
CEPARTbENT OF THE INTERIOR 
UNITED STATES GEOLOGICAL SURVEY 

QUATERNARY STRATIGRAPHIC SECTIONS WITH RADIOCARBON DATES, 
SURVEY PASS QUADRANGLE, ALASKA 

Thomas D. Hamilton 
U.S. Geological Survey 

Gould Hall - APU Campus 
Anchorage, AK 99504 

and 

L inda  B. Brubaker 
College of Forest Resources 

Univers i ty  of Washington 
Seattle, WA 98195 

OPEN FILE REPORT 
83-72 

T h i s  report i s  preliminary and  has  
not been reviewed for conformity with 

U.S. Geological Survey editorial standards 
a n d  stratigraphic nomenclature 





CONTENTS 

Page 

Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Introduction ..................................................... 3 
Acknowledgements ................................................. 9 
Stra t igraphic  Sect ions 

Alatna Valley ........................................ 10 

Upper Kobuk River and Walker Lake ........................... 17 
Other exposures ........................................ 20 

TABLES 

Table 1. Nomenclature and corre la t ion of younger Pleistocene 
g l ac i a l  sequences i n  southern val leys  of t h e  
Brooks Range ---------------------I------------------ 4 

2 .  Radiocarbon dates from na tura l  exposures, Survey Pass 
quadrangle ............................................. 5 

3. Radiocarbon dates from lake cores,  Survey Pass 
quadrangle ............................................. 7 

ILLUSTRATIONS 

Figure 1. 
2. 
3 
4. 
5 
6 .  
7 
8. 
9 
10. 
11. 
12. 
13 
14. 
15 
16. 
17 
18. 
19 
20. 
21. 

Exposure AL-1 (Fifteenmile b l u f f )  ..................... 
Exposure AL-1 (Fif teenmile b l u f f )  ..................... 
Exposure fi-2 ......................................... 
Exposure AL-3 ......................................... 
Exposure 4 ~ - 4  ......................................... 
Exposure AL-5 ......................................... 
Exposure AL-6 ......................................... 
Ranger Lake pollen diagram ............................ 
Sedimentation r a t e s  i n  lake-bottom cores -------------- 
Headwaters Lake pollen diagram ........................ 
Redondo Lake pollen diagram ........................... 
Exposure KO-1 
Exposure Kg-2 ......................................... 
Exposure KO-3 ......................................... 
Pollen diagram, A n g a l  Lake ............................ 
Pollen diagram, Ruppert Lake .......................... 
Exposure RE-1 ......................................... 
Exposure RE-2 
Exposure NK-1 ......................................... 
West s ide  Iyahuna Creek 13 km above i t s  mouth --------- 
Possible re la t ions  between g l a c i a l  advances a t  
head of Alatna Valley and at  south margin of 
Brooks Range .......................................... 

Plate  1. Locations of b lu f f  exposures dated by radiocarbon ------ 48 





SUMMARY 

1. Radiocarbon dates and measured s t ra t ig raph ic  sect ions  from 
18 l o c a l i t i e s  i n  t he  Survey Pass quadrangle provide s ign i f i can t  
ins igh t s  i n to  regional g l ac i e r  f luc tua t ions ,  postglacia l  vegetation 
h i s to ry ,  and l o c a l  fan-building, a l l uv i a t i on ,  and peat accumulation. 
The data base cons i s t s  of 25 radiocarbon dates from 13  natura l  expo- 
sures and 27 addi t ional  dates from 5 lake-sediment cores. 

2. Fifteenmile b lu f f ,  near the  head of the Alatna River, 
records two g l a c i a l  advances s ince  t he  l a s t  recognizable i n t e rg l ac i a l  
s tage .  Both advances began p r i o r  t o  45,000 y r  B.P. and probably 
exceed 60,000 years i n  age. The older advance took place under 
warmer conditions and may have terminated within the  upper valley.  
The younger advance w a s  by a "coldt' g lac ie r  t h a t  may have covered 
headward pa r t s  of t h e  Alatna Valley continuously u n t i l  about 12,000 
years ago. 

3. Bluff exposures and pollen cores near t he  outer  f lank of the  
range suggest that a s i gn i f i c an t  i n t e r s t a d i a l  i n t e rva l  began more 
than 31,000 years ago, a n d  terminated about 24,000 y r  B.P. when 
g lac ie r s  readvanced t o  posi t ions  near the  south f lank of the  range. 
Glaciers f luctuated near t h e i r  marginal posi t ions  f o r  at l e a s t  severa l  
thousand years ,  then abandoned cirques and end-moraine be l t s  near 
t he  range f ron t  by about 13,500 y r  B.P. and re t rea ted  back i n to  t he  
range. Deglaciation proceeded rapidly ,  and upper valleys were a t  
l e a s t  pa r t l y  revegetated by about 11,800 years ago. 

4. Ful l -glacia l  pollen assemblages dominated by grass 
( ~ r a m i n e a e ) ,  sedge ( ~ y p e r a c e a e ) ,  and sage (Artemisia) were replaced 
by dwarf birch (Betula - nana, B. glandulosa) assemblages beginning 
about 12,700-13,000 y r  B.P. a t  t he  south f lank of the  range and 
about 11,800 y r  B.P. i n  upper mountain val leys .  Adler ( a n u s )  pollen 
became dominant a t  most s i t e s  approximately 7500 years ago. Modern 
boreal  f o r e s t  communities consis t ing of white spruce ( ~ i c e a  g lauca) ,  
black spruce (P .  m r i a n a ) ,  and paper birch (B.  papyr i fera)  became 
established along the  south f lank of the  range about 5000 years ago, 
and peat accumulation on the Walker Lake outwash t e r r ace  began a t  
the  same t i m e .  

5. Dates on meander cutbanks i n  deposit ional  basins behind 
moraine dams indicate  t h a t  f i l l i n g  by slackwater deposits  t o  l eve l s  
a t  or above modern r i ve r  f loodplains w a s  generally complete by middle 
Holocene time. Banks t h a t  a r e  defended by t r i bu t a ry  fans consis tent ly  
y ie ld  older  radiocarbon dates than those t h a t  a r e  f u l l y  exposed t o  
l a t e r a l  cu t t ing  by meandering streams. The Alatna River was s t i l l  
a l l uv i a t i ng  behind i t s  moraine dam 6800-6900 years ago; Reed River 
and Walker Lake had a t t a ined  e s sen t i a l l y  t h e i r  modern l eve l s  by 5800 
and 4600 years ago. 

6 ,  Alluvia l  fans may have grown more rapidly during the la te  Holo- 
cene Neoglacial i n t e rva l  than they d i d  about 1400-1000 y r  B.P. Our 
records a r e  no t  adequate t o  demonstrate t h i s  conclusively, however. 



7. Discordant radiocarbon dates i n  two of our l acus t r ine  cores 
may be due i n  pa r t  t o  a landsl ide  i n t o  Ranger Lake sometime before 
7260 y r  B.P. and short-lived disturbances of unknown character  a t  
Ruppert Lake about 7500-8000 years ago. Because of the  known se i s -  
micity of t he  Kobuk trench,  w e  speculate t h a t  t h e  lake basins could 
have been affected by seismic events. 



INTRODUCTION 

The Survey Pass 1:250,000 quadrangle extends from t h e  f o r e s t e d  - 

southern s lopes  of t h e  Brooks Range a c r o s s  t h e  Cont inenta l  Divide 
i n t o  headwaters of s t reams t h a t  flow nor th  toward t h e  Arc t i c  Ocean 
and west i n t o  Kotzebue Sound. The a r e a  i s  a t r a n s i t i o n  zone between 
t h e  d r i e r  c o n t i n e n t a l  c l ima te  of t h e  c e n t r a l  Brooks Range t o  t h e  
e a s t  and t h e  w e t t e r  environment of t h e  Kobuk and Noatak v a l l e y  systems 
t o  t h e  west ( E l l i s  and o t h e r s ,  1981). An equiva len t  t r a n s i t i o n  zone 
e x i s t e d  dur ing  Ple i s tocene  g l a c i a t i o n s ,  when va l l ey -g l ac i e r  systems 
of t h e  c e n t r a l  Brooks Range graded westward i n t o  highland i c e  caps 
t h a t  developed a t  lower a l t i t u d e s  and supported l a r g e  o u t l e t  g l a c i e r s  
( Hamilton, 1981). 

Almost a l l  of t h e  Survey Pass map a r e a  l i e s  wi th in  t h e  Brooks 
Range, hence i t s  g l a c i a l  record i s  confined m i n l y  t o  i c e  advances 
of l a t e  P le i s tocene  age t h a t  bur ied  o r  o b l i t e r a t e d  o l d e r  g l a c i a l  
depos i t s .  Although i t s  t ime span was s h o r t ,  t h i s  g l a c i a l  record is  
s u r p r i s i n g l y  complex ( t a b l e  1). I n  t h i s  r epo r t  w e  fol low t h e  strati-  
graphic system used dur ing  recent  s u r f i c i a l  geologic  mapping of t h e  
Survey Pass quadrangle ( Hamilton, 1981) . However, we have modified 
the  nomenclature t o  r e f l e c t  a growing body of radiocarbon d a t e s  
which i n d i c a t e  t h a t  t h e  younger of t h e  two g l a c i a l  phases termed 
I t k i l l i k  l o c a l l y  followed a s i g n i f i c a n t  i n t e r s t a d i a l  i n t e r v a l ,  
occur red  dur ing  a single major episode of g l a c i e r  advance and reces-  
s i o n ,  and began and ended i n  phase with t h e  l a t e  Wisconsin f luc tua -  
t i o n s  of t h e  Laurent ide i c e  shee t  ( ~ a m i l t o n ,  1982). Our d a t a  from 
t h e  upper Alatna Valley,  on t h e  o t h e r  hand, i n d i c a t e  t h a t  i c e  could 
have remained cont inuously wi th in  upper v a l l e y s  of t h e  Brooks Range 
f o r  50,000 yea r s  o r  more during middle and l a t e  Wisconsin t ime and 
t h a t  t h e  Walker Lake event  might not always be sepa rab le  from o l d e r  
events  of I t k i l l i k  age. We t h e r e f o r e  r e t a i n  t h e  term I t k i l l i k  
G lac i a t ion  as employed previous ly  ( ~ a r n i l t o n  and porter= but 
cons ider  it t o  c o n s i s t  of a younger (walker ~ a k e )  substage and one 
o r  more o l d e r  subs tages  ( t a b l e  1). 

I n i t i a l  observa t ions  on Quaternary geology of t h e  Survey Pass 
quadrangle were c a r r i e d  out by W.C. Mendenhall i n  1901 and P.S. 
Smith i n  1910 and l 9 l l  during geologic  t r a v e r s e s  of t h e  region 
(Mendenhall, 1902; Smith, 1912, 1913); t h e  map a r e a  received l i t t l e  
s c i e n t i f i c  a t t e n t i o n  of any kind during t h e  fol lowing 50 y e a r s ,  
however. One of  u s  has i n v e s t i g a t e d  t h e  region i n t e r m i t t e n t l y  
since 1961 ( ~ a m i l t o n ,  1966, 1969, 1981),  concent ra t ing  p r imar i ly  on 
t h e  P le i s tocene  g l a c i a l  record,  The second author i n i t i a t e d  palyn- 
01ogic . s tudies  i n  t h e  region during 1978 (Brubaker and o t h e r s ,  1982).  
Our present  da t a  base i nc ludes  25 radiocarbon dates from n a t u r a l  
exposures (deepened i n  p l aces  by t renching)  a n d  27 d a t e s  from 5 
lake-bottom co res  t h a t  were taken  f o r  po l l en  a n a l y s i s  ( t a b l e s  2 and 
3; p l a t e  1 ) .  These da t e s  and a s s o c i a t e d  s t r a t i g r a p h i c  s e c t i o n s  
provide u s e f u l  information on t h e  last Ple i s tocene  g l a c i a t i o n  of t h e  
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Table 2--Radiocarbon d a t e s  from n a t u r a l  exposures ,  Survey Pass quadrangle ,  Alaska. 

Exposure Date & M a t e r i a l  
No. Coord ina tes  Lab. ~ o . ( l )  Dated Comments 

>45,000 Peat  
( AU-470) 
>45,600 Wood fragments  

(USGS-467) 
>45,800 Wood and p l a n t  V e r y  s p a r s e  Sa l ix  and  Cyperaceae ( s e d g e )  pol- 

( USGS-470) f ragments  l e n  ( 2 )  
>60,000 wood S a l i x  (3 )  

( QL-1481 ) .................................................................................... ( 4  
>28,000 Wood 

( AU-46) 
>31,000 Wood 

(AU-47) 
>42,900 Peat  Very s p a r s e  P i c e a ,  Alnus, and Cyperaceae 

(USGS-468) ( sedge)  p o l l n ~ )  
>52,500 Wood P icea  ( 3 )  

( USGS-469 ) 
>55,300 Wood Alnus? (3 )  

(vscs-465) 

>47,300 feat P o l l e n  i n c l u d e s  Alnus , Betu la ,  Cyperaceae , and 
(USGS-466) Picea .  Sphagnum and f e r n  s p o r e s  a l s o  p r e s e n t  ( 2 )  

31,000 + 900 Wood f ragments  
( W-1421 )- 

AL-3 6 7 ' 0 6 ' ~  6760 + 90 D e t r i t a l  wood 
153"26'w (vw-84T 

8690 + 115 D e t r i t a l  wood and  misc. 
( 1-11 ,F41) plant f ragments  

4600 + 95 S i l t y  p e a t  
( 1-10,528) 

2045 + 80 D e t r i t a l  wood 
( I-1O3T29 

Picea (3 )  



Table 2--Radiocarbon dates from na tura l  exposures, Survey Pass quadrangle, Alaska ( continued) 

1260 + 80 Wood 
I I-10,596 

In s i t u  Picea roots  ( 5 )  --- 

KO-1 66O58'~ 5140 + 50 Peat Abundant Picea and Sphagnum pollen;  
15b025'W (USCS-l045) Ericaceae pollen c-) 

22,650 + 220 Peat 
( USGS-10x4 ) 
24,300 - + 250 Twigs and sml l  plant  Salix ( 5 )  

fragments 

KO-2 6 7 ' 1 4 ' ~  5 6 3 0 + 1 1 5  Woodypeat 
154O34.5'W ( 1-11 ,r68) 

4160 + 100 Peat 
1-11 ,771 ) 

Abundant Alnus and Betula pollen; 
Picea , Sal ix  , and Cyperaceae a l so  present ( 5 1 -- 

5810 + 115 Wood 
( 1-11 ,z73 1 

Sal ix  ( 5 )  

3220 + 85 Wood fragments 
( 1-11 , ~ o o )  

MC-I 1015 + 80 Peat and wood 
(1-11 ,F50) 

880 + 75 Wood 
( 1-11208) 

Sal ix  ( 5 )  

( I )  AU = University of Alaska I n s t i t u t e  of Marine Science; I = Isotopes ,  Inc.; QL = Quaternary Research Center, Uni- 
ve rs i ty  of Washington; USGS = U - S .  Geological Survey a t  Menlo Park,  Cal i f . ;  W = U.S. Geological Survey at  
Reston, Va. 

(21 Ident i f ied  by Thomas A. Ager, U.S.  Geological Survey, Reston, V a .  
( 3 1 Iden t i f i ed  by Forest Products Laboratory, Madison, W i s ,  
( 4 )  Dashed l i n e s  separate s t ra t ig raph ic  u n i t s  of exposure AL-1 
( 5 )  Iden t i f i ed  by authors. 



Table  3. Radiocarbon dates from l a k e  cores, Survey Pass quadrangle, Alaska. 

Lake Name Depth 
and Coordinates I n t e r v a l  ( cm) Date 

Ruppert 25 5-30 5 
6T0O4'N 80- 86 

154"14.5W 39-106 
139-146 
162-168 
182-188 
276-282 
365-370 
450-455 

Lab. No. 

Headwaters 66-78 3520 + 100 
67'56'rJ 166-178 6860 110 

155'03'W 255-264 11,750 - 150 

Redondo 21-30 
67"411~ 89-96 

15S032 .5W 

Ranger 65-80 
67'08.5'N 130-145 

153'38'W 205-215 
265-275 
315-325 
350-370 
460-480 
502-520 
567-589 
589-601 

*Dates considered unreliable because of low organic content  of samples. 



Survey Pass quadrangle, on regional  vegetation changes during a n d  
a f t e r  f i n a l  ice r e t r e a t ,  and on hydrologic changes within individual  
val leys  during Holocene time. 

The Survey Pass nap area  i s  of addi t ional  i n t e r e s t  because of 
i t s  location c lose  t o  t h e  Kobuk t rench,  which may conceal a major 
s t r i ke - s l i p  f a u l t  (Grantz , 1966, p. 38).  An east-west t rending 
f a u l t  mapped by Pa t t on  and Miller  (1966) 18 km beyond the  south 
margin of t he  map cu t s  Quaternary deposits  t h a t  include d r i f t  of 
I t k i l l i k  age. One of us (T.D.H.) has followed t h i s  f a u l t  t r a c e  
f a r t he r  east across t he  Alatna River and observed offse ts  within out- 
wash of probable Walker Lake age. A s e r i e s  of earthquakes i n  October 
1980 with magnitudes up t o  5.0 had an ep icen t ra l  locat ion (66.g0N, 
155.2"W) about 45 km west-southwest of Walker Lake and evidently was 
generated by r i gh t - l a t e r a l  fault movement within o r  close t o  t h e  
Kobuk trench (University of Alaska, 1981, p.  13).  
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THE ALATNA VALLEY 

The complex g l a c i a l  flow system i n  t he  Alatna Valley has been 
s tudied  in te rmi t t en t ly  f o r  more than 20 years (Hamilton, 1969, 1981), 
but s t i l l  i s  incompletely understood. The Arrigetch Peaks, only 40 
km from t h e  south f lank of the  range, were a m j o r  source a rea  f o r  
g l ac i e r  i c e  through southern parts of t h e  Alatna Valley. Cirques 
a r e  l e s s  well developed around t he  head of the  Alatna River, but i c e  
caps probably covered t h i s  pa r t  of the  valley system during one o r  
more l a t e  Pleistocene glacia t ions .  Vegetation of t h e  Alatna Valley 
has been described recently by Murray (1975). 

In t he  following sect ions ,  we discuss t he  geologic and paleo- 
ecologic records of 5 na tura l  exposures, 1 t e s t  t rench,  and 3 pollen 
cores from t h e  Alatna drainage system, and evaluate t he  31 radio- 
carbon dates t h a t  have been obtained from these s i t e s .  Several 
exposures t h a t  were discussed i n  e a r l i e r  publicat ions (Hamilton, 
1969; Hamilton and Por ter ,  1975; Hamilton, 1982) a r e  reviewed here 
i n  order t o  present  complete documentation of the  Survey Pass quad- 
rangle radiocarbon record. 

Fifteenmile BLuf f ( ~xposu re  AL-1 ) 

Exposure AL-1 ( f i g s .  1 and 2 )  provides an unusually long, o ld ,  
and complex record of g l a c i a l  and a l l u v i a l  sedimentation i n  an upper 
mountain val ley .  Beds a r e  well exposed fo r  nearly 1 k m  along the  
face of a conspicuous t e r r ace  t h a t  averages about 35 m height and 
extends along the  northeast  s ide  of t he  Alatna River 20 km downvalley 
from i t s  head. This segment of the  val ley  contains undif ferent ia ted  
d r i f t  of I t k i l l i k  age (Hamilton, 1981) t h a t  may have been deposited 
i n  a complex t r a n s i t i o n  zone between i c e  cap and o u t l e t  g lac ie r s .  
The t e r r ace  i s  a few kilometers north of t he  l i m i t  of continuous 
spruce f o r e s t ,  but i so la ted  spruce trees e x t e n d  f a r t he r  up the  val ley  
f l oo r  t o  posi t ions  near the south end of the  b l u f f .  The t e r r ace  con- 
sists primarily of f l u v i a l  sediments t h a t  a r e  o lder  than t he  age 
range of conventional radiocarbon dating ( f i g .  2 ) ;  these  l i e  above 
and below diamicton i n  t he  northern par t  of t he  exposure. E r r a t i c  
boulders of metasandstone, gray p h y l l i t e ,  and  vein quartz up t o  62 
cm diameter a r e  scat tered across t he  t e r r ace  surface.  

Oxidized sandy gravel  a t  the  base of the  bluff  ( un i t  1) i s  i n t e r -  
preted as gravel-bar deposits  interspersed with finer-grained channel 
f i l l i n g s .  Lithologies,  t ex tu r e s ,  and s t ruc tu res  a r e  comparable t o  
those of the  modern Alatna River: imbricate stones d ip  upvalley par- 
a l l e l  t o  t he  fabr ic  of the  modern r i ve r  gravels ,  and cut-and-fill  
s t ruc tu res  within t he  oxidized gravel  resemble sediments t h a t  f i l l  
recently-abandoned channels on t he  modern flood pla in .  Peat from 
t h e  base of a sand bed 3.2 m below the  upper contact  of t he  un i t  i s  
older  than 47,300 radiocarbon years. 



Unit 2 ,  c o n s i s t i n g  of  s i l t  wi th  some p e a t ,  c l a y  and f i n e  sand, 
i s  v a r i a b l e  i n  t h i ckness ,  ranging upward t o  more than  3 m i n  p laces .  
This  depos i t  f i l l s  channels i n  u n i t  1; it a l s o  i n t e r f i n g e r s  l a t e r a l l y  
with t h e  g rave l  and o v e r l i e s  it conformably. It resembles modern 
f lood  p l a i n  depos i t s  of t h e  Alatna River i n  both s t r u c t u r e  and compo- - 
s i t i o n ,  and c l e a r l y  is i n t e r r e l a t e d  wi th  u n i t  1 i n  a manner i d e n t i c a l  
t o  t h a t  of modern f loodplain-channel  sedimentary sequences. Two 
i n f i n i t e  radiocarbon de termina t ions  were obta ined  on organic  sed i -  
ments from u n i t  2 near  t h e  south  end of t h e  b l u f f  ( s e c t i o n  C i n  
f i g s .  1 and 2 ) .  Compact pea t  near  t h e  t o p  of t h e  u n i t  i s  o l d e r  than  
42,900 y r  B.P., and pea t  w i th  wood fragments near  t h e  b a s a l  con tac t  
i s  o l d e r  than  52,500 yea r s .  Less c l o s e l y  l i m i t i n g  d a t e s  of >28,000 
and >31,000 y r  B.P. ( n o t  shown i n  f ig .  2 )  were determined e a r l i e r  on 
samples near  t h e  t o p  and bottom of u n i t  2 ,  r e spec t ive ly  (Reebusgh 
and Young, 1976). An a d d i t i o n a l  age of >55,300 y r  B.P. was obta ined  
near  t h e  base of u n i t  2 c l o s e  t o  t h e  no r th  end of t h e  b l u f f  ( s e c t i o n  
A i n  f i g .  2 )  

Unit 3 i s  an  indura ted  diamicton t h a t  s tands  i n  v e r t i c a l  s c a r p s  
and p innac les .  Near t h e  no r th  end of t h e  b l u f f ,  subuni t  3A i s  non- 
bedded and c o n s i s t s  of subrounded s tones  i n  a mixed matr ix;  i t s  
i r r e g u l a r  s u r f a c e  has r e l i e f  as g r e a t  a s  5 m. Boulders a r e  spa r se  
and gene ra l ly  small (0.6 m o r  l e s s ) ,  but r a r e  i nd iv idua l  s tones  have 
diameters a s  g r e a t  as 1.5 m. Sparse Lenses of c l a y ,  pea ty  c l a y ,  and 
sand occur  near  t h e  base of t h e  u n i t .  The diamicton d i f f e r s  from 
most t i l l s  i n  t h a t  (1) i ts  s tones  gene ra l ly  a r e  subrounded, ( 2 )  
s tones  c o a r s e r  t han  cobbles  a r e  r a r e ,  (3 )  t h e  depos i t  i s  not s t rong ly  
compacted, and ( 4 )  p a r t i c l e s  i n  t h e  c l a y - t o - s i l t  range a r e  r a r e .  It 
resembles al luvium, bu t  lacks bedding and s i ze - so r t ed  matr ix.  This  
enigmatic depos i t  may be a b a s a l t i l l  der ived  p r imar i ly  from s t ream 
g rave l  t h a t  perhaps was modified a l s o  by s u b g l a c i a l  meltwater.  The 
u n i t  changes f a c i e s  southward i n t o  a b e t t e r  s o r t e d ,  indura ted ,  
f a i n t l y  cross-bedded, pebblc-small cobble g r a v e l  i n  a sandy mat r ix  
( u n i t  3B) t h a t  has a r e g u l a r  upper su r f ace  and probably formed as 
outwash. Although c l a s t s  r a r e l y  exceed 10 cm diameter ,  u n i t  3B i s  
capped by a discont inuous s tone  l i n e  c o n s i s t i n g  of smal l  (up t o  
0.5 m) boulders .  No organic  remains were found wi th in  u n i t  3. 

Unit 4, a fine-grained and gene ra l ly  laminated depos i t ,  occurs  
only above t h e  i r r e g u l a r  s u r f a c e  of u n i t  3A and gene ra l ly  is 
r e s t r i c t e d  t o  f i l l i n g s  of topographic depressions on the  diamicton. 
Reds range from s i l t y  and c layey  t o  sand wi th  silt pa r t ings .  I n  
p l aces ,  beds coarsen upward from c layey  t o  sandy; elsewhere they  
c o n s i s t  of t h i n  p a r a l l e l  s i l t  laminae t h a t  not only f i l l  depress ions  
but  a l s o  a r e  draped over convex su r f aces .  No organic remains a r e  
ev ident  within t h e  laminated sediments. 

u n i t  5,  which caps t h e  s e c t i o n ,  i s  a uniform sandy grave l .  It 
c o n s i s t s  of s tones  up t o  cobble size with  widely s c a t t e r e d  small 
boulders  up t o  0.6 m diameter i n  a matr ix of p l a t y  g r a i n s  ranging 
from coarse  sand t o  smal l  pebbles.  Small boulders  a t  one l o c a l i t y  
form s tone  l i n e s  1.6 t o  2.5 m below t h e  upper con tac t  of t h e  grave l .  



Corngosition is  s imi la r  t o  modern alluvium of t he  Alatna River, and 
imbrication of p la ty  stones p a r a l l e l s  t h a t  of modern gravel. Lenses 
of s i l t ,  peaty s i l t ,  and humic sand a r e  r e s t r i c t ed  t o  t he  basal  2-4 
m of the  un i t  and a r e  o lder  than t he  time range of conventional 
radiocarbon dating. A humic lens  near the  base of t he  gravel  i n  
sect ion A was dated >40,000 y r  B.P. ( ~ e e b u r ~ h  and Young, 19761, and 
l a t e r  was redated t o  a higher l imi t ing  age (>45,000 y r  B.P.) A 
subsequent attempt a t  more precise  dating of wood fragments from 
section A yielded an age of >60,000 y r  B.P. Plant fragments a t  the  
same or  s l igh ly  higher s t r a t i g r aph i c  posi t ion i n  sec t ions  B and C 
have a l s o  yielded i n f i n i t e  dates (>45,600 and >45,800 y r  B.P.) a s  
well as pollen of sedges and willows. The gravel  generally grades 
d i r ec t l y  upward i n t o  t h i n  surface sod, o r  i s  separated from it by a 
f e w  centimeters of stony sand. Well defined s o i l  o r  weathering 
p ro f i l e s  a r e  absent. 

Exposure AL-1 may record a s e r i e s  of i n t e r g l a c i a l ,  s t a d i a l ,  and 
i n t e r s t a d i a l  events t h a t  preceded development of an i c e  cap over the  
upper Alatna region during middle t o  l a t e  Wisconsin time. The 
organic-bearing, oxidized gravel  and flood pla in  deposits  a t  the  base 
of the  section may be of i n t e rg l ac i a l  age. They resemble deposits  
of the  modern Alatna River and contain spruce wood. The overlying 
diamicton and gravel  of un i t s  3A and 3 B  may represent till and outwash 
of a subsequent i c e  advance. Although diamicton could a l s o  be formed 
by mass movement o r  o ther  slope processes, t h e  rounded gravels of 
un i t  3 make t h i s  a l t e rna t i ve  unl ikely ,  and the  inorganic nature of 
un i t s  3 and 4 seem t o  ind ica te  an unvegetated s t a t e  f o r  t he  upper 
Alatna Valley a t  t ha t  time. Unit 5 ,  in  con t ras t ,  contains organic 
sediments near i t s  base. These contain pollen of willow and sedge, 
and  may represent i n t e r s t a d i a l  shrub tundra. Draping of laminated 
s i l t  over convex i r r e g u l a r i t i e s  could indicate  meltout of buried i c e  
a f t e r  deposition of the  silt. The gravel  cap is v i r t ua l l y  inorganic 
through i t s  upper 8-10 m,  and bauldery stone l i n e s  a r e  loca l ly  
present i n  i t s  upper pa r t .  Scattered boulders a l s o  a r e  present on 
t he  t e r r ace  surface.  Unit 5 may represent i n t e r s t a d i a l  stream 
deposits t ha t  coarsen upward a s  g l a c i a l  i c e  began t o  accumulate 
loca l ly  around t h e  head of the  Alatna Valley. The s i t e  subsequently 
msy have been overwhelmed by a growing i c e  cap (Hamilton, 1981), 
which evidently did not erode deeply i n t o  un i t  5 because of t he  
bouldery, inorganic, and presumably proglacia l  character  of i t s  
upper beds. So i l  and weathering p ro f i l e s  a t  the  top of the  exposure 
a r e  no more developed than in  other valleys of the  cen t r a l  Brooks 
Range t h a t  were deglaciated about 10,000 t o  12,000 years ago, 
suggesting t h a t  the  present t e r r ace  surface may have been glacier-  
covered u n t i l  some time c lose  t o  the  beginning of t he  Holocene. 

Other Exposures 

Exposure AL-2 ( f i g .  3 )  i s  a trench t h a t  was excavated i n  1963 
along the  eas t  s ide  of t h e  Iniakuk Lake ou t l e t  stream (a t r i bu t a ry  



t o  t h e  Alatna River )  a t  t h e  i n n e r  f l ank  of  t h e  end moraine of Walker 
Lake age t h a t  borders  t h e  l ake  t o  t h e  south  (Hamilton, 1969, p. 
208-210). The t r e n c h  w a s  dug down t o  permafrost i n  an  a t tempt  t o  
determine t h e  s t r a t i g r a p h i c  p o s i t i o n  of a wood-bearing l a y e r  of 
deformed c l a y  t h a t  had been found i n  a slump block a long  t h e  stream. - 
The presence of permafrost i n  t he  t r e n c h  d id  not  a l low deep excava- 
t i o n  i n t o  t h e  c l a y  l a y e r ,  however. Gray c l a y  ( u n i t  1) at t h e  base of 
t h e  t r e n c h  forms a n  i r r e g u l a r  l a y e r  1-10 cm t h i c k  above a l e n s - l i k e  
body of f i n e  t o  medium sand. The upper su r f ace  of t h e  c l a y  was 
h o r i z o n t a l  wi th in  t h e  l i m i t s  of t h e  t r e n c h ,  but  elsewhere w a s  i r r egu -  
l a r  and i n  places severe ly  deformed. Very we l l  s o r t e d  medium sand 
( u n i t  2 )  above t h e  c l a y  bears  a n  eroded upper con tac t  a s s o c i a t e d  with 
a t h i n  oxidized zone. The sediments above u n i t  2 c o n s i s t  of c ross -  
bedded a l l u v i a l  sand and f i n e  g r a v e l  ( u n i t  3 )  t h a t  bears  a t h i n  
su r f ace  m a t  of pea t  ( u n i t  4 )  above a podzol ic  s o i l  p r o f i l e .  Else- 
where a long  t h e  s t ream bank, u n i t  3 con ta ins  ice-wedge c a s t s  which 
c u t  slump s t r u c t u r e s  caused by t h e  melting out  of  former blocks of 
g l a c i e r  i ce .  The s e c t i o n  i n i t i a l l y  w a s  i n t e r p r e t e d  as c o n s i s t i n g  
e n t i r e l y  of l a c u s t r i n e  and f l u v i a l  sediments t h a t  formed dur ing  and 
fol lowing g l a c i e r  r e t r e a t  from t h e  Iniakuk Lake bas in ,  and a 31,000- 
year-old radiocarbon d a t e  on small wood fragments f r o m t h e  c l a y  
Layer was r e j e c t e d  as t o o  o l d  owing t o  probable r edepos i t i on  
(Hamilton, 1969, p. 217-218). A l t e r n a t i v e l y ,  the  wood-bearing c l a y  
l a y e r  could have been overr idden and deformed by advance of t h e  i c e  
tongue i n t o  i t s  te rmina l  zone a t  t h e  south  shore of Iniakuk Lake. 

Loca l i t y  AL-2 was t renched  aga in  i n  1979 i n  at tempt  t o  l o c a t e  
and resample t h e  wood-bearing c l a y ,  bu t  no unconformity, clay l a y e r ,  
o r  organic  d e t r i t u s  w a s  found wi th in  t h e  t rench .  The 31,000-year 
d a t e  probably provides a maximum l i m i t  on t h e  beginning of t h e  last  
g l a c i a t i o n  of t h e  Iniakuk Lake bas in  (Hamilton, 1982), but  it remains 
unce r t a in  whether t h e  wood was redepos i ted  a f t e r  t h e  g l a c i e r  had 
r e t r e a t e d  from t h e  basin o r  whether t h e  wood-bearing sediments 
preceded t h e  g l a c i a l  advance and were preserved beneath ove r r id ing  
g l a c i e r  i c e .  

Exposure AL-3 ( f i g .  4 )  i s  a long (0.5 km) north-facing bank of 
t h e  Alatna River close t o  t h e  inne r  f l a n k  of t h e  end moraine of 
Walker Lake age t h a t  enc loses  t h e  v a l l e y  a t  i t s  mouth (Hamilton, 
1969, p. 209-212). The Alatna River through t h i s  s t r e t c h  meanders 
s lugg i sh ly  through a broad,  l e v e l ,  sandy f lood  p l a i n  t h a t  f i l l s  t h e  
v a l l e y  from w a l l  t o  wall (Hamilton, 1981). The sand was depos i ted  
i n  a topographic bas in  t h a t  developed as t h e  i c e  tongue receded from 
i t s  end moraine. The bank s t ands  14.2 m high where t h e  s e c t i o n  was 
measured, bu t  dec l ines  t o  about  1 2  rn some 50-100 m upstream. I ts  
upper sur face  forms p a r t  of a  f l a t ,  nea r ly  f e a t u r e l e s s ,  marshy 
t e r r a c e  that extends south  t o  t h e  i n n e r  f l ank  of t h e  moraine. Sand 
and s i l t  throughout t h e  cutbank are predominantly f l u v i a l  i n  o r i g i n ,  
resembling f lood  p l a i n  and overbank d e p o s i t s  a long  t h e  modern s lack-  
water s t r e t c h  of t h e  Alatna River confined behind t h e  moraine b e l t .  
Coarser u n i t s  a r e  cross-bedded and cu r ren t - r ipp led ;  t hey  commonly 
conta in  d e t r i t a l  wood. F i n e r  u n i t s  a r e  f a i n t l y  oxid ized ,  con ta in  



p l a n t  remains,  and o v e r l i e  t h e  cross-bedded sands i n  r e l a t i o n s h i p s  
s i m i l a r  t o  t hose  of modern floodplain-channel sequences. Peat and 
wood c o l l e c t e d  from bedding p lanes  0.3 m above t h e  base of u n i t  3 
da te  6890 + 115 y r  B.P., and wood fragments from a s l i g h t l y  h igher  
l e v e l  f a r t E e r  west a long  t h e  bank has an age of 6790 e 90 y r  B.P. 
( ~ a m i l t o n ,  1969, p. 219, s e c t i o n  C )  . These concordant  da t e s  i n d i c a t e  
t h a t  b a s i n - f i l l i n g  t o  a l e v e l  above t h a t  of t h e  modern f lood  p l a i n  
took p l ace  during middle Holocene time. 

Exposure AL-4 - ( f i g .  5 )  i s  s i t u a t e d  42 krn no r th  of AL-3 toward 
t h e  upval ley end of t h e  depos i t i ona l  bas in  t h a t  was confined by end 
moraines o f  t h e  Walker Lake substage a t  t h e  south f l ank  of t h e  range 
(Hamilton, 1981). The Alatna River occupies  a narrower v a l l e y  h e r e ,  
and i s  p a r t l y  blocked by a s e r i e s  of l a r g e  f ans  a t  t h e  mouths of 
t r i b u t a r y  streams. Exposure AL-4 i s  a southwest-facing cutbank 7 m 
high t h a t  w a s  formed by t h e  Alatna River i n  a s lackwater  s t r e t c h  
confined between t h e  fans  of  Pingaluk and Nahtuk Rivers.  The s i t e  
resembles t h e  a r e a  around AL-3 i n  t h a t  a  broad, f l a t ,  mars& p l a i n  
f i l l s  t h e  v a l l e y  from w a l l  t o  w a l l .  It d i f f e r s  from t h e  AL-3 a r e a ,  
however, i n  t h a t  it l i e s  wi th in  t h e  a c t i v e  meander b e l t  of t h e  Alatna 
River and does not  i n t e r s e c t  an o l d e r  t e r r a c e .  The depos i t s  c o n s i s t  
of sand and s i l t  t h a t  coarsen upward and, f a r t h e r  west a long t h e  
bank, a r e  i n t e r r u p t e d  by g rave l ly  channel f i l l i n g s .  Frost-deformed 
micaceous organic  s i l t  beds near  t h e  base of t h e  s e c t i o n  d a t e  4600 - + 
95 y r  B.P, The s e c t i o n  may r ep resen t  progress ive  i n f i l l i n g  of t h e  
moraine-dammed depos i t i ona l  bas in ,  bu t  i t s  low he ight  and p o s i t i o n  
wi th in  a modern meander b e l t  i n d i c a t e  t h e  a l t e r n a t i v e  p o s s i b i l i t y  
t h a t  a l l u v i a t i o n  could have r e s u l t e d  simply from l a t e r a l  migra t ion  
by t h e  r i v e r  channel and t h a t  t h e  s i t e  may be a p a r t  of t h e  modern 
a c t i v e  f lood  p l a i n .  

Exposure AL-5 ( f i g .  6 )  i s  a 3.4-m bank loca t ed  along t h e  west 
s i d e  of Tobuk Creek 3 km above i t s  mouth near  t h e  head of a d e l t a  
b u i l t  i n t o  Iniakuk Lake. Cross-bedded f l u v i a l  sand f i n e s  upward and 
becomes h o r i z o n t a l l y  Laminated through t h e  upper 1 . 4  m of t h e  expo- 
s u r e ;  t h i s  sequence resembles t h e  modern channel-overbank deposi- 
t i o n a l  sequence a long  t h e  Tobuk Creek meander b e l t .  A l ens  of d e t r i t a l  
wood t h a t  l i e s  a long a  bedding plane 2.4 m below t h e  t o p  of t h e  bank 
has been dated as 2045 + 80 y r  B.P. Alluvia t ion  appears  t o  be 
r e l a t e d  mainly t o  progress ive  de l ta -bui ld ing  and t o  l a t e r a l  migrat ion 
of t h e  meander b e l t .  

Exposure AL-6 ( f i g .  7 )  i s  a 9-m-high cutbank a long  t h e  e a s t  s i d e  
of t h e  Alatna River 30 km downvalley from i t s  head. The bank is  
s i t u a t e d  a t  t h e  southeas t  edge of an a l l u v i a l  f an  b u i l t  by a s h o r t ,  
s t e e p ,  unnamed t r i b u t a r y  s t ream, Segments of t h e  35-171 t e r r a c e  
descr ibed previous ly  a t  l o c a l i t y  AL-1 a r e  t r a c e a b l e  downriver p a s t  
t h i s  s t r e t c h ,  bu t  t h e  a l l u v i a l  f a n  i s  a lower and younger f e a t u r e  
i n s e t  wi th in  t h e  t e r r a c e .  The exposure c o n s i s t s  predominantly of 
subangular fragments of l o c a l  rock types  ( s c h i s t ,  p h y l l i t e ,  and 
qua r t z )  i n  a loose ,  open-textured, poorly so r t ed  matr ix of p l a t y  
sand and granules .  P l a ty  s tones  a r e  imbricated and d i p  i n t o  t h e  



bank. Composition and f ab r i c  a r e  i den t i c a l  t o  those of modern a l l u -  
v i a l  fans along t h i s  sec to r  of t h e  valley.  The gravel  contains two 
fo res t  beds a t  1 .5  t o  3.0 m depth t h a t  consis t  of peat with clayey 
par t ings  and abundant spruce roots .  Stumps up t o  2 m high and 24 cm 
diameter project  from each fo r e s t  f l oo r  i n to  t he  overlying gravel .  
An i n  situ root  from the  lower fo res t  bed (un i t  2 )  has been dated as -- 
1260 - + 80 y r  B.P. 

Pollen Cores 

The informally named Ranger Lake l i e s  a t  800 m a l t i t u d e  within a 
north-facing cirque 8.5 km west of t he  Alatna River near the  mouth 
of i t s  bedrock valley.  Sharp-crested l a t e r a l  moraines a r e  t r aceab le  
northeastward from the  cirque,  which evidently supported g l ac i e r  i c e  
during at  l e a s t  pa r t  of t h e  Walker Lake substage (Hamilton, 1981). 
Neither this cirque nor i t s  neighbors bears any evidence fo r  g l ac i e r  
o r  rock-glacier a c t i v i t y  during l a t e  Holocene ( ~ e o g l a c i a l )  time. 
Ranger Lake i s  confined behind a bedrock s i l l  t o  the  north;  i t s  
south shore abuts a rock knob with a ragged, near-vert ical  face  
about 100 m high. The 6.1 m core from t h i s  lake penetrated sediments 
with very low organic content (3-5 percent loss on ign i t ion  a t  
600°C) .  An anomalous pollen assemblage r i ch  i n  a l de r  and a young 
radiocarbon date a t  the  base of t h i s  core suggest t h a t  basal  sedi-  
ments were contaminated from above during coring (fig. 8 ) .  The 
reminder  of t he  pollen record does not show evidence of disturbance 
o r  contamination during coring of t he  overlying sediments. That 
pa r t  of the  pollen record suggests t h a t  sediments with a fu l l -g lac ia l  
pollen assemblage dominated by grass ,  sedge, and sage were succeeded 
by pollen zones dominated by shrub birch and l a t e r  by a lder .  Radio- 
carbon dates down t o  275 cm depth increase l i nea r l y  with age implying 
a nearly constant sedimentation r a t e  of about 0.4 ma per year ( f i g .  
9 ~ ) ,  but dates throughout t he  lowest, herb-dominated pollen zone 
form an e r r a t i c  pa t t e rn  when p lo t t ed  agains t  depth. The very young 
date a t  t h e  base i s  probably due t o  contamination by near-surface 
sediments, a s  discussed above. Several pa r t i cu l a r l y  o ld  dates have 
Large counting e r ro r s  and were obtained on samples with very low 
organic carbon content. Perhaps these  samples were contaminated 
with small amounts of graphi te  which is present i n  t he  l oca l  quartz- 
i t e  (Nelson and Grybeck, 1980). Landsliding may a l s o  have disturbed 
t h e  sediments i n  t h e  lower pa r t  of t he  cove. Rubble a t  t he  base of 
the  rock knob t ha t  overlooks t he  lake includes very l a rge  (8-10 m )  
blocks t h a t  a r e  ra re  i n  normal t a l u s  rubble but common i n  landsl ide  
debris. The lake basin a l s o  i s  rimmed by a shallow shelf  of muddy 
sediment t h a t  i s  absent where t he  hypothesized landsl ide  took place. 
It is possible t h a t  a large  s l i d e  or f a l l  of rock from the  face  of 
t h e  knob mobilized sediments near t he  south shore and red i s t r ibu ted  
them across t he  Lake bed. 



Headwaters - ~ a k e l l i s  a k e t t l e  w i th in  d r i f t  at  850 m a l t i t u d e  on 
t h e  broad,  low d iv ide  t h a t  s e p a r a t e s  t h e  drainage systems of  t h e  
Alatna,  Nigu, and K i l l i k  Rivers.  It lies with in  an  ice-s tagnat ion  
z o n e ' t h a t  developed during f i n a l  wastage of I t k i l l i k - a g e  g l a c i e r s  i n  
the upper Alatna Valley reg ion  ( ~ a m i l t o n ,  1981). The 2.6-m co re  
from t h i s  l a k e  penet ra ted  f ine-grained organic- r ich  sediments ( l o s s  
on i g n i t i o n  15-35 p e r c e n t )  and was stopped by impenetrable depos i t s  
of unknown cha rac t e r .  The core extends through sediments dominated 
by pol len  of a l d e r  and b i r c h  but  ends i n  l e v e l s  showing h igher  per-  
centages of  g r a s s ,  sedge, and sage po l l en  ( f i g ,  1 0 ) .  Three concord- 
a n t  radiocarbon da t e s  imply a f a i r l y  cons tan t  sedimentat ion r a t e  of 
about  0.23 mm/yr ( f i g .  9 ~ ) .  A b a s a l  radiocarbon d a t e  of 11,750 + 
150 y r  B.P. provides a minimum l i m i t i n g  age f o r  deg lac i a t ion  n e a r  
t h e  head of t h e  Alatna Valley and f o r  r eco lon iza t ion  by p l a n t s .  

Redondo ~ a k e l l i s  l oca t ed  south  of t h e  Alatna River oppos i te  t h e  
mouth of R a m  Creek. It l i e s  40 km downvalley from t h e  Alatna-Nigu 
d iv ide  and only  17 km downvalley from t h e  modern l i m i t  of spruce: 
The lake i s  a small rock bas in  scoured i n  Hunt Fork Shale   elso son 
and Grybeck, 1980) by g l a c i e r  ice o r  meltwater dur ing  Walker Lake 
time ( ~ a m i l t o n ,  1381). The shallow (1 .4  m) co re  c o n s i s t s  of a l t e r -  
na t ing  bands of l i g h t -  and dark-colored sediment with loss-on- 
i g n i t i o n  va lues  varying between 20 and 60 percent .  The po l l en  
record c o n s i s t s  of a s i n g l e  zone dominated by a l d e r  ( f i g .  ll), and a 
d a t e  of 4080 + 100 y r  B.P. near  t h e  base i s  c o n s i s t e n t  with a middle 
t o  l a t e  ~ o l o c g n e  age f o r  t h e  e n t i r e  pond depos i t ,  Two concordant 
radiocarbon d a t e s  i n d i c a t e  a rate of 0.24 mm p e r  y e a r  f o r  sedimenta- 
t i o n  i n  t h e  l ake  ( f i g .  9 C ) ,  a va lue  t h a t  is almost exac t ly  equal  to 
t h a t  a t  Headwaters Lake. Spruce po l l en  i s  p re sen t  throughout the 
co re ,  but  becomes more abundant a f t e r  about  1540 y r  B.P. This 
i nc rease  i n  r e l a t i v e  abundance may r e f l e c t  expansion of spruce i n t o  
t he  upper va l l ey .  The 1260-year-old d a t e  on a bur ied  spruce s t and  
a t  AL-6 (fig. 7 )  provides suppor t ing  evidence f o r  f o r e s t e d  cond i t i ons  
i n  t h e  a r e a  around Ram Creek s h o r t l y  a f t e r  t h e  spruce inc rease  i n  
t h e  Redondo Lake cove. 

11 Informal name 





UPPER KOBUK RIVER AND WALKER LAKE 

The Walker Lake a r e a ,  type  l o c a l i t y  f o r  t h e  last  major g l a c i a l  
advance i n  t h e  southern Brooks Range (Ferna ld ,  1964; Hamilton, 1982),-  
provides an  e x c e l l e n t  geomorphic and s t r a t i g r a p h i c  record of l a t e  
P le i s tocene  g l a c i a t i o n .  S o i l s  around Walker Lake have been descr ibed  
by Ugolini and o t h e r s  (1981) ,  and t h e  vegeta t ion  by Goldstein (1981).  
Three n a t u r a l  exposures f u r n i s h  d a t e s  on g l a c i e r  f l u c t u a t i o n s  i n  t h e  
Walker Lake a r e a  and on p o s t g l a c i a l  bas in  f i l l i n g  and pea t  accumula- 
t i o n .  Two l o c a l  l ake  co res  provide important l i m i t i n g  d a t e s  on 
d e g l a c i a t i o n ,  and record c o n s i s t e n t  p a t t e r n s  of changes i n  vege ta t ion  
during t h e  l a s t  13,000-14,000 yea r s .  

Ex osure  KO-1 ( f i g .  12) i s  loca t ed  a long  t h e  no r th  bank of t h e  
Kobuk ---r River 1 km south  of Walker Lake and 4 km beyond t h e  south  
edge of t h e  Survey Pass quadrangle.  Although loca t ed  wi th in  t h e  
Hughes 1:250,000 map a r e a ,  t h e  importance of t h i s  exposure t o  t h e  
Walker Lake g l a c i a l  record  warran ts  i t s  inc lus ion  i n  t h i s  r epo r t .  
The r i v e r  b l u f f  a t  KO-1 i n t e r s e c t s  t h e  h igher  of two outwash t e r r a c e s  
t h a t  emanate from t h e  double moraine t h a t  enc loses  t h e  south end of 
Walker Lake (Hamilton, 1981).  The outwash c o n s i s t s  of sandy coa r se  
g rave l  c l o s e  t o  Walker Lake, but  f i n e s  downvalley and c o n s i s t s  
p r imar i ly  of  sand. with some granules  and small pebbles  i n  t h e  a r e a  
around KO-1. The exposure s t ands  12.4 m high and c o n s i s t s  of  sandy 
outwash wi th  a t h i n  (0.5 m) p e a t  cap. D e t r i t a l  wood and very spa r se  
pea t  laminae 3.3 m above r i v e r  l e v e l  have been da ted  as 24,300 + 250 
y r  B.P. ; and pea t  wi th in  a c layey ,  l e n t i c u l a r ,  channel  f i l l i n g  Kigher 
i n  t h e  outwash d a t e s  22,650 + 220 y r  B.P. Pea t  t h a t  subsequently 
developed above t h e  outwash 'E;as a b a s a l  d a t e  of 5140 + 50 y r  BOP. 
The two o l d e r  da t e s  i n d i c a t e  rapid a l l u v i a t i o n  of the-~obuk River 
between about 24,500 and 22,500 y e a r s  ago when g l a c i e r  ice w a s  i n  an  
advanced p o s i t i o n  a t  o r  near  t h e  o u t e r  Walker Lake moraine. The 
younger p e a t ,  i n  which po l l en  of spruce and spores  of  Sphagnum a r e  
abundant, probably r ep re sen t s  a b lack  spruce bog t h a t  developed on 
t h e  t e r r a c e  su r f ace  i n  mid-Holocene time. 

Exposure KO-2 ( f ig .  1 3 )  i s  an  eas t - fac ing  cutbank of Kaluluktok 
Creek 2 km above Walker lake.  Through i ts  lower course ,  t h e  c reek  
meanders across a level, marshy f l ood  p l a i n  that f i l l s  i t s  v a l l e y  
from w a l l  t o  w a l l .  T h i s  s t r e t c h  of  t h e  v a l l e y  formerly was flooded 
by Walker Lake, which i s  bordered by f l i g h t s  of conspicuous shore- 
l i n e s  t h a t  r i s e  13 m above i t s  modern Level, A t  KO-2, t h e  c reek  is  
p a r t l y  confined behind an a l l u v i a l  fan  formed by a smal l  t r i b u t a r y  
s t ream t h a t  e n t e r s  t h e  v a l l e y  from t h e  west. The exposure ranges i n  
he ight  between 1 0  and 12  m and c o n s i s t s  mainly of sand with in t e rbeds  
of s i l t  and f i n e  grave l .  Beds d i p  upval ley at about  2 degrees through 
much of t h e  exposure, i n d i c a t i n g  t h a t  at l e a s t  p a r t  of t h e  sediment 
w a s  depos i ted  as p a r t  of t h e  r a d i a t i n g  f a n  of t h e  t r i b u t a r y  stream. 
A l e n s  of woody, sandy pea t  1.8 m above r i v e r  l e v e l  was dated  as 5630 
+ 115 y r  B.P. Because t h i s  depos i t  probably formed s u b a e r i a l l y ,  the  - 
d a t e  provides a minimum age l i m i t  on t h e  dec l ine  of Walker Lake t o  a 



l e v e l  within a few meters of t he  present .  It probably appl ies  t o  
l o c a l  fan aggradation ra the r  than an episode of valley-wide a l luv ia -  
t i on .  

Exposure KO-3 ( f i g .  1 4 )  is  a 4-m bank on t he  margin of a thaw - 
pond within muskeg t e r r a i n  near t h e  southeast corner of Walker Lake. 
The pond l i e s  within a remnant of o lder  d r i f t  t h a t  is  confined 
between t he  Walker Lake end moraine t o  the  north and west and t he  
Kobuk River t o  t he  eas t  and south (Hamilton, 1981). The bank is  
severely slumped, with basa l  port ions covered by frozen debris .  
Upper pa r t s  of t h e  bank t h a t  are exposed na tu ra l ly  o r  i n  shallow 
trenches consis t  of peat ( un i t  2 )  above s i l t y  peat (un i t  1) t h a t  becomes 
more s i l t y  with depth. A peat sample j u s t  above the contact between 
the  two un i t s  has been dated as 4160 + 100 y r  B.P. The sample 
contains abundant pollen of a l de r  and-birch, with l e s s e r  spruce, 
willow, and sedges. 

Angal - Lake i s  dammed by g l a c i a l  deposi ts  within a north-facing 
cirque a t  t h e  head of an unnamed eas tern  t r i bu t a ry  t o  t he  Kobuk 
River. The cirque is  s i t ua t ed  c lose  t o  t he  south f lank of t he  Brooks 
Range between Walker Lake, 18 ?an t o  the  west, and Ranger Lake, 11 km 
t o  t he  eas t .  It has t h e  same topographic s e t t i n g  as the  basin t h a t  
contains Ranger Lake, and probably had an i den t i c a l  h i s to ry  of 
g l ac i e r  a c t i v i t y  t ha t  terminated during Walker Lake time. A 2-m 
sediment core,  ending on bedrock, extends through fine-grained sedi- 
ment with highly var iable  organic content ( l o s s  on ign i t ion  3-47 
percent) .  It displays t h r ee  pollen zones dominated (from base t o  
top)  by herb, shrub bi rch,  and a lde r  pollen ( f i g .  1 5 ) .  Pollen of 
white spruce, black spruce, and paper b i rch  reach modern frequencies 
i n  lower port ions of t he  a lde r  zone. The basal  sediments have been 
dated a s  13,735 + 245 y r  B.P., and two dated samples higher i n  t he  
core have concorxant ages, The three radiocarbon dates ind ica te  
t h a t  accumulation of sediment i n  the  lake basin took place a t  a 
fairly uniform r a t e  of about 0.15 mm/yr ( f i g .  9 ~ ) .  

Ruppert Lake l i e s  a t  t he  contact between the  outer  and inner 
moraines of Walker Lake age near t h e  southeast corner of Walker 
Lake. It m y  be a kettle-formed by a melting body of stagnant 
g l ac i e r  i c e ,  but i t s  posi t ion a t  t h e  contact between t he  two moraines 
suggests t h a t  i t s  o r ig in  could possibly be more complex. A 4.5-m 
sediment core from Ruppert Lake exh ib i t s  a pollen p r o f i l e  almost 
iden t ica l  t o  t h a t  of Angal  Lake, and t h i s  cor re la t ion  is fu r the r  
supported by a similar basa l  date of 13,230 -+ 90 y r  B.P. ( f i g .  16) .  
Loss on ign i t ion  is  10-20 percent down t o  about 3.75 m depth, where 
it decreases abruptly t o  l e s s  than 3 percent. Low organic values 
a r e  cha r ac t e r i s t i c  of t he  herb pollen zone, which extends nearly t o  
t h e  base of t he  core. Loss on ign i t ion  increases at t h e  bottom of 
the  core (4.35 - 4.50 m ) ,  where pollen is  absent but hyphae of a 
t e r r e s t r i a l  fungus (probably of t he  genus Altenaria,  R. J. Campana, 
personal commun. , 1978) a r e  numerous. This basal  organic zone 
probably represents a surface l i t t e r  horizon which w a s  submerged as 
a n  underlying stagnant i c e  block melted. Nine radiocarbon dates from 



Ruppert Lake show a gene ra l ly  concordant p a t t e r n  that i n d i c a t e s  
f a i r l y  uniform sedimentat ion a t  about 0.48 m/yr up t o  about 7500- 
8000 yea r s  ago and about 0.18 mm per y e a r  t h e r e a f t e r  ( f ig .  9 ~ ) .  
The change i n  sedimentat ion r a t e  occurred a t  about t h e  time of a 
minor discordance i n  radiocarbon ages (fig. 16). This r e l a t i o n  
may be c o i n c i d e n t a l ,  o r  it may i n d i c a t e  t h a t  t h e  da t ing  anomaly and 
t h e  r a t e  change a r e  i n t e r r e l a t e d .  The pol len  record ,  with its 
pronounced but shor t - l ived  peaks of Cyperaceae, Sphagnum, Lycopodium, 
and monolete a n d  t r i l e t e  f e r n  spores  sugges ts  t h a t  one o r  more 
episodes of d i s turbance  t o  s o i l s  o r  vege ta t ion  may have taken 
place around t h e  lake bas in  a t  t h a t  t ime. 





OTHER EXPOSURES 

Four radiocarbon da t e s  of middle t o  l a t e  Holocene age were 
obtained from n a t u r a l  exposures west and northwest of Walker Lake. 
Two of t h e  dated s e c t i o n s  a r e  low (4-6 m )  banks a long  t h e  Reed River 
wi th in  a s lackwater  s t r e t c h  confined behind end moraines of Walker 
Lake age ( ~ a m i l t o n ,  1981). The two o the r  d a t e s ,  f r o m t h e  Noatak 
Valley,  bear  on t h e  h i s t o r y  of pingo development on t h e  main v a l l e y  
f l o o r  and on expansion of a n  a l l u v i a l  fan  near t h e  head of a t r i b u -  
t a r y  stream. The pingo and i t s  radiocarbon d a t e  were d iscussed  
previous ly  by Hamilton and Obi (1982) ;  t h e  o t h e r  t h r e e  da t e s  a r e  
presented he re  f o r  the  f i r s t  time. 

Exposure RE-1 ( f i g .  17)  i s  a west-facing meander cutbank 8 k m  
nor th  of t h e  Reed River near  t h e  d i s t a l  end of a l a r g e  a l l u v i a l  f an  
b u i l t  by an unnamed t r i b u t a r y  stream, The cutbank s tands  4.6 rn high 
and exposes a fining-upward sequence of sand and s i l t  wi th  spa r se  
granules  near  i ts  base. The sand i s  s tony and cross-bedded near  
r i v e r  l e v e l  ( u n i t  l), but  passes  upward i n t o  laminated sand and 
s i l t y  sand ( u n i t  2 )  and then  i n t o  s i l t y  peat  ( u n i t  3 ) .  This succes- 
s i o n  i s  i d e n t i c a l  t o  t h a t  of modern b a r s ,  overbank depos i t s ,  and 
f lood  p l a i n  f o r e s t - f l o o r  a long  t h e  s lugg i sh  reach of t h e  Reed River 
t h a t  i s  confined behind t h e  moraine b a r r i e r .  Wood fragments from a 
gray s i l t y  l a y e r  1.5 m above r i v e r  l e v e l  have been dated as 5810 - + 
115 y r  B.P. 

Exposure RE-2 (fig. 18) i s  an eas t - fac ing  cutbank 5.3 m i n  
height near  t h e  south end of t h e  bas in  dammed by Reed River moraine. 
The- top  of t h e  bank i s  about t h e  same l e v e l  as t h e  e n t i r e  v a l l e y  
f l o o r  i n  t h i s  s t r e t c h ,  and meander-scroll  p a t t e r n s  i n d i c a t e  t h a t  t h e  
Reed River has s h i f t e d  l a t e r a l l y  a c r o s s  t h e  s i t e  a t  l e a s t  s e v e r a l  
t imes during t h e  Holocene. The cutbank exposes a fining-upward 
sequence of sand t h a t  conta ins  granules  near  i t s  base but  becomes 
s i l t y  near  t h e  top.  Wood fragments 1 .4  m above t h e  base of t h e  
exposure da t e  3220 & 85 y r  B.P. 

Exposure NK-1 ( f i g .  19 )  i s  t h e  upturned f l a n k  of a pingo t h a t  
r i s e s  t o  27 m height  on t h e  f l o o r  of t h e  Noatak Valley 45 km below 
i t s  head. The pingo i s  one of a p a i r ,  one c o n i c a l  and one co l l apsed ,  
t h a t  occupy an  a l l u v i a l  fan no r th  of t h e  r i v e r  wi th in  a broad,  m r s h y ,  
s lackwater  s t r e t c h  confined behind end moraines of Walker Lake age. 
The exposure c o n s i s t s  of about 10  m of s i l t  and grave l .  The s i l t  
( u n i t  1) i s  c layey ,  laminated,  and con ta ins  some t h i n  peaty l aye r s .  
It m y  have formed i n  a shal lowing thaw l ake  on t h e  v a l l e y  f l o o r ,  i n  
a  marshy oxbow, o r  i n  some o t h e r  shal low body of s tanding  water  on 
t h e  f lood  p l a in .  The over ly ing  g rave l  i s  i d e n t i c a l  t o  p l a t y  fan 
deposi t i  through t h i s  s t r e t c h  of t h e  Noatak Valley,  and ev iden t ly  
r ep re sen t s  l a t e r  expansion of an a l l u v i a l  fan over  t h e  former marsh 
o r  pond. Fan expansion and pingo growth both pos tda t e  1015 - + 80 y r  
B.P. 



Exposure NK-2 ( f i g .  20)  l i e s  a long  Iyahuna Creek, a southern 
t r i b u t a r y  t o  t he  Noatak. Thi r teen  km above i t s  mouth t h e  creek has 
inc i sed  t h e  f r o n t  of a steep f a n  b u i l t  by a northern t r i b u t a r y .  The 
8.4-m exposure c o n s i s t s  dominantly of imbricated platy s tones  t h a t  
d i p  i n t o  t h e  bank, bu t  f iner -gra ined  sediments with rooted w i l l o w  
stumps a l s o  a r e  present  i n  p laces .  A large -- i n  s i t u  w i l l o w  3.2 m 
above t h e  r i v e r  has  been dated as 880 - + 75 yr B.F. 



DISCUSSION 

Radiocarbon-dated s t r a t i g r a p h i c  s e c t i o n s  and sediment co re s  from 
t h e  Survey Pass quadrangle provide a r eg iona l  record of l a t e  P l e i s to -  
cene g l a c i a t i o n  and subsequent r evege ta t ion  h i s t o r y .  Other dated 
exposures provide more l o c a l  records of pea t  accumulation, a l l u v i a -  
t i o n ,  and fan-building. 

F i f teenmi le  b l u f f ,  near  t h e  head of t h e  Alatna Valley,  e x h i b i t s  
a long and complex h i s t o r y  of g l a c i a l  advances fol lowing a probable 
i n t e r g l a c i a l  episode dur ing  which spruce expanded t o  p o s i t i o n s  near  
i t s  modern l i m i t .  According t o  our  radiocarbon da t ing ,  t h e  o l d e r  
g l a c i a l  advance probably i s  o l d e r  than  60,000 yea r s .  A younger 
episode of g l a c i a l  expansion ev iden t ly  w a s  long- las t ing .  I t  may 
have begun about 60,000 y e a r s  ago o r  even e a r l i e r  i f  t h e  uppermost 
sediment i n  t h e  b l u f f  a l l u v i a t e d  r ap id ly  as advance outwash. Absence 
of deep weathering a t  t h e  t o p  of t h e  b l u f f  suggests  t h a t  t h e  v a l l e y  
f l o o r  was not  s u b a e r i a l l y  exposed u n t i l  t h e  t ime of  genera l  r eg iona l  
deg lac i a t ion  near  t h e  beginning of t h e  Holocene. The record a t  
F i f teenmi le  b l u f f  t h e r e f o r e  sugges ts  a  s ix- fo ld  sequence of l a t e  
Quaternary events  i n  t h e  upper Alatna Valley: (1) i n t e r g l a c i a l  i n t e r -  
v a l  with spruce as ex tens ive  as today ,  ( 2 )  Limited g l a c i a l  advance, 
( 3 )  i n t e r s t a d i a l  episode,  ( 4 )  a c c r e t i o n  of advance outwash, ( 5 )  long- 
Las t ing  g l a c i a l  expansion, and ( 6 )  Holocene weathering i n t e r v a l .  A 
similar c h r o n o l o a  has been suggested f o r  core  a r e a s  of t h e  Lauren- 
t i d e  i c e  shee t  dur ing  t h e  Wisconsin g l a c i a t i o n  (cog. D r e i m n i s  and 
o t h e r s ,  1981) ,  so p e r s i s t e n c e  of g l a c i e r  i c e  through middle Wisconsin 
t ime i s  not  unprecedented i n  h igher  l a t i t u d e  a r e a s  of North America. 
The water-washed g rave l s  of  t h e  i n i t i a l  g l a c i a l  expansion suggest  
presence of a "temperate" g l a c i e r  whose b a s a l  temperature i s  a t  t h e  
pressure-melting po in t  f o r  i c e  ( ~ a t e r s o n ,  1981, p. 185-216). Such 
g l a c i e r s  commonly have abundant meltwater a t  t h e i r  bases. Lack of 
e ros ion  o r  d e f o r m t i o n  of t h e  upper g rave l  would be more compatible 
with an ove r r id ing  "cold" g l a c i e r  whose b a s a l  temperature was below 
t h e  pressure-melt ing po in t  f o r  i ce .  Such g l a c i e r s  commonly f r e e z e  
t o  t h e i r  beds and move p r i m r i l y  a long  shear  p lanes  wi th in  t h e  i c e  
i t s e l f .  

The 31,000-year-old wood fragments from exposure AL-2, a t  t h e  
south  shore of Iniakuk Lake, provide evidence t h a t  t h e  long- l a s t ing  
younger g l a c i a l  expansion i n  t h e  upper Alatna Valley may have been 
represented by a s e r i e s  of s t a d i a 1  and i n t e r s t a d i a l  events  near  the  
southern range f ron t .  I c e  t h a t  b u i l t  t h e  end moraine of Walker Lake 
age may have advanced over  wood-bearing l a c u s t r i n e  c l ays .  If t h e  
wood fragments a l t e r n a t i v e l y  were redepos i ted  i n  p o s t g l a c i a l  sediment,  
they s t i l l  imply d e g l a c i a l  condi t ions  and l o c a l  p l an t  growth some 
31,000 years ago. Other dated b l u f f  exposures elsewhere i n  t h e  
Kayukuk drainage system i n d i c a t e  t h a t  i n t e r s t a d i a l  condi t ions  
preva i led  a t  and beyond t h e  south  f l ank  of the  Brooks Range from 
before  31,000 t o  about 24,000 y r  B.P. (Hamilton, 1982),  bu t  we do 



not  know how f a r  g l a c i e r s  had r e t r e a t e d  back i n t o  t h e i r  mountain 
v a l l e y s  a t  t h a t  t ime.  The g l a c i a l  sequence from t h e  lower Alatna 
Valley c o n s i s t s  of a t  l e a s t  two advances t h a t  preceded t h e  Walker 
Lake subs tage  but pos tda t e  t h e  last  major i n t e r g l a c i a l  ( ~ a m i l t o n ,  
1969, and unpublished f i e l d  mapping). These even t s ,  t o g e t h e r  wi th  
t h e  Walker Lake advance, m y  have taken  p l ace  while  i c e  cont inuously . 
covered t h e  upper Alatna Valley (fig. 21). 

The l a s t  major g l a c i a l  advance t o  t h e  south  f l a n k  of t h e  Brooks 
Range i s  bracketed by radiocarbon d a t e s  near  i t s  type  l o c a l i t y  a t  
Walker Lake. The higher  outwash t e r r a c e  a long  t h e  Kobuk River south 
of t h e  l a k e  was aggrading by 24,300 y r  B.P., and became i n c i s e d  
sometime a f t e r  about  22,650 yea r s  ago. The g l a c i e r  ev iden t ly  
readvanced i n t o  i t s  t e rmina l  zone sometime a f t e r  t h a t  d a t e ,  and t h e  
moraine f i n a l l y  w a s  abandoned and a v a i l a b l e  f o r  p l a n t  co lon iza t ion  
by a t  l e a s t  13,230 y r  B.P. Angal Lake, wi th in  a nearby c i r q u e ,  began 
t o  accumulate organic  sediment by 13,735 yea r s  ago,  demonstrating 
t h a t  deg lac i a t ion  must have been widespread a long  t h e  south  f l a n k  
of t h e  range at about t h a t  t ime. A b a s a l  da t e  of 11,250 y r  B.P. 
from Headwaters Lake i n d i c a t e s  t h a t  d e g l a c i a t i o n  proceeded f a i r l y  
r ap id ly  through upper v a l l e y s  and was l a r g e l y  completed p r i o r  t o  
Holocene t ime . 

Revegetation shows a gene ra l ly  similar h i s t o r y  through much of 
t h e  Survey Pass region. F u l l - g l a c i a l  po l l en  assemblages dominated 
by g r a s s e s ,  sedges,  and sage were rep laced  by b i r c h  shrub assemblages 
beginning about 12,500-13,000 y r  B.P. Alder subsequent ly a r r i v e d  
about 7500 y r  B.P. Spruce po l l en  f i r s t  appeared p r i o r  t o  t h e  t ime 
of increased  a l d e r  i n f l u x ,  but  d id  not  a t t a i n  c o n s i s t e n t l y  h igh  
va lues  u n t i l  about 5000 y e a r s  ago. This  s e q u e n t i a l  dominance by 
b i r c h ,  a l d e r ,  and spruce po l l en  can se rve  as a rough guide t o  da t ing  
organic-bearing depos i t s  of  the c e n t r a l  Brooks Range, and can provide 
an independent check on radiocarbon-dated s t r a t i g r a p h i c  records.  

The remaining da t e s  from n a t u r a l  exposures i n  t h e  Survey Pass 
quadrangle a r e  a l l  middle t o  l a t e  Holocene i n  age. Many of them 
p e r t a i n  t o  t h e  f i l l i n g  of d e p o s i t i o n a l  bas ins  behind morainal b a r r i e r s  
a long  t h e  south f l a n k  of t h e  Brooks Range. Exposure AL-3, behind 
t h e  Alatna Valley end moraine, demonstrates t h a t  f i l l i n g  of t h e  
Alatna basin by s lackwater  d e p o s i t s  w a s  not  completed u n t i l  sometime 
a f t e r  6800-6900 y r  B.P. The Alatna River  subsequent ly i nc i sed  a 
bedrock s i l l  t o  a t t a i n  i t s  p re sen t  f l ood  p l a i n  l e v e l .  Exposure AL-4, 
f a r t h e r  no r th  i n  t h e  same d e p o s i t i o n a l  b a s i n ,  documents l a t e r  s ed i -  
mentation about  4600 yea r s  ago t h a t  r e s u l t e d  p r imar i ly  from l a t e r a l  
migrat ion of t h e  meandering r i v e r  channel.  The upper bas in  had 
a l l u v i a t e d  t o  about  i t s  modern l e v e l  by t h a t  t ime. Radiocarbon 
da t e s  from cutbanks along t h e  moraine-dammed d e p o s i t i o n a l  b a s i n  of 
t h e  Reed River i n d i c a t e  t h a t  f i l l i n g  t o  near  i t s  present  l e v e l  was 
v i r tua l l j r  complete by 5800 yea r s  ago a t  exposure RE-1, which i s  
defended by a l l u v i a l - f a n  depos i t s  from e ros ion  by t h e  meandering 
r i v e r  channel.  Exposure RE-2, which has been eroded p e r i o d i c a l l y  by 
t h e  Reed River ,  has a much younger d e p o s i t i o n a l  record.  Exposure 



KO-2 occupies a sediment-filled basin t h a t  formerly was covered by 
Walker Lake a t  a higher stage.  Sediments near the  modern r i v e r  
l eve l  date  about 5600 y r  B.P. and e i t h e r  formed subaer ia l ly  o r  i n  
very shallow water; these  re la t ions  indicate  t h a t  incis ion of i t s  
ou t l e t  had lowered t he  lake t o  e s s en t i a l l y  i t s  modern l eve l  by middle 
Holocene time. Exposure AL-5, i n  a s imi lar  posit ion near t he  mouth 
of t he  major i n l e t  t o  Iniakuk Lake, is  only about 2000 years old. 
This s i t e  is  not defended by fan deposi ts ,  and evidently has been 
eroded per iodical ly  by t h e  meandering channel of Tobuk Creek. The 
h i s to ry  of bas in - f i l l ing  near the  south margin of t he  Brooks Range 
shows no obvious con t ro l  by Holocene c l imat ic  changes. The southern 
val leys  d i f f e r  i n  t h i s  respect from drainage systems of the north- 
c en t r a l  Brooks Range, which a l luv ia ted  i n  response t o  f luctuat ions  
of cirque g l ac i e r s  during the  l a t e  Holocene Neoglacial i n t e rva l  
( ~ a m i l t o n  and others ,  1982). 

Three addi t ional  exposures provide dates on fan-building by 
t r i bu t a ry  streams within t he  Alatna and Noatak drainage systems. 
Fan construction a t  AL-6 was punctuated by two episodes of f o r e s t  
growth about 1260 years ago and probably a few hundred years l a t e r .  
The date of l O l 5  y r  B.P. from NK-1 provides a maximum l i m i t  on fan 
encroachment over t h a t  s i t e ,  and a date of 880 y r  B.P. a t  NK-2, 22 
km f a r t he r  south across the  Noatak Valley, represents a period of 
ac t ive  fan aggradation. These th ree  dates could r e f l e c t  increased 
r a t e s  of fan-building beginning perhaps 1000 years ago, but t he  
l oca l  h is tory  at  each s i t e  could merely r e f l e c t  l a t e r a l  s h i f t s  by the  
fan-building streams. 

Two radiocarbon dates  on peat growth i n  t h e  Walker Lake area  may 
have some wider c l imat ic  relevance. A peat cap over the  outwash 
t e r race  a t  KO-1 began forming 5140 years ago. Peat accret ion could 
have been i n  response t o  some l o c a l  s i t e  f a c to r ,  but i ts  beginning 
date  i s  about t h a t  of increased spruce cover i n  t he  Walker Lake 
area .  Development of a peat cap on the  r e l a t i ve ly  well drained 
gravel  t e r r ace  might have been possible only a f t e r  development of a 
coniferous fo res t  cover. Peat a t  KO-2 was accumulating p r i o r  t o  
4160 y r  B.P., but became conspicuously l e s s  s i l t y  a t  t h a t  time. 
This change might r e f l e c t  some regional  c l i m t i c  control ,  but some 
l oca l  s i t e  fac to r  such as progressive expansion of a peat mat  within 
the  muskeg, seems more l ike ly .  

v 
Our only two dating anomalies a r e  a t  Ranger and Ruppert Lakes, 

two of the  th ree  lakes t h a t  were cored near t he  range f ront .  The 
minor dating anomaly a t  Ruppert Lake coincides with changes i n  
sedimentation r a t e  and sharp peaks i n  t he  inf lux of spores t h a t  
suggest some form of s i t e  disturbance about 7500-8000 years ago. 
Discordant dates  a t  Ranger Lake may i n  pa r t  be due t o  contamination 
by graphite and i n  pa r t  t o  red i s t r ibu t ion  of sediment by a rock fa l l  
o r  landsl ide  i n t o  t he  lake;  t h e  anomalously young basal  date l i k e l y  
resul ted  from contamination during coring. Because of t he  known se is-  
micity of t he  region, t he r e  i s  some s l i g h t  pos s ib i l i t y  t h a t  t he  
sediment anomalies might be re la ted  t o  seismic events along t he  
Kobuk trench. 
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F i g u r e  3 .  Exposure AL-2. Tes t  t r e n c h  a l o n g  Iniakuk Lake o u t l e t  s t r e a m  0.5 km s o u t h  
of l a k e  s h o r e .  Datum i s  r i v e r  l e v e l .  From Hamilton (1982). 



Thickness 
Unit (d Description - 

5 0.4 SOD AND SANDY PEAT. 

4 0 -6  SILT AND SAND. Weakly oxidized silt and silty fine 
sand. Lower 40 cm faintly bedded; upper 20 cm 
has platy structure and lacks bedding. 

SAND. Dark grayish brown (IOYR 4 / 2 )  fine and medium 
sand, with cross-beds and ripple marks. Contains 
pods and lenses of detrital wood, and some th in  peat 
mats along bedding planes.  

SILT AND SAND. Dark gray (5Y 4 / i )  silt, clayey silt, 
and silty fine sand. Has regular horizontal laminae 
1-5 mm thick. 

SAND AND SILT. Cross-bedded fine sand, silty fine sand, 
and silt, with some thin ( c a .  1 cm) zones of sparse plant 
rootlets. Silt is dark gray (as in unit 2); sand is 
buff colored. 

*Position projected from section measured elsewhere along cutbank. 

Figrire 4 .  Exposure AL-3. North-facing cutbank of Alatna River at south flank of Brooks Range. Section measured 
from river level. 



T h i c k n e s s  
Un i t  (m) D e s c r i p t i o n  -- -- -- 

2 0.2 PEAT ANI) S O D .  

1 6.8 SILT AND SAND. F i n e l y  l amina t ed  s i l t  i n  beds 3-6 
crn t h i c k  a l t e r n a t i n g  w i t h  1-2 cm beds of s and .  
M o t t l e d ;  g r a y  (10YR 5/1)  t o  dark y e l l o w i s h  brown 
(LOYR 4 / 4 ) .  G r a d e s  downward i n t o  t h i c k e r  (10-15 
cm) m o t t l e d ,  f ro s t -de fo rmed  micaceous s i l t  with 
t h i n  (1-2  c m )  i n t e r b e d s  of f i n e  sand .  S i l t  becomes 
t h i c k e r ,  more micaceous ,  d a r k e r  g r a y  (N3), more 
o r g a n i c ,  and p o s s i b l y  s l i g h t l y  c l a y e y  nea r  base .  

F i g u r e  5 .  Exposure  AL-4 .  Southwes t - fac ing  cu tbank  o f  A l a t n a  Kiver  3.5 km above  moutll of Nahtuk R i v s r .  
S e c t i o n  measured f rom r i v e r  l e v e l .  



SAND ( 3 . 4  m). Interbedded,  f i n e l y  laminated f i n e  and very f i n e  sand; 
grades  downward a t  1 . 4  m depth in to  cross -bedded medium and coarse 
sand with granules. 

- *  - 
2045 280 

Figure  h .  Exposure AL-5. East-facing bank of Tobuk Creek 3 km above Iniakuk Lake.  S e c t i o n  measured from 
r i v e r  l e v e l  



Thickness  
Un i t  (m) D e s c r i p t i o n  - 

m 
5 1.5 FAN GRAVEL. Subangular  p e b b l e s  and c o b b l e s  of 

b locky  q u a r t z  and p l a t y  s c h i s t  and p h y l l i t e  i n  
p o o r l y  s o r t e d  matrix of b l a c k  platy phyllitic 
sand  and g r a n u l e s .  

0 
0 

4 0.1 FOREST BED.  P e a t  c o n t a i n i n g  r o o t e d  s p r u c e  s tumps 
t h a t  p r o j e c t  upward i n t o  u n i t  5. 

3 1.4 FAN GRAVEL. A s  i n  u n i t  5 .  

2 0.1 FOREST B E D .  Thin ( c a .  L cm) p e a t  beds w i t h  clayey 
p a r t i n g s ,  c o n t a i n i n g  abundant  s p r u c e  r o o t s  and  
s tumps .  A s s o c i a t e d  w i t h  s l i g h t l y  cross-bedded 
c l a y e y  t o  s a n d y  overbank d e p o s i t s .  

FAN GRAVEL. A s  i n  u n i t  5. 

F i g u r e  7 .  Exposure AL-6. N o r t h e a s t  s i d e  Alatna R i v e r  8.5 kn above Ram Creek. Datum i s  r i v e r  level. 





LAKE C. REDONDO LAKE 
O P T  

D. ANGAL LAKE 

E. RUPPERT LAKE 
O h  

Figure 9. Sedimentation r a t e s  i n  lake-bottom c o r e s  from the Survey Pass quadrang le .  
V e r t i c a l  s c a l e  i s  d e p t h  i n  c e n t i m e t e r s ;  h o r i z o n t a l  scale is  thousands  of radiocarbon 
y e a r s  B.P.  S i z e  of d o t s  approximates  d e p t h  range of dared sample and analyric uncer- 
t a i n t y  i n  d a t i n g .  
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PEAT CAP (0.5 m) . Laminated fibrous brown 
peat. 

SAND (11.9 m). Horizontally bedded to slightly 
cross-bedded grey medium to silty fine sand; 
fining upward. Contains layers and lenses of 
sandy fine gravel (granules and small pebbles 
in coarse sand matrix) and scattered small 
pebbles. Upper 2.9 rn oxidized dark brown 

iZ50 (10 YR 4 1 3 ) .  Clay l e n s  3.0 rn below upper 1043) 

Figure 12. Exposure KO-1. North side Kobuk River 14 km south of Walker Lake. 
Section measured from river level. From Hamilton (1982). 
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Thickness 
Unit (m> Description -- 

3 0.75 PEAT WITH SILT. Brown laminated peat containing 
horizontal beds of gray micaceous silt. 

2 1.85 SAND WITH SILT. Gray laminated silty fine sand 
with some thin (1-2 cm) layers of white medium 
to coarse sand. 

1 1.95 SAND WITH GRANULES. White cross-bedded medium to 
coarse sand, with sparse granule layers, and with 
sparse subhorizontal 2-3 c m  layers of gray, highly 
organic silty fine sand. 

Figure 17. Exposure RE-I. West-facing cutbank of Reed River 12 km above Nutuvukti Lake. Section measured from 
river level. 
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UPPER ALATNA 
VALLEY 

S .  MARGIN 
B R O O K S  
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LOWER ALATNA 
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L I K  
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Figure 2 1 .  Sketch showing p o s s i b l e  r e l a t i o n s  between g l a c i a l  advances a t  head 
of Alatna  Valley and a t  sou th  margin of Brooks Range. Based on d a t a  from 
F i f t e e n m i l e  b l u f f  and Headwaters Lake (upper Ala tna )  and from Iniakuk and Walker 
l a k e s  ( range margin). Lower Ala tna  Valley from Hamilton (1969) .  Dates i n  
radiocarbon years B.P. Eiumbers i n  column are d e p o s i t i o n a l  u n i t s  a t  F i f t e e n m i l e  
b l u f f .  




