230 - + 90 y r  B,p.; spruce and willow fragments 30 cm below 

the  top  of  U n i t  2 date 2,355 - + 80 y r  B.P. The sandy f ine  gravel  and the  

overlying marsh deposi t s  probably w e r e  deposited when the North Fork was p a r t l y  

blocked by the  a l l u v i a l  fan of Ruby Creek. An i n i t i a l  episode of fan-building 

associa ted  w i t h  deposition of Unit 1 took place sometime during the  e a r l y  o r  

middle Holocene. Later  decrease i n  i n t e n s i t y  of fan construct ion allowed 

inc is ion  of U n i t  1 and development of a spruce f o r e s t  with willow shrubs across  

its eroded surface. Short ly before 3,200 y r  ago, renewed fan aggradation may have 

blocked the North Fork s u f f i c i e n t l y  t o  cause a l luv ia t ion  t o  begin once more. The 

p a r t l y  blocked r i v e r  crea ted  a broad marshy floodplain t h a t  built up to  a height  

of about 3 m above modern r i v e r  l e v e l  by 3,230 yr  B.P. and t o  about 4 m by 2,350 

y r  B . P .  If sedimentation r a t e s  remained f a i r l y  constant ,  downcutting by the  North 

Fork may have begun 150-200 yr  l a t e r .  

Exposure NO-4 ( f i g .  23), a 1 2 - m  b luff  along the  e a s t  s ide  of Glacier River, 

exposes s t r a t i f i e d  fan gravel w i t h  peat in terbeds  t h a t  contain i n  s i t u  roots .  

Peat taken 3.4 m above river l e v e l  da tes  1,185 2 80 yr  B.P.; pea t  taken 2.7 rn 

higher i n  the sect ion dates  I. ,380 120 y r  B.P. and contains sparse pollen in 

w h i c h  spruce is  most abundant. The two da tes  are i n  reversed s t r a t i g r a p h i c  order, 

but the  discrepancy is less than the counting e r r o r s  a t  a 95 percent (2 sigma) 

confidence Level and they a r e  b e s t  in terpre ted  a s  indica t ing  rapid fan a l luv ia t ion  

centered about 1,200-1,300 yr B .P. and l a s t i n g  a t  l e a s t  several  hundred years .  

The cause of this fan accret ion i s  unknown. 

Exposure NO-5 ( f ig .  24)  w a s  measured along Glacier River about 7 km downvalley 

from NO-4. It stands 8.2 m high, with i t s  upper surface extending inland a s  p a r t  

of the  inac t ive  a l l u v i a l  fan i n t o  which L i t t l e  Swede Creek has incised.  Thick fan 

gravel ( m i t  1) i s  capped by peaty sand and sandy peat  that dates  1,035 - + 140 y r  

B.P. near  i t s  base and contains t r ace  amounts of spruce pollen and Sphagnum spores. 

The date places a l imi t ing  age on a l luv ia t ion  of the  fan and on the  beginning of 

i ts  dissect ion by L i t t l e  Swede Creek. 

DISCUSSION 

Exposures along the faces o f  river b l u f f s  and t e r races  in the  Koyukuk 

drainage system provide important information on the h i s t o r y  of g lac ia t ion  during 

I t k i l l i k  time i n  the south-central Brooks Range, and on c l imat ic  changes and 

o ther  environmental f luc tuat ions  during the  Holocene. Supporting data  a r e  

provided by exposures and radiocarbon dates reported previously f o r  the Chandalar 



and Wind FLiver drainage systems f a r t h e r  east Wunilton, 1979c, d l .  

D e t r i t a l  spruce wood beneath till of I t k i l l i k  I age a t  exposure KY-1 and 

spruce stumps above outwash of  the same age i n  the Chandalar Valley (Hamilton, 

1979d) indica te  t h a t  boreal  f o r e s t  covered a l l  o r  much of the  Koyukuk and 

Chandalar lowlands preceding and following the I t k i l l i k  1 g l a c i a l  phase. In the  

K o y u k u k  lowland, three  radiocarbon dates  of 51,100 + 3,200/-2600, 35,400 + 2,000, - 
and >40,000 y r  B.P. from exposures KY-I, ICY-2, and KY-3 appear t o  demonstrate 

that a piedmont g l a c i e r  of I t k i l l i k  T age a t t a ined  i t s  maximum development some 

t i m e  a f t e r  about 51,000 years ago. However, t h i s  age assignment is  considered 

questionable because the dates  are c lose  to the limits for conventional radiocarbon 

dat ing  a t  the U . S .  Geological Survey and Smithsonian labora tor ies  and because 

large  counting e r r o r s  commonly have proved t o  be indica t ive  of da tes  t h a t  ac tua l ly  

are i n f i n i t e .  In addi t ion ,  the s t r a t ig raph ic  record from KY-2 i nd ica tes  t h a t  the  

Xtk i l l ik  I g l a c i a l  phase terminated s u f f i c i e n t l y  long ago t h a t  deep weathering 

of till and overlying l acus t r ine  deposi t s  took place p r i o r  t o  renewed a l luv ia t ion  

about 23,500 y r  B.P. A f o r e s t  bed above outwash of I t k i l l i k  I age i n  the 

Chandalar Valley dates  >42,000 y r  B.P. (Hamilton, 1979d) , and a s l i g h t l y  o lde r  

l i m i t  of >48,000 yr  B.P. i s  provided by alluvium a t  exposure JD-1 i n  the val ley  

of Allen River. These radiocarbon analyses tend t o  support the s t r a t i g r a p h i c  

record from KY-2, and suggest t h a t  the e n t i r e  h i s to ry  of the  I t k i l l i k  I g l a c i a l  

phase could l i e  beyond the range of conventional radiocarban dat ing.  An e a r l i e r  

assumption that the I t k i l l i k  'I phase w a s  broadly contemporaneous with the late 

Wisconsin maximum advance of the Laurentide ice shee t  (Hamilton and Porter ,  1975) 

i s  no longer considered va l id .  That assumption was based on the  r e l a t i v e l y  few 

radiocarbon dates avai lable  i n  t h e  e a r l y  1970's,  and on u n c r i t i c a l  acceptance of 

several  seemingly f i n i t e  radiocarbon dates  with large counting e r r o r s  t h a t  

subsequently have been contradicted by addi t ional  da tes  and f i e l d  data. 

S u r f i c i a l  geologic mapping in the Wiseman quadrangle suggested that a t  l e a s t  

two major g l a c i e r  advances may have taken place during I t k i l l i k  I time (Hamilton, 

1979a). This inference i s  supported s t r a t ig raph ica l ly  by the two gravel u n i t s  

separated by organic-rich sediments of i n t e r s t a d i a l  character  in the aggrading 

outwash sequence a t  exposure -KY-3. 

Dates fox the onset  of I t k i l l i k  11 glac ia t ion  a re  provided by deposi ts  i n  

the  glacier-blacked val ley  of Sixtymile Creek (exposure JO-21, where rapid 

a l luv ia t ion  was taking place 27,700 years ago, and a t  exposure M I - 1 ,  on the  Koyukuk's 

Middle Fork, where pe r ig lac ia l  fan-building began shor t ly  a f t e r  28,500 y r  B . P .  

A s l i g h t l y  o lder  da te  of 33,220 + 1,760 y r  B.P., reported previously from the 



Chandler Lake quadrangle (Hamilton, 1980a1, was obtained on peat t h a t  was 

buried by l o e s s  corre la ted  with g l a c i e r  expansions of T t k i l l i k  II time. 

Renewed g l a c i e r  expansion during the  r tkil l ik II phase was associated with 

widespread a l luv ia t ion  in va l l eys  south of the Brooks Range. Aggradation o f  the  

Koyukuk River a t  KY-2 began sometime p r i o r  t o  23,500 +- 380 y r  B.P., and n e t  - 
accret ion of sandy alLuvium was e s p c i a l l y  rapid  a f t e r  about 15,500 y r  B.P. The 

lower course of John River, a t r i b u t a r y  t o  the Koyukuk, shows a comparable 

h i s t o r y  of a l luv ia t ion  by finer-grained slackwater deposi ts ,  probably in response 

t o  aggradation along the Koyukuk. Radiocarbon da tes  fxom KY-4 show t h a t  the  

John River began a l l u v i a t i n g  a s  long ago as 29,000 - 4- 700 y r  B.P., and that n e t  

a l luv ia t ion  w a s  e spec ia l ly  rapid between about 19,700 and 17,400 years ago 

following a poss ib le  h ia tus .  These dates correspond t o  a l l u v i a l  h i s t o r y  a t  

Epiquruk b lu f f  on the Kobuk River where, as described by Schweger (1971, 19 76 1 , 
a l luv ia t ion  began shor t ly  before 24,000 y r  B.P. and terminated sometime a f t e r  

17,700 yr ago. All three  a l l u v i a l  sequences show similar pa t t e rns  of i n i t i a l l y  

slow n e t  a l luv ia t ion  followed by very rapid accumulation of  sediments ( f i g .  2 5 ) .  

The slower i n i t i a l  n e t  accumulation may have been caused by a pause o r  reversa l  

in a l luv ia t ion  ra the r  than cons i s t en t ly  lower sedimentation r a t e s .  An i n i t i a l  

episode of g lac ia t ion  and a l luv ia t ion  might have been followed by an i n t e r s t a d i a l  

i n t e r v a l ,  then by renewed g l a c i a l  and aLLuvial a c t i v i t y .  Some support f o r  this 

inference i s  furnished by the  p s s i b l e  h ia tus  a t  KY-4 and by episodes of 

s t a b i l i t y  during accumulation of p e r i g l a c i a l  deposits a t  two other  s i t e s .  A 

paleosol and associated weathering horizon dat ing  20,600 yr B.P. represent  an 

i n t e r v a l  of  s t a b i l i t y  during the  accret ion of  a s o l i f l u c t i o n  apron a t  exposure 

KY-5, and pe r ig lac ia l  fan building near  the mouth of wild Valley shows a 

comparable in te rva l  of  s t a b i l i t y  dating about 22,750 y r  B.P.  

Two near ly  coincident da tes  of 11,560 - + 170 and 11,660 + 170 yr B.P. from - 
John Valley and the  North Fork (exposures 50-4 and NO-1) place minimum l i m i t s  on 

the r e t r e a t  of g l a c i e r s  from t h e i r  moraine complexes c lose  t o  the  south flank of 

the  Brooks Range. These dates  support a time range of about 12,850-11,900 yr B.P.  

proposed e a r l i e r  f o r  the f i n a l  major readvance of I tk i l l ik-age  g l a c i e r s  t o  

pos i t ions  near  the mouths of  their mountain val leys  (Hamilton, 1979c, 1980a). 

A seemingly complete s t r a t i g r a p h i c  record of I tk i l l ik -age  t i l l s  occurs a t  

exposure JO-3 near the  head of  John Valley. Two basa l  t i l l s  (Units 1 and 2 )  a t  

t h i s  l o c a l i t y  a r e  separated by weathered lag boulders t h a t  appear t o  represent  

the  i n t e r g l a c i a l  o r  i n t e r s t a d i a l  episode between phases I and II of I tk i l l ik -age  



glac ia t ion .  If the  basal  till is  indeed I t k i l l i k  I i n  age, i ts  preservat ion a t  

JO-3 demonstrates that, even within confined mountain val leys ,  g l a c i e r s  of the  

subsequent I t k i l l i k  X I  phase were not always able t o  erode a l l  preexis t ing  

unconsolidated deposits.  The I t k i l l i k  I1 phase a t  JO-3 was marked by near ly  

continuous sedimentation during which two t i l ls  and an intervening outwash t r a i n  

were deposited (Units 2-41. The t w o  t i l l s  probably correspond t o  the  maximum 

advance of  I t k i l l i k  If: age and t o  the  f i n a l  readvance about 12,900 years ago; 

they ind ica te  that the  i n t e r s t a d i a l  in t e rva l  between these events w a s  marked by 

i c e  recession t o  pos i t ions  c lose  t o  the heads of mountain va l leys .  

Early Holocene h i s to ry  i n  the  south-central Brooks Range was marked by 

widespread downcutting through g l a c i a l  deposi ts  followed by an apparent general 

interval. of s t a b i l i t y  and nondeposition on slopes and on val ley f loors .  

Downcutting through the deep sand f i l l  near the  mouth of John Valley had occurred 

by 9,890 - + 80 yr B.P. a t  JO-5, and the  John River near i ts  head had a t t a ined  a 

pos i t ion  c lose  t o  its modem l e v e l  by 6,630 - + 110 yr  B.P. Episodes of s t a b i l i t y  

and s o i l  formation dated 9,180 - + 280 y r  3.P. on t h e  s o l i f l u c t i o n  slope a t  Canyon 

Creek (MI-2) and 8,430 - + 70 yr B.P.  a t  MT-3 on the Wiseman moraine may be only 

of l o c a l  s ignif icance,  but  they coincide i n  time with buried p a t s  a t  several  

l o c a l i t i e s  i n  the  cen t ra l  Brooks Range. A peat-forming in te rva l ,  terminated by 

so l i f luc t ion ,  l a s t e d  between about 9,460 - + 150 and 8,230 - + 130 y r  B.P. i n  TooLik 

Valley (Hamilton, 1979d); it may c o r r e l a t e  with peat  formation in Anaktuvuk 

Valley t h a t  was taking place 9,620 5 60 yr  B.P. and t h a t  was terminated by fan- 

building sometime before 7,940 - + 75 yr B.P.  ( ~ a m i l t o n ,  1980). A widespread buried 

peat  overlain by l acus t r ine  deposi t s  of unknown or ig in  i n  the  va l l ey  of Wind River 

da tes  about 9,600 t o  9,100 years ago (Hamilton, 1 9 7 9 ~ ) .  

A few radiocarbon dates  of middle Holocene age from the Wiseman quadrangle 

suggest a later and possibly separate episode of general s t a b i l i t y  and peat  

formation, with spruce f o r e s t  present  i n  most va l l eys  by t h i s  time. Spruce wood 

near the  base of peat beds on the Middle Fork near  MI-4 i s  7,990 - + 130 yr  o ld ;  

t h i s  i s  the  o ldes t  da te  present ly  available for the  expansion of spruce f o r e s t  t o  

the  margin of the  Brooks Range in the  Koyukuk region. Spruce pollen a t  JO-5 

indica tes  that a f loodplain f o r e s t  was present  in John Valley near the  south flank 

of  the  range by 6,820 - + 110 yr B.P., and spruce w a s  growing 30 km f a r t h e r  north on 

the  alluvial.  fan of McKinley Creek by 6,260 - + 110 y r  B.P. Thick brown peat  dat ing 

6,630 - + 110 y r  B.P. a t  50-3 near t h e  head of John Valley is similar t o  peat forming 

beneath spruce f o r e s t  today. This suggests t h a t  spruce may have reached pos i t ions  

very close t o  i t s  modern l i m i t s  by e a r l y  middle Holocene the. Pollen records 



from a reas  f a r t h e r  w e s t  suggest that recolonizat ion by spruce occurred as 

recent ly  as  7,000-5,000 years ago along t h e  south f lank of the  Brooks Range i n  

the  Kobuk Valley (Schweger, 1976, p. 130) and about 5,000 yr  B.P. ins ide  the  

range within the  Alatna Valley (L. B. Brubaker, wr i t ten  coxununication, 1980). 

On the  o ther  hand, much older  spruce wood dat ing 9,730 + 230 yx B.P. w a s  recovered - 
from Wind River Valley east of the  Wiseman quadrangle (Hamilton, 1979d). 

Holocene spruce f o r e s t s  may have expanded westward as well  a s  northward i n t o  the  

southern val leys  of t h e  cen t ra l  Brooks Range. 

The la te  Holocene record of t he  south-central Brooks Range i s  more var iable  

than t h a t  reported from northern val leys  (Hamilton, 1979c, 1980). Soil-forming 

intervals appear compatible with a regional chronology of Neoglacial c l imat ic  

changes and cirque-glacier  expansions (Hamilton and Robinson, 1977; Calkin and 

Ellis, 1980; Hamilton, i n  p r e s s ) ,  bu t  episodes of a l luv ia t ion  show less consistency 

and c l e a r l y  were influenced by l o c a l  environmental f ac to r s  as w e l l  a s  by regional  

climatic contro ls  ( f i g .  26) . Paleosols dated 4,175 - + 45 and 3,995 -k 95 yr  B.P. - 
underlie frost-churned stony s i l t  along Chandler River and Wind River (Hamilton, 

1979c, d) ; a s imi lar  s o i l  da t ing  4,750 - + 110 yr B.P. underl ies  stony s i l t  a t  

Anaktuvuk Pass (Hamilton, 1980). A comparable da te  of 4,880 - + 95 y r  B.P. (1-11, 

235) w a s  obtained recent ly  from a t h i c k  peat  bed within an a l l u v i a l  fan along 

Smoke Creek, close t o  the Continental Divide j u s t  e a s t  of the  Chandalar quadrangle. 

A poss ib le  younger episode of s o i l  formation i s  represented by peat dated 1,670 + - 
80 yr B.P. t h a t  underl ies  s o l i f l u c t i o n  deposi ts  a t  exposure JO-2, and by peat  of 

a s imi la r  age (1,590 5 50 yr B.P.) beneath frost-churned stony loess  i n  the  

Qlandalar quadrangle (Hamilton, 19 79d) . 
Alluviation in the Koyukuk lowlands and i n  most va l leys  of  the  south-central 

Brooks Range appears r e l a t ed  t o  l o c a l  environmental f ac to r s  r a t h e r  than any 

regional  cont ro ls  (fig. 2 6 ) .  John River a t  JO-5 shows evidence f o r  three episodes 

of t e r race  building during the  Holocene. Radiocarbon da tes  suggest t h a t  the 

o l d e s t  Holocene t e r race  w a s  forming when downcutting and s o i l  formation prevailed 

i n  o ther  val leys;  the  youngest t e r race  was forming a t  l e a s t  in part during a 

comparable middle Holocene i n t e r v a l  of downcutting and general s t a b i l i t y  along 

va l l ey  f loors .  The unique record at JO-5 possibly is  due t o  f a u l t  a c t i v i t y .  The 

s t r e t c h  of Sixtymile Creek above Organ Creek's a l l u v i a l  fan w a s  aggrading about 

2,060 - + 75 yr ago. Aggradation probably was in response t o  ac t ive  fan-building 

by Organ Creek, but the  cause of t h i s  episodic fan construction is  unclear. 

Active fan-building by t r i b u t a r i e s  t o  Glacier River was taking place about 

1,300-1,200 yr B.P. a t  b luff  NO-4, and had terminated shor t ly  before 1,035 - + 140 



yr B.P. a t  NO-5. Fan construction a p p a r s  to be in phase between the  two s i t e s ,  

but  i s  out  of phase w i t h  a l luv ia t ion  elsewhere i n  the c e n t r a l  Brooks Range. 

Many a l l u v i a l  fans within the  metamorphic te r rane  near the south f lank of the  

range may respond t o  pulses of sedimentation o r ig ina t ing  from episodic  movement 

of the  numerous flow-slides t h a t  charac ter ize  t h i s  l i t h o l o g i c  b e l t  (Hamilton, 

1979a). John Valley near the Eagle Creek lands l ide  underwent episodic  a l luv ia t ion  

f o r  an interval of at least several  hundred years p r i o r  t o  695 + 75 y r  B.P. - 
Alluviation a t  t h i s  s i te  may i n  part be contro l led  by landsl ide a c t i v i t y .  Twa 

other l o c a l i t i e s  have a l l u v i a l  h i s t o r i e s  t h a t  seem in phase w i t h  a l luv ia t ion  

elsewhere in the  Brooks Range. The Koyukuk's North Fork above Ruby Creek fan 

began a l l u v i a t i n g  after middle Holocene time and buried a mature floodplain 

f o r e s t  about 3,230 + 90 y r  ago; it abandoned i t s  5-m t e r race  shor t ly  a f t e r  2,355 - 
+ 80 yr B.P. Alluviation probably was i n  response t o  fan-building by Ruby Creek, - 
a cirque-headed t r ibu ta ry .  Farther  t o  the  northwest, shukokJ.uk Creek began 

building a widespread 3.5-m terrace about 450 + 75 y r  ago i n  response t o  a l luv ia t ion  - 
by Wolverine Creek, which a l s o  o r ig ina tes  i n  a s u i t e  of cirques.  U l u v i a t i o n  of 

these  two cirque-headed t r i b u t a r y  streams may r e f l e c t  increased sediment y i e l d  

t h a t  followed regional  c l imat ic  r eve r sa l s  (Hamilton, i n  press). 
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THICKNESS 
UNIT (m) DESCRIPTION 

2 9 TILL.  Subrounded t o  subangular  s t o n e s  t o  bou lder  
s i z e  i n  compact g rey  muddy m a t r i x ;  many stones 
s t r i a t e d  and f a c e t e d .  J o i n t e d ,  w i t h  f r a c t u r e s  
d ipp ing  toward r i v e r .  Oxidized a long some j o i n t  
p lanes .  

1 9? OXIDIZED GRAVEL. Pebb les  and small cobb les  i n  
ox id ized  sandy m a t r i x ;  i n t e r s t r a t i f i e d  with 
cross-bedded, w e l l  s o r t e d ,  ye l lowish  brown 
(10 YR 5/7) medium sand i n  beds  10-30 c m  t h i c k  
and wi th  l e n s e s  of compact grey s i l t .  More 
s t r o n g l y  ox id ized  (10 YR 5 / 8 )  near  upper  
c o n t a c t ,  and l o c a l l y  deformed by i c e  shove. 

I COVERED \ 

Figure 1. Exposure KY-1. South bank o f  North Fork Koyukuk River 16 km above i t s  mouth. Stands 18 rn 
high, with basal 3 m covered by debris apron. 
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Figure  3 .  Exposure KY-3.  South bank K o y u k u k  River 3 . 5  k m  b e l o w  Exposure KY-2. 
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1 1 )  1 THICKNESS 
UNIT (m) DESCRIPTION 

4 14 LOESS. Brown t o  tan silt ;  very  porous;  l a c k s  v i s i b l e  
bedding. V e r t i c a l  r o o t l e t s  i n c r e a s i n g  upward; woody 
pea t  l a y e r s  p r e s e n t  n e a r  top .  

------------------ DISCONFORMIT' ..................... 
3 10 GRAVEL. Subrounded pebb les ,  cobb les ,  and sparse small 

bou lders  i n  sand-granule mat r ix ;  b o u l d e r s  l a c k i n g  i n  
upper 3 m. Stones f r o s t - s h a t t e r e d  a t  upper c o n t a c t ,  
ox id ized  to 10-15 cm dep th ,  and bear  clay-silt c o a t i n g s  
t o  30-40 cm dep th .  

2 2 SILT AND SAND. Dark g r e y  t o  brown o r g a n i c  si l t  above t a n  
t o  g rey  very  w e l l  s o r t e d  nonbedded f i n e  sand. S i l t  
c o n t a i n s  d i s t o r t e d  l e n s e s  of bryophyt ic  p e a t  w i t h  dwarf 
b i r c h  fragments.  

1 7 GRAVEL. Subrounded s t o n e s  to s m a l l  cobb le  s i z e  i n  sandy 
matr ix .  S t r u c t u r e s  obscured by s lope  movements. 



I COVERED \ 

THICKNESS 
UNIT (m) DESCRlPTION 

7 5.5  LOESS, L i g h t  ye l lowish  brown (10 YR 6 / 4 )  sil t ,  g r a d i n g  
downward i n t o  grey (7.5 YR 6/0)  silt. Upper 2 m 
c o n t a i n s  r e d d i s h  yel low (7.5 YR 7/6) oxid ized  l a y e r s .  
Capped by 0.5 m s i l t y  pea t .  

5 1.5 SAND. Brown medium sand in te rbedded  w i t h  grey s i l t y  
f i n e  sand i n  beds  2-10 c m  t h i c k .  

5 4.5 SILT AND FINE SAND. Grey s i l t y  f i n e  sand i n  sub- 
h o r i z o n t a l  beds 2-4 cm t h i c k ;  d e t r i t a l  willow fragments  
a long bedding p lanes .  Dark g r e y i s h  brown (10 YR 4 / 2 )  
massive  si l t  a t  1-2 m dep th ;  i n t e r b e d s  of whi te  e o l i a n  
f i n e  sand n e a r  t o p .  

2 

1 . 0.0. . 
O O , - O .  . 0 . O  . Q . Q  _ _ _ _  - - - - - -  

COVERED 

1+ SILT. Dark g r e e n i s h  g rey  (5 BG 4 / 1 )  silt con ta in ing  
s c a t t e r e d  wood f ragments  and s m a l l  d e t r i t a l  wood m a t .  
Base covered by f l o w  d e p o s i t s .  

2.5 SILT AND SAND. Very d a r k  g rey  (5 YR 3/1) s i l t  t o  s i l t y  
f i n e  sand,  in terbedded w i t h  f i n e  sand mot t led  r u s t - r e d  
(5 YR 3 / 4 ) .  O v e r l i e s  t a n ,  c u r r e n t - r i p p l e d ,  medium to  
f i n e  sand w i t h  grey t o  brown sil t  i n t e r b e d s .  

4 .0  CLAY. Highly p l a s t i c  g rey  (7 .5  YR 6 / 0 )  c l a y .  Severe ly  
deformed by slump and flowage. 

3.5 GRAVEL. Subrounded pebbles and s p a r s e  cobbles  i n  sandy 
mat r ix .  

Figure 4.  Exposure KY-4. West bank John River 6.2 krn northwest of its mouth. I n  B e t t l e s  quadrangle,  5 . 2  km 
beyond sou th  margin of Wiseman quadrangle. Stands 2 7  rn high, w i t h  basal 1 .5  m covered by lag grave l .  



s THICKNESS 
UNIT (m) D E S C R I P T I O N  

COVERED 

COLLUVIUM. Subangular to subrounded pebbles, 
small cobbles, and sparse large cobbles in 
pale olive (5 Y 6/3) silty sand matrix. Crudely 
bedded, with most stones subhorizontal. 
Contains deformed (segmented and overturned) 
fossil soil-consisting of peaty silt above 
light grey (5 YR 6 / 1 )  stony fine sand. 

FINE GRAVEL. Alternating beds about 10 crn thick 
consisting of (a) pebbles and sparse cobbles in 
coarse sand to granule matrix, (b) greyish 
medium sand, and (c) greyish-brown silt. 

4 . 4  COBBLE GRAVEL. Pebble to  small cobble gravel, 
as in Unit 3, with 5 separate stone lines 
consisting of closely packed cobbles and small 
boulders up to 35 cm diameter. 

5.0 SAND AND FINE GRAVEL. Probably as in Unit 2, 
but largely obscured by slumps and flows. 
Gravel to small cobble size dominant; sand 
minor; silt very sparse. 

F i g u r e  5. Exposure KY-5. South Fork Koyukuk River 1 .3 km below mouth of Wilson Creek.  I n t e r n a l  r e l a t i o n s h i p s  
h y p o t h e t i c a l .  Stands 32.7 m high ,  with basal 11 rn covered by d e b r i s  apron of sand and f i n e  gravel. 



THICKNESS 
UNIT (m) DESCRLPTION 

6 1.5 COVERED. Highly u n s t a b l e  b l u f f  c r e s t ;  s u b j e c t  t o  slump 
and flowage. Brown c layey  s i l t  exposed i n  p laces .  

5 1.5 SAND. Well s o r t e d ,  cross-bedded medium sand,  c o a r s e  
sand,  and v e r y  sandy f i n e  g r a v e l .  Grades upward i n t o  

- s u b h o r i z o n t a l l y  bedded s t r o n g  brown (7 .5  YR 5 / 6 )  f ine . . . . . .  ....... 
and medium sand.  

. . . . . . . . . .  . _ . . .  4 3.5 GRAVEL. Subrounded pebbles  and cobb les  i n  coarse  sand- . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . .  - > 48,800 g r a n u l e  m a t r i x .  Quar tz  ve ry  abundant i n  pebble-small . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  ( U S C S - 4  14)  cobb le  range; q u a r t z i t e s  and f l a t i r o n  shapes  common . . . . . . . . . . . . . . . . . . . .  
among t h e  l a r g e  cobb les .  Some t h i n  (5-10 em) i n t e r b e d s  
of medium sand, c o a r s e  sand,  and g r a n u l e s .  Basal  1 rn 
f i n e s  downward from g r a n u l e s  t o  medium sand. 

3 6.5  SAND. Grey, w e l l  s o r t e d  m e d i m  sand w i t h  weak s u b h o r i z o n t a l  
bedding; g rades  downward i n t o  cross-bedded c o a r s e  t o  
medium sand.  Near base ,  s i l t y  f i n e  sand f i l l s  channels  
i n  c o a r s e r  sand w i t h  g ranu les .  

2 2 .0  GRAVEL. Subrounded pebbles and s m a l l  cobb les  i n  c o a r s e  
sand-granule m a t r i x .  W e l l  s t r a t i f i e d ,  w i t h  t h i n  (about 
2 crn) c o a r s e  sand i n t e r b e d s .  Beds near b a s e  c o n t a i n  
some l a r g e  cobbles .  

1 9.0 SAND WITH GRAVEL. Cross-bedded grey  s i l t y  f i n e  sand and 
" s a l t  and pepper" medium t o  c o a r s e  sand,  w i t h  t h i n  (about 
10 crn) beds of pebbles  and g ranu les .  Thick (1-2 m) l e n s e s  
of pebble-small  cobb le  g r a v e l  i n  lower 6 m of u n i t .  

F igure  6 .  Exposure JO-1. East side A l l e n  River 14.5 km above its mouth. 



I COVERED \ 

THICKNESS 
UNIT (m) DESCRIPTION 

0.6 SOLIFXUCTION DEPOSIT. Grey (10 YR 5/11 silt  w i t h  
pea t  l e n s e s  and s c a t t e r e d  s t o n e s .  

0.15 PEAT. Dark r e d d i s h  brown (2.5 YR 3/41, compact, 
massive pea t  with s e v e r a l  c h a r c o a l  zones and 
t h i n  i n t e r b e d s  of g r e y  s i l t .  

0.1 SAND. Grey f i n e  sand wi th  s t r o n g  brown (7.5 YR 5 / 8 )  
oxid ized  l e n s e s  and s c a t t e r e d  pebbles .  

GRAVEL WITH SAND. Very w e l l  s o r t e d  pebble  g r a v e l  with s t o n e s  
rounded t o  subrounded and abou t  50% q u a r t z .  Contains  i n t e r -  
beds  of cobble  g r a v e l  about  40 cm t h i c k  t h a t  i n c r e a s e  up- 
ward i n  frequency. Capped by g r a v e l  con ta in ing  e r r a t i c  
bou lders  up t o  110 c m  l e n g t h .  

SAND WITH GRAVEL. Cross-bedded; coarsens  upward. Beds of 
f i n e  sand about  1 cm t h i c k  a l t e r n a t i n g  wi th  5-cm beds of 
medium sand and t h i c k e r  (up t o  60 cm) beds of pebbly c o a r s e  
sand. Beds a t  top  of u n i t  s t r i k e  N ~ ~ O E ,  d i p  15* SE. Beds 
i n  lower midpart  of u n i t  c o n s i s t  dominantly of 2-131 l a y e r s  
of medium sand wi th  s i l t y  c layey  fine sand p a r t i n g s .  
Lower beds c o n s i s t  dominantly of 5-cm l a y e r s  of f i n e  sand 
w i t h  c layey  silt i n t e r b e d s .  

Lo I 20 DEBRIS APRON. Covers beds t h a t  appear  t o  c o n s i s t  of sand 
and f i n e  gravel, a s  i n  Uni t  1. 

Figure 7. Exposure JO-2. South side Sixtymile Creek 11.5 km above its mouth. Exposed deposits overlie 
glaciolacustrine sediments. 



THICKNESS 
UNIT (m) DESCRIPTION 

7 1 . 4  PEAT; brown; with i n t e r b e d s  of g r e y  silt and brown humic s i l t .  

6 2 .4  GRAVEL. Subrounded cobbles  and pebb les  i n  m a t r i x  of sand and 
p h y l l i t e  c h i p s .  Upper 0.3 m f r o s t - s t i r r e d ,  w i t h  admixed 
l i g h t  ye l lowish  brown (10 YK 6 / 4 )  s i l t y  f i n e  sand; b a s a l  0.5 
m c o n t a i n s  l a g  c o n c e n t r a t e  o f  bou lders  and l a r g e  cobb les  
from e r o s i o n  of Uni t  1. 

5 5 . 5  SAND AND GRAVEL. Grey w e l l  s o r t e d  medium sand and coarse  sand 
wi th  p h y l l i t e  c h i p s ;  in terbedded wi th  sandy pebble-cobble 
g r a v e l .  Obscured a t  t o p ,  b u t  probably r i s e s  t o  60-m t e r r a c e  
l e v e l .  Boulder l i n e  at  base .  

19.5 TILL. Stones  t o  1 rn diameter  i n  m a t r i x  of compact, d a r k  grey 
(10 YR 4/11 medium sand w i t h  some s i l t .  Subrounded pebb les  
and cobbles  v e r y  abundant.  

5 . 0  SAND AND GRAVEL. Subrounded pebbles  and cobbles i n  sandy 
m a t r i x ,  in te rbedded  w i t h  l a y e r s  and l e n s e s  0.2-0.5 rn t h i c k  
of f i n e l y  s t r a t i f i e d ,  cross-bedded sand and g ranu les .  Very 
compact and s t r o n g l y  deformed c l o s e  t o  upper  con tac t .  

6 6 3 0  2 110 
(I-10,277) 2 7 . 0  TILL. Gravel ly ,  as i n  Uni t  4 .  S tone  

l i n e  a t  base  c o n s i s t s  of oxide-s ta ined 
bou lders  0.6-1.1 m diamete r .  

1 17.5 TILL.  Cobbles and bou lders  i n  compact 
s i l t y  mat r ix .  Grades downward i n t o  
g r a v e l l y  till, as i n  Uni t  2. 

Figure  8. Exposure JO-3. East side John River 6.5 lon above mouth of Hunt Fork. 



THICKNESS 
UNIT (rn) DESCRIPTION 

6 0.7 PEAT AND SILT.  0.4 m d a r k  brown s i l t y  pea t  above 0.3 m 
y e l l o w i s h  brown sandy s i l t .  

(I-10,471) 
5 20 SAND. Dark grey  (10 YR 4 /1 ) ,  f a i n t l y  bedded, coarse t o  - .  - .. __C_ . . . .  I:..:.::: . - . .  - .... : \ 

. . . . . . .  I . .  .\ 

medium sand. P r o s t r a t e  wi l low fragments  w i t h  bark fn- 
t a c t  lie along bedding p l a n e  11 rn below upper contact .  

4 3 SANDY FINE GRAVEL. Rounded t o  subrounded pebbles  and 
s p a r s e  ve ry  small cobb les  i n  abundant m a t r i x  of coarm 
sand.  

3 6 SAND; dark g r e y i s h  brown, medium t o  coarse ;  f a i n t l y  to 
moderate ly  w e l l  bedded. 

2 2 SANDY FINE GRAVEL. A s  i n  Unit 4 ,  b u t  wi th  sand more 
abundant and cobb les  a b s e n t .  

1 10 SAND; ve ry  w e l l  s o r t e d ,  brown ( 2 . 5  Y 5 / 2 ) ,  f ine  gra ined .  
F a i n t l y  bedded, with s p a r s e  t h i n  g r a v e l  lenses along 
bedding p lanes .  

Figure  9. Exposure 50-4. West side John River opposite Threetime Mountain near south flank of Brooks Range.  



THICKNESS 
SEQUENCE (m) DESCRIPTION 

D 7.7 SAND. Yellowish brown (10 YR 5/6), f i n e  t o  medium; in terbedded 
w i t h  d a r k  g rey  (10 YR 4/11 s i l t y  f i n e  sand i n  weakly d e f i n e d  
s u b h o r i z o n t a l  l a y e r s .  Some black  peaty  beds 2-10 cm t h i c k .  

C 11.5 3. ( 2 . 5  m) FINE SAND. Some beds  o rgan ic  and silty; weakly 
d e f i n e d  h o r i z o n t a l  bedding. 

2 .  ( 6 . 0  m) SANDY GRAVEL. Poor ly  s o r t e d ,  weakly bedded, rounded 
t o  subrounded pebb les  and small cobbles .  

1 .  (3.0 m) FINE SAND. P a l e  brown, w e l l  s o r t e d ,  i n  beds 5-15 cm 
thick. In te rbedded  w i t h  g r e y i s h  silt  l a y e r s  about 
5 cm th ick .  

B 16 SILT AND FINE SAND. Very w e l l  s o r t e d ,  i n  h o r i z o n t a l  beds $-1 
c m  thick; with in te rbedded  l a y e r s  of pea t  and woody p e a t .  
Bedding i n d i s t i n c t  excep t  on weathered faces. 

.................. 
FINE SAND. Grey, with some t h i n  beds of medium 
h o r i z o n t a l l y  bedded, but slumping h a s  des t royed  
s t r u c t u r e s  a long b l u f f  f ace .  .................. 

. . . . . . . . . . . . . . .  

................. 
LL 

sand.  Probably 
a l l  primary 

F i g u r e  10. Exposure JO-5 .  East s i d e  John River 6.5  km above mouth of Timber Creek. 



THICKNESS 
UNIT (m) DESCRIPTION 

5 1.0 PEAT AND MUCK. 

4 1.5 ICE-RICH SILT? Depression formed by m e l t  of i c e  l e n s e s  
o r  i c e  wedges. 

3 3.0 GRAVEL. Rounded t o  subrounded pebb les  and cobbles  i n  

&-*.; & , 'o.o' matrix of w e l l  sorted c o a r s e  sand and g r a n u l e s .  Forms 
beds 0.5-2.0 rn thick which a r e  in te rbedded  with 15-25 
c m  beds of sand, g r a n u l e s ,  and small pebbles.  Capped 
i n  places by 30-40 c m  of sand. Upper 25  crn oxid ized .  

2 0.4 SAND. Greyish brown medium sand in te rbedded  wi th  g rey  
t o  d a r k  g rey  s i l t y  f i n e  sand and o rgan ic  s i l t y  f i n e  
sand. Contains  roo ted  s p r u c e  stumps and abundant wood 
f ragments  along bedding p lanes .  

1 4.7 GRAVEL. A s  i n  Uni t  3. 

Figure 11. Exposure JO-6. Southwest side of John River  along north flank of McKinley Creek alluvial fan. 





THICKNESS 
UNIT (m) DESCRIPTION 

5 0.15 SOD AND Sf LTY PEAT. 

4 0 . 8  SAND. Mottled s i l t y  fine sand w i t h  thin ( % - I  cm) peat 
interbeds. 

3 0 .1  PEAT. Contains small i n  s i t u  spruce roots .  

2 1 . 1  SILT.  Brown t o  grey silt and organic silt,  with layers 
and lenses of peat. Contains i c e  grains and l enses .  

1 3 . 6  SAND. Micaceous fine sand; grading downward in to  brownish 
grey, micaceous, medium sand to s i l t y  fine sand. 
Contains i n  s i t u  roots  and lenses  of buried peat .  

Figure 13. Exposure JO-8. East side John River 3.5 km below mouth of Eagle Creek. 



.......... 
THICKNESS .......... ......... UNIT (m) DESCRIPTION ......... 

........... ..... .u\\v.~~. 1 3 .5  SAND. Faintly bedded grey sand, with 1-10 c m  beds con- . 0 4 - 0 0  0 .  s i s t i n g  of (a) coarse  sand with p h y l l i t e  ch ips ,  ( b )  well .......... 

.+.&.&.A. 
450 t 75 sorted  medium sand, ( c )  f i n e  sand with reddish-brown 

. . . . . . . . . . . .  (I-10,999) . . .  
m o t t l e s ,  and (d) dark grey humic f i n e  sand. Organic 

. . . . . . . . . . . .  \\\.h\\\\\\\\\. matter abundant a s  (a) l a y e r s  of matted  sedge and grass, 

. . . . . . . . . . . .  (b) layers  of matted  r o o t s ,  and ( c )  i n  situ w i l l o w  roots. 
' . \\UI\\\.\\\\\\\. ' * ' 

F i g u r e  1 4 .  Exposure JO-9. South side Shukokluk C r e e k  6.5 km above mouth of Wolverine C r e e k .  



Figure 15. Exposure W I - 1 .  West side Wild River at base of Gilroy Mountain. 

THICKNESS 

-10 

- 5  

-0 

'0 
-0- 

UNIT (m) DESCRIPTION 
" - 0 -\ - O - 0 ,  0 -  
0- O-0 

3 3 9 . 6  FAN DEPOSIT. Fragments of micaceous s c h i s t ,  pebble to 
--a, O -  0- cobble s i z e ,  i n  poorly sorted p laty  micaceous sand- 
0 -  O - - 0 ,  

0, granule matrix. Contains sparse interbeds of micaceous - 0- 0, 
0% 

o medium to  coarse sand. 
*--0, 0, 
4, Q Z  

02 \/2 - a,  2 0 .05 PALEOSOL. Very dusky red ( 2 . 5  YR 2/21 peat and de- 
0- ,, 

0 - 0 -  
-0, O -  o =-  0 -  0 -  0- 

0 - 0  - 0- 
0% a- 0 -  
--..- O-;. 
a'='--- 0- 

+ 22,740 2 560 composed humic material with abundant wood fragments 
(I-11,238) above 2 cm intense ly  oxidized yel lowish red (5 YR 4/8) 

1 s i l t  or f i n e  sand. 

1 4.4 FAN DEPOSIT. A s  in  Unit 3 .  





THICKNESS 
UNIT (m) DESCRIPTION 

SOLIFLUCTION DEPOSIT. Schist rubble dis- 
persed in mottled grey to reddish brown 
silt matrix. Weakly stratified, with 
strata inclined toward valley center 
parallel to surface slope. 

PALEOSOL. Silty peat with humus. Contains 
shell and wood fragmgnts. Inclined toward 
valley-center a t  1-2 . 
SOLIFLUCTION DEPOSIT. Silty rubble with 
organic layers, as in Unit 5. 

2  3 .5  SAND AND GRAVEL. Subangular to subrounded platy schist 
pebbles in matrix of schist and phyllite chips; fnter- 
bedded with olive (5 Y 5/31 silty f i n e  sand and with 
cross-bedded fine to medium sand. Erosional contact 
at base. 

1 23 .5  LACUSTRINE BEDS.  Olive grey (5 Y 4 / 2 )  thinly laminated 
(about 2 mm) clayey silt. Contains thin (1-3 mm) sand 
interbeds. 

F i g u r e  1 7 .  Exposure M I - 2 .  E a s t  bank Canyon Creek 2 km a b v e  i t s  mouth. Stands 46.6 m h i g h ,  w i t h  upper  
surface s l o p i n g  i n l a n d .  Basal 16.5 m covered by mudflow apron. 



TBI CKNE S S 
UNIT (m) DESCRIPTION 

Figure 18. Exposure M I - 3 .  Roadcut, e a s t  side M i d d l e  Fork Koyukuk 1 krn south o f  M i n n i e  Creek. See 
Hamilton, 1979c, p. 33 {S i t e  8 2 ) .  

6 0-0.5 SANDY GRAVEL. Caps erosional surface. 

- 

- 

- 
3 0.4 DIAMICTON. Unsorted, nonstratified pebbles in brown sandy 

matrix. 

- 
2 0.5-1.0 SAND. Gleyed and locally organic silty fine sand. Fills 

depression on surface of Unit 1. 

-0  1 1.0-1.5 DIAMICTON. As in Unit 5. 

FO'".p&:~. \ 6 
' 0.0 * 5 1.5-2.0 DIAMICTON. Unsorted, nonstratified pebbles and cobbles in 

'0' 'o~ 
0,o 
/o O o/ 
0 / o ' o  

matrix of silty sand. 

4 4 0.1 PALEOSOL. Black to dark reddish brown (5 YR 2/2)  peaty muck. 
' 8430 2 70 Overlain by 0.5 cm white calcareous marl(?). 





UNIT 

6 

THICKNESS 
(m) DESCRIPTION 

SAND WITH GRAVEL. Bedded fine t o  medium sand, h igh ly  
micaceous; interbedded wi th  l a y e r s  and l e n s e s  of 
angular  s c h i s t  and qua r t z  fragments i n  mat r ix  of 
micaceous sand and p l a t y  s c h i s t  granules .  

FAN GRAVEL. Subrounded t o  subangular s c h i s t  fragments 
up t o  l a r g e  cobble s i z e  i n  matr ix  of micaceous sand 
and s c h i s t  granules .  

SAND AND SILT. Grey s i l t y  fine sand, b r i g h t  orange 
f i n e  sand, and grey clayey silt; conta ins  t h i n  peaty 
horizons near  base. 

FAN GRAVEL. As i n  Unit 5. Stones imbricated,  d i p p i n g  
i n t o  bluff. 

SILT, SAND, AND CLAY. Grey clayey silt,  grey s i l t y  
f i n e  sand, g rey ish  brown micaceous medium sand, and 
very greasy (micaceous?) s i l t y  c lay.  Thin woody peat 
l aye r  a t  50 c m  depth.  

1 6.3 OUTWASH GRAVEL. Subrounded pebbles,  cobbles ,  and some 
very small  boulders  in sandy matrix.  Conglomerate very 
abundant among l a r g e r  c l a s t s ;  quar tz  very  abundant 
among pebbles.  

Figure  20. Exposure NO-1. West side North Fork Koyukuk River 2.5 km below Rock Creek.  



Figure 21. Exposure NO-2. Unnamed w e s t e r n  tributary to Tinayguk Valley 6 Ian west of confluence of Tinayguk 
River with North Fork Koyukuk. 
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2 THICKNESS 
UNIT (m) DESCRIPTION 

10,700 2 190 
(I-10,600) 2 15 SAND AND FINE GRAVEL. Beds of sand and granule- 

* .  sized phyllite plates alternating with sandy 
fine gravel (schist and phyllite pebbles) and 
with beds of silty organic fine sand. Beds dip 

. . .  toward valley center parallel to gradient of 
modern stream. 

Transitional contact 

1 6.5 FAN GRAVEL. Subangular fragments of schist, 
phyllite, and quartz in unsorted matrix of sand- 
to-granule sized phyllite plates. 



THICKNESS 
UNIT (m) DESCRIPTION 

3 0.5 SOD AND FEAT. Surface sod above brown sedge-grass peat. 

2 0.4-1.7 SILT,  dark gray (N4), clayey; interstratified with th in  
(1-5 cm) peat beds. Fills and levels out irregular 
upper contact of Unit 1 .  

1 2.8-4.1 SAND, cross-bedded, with lenses of pebble-small cobble 
gravel and with detrital wood along bedding planes. 
Abundant spruce stumps with in situ roots along upper 
contact. 

Figure 22. Exposure NO-3. West s ide  North Fork Koyukuk River 3 km above mouth of Ruby Creek.  



THICKNESS 
UNIT (m) DESCRIPTION 

FAN GRAVEL. Subangular to subrounded platy 
pebbles and cobbles of schist and phyllite 
in sand-granule matrix of same material. 
Stones imbricate, dipping into bank. P e a t y  
fnterbeds at 0.5-1 m intervals. 

Figure  2 3 .  Exposure NO-4. E a s t  side G l a c i e r  River 3.5 km below mouth of Sleepy Creek .  



THICKNESS 
UNIT (m) - DESCRIPTION 

2 0.85 PEATY SAND AND SANDY PEAT. Buried soil horizons with 
in situ roots alternate with sand layers containing -- 
in s i t ~  sedge and sparse wood fragments. Well developed -- 
5-crn peat layer at base. 

1 7.3 FAN GRAVEL. Pebble-cobble gravel consisting dominantly 
of platy schist fragments, with 1-2 percent angular 
quartz fragments, in matrix of platy sand and granules. 

F i g u r e  24. Exposure NO-5. West side Glacier River j u s t  below mouth of L i t t l e  S w e d e  C r e e k .  Intersects 
a l l u v i a l  f a n  of L i t t l e  Swede C r e e k .  








