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PREFACE 

B r i e f  o u t l i n e s  of t h e  h i s t o r y ,  development,  c l i m a t e ,  physiography,  perrna- 
f r o s t  and ground i c e ,  geology,  v e g e t a t i o n ,  and s o i l s  a l o n g  t h e  E l l i o t t  and 
Dal ton Highways between Fox and Prudhoe Bay a r e  provided i n  t h i s  guidebook. A 
d e t a i l e d  road l o g  i s  accompanied by s t r i p  maps of t h e  r o u t e  a t  s c a l e s  of 
1:63,360 and 1:250,000, beg inn ing  a t  Fox a t  t h e  s o u t h e r n  end of t h e  E l l i o t t  
Highway and t e r m i n a t i n g  a t  t h e  n o r t h e r n  end of t h e  Da l ton  Highway a t  Prudhoe 
Bay. Exposures of s e a s o n a l l y  and p e r e n n i a l l y  f r o z e n  ground mentioned i n  t h e  
t e x t  may no l o n g e r  be  v i s i b l e  due t o  thawing and slumping. 

T h i s  guidebook was p repared  i n  c o o p e r a t i o n  w i t h  t h e  S t a t e  of Alaska De- 
par tment  of N a t u r a l  Resources  D i v i s i o n  of Geolog ica l  and Geophysical  Surveys 
(DGGS), t h e  U.S. Department o f  I n t e r i o r  Bureau o f  Land Management (BLM), t h e  
Alyeska P i p e l i n e  S e r v i c e  Company, and t h e  North Slope Borough. P o r t i o n s  of 
t h e  road l o g  a r e  based on work by Hamilton (1979a) and Robertson (1981) ,  and 
on r e c e n t  e d i t i o n s  of 'The M i l e p o s t '  ( p u b l i s h e d  by t h e  Alaska Northwest Pub- 
l i s h i n g  Company). The S t a t e  of Alaska Department of T r a n s p o r t a t i o n  and P u b l i c  
F a c i l i t i e s  (DOTPF) provided c o n s i d e r a b l e  a s s i s t a n c e  i n  de te rmin ing  m i l e p o s t  
l o c a t i o n s .  

A number of i n d i v i d u a l s  f a i t h f u l l y  read  and e d i t e d  v a r i o u s  v e r s i o n s  o f  
t h i s  guidebook, and s p e c i a l  thanks  a r e  extended t o  them, p a r t i c u l a r l y  John R.  
Wil l iams,  Glenn E. Johns ,  Michael C. Metz, and Frank R. F i s h e r .  Ray Norman of 
t h e  A r c t i c  Environmental  In format ion  and Data C e n t e r ,  U n i v e r s i t y  o f  Alaska ,  
Anchorage, p repared  t h e  s t r i p  maps. Tom O f B r i e n  and Bobby King, N a t i o n a l  
Mapping D i v i s i o n ,  U.S. G e o l o g i c a l  Survey,  Denver, p rov ided  v a l u a b l e  a s s i s t a n c e  
i n  a r r a n g i n g  f o r  t h e  p r e p a r a t i o n  of t h e  s t r i p  maps. K.S. Pearson  (DGGS) pro- 
v i d e d  a  c a r t o g r a p h i c  review of t h e  manuscr ip t .  The Cold Regions Research and 
Engineer ing  Labora to ry ,  t h e  Department of Energy, and BLM prov ided  s u p p o r t  f o r  
p r e p a r a t i o n  of t h e  t e x t  and maps, and DGGS provided funds  t o  p u b l i s h  t h e  
guidebook. 

Support  t o  g a t h e r  b a s i c  f i e l d  d a t a  f o r  t h i s  guidebook was provided by 
Alyeska P i p e l i n e  S e r v i c e  Company, t h e  U n i v e r s i t y  of Alaska Foundat ion and t h e  
L o g i s t i c  Cen te r  (David W i t t ) ,  t h e  S t a t e  of Alaska DOTPF, Kodiak-Nabors (a  
s u b s i d i a r y  of Anglo-Energy), Alaska I n d u s t r i a l  Resources ,  I n c . ,  and Explore r  
P o s t  47-Search and Rescue ( F a i r b a n k s ) .  T h e i r  c o n t r i b u t i o n s  a r e  g r e a t l y  appre-  
c i a t e d .  
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GUIDEBOOK TO PERMAFROST AND RELATED FEATURES ALONG THE ELLIOTT 
AND DALTON HIGHWAYS, FOX TO PRUDHOE BAY, ALASKA 

Edited by 
J e r r y  Brown, Cold Regions Research and Engineering Laboratory 

R.A. Kreig,  Ray Kreig and Assoc ia tes ,  Inc.  

INTRODUCTION 

This book is  a guide t o  permafrost t e r r a i n  along the highway from Fox, 
Alaska, northward f o r  some 800 km t o  the shore of t h e  A r c t i c  Ocean ( f i g .  1). 
The rou te  p a r a l l e l s  the  Trans-Alaska P ipe l ine  System (TAPS) and covers t h r e e  
major regions: t h e  fo re s t ed  and subalpine i n t e r i o r ,  t h e  mountainous Brooks 
Range, and the  tundra-covered A r c t i c  Slope. Although the  southern por t ion  of 
t h e  rou te  l i e s  wi th in  the  discont inuous permafrost zone, t h e  e n t i r e  r o u t e  i s  

I 1 I 

0 500 miles 
k-l-+-r- 
0 500 kilometers 

Figure  1. F i e l d - t r i p  rou te  and d i s t r i b u t i o n  of 
i c e  wedges and permafrost i n  Alaska. 
D e t a i l s  of t h e  a r eas  within t h e  ou t l i ned  
r ec t ang le s  a r e  provided i n  f i g u r e  2. The 
a r e a  wi th in  t h e  smal le r  r ec t ang le  i s  cover- 
ed by geology, vege ta t ion ,  and s o i l  maps 
( f i g s .  7 ,  8, 12 and 13) (modified from 
P6w6, 1966, f i g .  3) .  
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dominated by permafrost c lose  t o  the ground sur face .  The occurrence of perma- 
f r o s t  is inf luenced by pas t  and present  c l imate ,  geologic  c h a r a c t e r i s t i c s ,  
hydrology, vege ta t ion ,  and s o i l  cover. The i n t e r r e l a t i o n s h i p  of these con- 
d i t i o n s  and t h e i r  in f luence  on t h e  formation, p re se rva t ion ,  and degradat ion of 
permafrost and r e l a t e d  ground i c e  f e a t u r e s  a r e  discussed and i l l u s t r a t e d  i n  
t h i s  guidebook. Examples of n a t u r a l  and man-induced (anthropogenic) modifica- 
t i o n s  t o  permafrost t e r r a i n  a r e  i l l u s t r a t e d ,  p a r t i c u l a r l y  those r e l a t e d  t o  t h e  
f r e e z i n g  of ground water and changes i n  su r f ace  dra inage  and vegetat ion.  

HISTORY AND DEVELOPMENT ALONG THE ELLIOTT AND DALTON HIGHWAYS 

E l l i o t t  Highway 

The h i s t o r y  of t h e  E l l i o t t  Highway d a t e s  from the  e a r l y  days of gold 
mining i n  1902, when F e l i x  Pedro and Tom Gilmore discovered gold nor th  of 
Fairbanks. The highway begins at Fox, where i t  l eaves  t h e  S teese  Highway. It 
extends northwestward t o  Livengood, and then west t o  Manley Hot Springs,  a 
d i s t a n c e  of 233 km. 

By 1903, mining communities had sprung up a t  Fox, Olnes, Gilmore, and 
Chatanika. The narrow-gauge Tanana Valley Mines Rai lroad was constructed i n  
1905 t o  haul f r e i g h t  from Chena, a t  t he  mouth of Chena Slough on the  navigable  
Tanana River ,  34 km nor th  t o  Gilmore and Pedro Creeks. An 8-km branch was 
a l s o  b u i l t  t o  Fairbanks. Two years l h t e r ,  t he  Tanana Valley Mines Railroad 
w a s  extended 32 km t o  Chatanika. The Tanana Valley l i n e  was incorpora ted  i n t o  
the  f e d e r a l l y  owned Alaska Railroad i n  1917. The Happy-Fairbanks sec t ion  of  
t h e  l i n e  has been modernized and now forms p a r t  of t h e  Alaska Railroad. Train 
s e r v i c e  was discont inued on the  Happy-Chatanika s e c t i o n  i n  193 1. 

I n  1914, Jay  Livengood and N.R. Hudson discovered gold near  what i s  now 
the  community of Livengood. To serve  the  promising new developments, the  
Alaska Road Commission constructed an 87-km s l e d  road from Olnes t o  Livengood 
between August and December 1915. The Fairbanks Couuner c i a1  Club helped 
f inance  the  cons t ruc t ion ,  and the  rou te  was loca ted  by R.A. Jackson. About 
900 me t r i c  tons  of f r e i g h t  was hauled over the  road during the  winter  of 
1915-16. The road became l e s s  important i n  t he  19201s,  when t h e  Alaska Road 
Commission b u i l t  the  Dunbar-Brooks s l ed  road t o  the  west of the Olnes-Liven- 
good rou te  through l e s s  h i l l y  country i n  Minto F l a t s .  

I n  t he  e a r l y  19301s, the  Alaska Road Commission decided t o  improve t h e  
o r i g i n a l  s l e d  road from Olnes t o  Livengood t o  accommodate wagon t r a f f i c .  
Designated t h e  E l l i o t t  Highway a f t e r  Malcolm E l l i o t t ,  p res ident  of t h e  Alaska 
Road Commission, the  road was extended from the  Steese Highway near Fox t o  
Livengood---a t o t a l  d i s t ance  of 114 km. By 1936, about 64 km of t h e  road was 
i n  good enough condit ion f o r  use by automobiles. Two years  l a t e r ,  g r ave l  sur- 
f ac ing  was completed and t h e  road became an  al l -weather  highway. The road was 
completed t o  Manley Hot Springs i n  1958. Since 1960 the road has been 
improved between Fox and Livengood; new bridges were b u i l t ,  and t h e  f i r s t  32 
km or  so was paved. 

Hickel Highway 

In  the  2 years  following discovery of o i l  a t  Prudhoe Bay i n  1968, a 
w in te r  i c e  road was constructed nor th  from Livengood t o  nor thern  Alaska. The 
road, ca l l ed  the  Hickel Highway a f t e r  Walter Hickel ,  then governor of Alaska, 
was a bulldozer-bladed t r a i l  over which t rucks  drove on the  exposed frozen 
ground, crossing streams on i c e  br idges.  Because the sur face  organic  mat was 
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d i s tu rbed  i n  many p l aces ,  s u b s t a n t i a l  summer thawing took p lace ,  and po r t ions  
of the  road became a quagmire. The road crossed the  Yukon River on an i c e  
br idge  i n  t h e  Yukon F l a t s ,  11 km upstream from Stevens Vil lage.  Af t e r  
c ross ing  the  Yukon and Kanuti F l a t s ,  t h e  t ra i l  crossed the present  Dalton 
Highway j u s t  no r th  of Old Man Camp and turned west t o  Be t t l e s .  The i c e  road 
continued up the  John River through Anaktuvuk Pass i n  the Brooks Range, and on 
t o  Prudhoe Bay west of t he  Sagavanirktok River. Spur roads went t o  D ie t r i ch ,  
Coldfoot,  and Prospect Camps on the  south s i d e  of the  Brooks Range and t o  
Ga lb ra i th  Lake on the  no r th  s ide .  

Dalton Highway 

Dalton Highway begins a t  Mile 73.1 (118 km) on t h e  E l l i o t t  Highway, 
s eve ra l  k i lometers  west of Livengood. It was b u i l t  by Alyeska P i p e l i n e  
Serv ice  Company i n  two sec t ions .  The f i r s t  s ec t ion ,  constructed between 
August 1969 and J u l y  1970 and extending approximately 90 km from Livengood t o  
t h e  Yukon River,  w a s  formerly r e f e r r e d  t o  a s  t h e  "TAPS Road." The second 
sec t ion ,  the 577-km-long "haul road" between the  Yukon River and Prudhoe Bay, 
was b u i l t  i n  seven segments i n  f i v e  months between Apr i l  29 and September 29, 
1974 ( M c ~ h a i l  and o the r s ,  1976). The poin ts  where these  segments joined are 
posted wi th  road s igns  along the  route .  A t o t a l  of 18 m i l l i o n  m 3  of g rave l  
was used f o r  the  road and f o r  cons t ruc t ion  of a i r f i e l d s  a t  the  p ipe l ine  con- 
s t r u c t i o n  camps. This "haul road" was named f o r  James Dalton by t h e  Alaska 
Leg i s l a tu re  i n  1981. Dalton had been a c t i v e  i n  petroleum and cons t ruc t ion  
a c t i v i t i e s  i n  nor thern  Alaska s i n c e  the  mid-1940's. 

Although the E l l i o t t  and Dalton Highways a r e  s t a t e  owned and maintained,  
they  pass through land with a v a r i e t y  of owners---mostly federa l .  The l a r g e s t  
por t ion  of land ,  managed by the  BLM, i s  a s t r i p  ca l l ed  the  u t i l i t y  co r r ido r  
(U.S. Department of I n t e r i o r ,  1980; f i g .  2; s ee  a l s o  Divis ion of Pol icy 
Development and Planning, 1977). The land was withdrawn by Publ ic  Land Order 
5150 i n  1971 t o  provide f o r  t r a n s p o r t a t i o n  and t ransmission l i n e s  and pipe- 
l i n e s .  The co r r ido r ,  19 t o  37 km wide, extends from Washington Creek on t h e  
E l l i o t t  Highway t o  Pump S t a t i o n  2 ,  some 100 km south  of Prudhoe Bay; the  
remaining s e c t i o n  of the  road crosses  s t a t e  lands ,  Adjacent f e d e r a l  land i s  
managed by t h e  National Park Service (Gates  of t he  A r c t i c  Nat ional  Park and 
preserve)  and t h e  F i sh  and Wi ld l i f e  Serv ice  (Yukon F l a t s  National Wi ld l i f e  
Refuge). Few p r i v a t e  i nd iv idua l s  own land along the  Dalton Highway, a l though 
t h e r e  a r e  numerous mining claims i n  the  Koyukuk River v a l l e y  i n  t h e  v i c i n i t y  
of the  old mining towns of Coldfoot and Wiseman. 

On October 5, 1980, t h e  S t a t e  L e g i s l a t u r e  au thor ized  p u b l i c  summer use of 
t he  Dalton Highway no r th  of the Yukon River. Beginning i n  summer 1981, t h e  
Dalton Highway from the  Yukon River t o  D i e t r i c h  Camp was open t o  t he  pub l i c  
from June 1 t o  September 1 each year. In  o ther  months, and no r th  of D i e t r i c h  
Camp, t r a v e l  was l imi t ed  t o  holders  of permits ,  which were i ssued  only t o  
i n d u s t r i a l  and commercial u se r s  and t o  r e s i d e n t s  of t he  a rea .  (See Laycock 
(1979) f o r  an e a r l y  account of t h e  road.) 

Trans-Alaska P i p e l i n e  System 

The E l l i o t t  and Dalton Highways p a r a l l e l  more than 800 km of t h e  Trans- 
Alaska P ipe l ine  System, b u i l t  and operated by the  Alyeska P ipe l ine  Service 
Company, which is  owned by e i g h t  o i l  companies wi th  holdings i n  t h e  Prudhoe 
Bay o i l f i e l d .  The rou te  provides e x c e l l e n t  oppor tun i t i e s  t o  view the  p i p e l i n e  
and i t s  support  f a c i l i t i e s .  
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F i g u r e  2 .  Map o f  f i e l d - t r i p  r o u t e  ( d e l i n e a t i o n  of t h e  u t i l i t y  c o r r i d o r  from 
U.S . Department o f  I n t e r i o r ,  1980; phys iograph ic  map modi f i ed  from 
Wahrhaf t ig ,  1965, p l .  1, and R a i s z ,  1966) .  
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The p ipe l ine  was constructed between 1975 and 1977 following 6 yr of 
i n t e n s i v e  engineering design,  environmental planning, and mobil izat ion.  The 
1.2-m-diameter pipe went on-line on Aug. 1, 1977, carrying up t o  1.6 m i l l i o n  
b a r r e l s  of crude o i l  a day from Prudhoe Bay t o  Valdez, 1,300 km t o  t h e  south. 
By the end of 1982, more than 2.67 b i l l i o n  b a r r e l s  of o i l  had been shipped 
through the  system. 

There a r e  seven pump s t a t i o n s  no r th  of Fairbanks. Pump S ta t ions  1, 2, 3 ,  
5 ,  and 6 a r e  b u i l t  on ice- r ich  s o i l s  and have r e f r i g e r a t e d  foundations t o  
prevent thawing of permafrost,  which could cause d i f f e r e n t i a l  se t t lement  of 
t h e  s t r u c t u r e s .  

Because of perlnafrost condi t ions ,  more than half  of the  p ipe l ine  i s  
above ground. The cons t ruc t ion  mode used---elevated o r  buried---depended on 
s o i l  condi t ions  and on the  an t i c ipa t ed  e f f e c t s  of the hot o i l  l i n e  on t h e  
permafrost ( t h e  o i l  temperature i s  60°C a t  Prudhoe Bay and 32'-35OC at 
Valdez). Normal b u r i a l  ( f i g .  3a) was used i n  thawed o r  thaw-stable s o i l s  and 
i n  bedrock. Bur i a l  was allowed where thawing of permafrost would not  cause 
l o s s  of s o i l  support f o r  t he  pipe. Conventional b u r i a l  a l s o  allowed f o r  
r e s i s t i n g  the  fo rces  generated by t h e  thermal stresses and the  high i n t e r n a l  
pressure  i n  t he  large-diameter pipe. Spec ia l  r e f r i g e r a t e d  buried s e c t i o n s  
were used f o r  animal and highway crossings i n  thaw-unstable s o i l s  where t h e  
pipe had t o  be buried. Where thawing of the  permafrost would c rea t e  thaw-un- 
s t a b l e  condi t ions ,  t h e  p i p e l i n e  i s  elevated.  In  e leva ted  sec t ions ,  t he  pipe- 
l i n e  is  supported on bents  made of two v e r t i c a l  support members (VSMts) and a 
h o r i z o n t a l  beam, which a r e  designed t o  allow l a t e r a l  o r  l ong i tud ina l  movement 
( f i g .  3b). Elevated sec t ions  were b u i l t  i n  a zigzag conf igura t ion  so t h a t  
l o n g i t u d i n a l  expansion o r  con t r ac t ion  of t he  pipe caused by temperature 
changes is  converted i n t o  l a t e r a l  movement. The pipe is  anchored every 250 t o  
550 m onto support platforms supported on four  VSM's. Gate and check valves 
a r e  loca ted  along the  l i n e ,  p a r t i c u l a r l y  a t  stream cross ings  and major over- 
land s e c t i o n s ,  t o  allow stopping of the  o i l  f low when necessary.  

A g rave l  overlay workpad was used f o r  cons t ruc t ing  almost a l l  the  pipe- 
l i n e ;  two s h o r t  experimental snow and i c e  pads were used f o r  segments t o t a l i n g  
11 km. North of Atigun Pass  t h e  g rave l  over lay  i n  aboveground p i p e l i n e  a r e a s  
was placed on polystyrene i n s u l a t i o n  3.75 t o  11 cm th ick .  The i n s u l a t i o n  w a s  
designed t o  reduce t h e  necessary th ickness  of t h e  g rave l  overlay and t o  
prevent thawing of permafrost (Metz and o t h e r s ,  1982). A t o t a l  of 26.4 
m i l l i o n  m3 of g rave l  was used f o r  cons t ruc t ion  of the  e n t i r e  p i p e l i n e  workpad, 
and r e l a t e d  f a c i l i t i e s .  

The VSM's a r e  of t h ree  genera l  types: a)  thermal (corrugated wi th  hea t  
p ipes ) ,  b) adfreeze (without heat  p ipes ) ,  and c) end bearing. The s o i l s  sur- 
rounding VSMts i n  warm permafrost a r e  kept  f rozen  by hea t  p ipes  wi th  r a d i a t o r s  
( f i g .  3c) .  The hea t  pipes a r e  used t o  maintain frozen condit ions around the  
VSM's s i n c e  t h e  d is turbance  caused by the  workpad would cause thawing of t h e  
permafrost and f a i l u r e  of the support s t r u c t u r e .  Two hea t  pipes i n  each 
thermal VSM conta in  l i q u i d  ammonia and ammonia vapor. The tops  of t h e  pipes 
extend above the  VSM and a r e  f i t t e d  with aluminum cooling f i n e  ( r a d i a t o r s )  
e i t h e r  1.2 o r  1.8 m long. The longer  r a d i a t o r s  provide f o r  add i t i ona l  
d i s s i p a t i o n  of heat from heat  pipes longer  than 10 m. As vapor cools i n  the  
top  of t h e  hea t  pipe i n  winter  i t  condenses and flows t o  t he  bottom where i t  
absorbs hea t ,  t u rns  t o  vapor,  and r i s e s  t o  t he  top,  forming a continuous, 
nonmechanical hea t  removal system. The process  ceases when t h e  a i r  becomes 
warmer than the  ground. The ne t  r e s u l t  i s  removal of hea t  from the ground i n  
t h e  win ter ,  which promotes r e f r eez ing  of t he  ground around the  VSMs o r  keeps 
the permafrost from thawing. North of Atigun Pass ,  hea t  pipes a r e  not  
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Anodes 
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Figure 3.  Buried and e leva ted  cons t ruc t ion  modes f o r  t he  o i l  p i p e l i n e  (dia-  
grams cou r t e sy  of Alyeska P ipe l ine  Serv ice  Company). A.  The buried mode 
w a s  used where t he  ground was thawed, i n  f rozen  o r  thawed bedrock, and i n  
some permafrost cond i t i ons ,  which on thawing would be thaw s t a b l e .  B. 
Elevated mode. C. Cross s e c t i o n s  of t he  e leva ted  mode showing d e t a i l s  
of  t h e  hea t  pipes .  
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gene ra l ly  requi red  i n  t he  VSMts s ince  the  in su la t ed  workpad i s  designed t o  
prevent thaw of t he  cold permafrost.  However, i f  massive i c e  i s  present  they 
a r e  used t o  cool the  i c e  below i t s  n a t u r a l  temperature i n  order  t o  i nc rease  
i t s  load carrying capaci ty.  

End-bearing VSMts were designed t o  support t h e  pipe i n  a r eas  where f i rm 
ma te r i a l  such a s  bedrock or massive grave l  depos i t s  a r e  encountered a t  shallow 
depths.  Most end-bearing VSMts d id  not  r e q u i r e  freezeback f o r  a d d i t i o n a l  
s t a b i l i t y .  North of the Yukon River some VSMts and hea t  pipes were f i e l d  
mi t red  and t i l t e d  outward t o  provide a d d i t i o n a l  room f o r  l a t e r a l  movement of 
the  pipe. Several summaries of the  geotechnica l  a spec t s  of the  p ipe l ine  a r e  
a v a i l a b l e  ( ~ i g u o r i  and o t h e r s ,  1979; h s c h e r ,  1981), a s  a r e  numerous Alyeska 
P ipe l ine  Service Company d a t a  shee t s  and publ ica t ions .  

Communication along the  p ipe l ine  i s  accomplished v i a  a microwave system 
with a s a t e l l i t e  backup system l ink ing  e a r t h  s t a t i o n s  a t  Pump S ta t ions  1,  4 ,  
and 5 and t h e  Valdez Terminal. 

CLIMATE 

The i n t e r i o r  i s  a zone of temperature extremes and of r e l a t i v e l y  high 
p r e c i p i t a t i o n  compared t o  the  Arct ic .  During summer, storms t r ack  through the  
reg ion  from the  south o r  southwest,  but  most of t he  p r e c i p i t a t i o n  is  of t h e  
convectional type,  and is widely s c a t t e r e d  and v a r i a b l e  (Watson, 1959). Most 
p r e c i p i t a t i o n  occurs  during summer. During the  win ter ,  the  i n t e r i o r  i s  
dominated by r e l a t i v e l y  dry con t inen ta l  polar  a i r  masses, and s inking cold a i r  
c r e a t e s  high atmospheric pressure.  Occasional ly,  maritime a i r  i n t rudes  i n t o  
the a r ea  from the w e s t  o r  southwest,  causing major snowstorms ( B i l e l l o ,  1974) 
and, r a r e l y ,  winter  r a in .  Alpine a reas  w i th in  t h e  i n t e r i o r  t y p i c a l l y  have 
l e s s  extreme temperatures  but more p r e c i p i t a t i o n  than f o r e s t e d  a reas  a t  lower 
e l eva t ions .  

North of t h e  Cont inenta l  Divide i s  a reg ion  of extremely low winter  temp- 
e r a t u r e s ,  low summer temperatures,  and r e l a t i v e l y  low p r e c i p i t a t i o n .  Unlike 
t h e  con t inen ta l  i n t e r i o r ,  wind i s  a major environmental f a c t o r  throughout much 
of the year. Although winds r a r e l y  exceed 17 m / s  on the  A r c t i c  Coastal  P l a i n ,  
i t  i s  seldom calm (Conover, 1960). Winds cause cons iderable  d r i f t i n g  of snow, 
poor v i s i b i l i t y ,  and severe wind-chill f a c t o r s  during the  co ldes t  months 
(Searby and Hunter, 1971). 

During J u l y  and August, a sea breeze from the  open water of the  A r c t i c  
Ocean dominates the  c o a s t a l  c l imate (Mori tz ,  1977; Kozo, 1979). Radia t iona l  
hea t ing  of inland tundra su r f aces  c r ea t e s  a l o c a l  pressure  d e f i c i t ,  which 
causes co lder  a i r  from the  ice-dominated A r c t i c  Ocean t o  move in land ,  re- 
s u l t i n g  i n  a p reva i l i ng  n o r t h e a s t e r l y  wind. These condit ions of ten  cause 
c loudiness  and c o a s t a l  fog,  which extends in land  and p e r s i s t s  u n t i l  t h e  a i r  i s  
warmed by r ad ia t ion .  The in land  ex ten t  of the  sea  breeze phenomenon is  a t  
l e a s t  17 la ( ~ o z o ,  1979), a l though fog and t h e  p reva i l i ng  no r theas t e r ly  wind 
a r e  observed considerably f a r t h e r  from the  coast .  

This  c l i m a t i c  d e s c r i p t i o n  is based on s t a t i o n s  and d a t a  reported by 
Haugen (1982). The ranges of temperature and p r e c i p i t a t i o n  va lues  a r e  sum- 
marized i n  t a b l e  1. Estimated mean annual a i r  temperatures along the  rou te  
a r e  shown i n  f i g u r e  4. 

See Haugen (1982) and Haugen and Brown (1980) f o r  a d d i t i o n a l  d e t a i l s .  
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Figure  4. Estimated mean annual a i r  temperature (MAAT) 
a s  a  func t ion  of e l e v a t i o n  and l a t i t u d e  along the  
f i e l d  - t r i p  r o u t e  (prepared by Ilaugen based on d a t a  
from Haugen, 1982). 

Table 1. Ranges of annual  c l i m a t i c  va lues ;  summary of  1975-79 
s t a t i o n s  (Haugen, 1982). 

Bro&s Coasta I 

l n t e r  l o r  Range Footh l  l I s  P l a i n  

Degree-days 
Thm lng  1,182-1,904 453-1,189 760-1,125 318-897 
Freez I ng 2,767-4,513 3,173-3,888 4,225-5,412 4,409-5,642 

Thaw season 

Length (days) 123-168 87-131 104-1 39 91-128 
S t a r t i n g  dates Apr 18-June 1 May 3-June 10 May 18-June 27 May 25-July 9 

P r e c i p i t a t i o n  (mm) 

Frozen N A 57-1 8 1 87-1 10 125-1 42 
Unfrozen 84-367 1 17-292 52-1 57 58-8 1 
To ta l  168-445 295-450 140-267 183-223 

Temperature ( O C )  

Mean -6.9 t o  -3.7 -6.9 t o  -5.9 -1 1.1 t o  -6.2 -12.8 t o  -10.3 
Range (mean d i u r n a l )  12.8 t o  14.6 10.8 t o  12.6 7 .6 t011.6  7 .6 t09 .6  
Range (extremes) -53.3 t o  +33.0 -37.8 t o  +26.1 -53.3 t o  +30.0 -50.6 t o  +28.9 
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Temperature 

Temperature regimes inc lude  some of the  most extreme ranges encountered 
on the  North American Continent.  The a l l - t ime low temperature f o r  t h e  United 
S t a t e s ,  -62OC, was recorded a t  Prospect Creek Camp on January 24, 1971. Most 
l o c a t i o n s  have extreme minimum temperatures below -50°C, and a t  l e a s t  ha l f  t h e  
s t a t i o n s  have summer maximum temperatures over 30°C, a range of more than 
80°C. 

Average annual a i r  temperatures a r e  est imated t o  range from -11.5OC a t  
Prudhoe Bay t o  -4OC a t  some of t h e  s t a t i o n s  south  of D i e t r i c h  ( f i g .  4 ) .  The 
extremely low temperatures recorded a t  v a l l e y  s t a t i o n s  ( f o r  example, Prospect ,  
Coldfoot ,  D ie t r i ch )  a r e  a r e s u l t  of i nve r s ions  of the  v e r t i c a l  temperature 
p r o f i l e ,  caused by cold air dra in ing  downslope. Higher e l eva t ions  ( repre-  
sen ted  by Gobbler's Knob and Chandalar Shelf)  a r e  above the  average he ight  of 
the  invers ion  and have higher average winter  temperatures.  Lower summer temp- 
e r a t u r e s  a t  higher  s i t e s  r e f l e c t  a normal decrease  of temperature wi th  eleva- 
t i on .  

Temperature p a t t e r n s  f o r  t h e  e n t i r e  reg ion  t y p i f y  a con t inen ta l  c l imate 
f o r  the  e n t i r e  year ,  except f o r  the  maritime inf luence  on summer temperatures  
i n  t h e  reg ion  no r th  of Happy Valley. The mean annual d i u r n a l  range of temper- 
a t u r e s  (amplitude x 2) se rves  a s  an index of con t inen ta l i t y .  This range aver- 
ages l e s s  than 8OC nor th  of Happy Valley Camp and more than 10°C south  of it .  
The h ighes t  mean annual d iu rna l  temperature range i s  13.7OC ( a t  Five Mile).  
Values of 12' t o  13OC, however, a r e  common between the  Brooks Range and Happy 
Valley and a t  the  i n t e r i o r  s t a t i o n s  with low e l eva t ions .  

Thawing degree-day2 ( O C )  accumulations range from approximately 1,850 
degree-days a t  the Yukon River t o  fewer than 500 i n  the  Prudhoe Bay area .  The 
l e n g t h  of t he  thaw season ranges from approximately 160 days a t  t he  Yukon 
River t o  105 days a t  Prudhoe Bay. A t  h igher  e l eva t ions  along the  rou te  
( Chandalar , A t  igun Pass ,  and A t  igun camp) , thawing-degree-day accumulations 
a r e  s i m i l a r  t o  those no r th  of Sagwon. 

Freezing degree-days (OC) usua l ly  range from s l i g h t l y  l e s s  than  3,500 i n  
the  southern por t ion  of the rou te  t o  about 5,000 i n  the north.  The year-to- 
year  v a r i a t i o n  of thawing degree-days a t  any given s i t e  i s  considerably l e s s  
than the  v a r i a t i o n  of f r eez ing  degree-days. 

Summer temperature g rad ien t s  wi th  l a t i t u d e  and e l eva t ion  may be compared 
t o  vege ta t ion  d i s t r i b u t i o n  and growth c h a r a c t e r i s t i c s .  The a l t i t u d i n a l  and 
l a t i t u d i n a l  t r e e l i n e  of t h e  white spruce f o r e s t  occurs  wi th in  the  road t ran-  
s e c t  a t  approximately 720 m e l eva t ion  near Finger Mountain and Gobbler 's  Knob 
and t h e  l a t i t u d i n a l  t r e e l i n e  occurs  40 km nor th  of Die t r ich .  Applicat ion of 
the  so- ca l l ed  ' Nordenskj old formula' f o r  determinat ion of the  temperature 
equivalency of t r e e l i n e  (Haugen and Brown, 1978) g ives  an approximate Ju ly  
mean temperature of 12OC, which agrees  with temperatures t h a t  have been mea- 
sured a t  t r e e l i n e s  along t h e  Dalton Highway  ensmo more, 1980). 

Temperature-vegetation g rad ien t s  on the  A r c t i c  Coastal  P l a i n  i n d i c a t e  
t h a t  thawing-degree-day accumulations a r e  l i n e a r l y  r e l a t e d  t o  d i s t ance  south 
of the  coast  (Haugen and Brown, 1980; Walker, 1981). 

Thawing and f r eez ing  degree-days r ep re sen t  t h e  cumulative depar ture  of mean 
d a i l y  temperatures above or  below O°C, r e spec t ive ly .  
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P r e c i p i t a t i o n  

Although d i s t i n c t  d i f f e r ences  e x i s t  i n  p r e c i p i t a t i o n  amounts and charac- 
t e r i s t i c s ,  v a r i a t i o n s  with l a t i t u d e  and e l e v a t i o n  a r e  not  a s  r e a d i l y  defined 
a s  v a r i a t i o n s  with temperature. Annual t o t a l  p r e c i p i t a t i o n  ranges from 140 mm 
a t  Sagwon t o  more than 400 mm i n  t he  Atigun Pass - Chandalar Shelf area.  The 
30-yr normal p r e c i p i t a t i o n  value of 360 mm a t  B e t t l e s  i s  probably representa-  
t i v e  of a l l  but  t h e  higher  e l e v a t i o n s  from t r e e l i n e  i n  t he  Brooks Range south 
t o  Old Man Camp. South of Old Man Camp t o  the  Yukon River,  t o t a l  p rec ip i t a -  
t i o n  d i s t i n c t l y  decreases ,  not  genera l ly  exceeding 300 mm a t  Five Mile Camp. 
The g r e a t e s t  single-day t o t a l s  r e g i s t e r e d  a r e  89 mm a t  Chandalar ( J u l y  27, 
1975) and 52 mm a t  Prospect ( J u l y  24, 1977). 

During most years ,  r a i n  is the  dominant form of p r e c i p i t a t i o n .  To t h e  
sou th ,  t he  thaw season becomes longer  and the  percentage of p r e c i p i t a t i o n  t h a t  
f a l l s  as r a i n  becomes l a r g e r .  South of Chandalar, about two-thirds of t h e  
annual p r e c i p i t a t i o n  i s  unfrozen. In t ense  p r e c i p i t a t i o n  occurs  during 
thunderstorms south of the  Continental  Divide. Thunderstorms a r e  l e s s  common 
n o r t h  of t h e  Divide. Weak low-pressure cen te r s  passing from west t o  e a s t ,  
o f t e n  along the  boundary of the summer Maritime Polar  Front ,  a r e  respons ib le  
f o r  perhaps half  t h e  summer p r e c i p i t a t i o n  i n  t h e  Arct ic .  The immediate 
coas t a l  a r ea ,  however, i s  usua l ly  under t he  inf luence  of maritime a ir ,  which 
causes cloudy s k i e s  and fog,  onshore winds o r  sea  breezes,  and p r e c i p i t a t i o n  
t h a t  is  more frequent  but l i g h t e r  than t h a t  t o  the south. 

Benson (1982) repor ted  t h a t ,  because of measurement problems, t h e  amount 
of snowfall  on the  A r c t i c  Slope may be underestimated by a f a c t o r  of 3. 

North of Fox, t h e  road t r a v e r s e s  t h e  Yukon-Tanana Upland and Kokrine- 
Hodzana Highlands of the  Intermontane P la teau  Province, which is  broken by t h e  
e a s t  end of t he  Rampart Trough ( f i g .  2 ) .  The uplands cons i s t  of even-topped, 
rounded r idges  with e l eva t ions  of 600 t o  1,200 m t h a t  a r e  replaced t o  t h e  
n o r t h  beyond the  Yukon River by more rugged mountains. Next, t h e  road 
progresses  i n t o  the  Ambler and Chandalar Ridge and Lowland Province, which 
begins a t  t h e  South Fork Koyukuk River. The southern pa r t  of t h i s  s e c t i o n  i s  
a discont inuous l i n e  of gent ly  i r r e g u l a r  t o  rugged r idges  wi th  e l e v a t i o n s  of 
900 t o  1,400 m. Fa r the r  no r th  and extending t o  Coldfoot is  a reg ion  of low- 
lands  and low passes (60 t o  600 m i n  e l eva t ion )  t h a t  contains  s eve ra l  eas t -  
west-trending r idges .  

East-west-trending topography continues i n  the  Brooks Range, which begins 
ab rup t ly  a t  Coldfoot. Ridges r i s e  t o  rugged, g l a c i a l l y  scu lp tured  peaks of 
about 1,300 t o  2,000 m e l eva t ion  i n  the south and 2,300 t o  2,700 m i n  t he  
north.  Di f fe rences  i n  e ros ion  of b e l t s  of sedimentary and metamorphic rock 
have produced the  east-west g ra in  of the  topography. C l i f f  and bench s lopes  
c h a r a c t e r i s t i c  of g l a c i a l l y  eroded bedded rocks a r e  a l s o  present .  Major 
r i v e r s  flow nor th  and south i n  f l a t - f l oo red ,  g l a c i a t e d  va l l eys .  

North of t h e  Brooks Range, the  road drops ab rup t ly  t o  t he  h i l l s  and low- 
lands of the  Arc t i c  F o o t h i l l s  j u s t  no r th  of Galbra i th  Lake. The southern p a r t  
of the  F o o t h i l l s  v a r i e s  i n  e l eva t ion  from 350 t o  1,050 m and inc ludes  ir- 
r egu la r  b u t t e s ,  knobs, mesas, east-west-trending r idges ,  and in t e rven ing ,  
gen t ly  i r r e g u l a r  tundra uplands. E leva t ion  i n  t h e  nor thern  p a r t  of t h e  A r c t i c  

Modified from Brown and Berg (1980). 
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F o o t h i l l s  decreases  from about 350 m above sea  l e v e l  i n  the south t o  180 m i n  
t h e  north.  The f o o t h i l l s  t h e r e  a r e  charac te r ized  by broad east-west-trending 
r idges  and l o c a l  mesalike mountains. 

F i n a l l y ,  near  t h e  confluence of t h e  Sagavanirktok and Ivishak Rivers ,  
t he  road passes i n t o  the  White H i l l s  s e c t i o n  and the  A r c t i c  Coastal  P l a i n ,  
which s lopes  gen t ly  t o  t h e  A r c t i c  Ocean. The f l a t  topography of t h e  Coastal  
P l a i n  i s  broken by s c a t t e r e d  yingos (ice-cored mounds), occasional  low h i l l s  
of T e r t i a r y  rocks,  and b l u f f s  bounding r i v e r  t e r r a c e s  i n  Quaternary depos i t s .  
The Coastal  P l a i n  is poorly drained,  and a s i g n i f i c a n t  pa r t  is covered by 
elongated and o r i en t ed  thaw l akes  and marshy thaw-lake basins .  

PERMAFROST AND GROUND  ICE^ 

Pe renn ia l ly  frozen ground, o r  permafrost ,  i s  defined a s  a th ickness  of 
s o i l  o r  o the r  s u p e r f i c i a l  depos i t  (o r  even of bedrock) t h a t  has been colder  
than  0°C f o r  2 o r  more years  (Muller,  1947). Permafrost i s  continuous no r th  
of Atigun Pass and discont inuous i n  much of i n t e r i o r  Alaska t o  the  south,  in-  
c luding a reas  wi th in  t h e  v a l l e y s  south of t he  Continental  Divide i n  t h e  Brooks 
Range ( F e r r i a n s ,  1965; Fe r r i ans  and o t h e r s ,  1969). The term ' continuous 
permafrost '  impl ies  t h a t  permafrost unde r l i e s  a l l  o r  nea r ly  a l l  t h e  landscape, 
inc luding  small  ponds and streams, and has a temperature lower than -5OC a t  
t h e  depth of zero annual seasonal  change o r  amplitude (about 15 m) . In t h e  
zone of discont inuous permafrost,  ground temperatures a r e  higher  than -5"C, 
and most north-facing and low a reas  a r e  under la in  by permafrost,  but  south- 
fac ing  s lopes  and areas  beneath bodies of water may be permafrost f r e e .  

Permafrost i s  th i cke r  than 600 m i n  northern a reas  but  i s  only one t o  
s eve ra l  meters t h i ck  near i t s  southern l i m i t .  Permafrost s o i l s  may be nea r ly  
i c e  f r e e  i n  coarse,  unsa tura ted  m a t e r i a l  and may conta in  more than  50 percent  
ice i n  f ine- textured s o i l s .  The s o i l  l a y e r  over ly ing  permafrost thaws and 
f r e e z e s  each year  and i s  the re fo re  termed t h e  ' a c t i v e  layer . '  

Permafrost unde r l i e s  much of the  route .  The road t r a v e r s e s  major por- 
t i o n s  of both the  discont inuous and continuous permafrost zones ( f i g .  1 ) .  
Temperature of the  permafrost below the  zone of seasonal  temperature v a r i a t i o n  
gene ra l ly  ranges between -5" and -l°C i n  t he  lowlands of t he  southern  discon- 
t inuous zone (Fe r r i ans ,  1965). The mean annual air temperature there  probably 
ranges between -7' and O°C. I n  t h e  continuous zone nor th  of t he  Continental  
Divide, permafrost temperatures a r e  bel ieved t o  range between -11' and -5OC. 

Considerable information on t h e  permafrost t e r r a i n  over which the  rou te  
passes i s  a v a i l a b l e  from p ipe l ine  and road borings (Kreig and Reger, 1976; 
Kreig,  1977; Tar t  and Ghuman, 1979) and i s  summarized on p ipe l ine  t e r r a i n  maps 
(R&M Consul tants ,  1974) and i n  a rou te  a t l a s  of annotated s t e r e o  a e r i a l  photo- 
graphs (Kreig and Reger, 1982). In  add i t i on ,  t h e  l o c a t i o n  and mode of con- 
s t r u c t i o n  of the p ipe l ine  of f e r  i n d i r e c t  evidence of ground-ice condit ions.  

The design of t he  p ipe l ine  requi red  thaw-stable condit ions f o r  t h e  buried 
mode; thus  the  p ipe l ine  i s  e leva ted  where i t  i s  under la in  by f rozen ,  o r  
poss ib ly  frozen,  fine-grained s o i l s  l i k e l y  t o  contain s i g n i f i c a n t  amounts of 
ground i c e .  I n  the nor thern  sec t ion ,  VSM's wi th  hea t  pipes a r e  i n d i c a t i v e  of 
t h e  presence of massive ice .  In su la t ed ,  gravel-covered berms around some 
VSM's maintain o r  reduce the  th ickness  of the a c t i v e  l aye r .  Buried po r t ions  
of t he  p i p e l i n e  (except  f o r  where s p e c i a l  designs were used) a r e  i n  l o c a t i o n s  
where unconsolidated depos i t s  a r e  r e l a t i v e l y  f r e e  of excess ground i c e ,  i n  

Modified from Brown and Berg (1980). 
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competent bedrock, o r  i n  nonpermafrost t e r r a i n .  North of the  Yukon River more 
than half  of the  p ipe l ine  i s  e leva ted .  

Ground i c e  i n  permafrost ,  p a r t i c u l a r l y  i t s  abundance and d i s t r i b u t i o n ,  
a r e  s i g n i f i c a n t  cons idera t ions  i n  route  s e l e c t i o n ,  road design,  cons t ruc t ion  
techniques ,  and maintenance p rac t i ce s .  Ground i c e  occurs a s  pore f i l l i n g s ,  
f i lms ,  l e n s e s ,  l a y e r s ,  and o ther  small segregated masses a s  t h i ck  a s  15 cm, 
and a s  massive i c e  i n  t h e  form of l a r g e  s h e e t s ,  wedges, and dome-shaped in-  
t r u s i o n s  i n  peat  mounds and pingos ( see  the  d iscuss ion  of pingos i n  t h e  
hydrology sec t ion )  . Segregated i c e ,  which r e s u l t s  from the  sepa ra t ion  of 
water from sa tu ra t ed  s o i l s  during the f r eez ing  process ,  can occupy as much a s  
80 percent  of t he  t o t a l  volume of t he  upper 5 m o r  so of permafrost t e r r a i n  
(Sellmann and o the r s ,  1975). V e r t i c a l  i c e  wedges, which commonly exceed 1 m 
i n  width a t  t h e  top ,  have formed over many cen tu r i e s  i n  t h e  permafrost and a r e  
respons ib le  f o r  t he  de l inea t ion  of polygonal ground i n  the  t r e e l e s s  tundra  
(Lef f ingwel l ,  1919; Lachenbruch, 1962). It i s  not  uncommon, however, f o r  i c e  
wedges t o  show v i r t u a l l y  no polygonal sur face  expression.  I c e  wedges a r e  
a c t i v e l y  growing i n  the  co lder ,  continuous permafrost zone ( f i g .  1) .  Most 
segregated ice occurs i n  f ine-grained,  unconsolidated sediments. Ground i c e  
i s  a l s o  found i n  coarse,  unconsolidated m a t e r i a l s  and i n  apparent ly competent, 
f rozen bedrock. Buried i c i n g s ,  pond i c e ,  shee t s  of i n j e c t e d  i c e ,  and poss ib ly  
bur ied  g l a c i a l  i c e  (Hamilton, 1982) can a l s o  be found i n  t h e  permafrost.  

The d i s t r i b u t i o n  of ground i c e  is h ighly  v a r i a b l e ,  and i n  places masses of 
ground i c e  a r e  abundant. Windblown si l t  ( l o e s s )  commonly conta ins  buried 
masses of ground i c e  ( f o r  example, near  t he  Yukon River ) ,  and f ine-grained 
c o l l u v i a l ,  g l a c i a l ,  and f l u v i a l  depos i t s  may a l s o  be i c e  r i ch .  For example, 
highway d r i l l  logs  of s i l t  near Erickson Creek r evea l  l a r g e  amounts of massive 
i c e  (Kreig and Reger, 1982, p l .  12).  The dominant form of i c e  masses i s  t h e  
polygonal i c e  wedge, 

South of t h e  Brooks Range, the  presence of permafrost and t h e  th ickness  
of the a c t i v e  l a y e r  a r e  c lo se ly  r e l a t e d  t o  s lope  angle and a spec t ,  vege ta t ion ,  
thermal p r o p e r t i e s  of parent  m a t e r i a l s ,  and drainage. Vegetat ion i s  a genera l  
i n d i c a t o r  of permafrost condi t ions.  Within the  regions covered by the guide- 
book, black spruce,  l a r c h ,  and bogs near ly  always i n d i c a t e  the  presence of 
permafrost wi th in  0.6 m of the  sur face .  White spruce and aspen usua l ly  
i n d i c a t e  an a rea  t h a t  i s  f r e e  of permafrost o r  t h a t  has an a c t i v e  l a y e r  1 m o r  
more th ick .  Pure s tands  of paper b i r ch  a r e  found on s i t e s  f r e e  of permafrost 
o r  where t h e  a c t i v e  l a y e r  has been temporari ly  deepened by burning o r  
c lear ing .  General ly ,  well-drained, south-facing s lopes  and sediments beneath 
t h e  a c t i v e  channels of l a r g e  streams a r e  f r e e  of permafrost. Valley bottoms, 
north-f acing s lopes ,  and wet lower s lopes  a r e  u sua l ly  under la in  by permafrost 
w i th  an a c t i v e  l aye r  th ickness  of 0.5 t o  1.0 m. I n  perennia l ly  frozen a r e a s ,  
thaw bulbs e x i s t  beneath smaller  streams. The o v e r a l l  th ickness  and l a t e r a l  
con t inu i ty  of permafrost genera l ly  i nc rease  northward. 

The Brooks Range is  wi th in  the  continuous zone of permafrost no r th  of t h e  
Cont inenta l  Divide and wi th in  t h e  discont inuous zone south of t h e  Divide. 
Both air  and ground temperatures a r e  extremely v a r i a b l e ,  a s  is the th ickness  
of permafrost,  bu t  t he  bedrock and unconsolidated depos i t s  on s lopes  a r e  
gene ra l ly  pe renn ia l ly  f rozen ,  except f o r  south-facing s lopes  south of t h e  
Divide. The coarse-textured and f r e e l y  dra ined  m a t e r i a l  on upper s lopes  has a 
deep a c t i v e  l a y e r ,  and the  wet, fine-grained ma te r i a l  on lower s lopes  has an  
a c t i v e  l a y e r  t h a t  i s  commonly between 0.5 and 1.0 m th ick .  Permafrost is ,  
however, gene ra l ly  discont inuous beneath the  f lood p l a ins  and south of t h e  
Divide i s  probably absent i n  most p laces  beneath t h e  a c t i v e  channels of l a r g e r  
r i v e r s  l i k e  t h e  Chandalar, D ie t r i ch ,  and Middle Fork Koyukuk. Thaw bulbs 



INTRODUCTION 13 

occur beneath small  drainages such a s  Minnie Creek. On the  b a s i s  of observa- 
t i o n s  made during p i p e l i n e  cons t ruc t ion ,  t he  v a l l e y s  of t he  D i e t r i c h  and 
Koyukuk Rivers  should now be considered t o  occupy the  nor thern  discont inuous 
permafrost zone. The fine-grained depos i t s  of t he  Brooks Range usua l ly  con- 
t a i n  l a r g e  amounts of ice-wedge i c e .  Coarse-grained ma te r i a l s  contain i c e  i n  
t h e i r  voids,  a s  coat ings on ind iv idua l  p a r t i c l e s ,  o r  a s  massive bodies  i n  mud- 
flow cones, rock g l a c i e r s ,  and some t a l u s  depos i t s .  

The A r c t i c  F o o t h i l l s  and t h e  A r c t i c  Coastal  P l a i n  a r e  under la in  by th i ck  
permafrost t h a t  reaches a maximum depth of approximately 600 m at Prudhoe Bay 
(Gold and Lachenbruch, 1973). About 130 km south  of t he  A r c t i c  Ocean, ice-  
bearing permafrost i s  200 m th ick ;  i t  inc reases  northward t o  more than 500 m 
(and l o c a l l y  t o  630 m) near  t h e  shore a t  Prudhoe Bay (Osterkamp and Payne, 
1981; Lachenbruch and o t h e r s ,  1982). Primary causes of changes i n  permafrost 
t h i ckness  a r e  d i f f e r ences  i n  thermal conduct iv i ty  of t he  rocks and increased 
hea t  flow. Permafrost i s  t h i c k e s t  i n  t he  h ighly  porous T e r t i a r y  and 
Quaternary depos i t s ,  success ive ly  th inne r  i n  t h e  l e s s  porous Upper Cretaceous 
rocks,  and t h i n n e s t  i n  the  least porous Lower Cretaceous rocks. Thickness of 
t h e  a c t i v e  l a y e r  is genera l ly  l e s s  than 0.5 m i n  predominantly fine-grained 
s o i l s .  Unfrozen zones a r e  gene ra l ly  l imi t ed  t o  deep r i v e r  channels, some of 
which have unfrozen g rave l  beneath them, and l a r g e ,  deep l a k e  basins .  
Perennia l  spr ings  i n d i c a t e  t h a t  l o c a l  zones of unfrozen bedrock provide 
avenues f o r  recharge and d ischarge  of ground-water systems. 

In  t h e  A r c t i c  F o o t h i l l s ,  ice-wedge polygons a r e  p a r t i c u l a r l y  conspicuous 
i n  poorly drained depressions and drained l a k e  basins .  Ice-wedge polygons 
cover most of the  A r c t i c  Coastal  P l a in .  Closed-system pingos have developed 
i n  some ref rozen  l ake  bas in  sediments of var ious  ages. Although l o c a l l y  pre- 
s en t  i n  l a r g e  amounts, o ther  forms of massive i c e  show l i t t l e  sur face  expres- 
s ion.  Ground i c e  w a s  observed and logged by Alyeska i n  many VSM bor ings ,  i n  
fuel-gas l i n e  t renches ,  and i n  the  p i p e l i n e  t rench  i n  a r eas  where the  pipe was 
placed i n  thaw-stable grave l  beneath a s i l t y ,  i ce- r ich  sur f  ace l aye r .  
Development of thermokarst ponds i n d i c a t e s  i t s  presence i n  o ther  a reas .  

HYDROLOGY 

Streamflow and water-qual i ty  d a t a  have been co l lec ted  a t  a number of 
s i t e s  along t h e  E l l i o t t  and Dalton Highways. Many of t he  s i t e s  a r e  p a r t  of 
t he  U.S. Geological Survey (USGS) network of hydrologic  observat ion s t a t i o n s  
i n  Alaska, but many more were i n s t a l l e d  i n  connection with the  Trans-Alaska 
P ipe l ine  System and have s ince  been discont inued.  The purpose of t hese  obser- 
v a t i o n s  i s  t o  determine the  flow c h a r a c t e r i s t i c s  of t h e  p r i n c i p a l  r i v e r s  and 
r ep resen ta t ive  small streams, t h e  t o t a l  runoff , and changes i n  water q u a l i t y .  
S p e c i f i c  hydrologic  s t u d i e s  were needed i n  connection with the  p i p e l i n e  t o  
determine scour depth a t  br idges and cross ings ,  t o  p red ic t  l a t e r a l  channel 
e ros ion ,  t o  design r i v e r  t r a i n i n g  s t r u c t u r e s ,  and t o  ob ta in  precons t ruc t ion  
base l ine  water q u a l i t y  and b io log ica l  da ta .  The r e s u l t s  of these  s t u d i e s  a r e  
publ ished i n  USGS Water-Supply Papers and i n  va r ious  t e c h n i c a l  journa ls .  

Mean annual runoff (Feulner  and o t h e r s ,  1971) along the  rou te  is  l e s s  
than 0.005 m 3 / s * k m 2  i n  nor thern  Alaska, between 0.005 and 0.011 m 3 / s  -km2 i n  
t h e  i n t e r i o r ,  and from 0.011 t o  s l i g h t l y  more than 0.022 m3/s*km2 i n  t h e  
Brooks Range, where the  orographic e f f e c t  r e s u l t s  i n  higher  p r e c i p i t a t i o n .  
Mean annual peak runoff i s  l e s s  than 0.27 m 3 / s  .km2, except i n  t he  Brooks 
Range, where it exceeds 0.54 m 3 / s - k m 2 .  Annual low monthly runoff is  zero 
n o r t h  of t h e  c r e s t  of t h e  Brooks Range and l e s s  than 0.0014 m3/s *km2 south  of 
t he  range along the  highway route .  The lowest flow genera l ly  occurs i n  l a t e  
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March o r  Apr i l ;  peak flow, provided by mel t ing  of t h e  win ter  snow, takes  p lace  
i n  May o r  June. The winter  i c e  cover u sua l ly  breaks up between l a t e  Apr i l  and 
e a r l y  June, t he  l a t t e r  being c h a r a c t e r i s t i c  of t he  nor thern  p a r t  of t h e  
route .  Freezeup gene ra l ly  occurs i n  l a t e  September o r  October. 

Along the  road i n  t he  c e n t r a l  and nor thern  Brooks Range, summer prec ip i -  
t a t i o n  apparent ly  i s  g r e a t e r  on the  no r th  s i d e  than on the  south s i d e  (239 mm 
vs  165 mm; L.J. Onest i ,  pers .  commun.). Watershed observa t ions  i n  t h e  
nor thern  D i e t r i c h  River and the  Atigun River i n d i c a t e  t h a t  42 percent  of t h e  
summer runoff is  from summer p r e c i p i t a t i o n  and t h e  r e s t  from ground water and 
melt ing of snow and ice .  June and J u l y  d ischarge  from snowmelt and p rec ip i t a -  
t i o n  represent  approximately 80 percent  of t he  annual p r e c i p i t a t i o n .  The 
average annual sediment y i e l d  f o r  streams i n  the  Atigun Pass a r ea  v a r i e s  from 
87 t o  1,240 m e t r i c  tons/km2. 

Ground-water resources along the  E l l i o t t  and Dalton Highways a r e  meager 
compared t o  t h e  p r o l i f i c  a q u i f e r s  of the  Tanana River Valley near  Fairbanks 
(Williams, 1970; Feulner and o t h e r s ,  1971; Zenone and Anderson, 1978). From 
Fox t o  t h e  South Fork Koyukuk River,  t he  rou te  c rosses  bedrock uplands with a 
varying th ickness  of gene ra l ly  f ine-grained s u r f i c i a l  depos i t s .  These 
d e p o s i t s  a r e  t y p i c a l l y  f rozen  t o  bedrock, except  on souther ly  exposures. 
Val leys a r e  commonly f i l l e d  wi th  f rozen ,  f ine-grained, unconsol idated 
depos i t s .  Larger v a l l e y s  l i k e  Hess Creek a r e  f i l l e d  wi th  p a r t i a l l y  frozen 
coarse-grained alluvium. The Yukon River i s  l a r g e  enough t o  maintain a t a l i k  
o r  thaw bulb through the  permafrost beneath i t s  channel. The Middle Fork 
Koyukuk River and D i e t r i c h  River v a l l e y s  have many areas  of unfrozen ground 
beneath and near  t h e i r  channels. I n  some p laces  the  cover of f l u v i a l  g rave l  
i s  t h i n ,  and much of the  unfrozen underlying sediment cons i s t s  of glacio-  
l a c u s t r i n e  d e p o s i t s  and till t h a t  lack  s u f f i c i e n t  permeabi l i ty  t o  produce 
l a r g e  amounts of water. 

North of t he  Brooks Range, where permafrost extends from near  t h e  su r f ace  
t o  depths of 200 t o  more than 600 m, ground water beneath permafrost i n  bed- 
rock of pre-Tert iary age o r  i n  unconsolidated depos i t s  of T e r t i a r y  age is  
genera l ly  too highly mineral ized t o  be use fu l  a s  a water supply. A c o l l e c t i o n  
g a l l e r y  i n s t a l l e d  i n  grave l  w i th in  t h e  thaw bulb beneath a s t a b l e  channel of 
the  Sagavanirktok River a t  Prudhoe Bay (Sherman, 1973) was inadequate t o  
supply the  requirements f o r  domestic and d r i l l i n g  water ,  and i t  eventua l ly  
became clogged with s i l t .  To accommodate winter  demands, r e s e r v o i r s  were 
c rea ted  i n  thaw l akes  t h a t  were deepened and f i l l e d  from the  r i v e r  during t h e  
summer. Wells were used t o  supply p i p e l i n e  cons t ruc t ion  camps a t  Livengood, 
D i e t r i c h ,  Old Man, Prospect ,  Galbra i th ,  and o t h e r  s i t e s  by l o c a t i n g  unfrozen 
zones i n  g rave l ,  commonly ad jacent  t o  streams. Ground-water sources,  where 
a v a i l a b l e ,  provide a year-round supply of water t h a t  e l imina te s  t he  need f o r  
s t o r i n g  and f o r  haul ing from a r i v e r .  

Spec ia l  cases  of ground-water flow a r e  descr ibed i n  t he  fol lowing sec- 
t i o n s  on i c i n g s  and pingos. 

I c ings  

I c i n g s  ( a u f e i s )  a r e  s h e e t s  of su r f ace  i c e  composed of a number of i c e  
l a y e r s  formed during success ive  overflows on broad, braided-r iver  f lood 
p l a i n s ,  narrow channels of small  s t reams,  o r  t h e  ground downstream from sea- 
sonal  or  perennia l  spr ings .  In  r i v e r s ,  i c i n g s  genera l ly  form when water i s  
forced  t o  d ischarge  a t  t h e  su r f ace  because f r eez ing  has blocked t h e  stream 
flow wi th in  the  channel o r  the thaw bulb beneath it. I c ings  a r e  fed  not  only 
by r i v e r  water and undeicflow but a l s o  by d ischarge  of ground water  s to red  i n  
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Figure 5. Location of pingos, i c i n g s ,  and spr ings  i n  no r theas t e rn  Alaska 
(based on Car te r  and Galloway, 1979, f i g .  14; Hamiltom and Obi, 1982, 
f i g .  1; Sloan and o t h e r s ,  1976, f i g s .  7 ,  8 ,  and 11; and Fe r r i ans ,  pers .  
commun. ) . 

unfrozen, unconsolidated depos i t s  of t r i b u t a r y  a l l u v i a l  fans  and by water d i s -  
charged from bedrock through s o l u t i o n  channels,  j o i n t s ,  and f a u l t s .  

I c ings  a r e  an important pa r t  of t he  annual cycle of stream flow, s t o r i n g  
water  i n  win ter  a t  t h e  expense of stream flow and r e l e a s i n g  i t  t o  augment 
stream flow during the  thaw season. Only a few prel iminary e s t ima te s  of t h e  
e f f e c t  of i c i n g s  on stream flow a r e  a v a i l a b l e  (Williams and van Everdingen, 
1973). This e f f e c t  is p a r t i c u l a r l y  important i n  eva lua t ing  f i s h  h a b i t a t  and 
i n  designing s t r u c t u r e s  along streams. 

Processes  of i c i n g  formation and measures t h a t  can be taken t o  e l imina te  
them o r  d i v e r t  them from s i t e s  where they cause problems have been discussed 
by Carey (1973). Pe r iod ic  s t u d i e s  of i c i n g s  have been made by the  USGS s i n c e  
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Figure 6. Echooka River i c ing ,  about 5 m th ick .  Layering i n  i c e  shows tha t  
numerous overflows b u i l t  the  i c ing  (Sloan and others ,  1976, f ig .  10). 

1969. Special  emphasis has been placed on i c ings  along the  p ipel ine  route  and 
i n  the  cen t ra l  and eas te rn  Brooks Range, where they a re  fed by numerous 
spr ings  i s su ing  from f a u l t s  bounding the  Lisburne Limestone or  from f r a c t u r e s  
and so lu t ion  c a v i t i e s  within t h a t  formation (Williams, 1970; Childers and 
o the r s ,  1973; W i l l i a m s  and van Everdingen, 1973; Sloan and o the r s ,  1976; 
Sloan, unpublished data) .  Hall (1980) and Hall and Roswell (1981), i n  a  com- 
parison of the  chemistry of ic ings  and r i v e r  water, indicated a poss ib le  bed- 
rock source f o r  water feeding ic ings  on the  Shaviovik, Canning, and o ther  
r i v e r s  of the  eas te rn  Arc t i c  Coastal Plain. 

Ic ings  along the  E l l i o t t  and Dalton Highways based on pre-pipeline obser- 
va t ions  (Sloan and o the r s ,  1976) a r e  shown on the  s t r i p  maps; the  loca t ions  of 
i c ings  i n  northeastern Alaska a re  shown i n  f igure  5. Larger i c ings  occur 
annually, but t h e i r  s i z e  and thickness may vary, depending on meteorological 
and hydrologic conditions. Most of the  i c ings  between Fox and the  Middle Fork 
Koyukuk River a r e  confined i n  small stream channels, except a t  Fish Creek, 
where i c ings  a r e  produced by numerous springs i ssuing from s c h i s t  bedrock. 
Slaughter (1982) reported annual va r i a t ions  of ic ings  on Caribou Creek, s i t u -  
ated nor theas t  of Fox i n  the  uplands. The Middle Fork Koyukuk River has 
i c ings  t h a t  a r e  genera l ly  l imi ted  t o  the  main channel and which probably form 
by cons t r i c t ion  of the channel flow and underflow by freezing.  On the  
Die t r i ch  and Atigun Rivers, broad ic ings  occupy the  e n t i r e  braided flood 
plain.  They seem t o  be supplied by water s tored i n  the unfrozen gravel  of 
t r i b u t a r y  a l l u v i a l  fans ,  by f reez ing of the  r i v e r  and i t s  bed, and possibly by 
discharge of water from bedrock. East of the  highway route,  along the nor th  
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f l ank  of t he  Brooks Range, t he re  a r e  more than 50 spring-fed i c i n g s ,  some of 
which grow t o  be more than 5 m t h i ck  ( f i g .  6) .  Several of t he  l a r g e r  i c i n g s  
( f o r  example, those  on t h e  Kongakut, Echooka, and Iv ishak  Rivers)  , m e l t  c o w  
p l e t e l y  some years ,  but p e r s i s t  throughout t h e  summer and winter  during o the r  
yea r s ,  a s  does t h e  i c i n g  loca t ed  on t h e  west s i d e  of Ga lb ra i th  Lake (Chi lders  
and o t h e r s ,  1977). 

Pingos 

Pingos a r e  s p e c i a l  hydrologic  f e a t u r e s  t h a t  form under p e r i g l a c i a l  con- 
d i t i o n s .  Leff ingwell  (1919) and Por s i ld  (1938) were among the  f i r s t  t o  no te  
pingos on the  A r c t i c  Coastal  P l a i n  i n  t h e  continuous permafrost zone. More 
r ecen t ly ,  nea r ly  300 pingos and pingol ike mounds have been loca ted  i n  c e n t r a l  
Alaska i n  t h e  discont inuous permafrost zone (Holmes and o the r s ,  1968), and 74 
have been reported i n  the  Brooks Range (Hamilton and Obi, 1982). More than  
1,000 pingos have now been catalogued on t h e  A r c t i c  Coastal  P l a i n  (o.J. 
Fe r r i ans ,  Jr., pers.  commun.; Galloway and Car te r ,  1978). The loca t ions  of 
i n d i v i d u a l  pingos o r  groups of pingos a r e  shown i n  f i g u r e  5. 

Pingos a r e  perennia l ,  conical-shaped ice-cored mounds t h a t  a r e ,  i n  ex- 
cep t iona l  cases ,  a s  much a s  65 m high and 1,000 m i n  diameter (Madcay, 1979). 
The l a r g e s t  pingos are on the  A r c t i c  Coastal  P l a i n ,  where they dominate t h e  
f l a t  t e r r a i n .  They can be seen along the  Dalton Highway west of Frankl in  
Bluffs .  Studies  of pingos i n  Alaska have been l a r g e l y  r e s t r i c t e d  t o  descr ip-  
t i o n  and c l a s s i f i c a t i o n  i n  open- and closed-system ca t egor i e s  (fol lowing 
Miiller, 1959). , L i t t l e  a t t e n t i o n  has been given t o  the  mechanics of t h e i r  
format ion. 

Bas i ca l ly ,  open-system pingos, c h a r a c t e r i s t i c  of i n t e r i o r  Alaska and many 
of t he  southern v a l l e y s  of the  Brooks Range, a r e  formed on lower s lopes.  
There a r t e s i a n  pressure  is l i k e l y  t o  be g r e a t e s t  and a r t e s i a n  flow may be 
blocked o r  l o c a l i z e d  (Holmes and o t h e r s ,  1968) , e i t h e r  i n  an  a l l u v i a l  aqu i f e r  
buried by fine-grained depos i t s  o r  i n  bedrock, a s  shown by the  alignment of 
pingos along rock f r a c t u r e s  and by t h e  inc lus ion  of bedrock fragments i n  
pingo sediments. Most pingos a r e  apparent ly  of Holocene age, f o r  the  youngest 
sediments t h a t  have been deformed a r e  no o lde r  than 7,000 y r  i n  t h e  i n t e r i o r  
(Holmes and o the r s ,  1968). Pingos pos tda te  t he  l a t e  Wisconsin, g l a c i a t i o n  i n  
t h e  Brooks Range (Hamilton and Obi, 1982). 

Closed-system pingos occur i n  regions of continuous permafrost and a r e  
formed by h y d r o s t a t i c  pressure  caused by f r eez ing  of water-saturated sediments 
wi th in  the  thaw bulb beneath r ecen t ly  dra ined  l akes  (Mackay, 1979). A l l  t h e  
pingos of t he  A r c t i c  Coastal  P l a i n  and those  repor ted  (Hamilton and Obi, 1982) 
from a nor thern  v a l l e y  of the  Brooks Range and from the  Noatak River Val ley 
a r e  of t h i s  category. Ha l l  and Roswell (1981),  however, be l ieved  t h a t  s e v e r a l  
pingos loca t ed  i n  an a rea  devoid of drained deep l akes  near the  Shaviovik 
River i c i n g  may be of t h e  open-system type,  suppl ied,  l i k e  t h e  i c i n g s ,  from an 
a r t e s i a n  system t h a t  pe r fo ra t e s  the  permafrost.  

Pingos i n  t h e  A r c t i c  Coastal  P l a i n  w e s t  of t h e  C o l v i l l e  River a r e  con- 
cent ra ted  i n  a r eas ,  l a r g e l y  of dune sand, where the  sand th ickness  exceeds 15 
m. Only 8 percent  of t h e  732 pingos have developed on t h i n  sand, alluvium, 
and upland s i l t ,  and none have been formed on marine s i l t  (Galloway and 
Car t e r ,  1978; Ca r t e r  and Galloway, 1979). Those pingos e a s t  of t h e  C o l v i l l e  
River and e a s t  of the  Canning River,  including the  a rea  of t he  Dalton Highway, 
have formed on the  Coastal  P l a i n ,  which is  commonly under la in  by 1 t o  5 m of 
poorly bedded t o  massive, pebbly, s i l t y  sand and sandy s i l t ,  which i n  t u r n  i s  
under la in  by more than 300 m of sandy g rave l  and g rave l ly  sand. 
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Figure 7. Regional geo logic  map of bedrock between the  Yukon River and 
Wiseman (compiled from publ ished sources  by W.P. ~ r o s g 6  and W.W. Pa t ton ,  
J r . ) .  
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GEOLOGY 

Bedrock Geology 

The bedrock geologic  maps ( f i g s .  7, 8 )  f u r n i s h  a genera l ized  overview of 
t he  types and ages of bedrock u n i t s  along most of the  rou te  (Brosgg and 
Pa t ton ,  1982). These maps may be supplemented by re ference  t o  a)  a s ta tewide  
map with a cross  s ec t ion  along the  p ipe l ine  cor r idor  (Bennison, 1974) and b) 
t h e  fol lowing nore  d e t a i l e d  maps of t h e  rou te  ( s e e  f i g u r e  15 f o r  t h e  l o c a t i o n s  
of the  1:250,000 quadrangle shee t s ) :  

e n t i r e  route  a t  1 : 1,000,000 
Fairbanks (1 :250,000) Quadrangle 
Livengood (1:250,000) Quadrangle 
Tanana (1:250,000) Quadrangle 
Beaver (1:250,000) Quadrangle 
B e t t l e s  (1:250,000) Quadrangle 
Wiseman (1:250,000) Quadrangle 
P h i l i p  Smith Mountains 

(1:250,000) Quadrangle 
Chandalar (1:250,000) Quadrangle 

(Beikman and Lathram, 1976) 
(~6we' and o t h e r s ,  1966) 
(Chapman and o the r s ,  1971) 
(Chapman and o t h e r s ,  1975, 1982) 
( ~ r o s g g  and Reiser ,  1973) 
(Pa t ton  and M i l l e r ,  1973) 
(Brosgg and Reiser ,  1971) 

( ~ r o s g g  and o t h e r s ,  1979) 
( ~ r o s g g  and Reiser ,  1964) 

Coverage of those po r t ions  of these  quadrangles along t h e  pipeline-high- 
way co r r ido r ,  inc luding  Quaternary depos i t s  as wel l  a s  bedrock, was prepared 
by the  USGS i n  1971 a s  b a s i c  information needed f o r  t h e  TAPS p i p e l i n e  p r o j e c t  
(Fe r r i ans ,  1971b; Kachadoorian, 1971a, b, c). These 1 : 125,000-scale maps a l s o  
cover t he  t r a n s p o r t a t i o n  co r r ido r  i n  t he  A r c t i c  Coastal  P l a i n  and F o o t h i l l s  
wi th in  the  Beechey Point  and Sagavanirktok Quadrangles (Fe r r i ans ,  1971a). The 
1 : 125,000 maps, reduced t o  1 :250,000 s c a l e ,  have been supplemented by mineral  
depos i t  information and republished by Mulligan (1974). 

DESCRIPTION OF MAP UNITS 
IN FIGURE 7 

Sedimentary rocks 
Qu Undifferentiated surficial deposits (Quaternary) 
Ts Sedimentary rocks (Miocene?)-tuff, siltstone, conglomerate 

and coal. Nonmarine. 
Ks Conglomerate and sandstone (Upper and Lower Creta- 

ceous)-clasts of quartz, quartzite, schist and igneous rocks. 
Nonmarine. 

Kc Igneous pebble conglomerate (Lower Cretaceous; Albian)- 
clasts of mafic volcanic rocks, chert and graywacke. 
Marine(?). 

Km Marine graywacke and mudstone (Lower Cretaceous; Al- 
bian)-clasts of volcanic rocks. 

Dg Unnamed graywacke and siltstone (Upper and Middle[?] 
Devonian)-dark gray phyllite and polymetamorphosed 
chloritic meta-siltstone. Thin beds of marble in upper part. 

Dc Unnamed chloritic and calcareous meta-sediments (Middle[?] 
Devonian)-brown and gray weathering partly calcareous 
slate and phyllite. Polymetamorphosed. 

Dp Phyllite and graywacke (Devonian[?] or younger)-dark gray 
phyllite and fine-grained lithic wacke. Slightly metamorph- 
osed. 

ca Undivided carbonate rocks (Devonian[?] or younger)- 
marble and calc-silicate hornfels. 

Igneous rocks 
QTv Volcanic rocks (Quaternary or Upper Tertiary)-flat-lying 

flows of olivine basalt. 
T f Felsic and intermediate volcanic rocks (Paleocene)-porphy- 

ritic flows, breccia, conglomerate and tuff. 
Kg Granitic rocks (Lower Cretaceous)-porphyritic quartz mon- 

zonite; granodiorite and monzonite. 
umf Ultramafic rocks (Jurassic?)-serpentinized peridotite and 

dunite. 
TrMv Volcanic rocks (Triassic, Permian, Pennsylvanian and Mis- 

sissippian)-pillow basalt, diabase and gabbro; chert and 
cherty mudstone. 

Metamorphic rocks 
Dv Volcanic rocks (Upper and Middle[?] Devonian)-mafic 

greenschist. 
qms Undivided quartz-mica schist (Precambrian[?], Devonian[?], 

and Mississippian[?])-quartz-mica schist, chlorite schist and 
minor quartzite. Lower greenschist to almandine-amphibolite 
facies; andalusite-cordierite hornfels near Cretaceous 
granites. 

csm Undivided calcareous schist and marble (Precarnbrian[?J to 
Devonian[?])-brown-weathering muscovite-quartz-calcite 
schist interbedded with schistose marble and quartz-mica 
schist. 
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Figure 8. Regional geologic map of bedrock between Wiseman and Toolik (corn- 
piled from published sources by W.P. ~rosg6 and W.W. Patton, Jr.). 



INTRODUCTION 

DESCRIPTION OF MAP UNITS 
IN FIGURE 8 

Sedimentary rocks rests on Lower Paleozoic rocks. Metamorphosed to slate and 

Qu Undifferentiated surficial deposits (Quaternary)-shown only 
in the largest valleys. Df! 

Kc Colville Group (Upper Cretaceous)-sandstone, shale and 
tuff. Mostly nonmarine. Exposed thickness about 60 m. 

Knt Nanushuk Group and Torok Formation (Upper and Lower 
Cretaceous; Cenomanian and A1bian)-Nanushuk Group: 
conglomerate, sandstone and shale; fluvial and shallow Dc 
marine; thickness at least 600 m. Underlying Torok Forma- 
tion: marine shale and siltstone; more than 130 m thick. 

Kf Fortress Mountain Formation (Lower Cretaceous; A1bian)- 
polymict conglomerate, wacke, siltstone and shale. Marine Da 
and nonmarine. Thickness 1300 m. 

KO Okpikruak Formation (Lower Cretaceous)-rhythmically 
bedded siltstone, graywacke and conglomerate. Marine. 
More than 600 m thick. 

Kk Kongakut Formation (Lower Cretaceous)-black shale and 
siltstone; floating chert pebbles in lower part. Marine. More 
than 300 m thick. 

KJs Kongakut Formation and Kingak Shale, undivided (Lower 
Cretaceous and Jurassic)-black shale and siltstone. Marine. 
As much as 700 m thick. 

TrC Shublik Formation, Otuk Formation, Sadlerochit Group, 
Lisburne Group and Kayak Shale undivided (Triassic, Permi- 
an, and Carboniferous)-Shublik Formation: black cal- 
careous phosphatic shale and siltstone and gray limestone; 
marine; 30 to 150 m thick. Otuk Formation: varicolored 
chert laterally equivalent to Shublik Formation. Sadlerochit 
Group: siltstone, shale, sandstone and limestone; marine in 
this area; about 500 m thick. Lisburne Group: gray cherty 
limestone and dolomite; marine; about 700 to 1000 m thick. 
Kayak Shale: black shale, limestone and sandstone; marine; 
about 300 m thick. 

M Lisburne Group, Kayak Shale and Kekiktuk Conglomerate 
undivided (Pennsylvanian and Mississippian)-Pennsylvanian 
part of Lisburne Group is thin to absent in this area. Kekik- 
tuk Conglomerate: quartzite and granule conglomerate about 
10 m thick present only in southernmost outcrops; rests un- 

phyllite in southern part of area. 
Unnamed graywacke and siltstone (Upper and Middle[?] De- 
vonian)-dark gray and gray-green slate and phyllite, meta- 
graywacke with mafic rock clasts, and chloritic meta- 
siltstone; thin fossiliferous Upper Devonian limestones in up- 
per part. Polymetamorphosed. 
Unnamed chloritic and calcareous metasediments (Middle[?] 
Devonian)-green, red, purple and dark gray slate and phyl- 
lite; brown and orange weathering calcareous slate, meta- 
sandstone and schist; gray marble. Polymetamorphosed. 
Unnamed volcanic conglomerate (Devonian[?])-sheared 
mafic pebble conglomerate and breccia grades into volcanic 
phyllite. 

DSs Skajit Limestone (Middle Devonian and Silurian)-gray, 
non-cherty marble, and gray and orange dolomite. As much 
as 600 m thick. 

Pzcs Unnamed calcareous meta-siltstone (Lower Paleozoic)-gray 
and gray-green partly calcareous slate and meta-siltstone, 
and gray thin-bedded micaceous limestone. Weathers brown 
and orange. 

OEv Unnamed volcanic and sedimentary rocks (Ordovician and 
Cambrian[?])-andesitic and basaltic pyroclastic rocks and 
volcanic conglomerate; black and green phyllite; sills and 
dikes of gabbro and diorite. 

Eb Unnamed black meta-siltstone (Cambrian)-black, pyritic 
meta-siltstone and phyllite; thin fossiliferous limestone local- 
ly in upper part. Includes many small unmapped mafic sills 
and dikes. 

Igneous rocks 
Dv Unnamed volcanic rocks (Upper and Middle[?] Devon- 

ian)-gabbro and diabase sills as much as 100 m thick; pil- 
low basalt flows 10-80 m thick. Metamorphosed to green- 
stone and greenschist. 

Pzg Granitic rocks (Devonian[?] and/or Ordovician[?])-gneissic 
granodiorite and quartz monzonite with conflicting Ordovi- 
cian, Devonian and Cretaceous' isotopic ages. 

conformably on Lower Paleozoic rocks. 
Dk Kanayut Conglomerate (Mississippian[?] and Upper Devon- Metamorphic rocks 

ian)-quartzite, sandstone, conglomerate and gray to red qms Undivided quartz-mica schist (Precambrian[?], Devonian[?] 
shale and siltstone. Fluvial; deposited by southwestward- and Mississippian[?])-gray to black, coarse to fine-grained 
flowing streams. About I000 m thick; absent where Kekiktuk quartz-muscovite-chlorite-albite schist, locally with biotite 
Conglomerate rests on Lower Paleozoic rocks. and garnet. Includes some mafic greenschist. Polymeta- 

Dh Noatak Sandstone, Hunt Fork Shale and Beaucoup Forma- morphosed. Ages are from Dillon, Hamilton, and Lueck 
tion undivided (Upper Devonian)-mostly drak gray shale (1981) and Nelson and Grybeck (1980). 
and siltstone; interbedded wacke in upper part; some reefal csm Undivided calcareous schist and marble (Precambrian[?] to 
limestone and conglomerate in lower part; minor sandstone Devonian[?])-brown weathering muscovite-quartz-calcite 
throughout. Marine. Upper part is prodeltaic and shoreline schist interbedded with schistose marble and quartz-mica 
deposits gradational into Kanayut Conglomerate. About schist. Polymetamorphosed. Altered to calc-silicate hornfels 
1500 to 2000 m thick; absent where Kekiktuk Conglomerate around granitic rocks (Pzg). 
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Glac i a l  Geology of t he  Brooks ~ a n ~ e ~  

The physiography of the Brooks Range has been s t rong ly  modified by re- 
peated g l a c i a l  advances during l a t e  T e r t i a r y  and Quaternary time. G lac i a t ion  
has a l s o  been respons ib le  f o r  many of the  s u r f i c i a l  depos i t s  wi th in  the  range 
and i n  t h e  f o o t h i l l s  beyond i t s  no r th  and south f lanks .  The Brooks Range 
g l a c i a l  sequence w a s  def ined i n i t i a l l y  by Detterman (1953) and subsequent ly 
modified by Detterman and o t h e r s  (1958),  Williams (1962) , P o r t e r  (1964, 1966),  
Hamilton and Por t e r  (1975), and Hamilton (1978c, 1979d, 1982). G lac i a l  
d e p o s i t s  a r e  d i v i s i b l e  i n t o  t h r e e  major groups, wi th  the  youngest group repre- 
s en t ing  at l e a s t  t h r e e  sepa ra t e  episodes of va l ley-g lac ie r  advances t h a t  were 
followed by cirque-glacier  expansion during t h e  l a s t  3,000 t o  4,000 y r  ( t a b l e  
2; f i g .  9).  

The o l d e s t  per iod of g l a c i a t i o n  i s  represented  by the  informally named 
'Gunsight Mountain' e r r a t i c s .  Large (1 t o  2 m) boulders of h ighly  r e s i s t a n t  
Kanayut Conglomerate were deposi ted during one o r  more g l a c i a l  advances of 
presumably l a t e  Te r t i a ry  age t h a t  extended no r th  from the  Brooks Range i n t o  
t h e  A r c t i c  F o o t h i l l s  (Hamilton and Hopkins, 1982). These e r r a t i c s  l a t e r  a c  
cumulated a s  l a g  depos i t s  i n  alluvium during a long i n t e r v a l  of stream e ros ion  
and pedimentation when drainage courses beyond t h e  no r th  f lank  of t he  range 
flowed 50 t o  100 m above t h e i r  modern l e v e l s .  Gunsight Mountain e r r a t i c s  and 
c o r r e l a t i v e  depos i t s  a r e  r e s t r i c t e d  t o  piedmont zones and t o  u p l i f t e d  p l a t eaus  
along mountain f ron t s ;  they cannot be t raced  t o  e x i s t i n g  mountain va l l eys .  

Table 2. Cent ra l  Brooks Range g l a c i a l  sequence with suggested age 
assignments (Hamilton, 1982; Hamilton and Hopkins, 1982). 

Fan Mountain LATE HOLOCENE ................................................... 
I t k i l l i k  I1 (Walker Lake) LATE WISCONSIN ........................................ 
I t k i l l i k  I EARLY WISCONSIN(?) 
XXxxXXxxxxXXXXXXXXxxXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxx 

Sagavanirktok River MIDDLE PLEISTOCENF, 
X X X X X X X X X X X X X X x X X X X X X X X x X X X X X X x ~ ~ X X X X X X X X X X X X  
Anak t uvuk River EARLY PLEISTOCENE 
X X X ~ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ~ X X X  
Gunsight Mountain e r r a t i c s  LATE TERTIARY 
pp - - 

--- Minor nonglac ia l  e ros ion  i n t e r v a l  

xxxx More s i g n i f i c a n t  e ros ion  i n t e r v a l  co r r e l a t ed  with 
Pelukian marine t r ansg res s ion  
of Hopkins (1973) 

XXXX Major e ros ion  i n t e r v a l  

Prepared by T.D. Hamilton. 
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GLACIAL Ll M ITS 
/ ItkilliklI(Walker Lakeldr i f t  
f l  Itkillik I drift - Sagavanirktok drift 

Figure  9. G l a c i a l  geology along t h e  Dalton Highway. 
The index maps (shaded r ec t ang le s )  show t h e  loca- 
t i o n s  of f i g u r e s  71, 86, 125, and 129, which con- 
t a i n  d e t a i l s  of t h e  g l a c i a l  geology a t  1:250,000 
s c a l e  (Hamilton, 1978a,b, 1979c, 1982). 
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During a much younger g l a c i a l  phase, t he  Anaktuvuk River G lac i a t ion  
(Detterman and o the r s ,  1958), i c e  streams occupied the major mountain v a l l e y s  
of t he  present  Brooks Range, but t y p i c a l l y  flowed ac ros s  va l l ey  f l o o r s  t h a t  
were 100 m o r  more above the l e v e l  of modern v a l l e y  f l o o r s .  Extensive 
moraines beyond the  mountains a r e  f a i r l y  continuous but subdued, with s lope 
angles  genera l ly  only lo t o  2O, drainage networks maturely developed, and com- 
p l ex  thaw-lake bas ins  demonstrating repeated cyc les  of l ake  formation. 
E r r a t i c s  gene ra l ly  a r e  sparse  and, d e s p i t e  t h e i r  l a r g e  (1.5 t o  2 m) s i z e ,  
t y p i c a l l y  a r e  buried near ly  f l u s h  wi th  the  ground surface.  Piedmont d r i f t  
shee t s  have been d i s sec t ed  by streams t h a t  flowed 40 t o  65 m above t h e i r  
modern l e v e l s  and eroded v a l l e y s  as wide a s  10 km. Concentr ic  s e r i e s  of 
a rcua te  drainage courses s epa ra t e  subdued morainal r idges  t h a t  could r ep re sen t  
e i t h e r  s e v e r a l  i nd iv idua l  g l a c i a l  advances o r  recess ion  of a s i n g l e  i c e  
tongue. D r i f t  of Anaktuvuk River age commonly overlaps e ros ion  su r f aces  of 
post-Gunsight Mountain age. Deglac ia t ion  was followed by a long i n t e r v a l  of 
va l l ey  enlargement and pedimentation by f l u v i a l  and mass-wastage processes .  

The youngest complex of d r i f t  s h e e t s  occurs  on o r  c lo se  t o  modern v a l l e y  
f l o o r s  and extends i n t o  va l l ey  cen te r s ,  where i t  genera l ly  is wi th in  40 m of 
modern stream l eve l s .  D r i f t s  of younger and o lde r  g l a c i a l  advances wi th in  
t h i s  complex d i f f e r  markedly from each o the r  i n  weathering, s o i l  development, 
and sharpness  of su r f ace  morphology. The o l d e s t  d r i f t  shee t ,  assigned t o  t h e  
Sagavanirktok River Glac ia t ion  ( ~ e t t e r m a n  and o the r s ,  1958), i s  r e l a t i v e l y  
s t rong ly  weathered, subdued by mass wastage, and d i s sec t ed  by streams. Slope 
angles  r a r e l y  exceed 4O, except where sur faces  have been steepened by post- 
g l a c i a l  downcutting. A much younger appearing d r i f t ,  ass igned t o  t h e  I t k i l l i k  
G lac i a t ion  of Detterman and o t h e r s  (1958),  w a s  formerly assumed t o  be e n t i r e l y  
of late-Wisconsin age ( p o r t e r ,  1964; Hamilton and Por t e r ,  1975). Recent 
radiocarbon da t ing  and s t r a t i g r a p h i c  s t u d i e s ,  however, demonstrate t h a t  
i n i t i a l  g l a c i a l  advances of I t k i l l i k  age took p lace  p r i o r  t o  50,000 y r  B.P. 
(Hamilton, 1979d, 1982). Deposits formed during these  advances a r e  morpho- 
l o g i c a l l y  s i m i l a r  t o  and continuous wi th  d r i f t  shee t s  t h a t  d a t e  from l a t e -  
Wisconsin time, and they may s t i l l  be i c e  cored i n  places.  For t hese  reasons ,  
t h e  outermost I t k i l l i k  d e p o s i t s  a r e  bel ieved t o  pos tda te  t he  l a s t  major 
P l e i s tocene  i n t e r g l a c i a t i o n  and t o  be of early-Wisconsin age (Hamilton and 
Hopkins, 1982). Younger depos i t s  of I t k i l l i k  age, dated a t  between about 
25,000 and 10,000 yr  B.P. i n  the  south-central  Brooks Range ( f i g .  l o ) ,  a r e  
morphologically f r e s h  and a r e  s t i l l  i c e  cored i n  some va l leys .  These d r i f t  
s h e e t s ,  equiva len t  i n  age t o  t he  late-Wisconsin substage of t he  s tandard North 
American g l a c i a l  succession,  have r e c e n t l y  been assigned t o  t he  Walker Lake 
advance i n  the  southern Brooks Range (Hamilton, 1982). The o lde r  term 
' I t k i l l i k  11' i s  s t i l l  used i n  v a l l e y  systems no r th  of t h e  Cont inenta l  Divide. 

During the  ear ly-  and late-Wisconsin episodes of g l a c i a t i o n ,  i c e  bodies 
o r i g i n a t e d  mainly wi th in  a b e l t  of c i rques ,  about 30 km wide, t h a t  was 
centered somewhat nor th  of the Continental  Divide. Ice  flowed northward along 
r e l a t i v e l y  s h o r t  and s t e e p  g l a c i a l  troughs with cirque-headed t r i b u t a r i e s .  
Massive end-moraine b e l t s  dominate the  s u r f i c i a l  geology nor th  of the range,  
and bas ins  t h a t  formed behind end moraines a s  t h e  g l a c i e r s  r e t r e a t e d  tended t o  
f i l l  r a p i d l y  with sandy sediment. G lac i a l  v a l l e y s  south of the  Divide 
t y p i c a l l y  are longer  and have g e n t l e r  g rad ien t s .  The absence of g l a c i a t i o n  i n  
many of t h e i r  t r i b u t a r i e s  during the  i c e  advances of I t k i l l i k  age l ed  t o  com- 
p l ex  flow p a t t e r n s  i n  which main-valley g l a c i e r s  extended varying d i s t ances  up 
those t r i b u t a r y  va l l eys .  Long (up t o  50 km) depos i t i ona l  bas ins  with complex 
geometr ies  formed during g l a c i e r  r e t r e a t ,  and f i l l e d  slowly wi th  clayey and 
s i l t y  sediments. Glac ie r  tongues t h a t  extended beyond the  south  f lank  of t h e  
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Figure  10. Time-distance diagram showing 
g l a c i a l  and p rog lac i a l  depos i t s  of 
south-cent ra l  Brooks Range. Radio- 
carbon da t e s  (b lack  do t s )  i n  thousands 
of years  B.P. (modified from Hamilton, 
1982, f i g .  13). 

range remained confined wi th in  the  east-west-trending Chandalar and Koyukuk 
troughs. Deep eros ion  along p a r t s  of these  r i v e r  systems has exposed s e c t i o n s  
of Quaternary depos i t s  a s  th ick  as 40 t o  90 m t h a t  commonly conta in  success ive  
l a y e r s  of till separated by alluvium and l a c u s t r i n e  sediments beneath p e a t ,  
l o e s s ,  and thaw-lake depos i t s .  

The youngest g l a c i e r  expansions, of l a t e r  Holocene (Neoglacial)  age, a r e  
confined t o  c i rques  above about 1,500 m e leva t ion .  These advances have 
created complex assemblages of c irque moraines (Calkin and E l l i s ,  1981a) and 
caused widespread a l l u v i a t i o n  of cirque-headed mountain v a l l e y s  (Hamilton and 
o t h e r s ,  1982). 



North~aspect  l ~ l ~ i n e  tundro 1 Uplond forests 
forests 

Wickershom Dome 

GUIDEBOOK 4 

forests 

(poorly drained) , ~~~~f birch - - Top of permafrost 

$$ ,,,,,, d Alder. willow 

(wel l  d ro ined )  @ Aspen, poplor 

Figure  11. Idea l i zed  c ros s  s e c t i o n  of topography, vege ta t ion ,  permafrost ,  and 
a c t i v e  l a y e r  from Fairbanks t o  Wickersham Dome (modified from Van Cleve 
and o t h e r s ,  1979, f i g .  1 ) .  

The two major u n i t s  of vege ta t ion  encountered along t h e  rou te  a r e  tundra 
and t a i g a  (borea l  f o r e s t ) .  From the  beginning of t he  rou te  a t  Fox t o  t r e e l i n e  
i n  t h e  upper D i e t r i c h  River v a l l e y ,  t h e  rou te  runs pr imar i ly  through f o r e s t e d  
a reas  i n t e r r u p t e d  occas iona l ly  by t r e e l e s s  bogs i n  the lowlands and a l p i n e  
tundra  on some of the  higher  r idges.  

The d i s t r i b u t i o n  of vege ta t ion  i n  the  Yukon-Tanana Upland between Fair-  
banks and Wickersham Dome ( f i g .  11) can serve  a s  a rough guide f o r  d i sce rn ing  
the  r e l a t i o n  between vegeta t ion  and permafrost between the  Yukon River and t h e  
Brooks Range, although permafrost and t h e  d i s t r i b u t i o n  of black spruce on 
south-facing s lopes  become much more widespread no r th  of the Yukon River. 
Along a c t i v e l y  meandering r i v e r s ,  po in t  ba r s  usua l ly  show a success iona l  
sequence on f r e s h l y  formed alluvium, wi th  product ive willow, balsam poplar  and 
white  spruce s tands  i n  a narrow, gene ra l ly  permafrost-free band along the  
r i v e r s .  On o lde r  t e r r a c e s  back from the  r i v e r  and on the  ou t s ide  of 
meandering r i v e r s ,  black spruce and bogs unde r l a in  by a h igh  permafrost t a b l e  
a r e  dominant ( f i g .  11). 

On south-facing s lopes  under la in  by th i ck  l o e s s ,  highly product ive aspen, 
b i r c h ,  and white spruce a re  abundant t o  e l eva t ions  of about 400 m. On north- 
f ac ing  s lopes ,  i n  a r eas  of t h i n  l o e s s ,  and i n  a r e a s  above 400 m, black spruce 
i n  a l l  s t ages  of p o s t f i r e  recovery i s  the  dominant f o r e s t  cover. A t  t r e e l i n e ,  
about 750 m, mixed black and white spruce s tands  a r e  open and a r e  dominated by 
near ly  continuous shrub l a y e r s  of shrub b i r c h  and a lde r .  

For genera l  mapping and d e s c r i p t i v e  purposes,  t he  f o r e s t  types can be 
subdivided i n t o  bottomland spruce-poplar f o r e s t s ,  upland spruce-hardwood 
f o r e s t s ,  and lowland spruce-hardwood f o r e s t s .  The tundra i s  d iv ided  i n t o  w e t  
tundra,  moist  tundra ,  and a lp ine  tundra and barren ground. Low and high shrub 
communities a r e  a l s o  recognized ( f i g .  12; Selkregg, 1975a, b) .  

Prepared by L.A. Viereck. 
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Upland Spruce - Hordwood Forest 
Lowland Spruce-Hardwood Forest 
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Alpine Tundro and Barren Ground 
Sand and Gravel Bors 

Figu re  12. Major vege t a t i on  types  along t h e  r o u t e  (modified from Selkregg, 
1975a, f i g .  114, and 1975b, f i g .  164). 
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Bottomland Spruce-Poplar Fo re s t  

Bottomland spruce-poplar f o r e s t  i s  a t a l l ,  r e l a t i v e l y  dense f o r e s t  along 
a c t i v e l y  meandering r i v e r s  and streams. It i s  composed pr imar i ly  of white  
spruce  (P icea  glauca)  and balsam poplar  (Populus ba lsamifera) .  T a l l  willows 
( S a l i x  a l a x e n s i s  , S. i n t e r i o r ,  S. a rbus  cu lo ides ,  and o the r s )  and a l d e r  (Alnus - - 
t e n u i f o l i a )  a r e  e a r l y  invaders on t h e  f r e s h l y  formed alluvium but a r e  qu ick ly  
rep laced  by r a p i d l y  growing balsam poplar  s t ands ,  inc lud ing  h o r s e t a i l  
( ~ q u i s e t u m  ~ r a t e n s e ) ,  bent  reed g r a s s  (Calamagrost is  canadens is ) ,  wintergreen 
(Pyro la  spp.) ,  and s c a t t e r e d  shrubs of a l d e r  (Alnus spp.),  p r i ck ly  rose  (Rosa 
a c i c u l a r i s  ) , and high bushcranberry (viburnum edule  ) . Balsam poplar  s tands  
a r e  g radua l ly  replaced by r a p i d l y  growing white  spruce. Because of the  dense 
shading of t h e  spruce,  t h e  f o r e s t  f l o o r  develops a t h i ck  mat of feathermosses 
(~ylocomium splendens and Pleurozium s c h r e b e r i ) .  Rose and h igh  bushcranberry 
p e r s i s t  and a low shrub and herbaceous l a y e r  of l ingenber ry  (Vaccinium v i t i s -  
i d a e a ) ,  twinflower (Linnaea b o r e a l i s ) ,  and h o r s e t a i l  (Equisetum sylvaticum) i s  
common i n  white  spruce s tands.  This  f o r e s t  occurs  on f lood  p l a i n s ,  low r i v e r  
t e r r a c e s ,  and rnore deeply thawed, south-facing s lopes  of major r i v e r  v a l l e y s  
i n  t h e  i n t e r i o r .  It i s  found ex t ens ive ly  along t h e  Yukon and Koyukuk r i v e r s  
and is l e s s  ex tens ive  along t h e i r  major t r i b u t a r i e s .  

Upland Spruce-Hardwood Fo rest 

Upland spruce-hardwood f o r e s t  is  t h e  most ex tens ive  f o r e s t  along the  
rou te .  It is  composed of white spruce wi th  s c a t t e r e d  paper b i r ch  (Be tu l a  
p a p y r i f e r a ) ,  and aspen (Populus t remuloides)  on moderate south-facing s lopes .  
3lack spruce (P icea  mariana) ,  o f t e n  wi th  s c a t t e r e d  paper b i r c h ,  grows on 
no r the rn  exposures and i n  poorly dra ined  f l a t  a reas .  The understory c o n s i s t s  
of mosses and low shrubs---prickly ro se ,  cu r r an t s  (Ribes spp.), Labrador t e a  
(Ledum groenlandicum), and b luebe r r i e s  (Vaccinium u1iginosum)---on cool ,  moist  
s lopes ;  g r a s se s  on dry s lopes ;  and willows, a l d e r s ,  and r e s i n  b i r c h  (Betu la  
g landulosa)  i n  t h e  high,  open f o r e s t s  near  t r e e l i n e .  White spruce trees a s  
t a l l  a s  25 rn occur i n  mixed s tands  near streams. Paper b i r c h  and aspen 
s t a n d s ,  one e a r l y  s t a g e  of succession fol lowing f i r e ,  are usua l ly  even-aged 
and more uniform i n  s i z e  than spruce s tands .  Paper b i r c h  and aspen s t ands  
predominate on w e l l -  t o  exces s ive ly  dra ined  south-facing s lopes .  

Black spruce s tands  a r e  by f a r  t he  predominant vege t a t i on  type i n  t h e  up- 
l and  spruce-hardwood f o r e s t ,  e s p e c i a l l y  a long t h e  rou t e  between Fairbanks and 
the  Yukon River.  They range from dense, closed s tands  t o  open and woodland 
types.  Labrador t e a ,  b lueber ry ,  r e s i n  b i r c h ,  and diamondleaf willow ( S a l i x  
p l a n i f o l i a  ssp.  pu lchra)  a r e  t h e  most common shrubs.  The f o r e s t  f l o o r  i s  
dominated by featherlnosses and l i c h e n s  (Cladonia spp. and P e l t i g e r a  spp.).  In 
co lder ,  we t t e r  s i t e s ,  Sphagnum moss and co t tongrass  tussocks (Eriophorum 
vaginatum) a r e  cornmon i n  open, slow-growing spruce  s tands .  

Lowland Spruce-Hardwood Fores t  

Lowland spruce-hardwood f o r e s  t is  cha rac t e r i zed  by ex t ens ive  pure s tands  
of black spruce o r  by mixed s tands  of bladc spruce,  paper b i r ch ,  balsam 
poplar ,  and aspen. Tamarack o r  l a r c h  (Larix l a r i c i n a )  occurs  i n  t h i s  type 
only a s  f a r  nor th  a s  Livengood. Diamondleaf willow, Labrador t e a ,  shrub 
b i r c h ,  b lueber ry ,  sedge, and bog moss compose t h e  understory.  T ree l e s s  bogs 
occur i n  depress ions  throughout t h i s  f o r e s t  type. Large a r ea s  burned s i n c e  
1900 a r e  covered by willow scrub and by dense s tands  of small  b l a k  spruce. 
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This type of f o r e s t  grows on lowland s i t e s  on pea t ,  g l a c i a l  depos i t s ,  outwash 
p l a i n s ,  and a l l u v i a l  v a l l e y  bottoms. 

High Shrub 

The high shrub community c o n s i s t s  of dense t h i c k e t s  of s eve ra l  spec i e s  of 
willow and a l d e r  with a number of low shrubs,  herbs,  and grasses .  High shrub 
c o n s i s t s  of a l d e r  and willow on t h e  f lood p l a i n s  of many l a r g e  r i v e r s  i n  t h e  
Arc t ic ,  p a r t i c u l a r l y  i n  the  mountains and f o o t h i l l s ,  where the  a c t i v e  l a y e r  i s  
deeper than i n  the  surrounding uplands. Other spec ies  a r e  t he  low shrub 

- - 

buff a lober ry  (Shepherdia canadensis) and bentgrass .  Thickets  of r e s i n  b i r c h ,  
a l d e r .  and wil low---es~ecial lv  Richardson's willow ( ~ a l i x  l a n a t a  SSD. r ichard-  
sonii)---are a l s o  found near t r e e l i n e .  and r e m e s e n t  a t r a n s i t i o n  between UD- 

land spruce-hardwood f o r e s t s  and a lp ine  tundra. These t h i c k e t s  are o f t e n  
in t e r spe r sed  with l i chens ,  low shrubs,  and patches of a lp ine  tundra. Crow- 
ber ry  (Empetrum nigrum), Labrador t e a ,  Spi raea  (Spi raea  beauverdiana),  blue- 
b e r r i e s ,  and reed g ra s s  occur i n  the  understory.  

Low Shrub Bogs 

Low shrub bogs occur where condi t ions  a r e  too  wet f o r  t r e e  growth---pri- 
mari ly  i n  unglac ia ted  a r e a s ,  on old r i v e r  t e r r a c e s  and outwash p l a ins ,  i n  
p a r t l y  f i l l e d  ponds and abandoned stream channels ,  and occas iona l ly  on g e n t l e ,  
north-facing s lopes .  Some areas  conta in  a nea r ly  continuous s tand of low 
shrubs;  o t h e r s  a r e  charac te r ized  by a near ly  uniform cover of sedges and 
moss. Bog su r f aces  t h a t  have e l eva t ed ,  meandering r idges  a r e  c a l l e d  
strangmoors. Bog vegeta t ion  c o n s i s t s  of varying amounts of sedges,  Sphagnum 
and o ther  mosses, bog cranberry (Vaccinium oxycoccus), bog rosetnary (Andromeda 
p o l i f o l i a ) ,  r e s i n  b i r ch ,  Labrador t e a ,  willows, and b lueber r ies .  Some low- 
ly ing  sa tu ra t ed  s o i l s  support co t tongrass  tussocks,  and these  a reas  a r e  sur- 
rounded by zones of t a l l  willow and a lder .  Widely spaced s tunted  spruce may 
occur on higher  ground. 

Moist Tundra 

North of the Brooks Range, moist tundra v a r i e s  from s tands  of nea r ly  con- 
t inuous  and uniform cot tongrass  tussocks ,  which a r e  l o c a l l y  i n t e r spe r sed  with 
a spa r se  growth of sedges and dwarf shrubs,  t o  s tands  with dwarf shrubs 
dominant. Mosses and l i chens  grow between t h e  tussocks.  F ros t  a c t i o n  c r e a t e s  
small  f r o s t  b o i l s .  Other p l an t s  i n  the  co t tongrass  meadows include dwarf 
b i r c h ,  willows, Labrador t e a ,  b i s t o r t  (~olygonum b i s t o r t a ) ,  blueberry,  and 
cloudberry (Rubus chamaemorus). Moist tundra i s  the  dominant p l an t  community 
i n  t he  Arc t i c  F o o t h i l l s ,  where it is  broken l o c a l l y  by r i v e r  drainages along 
which high-shrub communities grow. Cottongrass tussocks 15 t o  25 cm high 
cover l a r g e  a reas  of gent ly  i r r e g u l a r  t e r r a i n  on moderately drained s i l t  o r  
peat  accumulations modified by f r o s t  ac t ion .  

Wet Tundra 

Wet tundra c o n s i s t s  of an almost continuous cover of g ra s ses  and sedges 
(Carex spp. and Eriophorum angus t i fo l ium)  rooted i n  mosses and l ichens .  On 
s l i g h t l y  r a i s ed  r idges ,  dwarf shrubs may be found; i n  s tanding water,  rooted 
a q u a t i c  p l a n t s  such a s  mare's t a i l  (Hippuris -- vu lga r i s )  grow. Sedges a r e  
comraon. Differences i n  vege ta t ion  composition a r e  r e l a t e d  t o  the  microre l ie f  
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formed by growth of ice-wedge polygons. Many moss spec i e s  grow i n  t h e  
understory,  but few l i chens  occur i n  t h i s  wet h a b i t a t .  P l a n t s  of secondary 
importance inc lude  co t tongrass  tussock,  louseworts ( P e d i c u l a r i s  spp.) ,  and 
but te rcups  ( ~ a n u n c u l u s  spp.) i n  the  wet te r  s i t e s ,  and four-angled Cassiope 
(Cassiope te t ragona)  and purp le  s ax i f r age  (Saxi f raga  o p p o s i t i f o l i a )  i n  r a i s e d ,  
d r i e r  h a b i t a t s  a s  on r idges  t h a t  form the  margins of the  ice-wedge polygons. 
Wet tundra i s  common i n  t h e  c o a s t a l  area.  

Alpine Tundra 

Alpine tundra communities occur i n  mountainous a reas  and on well-drained, 
rocky r idges  wi th in  both the  tundra and t a iga .  Vegetation i s  usua l ly  spa r se  
and low. Dryas and l i chens  gene ra l ly  dominate, but low-growing herbs,  
g ra s ses ,  and sedges a l s o  occur. Dwarf b i r ch ,  r e s i n  b i r c h ,  cranberry,  a l p i n e  
a z a l e a  ( ~ o i s e l e u r i a  procumbens), four-angled Cassiope, small  Labrador t e a ,  
moss campion ( ~ i l e n e  a c a u l i s ) ,  and oxytropes ( h y t r o p i s  spp.) a r e  common. 
Cushion p l an t s  such a s  moss campion and purple  s ax i f r age  occur i n  dry t a l u s  
communities on well-drained r idges  and s c r e e  s lopes ,  where s o i l s  a r e  t h i n  and 
coarse tex tured .  Alpine tundra i s  most common a t  e l eva t ions  between 600 and 
1,250 m. Above t h i s  e l eva t ion  most of t h e  mountains a r e  bare  of vege ta t ion  
except f o r  rock l i chens ,  but a few f lowering p l a n t s  grow a t  e l eva t ions  ap- 
proaching 1,800 m. 

The Brooks Range a c t s  a s  a b a r r i e r  t o  t he  nor thern  advance of coniferous 
t r e e s .  Hare (1950) and P a t r i c  and Black (1968) suggested t h a t  t h e  growth of 
nor thern  f o r e s t  i n  Alaska i s  determined by temperature because p r e c i p i t a t i o n  
o r  s u b s t r a t e  moisture i s  adequate. The J u l y  temperature equivalency of 
l a t i t u d i n a l  t r e e l i n e  along the  route  is  est imated t o  be 12OC (Haugen and 
Brown, 1980). On t h e  b a s i s  of t h i s  r e l a t i o n s h i p ,  a i r  temperature during t h e  
growing season i s  presumably high enough t o  support the growth of white spruce 
i n  some a reas  no r th  of t h e  Brooks Range, such a s  i n  t h e  v i c i n i t y  of Umiat and 
Happy Valley. Therefore,  i n  the  absence of t he  Brooks Range a r c t i c  t r e e l i n e  
would be f a r t h e r  no r th  than it i s  (Viereck,  1979; Viereck and Van Cleve, 
1983). 

Disturbance P a t t e r n s  

The upland vegeta t ion  between Fox and Livengood i s  charac te r ized  by man- 
and fire-caused pa t t e rns .  Old mining roads,  d i t c h e s ,  and r a i l r o a d  grades can 
be c l e a r l y  discerned from l i n e s  of a l d e r ,  willow, and b i r c h  t h a t  cut through 
black spruce f o r e s t s .  Abandoned f i e l d s ,  r e s u l t i n g  f rm e a r l y  a t tempts  t o  
c l e a r  land f o r  a g r i c u l t u r e  o r  t o  f u l f i l l  homestead t i t l e  requirements,  a r e  
obvious i n  s e v e r a l  l o c a t i o n s  along the  road. Most of t hese  f i e l d s  now support 
dense s tands  of willows o r  young b i r c h  and aspen. 

Old mine t a i l i n g s ,  most of which d a t e  from t h e  1930's t o  t h e  19501s,  can 
be seen i n  a l l  s t ages  of revegeta t ion  i n  the  Fox and Livengood area .  The 
coarse,  r idged t a i l i n g  p i l e s  a r e  slow t o  be revegetated but  a r e  eventua l ly  
invaded by shrubs and t r e e s ,  e s p e c i a l l y  willows and b i rch .  Low a reas  between 
t h e  t a i l i n g  r idges  a r e  revegetated more quick ly ,  o f t e n  t o  dense s tands  of 
willow and a lde r .  Several  au thors  have repor ted  t h a t  permafrost has begun t o  
r e t u r n  i n  t he  t a i l i n g  depos i t s  i n  t h e  Fairbanks-Fox a r e a  (Theis ,  1944; Kreig 
and Reger, 1982). 

The most conspicuous vege ta t ion  p a t t e r n s  along t h e  rou te  a r e  those  caused 
by w i l d f i r e s .  I n  the pas t ,  w i l d f i r e s  have burned more than 400,000 ha/yr  i n  
i n t e r i o r  Alaska. Fire-suppression e f f o r t s  have reduced t h i s  t o t a l  i n  t h e  p a s t  
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decade t o  about 240,000 ha lyr .  Most of t h e  f i r e s  i n  i n t e r i o r  Alaska a r e  
caused by l i g h t n i n g  during the  ho t ,  dry summer. However, between Fox and 
Livengood many of t he  f i r e s  da t e  from t h e  e a r l y  1900's and were probably 
caused by e a r l y  gold miners. Many of t he  s lopes  ad jacent  t o  t h e  e a r l y  mining 
towns were a l s o  logged f o r  firewood, cabin logs ,  and mine supports ,  and t h i s  
a c t i v i t y  has a f f ec t ed  the  genera l  vege ta t ion  pa t t e rn .  

I n  t h e  i n t e r i o r ,  uplands with only modest topographic r e l i e f  support 
t a i g a  i n  i t s  var ious  forms. Forested s i t e s  y i e ld  24 t o  50 p lan t  taxa.  The 
ex tens ive  tussock tundra of t he  A r c t i c  F o o t h i l l s  has a range of 13 t o  60 taxa  
per s i t e .  There the  primary taxa a r e  h ighly  p red ic t ab le ,  the f l o r i s t i c  d i f -  
f e r ences  between s i t e s  being due l a r g e l y  t o  forbs  t h a t  occur i n  small  amounts 
and consequently do not  s i g n i f y  d i f f e r ences  i n  s t r u c t u r e .  

I n  t he  mountains, where t h e r e  is  a l a r g e  a l t i t u d i n a l  range and a v a r i e t y  
of h a b i t a t s ,  f l o r i s t i c  d i v e r s i t y  is  greater---about 250 taxa---yet two ad- 
j acen t  mountains may share  only 60 percent  of t he  f l o r a .  This d i f f e r e n c e  i n  
f l o r a s  probably r e f l e c t s  d i f f e r e n t  rock types a t  these  s i t e s ,  one being pre- 
dominantly conglomerate, t he  o the r  being predominantly l imestone. Comparable 
d i f f e r e n c e s  i n  f l o r a  e x i s t  on the A r c t i c  Coastal  P l a i n ,  where one s u b s t r a t e  i s  
h ighly  calcareous (Prudhoe) and t h e  o the r  i s  l a r g e l y  a c i d i c  (Barrow). 

The rou te  is  an outs tanding l a t i t u d i n a l  t r a n s e c t ,  along which can be 
t r a c e d  t h e  success ive  disappearance of t he  conspicuous t r e e s  and shrubs. 
These nor thern  l i m i t s  a r e  v a l i d  only f o r  t h i s  p a r t i c u l a r  route ,  but it i s  
doubt fu l  i f  t h e  r e l a t i v e  p o s i t i o n  f o r  s p e c i f i c  t axa  w i l l  vary g r e a t l y .  The 
l o c a t i o n  of t hese  l i m i t s  i s  presented i n  the  road log.  

Severa l  t axa  have been found t h a t  s i g n i f i c a n t l y  extend t h e i r  previously 
known ranges. Species common i n  the  t a i g a  south  of the  Brooks Range t h a t  have 
s i n c e  been found i n  the  A r c t i c  on dry b l u f f s  and t e r r a c e s  formed by the  
Sanavanirktok River inc lude  the  two-color sedge (Carex aurea) and low nor the rn  
sedge (5 concinna) , nor thern  bedstraw (Galium borea le) ,  and twinf l o v e r  
(Linnaea b o r e a l i s ) .  Several a lp ine  spec ies  a r e  found d i s j u n c t  from previous ly  
known popula t ions ,  and these  he lp  r e f i n e  d i s t r i b u t i o n  maps f o r  matted sandwort 
(Arenaria  chamissonis),  the sedge Carex a lbonigra ,  rockcress  ( ~ r a b a  -- cana and 
D. macounii) ,  f leabane  (Erigeron g r a n d i f l o r u s ) ,  koenig ia  (Koenigia i s l a n d i c a ) ,  - 
spr ing  beauty (Montia bos tock i i ) ,  scamman oxytrope (Oxytropis scammaniana), 
chickweed ( S t e l l a r i a  umbel la ta ) ,  and pennycress ( ~ h a l a s p i  arct icum).  

S i g n i f i c a n t  f l o r i s t i c  records of bryophytes and l i chens  a r e  found n o r t h  
of t h e  Yukon River and inc lude  t axa  new t o  sc ience ,  t axa  new t o  North America 
o r  t o  Alaska, o r  add i t i ona l  c o l l e c t i o n s  of very r a r e  p l a n t s  i n  Alaska. 
D e t a i l s  a s  t o  these  records  can be found a t  t h e  Herbarium of t h e  Univers i ty  of 
Alaska Museum a t  Fairbanks; many of the  bryophyte records have been c i t e d  by 
S tee re  (1978) and Steere  and Inoue (1978). Several  of t he  most i n t e r e s t i n g  
cryptogams a r e  p a r t  of an assemblage of r a r e  mosses and l i chens  found on lime- 
stone---especially on well-watered cl i f fs--- in  t h e  Brooks Range. One of t hese  
i s  the  narrow endemic Andreaeobryum macrosporum, r e s t r i c t e d  t o  a few s i t e s  i n  
northwestern North America but  l o c a l l y  common a t  t h r e e  s i t e s  along t h i s  route:  
Sukakpak Mountain, Wiehl Mountain, and ' M t .  ~ u l t g n '  (Murray and o t h e r s ,  1980) . 

Prepared by D.F. Murray. 
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EFT Well drained soils in stratified materi- 

70° als on flood plains and low terraces 
(Typic Cryofluvents) 

EOL Well drained gray soils; shallow bed- 
rock (Lithic Cryorthents) 

EOP Well drained loamy or gravelly gray 
soils; deep permafrost table (Pergelic 
Cryorthents) 

EOT Well drained loamy or gravelly gray 
soils (Typic Cryorthents) 

HYP Poorly drained fibrous peat; shallow 
permafrost table (Pergelic Cryofibrists) 

IAHP Poorly drained soils with peaty surface 
layer; shallow permafrost table (Histic 
Pergelic Cryaquepts) 

IARHP Poorly drained soils with many frost 
scars; shallow permafrost table (Rup- 
tic Histic Pergelic Cryaquepts) 
Poorly drained soils; shallow to deep 
permafrost table (Pergelic Cryaquepts) 
lllell drained brown soils; contain lens- 
es of fine-grained material (Alfic Cryo- 

68O 

Well drained thin brown soils; deep 
permafrost table (Pergelic Cryochrepts) 
Well drained brown soils; nonacid 
(Typic Cryochrepts) 

MAP Poorly drained soils with dark, nonacid 
upper layer; shallow to deep perma- 
frost table (Pergelic Cryaquolls) 

MBP Well drained soils with dark, nonacid 
upper layer; deep permafrost table 
(Pergelic Cryoborolls) 
Very steep rocky or ice-covered land 

Slope Group Textural Group 

1 Slopes predominantly less than 11° g Very gravelly 
2 Slopes predominantly more than 11' m Loamy (medium) 

0 20 40 60 80 lOOkm 

66' 

1 

Figure 13. M a j o r  soil types  along the route (modified from Selkregg,  1975a, 
f i g .  105, and 1975b, f i g .  154). 
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Figure  14. Schematic c ros s  s e c t i o n  of s o i l ,  permafrost ,  and 
vege ta t ion  r e l a t i o n s h i p s  between Fairbanks and the  Yukon 
River.  Horizontal  d i s t ance  is about 5 km. Maximum 
l o c a l  r e l i e f  i s  about 1000 m (prepared by K.R. E v e r e t t ) .  

The s o i l s  encountered along the rou te  have developed i n  a low-temperature 
regime i n  which b i o l o g i c a l  and chemical t ransformat ions  a r e  slow and i n  which 
s o i l  horizons---the r e s u l t s  of these  processes---are subjec t  t o  phys ica l  d i s -  
l o c a t i o n  as a r e s u l t  of freeze-thaw processes.  The d i s t r i b u t i o n  of the  
p r i n c i p a l  s o i l  a s soc i a t ions  encountered along the  route  i s  presented i n  f i g u r e  
13 along wi th  t h e i r  r e l a t e d  t e x t u r e s  and permafrost condi t ions (Selkregg,  
1975a,b; S o i l  Survey S t a f f ,  1975; Rieger and o the r s ,  1979). 

Through t h e  Yukon-Tanana Upland between Fairbanks and Livengood t h e  road 
crosses  broadly rounded h i l l s  and r idges  whose summit e l eva t ions  range from 
700 t o  approximately 1,000 m. For about 55 km, o r  ha l f  t h e  d i s t a n c e  between 
these  po in t s ,  the  h i l l s  and r idges  a r e  composed of Precambrian o r  Pa leozoic  
metamorphic rocks ,  formerly known a s  t he  Birch Creek Schis t .  The topography 
of the  remaining d i s t ance  t o  Livengood i s  s i m i l a r ,  but cut predominantly i n  
a r g i l l i t e  and graywacke of l a t e  Pa leozoic  and Jurassic-Cretaceous age. 
Idea l ized  s o i l  s ec t ions  as a func t ion  of topography and parent  ma te r i a l  a r e  
shown i n  f i g u r e  14. 

Lowland s o i l s  on f lood p l a i n s  and t e r r a c e s  over shallow permafrost in-  
c lude P e r g e l i c  C r y o f i b r i s t s  ( f i b r o u s  o rgan ic  s o i l s )  and H i s t i c  P e r g e l i c  
Cryaquepts (half-bog s o i l s )  with a t h i ck  0 2 0  em) organic  su r f ace  horizon over 
s i l t y  o r  fine-sandy subhorizons. A l luv ia l  s o i l s  t h a t  lack permafrost o r  a r e  

* Prepared by K.K. Evere t t ;  s ee  Appendix A f o r  a more d e t a i l e d  explana t ion  of 
s o i l  taxonomy and c l a s s i f i c a t i o n .  
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pe renn ia l ly  frozen below 1.5 m a r e  Cryofluvents.  Where permafrost occurs  
shal lower than 1.5 m, t he  a l l u v i a l  s o i l s  a r e  termed P e r g e l i c  Cryorthents.  
Upland s o i l s  on south-facing s lopes  a r e  gene ra l ly  well-drained s i l t  loam, f r e e  
of permafrost ,  and have developed under white spruce. They a r e  A l f i c  Cryo- 
chrepts  (Suba rc t i c  Brown Forest  s o i l s ) .  Their counterpar t s  formed i n  g rave l ly  
o r  s tony m a t e r i a l s  weathered from t h e  l o c a l  bedrock a r e  Typic Cryochrepts. In  
some l o c a l i t i e s ,  g r ave l ly  P e r g e l i c  Cryorthods (Podzol ic  s o i l s )  a r e  found. 

On both north-facing s lopes  and long foo t s lopes  and i n  t h e  v a l l e y s  a r e  
poorly and very poorly drained P e r g e l i c  and H i s t i c  P e r g e l i c  Cryaquepts formed 
under black spruce,  moss and shrubs. Above 750 m t o  about 1,000 m i s  a  com- 
plex of a lp ine  s o i l s ,  inc luding  P e r g e l i c  Cryaquepts, P e r g e l i c  Cryor thents ,  
P e r g e l i c  Cryochrepts,  and P e r g e l i c  Cryorthods. 

Between Livengood and the  Yukon River ,  t h e  road passes  through h i l l y  
t e r r a i n  where l o c a l  r e l i e f  ranges between 150 and 600 m. Bedrock c o n s i s t s  of 
upper Paleozoic and lower and middle Mesozoic metamorphic and volcanic  rocks. 
Except f o r  t h e  h ighes t  r i dge  tops  and s t e e p  s lopes ,  t he  a r ea  i s  mantled by 
l o e s s  t h a t  becomes very t h i c k  c l o s e  t o  t h e  Yukon River. On south-facing 
s lopes ,  the  s o i l s  formed beneath white  spruce,  b i r ch ,  and aspen s tands  t h a t  
a r e  f r e e  of permafrost a r e  v p i c  Cryochrepts. On poorly drained s i t e s ,  
e s p e c i a l l y  on north-facing s lopes  under la in  by permafrost ,  Pe rge l i c  and H i s t i c  
P e r g e l i c  Cryaquepts form beneath black spruce,  moss, and sedge. Organic s o i l s  
( P e r g e l i c  C r y o f i b r i s t s )  a r e  common i n  poorly drained s i t e s  such a s  f i l l e d  
meander c u t o f f s  i n  l a r g e r  va l leys .  P e r g e l i c  Cryorthents  a r e  common on s t e e p  
s lopes  of any exposure and on many a lp ine  s u m m i t s  and r idges .  

North of the  Yukon River ,  t he  road passes i n t o  the Kokrine-Hodzana High- 
lands.  The s o i l s  a r e ,  f o r  t h e  most p a r t ,  s l i g h t l y  a c i d i c  t o  s l i g h t l y  a l k a l i n e  
s i l t  loams. I n  t he  southern p a r t  of t h i s  a r e a ,  near t he  Yukon River ,  l o e s s  i s  
a s i g n i f i c a n t  component, and t h e  s o i l s  a r e  gray and f ine- tex tured  A l f i c  Cryo- 
chrepts  (Suba rc t i c  Brown Fores t  s o i l s ) .  Moderately well-drained s o i l s  on 
s lopes  a r e  n e u t r a l  t o  s l i g h t l y  a l k a l i n e  and commonly cons i s t  of f ine- tex tured  
upper horizons over ly ing  coarse,  weathered bedrock fragments. Acidic ,  base- 
poor s o i l s  composed of g rave l ly  m a t e r i a l s  ( ~ e r g e l i c  Cryorthents)  der ived from 
g r a n i t e s  a r e  common on the  uplands. Organic s o i l s  o r  mineral s o i l s  with t h i c k  
o rgan ic  horizons occur i n  tussock meadows a s soc i a t ed  wi th  drainageways. 

I n  the f o o t h i l l s  and mountain a r eas  south of the  t r e e l i n e ,  mass movement 
on s t e e p  fo re s t ed  s lopes  produces complexes of poorly dra ined ,  gray ,  mottled 
s i l t  loam o r  g rave l ly ,  a c i d i c  s o i l s  with r e l a t i v e l y  t h i n  organic  horizons 
( P e r g l i c  Cryaquepts). I n  t h i s  complex, s i m i l a r  poorly drained s o i l s  with 
t h i c k  organic  horizons a r e  H i s t i c  P e r g e l i c  Cryaquepts. Seasonal thaw i s  
gene ra l ly  l e s s  than 50 cm, except on h i l l t o p s  and g rave l ly  t e r r a c e s ,  where 
deep thawing of well-drained s o i l s  occurs  along wi th  oxidized horizons 
( P e r g e l i c  Cryorthents  o r  P e r g e l i c  Cryorthods). 

In  t he  higher  p a r t s  of t he  Brooks Range, most of t he  a r e a  c o n s i s t s  of 
s t eep ,  exposed bedrock and coarse,  uns tab le  c o l l u v i a l  d e p o s i t s  with l o c a l  
a r e a s  of poorly o r  very poorly dra ined  g rave l ly  and stony s o i l s  (mostly 
P e r g e l i c  Cryorthents) .  Some s o i l s  wi th  a  s i g n i f i c a n t  organic  component a r e  
P e r g e l i c  Cryaquepts o r  H i s t i c  P e r g e l i c  Cryaquepts. S tab le ,  r e l a t i v e l y  well- 
drained g l a c i a l  and c o l l u v i a l  depos i t s  have g rave l ly  s o i l s  wi th  dark,  leached 
upper horizons and reddish ,  i ron-stained subhorizons. 

North of t h e  Continental  Divide, permafrost genera l ly  shallower than 50 
cm r e t a r d s  i n t e r n a l  drainage. Thus, a s  a  consequence of t h e  low temperatures 
and poor dra inage ,  most s o i l s  e x h i b i t  wet, shallow, poorly d i f f e r e n t i a t e d  pro- 
f i l e s  wi th  a  s ign i f icant :  o rganic  component t h a t  i s  gene ra l ly  l i t t l e  decom- 
posed. Horizons with contorted admixtures of da rke r ,  more h ighly  decomposed 
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organ ic  ma te r i a l s  a r e  common i n  mineral subhorizons down t o  and i n t o  the  
permafrost . 

Most s o i l s  of t he  A r c t i c  F o o t h i l l s  are poorly dra ined  and have developed 
i n  such f ine- textured ma te r i a l s  a s  s i l t  loam and s i l t y  clay loam. Poorly 
dra ined  s o i l s  ( P e r g e l i c  Cryaquepts, Upland Tundra s o i l s )  occur  on long s lopes  
and i n  broad va l l eys .  These tundra s o i l s  a r e  found under a tussock microtopo- 
graphy, and most a r e  ac id ic .  A few moderately well-drained t o  well-drained 
g rave l ly  s o i l s  ( P e r g e l i c  Cryorthents)  occur on r idges  and on t e r r a c e s  marginal 
t o  l a r g e r  r i v e r s .  Organic s o i l s ,  mostly P e r g e l i c  C r y o f i b r i s t s  (bog s o i l s )  , 
a r e  uncommon and occur mostly i n  polygonal ground of o ld  drained l ake  bas ins .  

On t h e  A r c t i c  Coastal  P l a i n ,  s o i l s  a r e  poorly drained and gene ra l ly  do 
not  thaw t o  depths of more than 50 cm. In  most s o i l s ,  o rganic  ma te r i a l s  of 
v a r i a b l e  th ickness  o v e r l i e  s i l t - loam mineral  horizons ( ~ e r g e l i c  and H i s t i c  
P e r g e l i c  Cryaquepts, Meadow Tundra s o i l s ) .  A few s o i l s ,  e s p e c i a l l y  those i n  
depress ions ,  may e x h i b i t  a s u f f i c i e n t  th ickness  of organic  ma te r i a l s  t o  be 
termed organic  s o i l s  (mostly P e r g e l i c  C r y o f i b r i s t s ) .  Other s o i l s  r e s t r i c t e d  
t o  well-drained s i t e s  d i sp l ay  well-developed horizons and b r i g h t  ox ida t ion  
co lors  ( P e r g e l i c  Cryaquolls).  Most s o i l s  a r e  a lka l ine .  Some well-drained 
s o i l s  wi th  organic-r ich su r f ace  horizons over g rave l  ( ~ e r g e l i c  Cryoborol ls ,  
A r c t i c  'Brown s o i l s )  have f r e e  carbonates i n  t h e i r  p r o f i l e s  (Eve re t t  and Brown, 
1982). 
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INTRODUCTION 

The road l o g  i s  based 
on numerous s o u r c e s ,  i n c l u d i n g  
t h e  o b s e r v a t i o n s  of t h e  con- 
t r i b u t o r s  l i s t e d  i n  t h e  Pre- 
f a c e .  The l o g  of t h e  E l l i o t t  
Highway i s  based on many y e a r s  
of o b s e r v a t i o n s  made d u r i n g  
road c o n s t r u c t i o n  and mining 
a c t i v i t i e s ,  i n c l u d i n g  highway 
i n v e s t i g a t i o n s  ( L i v i n g s t o n ,  
1966; L i v i n g s t o n  and Ba lv in ,  
1977; L i v i n g s t o n  and Kahle r ,  
1979) .  The l o g  o f  t h e  Da l ton  
Highway i s  based on e a r l y  ob- 
s e r v a t i o n s  of t h e  TAPS road 
and numerous summer observa- 
t i o n s  n o r t h  of t h e  Yukon 
River .  S p e c i f i c  p u b l i s h e d  re- 
f e r e n c e s  a r e  Hamilton (1979a) ,  
Brown and Berg (1980) ,  and 
Robertson (1981).  Other  re- 
f e r e n c e s  a r e  c i t e d  f o r  p a r t i -  
c u l a r  d e s c r i p t i o n s .  

The s t r i p  maps a r e  based 
on t h e  1:63,360- and 
1:250,000-scale topograph ic  
maps, a s  shown i n  t h e  index  
s h e e t  ( f i g .  1 5 ) .  M i l e p o s t s  (E  
f o r  E l l i o t t  Highway, D f o r  

KANTISHNA I RIVER I [( FAIRBANKS , 

2 

64O 64O 
1 5Z0 1 50° 1480 

F i g u r e  15. Index t o  1:63,360 
and 1:250,000 U.S. Geo- 
l o g i c a l  Survey topo- 
g r a p h i c  maps cover ing  
guidebook r o u t e .  



3 8 GUIDEBOOK 4 

Dredge tailings 

Flood-plain alluvium 
Pernufrat with low lee content 

Lower hillslope silt and creek-valley silt 0 pemmf- with h m  ice content 

Tbcrmokarst pit 

Figu re  16. General ized permafrost map of t he  Fairbanks a r e a ,  Alaska (modified 
from Reger and ~ 6 ~ 6 ,  i n  p r e s s ,  and ~ 6 ~ 6 ,  1958). 
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Dalton Highway) run from Fox to Deadhorse and are given on the maps and in 
the log in miles. North of Livengood, official milepost signs had not 
actually been placed along the road when this log was prepared. Every effort 
has been made to ensure that mileposts presented in this log will agree with 
those actually installed. However, some discrepancies are likely to occur. 
South of Livengood, there may be some discrepancies because of recent road 
realignments. The locations of icings are based on observations made before 
construction of the pipeline (Sloan and others, 1976). 

Accompanying this field -trip guidebook is a companion publication 
entitled "Air-photo Analysis and Summary of Landform Soil Properties Along 
the Route of the Trans-Alaska Pipeline System" (Raymond A. Kreig and Richard 
D. Reger, 1982, Alaska Division of Geological and Geophysical Surveys Geo- 
logic Report 66). It contains 30 airphoto plates, of which 18 are along the 
route covered by this guidebook. Each plate is annotated with a discussion 
of geomorphic features, soil and permafrost types, and soil-boring data. 
Hereafter in the route log the location of plates from Kreig and Reger (1982) 
will be indicated on the strip maps and a brief summary of the appropriate 
features will be given. 

FOX 

Fox, located 16 km northeast of Fairbanks, is the official starting point 
of this field trip and guidebook. It is the site of a former mining camp 
that predates 1905. A substantial amount of information on permafrost and its 
distribution, construction practices, and gold mining, which is available as 
part of the publications of the Fourth International Conference on Permafrost 
and other sources, will not be repeated here (see, for instance, Boswell, 
1979; ~ 6 ~ 6 ,  1982; Reger and ~ 6 ~ 6 ,  1983). Figure 16 illustrates the general 
distribution of permafrost in the Fairbanks area, enroute to Fox, and north to 
the Chatanika River. A number of interesting permafrost-related subjects can 
be observed in the valley and uplands surrounding Fox. The trans-Alaska pipe- 
line crosses the valley in both the elevated and buried lnodes (see previous 
discussion on construction modes). 

Fox illustrates classic stripping and dredging operations of placer gold 
mining (figs. 17 and 18). The frozen 'muck' (organic, ice-rich silt) was 
stripped from over the gold-bearing gravel by directing large volumes of water 
onto the materials through hydraulic 'giants.' These devices, which resembled 
large hydraulic cannons, helped thaw and wash away the silt. Frozen gravel 

-Stripping-I--Thowing4l-Dredging 

Muck 

Figure 17. Diagrammatic cross section showing 
sequence of operations used in placer gold 
mining in the Fairbanks area (modified 
from Boswell, 1979, p. 78). 
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Figure  19. Highway cut  made through i c e  wedges a t  Fox i n  October and November 
1977. See Sellmann and o the r s  (1979) and Osterkamp and o t h e r s  (1980) f o r  
d e t a i l s  (photograph taken by P.V. Sellmann i n  sp r ing  1978). 

was thawed by d r i v i n g  we l l  po in t s  i n t o  t h e  m a t e r i a l  and c i r c u l a t i n g  cold water 
through pipes t o  thaw the  sediment. Once the  g rave l  and the  upper meter of 
bedrock were thawed, gold dredges picked up t h e  g rave l ,  passed i t  through t h e  
s o r t i n g  and recovery equipment, and then discharged the  worked ma te r i a l  from a 
conveyor a t  t he  r ea r .  The hummocky t a i l i n g s  p i l e s  formed by these  dredging 
opera t ions  can be seen throughout t h e  Fox area.  Discontinuous permafrost ,  
which i s  l o c a l l y  i c e  r i c h ,  has re turned  t o  po r t ions  of t hese  t a i l i n g s  (Theis ,  
1944; Kreig and Reger, 1982). An e x c e l l e n t  d e s c r i p t i o n  of the  opera t ion  of 
t h e  United S t a t e s  Smelting, Refining and Mining Company i s  a v a i l a b l e  (Boswell, 
1979), and e x h i b i t s  on mining h i s t o r y  and methods used i n  t h e  Fairbanks a r e a  
can be seen i n  t h e  Univers i ty  Museum a t  Fairbanks. 

S t r ipp ing  of the  frozen muck overburden exposed e x c e l l e n t  examples of 
ground-ice f e a t u r e s  , mainly i c e  wedges, which se rve  a s  s t r a t i g r a p h i c  markers 
f o r  the  Quaternary depos i t s  of t he  Fairbanks a rea  ( ~ 6 ~ 6 ,  1975b, 1977). 
D e t a i l s  of t h e  upper s e c t i o n  a r e  exposed i n  t h e  permafrost tunnel  a t  Fox 
( f i g .  16).  Large i c e  masses were r ecen t ly  exposed i n  a highway cut l oca t ed  
j u s t  south  of t h e  tunnel  en t rance  but  have s i n c e  melted badc and a r e  no longer  
v i s i b l e  ( f i g .  19).  

The Fox tunnel  was excavated by the  U.S. Army Cold Regions Research and 
Engineering Laboratory during the  e a r l y  and mid-1960's (Sellmann, 1967, 1972; 
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Figure  20. Idea l i zed  s e c t i o n  showing ice-wedge 
d i s t r i b u t i o n  and radiocarbon da t e s  i n  t h e  Fox 
tunnel .  Radiocarbon ages a r e  given i n  un- 
cor rec ted  years  before present  (B.P.). The 
l o c a t i o n  of t h e  main tunnel  and inc l ined  d r i f t  
a r e  shown schematical ly  (modified from Sellmann, 
1972, f i g .  9 ) .  

Swinzow, 1970). It e n t e r s  a nea r -ve r t i ca l  s i l t  escarpment l e f t  a t  t h e  edge of 
the  va l l ey  by the gold-mining opera t ions  ( f i g s .  16 and 18).  Tunneling was 
performed by a prototype continuous raining machine (Alkirk cycle miner) t h a t  
had never before been used i n  permafrost.  When opera t ing  properly,  t h e  
machine could cut a s  much a s  2.1 m of tunnel  i n  an hour. In  l a t e  1965, a 
1.2-m-diameter v e r t i c a l  s h a f t  was augered through 15 m of permafrost t o  
provide cold a i r  v e n t i l a t i o n  i n  t h e  winter.  

Most of t he  tunnel  passes  through th i ck ,  ice- r ich ,  r e t r anspor t ed  s i l t ,  
termed 'muck' by t h e  e a r l y  miners because of i t s  f e t i d  smell. The d i s t i n c t i v e  
odor i n  the  tunnel  is common t o  most permafrost excavat ions i n  t h i s  region. 
It r e s u l t s  from t h e  oxida t ion  of exposed o rgan ic  ma te r i a l s  i n  t h e  silt .  This 
organic  m a t e r i a l  o r ig ina t ed  as p l a n t s  and animals t h a t  l i ved  i n  the  va l l ey .  
Bones of e x t i n c t  large-horned bison and o the r  l a r g e  I c e  Age m a m m a l s  were ex- 
posed during excavat ion of the  tunnel .  

The r e t r anspor t ed  s i l t  eroded from l o e s s  on the  upper s lopes  and r idge  
c r e s t s  f i l l s  the v a l l e y s  of the  southern Yukon-Tanana Upland t o  depths as 
g r e a t  a s  110 m. Much of i t  was ca r r i ed  downslope by streams and by s lope  and 
r i l l  wash, a l though the  occas iona l  presence of folded l a y e r s  i n d i c a t e s  t h a t  
some s o i l  flow occurred. Valley-bottom depos i t s  a l s o  inc lude  l o e s s  t h a t  was 
deposi ted by wind i n  t he  lowlands. Below the  s i l t  a r e  the  gold-bearing 
g r a v e l s  t h a t  d a t e  from t h e  e a r l y  P le i s tocene .  The g rave l s  a r e  under la in  by 
the  Birch Creek S c h i s t ,  a genera l  term f o r  the  metamorphic bedrock of t he  
Yukon-Tanana Upland. The upper por t ion  of t h i s  s c h i s t  i s  genera l ly  highly 
weathered. I n  v a l l e y s  containing p l ace r  depos i t s ,  the  gold i s  found i n  t h e  
upper meter of t h e  weathered and jo in t ed  s c h i s t .  

I n  s t r a t i g r a p h i c  s e c t i o n s  exposed i n  t he  Fox tunnel  ( f i g .  20) ,  a lower 
zone of l a r g e  i c e  wedges 1 t o  2 m ac ros s  unde r l i e s  a zone of smal le r  30-cm- 
wide i c e  wedges. Radiocarbon da t e s  from the  lower ice-wedge zone range from 
about 31,400 t o  33,200 y r  B.P. and i n  t h e  upper zone range from about 8,500 t o  
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14,000 y r  B.P. Above the  zone of small  i c e  wedges another  change occurs ,  
which marks t h e  t r a n s i t i o n  t o  a s i l t  t h a t  does not  conta in  i c e  wedges. Radio- 
carbon d a t e s  above and below t h i s  break p lace  i t s  age a t  between 8,500 and 
7,000 y r  B.P. This t r a n s i t i o n  zone is  bel ieved t o  mark the  lower l i m i t  of 
Holocene thawing. 

The inc l ined  d r i f t  passes through the  t h i n  zone of much o lde r  g rave l  and 
reaches t h e  top  of the  d i s i n t e g r a t e d  Birch Creek Schis t .  The g rave l  is  en- 
countered about 1.5 t o  3 m below the f l o o r  of the  main tunnel  at a sharp bu t  
i r r e g u l a r  contact.  The alignment and s t r a t i f i c a t i o n  of t h e  pebbles i n d i c a t e  
t h a t  t he  g rave l  was stream deposi ted.  The g rave l  i s  bonded by i c e ,  but un l ike  
t h e  s i l t  i t  does not  contain i c e  wedges. In  f a c t ,  t h e  lower end of one l a r g e  
ice wedge i n  silt terminates  a t  the  g rave l  contact .  
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F i g u r e  21. Route map, Mi le  E-0 t o  E-4. 
P l a t e  11 r e f e r s  t o  i l l u s t r a t i o n  
i n  Kre ig  and Reger (1982).  
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E-0.0 : Junct ion  of E l l i o t t  and Steese  Highways. 

E-0.0 to E-1.0 
Here t h e  d i s t r i b u t i o n  of t y p i c a l  i n t e r i o r  vege ta t ion  types can be ob- 

served. Black spruce occurs  on lower s lopes  t h a t  a r e  under la in  by permafrost 
c l o s e  t o  the sur face .  Hardwoods, both b i rch  and aspen, dominate the  south- 
fac ing  s lopes .  They a r e  p a r t i c u l a r l y  evident  when one is  t r ave l ing  north.  I n  
t h e  uplands southeas t  of Fox i s  a  vege ta t ion  p a t t e r n  con t ro l l ed  by s u b s t r a t e  
condi t ions  t h a t  i s  t y p i c a l  of the Yukon-Tanana Upland. Upland l o e s s  has been 
nea r ly  completely removed from the  higher  r i dges ,  l eav ing  bedrock with only a  
t h i n  cover of l o e s s ,  colluvium, and r e s i d u a l  s o i l s .  The e l l i p s o i d a l  and tri- 
angular  r i dges  t h a t  po in t  upslope a r e  composed of ' f l a t i ron1-shaped  bodies of 
f rozen-in-si tu  l o e s s  and r e t r anspor t ed  s i l t .  Permafrost i s  shallow under 
black-spruce-covered ' f l a t i r o n s , '  and i s  deeper under well-developed aspen and 
b i r c h  t h a t  t y p i c a l l y  grow on t h e i r  upper margins ( f i g .  18) .  The sharp vegeta- 
t i o n  boundary between s tunted  black spruce on r e t r anspor t ed  s i l t  and s tands  of 
l a r g e  aspen, b i r c h ,  and white spruce on unfrozen loes s  is  use fu l  f o r  roughly 
sepa ra t ing  permafrost and nonpermafrost t e r r a i n  i n  t h i s  p a r t  of i n t e r i o r  
Alaska. However, l a r g e  white spruce and b i r ch  t r e e s  can a l s o  grow on lower 
s lopes  where i ce - r i ch  permafrost occurs only 1.2 t o  2.4 m below t h e  su r f ace  
(Kreig and Reger, 1982, p l .  11).  

Where t h e  highway was constructed over s ec t ions  of ice- r ich  permafrost ,  
it caused thermal d is turbance  of the  permafrost.  This d i s turbance  r e su l t ed  i n  
cons iderable  thaw se t t l emen t ,  which has requi red  cont inuing maintenance of t he  
road. Several  cu t s  have been made i n  the  Birch Creek Schist  along the  west 
s i d e  of t h e  road. Aspen i s  found on upper s lopes  and a l d e r  grows near the  
rock cu t s .  A sp r ing  loca ted  0.6 km nor th  of the  road i n t e r s e c t i o n  flows 
year-round, and has been a  source of f r e s h  water f o r  many Fairbanks and l o c a l  
r e s i d e n t s  f o r  the l a s t  30 yr .  An old mining opera t ion  can be seen i n  t he  
v a l l e y .  

E-2.2 
Davidson Ditch,  which p a r a l l e l s  t he  road from Fox, i s  loca ted  higher  up 

on the  h i l l s i d e  t o  t he  west ( s e e  f i g .  21; i t  i s  not v i s i b l e  from the  road) .  
As  t h e  road ascends, t h e  d i t c h  c rosses  it a t  t h i s  po in t  and then  p a r a l l e l s  it 
on the  lower s lope  t o  t he  e a s t .  The 116-km-long d i t c h ,  b u i l t  t o  br ing water 
from t h e  headwaters of t h e  Chatanika River t o  t h e  Fairbanks placer-mining 
ope ra t ions ,  was constructed between 1924 and 1929 (Boswell, 1979). The width 
of t h e  bottom of t he  d i t c h  was o r i g i n a l l y  3 .7  m, and i t  had a  constant  grade 
of 0.4 m/km and a  water depth of 1.1 m. A t  opera t ing  capac i ty ,  it de l ivered  
about 307 m i l l i o n   d day of water. F i f t een  inver ted  siphons were used t o  c ross  
t he  numerous creek bottoms. The l a r g e s t  siphon crossed the  Chatanika River. 
It had a  maximum head of 166 m and was s l i g h t l y  l e s s  than 2,438 m long. The 
i n s i d e  diameter of the  pipe was 1.2 t o  1.4 m. The d i t c h  was excavated through 
f rozen  s o i l  and rock using t r a c t o r s ,  g raders ,  power shovels ,  and hand too l s .  
Over 1.15 mi l l i on  m 3  of e a r t h  were excavated and moved. During t h e  win ter ,  
i c i n g s  caused many problems i n  t he  ope ra t ion  of t h e  d i t ch .  I c e  overflow 
f i l l e d  the  d i t c h  and dynamite had t o  be used t o  open a  narrow t rench  p r i o r  t o  
s p r i n g  runoff.  Other techniques used t o  keep t h e  d i t c h  open included moss- 
i n su la t ed  underdrains and paper dams t o  confine t h e  spreading i c e  overflow. 

L e t t e r  E s tands  f o r  E l l i o t t  Highway; numerals show mileage. 
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Where it doubles back across  t h e  e a s t  s i d e  of t he  v a l l e y ,  t h e  l o c a t i o n  of 
the  d i t c h  can be occas iona l ly  seen from the road a s  a l i n e  of t r e e s .  Above i t  
on t h e  e a s t  s i d e  of t h e  v a l l e y  the  bed of t h e  old Tanana Valley Mine Railroad 
can s t i l l  be seen above Davidson Ditch. The r a i l r o a d  connected Chena ( a  
former town a t  t h e  mouth of Chena Slough),  Fairbanks,  and t h e  mining camps a t  
Fox, Gilmore, Olnes, Dome Ci ty ,  and Chatanika from 1905 t o  1931. 

E-3.3 
This  is t h e  summit of the  drainage divide.  Davidson Di tch  passes  back t o  

t he  west about 100 m beneath the  present  road through a tunnel  constructed i n  
t h e  Birch Creek Sch i s t .  The old r a i l r o a d  a l s o  crossed the  pass i n t o  the  
Chatanika River drainage a t  t h i s  l oca t ion .  Panoramas v i s i b l e  f o r  t he  next few 
k i lometers  no r th  of here  g ive  an impression of t h e  percentage of the  landscape 
t h a t  i s  frozen. Permafrost covers 50-60 percent  of the  a rea .  Te r r a in  
vegetated with s tunted  black spruce i s  genera l ly  f rozen ,  while s lopes  
vegetated with deciduous f o r e s t  (aspen,  b i r ch )  a r e  gene ra l ly  unfrozen except 
on north-facing and some lower eas t -  and west-facing birch-covered s lopes ,  
which may be d iscont inuous ly  frozen (R. Kreig,  pers .  commun.). 

E-4 -5 
Haystack Mountain (780 m) can be seen ahead. The mountain marks the  

western boundary of t he  Poker - Caribou Creeks Research Watershed, which i s  
operated under an interagency agreement t o  study the  hydrology and c l imate  
of t h i s  i n t e r i o r  region (Lotspeich and Slaughter ,  1981; Haugen and o t h e r s ,  
1982). The l i n e  of t r e e s  on the  h i l l  t o  t h e  e a s t  marks the  l o c a t i o n  of the  
Davidson Ditch. Between here  and Livengood, t he  l o e s s  i s  gene ra l ly  t h inne r  
than  1.5 m on t h e  h i l l s .  The highway s e c t i o n  i s  loca t ed  i n  bedrock, which re- 
s u l t s  i n  not iceably  b e t t e r  roadway condi t ions .  Throughout t h i s  reg ion ,  t r e e s  
were burned and cut down during the  peak of t h e  gold-mining period. Black 
spruce and s o l i f  l u c t i o n  lobes a r e  present  on some north-f acing s lopes .  

E-5.5 
I n  t he  v a l l e y  below is  the  road t o  Dome Ci ty  and t h e  Eldorado Mining 

Camp. To the  e a s t  a r e  Pedro Dome and Dome Creek. Dome Ci ty  is the  s i t e  of an 
e a r l y  mining camp. P lacer  gold mining, which used hydraul icking and l a r g e  
dredges a s  r e c e n t l y  a s  t he  e a r l y  1960's,  produced many exce l l en t  exposures of 
r e t r anspor t ed  organic-r ich s i l t  of la te -Ple i s tocene  age. The f rozen ,  buried 
p l ace r s  a r e  15.2 t o  61 m deep (Mulligan, 1974). A p a i r  of enormous 
(4 .l-m-long) mammoth tusks t h a t  weigh approximately 160 kg each came froin 
these  depos i t s ;  they a r e  exhib i ted  i n  the Univers i ty  of Alaska Museum. The 
t u s k s ,  which were found with a f a i r l y  cornplete s k u l l ,  o the r  bones, and 
cons iderable  well-preserved mammoth h a i r ,  have been dated a t  32,700 + 980 y r  
R.P. (ST-1632) ( ~ 6 ~ 6 ,  1975b, 1977). Small streams cross ing  the  slumped s i l t  
c l i f f s  a t  Dome Creek have exposed l a r g e  i c e  masses t h a t  may s t i l l  be observed. 

From the  s i l t  i n  these  exposures,  a p a r t i a l  ca rcas s  of Bison superbison 
c r a s s i c o r n i s  was recovered by miners and Otto W. Geis t  of the Univers i ty  of 
Alaska i n  1951. The carcass  consis ted of a head (complete wi th  h ide ,  horns,  
and one e a r ) ,  four  l e g s  with hooves, and much t o r s o  h ide  about 3 nun th ick .  An 
i n i t i a l  da t e  of more than  28,000 y r  B.P. (L-127) was obtained on a p iece  of 
the  carcass .  In  1965, a da t e  of 31,400 (+2,040 or  -1,815) yr  B.P. (ST-1721) 
was obtained by the  radiocarbon l abo ra to ry  of t h e  Geological Survey of 
Sweden. A photograph of t he  carcass  i s  on d i sp l ay  a t  the  Univers i ty  of 
Alaska. P ieces  of t he  f u r  and hide of a female superbison recovered from 
nearby Fairbanks Creek have been dated a t  11,950 + 135 y r  B.P. (ST-1633) 
( ~ 6 ~ 6 ,  1977). 
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Figure  23. Bank of t he  Chatanika River 2 km downstream from E l l i o t t  
Highway bridge. Goldstream Formation (Wisconsin) with i c e  wedges 
and Chatanika Ash Bed is o v e r l a i n  by t h e  Ready Bull ion Formation 
(Holocene) (modified from ~ 6 ~ 6 ,  1975a, f i g .  10). 

E-9.2 : Olnes. 
Olnes was a mining camp and s t a t i o n  on the  Tanana Valley Mine Railroad. 

On the  s lopes  t o  the nor th  beyond the  br idge a r e  more examples of f rozen  s i l t  
f l a t i r o n s .  So l&f luc t ion  lobes  a r e  v i s i b l e  on north-facing s lopes  t o  t h e  west ,  
which have a spa r se  cover of black spruce and a t h i ck  ground cover of mosses. 

E-9.5 to E-10.8 
Black spruce bogs a r e  v i s i b l e  on a f a n  of r e t r anspor t ed  frozen s i l t  from 

the  Dome Creek drainage.  The f rozen  s i l t  covers an old t e r r a c e  g rave l  of t h e  
Chatanika River. P l ace r  gold was mined from underground s h a f t s  and d r i f t s  
sunk t o  t h e  base of t he  alluvium and i n t o  t h e  upper meter of bedrock, and many 
t a i l i n g  p i l e s  of g rave l  from the underground workings a r e  present  on the  sur- 
f ace  (Mulligan, 1974). Gravel was hauled t o  t he  su r f ace  during win ter  and 
washed during t h e  summer. 

E-11.0 : Chatanika River. 
A band of balsam poplar  of var ious  ages i s  conspicuous on the  point  

bars .  Although the  Chatanika River i s  a small  stream, i n  Wisconsin time i t  
was l a r g e  enough t o  ca r ry  away s i l t  deposi ted i n  i t  by i t s  t r i b u t a r i e s .  
Rounded f lood-plain g rave l  i s  c lose  t o  the su r f ace  and o v e r l i e s  t he  Birch 
Creek Sch i s t  a t  a depth of about 55 m. 

The type s e c t i o n  f o r  a d i s t i n c t i v e  volcanic  ash bed i s  loca ted  2 h down- 
s t ream from t h e  Chatanika River br idge,  where t h e  r i v e r  has  exposed a cu t  i n  
the frozen muck ( ~ 6 ~ 6 ,  1975a, 1977). The Chatanika Ash Bed occurs wi th in  and 
nea r  t h e  top  of t h e  Goldstream Formation ( ~ 6 ~ 6 ,  1975a). A t  t h a t  l o c a t i o n ,  t h e  
Goldstream Formation is ove r l a in  by a t h i c k  depos i t  of r e t r anspor t ed  s i l t  and 
bur ied  f o r e s t  beds, t h e  Ready Bul l ion  Formation of Holocene age. The ash  bed, 
a whi te ,  v i t r i c ,  l a t e r a l l y  p e r s i s t e n t  vo lcanic  ash l a y e r  about 1 t o  10 mm 
t h i c k ,  occurs  about 4 m below the  top of t he  Goldstream Formation ( f i g .  23). 
One of i ts  outs tanding c h a r a c t e r i s t i c s  i s  t h a t  i t  is g r e a t l y  contorted by 
ice-wedge growth; i n  many places ad jacent  t o  t h e  i c e  wedges, t he  ash  bed is  
almost v e r t i c a l .  A radiocarbon d a t e  of 14,760 + 850 yr  B.P. (GX-0250) was 
obtained f o r  a ground s q u i r r e l  ( C i t e l l u s )  n e s t  4 m below the  ash layer .  A 
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da te  of 14,510 + 450 yr B.P. (W-2703) was obtained f o r  C i t e l l u s  c o p r o l i t e s  
from s i l t  1 m above t h e  ash. The ash i s  thus considered t o  be about 14,600 y r  
o ld .  

The road was rerouted up t h e  h i l l  between here  and about 1 km nor th  of 
the  br idge because of e ros ion  caused by the  Chatanika River.  This r e rou t ing  
was expected t o  be i n  ice-poor s i l t  because t h i s  t e r r a i n  i s  covered by t a l l  
b i r c h  f o r e s t .  However, during cons t ruc t ion  massive i c e  was exposed. 

E-12.4 : Willow Creek. 
Th i s  f l a t  t e r r a i n  with permafrost wi th in  0.5 m of t he  su r f ace  i s  covered 

by an open black spruce - l a r c h  f o r e s t .  P r i o r  t o  road and bridge reconstruc-  
t i o n  t h e  e n t i r e  v a l l e y  f l o o r  f i l l e d  with win ter  ic ings .  I n s t a l l a t i o n  of t h e  
ver t ica l -wal led ,  timbered br idge and two l e v e l s  of c u l v e r t s  has solved t h e  
problem. The subgrade was r a i s ed  t o  permit i n s t a l l a t i o n  of a two-layer system 
of c u l v e r t s .  Af te r  the lower c u l v e r t s  f i l l  with i c e ,  t h e  upper ones cont inue 
t o  ca r ry  the  overflow. A small  thermokarst pond e x i s t s  on the  e a s t  s i d e  of 
t he  road where the  ground i c e  has melted. 

E-12.8 
A cabin and a meat house a r e  l oca t ed  on a low mound on t h e  west s i d e  of 

t he  road. The mound is  an open-system pingo. The roadcut through the  pingo 
exposed 6 m of pure ice .  The bui ld ings  have s e t t l e d  about 1 m a s  t he  under- 
l y ing  i c e  melted due t o  the  hea t  generated by year-round occupancy. 

E-13.5 
The road ascends a h i l l  i n  which s c h i s t  was exposed wi th in  2 m of t he  

sur face  t o  the  west and ice- r ich  frozen s i l t  was exposed t o  t he  e a s t .  

E-18.1 
From t h i s  pu l lou t  on the  west s i d e  of t he  road, t he re  i s  a view t o  the  

nor th  ac ros s  the  v a l l e y  of the  Washington Creek F i r e  Ecology Experimental 
Area, t he  Wickersham f i r e  s c a r s ,  and o ld  homestead f i e l d s  t h a t  a r e  now 
revegetated with b i r ch  and aspen. Following the  Wickersham f i r e  i n  1971, t h i s  
a r e a  was designated a s  a research  a rea  f o r  s tudying t h e  e f f e c t s  of f i r e  on up- 
land vegeta t ion .  I n  1975, another  f i r e  burned 1,376 ha i n  the  upper 
Washington Creek va l ley .  That f i r e ,  which was except iona l ly  i n t e n s e  and 
fast-moving, threatened the  o i l  p ipe l ine ,  which was under cons t ruc t ion  a t  t h e  
time. 

Because of i t s  proximity t o  Fairbanks and the  Univers i ty  of Alaska, t h i s  
s i t e  provided an exce l l en t  opportuni ty t o  study the  e f f e c t s  of f i r e  on t h e  
mature black spruce ecosystem. The study has been a j o i n t  e f f o r t  of t h e  
Univers i ty  of Alaska, t h e  U.S. Fores t  Serv ice  I n s t i t u t e  of Northern Fores t ry ,  
and the Bureau of Land Management. The i n t e r a c t i o n  of vege ta t ion  and perma- 
f r o s t  were simulated by removal of organic  m a t e r i a l  from the  f o r e s t  f l o o r  by 
burning and by mechanical means. I n  add i t i on ,  a heated-soi l  experiment i n  the  
135-yr-old black spruce s tand  w a s  e s t ab l i shed  t o  examine the  e f f e c t  of 
a r t i f i c i a l l y  increased temperature on the  th ickness  of t he  a c t i v e  l a y e r  and on 
t r e e  and fo re s t - f loo r  product iv i ty .  In  1976 and 1978, a s e r i e s  of experi-  
mental f i r e s  were conducted t o  provide before-and-after measurements of 
var ious  i n t e n s i t i e s  of f i r e  i n  t he  black spruce and t o  study f i r e  behavior 
under varying weather and fuel-moisture condi t ions .  The s t u d i e s  conducted 
he re  have cont r ibu ted  e s p e c i a l l y  t o  understanding t h e  l i m i t i n g  f a c t o r s  i n  t h i s  
nutr ient-poor ,  cold-dominated, low-productivity f o r e s t  s i t e  (Dyrness and 
Gr iga l ,  1979; Dyrness, 1982; Van Cleve and o the r s ,  1983). 
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F i g u r e  24.  Route map, M i l e  E-17 t o  
E-32. 
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E-18.3 : Washington Creek. 

E-19.7 : Entrance t o  Washington Creek F i r e  Ecology Experimental Area. 

E-20.3 
The road c ros ses  Cushman Creek. Along Cushman Creek t o  t h e  no r theas t  is  

the  s i t e  of t he  U.S. Fores t  Service f i re l ine-permafros t  i n v e s t i g a t i o n s  on t h e  
e f f e c t s  of f i r e l i n e s  on t h e  permafrost t e r r a i n .  It i s  loca t ed  about 1.6 km up 
the  creek from the  road a t  the  f i r e  boundary. Birch Creek Schis t  i s  exposed 
on t h e  southeas t  s i d e  of t h e  creek. The new s e c t i o n  of road i s  b u i l t  on ice-  
r i c h  s i l t .  

E-21.5 to E-23.6 
The road passes  i n t o  and out of t h e  1971 burn area.  

E-22.4 
A c l ea red  f i r e l i n e  can be seen on t h e  oppos i te  s lope  t o  t h e  west. 

Because the  Wickersham f i r e  was c lose  t o  Fairbanks,  a major e f f o r t  was made t o  
suppress  i t ,  which included the  cons t ruc t ion  of 113 lan of f i r e l i n e  averaging 
12 m i n  width. Many of the  f i r e l i n e s  were on s o i l s  under la in  by i ce - r i ch  
permafrost .  

Subsidence and thermal e ros ion  fol lowing f i r e l i n e  cons t ruc t ion  has been a 
major problem as soc ia t ed  wi th  f i r e  suppression i n  t h e  t a i g a  of Alaska. 
Following the  Wickersham f i r e ,  a l a r g e  f i r e l i n e  r e h a b i l i t a t i o n  p r o j e c t  w a s  
undertaken by the  Bureau of Land Management ( ~ o l s t a d ,  1971; Knapman, 1982). 
The e f f o r t  included seeding and f e r t i l i z a t i o n  a s  wel l  a s  cons t ruc t ion  of water 
b a r r i e r s  ac ros s  f i r e l i n e s  on s t eep  s lopes.  A number of t hese  b a r r i e r s ,  con- 
s t r u c t e d  of ma te r i a l  o r i g i n a l l y  removed from the f i r e l i n e ,  can be seen on the  
h i l l s i d e  oppos i te  Mile 22.4 on the  highway. The I n s t i t u t e  of Northern 
Fores t ry  a l s o  i n i t i a t e d  s t u d i e s  t o  determine the  e f f e c t  of t he  f i r e  and f i r e -  
l i n e  cons t ruc t ion  on s o i l  temperature and on t h e  th ickness  of t he  a c t i v e  l a y e r  
(Viereck, 1982). Figures  25 and 26 show the  condi t ion  of the  f i r e l i n e  im-  
mediately fol lowing cons t ruc t ion  and i n  1980, 9 y r  l a t e r .  The r e s u l t s  of t h i s  
s tudy ( f i g s .  27 and 28) show t h a t  t h e  a c t i v e  l a y e r  th ickness  i n  the  unburned 
black spruce s tand  i s  about 40 t o  50 cm, wi th  l i t t l e  year-to-year v a r i a t i o n ;  
i n  the  burned s tand  the  a c t i v e  l a y e r  th ickness  has  gradual ly  increased through 
1981, when the  annual thaw reached 2.1 m. Thaw on t h e  f i r e l i n e ,  which was 
scraped t o  mineral s o i l ,  increased i n  th ickness  u n t i l  1980, when it seemed t o  
s t a b i l i z e ;  i t  then reached a depth of 2.2 m i n  1981. Analyses of the  annual 
freeze-thaw cyc le  a t  the  th ree  s i t e s  ( f i g .  28) show t h a t  thawing begins a t  
about the  same time i n  May and June but extends longer  and is  deepest  beneath 
the  f i r e l i n e .  Refreezing of t he  a c t i v e  l a y e r  i s  completed i n  December beneath 
t h e  unburned s tand ,  i n  l a t e  January beneath the  burned s tand ,  but not u n t i l  
the  end of February beneath the  f i r e l i n e .  Revegetation of t h e  burned a rea  has 
been slow. The f i r e l i n e  has developed a dense moss and herbaceous cover. 

Detai led s t u d i e s  of t he  p lan t  succession following f i r e  i n  the  black 
spruce type have been conducted on t h e  Wickersham burn and o ther  burns of 
known age i n  i n t e r i o r  Alaska. Six s t ages  ( f i g .  29) have been recognized i n  
t h e  approxi~nately 100 t o  200 y r  t h a t  it takes  f o r  a mature spruce s tand  t o  
develop fol lowing f i r e s .  

Af te r  most f i r e s ,  black spruce rep laces  i t s e l f  on the  burned s i t e ,  pr i -  
mari ly  because i t  has cones t h a t  r e t a i n  seed u n t i l  the  t r e e  i s  burned. Most 
cones do not burn, but l a t e r  open and d i s p e r s e  t h e i r  seeds,  an adapta t ion  t o  
f i r e .  Because the  t h i c k  organic  l a y e r  of the f o r e s t  f l o o r  seldom burns com- 
p l e t e l y ,  except i n  a very  severe  l a t e  summer f i r e ,  r evege ta t ion  i s  rapid and 
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Figure 25.   ire line condi t ions  immediately fol lowing the  1971 Wickersham f i r e  
(photograph taken by L. A. Viereck) . 

Figure 26. Condition of t h e  f i r e l i n e  shown i n  f i g u r e  25 
i n  1980 (from Viereck, 1982, f i g .  2). 
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F i g u r e  27. Change i n  maximum thaw dep th  of t h e  unburned 
c o n t r o l ,  f i r e l i n e ,  and burned s t a n d ,  1971 t o  1981 
(modified from Viereck ,  1982, f i g .  9). 

F igure  28. Time and dep th  of f r e e z e  and thaw f o r  t h e  
unburned c o n t r o l ,  f  i r e l i n e ,  and burned b lack  - s p r u c e  
s t a n d  f o r  t h e  p e r i o d  A p r i l  1979 through March 1980 a s  
determined by p rob ing  and by s o i l  t empera tu re  
measurements (from Viereck ,  1982, f i g .  11). 
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Figure 29. Stages i n  f o r e s t  success ion  
fol lowing f i r e  i n  a black - spruce 
ecosystem under la in  by permafrost 

0 - 1  2-5 6-25 26-50 51-100 100-200 (modified from Van Cleve and Viereck, 
Age ( y r )  1981, f i g .  13.3). 

i s  accomplished mostly by resprout ing  from r o o t s  and o ther  p lan t  organs t h a t  
a r e  not destroyed by t h e  f i r e .  Some spec ies  t h a t  bear  l i g h t  seeds ,  such as  
fireweed, invade,  and o the r s  develop from seed buried and preserved i n  t h e  
unburned organic  layer .  Because both herbs and shrubs grow r a p i d l y ,  t he re  i s  
an herbaceous s t age  and a shrub s t a g e ,  even though the  slow-growing black 
spruce  is  usua l ly  e s t ab l i shed  wi th in  a few years  of t he  f i r e .  About 25 t o  50 
y r  a f t e r  t he  f i r e ,  black spruce dominates t he  herbs and shrubs. A t  t h i s  t ime,  
a r a t h e r  dramatic  change t akes  p lace  i n  t he  f o r e s t  f l o o r  with t h e  invasion and 
development of feathermosses and l ichens .  This moss-lichen f l o o r  bu i ld s  up a 
t h i c k  organic  l a y e r ,  which i s  probably the  most important f a c t o r  t h a t  eventu- 
a l l y  l eads  t o  establ ishment  of low s o i l  temperatures and a shallow a c t i v e  
l a y e r  ( f i g .  29). In  t h e  l a t e r  s t ages  of t h e  succession these  low s o i l  temper- 
a t u r e s  and the  shallow a c t i v e  l a y e r  r e s u l t  i n  a decrease i n  biomass and 
product ion,  i n  p a r t  through accumulation of n u t r i e n t s  i n  unavai lab le  form i n  
the  organic  l a y e r  of t he  f o r e s t  f l o o r .  

Black spruce s tands  of a wide v a r i e t y  of ages can be seen along the  
route .  Some t h a t  have been s tudied  i n  d e t a i l  inc lude  t h e  Wickersham burn 
(1971),  t he  Globe Creek (misnamed) burn (1958),  and the  Hess Creek burn 
(1966). Most of the  unburned black spruce s tands  i n  the  Washington Creek F i r e  
Ecology Area a rea  a r e  of two ages,  about 70 y r  and 140 y r  (Viereck and 
Dyrness, 1979; Viereck and o t h e r s ,  1979; Van Cleve and Viereck, 1981). 

I n  most p laces ,  regenera t ion  of t he  vege ta t ion  fol lowing f i r e  i n  black 
spruce f o r e s t  r e s u l t s  d i r e c t l y  i n  another  black spruce s tand.  However, hard- 
wood s tands  of aspen and b i r ch  may develop following f i r e  on south-facing 
s lopes  formerly covered by white  spruce,  e s p e c i a l l y  where t h e  f i r e  has removed 
most of t h e  organic  layer .  Thus, b i r ch  and aspen s tands  a r e  common on south- 
fac ing  s lopes  along the  rou te ,  e s p e c i a l l y  i n  the  f i r s t  10 lun nor th  of Fox and 
on south-facing s lopes  near Livengood. On a l l  but t h e  d r i e s t  of s i t e s ,  t h e  
aspen and b i r c h  w i l l  eventua l ly  be replaced by black o r  whi te  spruce. 

E-26.5 to E-26.8 
To prevent  win ter  road i c i n g s ,  i n su l a t ed  underdrains  were constructed 

along the highway t o  c o l l e c t  water on the  e a s t  s i d e  and ca r ry  i t  beneath t h e  
road t o  be discharged downslope. This technique succes s fu l ly  r e rou te s  most of 
the  su r f ace  water.  

E-27.7 
Wickersham Dome wayside is loca ted  on a shoulder  of Wickersham Dome on a 

low summit of a lp ine  tundra a t  an e l eva t ion  of 670 m. The Sawtooth Range, ap- 
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Figure 30. Upright ,  well-formed white spruce,  a l l  approximately 40 y r  o ld ,  
growing i n  shrub birch and willows above the  o l d e r  e s t ab l i shed  t r e e l i n e  
on Wickersham Dome (Viereck, 1979, f i g .  4 ) .  

proximately 80 km t o  t h e  west ,  i s  v i s i b l e  on a c l e a r  day. On t h e  e a s t  s i d e  of 
t he  road and behind Wickersham Dome i s  t h e  e a r l y  foot  t r a i l  between Fairbanks 
and Livengood. Wicker sham Dome was named a f t e r  James W. Wickersham, pioneer ,  
judge, au thor ,  and Alaska Delegate to, Congress. The p ipe l ine  i s  v i s i b l e  from 
he re  f o r  a long d i s t a n c e  t o  t h e  south,  c ros s ing  over f i v e  r idges .  

Open t r e e l i n e  s tands  of s c a t t e r e d  black and white  spruce can be seen t o  
have a nea r ly  continuous l a y e r  of shrub b i rch ,  a l d e r ,  and willow. Above t h e  
highway, t r e e l i n e  can be observed a s  s c a t t e r e d  upr ight  t r e e s ,  t y p i c a l  of many 
t r e e l i n e  s i t e s  i n  Alaska ( f i g .  30) ; wind-pruned, low, matted ' krummholz ' tree 
forms a r e  lacking.  

Two common t r e e l i n e  phenomena can be observed. One i s  t h e  'candelabrum' 
type of spruce clump described o r i g i n a l l y  from Labrador. Black spruce 
commonly reproduces by l aye r ing ,  t h e  root ing  of t h e  lower branches i n  t h e  moss 
m a t .  This r e s u l t s  i n  a t r e e  clump, a l l  stems o r i g i n a t i n g  from one ind iv idua l ,  
w i th  t he  o ldes t  and t a l l e s t  stem i n  t h e  cen te r  surrounded by progress ive ly  
smaller  and younger t r e e s .  Several  of t hese  clumps can be seen i n  f i g u r e  30. 

A second phenomenon of t r e e l i n e  observed a t  Wickersham Dome t h a t  i s  not 
apparent i n  the t r e e l i n e  on the  south s lope  of the  Brooks Range i s  the  pre- 
va lence  of small  t r e e s  1 t o  3 m i n  he ight  s c a t t e r e d  between l a r g e r  t r e e s  
( f i g .  31).  The younger t r e e s ,  a l l  about 40 years  o ld ,  apparent ly  o r ig ina t ed  
dur ing  t h e  warmer summers of the  l a t e  1930's and ea r ly  1940's. A s i m i l a r  
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Figure 31. Sca t t e r ed  spruce,  a l l  approximately 40 y r  o ld ,  growing i n  t h e  
shrub-b i rch  zone above t h e  old s t a b i l i z e d  t r e e l i n e  on Wickersham Dome 
(Viereck, 1979, f i g .  3 ) .  

invas ion  of tundra areas by t r e e s  during t h e  same period occurred i n  nor thern  
Europe. 

E-29.5 
S t a b i l i z a t i o n  berms can be observed on e i t h e r  s i d e  of t h e  road a s  it 

crosses  the creek bottoms here  and 2.3  km t o  t he  north.  They a r e  used t o  
prevent subgrade f a i l u r e s  t h a t  r e s u l t  from subsidence a s  ground i c e  melts.  
The berms a r e  designed so  t h a t  l ong i tud ina l  f a i l u r e s  produced by subsidence 
a r e  moved from the  edge of the  road out t o  the edge of the  berm. The berms 
a r e  a  minimum of 1 m t h i c k  and 5 m wide. This  design reduces road mainte- 
nance. 

E-29 -7 
By t h i s  p u l l o u t ,  t he re  is an in su la t ed  perennia l  sp r ing  on a  permafrost 

s lope.  P r i o r  t o  i n s u l a t i o n ,  t he  spr ing  c rea ted  se r ious  winter  maintenance 
problems as water overflowed t h e  road, causing i c ings .  During recons t ruc t ion  
of t h e  road, t he  spr ing  was excavated ex tens ive ly  on the  u p h i l l  s i d e  and a 
per fora ted  d r a i n  pipe was i n s t a l l e d .  Preformed Styrofoam i n s u l a t i o n  w a s  
placed above and below the  pipe and under t h e  roadbed. A T pipe was i n s e r t e d  
i n  t h e  downhill s i d e  of t h e  road wi th  a main cu tof f  valve. This  permits  t h e  
water t o  come up i n  a  s tandpipe t o  form a dr inking  founta in  f o r  summertime 
use. In  t h e  win ter  t he  water f lows out  on the  downslope t o e  of t h e  road, thus  
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moving the  i c i n g  problem from the  road t o  the  a r ea  downhill of the road. The 
water source i s  a f a u l t  zone i n  t he  Birch Creek Schis t .  

E-29 -7 t o  E-32.1 
On the  northwest s i d e  of Wickersham Dome a r e  ex tens ive  s tands  of black 

spruce. On the  west s i d e ,  the  p ipe l ine  passes through a s lope  of aspen and 
b i rch .  S t a b i l i z a t i o n  berms a r e  present  along t h e  road shoulders.  A t o r  can 
be seen t o  the  no r theas t  along t h i s  s e c t i o n  of the  road. The s u m m i t  and 
f lanking  r idges  of Wickersham Dome provide an opportuni ty t o  observe t o r  and 
cryoplana t ion  t e r r a c e  development on metamorphic rocks of the  Yukon-Tanana 
Upland. The bedrock the re  i s  a complexly folded and f a u l t e d  sequence of 
s e r i c i t i c  q u a r t z i t e s  interbedded with t h i n  beds of q u a r t z - s e r i c i t e  s c h i s t  and 
carbonaceous qua r t z  s c h i s t .  Cryoplanation t e r r a c e s  a r e  bedrock s t e p s  o r  
t e r r a c e s  on r idges  and h i l l t o p s  t h a t  a r e  cut i n t o  a l l  bedrock types and a r e  
b e s t  developed on c lose ly  j o i n t e d ,  f ine-grained bedrock (Nelson, 1982; Reger, 
1975; Reger and Pi5w6, 1976). Terrace scarps  vary from 1 t o  75 m i n  height .  
The t r ead  o r  f l a t  a r ea  may be up t o  s e v e r a l  hundred meters wide and long, and 
s lopes  from 1" t o  5" p a r a l l e l  t o  the  r idge  c r e s t .  Pennafrost  occurs w i th in  
s e v e r a l  meters under a f ro s t - r ived  rubble cover. Some t e r r a c e s  i n  Alaska were 
a c t i v e  when t h e  mean sumuer temperature was between +2O and +6OC. The 
t e r r a c e s  and r e l a t e d  f e a t u r e s  shown i n  f i g u r e  24 were among those mapped by 
Reger ( 197 5) i n  h i s  comprehensive study of the  cryoplanat ion t e r r a c e s  of 
i n t e r i o r  and western Alaska. 

E-31.0 : Aggie Creek. 
This  is t h e  boundary of Fairbanks North S t a r  Borough. The bedrock c u t s  

a r e  i n  s c h i s t  and a r g i l l i t e .  

E-34.1 
A s e c t i o n  of buried p ipe l ine  is  v i s i b l e  t o  t he  north.  During l a t e  

spr ing ,  the snow over the warm pipe mel t s  f i r s t ,  a s  seen i n  f i g u r e  33.  The 
revegeta ted  t r a i l  west of the  p i p e l i n e  was cut  i n  t he  l a t e  1960's t o  provide 
access  t o  d i s t a n t  ridge-top communication s i t e s  (Rickard and Slaughter ,  
1973). Along t h e  road a r e  outcrops of the  Tolovana Formation, which c o n s i s t s  
of l imestone,  graywacke, and a r g i l l i t e .  

E-35.7 
Purple  a r g i l l i t e  of t h e  Tolovana Formation is  exposed along the  old 

E l l i o t t  Highway, which may be seen on the  e a s t  s i d e  of the  va l l ey .  The road 
c ros ses  s tun ted  black spruce f o r e s t  fonned on ice- r ich  permafrost s lopes.  
Several  roadcuts  were made through graywacke and a r g i l l i t e .  

E-37.1 : Globe Creek ( f i g .  3 4 ) .  
To reduce win ter  i c i n g  on t h e  s m a l l  s t reams,  many cross ings  have timber 

br idges in s t ead  of metal c u l v e r t s ,  as  a t  Globe Creek. The v e r t i c a l  wood side-  
wa l l s  prevent i c e  from forming on t h e  s i d e s ,  a s  it does on t h e  cold metal 
cu lve r t s .  Water cont inues t o  flow under the  i c e  cover. Highway cons t ruc t ion  
i n  Alaska has proven t h a t  a t  stream cross ings  the  p lac ing  of support s t ruc-  
t u r e s  i n  t he  streambed should be avoided t o  ave r t  i c i n g  of streams t h a t  
u sua l ly  do not  i c e  t h i c k l y  over. The road i s  on i ce - r i ch  permafrost.  To t h e  
nor th  a r e  two dome-shaped summits commonly r e fe r r ed  t o  as  the  'Grape f ru i t '  
Rocks. 
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F igure  33. V i e w  of t he  trans-Alaska p i p e l i n e  i n  i t s  e leva ted  mode i n  t h e  
v a l l e y  bottom and bur ied  mode on t h e  s lope  and r i d g e  top. Snow has 
melted over t he  s o i l  warmed by the  heated o i l  p ipe l ine .  The wide s t r i p  
devoid of f o r e s t  cover was cu t  over i n  t h e  l a t e  1960's f o r  access  t r a i l s  
( s e e  Rickard and S laughter ,  1973) (photograph taken by Bruce Brockett  on 
Apr i l  12, 1982). 

F igure  34 .  Single-span br idge  and timbered abutment ac ros s  Globe Creek 
designed t o  prevent  i c i n g  over t h e  channel (photograph taken by Bruce 
Brocket t  on A p r i l  12, 1982). 



6 0 GUIDEBOOK 4 

Figure  35. Looking nor th  t o  Globe Creek. The e l eva t ed  p i p e l i n e  was con- 
s t r u c t e d  by use of a snow pad i n  o rde r  t o  prevent  thawing of t h e  i c e - r i c h  
permafrost .  The normal g r a v e l  work pad can be seen  on t h e  no r th  s i d e  of 
Globe Creek. Photograph cour tesy  of Alyeska P i p e l i n e  Se rv i ce  Company. 
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E-39.3 
The Grapef ru i t  Rocks t o  t h e  e a s t  a r e  popular with climbers.  The parking 

a rea  is  under la in  by a r g i l l i t e .  Limestone colluvium i s  upslope. The e leva ted  
p i p e l i n e  may be seen t o  t he  south. Snow-pad cons t ruc t ion  was used south of 
Globe Creek because the  permafrost beneath the pad was so i c e  r i c h  t h a t  i t  
would have been too uns tab le  t o  support a grave l  pad ( f i g .  35; Johnson and 
Co l l in s ,  1980). I c e  l enses  up t o  4 m t h i c k  were encountered wi th in  1.5 rn of 
t h e  su r f ace  during t e s t  borings. The cons t ruc t ion  mode of t he  p ipe l ine  
changed from e leva ted  t o  buried i n  frozen bedrock above the  upper l i m i t  of t h e  
' f l a t i r o n . '  This po in t  i s  a l s o  the  upper l i m i t  of t h e  snow pad which was used 
on the  s t eep ,  i ce - r i ch  por t ion  of the  s lope  below the  top of t he  f l a t i r o n .  
Except f o r  t h e  lower s lopes  and f l a t i r o n  r idges ,  t he  l o e s s  has been completely 
s t r i pped  from the  bedrock h i l l s .  

E-40.8 
The Sawtooth Mountains a r e  v i s i b l e  t o  t he  west a s  a r e  a s e c t i o n  of buried 

p i p e l i n e  and the  Ta ta l ina  Valley t o  t he  southwest. The roadbed cons i s t s  of 
a r g i l l i t e .  There has been some d i t c h  e ros ion  and rubble has been placed on 
the  e a s t  s i d e  t o  p ro t ec t  t he  toe  of t he  road. 

E-42.0 : Entrance t o  Pump S t a t i o n  7. 

E-44.5 
The road is  cu t  i n  a r g i l l i t e  with a t h i n  cap of s i l t .  

E-44.8 
The T a t a l i n a  River br idge is  b u i l t  with t imbers t o  prevent t h i ck  i c i n g  

buildup over the  streambed. The old E l l i o t t  Highway is on the  southeast  s i d e  
of t h e  va l ley .  The e leva ted  p i p e l i n e  c ros ses  t h e  va l l ey  and ascends t h e  s lope  
t o  t h e  north.  

E-47.2 
The Ta ta l ina  Valley is  t o  t he  eas t .  Permafrost i s  c lose  t o  t he  su r f ace  

on the  f l a t  v a l l e y  bottom. The l a r g e  c u t s  were made i n  graywaclce and sand- 
s tone.  A f i r e ,  erroneously r e f e r r e d  t o  a s  t h e  'Globe Creek f i r e , '  burned 
about 750 ha i n  1958. 

E-47 -4 
Graywacke i s  exposed i n  a l a r g e  cu t  t o  t h e  west. 

E-49 -4 
A small  group of homesteads and a l o c a l  school  a r e  v i s i b l e .  

E-51.4 
The White Mountains a r e  v i s i b l e  t o  t h e  e a s t .  This  a r ea  forms t h e  d i v i d e  

between the Tolovana and Ta ta l ina  Rivers. 

E-52.5 
A l a r g e  roadcut has been made through a r g i l l i t e .  

E-52.8 to E-55.7 
Here t h e  road i s  b u i l t  on permafrost containing cons iderable  ice .  Note 

t he  s t a b i l i z a t i o n  berms. Roadcuts made through i ce - r i ch  permafrost ( f i g .  37) 
have s t a b i l i z e d  a s  organic- r ich  s o i l s  slumped over t h e  receding cu ts .  Between 





FOX - LIVENGOOD 6 3 

Figure 37. Roadcut exposing i c e  wedges i n  v i c i n i t y  of Mile 53 of the  E l l i o t t  
Highway (photograph taken by R.A. Kreig)  . 

sec t ions  E-53.9 and E-55.7 t h e  road passes  over permafrost wi th  i c e  masses 3 
t o  10 m t h i ck .  

E-56.9 
A small  thermokarst pond is  v i s i b l e  t o  t h e  e a s t  along t h e  o ld  road. 

E-57.2 : Tolovana River br idge  and campground. 
Stands of t a l l  white  spruce grow along t h e  r i v e r .  In  1979-80 t h e  road 

was re loca ted  between here  and t h e  junc t ion  with the  Dalton Highway. The o ld  
E l l i o t t  Highway i s  on the  e a s t  s i d e  of t h e  va l l ey .  

E-58.1 
Roadcuts have been made through f r a c t u r e d  a r g i l l i t e .  Spoon-shaped s lope  

f a i l u r e  occurred where two j o i n t  s e t s  came toge ther .  A tuffaceous conglomer- 
a t e  is exposed on t h e  r idge  c r e s t .  

E-59.1 to E-60.1 
Erosion by the  Tolovana River occas iona l ly  exposes b l u f f s  conta in ing  

ice- r ich  sediments. T a l l  white  spruce grow along t h e  well-drained banks. 
There is  a roadcut through conglomerate along t h e  e a s t  s i d e  of t h e  road. 
P lacer  mines have r e c e n t l y  been reopened on Wilber Creek, a western t r i b u t a r y  
of t he  Tolovana River. This is  the  type l o c a l i t y  f o r  the  Wilber Ash, which 
has been radiocarbon-dated i n  the  Fairbanks a r e a  a t  (4,200 yr B.P. (P6w6, 
1975a). The o ld  E l l i o t t  Highway is  seen on the  e a s t  v a l l e y  s lope  above t h e  
present  road. 

E-63.3 to E-65.4 
There i s  a s e r i e s  of roadcuts  i n  a r g i l l i t e  and graywacke on t h e  e a s t  s i d e  

of t he  road. 

E-66.8 : Olive Creek. 
Old gold-dredge t a i l i n g s  a r e  seen along the  road. Cinnabar was found a t  

the  head of Olive Creek. Copper prospect ing took p lace  on t h e  west s i d e  of 
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Figure 38. Route map, Mile E-65 t o  E-71. 

t h e  va l l ey .  A tramway operated on t h e  west fork  of Olive Creek. Surface i c e  
from Lake Ci ty ,  t o  the  west,  was used f o r  a water supply. A winter  i c i n g  
occurs  j u s t  south of Olive Creek along t h e  e a s t  s i d e  of t he  road. 

E-67.3 
The h i l l  t o  t he  no r th  i s  &ney Knob, one of t h e  source a reas  f o r  the  

Livengood gold p l ace r s .  

E-70.1 : Livengood Creek. 
The r idge  behind Livengood i s  of greenstone. 

E-71.1 
Junc t ion  wi th  Livengood Road. 
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LIVENGOOD 

The new s e c t i o n  of highway bypasses Livengood, which was named a f t e r  Jay 
Livengood who, wi th  N.R. Hudson, discovered gold i n  t h e  creek i n  1914. 
Prospect ing f lou r i shed  on Livengood Creek but yielded only meager r e s u l t s ,  
with about 10 mines commercially productive. Gold output  i n  1915 was ap- 
proximately $80,000, a t  a p r i c e  of about $20/oz. The d a i l y  wage was between 
$1.00 and $3.00. Considering the  i s o l a t i o n  of the new camp and the  f a c t  t h a t  
many of t he  p l ace r  d e p o s i t s  were deep and required b a t t e r s ,  c r ibb ing ,  and 
h o i s t s  f o r  proper development, the r e s u l t s  of t he  f i r s t  season 's  work were 
s t i l l  encouraging t o  t h e  miners. 

A prospector  named Casaden, r e ly ing  on h i s  Klondike experience,  f e l t  t h a t  
t h e  r e a l  paydi r t  should be on t h e  benches above Livengood, no t  i n  t h e  creeks. 
He was c o r r e c t ,  and i t  was not long before  t h e  main pay s t r e a k  was found. 
Livengood camp boomed, and by 1916 a t o t a l  of 21 p l a n t s  were engaged i n  mining 
the  bench grave l  above Livengood Creek. One was engaged i n  mining the  c reek  
g rave l s .  These opera t ions  were c a r r i e d  on by underground mining. On o the r  
c reeks ,  such a s  Gertrude,  Ruth, L i l l i a n ,  and Olive,  f i v e  s m a l l  p l an t s  were 
ope ra t ing  a s  open-pit mines. 

I n  1916, t he  Livengood a rea  produced over $700,000 worth of gold,  a nine- 
f o l d  inc rease  over 1915. By 1917, some 27 p l a n t s  were operating. I n  1918, 
t he  camp reached i ts  peak population of over 1,500 r e s iden t s .  A t  the  same 
time, more than 5,000 people were l i v i n g  i n  t h e  Livengood a r e a ,  which included 
Eureka and Manley Hot Springs. It has been reported t h a t  a person could walk 
f o r  6.5 km underground through the  interconnected d r i f t  mines. The peak years  
l a s t e d  u n t i l  1922. During t h a t  t ime, Livengood camp boasted two l a u n d r i e s ,  
two r e s t a u r a n t s ,  a h o t e l ,  t h r ee  t r a n s p o r t a t i o n  companies, and four  genera l  
s t o r e s .  But by 1922, t he  populat ion of the  Livengood camp was on the  dec l ine .  

Located 13 km nor theas t  of Livengood i s  t he  s i t e  of t h e  Hess Creek Dam 
and i t s  r e se rvo i r  ( f i g .  39). This was one of t he  l a r g e s t  e a r t h - f i l l e d  dams 
ever  b u i l t  on permafrost i n  Alaska and i t  impounded a r e s e r v o i r  of 144 ha. 
The dam was 24 m high and 485 m long a t  i t s  c r e s t .  Dam cons t ruc t ion  was begun 
i n  1940, was c u r t a i l e d  during World War 11, and was completed i n  1946. The 
dam w a s  designed and b u i l t  t o  d i v e r t  water from the  upper reaches of Hess 
Creek t o  the gold-mining a r e a s  i n  t he  va l l ey  of Tolovana River. A 1,000-m- 
long tunnel  w a s  excavated i n  t he  frozen si l t  and g rave l  near t he  upper end of 
t h e  r e se rvo i r .  A 1.1-m-diameter wood-stave pipe c a r r i e d  the  water. The 
r e se rvo i r  was emptied i n  the  winter  t o  a l low re f r eez ing  of t h e  embankment and 
r e l a t e d  s t r u c t u r e s .  

The spi l lway s t r u c t u r e  f a i l e d  i n  t he  spr ing  of 1962 when the  r e s e r v o i r  
o v e r f i l l e d  and water was r epo r t ed ly  1 m deep i n  t h e  drainage channel. 
Headward gu l ly  e ros ion  a t  the  base of t he  spi l lway eventua l ly  undermined the  
sp i l lway con t ro l  works and t h e  dam. There were cons iderable  maintenance 
problems wi th  t h e  o u t l e t  tunnel  throughout t he  l i f e  of t h e  r e se rvo i r .  
However, s e v e r a l  r e p o r t s  s t a t e d  t h a t  permafrost need not be a d e t e r r e n t  t o  
cons t ruc t ion ,  opera t ion ,  and maintenance of l a r g e  e a r t h - f i l l e d  dams on the  
permafrost t h a t  e x i s t s  i n  t he  i n t e r i o r  of Alaska (Rice and Simoni, 1966; K i t ze  
and Simoni, 1972; Simoni, 1975). De ta i l s  of t h e  design and cons t ruc t ion  of 
the  dam a r e  contained i n  the r epo r t s  c i t e d .  

The dam and spi l lway have s i n c e  been r epa i r ed ,  and it is  once aga in  i n  
opera t ion  ( f i g .  40). Water i s  being pumped overland from the  r e s e r v o i r  t o  
d i t c h e s  t h a t  flow t o  a l a r g e  a c t i v e  placer-mining opera t ion  along Livengood 
Creek ( f i g .  41). A t  t h i s  open-pit mine, managed by Livengood J o i n t  Venture, 
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F igure  39. Ae r i a l  ob l ique  photograph looking south t o  Hess Creek Dam and 
r e s e r v o i r  (photograph taken by D. Atwood on J u l y  19, 1982). 

Figure 40. Closeup of t h e  recons t ruc ted  sp i l lway  of Hess Creek Dam (photo- 
graph taken by D. Atwood on Ju ly  19, 1982). 
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Figure  41. .Aerial  photograph of t he  r ecen t ly  reopened placer-mining opera- 
t i o n  a t  Livengood (photograph taken by D. Atwood on J u l y  19, 1982). 

some 15-20 m of f rozen overburden is  being removed wi th  r i p p e r s  and bul l -  
dozers.  The old technique of hydraul icking the  overburden is  no longer  used 
t o  avoid excessive s i l t a t i o n  i n  streams and r i v e r s .  The underlying 8 t o  10 m 
of grave l  is  s tockp i l ed  and then processed i n  a washing p lan t .  The runoff 
from t h i s  washing opera t ion  i s  discharged i n t o  a l a r g e  s e t t l i n g  pond, where 
suspended s o l i d s  a r e  removed. 
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F i g u r e  42. Rou te  map, M i l e  D - 1  t o  D-13. 
P l a t e  1 2  r e f e r s  t o  i l l u s t r a t i o n  i n  
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E-73.0 
Good examples of s t a b i l i z a t i o n  berms may be seen. 

D-0.0 (E-73.1) : Junct ion  of E l l i o t t  and Dalton Highways. 
This  is  t h e  beginning of the  'TAPS Road' s e c t i o n  of t h e  Dalton Highway, 

b u i l t  i n  1969 and 1970 nor th  t o  the  Yukon River.  

D-1.3 
A long s e c t i o n  of p i p e l i n e  may be seen a s  i t  c r e s t s  a  h i l l .  

D-2.2 
The highway c ros ses  t he  buried p ipe l ine .  Good examples of t h e  buried and 

e leva ted  p ipe l ine  cons t ruc t ion  modes may be seen. The p i p e l i n e  i s  e leva ted  on 
t h e  lower s lopes  because of deep (4.6 t o  6.1 m), f rozen,  thaw-unstable s i l ts .  
The upper, south-facing s lopes  a r e  genera l ly  thawed o r  have bedrock a t  shal low 
depths ,  thus al lowing b u r i a l  of t he  p ipe l ine .  The road c ros s ing  i s  a  s tandard 
'cased '  c ross ing  i n  thaw-stable s o i l s .  

W3.2 
There i s  a  sweeping view of t he  p i p e l i n e  and t h e  Tolovana River a r ea  t o  

t he  southeas t .  

D-4.5 
The highway descends s t eep ly  i n t o  t h e  v a l l e y  of Lost Creek, which flows 

i n t o  the  West Fork Tolovana River. The p i p e l i n e  i s  v i s i b l e  s t r e t c h i n g  across  
t h e  r idges  of t h e  d i s t a n t  h i l l s .  

D-5.5 
Lost  Creek passes  beneath the  highway. 

D-6 .O 
A cu t  10 m deep i n t o  an ancient  a l l u v i a l  t e r r a c e  no r th  of and 50 t o  60 m 

above Lost Creek has exposed subrounded t o  subangular g rave l  containing small  
cobbles ,  which is  o v e r l a i n  by a  t h i n  l o e s s  cap. The g rave l  i s  l i t t l e  
weathered, but the  upper 1 m shows oxida t ion  s t a i n .  A l a r g e  h i l l t o p  ma te r i a l  
s i t e  i n  bedrock is  loca ted  e a s t  of the  road. 

D-6.6 
An except iona l ly  well-developed, lichen-covered b lu f f  may be observed t o  

t he  west. 

D-7.3 
A s t e e p ,  winding rou te  l eads  out of t h e  va l l ey .  The th ickness  of t he  

l o e s s  throughout the  Yukon-Tanana Upland v a r i e s  with the  d i s t ance  t o  the s i l t  
source. As  i nd i ca t ed  previous ly ,  l o e s s  i s  t h i n  o r  absent from Fox t o  t h i s  
point .  From here t o  j u s t  nor th  of the  Yukon River ,  most h i l l s  and r idges  a r e  
covered wi th  moderately t h i c k ,  perennia l ly  frozen l o e s s ,  apparent ly derived 
from the  Yukon F l a t s  of t he  Yukon River (Williams, 1962). The l o e s s  has been 
ex tens ive ly  reworked by f l u v i a l  processes  t h a t  t ranspor ted  t h e  s i l t  t o  lower 
s lopes  and v a l l e y  bottoms, where i t  was incorporated with organic  ma te r i a l s .  
Both t h e  frozen l o e s s  and r e t r anspor t ed  organic  s i l t  conta in  massive i c e  a s  
t h i ck  a s  17 m. Gu l l i e s  i n  frozen upland l o e s s  have convex wal l s  and narrow 
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F i g u r e  43. Route map, M i l e  D-14 t o  D-27. 
P l a t e  1 3  r e f e r s  t o  i l l u s t r a t i o n  i n  
K r e i g  and Reger (1982). 
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f l o o r s ,  i n  con t r a s t  t o  g u l l i e s  wi th  broad f l o o r s  i n  unfrozen upland l o e s s  
(Kreig and Reger, 1982, f i g .  8). In  genera l ,  the vege ta t ion  between Livengood 
and t h e  Yukon River i s  pr imar i ly  black spruce i n  s tands  of var ious  ages. 
These s tands  a r e  i n t e r spe r sed  with b i r ch  s tands  of var ious  ages,  e s p e c i a l l y  on 
some of t he  south-facing s lopes.  The understory of black spruce i n  t h e  b i r ch  
s tands  i n d i c a t e s  t h a t  spruce w i l l  eventua l ly  r ep l ace  the  birch.  Lichen- 
covered f o r e s t  f l o o r s  a r e  observed i n  t h i s  v i c i n i t y .  

D-8.4 
An e x c e l l e n t  example of a s tunted  black spruce f o r e s t  may be seen. 

D-9.3 
The road fol lows a  high r idge  with a  spec t acu la r  view of Erickson Creek 

v a l l e y  and the  p ipe l ine .  The p ipe l ine  p a r a l l e l s  the  road t o  the  n o r t h e a s t ,  
fol lowing the  tops  of the high r idges.  Broken t r e e  tops  and t h e  bent t runks 
of b i r ch  and black spruce show the  e f f e c t s  of snow loads.  

D-10.8 
A t  t h i s  point  t he  road is  b u i l t  over a  6.7-m-thick c l e a r  i c e  l e n s ,  t he  

top of which i s  1.5 m below the  n a t u r a l  ground sur face .  Approximately 120 m 
southeas t  of here  a  t e s t  hole  encountered 18 m of c l e a r  i c e  beneath 2 lo of 
frozen s i l t .  Similar  i c e  masses a r e  common i n  these  uplands between Mile D-7 
and the  Yukon River (Kreig and Reger, 1982, pl.  12). The highway descends 
i n t o  the  v a l l e y  formed by one of the  t r i b u t a r i e s  of Erickson Creek. A long 
segment of e leva ted  pipe i s  seen t o  t he  eas t .  

Between here  and Hess Creek the  road crosses  a  complex of h i l l s  t h a t  i s  
80 t o  90 percent  continuously frozen. Several  v i s t a s  i n  t h i s  s e c t i o n  provide 
an oppor tuni ty  t o  g e t  a  f e e l  f o r  what t e r r a i n  landscape elements a r e  
unfrozen. It i s  probable t h a t  only the  s t e e p e s t  and most souther ly  fac ing  
s lopes  a r e  unfrozen. Most of t he  s i t e s  vegetated with t a l l  b i r c h  and spruce 
f o r e s t  a r e  continuously o r  discont inuously f rozen  (R.A. Kreig, pers .  commun.). 

D-12.0 
The road c ros ses  t h e  s i l t - f i l l e d  f l o o r  of Erickson Valley. 

D-15.6 
The highway passes  through an expanse of dense black spruce and s c a t t e r e d  

b i rch .  Some limbs on the b i r ch  t r e e s  have been broken by heavy winter snow 
loads.  

D-19.2 
A l a r g e  lua t e r i a l  s i t e  i n  bedrock used f o r  p i p e l i n e  and road cons t ruc t ion  

is loca ted  on t h e  west. s i d e  of the  road. Roadcuts expose highly metamorphosed 
rocks. 

D-19.4 to D-22.5 
The road was excavated through a  s e r i e s  \of massive i c e  wedges ( f i g .  44) 

(Smith and Berg, 1973; Berg and Smith, 1976; Pufahl and o t h e r s ,  1974; McPhail 
and o t h e r s ,  1975, 1976). Recession and recovery of t h i s  s lope  were t y p i c a l  of 
those of most ice- r ich  s lopes  along the road ( f i g .  44). General ly  the  c u t s  
were nearly v e r t i c a l ,  t h a t  i s ,  with s lopes  of 1:4, t o  minimize t h e  su r f ace  
a rea  exposed t o  the  new thermal environment. S i l t a t i o n  along the  west s i d e  of 
t h e  road i s  evidence of cont inuing sediment t r a n s p o r t  from the  receding cu t  
banks. Subsidence under the road s t i l l  presents  maintenance problems. 
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I c e - r i c h  Soil 

5' min 

Figure 44. Example of self-stabilization 
of roadcut containing ice wedges. 
A. Vertical exposure showing ice 
wedge soon after excavation, March 
1970. B. Overhanging organic mat 
and accumulation of sediment at base 
of slope, June 1970. C. Stabilizing 
slope, June 1971. D. Partially 
vegetated slope, June 1973 (photo- 
graphs taken by R&M Consultants, 
Inc.), Sections E, F, and G are 
schematic cross sections illustrating 
the self-stabilization process seen 
in the photographs (modified from 
Berg and Smith, 1976, fig. 74). 
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Figure 45. A e r i a l  photograph of Hess Creek showing point  ba r s ,  t e r r a c e s ,  
vege t a t i on ,  and new br idge  (photograph taken by D. Atwood on J u l y  19, 
1982). 
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Figure  46. Sec t ion  ac ros s  Hess Creek showing r e l a t i o n  between d i r e c t i o n  of 
meander migra t ion ,  vege t a t i on ,  and i n f e r r e d  permafrost cond i t i ons  
(modified from Kreig and Reger, 1982, f i g .  9, and based on vege t a t i on  and 
s o i l  observa t ions  by L.A. Viereck).  
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F i g u r e  47. Rou te  map, Mile D-28 t o  
D-4 1. 
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D-20.8 
The road begins  i t s  descent  t o  l e s s  Creek. The roadcuts  a r e  i n  ~neta- 

morphic rocks.  

D-23.8 
Hess Creek br idge  ( f i g .  45) was recons t ruc ted  i n  l a t e  1981 t o  prevent 

f l o a t i n g  trees and d e b r i s  from hanging up on the  br idge  p i l e s .  The new br idge  
has  36-m-long bulb-T-prestressed concre te  g i rde r s .  Hess Creek i s  t h e  l a r g e s t  
stream between t h e  E l l i o t t  Highway and the  Yukon River.  As  t h e  r i v e r  a c t i v e l y  
meanders, i t  c u t s  l a t e r a l l y  i n t o  i ce - r i ch  permafrost.  A r ecen t  cu tof f  5 lun 
downstream is  less than 20 yr  old.  Old oxbows g radua l ly  f i l l  wi th  overbanlc 
f l ood  d e p o s i t s  and organic  m a t e r i a l  and even tua l ly  blend wi th  t h e  surrounding 
abandoned f lood-plain sur faces .  Sediments beneath t he  f lood p l a i n  of Hess 
Creek c o n s i s t  of 1.2 t o  4.5 m of organic  s i l t  and s i l t y  sand, which r ep re sen t s  
overbank depos i t s .  These depos i t s  a r e  under la in  by r iverbed  depos i t s  of sand,  
w i th  some g rave l  and sandy g rave l  extending t o  bedrock a s  deep a s  23 m (Kreig 
and Reger, 1982, p l .  1 3 ) .  

The f lood  p l a i n  of Hess Creek i l l u s t r a t e s  t h e  t i m e  requi red  f o r  perma- 
f r o s t  t o  develop i n  exposed stream sediments ( f i g s .  45 and 46; Viereck, 1970; 
Kreig and Reger, 1982, f i g .  9 ) .  Permafrost  is gene ra l l y  absent  under t h e  
s t ream and on newly depos i ted  point  bars  down t o  a s  much a s  23 m. Test  ho les  
i n  t h i s  a r e a ,  which were gene ra l l y  15 m deep, f a i l e d  t o  reach  t h e  base of 
permafrost.  Deeper ho les  i n  f lood-plain alluvium i n  t h e  Fairbanks a r ea  and 
elsewhere demonstrate t h a t  permafrost gene ra l l y  th ickens  wit11 inc reas ing  age 
of the  a l l u v i a l  su r f ace  (Williams, 1970). The f r e s h  s i l t  and g rave l  su r f aces  
on t h e  i n s i d e s  of t h e  meander curves a r e  f i r s t  colonized by willows and 
a l d e r s ,  but a r e  overtopped by balsam poplar i n  about 15 t o  25 yr .  Permafrost 
i s  usua l ly  absent  during these  e a r l y  success iona l  s tages .  Shade-tolerant 
s eed l ings  of white  spruce become e s t ab l i shed  under the  balsam poplar ,  and 
w i t h i n  75 t o  100 y r  over top  the  balsam poplar ,  which by t h a t  time have become 
overaged and decadent.  As t he  white  spruce s tand  matures and t h e  balsam 
pop la r s  d i e  o u t ,  a m a t  of feathermosses develops a t h i ck  i n s u l a t i n g  organic  
l a y e r  on the  f o r e s t  f l o o r ,  e s p e c i a l l y  when the  frequency of f looding  i s  
reduced. The i n s u l a t i n g  e f f e c t  of t h e  t h i c k  f o r e s t  l a y e r  reduces t he  mean 
annual ground temperature and favors  development of permafrost a f t e r  200 t o  
300 yr. A s  t h e  a c t i v e  l a y e r  becomes shallow, white  spruce  is  gradua l ly  re- 
placed by black spruce. Eventual ly ,  permafrost incorpora tes  a l l  mineral  s o i l ,  
r e s t r i c t i n g  annual thaw and p l an t  r o o t s  t o  su r f ace  organic  layers .  Bog 
vege t a t i on  of s c a t t e r e d  black spruce,  Sphagnum moss, and low shrubs (Labrador 
t e a ,  r e s i n  b i r c h ,  blueberry and diamond-leaf willow, and s c a t t e r e d  thaw ponds 
with a q u a t i c  vege t a t i on  a r e  present  i n  t he  f i n a l  s t a g e  of succession on the  
abandoned f lood-p la in  t e r r a c e s .  This  process  of ' swamping' i s  common and has  
been repor ted  elsewhere (Renninghoff, 1952; Williams, 1962). The south-facing 
d ry  b lu f f  a long Hess Creek i s  covered by grass land  vegetat ion.  

D-25.0 
The view t o  t he  south  inc ludes  e leva ted  and buried s e c t i o n s  of t h e  pipe- 

l i n e  a s  i t  c ros se s  the  Hess Creek v a l l e y ,  inc lud ing  a remotely operated va lve  
s i t e .  

D-26.1 t o  D-28.4 
The e f f e c t s  of a l a r g e  l ightning-caused f o r e s t  f i r e  t h a t  burned 13,000 ha 

i n  June,  1967, a r e  s t i l l  v i s i b l e .  I n  t h i s  v i c i n i t y ,  a dense populat ion of t h e  
r a r e  t a i g a  vo l e  (Microtus xanthognathus) has been repor ted  (Wolff and 
Lid icker ,  1981). From here  no r th  t o  t h e  Yukon River ,  the vege ta t ion  c o n s i s t s  
most ly  of o ld  and l o c a l l y  open s t ands  of black spruce. 
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F gure 48. Ae r i a l  photograph of probable open-system pingo west of Mile 1 32.8 on Dalton Highway (photograph taken by D. Atwood on J u l y  19, 1982). 

D-28.4 
A l a r g e  bedrock-material s i t e  i s  loca t ed  on t h e  west s i d e  of t h e  road. 

' D-29.7 ' The road and t h e  p ipe l ine  c ross  an unnamed creek and v a l l e y  bottom. The 
e leva ted  p i p e l i n e  and a valve a r e  c lo se  t o  the  e a s t  s i d e  of t he  road. 

D-30.0 
Most of t h e  r o l l i n g  h i l l s  v i s i b l e  from here  a r e  j u s t  over 600 m eleva- 

-31.4 
The Ray Mountains a r e  v i s i b l e  t o  t h e  west. 

D-32.7 
There i s  a probable pingo i n  t he  v a l l e y  on t h e  west s i d e  of t h e  road 

ig .  48). The bedrock cut  on the e a s t  s i d e  of the  road is i n  metamorphic 

D-33.8 : Tributary  of Hess Creek. 
Severa l  f a u l t s  a r e  evident  i n  t h e  s t a b l e  bedrock cut .  
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D-38.1 
The p i p e l i n e  c ros ses  under t h e  road. 

D-41.0 
This  s i t e  o f f e r s  sweeping views t o  t he  south of t he  Hess and Troublesome 

Creek va l l eys .  The most prominent peaks a r e  Raven Creek H i l l ,  Sawtooth 
Mountain, and Wolverine Mountain. The landscape e x h i b i t s  re juvenat ion  of 
drainage.  A t  Idaho Bar, some 30 km t o  the  southwest,  ex tens ive  ( ~ l i o c e n e ? )  
g rave l  t e r r a c e s  a r e  present  up t o  300 m above modern stream l eve l .  A t  t h a t  
l o c a t i o n ,  some of t hese  high-level grave ls  conta in  gold p lacers .  

D-41.8 to D-43.1 
The road descends a  s t e e p  grade i n t o  the v a l l e y  of Isom Creek. Cuts 

along the west s i d e  of the  road expose a s  much a s  25 m of metamorphic bedrock 
and 10 m of l o e s s  and weathered rock. 

D-43.1 : Isom Creek cross ing .  

D-47.8 
The road begins i t s  descent t o  the Yukon River. The black spruce show 

broken tops  due t o  the  buildup of snow and rime. 

D-49 .O 
Severa l  k i lometers  of t he  e leva ted  sec t ions  of p i p e l i n e  can be seen 

s t r e t c h i n g  across  t he  d i s t a n t  h i l l s .  There is  a  good view of t he  Ray 
Mountains t o  t h e  west. 

D-50.4 
A thermokarst pond i s  loca ted  e a s t  of t h e  road. 

D-51.2 
An old  access  road t o  the  Yukon River win ter  i c e  c ross ing  and hovercraf t  

landing j o i n s  the  highway here. 

D-53.3 
The Yukon River f i r s t  becomes v i s i b l e  t o  t h e  north.  A s  t h e  road 

descends, t he  p i p e l i n e  can be seen suspended on the  upstream s i d e  of t h e  
br idge.  

D-54.0 : Pump S t a t i o n  6. 
Pump S t a t i o n  6 was constructed wi th  a  r e f r i g e r a t e d  foundation t o  prevent 

thawing of t h e  underlying ice- r ich ,  organic  s i l t  and h ighly  weathered bed- 
rock. The microwave tower and the  s t ack  of t he  s t a t i o n ' s  smal l  r e f i n e r y  r i s e  
above the  pump bui ld ings  and o ther  s t r u c t u r e s .  The r e f i n e r y ,  more properly 
c a l l e d  a  topping p l a n t ,  produces f u e l  from crude o i l  taken from t h e  p i p e l i n e  
t o  opera te  the  tu rb ine  engines t h a t  d r i v e  the  pumps. S imi la r  small r e f i n e r i e s  
a r e  used a t  Pump S t a t i o n s  8 and 10. S t a t i o n s  no r th  of t h e  Brooks Range use 
n a t u r a l  gas ,  t ranspor ted  from the  Prudhoe Bay f i e l d  i n  a  20- t o  25-cm-diameter 
fuel-gas p ipe l ine .  The microwave tower is  pa r t  of a  communications network 
t h a t  l i n k s  pump s t a t i o n s  with each o the r  and with the  Valdez opera t ions  
c o n t r o l  cen ter .  

Pump S t a t i o n  6 was loca ted  i n  an a rea  t h a t  had an exposure of d i o r i t e  a t  
t h e  south end of t h e  s t a t i o n .  Excavation a t  t he  tank farm near t he  outcrop 
and i n  t he  s t a t i o n  area t o  the  nor th  revealed t h a t  t he  d i o r i t e  bodv i s  a 60- 
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Figure 49. Route  map, Mile D-42 t o  
D-55. 
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Figure 50. 
s i l t  on 
River.  
thawing 
1979a, f  
by T.D. 
1975). 

Exposure of ice- r ich  
south bank of Yukon 
The permafrost was 
r a p i d l y  (Hamilton, 

i g .  4 ;  photograph taken 
Hamilton on August 1, 

m-thick s i l l  t h a t  d i p s  northward beneath the  s i t e  a t  an angle  of 30'. A t  t h e  
tank farm, t he  d i o r i t e  i s  ove r l a in  by a s  much a s  4.5 m of f rozen  s i l t s t o n e  and 
g r i t  i n  which t h e  bedding planes a r e  separated by i c e  l a y e r s  as th i ck  a s  1.3 
cm. This ice- r ich  m a t e r i a l ,  sub jec t  t o  se t t lement  on thawing, had t o  be 
excavated before  t he  tank foundat ions could be constructed.  Excavation of t h e  
f rozen  l o e s s  from the  remainder of t he  s t a t i o n  revealed t h a t  the  f rozen  
sedimentary rocks were too th i ck  t o  be excavated down t o  t h e  underlying 
d i o r i t e  s i l l .  Therefore,  t he  s t a t i o n  bui ld ing  foundations were r e f r i g e r a t e d  
t o  prevent p o t e n t i a l  se t t lement  caused by thawing of t he  permafrost.  These 
c o s t l y  foundat ion problems i l l u s t r a t e  a po in t  t h a t  i s  not  o f t e n  considered i n  
permafrost engineering---namely, t h a t  bedrock may con ta in  such a h igh  content  
of i c e  t h a t  i t  s e t t l e s  when thawed. 

D-54.4 
The road c ros ses  over t h e  e leva ted  p i p e l i n e  and t h e r e  i s  a sweeping view 

of the  Yukon River. 

D-55.5 : E.L. Pa t ton  Bridge. 
The br idge  was named f o r  t he  Pres ident  of t h e  Alyeska P i p e l i n e  Service. 

Company a f t e r  h i s  death i n  1982. A 20-m-high cu t  exposes s i l t  above bedrock. 
Close t o  t he  b luf f  face ,  t he  s i l t  is r e l a t i v e l y  coarse,  we l l  drained,  and 
i c e  f r e e .  Fa r the r  south,  i t  is oxidized t o  a depth of about 2 m, and gray ,  
fe t id-smel l ing ,  ice- r ich ,  pe renn ia l ly  f rozen  muck l i e s  below t h i s  l eve l .  In  
t he  o r i g i n a l  road c u t ,  i c e  wedges were exposed a t  the  base of t he  oxidized 
zone, and they extended f o r  an unknown d i s t a n c e  down i n t o  t h e  muck (Hamilton, 
1979a) ( f i g .  50). 
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EXPLANATION 

Alluvial deposits 
.includes floodplain, low-terrace 
and alluvial f an  deposits 

Loess 

Eo l i an  sand 

Glacia l  deposits 
Qd,, Qdn, mora ines  of 
successive g lac ia t ions  

H igh -  , level alluvium 

B a s a l t  

Sedimentary 
rocks 

Approximate shoreline 
proposed reservoir 

**.."I.., 

Marginal escarpment 

D 
Loca l  s a n d  dunes 

R e m n a n t s  of  p r e -  Qd,  
g loc io l  depos i ts  

Figure 51. Generalized geologic  map, Yukon F l a t s  Cenozoic Basin (modified 
from Williams, 1964, f i g .  1). 

YUKON RIVER U G I O N  AND CROSSING 

The Yukon River i s  Alaska's l a r g e s t  r i v e r ;  i t  i s  the  f i f t h  l a r g e s t  i n  
North America and the  20th l a r g e s t  i n  t h e  world. It s t a r t s  i n  Lakes A t l i n ,  
Bennett ,  and Tagish, near t he  B r i t i s h  Columbia - Yukon T e r r i t o r y  border i n  
Canada, and flows northwestward and westward 3,175 Irm t o  t h e  Bering Sea. It 
is navigable  from Whitehorse, Y.T., f o r  2,850 km t o  t he  sea. Open season f o r  
naviga t ion  l a s t s  from breakup of t h e  i c e  i n  mid-May t o  freezeup i n  October. 
The r i v e r  c a r r i e s  suspended g l a c i a l  sediment i n  summer from the  White River 
and o t h e r  g lac ie r - fed  r i v e r s  i n  t h e  Yukon T e r r i t o r y .  
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The r i v e r  flows from Whitehorse through a gene ra l ly  narrow v a l l e y  t o  
C i r c l e ,  Alaska, where it e n t e r s  t he  Yukon F l a t s  Cenozoic Basin, a 115-km-wide 
lowland t h a t  extends some 322 km along the  r i v e r  t o  Fort  Hamlin ( f i g .  51). A t  
Fo r t  Hamlin t h e  Yukon e n t e r s  t h e  Ramparts, a reach i n  which t h e  r i v e r  flows 
about 160 km t o  Tanana i n  entrenched meanders cu t  a s  deep a s  670 m i n t o  up- 
l a n d s ,  which a r e  under la in  by r e s i s t a n t  pre-Tert iary rocks and small  bas ins  of 
downfaulted blocks of s o f t  T e r t i a r y  sedimentary rocks. Below Tanana the  r i v e r  
flows through broad lowlands, here and t h e r e  impinging aga ins t  t he  bordering 
h i l l s ,  before  reaching i ts  d e l t a  on the  Bering Sea coas t .  

The r i v e r  d r a i n s  an a rea  of about 835,000 km2. I ts  flow, from the  drain-  
age a r e a  of 517,000 km2 above Rampart (which i s  85 ktn downstream from t h e  
Dalton Highway cross ing)  ranges from about 2,800 m 3 / s  i n  e a r l y  sp r ing  t o  ap- 
proximately 20,000 m 3 / s  during the l a t e  spr ing  runoff .  The maximum probable 
f lood  a t  Rampart was est imated a t  1,000,000 m 3 / s  (Duncan, 1964). Breakup of 
t he  r i v e r  i c e  i n  May (Gibbs, 1906; Williams, 1955) is  a spec tacular  event  
accompanied by a sudden r i s e  i n  r i v e r  l e v e l  and i c e  jams a t  narrows along t h e  
r i v e r ,  such a s  a t  Fort  Hamlin (25 ?an upstream from the Dalton Highway 
cross ing)  where t h e  r i v e r  i n  some years  i s  temporari ly  ponded behind i c e  jams. 

I n  t he  e a r l y  19601s, s t u d i e s  were undertaken by the  U.S. Army Corps of 
Engineers on the  f e a s i b i l i t y  of cons t ruc t ing  a dam on t h e  Yukon River near  
Rampart. The b a s i c  premise was t h a t  a dam about 134 m high would be capable 
of genera t ing  about 4,000,000 k i lowa t t s  of e l e c t r i c i t y  f o r  a cos t ,  a t  t h a t  
t ime, of about $1 b i l l i o n .  The r e s e r v o i r  f o r  t h i s  dam would have f i l l e d  t h e  
v a l l e y  where the  E.L. Pa t ton  br idge i s  now loca ted  t o  a depth of nea r ly  120 m ,  
and would have extended i n t o  the  Yukon F l a t s  ( f i g .  51) t o  c r e a t e  a r e s e r v o i r  
of 27,913 km2, conta in ing  1,600 km3 of water. The r e s e r v o i r ,  the  s i z e  of Lake 
E r i e ,  would have requi red  about 16 y r  t o  f i l l  i f  t h e  e n t i r e  annual flow of t h e  
r i v e r  were t o  be s to red  (Gronewald, 1960). The p o t e n t i a l  e f f e c t s  of t h i s  
l a r g e  body of water on the  permafrost beneath and ad jacent  t o  i t ,  on the  
c l imate  of t he  reg ion ,  and on g l a c i a t i o n  i n  the  Brooks Range a r e  i n t e r e s t i n g  
s u b j e c t s  f o r  specu la t ion  and were discussed a t  t he  14th Alaska Science Con- 
fe rence  i n  1963. 

The Yukon River c ross ing  was one of t h e  major obs t ac l e s  fac ing  bu i lde r s  
of t he  p ipe l ine .  Construct ion of t he  Dalton Highway began i n  1969 from t h e  
E l l i o t t  Highway near  Livengood northward t o  t h e  Yukon River. Construct ion of 
t he  remainder of t he  highway from the  Yukon River t o  Prudhoe Bay was pushed 
forward r ap id ly  i n  1974, and' t h e  road was completed wi th in  5 months. A t  t h e  
same time, cons t ruc t ion  of the Yukon River br idge was begun. During i t s  con- 
s t r u c t i o n  i n  1974 and 1975 an i c e  br idge  was used during win ter  and a hover- 
c r a f t  was used during summer ( f i g .  52). 

The Yukon River br idge  ( f i g .  53) ,  a s t e e l  box-girder br idge  wi th  ortho- 
t r o p i c  deck and a temporary wood d r iv ing  su r f ace ,  was completed i n  1975 f o r  
t h e  Alaska Department of Highways by Manson-Osberg-Ghemm. Alyeska funded t h e  
a d d i t i o n a l  work t o  accommodate the  p ipe l ine ,  which i s  supported along the  up- 
s t ream s i d e  of the bridge. The br idge  was opened t o  t ruck  t r a f f i c  i n  October 
1975. It is 700 m long and has a 5 112' grade,  with the  south bank being t h e  
h ighes t .  

Bedrock a t  the  c ross ing  and f o r  many k i lometers  on e i t h e r  s i d e  i s  t h e  
Rampart Group of Permian age ( ~ r o s ~ 6  and o the r s ,  1969; Kachadoorian, 1971c; 
Chapman and o t h e r s ,  1971). These rocks have been in t ruded  by d ikes  and s i l l s  
of gabbro, d i o r i t e ,  and diabase of T r i a s s i c  age and have been dated i n  one 
l o c a l i t y  a s  being 205 m.y. old ( ~ r o s g d  and o t h e r s ,  1969). The rocks a r e  
exposed only i n  l o c a l  r i v e r  b l u f f s  and on i s o l a t e d  h i l l t o p s ,  so  t h a t  t h e  
d e t a i l s  of t h e i r  s t r a t i g r a p h y ,  s t r u c t u r e ,  and i n t r u s i v e  r e l a t i o n s  remain 



Figure 52. Before construct ion of the Yukon River bridge,  two air-cushion t r anspor te r s  f e r r i e d  supply 
t rucks  f o r  the trans-Alaska p ipe l ine  across the r i v e r .  The vehic les ,  termed 'hovercraf t , '  were sup- 
ported on a cushion of a i r  and were pulled across by cables (photograph courtesy of Alyeska Pipel ine  
Service Company). 
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obscure. However, they appear t o  s t r i k e  no r theas t  and t o  d i p  about 30" N. a t  
Pump S t a t i o n  6 .  Local deformation without doubt causes a v a r i e t y  of t r ends  
elsewhere. The rocks a r e  chemically a l t e r e d  and f a u l t e d  t o  produce l o c a l  
a r eas  of weak rock and f a u l t  gouge. I n  gene ra l ,  rocks of t he  Rampart Group 
a r e  l a r g e l y  interbedded s i l t s t o n e ,  sha l e ,  a r g i l l i t e ,  g r i t ,  c h e r t ,  t u f f ,  and 
volcanic  flows and breccia .  Local t h i n  l imestone beds conta in ing  f o s s i l s  of 
Permian age a r e  found a t  Poin t  No Point on t h e  Yukon River,  24 km below t h e  
crossing.  

Bedrock beneath the  Yukon River br idge  c o n s i s t s  of a l t e r e d  volcanic  rocks 
(greenstone)  f o r  the most p a r t ,  wi th  some c h e r t ,  t u f f ,  and f ine-grained 
sedimentary rocks. These rocks a r e  highly f r a c t u r e d ,  which was incorporated 
i n t o  the design of t he  p i e r  foundations. However, much of the  center  p i e r  w a s  
found t o  be under la in  by f a u l t  gouge, or  a shear  zone of s o f t  ma te r i a l .  
Redesign of the p i e r  and foo t ings  delayed cons t ruc t ion  1 month and cos t  about 
$4,500,000 (Alaska Construct ion and O i l ,  1975). The a d d i t i o n a l  work t o  
co r r ec t  t he  foundat ion problems a t  t he  p i e r  involved making 26 t e s t  borings 
and 50 j e t  probes t o  de f ine  the  problem a r e a ,  placing 61 12-m-long H-pilings 
i n  t h e  gouge m a t e r i a l  beneath the  p i e r ,  and pu l l i ng  and rebui ld ing  t h e  
caisson.  The f a u l t  gouge i s  bel ieved t o  be s i m i l a r  t o  t h a t  along f a u l t s  e l s e -  
where i n  rocks of t he  Rampart Group and t o  be un re l a t ed  t o  an a c t i v e  f a u l t  
system. 

The bedrock sur face ,  highly weathered i n  some exposures,  i s  ove r l a in  
l o c a l l y  by grave l  deposi ted by the  Yukon River o r  one of i t s  t r i b u t a r i e s  
dur ing  e a r l y  s t ages  of canyon cu t t i ng .  In  most a r e a s ,  however, t h e  rock and 
the  overlying g rave l  a r e  concealed by e o l i a n  s i l t  t h a t  i s  l o c a l l y  more than 12 
m th ick .  The e o l i a n  s i l t  is  pe renn ia l ly  f rozen  and i s  r i c h  i n  i c e ,  e s p e c i a l l y  
i n  l a r g e  i c e  wedges l i k e  those exposed i n  1969 along the  Dalton Highway south 
of t h e  Yukon River dur ing  cons t ruc t ion .  Thermal d is turbance  of t h e  permafrost 
by road and o the r  cons t ruc t ion  is  l i k e l y  t o  cause se t t l emen t ,  which w i l l  
r e q u i r e  maintenance f o r  many years.  The p o t e n t i a l  f o r  thaw se t t lement  of t h e  
frozen l o e s s  required bui ld ing  of the  o i l  l i n e  above ground near t he  Yukon 
River.  

The l o e s s ,  cons i s t i ng  of s i l t  and sandy s i l t ,  conta ins  s h e l l s  l o c a l l y ,  
no tab ly  gastropods a t  Pump S t a t i o n  6. A t  a point  25 kn upstream near  Fort  
Hamlin, t he  e o l i a n  s i l t  conta ins  t he  a i r -brea th ing  s n a i l  Succinea s t r i g a t a  
Pf e i f f  e r  (Williams, 1962). The l o e s s  mantle can be t raced  f o r  more than 320 
km along t h e  marginal upland south  of t he  Yukon F l a t s  above Fort  Hamlin. It 
occurs  a l s o  i n  t h e  upland bordering t h e  e a s t e r n  margin of t h e  F l a t s  ( f i g .  
51).  Eol ian s i l t  and sand on the  marginal upland no r th  of the  Yukon F l a t s  
were deposi ted by winds sweeping southward across  broad outwash p l a i n s  and 
a l l u v i a l  fans  i n  f r o n t  of g l a c i e r s  t h a t  extended from the  c e n t r a l  Brooks Range 
i n t o  t h e  nor thern  Yukon F l a t s  i n  middle t o  l a t e  P le i s tocene  time (Williams, 
1962). Local sand dunes on f l u v i a l  depos i t s  wi th in  the  Yukon F l a t s  a r e  mostly 
of l a t e  P l e i s tocene  age, although the  dunes immediately ad jacent  t o  the  Yukon 
River a r e  of Holocene age. 

The o r i g i n  of t h e  broad inc i sed  meanders of t he  Yukon River wi th in  t h e  
Ramparts s e c t i o n ,  above and below the  Yukon cross ing ,  has been the subjec t  of 
specu la t ion  s i n c e  the ea r ly  work of Spurr (1898),  Eakin (1916),  and Mert ie  
(1937). The f a c t  t h a t  the  bedrock f l o o r  of t h e  Yukon F l a t s ,  which i s  probably 
we l l  below present  s e a  l e v e l ,  is  below t h e  l e v e l  of t h e  bedrock threshold  a t  
t he  lower end of t he  F l a t s ,  where t h e  Ramparts begin,  suggests  t h a t  d i f f e r -  
e n t i a l  c r u s t a l  movement took place during Cenozoic time between t h e  Yukon 
F l a t s  and the  surrounding highlands (Mert ie ,  1937). Although Spurr and Eakin 
both pos tu la ted  t h a t  a P l e i s tocene  l ake  had been formed i n  t h e  Yukon F l a t s ,  
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Williams (1962) was unable t o  f ind  any evidence i n  support of t h i s  t h e s i s  
because of t he  th i ck  cover of f l u v i a l  and e o l i a n  sediment of middle t o  l a t e  
P l e i s tocene  age. However, a wel l  d r i l l e d  a t  Fort  Yukon ( f i g .  51) i n  1954 i n  
t h e  cen te r  of the  Yukon F l a t s  encountered blue and gray s i l t  and s i l t y  sand 
beneath P le i s tocene  f l u v i a l  and e o l i a n  depos i t s  from a d e ~ t h  of 45 t o  134 m. 
These f ine-grained depos i t s  may have been deposi ted i n  a l a r g e  l ake  formed, 
perhaps, a f t e r  Pl iocene o r  e a r l i e s t  P l e i s tocene  fo ld ing  o r  f a u l t i n g  of Miocene 
and e a r l y  T e r t i a r y  rocks around the  margins of t he  Yukon F l a t s  Cenozoic 
Basin (Williams, 1962, p. 303, 320-324). Such a l ake  may very wel l  have 
sought an o u t l e t  a t  a low poin t  i n  t he  highlands bordering t h e  bas in  along t h e  
present  Ramparts of t he  Yukon River between For t  Hamlin and Tanana. The 
o u t l e t  stream, o r  a n c e s t r a l  Yukon River ,  probably developed t h e  broad meanders 
t h a t  would be expected of such a major stream, and l a t e r  inc ised  the  meanders 
t o  present  r i v e r  grade. Terrace grave l  l e f t  high above t h e  r i v e r  by sub- 
sequent downcutting was l a t e r  covered by middle t o  l a t e  P l e i s tocene  e o l i a n  
depos i t s  a f t e r  t he  lake  had drained and a t  t he  time the  bas in  was being f i l l e d  
by f l u v i a l  d e p o s i t s ,  which were i n  p a r t  outwash from g l a c i e r s  of middle t o  
l a t e  P l e i s tocene  age. 

D-56 : Yukon Crossing development area. 
I n  1980, t h e  Bureau of Land Management published a land-use plan f o r  t h e  

u t i l i t y  co r r ido r  from Washington Creek t o  Sagwon Bluf fs .  Prepara t ion  of t h e  
p l an  was c l o s e l y  coordinated wi th  f e d e r a l ,  s t a t e ,  and l o c a l  agencies ,  wi th  t h e  
pub l i c ,  and wi th  Native corpora t ions .  The plan recognized the  need t o  provide 
f o r  f u t u r e  t r a n s p o r t a t i o n  and u t i l i t y  development along t h e  highway and allow 
f o r  the  development of publ ic  s e r v i c e ,  support ,  maintenance, and r e s i d e n t i a l  
f a c i l i t i e s .  TO accommodate t h e  l a t t e r  i n  a manner t h a t  would not  impede the  
f u t u r e  expansion of t r a n s p o r t a t i o n  and u t i l i t y  systems, a concept of l o c a l i z e d  
o r  'nodal '  development was conceived. Six development a r eas  were i d e n t i f i e d  
i n  t he  u t i l i t y  co r r ido r .  The Yukon Crossing is an a rea  so designated.  An 
elementary school,  a highway maintenance s t a t i o n ,  a S t a t e  Trooper pos t ,  com- 
merc ia l  and r e c r e a t i o n a l  boat and barge landings ,  r e t a i l  publ ic-service 
f a c i l i t i e s ,  and a pub l i c  a i r p o r t  have e i t h e r  been e s t a b l i s h e d  o r  a r e  planned. 

A s  pa r t  of e a r l y  s c i e n t i f i c  i n v e s t i g a t i o n s  along the  road nor th  of t he  
Yukon River,  a s e r i e s  of vege ta t ion  maps (approximate s c a l e ,  1:6,000) were 
prepared (Brown and Berg, 1980). An a e r i a l  photograph and a vegeta t ion  map 
der ived  from a master map prepared i n  t h e  manner of Evere t t  and o t h e r s  (1978) 
and Walker and o the r s  (1978, 1980) dep ic t  t he  major o r  dominant vege ta t ion  
( f i g .  54) .  

Vegetat ion along the  bars  of the Yukon River i s  gene ra l ly  sparse;  i t  
becomes dense higher  on t h e  r i v e r  banks. Immediately ad jacent  t o  t h e  r i v e r ,  
the  important spec ies  inc lude  silverweed ( ~ o t e n t i l l a  anse r ina ) ,  a lp ine  milk 
ve t ch  (Astragalus a lp inus  ssp. a l p i n u s ) ,  and tansy  (~anace tum bipinnatum ssp. 
huronense). The upper por t ions  of the  r i v e r  bank a r e  covered by a few shrubs 
such a s  soapberry (Shepherdia canadensis) , i n t e r i o r  willow (Sa l ix  i n t e r i o r )  , 
and a few balsam poplar seedl ings  (populus balsamifera  ssp. balsamifera) .  The 
f i r s t  r i v e r  t e r r a c e  is narrow and has small  balsam poplar t r e e s  and a few 
aspen (Populus t remuloides ssp. tremuloides) with - a l d e r  (Alnus v i r i d i s  
ssp .  c r i spa )  , cloudberry (Rubus chamaemorus), p r i ck ly  rose  (Rosa - a c i c u l a r i s )  , 
meadow h o r s e t a i l  ( ~ a u i s e t u m  arvense).  Chamerion ~ l a t v ~ h v l l u m .  and tansv. The - ,  . .r. . 
higher  b luf f  ( t e r r a c e )  has s tands  of l a r g e  white  spruce (Picea g lauca j  mixed 
with paper b i r ch  (Betu la  papyr i f e r a ) ,  green a l d e r ,  and seve ra l  spec ies  of 
willow, inc luding  t h e  t a l l  willows, Sa l ix  bebbiana and S. arbusculoides . The 
understory f o r  the  most pa r t  i s  dominated by l ingenber ry  (Vaccinium v i t i s -  
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Figure 54. Ver t i ca l  a e r i a l  photograph and vegetat ion map of an a rea  adjacent  
t o  the  nor th  bank of the  Yukon River (prepared by D.A. Walker). 
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idaea  ssp. minus),  blueberry (V. uliginosum), c loudberry,  swamp wintergreen 
(Pyro la  a s a r i f  o l i a  var .  purpurea) , b l u e b e l l  (Mertensia  pan icu l a t a )  , and 
Hylocomium splendens.  

~ e t w e e n  the  r i v e r  and the  road is  a wet sedge meadow dominated by sedge 
(Carex lugens) ,  r e s i n  b i r c h  ( ~ e t u l a  g landulosa) ,  willow ( ~ a l i x  p l a n i f o l i a  
ssp. pulchra)  and Cassandra (Chamaedaphne c a l y c u l l a t a ) .  Dominant mosses a r e  
Hylocomium splendens and Aulacomnium pa lus t r e .  Sphagnum i s  r a r e ,  probably be- 
cause of t he  r e l a t i v e l y  high pH of t h e  water.  Areas ad jacent  t o  t h e  meadow 
have small  black spruce (P icea  mariana).  I n  s l i g h t l y  d r i e r  mic ros i t e s ,  b lack  
spruce f o r e s t s  have an understory of Labrador t e a  ( ~ e d m  groenlandicum), blue- 
be r ry ,  r e s i n  b i r ch ,  and seve ra l  l i c h e n  spec ies .  The f o r e s t s  con ta in  oc- 
ca s iona l  small  s tands  of l a r g e r  spruce t r e e s  t h a t  have unde r s to r i e s  of l ingen-  
be r ry ,  b lueber ry ,  Labrador t e a ,  swamp win te rgreen ,  and H. splendens.  

The western pa r t  of the  map ( f i g .  54) is  dominated by a small  l ake  and 
a s s o c i a t e d  sedge meadow, which a r e  prime h a b i t a t s  f o r  s e v e r a l  spec i e s  of 
ducks, geese,  hawks, owls, m ic ro t ines ,  and muskrats. A l a r g e  populat ion of 
f rogs  a l s o  a t t r a c t s  s a n d h i l l  cranes.  The w e t t e s t  a r e a s  bordering t h e  l a k e  
have vege t a t i on  dominated by swamp h o r s e t a i l  (Equisetum f l u v i a t i l e ) .  Other 
a r e a s  a r e  dominated by beaked sedge (Carex r o s t r a t a ) ,  water sedge (& 
a q u a t i l i s ) ,  and marsh f i v e  f i n g e r  (Comarum p a l u s t r e ) .  Surrounding the  meadows 
a r e  medium-height shrub communities dominated by willow (Sa l ix  p l a n i f o l i a  
ssp.  pulchra)  and t a l l  co t tong ra s s  (Eriophorum angus t i fo l ium) .  These com- 
muni t ies  provide feed f o r  moose and ptarmigan. 
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Figure  55. Route  map, M i l e  D-55 
to D-66. 
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D-57.3 
Cuts 4-6 m high along both s i d e s  of the road expose ho r i zon ta l ly  bedded 

gray s i l t  t h a t  conta ins  occasional  granules  and s n a i l  s h e l l s  and which i s  
interbedded with clayey s i l t  and organic  s i l t  l aye r s .  For t h e  f i r s t  8 lan o r  
so no r th  of the  Yukon River,  deciduous f o r e s t  under la in  by permafrost i s  
common. 

D-60.4 : Entrance t o  Five Mile Camp. 
A cutbank 6-8 m high oppos i te  t he  entrance exposes a l l u v i a l  sand with a 

t h i n  g rave l  l a y e r  near the  top t h a t  i s  capped by a l o e s s  blanket  0.3 ID th ick .  

D-60.7 
The road c ros ses  over t he  e leva ted  p ipe l ine .  This s p e c i a l  road cross ing  

i s  i n  thaw-unstable s o i l s  ( f rozen  s i l t  and s i l t y  sand) up t o  9 m deep. The 
i n s u l a t e d  p i p e l i n e  passes  beneath the  road embankment through a l a r g e  
cu lve r t .  A 1,200-m-long a i r s t r i p  c l o s e l y  p a r a l l e l s  t he  road. 

D-61.8 : Entrance t o  Alaska Department of Transpor ta t ion  and Publ ic  
F a c i l i t i e s  (DOTPF) maintenance camp. 

From i n s i d e  the  entrance t o  the  DOTPF camp, Fort  Hamlin H i l l s  can be seen 
t o  t h e  north.  One peak r i s e s  t o  960 m. In mid-July, snowbanks s t i l l  p e r s i s t  
i n  the a l p i n e  a reas .  During the  P le i s tocene ,  snowline was considerably lower,  
p e r i g l a c i a l  weathering and eros ion  were more i n t e n s e ,  and cryoplanat ion 
t e r r a c e s ,  which can be f a i n t l y  observed on the  Fort  Hamlin B i l l s ,  were 
a c t i v e l y  forming. An Alyeska communication tower i s  on t h e  r idge  l i n e .  This 
s i t e  and adjacent  roadcuts  a f ford  an opportuni ty t o  examine s o i l  development. 
A Subarc t ic  Brown s o i l  has developed i n  l o e s s  over weathered bedrock 
( d i o r i t e ) .  These well-drained s i t e s  support a b i r ch  f o r e s t .  Within a s h o r t  
d i s t a n c e  is  a black spruce f o r e s t  developed on permafrost.  

D-62.4 
A s t a b l e  cu t  a s  deep a s  9 m through a r i dge  c r e s t  has  exposed l o e s s  above 

rock rubble and bedrock. A t  i t s  no r th  end, on the  e a s t  s i d e ,  the  exposure i s  
3 t o  6 m high and exposes mainly c o l l u v i a l  s i l t ,  f i n e  sand, and rock rubble,  

D-66.3 
A 6-  t o  89 -deep  cut  through a minor r i dge  c r e s t  exposes f l u v i a l  g rave l  

with cobbles up t o  10 cm i n  diameter above f ros t - sha t t e r ed  bedrock. The 
t e r r a i n  c o n s i s t s  of a d i s sec t ed  a l l u v i a l  apron from the  Fort  Hamlin H i l l s .  
The black spruce f o r e s t  i s  on a mantle of f rozen l o e s s  and re t ranspor ted  s i l t  
o r  muck. 

D-66.6 
The road crosses  a swale f i l l e d  wi th  organic  sediments and immediately t o  

the  nor th  cu t s  across  a minor r idge  c r e s t  where about 2 m of grave l  i s  exposed 
above a s  much a s  5 m of bedroclc. The g rave l  i s  v i r t u a l l y  unweathered, but  a 
t h i ck ,  red,  clayey weathering horizon l i e s  along the  gravel-bedrock contac t .  
The no r th  f l ank  of t h e  r idge  extends i n t o  a nea r ly  ho r i zon ta l  t e r r a c e  surface.  

D-66.8 
The swale provides an i n t e r e s t i n g  example of road-induced modi f ica t ion  of 

the vegeta t ion .  On the  e a s t  s i d e  of the  road a r e  dead t r e e s  and shrubs ( f i g .  
57).  The bark has been s t r i pped  from many t r e e  trunks. This  phenomenon i s  
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Figure 56. Route map, M i l e  D-67 t o  D-77. 
P l a t e  1 4  r e f e r s  t o  i l l u s t r a t i o n  i n  
Kreig and Reger (1982). 
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Figure 57. Dead t r e e s  r e s u l t i n g  from winter  i c ings  (photograph taken by D. 
Cate on Ju ly  20, 1982). 

observed elsewhere, and is caused by f l u c t u a t i o n s  of the  impounded water l e v e l  
dur ing  the  winter.  A s  t he  c u l v e r t s  i c e  over,  the water l e v e l  r i s e s  and i c e  
becomes a t tached  t o  the  t r e e  t runks.  La te r ,  when the  c u l v e r t s  begin t o  func- 
t i o n  and the  wa te r l i ne  recedes ,  t he  i c e  co l l apses  around t h e  t r e e s  and breaks 
them o r  g i r d l e s  t h e i r  t runks ,  which u l t ima te ly  k i l l s  them. Also, as t h e  
f l o a t i n g  i c e  mass s e t t l e s  i t  crushes and breaks the  shrubs and black spruce. 

This p a r t i c u l a r  l o c a t i o n  was a l s o  the  s i t e  of a  c l a s s i c  c u l v e r t  f a i l u r e .  
The extended upstream end of t he  o r i g i n a l  c u l v e r t  was u p l i f t e d  because of 
inadequate  anchorage and s i z i n g  when excess ive  stream flow i n  the  spr ing  
c rea t ed  a  p a r t i a l  vacuum. 

D-68.1 
A cu t  through a  minor r i dge  c r e s t  exposes a r g i l l i t e  bedrock wi th  no over- 

l y ing  grave l .  

D-68.4 
The road c ros ses  over t h e  buried p ipe l ine .  

D-69.5 to D-70.9 
Cuts through r idge  c r e s t s  expose highly sha t t e r ed  a r g i l l i t e  with a t h i n  

loes s  cap. The col luvium-fi l led swale between these  r idges  is  exposed i n  a  
3-m-high cut .  
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F igure  58. Vege ta t ion  and s o i l  c o n d i t i o n s  a c r o s s  pe rmaf ros t  boundary i n  
h i g h - l e v e l  t e r r a c e s  s o u t h  o f  No Name Creek (modif ied from Kre ig  and 
Reger,  1982,  f i g .  10).  

D-69.7 
One of t h e  very few s e c t i o n s  of t h e  e l e v a t e d  p i p e l i n e  wi thou t  VSM's can 

be seen  i n  t h e  v a l l e y  t o  t h e  e a s t .  Thaw-unstable s o i l s  ( f r o z e n  s i l t y  g r a v e l )  
up t o  9 m deep were encountered t h e r e  d u r i n g  c o n s t r u c t i o n .  These s o i l s  were 
too  deep t o  a l low p i p e l i n e  b u r i a l  i n  t h e  under ly ing  a r g i l l i t e  bedrock. The 
s h o r t ,  f u l l y  r e s t r a i n e d ,  e l e v a t e d  p i p e l i n e  provided a low-cost ,  i n n o v a t i v e  
s o l u t i o n  t o  t h i s  l i m i t e d  a r e a  of u n s u i t a b l e  s o i l s .  

D-70.0 
T h i s  overview of t h e  Ray River  i s  a n o t h e r  example of t h e  vege ta t ion-  

permafrost  development border ing  y o u t h f u l  unvegeta ted p o i n t  b a r s  l i k e  t h a t  a t  
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Hess Creek ( f i g .  46).  The r i v e r  i s  a c t i v e l y  eroding t h e  f rozen  cutbanks op- 
p o s i t e  t h e  po in t  bars .  

D-75.1 to D-75.9 
T e r t i a r y  b a s a l t  is exposed on both s i d e s  of t h e  road i n  a s e r i e s  of 

cu t s .  The o r i g i n  of the  over ly ing  sand and g rave l  i s  not c l e a r .  It may be a 
r e s i d u a l  weathering product o r  an anc ien t  a l l u v i a l  depos i t .  In  p l aces ,  t he se  
depos i t s  appear t o  i n t e r f i n g e r  with t he  b a s a l t .  Large a n t h i l l s  up t o  1 m i n  
diameter  can be seen on t h e  dry  f o r e s t  f l o o r .  

D-75.9 
I n  t h i s  a r e a ,  con t r a ry  t o  t he  normal s i t u a t i o n ,  t h e  t a l l e r  and most 

vigorously growing t r e e s  (aspen and white  spruce) a r e  growing a t  t he  perma- 
f r o s t  boundary r a t h e r  than i n  t h e  deepest  unfrozen t e r r a i n  (Fig.  50).  Presum- 
ab ly ,  the  more favorab le  moisture  regime a t  t he  boundary i s  respons ib le  f o r  
t h e  g r e a t e r  growth. The excess ive  dra inage  of t h e  deeply thawed s u b s t r a t e  on 
t h e  well-drained high-level  t e r r a c e s  r e s u l t s  i n  open s tands  of white  spruce 
and depauperate  quaking aspen wi th  a dominant ground cover of r e indee r  l i c h e n  
(Kreig and Reger, 1982, p l .  1 4 ) .  

D-76.3 
The road c ros se s  an unusual bog, which is  unfrozen. Test  ho les  en- 

countered 3 . 3  m of thawed organic  m a t e r i a l  and organic  s i l t  over 10 m of un- 
f rozen  sand. Ground-water flow may be prevent ing t h e  es tab l i shment  of perma- 
f r o s t .  

D-78.2 
The road reaches a high poin t  t h a t  provides  a good view of Caribou 

Mountain (970 m) and the  v a l l e y  t o  t h e  north.  Most of t he  landscape v i s i b l e  
t o  t h e  no r th  i s  cont inuously f rozen  except f o r  t h e  s t e e p e s t  south-facing 
s lopes  on the  d i s t a n t  mountains. T e r t i a r y  b a s a l t  i s  exposed i n  s e v e r a l  road- 
cu ts .  

Fluch of the  broad lowland between the  For t  Hamlin H i l l s  and the  next up- 
land  t o  t h e  no r th  i s  under la in  by high-level  g r ave l  of post-Miocene, perhaps 
l a t e  T e r t i a r y  t o  e a r l y  Quaternary age. These f l u v i a l  depos i t s  (Rachadoorian, 
1971b) c o n s i s t  of pebbly t o  g rave l ly  sand, g r ave l ,  and s i l t  t h a t  have been 
mined f o r  road and p ipe l ine  cons t ruc t ion  a t  s e v e r a l  lowland ma te r i a l  s i t e s  
a long t h e  highway. The high-level g r ave l  i s  under la in  l o c a l l y  by v e s i c u l a r  
l ava  flows of T e r t i a r y  age. These flows seem t o  be an ex tens ion  of t h e  
a n d e s i t i c  flows mapped on t h e  west s i d e  of t h e  Ray River by Chapnan and o t h e r s  
(1975) and Kachadoorian (1971b). They a r e  exposed only l o c a l l y  along the  road 
i n  c u t s  ad jacent  t o  l a r g e r  streams. 

D-78.6 
During cons t ruc t ion  of t he  road, an i n t e r e s t i n g  subgrade f a i l u r e  occurred 

over permafrost about 0.8 km south of No Name Creek. The road was placed over 
t h e  thaw bulb of an o ld  t r a c t o r  t r a i l .  The weight of t h e  road f i l l  d i sp laced  
t h e  underlying thawed s i l t s ,  which emerged a s  mud b o i l s ,  and on t h e  s lope  
overlooking No Name Creek the  road f i l l  flowed downslope i n t o  the  woods 
border ing  the  road. The f a i l u r e s  occurred i n  e a r l y  August, when thaw depth 
was approaching i t s  maximum ( f i g .  60).  
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F i g u r e  59. Route map, Mile  D-78 t o  D-87. 
P l a t e  1 4  r e f e r s  t o  i l l u s t r a t i o n  i n  
Kre ig  and Reger (1982).  
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F i g u r e  60. Displacement of u n d e r l y i n g  thawed s i l t  through highway f i l l  j u s t  
s o u t h  of No Name Creek (upper  photograph APO 9126U;lower photograph APO 
9126T, Alaska P i p e l i n e  O f f i c e ,  Anchorage, August 1974). 
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Figure  61. Idea l i zed  s e c t i o n  showing r e l a t i o n s h i p  among s o i l s ,  vege t a t i on ,  
and topography i n  v i c i n i t y  of No Name Creek. See Appendix A f o r  
d i s cus s ion  of s o i l  nomenclature. Hor izonta l  d i s t a n c e  is approximately 
2.7 km. Maximum l o c a l  r e l i e f  is  approximately 100 m (prepared by K.R. 
Eve re t t ) .  

D-78.8 : No Name Creek br idge  ( ~ o r t h  Fork Ray River) .  
The No Name Creek s i t e  i s  one of s e v e r a l  sites a t  which d e t a i l e d  s o i l  

s t u d i e s  have been undertaken (Brown and Berg, 1980; E v e r e t t ,  1981) lo.  This 
s i t e  provides  an example of t h e  r e l a t i o n s h i p s  between vege t a t i on ,  topography, 
s o i l ,  and permafrost.  The long,  g e n t l e ,  gene ra l l y  south-facing s lopes  a r e  
unde r l a in  by f i n e  sand and s i l t  which, i n  some cases ,  a r e  incorporated with 
coa r se r  sand and rounded quar tz - r ich  gravel. ( ~ a c h a d o o r i a n ,  1971b) of t he  high- 
l e v e l  t e r r a c e  remnants t h a t  occur t o  a t  l e a s t  78 m above t h e  creek. The broad 
(0.5 t o  0.75 km), tussock-covered lowland on t h e  no r th  s i d e  of No Name Creek 
( f i g .  61) i s  under la in  by about 5 m of f ine-grained organic  m a t e r i a l s  over 
f l u v i a l  g rave ls .  A radiocarbon da t e  of 3,750 -+ 150 y r  B.P. (GX-5111) a t  1 m 
was obtained i n  t h i s  sec t ion .  There a r e  s e v e r a l  smal l ,  low, g rave l  t e r r a c e  
remnants ad jacent  t o  the  lowland. The creek occupies a narrow meander b e l t  on 
the  south  s i d e  of t h e  broad va l l ey .  

The No Name Creek s i te  i s  wi th in  the  zone of discont inuous permafrost .  
Unfrozen a r e a s  a r e  encountered under t h e  d ry ,  high t e r r a c e  grave ls .  Perma- 
f r o s t  probably e x i s t s  throughout most of t he  remaining a rea .  The p r i n c i p a l  
p l a n t  co~nmunities and r e p r e s e n t a t i v e  s o i l s  a r e  shown i n  t h e  i dea l i zed  c ros s  
s e c t i o n  i n  f i g u r e  61. On the  long,  spruce-covered, south-facing s lopes ,  sea- 
s o n a l  thaw ranges between 45 and 60 cm, wi th  minera l  s o i l  s t r i p e s  thawing more 
deeply. I n  well-drained a r ea s  covered by white  spruce,  thaw reaches 1.2 m. 

Based on Eve re t t  (1981). 
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Somewhat shal lower thaw (45 cm) i s  probably c h a r a c t e r i s t i c  of a t  l e a s t  t he  
wet te r  por t ions  of north-facing s lopes .  Within the  wet tussock meadows 
ad jacent  t o  t he  c reek ,  permafrost conta in ing  a moderate amount of i c e  i n  t h i n  
l enses  (1 t o  2 mm) occurs 30 cm below the  ground su r f ace  i n  i n t e r tu s sock  
a reas .  Within the  organic  s o i l s  of the  f i l l e d  oxbow ponds, thaw reaches 55 
cm. Ice-wedge polygonal p a t t e r n s  a r e  c u r r e n t l y  masked by vegeta t ion  i n  most 
of the  area.  The poorly expressed polygons t h a t  a r e  v i s i b l e  on a e r i a l  photo- 
graphs i n  t he  wet tussock meadows a r e  d i f f i c u l t  t o  de t ec t  on the  ground. 

Along t h e  well-drained higher  banks of No Name Creek i s  a narrow band of 
t a l l  white  spruce with an understory cons i s t i ng  mainly of h o r s e t a i l .  Along 
t h e  edges of t he  stream a r e  dense s tands  of willow and alder .  Within a few 
meters on e i t h e r  s i d e  of the creek,  the  t r e e s  a r e  much smaller  and the  under- 
s t o r y  changes t o  dwarf shrubs and co t tongrass  tussocks. To t h e  no r th  of the  
creek is  a meadow of l a r g e  co t tongrass  tussocks with a pond containing water 
l i l i e s  and o the r  aqua t i c  p lan ts .  S l i g h t l y  b e t t e r  drained s i t e s  have a cover 
of Sphagnum bog and small-diameter black spruce. Far ther  no r th ,  a long ,  
g e n t l e  s lope  is  covered by a dense black spruce f o r e s t  i n  which most of the  
t r e e s  a r e  very small .  The few bet ter-drained s i t e s  a r e  covered by l a r g e r  
t r e e s .  On t h e  south s i d e  of t he  creek,  p lan t  communities range from 'drunken' 
black spruce f o r e s t s  with r i c h  l i chen  unde r s to r i e s  t o  well-drained h i l l s i d e s  
wi th  b i r ch  and white  spruce. From t h i s  point  looking no r th ,  t he  f i r s t  views 
of t o r s  can be seen on the  d i s t a n t  skyl ine .  

D-79.5 
On t h e  west s i d e  of t h e  road i s  an a rea  t h a t  has  been covered by s i l t ,  i n  

some places t o  a depth of 0.5 m, by water flowing down the  d i t c h  from t h e  
north.  As t he  ground thaws and i s  undercut by t h e  flowing water ,  t he  water 
disappears  and emerges seve ra l  times beneath the  roadbed and the  oppos i te  s i d e  
of the  d i tch .  About 0.75 km t o  t he  no r th ,  the  vege ta t ive  m a t ,  inc luding  t h e  
spruce t r e e s ,  is slumping i n t o  the  road d i t c h .  

D-80.3 
A t  t h i s  l o c a t i o n  t h e r e  i s  an access  road t o  t h e  p i p e l i n e  and a s e r i e s  of 

revegetated ma te r i a l  s i t e s  t h a t  were mined f o r  sand and grave l .  

D-82.0 : Mater ia l  s i t e .  
The f i r s t  good view of cryoplanat ion t e r r a c e s  and t o r s  t o  t he  nor th  may 

be had from t h i s  s i t e .  The unnamed mountain t o  t he  e a s t  ( u n o f f i c i a l l y  ca l l ed  
' C a s t l e  Mountain') c o n s i s t s  of s c h i s t  and banded q u a r t z i t e .  Two s e t s  of 
v e r t i c a l  j o i n t s  perpendicular  t o  each o the r  break the  exposed bedrock i n t o  
well-defined columns and blocks,  some of which form t o r s  a s  high a s  15 m t h a t  
r i s e  spec t acu la r ly  from the  cryoplanat ion sur face .  Some t o r s  a r e  s epa ra t e  and 
f r e e  s tanding ,  and o t h e r s  a r e  pa r t  of the  cryoplanat ion scarp  ( f i g s .  62 and 
6 3 ) .  

D-83.0 
The road-induced ponding and thennokarst  on t h e  west s i d e  of t h e  road a r e  

presumably due t o  t he  melt ing of ground i ce .  The road i s  b u i l t  on t h i c k  
f rozen  l o e s s  t h a t  t h i n s  and ends about 1.5 km t o  t h e  north.  

D-86.3 
Here i s  an access  road t o  a quarry i n  hard metamorphic q u a r t z i t e  which 

breaks i n t o  blocky p ieces  when b las ted .  Most of the exposed bedrock west of 
t h e  quarry is f r o s t  sha t t e r ed  and has been arranged by f r o s t  ac t ion  i n t o  
well-developed so r t ed  s tone  n e t s  and polygons. Some a c t i v e  sor ted  c i r c l e s  and 
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Figure 62. Large, blocky t o r  on 'Cas t l e  Mountain' c o n s i s t i n g  of h o r i z o n t a l l y  
f o l i a t e d  metamorphic rock (photograph taken by P.K. Bai ley on June 24, 
1982). 

Figure  63.  View from top  of t o r  shown i n  f i g u r e  62 showing a c ryoplana t ion  
sca rp  and small  t o r s  on t h e  e a s t  end of t h e  mountain (photograph talcen by 
P.K. Bai ley  on June 24, 1982). 
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a few turf-banked s t e p s  occur on the  eas t - fac ing  s lopes .  This  mountaintop 
suppor t s  c ryoplana t ion  t e r r a c e s  a t  s e v e r a l  l e v e l s ,  but only a few t o r s .  

D-88.6 
The road c ros se s  a broad, poorly dra ined  v a l l e y  f l o o r .  Morainelike 

mounds t h a t  s tand  up 20 m above the  cen t e r  of a bas in  f i l l e d  with nonsorted 
g r a v e l  and s i l t  a r e  found wi th in  2 lan of t h e  road on t h e  west s i de .  These 
mounds, descr ibed  i n  Kreig and Reger (1982, p l .  15) ,  a r e  thought t o  be open- 
system pingos. Numerous i r r e g u l a r  thaw ponds surround t h e  mounds. 

D-90.0 
The road c ros se s  a r i d g e  c r e s t  and the  c u t s  expose bedrock o v e r l a i n  by 

t h i n  r e s i d u a l  s o i l .  Ice-wedge c a s t s  rnay be presen t .  Further  on, t h e  road 
c ros se s  a s o l i f l u c t i o n  s lope  developed on weathered s c h i s t  and p h y l l i t e .  The 
e leva ted  p i p e l i n e  is  next t o  t he  road. Black spruce a r e  t i l t e d  from f r o s t  
heaving and c o l l a p s e  a s  t h e  ground thaws. 

D-90.9 
'Steam' p ipes  t h a t  run through the  c u l v e r t s  a r e  f i l l e d  wi th  a n t i f r e e z e  

each win te r .  P r i o r  t o  breakup, hot  water o r  stearn i s  c i r c u l a t e d  through t h e  
p ipes ,  beginning mel t ing  of the  i c e  and providing a ' tunne l '  f o r  t h e  i n i t i a l  
meltwater so t h a t  i t  does not overtop the  road. 

D-93.9 
An access  road t o  t h e  west l e ads  t o  a quarry i n  blocky s c h i s t  and banded 

gne iss .  There a r e  good examples of sor ted  s tone  polygons, c i r c l e s ,  and 
s o l i f l u c t i o n  f e a t u r e s  on tundra-covered upland. The small ,  so r t ed  c i r c l e s  
appear t o  be ac t i ve .  

D-95.6 
The bottom of t h i s  s lope  i s  the  approximate contac t  between t h e  meta- 

morphic bedrock to  t he  south and younger g r a n i t i c  rocks t o  t he  north.  To t h e  
west ,  a l a r g e  h i l l ,  t h e  top of which i s  above t r e e l i n e ,  e x h i b i t s  s e v e r a l  
well-developed c ryoplana t ion  t e r r a c e s  on i t s  south and e a s t  s ides .  Well- 
developed so r t ed  polygons occur a t  t h e  base of t he  c ryoplana t ion  scarps .  I n  
c o n t r a s t  t o  t he  g r a n i t i c  t e r r a i n  t o  the  no r th ,  t h i s  h i l l  of f i n e l y  j o in t ed  and 
f o l i a t e d  metamorphic rock does not have t o r s  developed on i t .  

D-97.2 to D-99.5 
The p i p e l i n e  is  buried ad jacent  t o  t h e  e a s t  s i d e  of t h e  road. Many small  

berms o r  water bars  a r e  placed across  t he  buried pipe t o  con t ro l  e ros ion ,  
which can be severe  dur ing  summer storms. 

D-98.0 
Finger  Mountain i s  one of t h e  rnore i n t e r e s t i n g  summit a r e a s  on t h e  road. 

The name i s  der ived from one of the  t o r s  on t h e  e a s t  s i d e  of t he  road t h a t  
p ro t rudes  upward a t  an angle  t o  resemble a po in t ing  f i nge r .  The mountaln was 
a landmark f o r  e a r l y  a v i a t o r s ,  who used the to rs - - -par t icu la r ly  Finger 
Rock---for navigat ion.  To the  nor th  i s  Olson Lake and t h e  L i t t l e  Kanuti  
F l a t s ,  a broad v a l l e y  covered by thaw bas ins  and lakes  ranging from rec- 
t angu la r  t o  i r r e g u l a r  form. Well-developed low- and high-center polygons and 

--.-- '' Based l a r g e l y  on Eve re t t  (1981). 
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F i g u r e  64 .  Route map, M i l e  D-88 t o  D-98. 
P l a t e  15 r e f e r s  t o  i l l u s t r a t i o n  i n  
Kre ig  and Reger (1982).  
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beaded drainage provide ample evidence of underlying i c e  wedges (Kreig and 
Reger, 1982, pl.  16).  To the  northwest i s  Caribou Mountain. Several  cryo- 
p l ana t ion  t e r r a c e s  a r e  v i s i b l e  i n  p r o f i l e  on i t s  southwest s ide .  Old Man Camp 
and a i r f i e l d  a r e  on the  f a r  s i d e  of the Kanuti F l a t s  along t h e  road. The 
Finger Mountain uplands l i e  wi th in  the  unglac ia ted  Kokrine-Hodzana Highlands 
and a r e  under la in  by g r a n i t i c  rocks of probable l a t e  Cretaceous age 
(Kachadoorian, 1971b), which in t rude  a lower Paleozoic or  Precambrian meta- 
sedimentary rock sequence t h a t  inc ludes  s c h i s t ,  p h y l l i t e ,  and greenstone. 

The t o r s  a r e  products of deep weathering of long du ra t ion  i n  t h e  
p o r p h y r i t i c  g ran i t e .  The spacing of t he  N-S/E-W j o i n t  s e t s  i n  t h i s  bedrock 
may have cont r ibu ted  t o  t h e i r  development ( f i g .  65). J o i n t  geometry a l s o  con- 
t r o l s  t he  p a t t e r n s  i n  t h e  t h i n  mantle of coarse  boulders o r  felsenmeer ( f i g .  
66).  I n  some a reas ,  the  pa t te rned  ground has been covered by vegeta t ion .  
Large 8- t o  109-diameter  polygons, bordered by boulders  and with small  
c e n t e r s  of f i n e  mineral  s o i l ,  form a reas  t h a t  a r e  genera l ly  f r e e  of a l l  
vege ta t ion  except l i chens .  Other polygons have l a r g e  mineral  s o i l  cen te r s  and 
cons iderable  vegetat ion.  As s lope inc reases  t o  about g o ,  shallow drainage 
swales and poorly developed s tone  or  vege ta t ion  s t r i p e s  occur. The drainage- 
ways a r e  genera l ly  wet, and i n  many cases  conta in  s o l i f l u c t i o n  f e a t u r e s  
(hummocks and lobes) .  The wet te r  s i t e s ,  toge ther  with s o l i f l u c t i o n  micro- 
topography (commonly <O. 5 m i n  he ight )  , become extens ive  lower on t h e  s lopes.  
Also common t o  the  middle and lower s lopes ,  e s p e c i a l l y  near drainage ways, a r e  
lichen-covered boulders  t h a t  a r e  surrounded o r  overgrown by t h i c k e t s  of a l d e r  
o r  willow. These boulders commonly form a polygon p a t t e r n ,  but t he  a r ea  of 
f ine- tex tured  mineral  s o i l  i n  the  polygon cen te r s  i s  e i t h e r  very small  (1 m o r  
l e s s )  or  completely lacking.  Rel ief  wi th in  t h e  polygons may exceed 1 in o r  
more, and many of the  boulders o r  s l a b s  a r e  loose o r  ' rocking. '  Water can 
sometimes be heard running beneath the  boulder sur face .  

Although the  Finger Mountain a r ea  i s  included wi th in  t h e  zone of discon- 
t inuous permafrost,  most excavat ions wi th in  the a r ea  encountered f rozen  ground 
wi th in  1 m of t he  surface.  On felsenmeer s lopes ,  permafrost i s  a t  40 t o  70 cln 
depth. Thickness of the  a c t i v e  l a y e r  depends on the  presence and th ickness  of 
Sphagnum peat.  The permafrost t a b l e  on t h e  tussock - f r o s t  s c a r  s lope  a t  t h e  
south end of t he  t r a n s e c t  ranges between 30 and 70 cm (average of 47 cm), wi th  
t h e  g r e a t e r  depths i n  t he  f r o s t  scars .  In  t h e  well-drained g rave l ly  s o i l s ,  
the  depth t o  the  permafrost t a b l e  exceeds 80 cm and may reach more than 2 m. 
A l a t e  August temperature of 8 ° C  a t  80 cm was recorded i n  one s i t e .  

During the  Wisconsin g l a c i a t i o n ,  t he  reg ional  snowline was reduced t o  ap- 
proximately 1,000 m above sea  l e v e l  ( ~ 6 ~ 6 ,  1975b). The Finger Mountain up- 
lands would have been 300 m below t h i s  Wisconsin-age snowline. Thus, the  a r e a  
would have been subjected t o  a more r igorous  c l imate  than t h e  present  one, 
with lower summer temperatures ,  more ex tens ive  a reas  of l a t e  snow, and more 
f requent  freeze-thaw events.  The ex tens ive  block f i e l d s ,  t oge the r  wi th  t h e i r  
so r t ed  large-diameter polygons, t o r s ,  and deeply f ros t - sha t t e r ed  bedrock, were 
probably produced during such a period. Climates more severe than  a t  present  
and s i m i l a r  t o  or  more severe  than the  Wisconsin c l imate  a f f ec t ed  the  Finger 
Mountain a r ea  throughout t h e  P le i s tocene ,  and perhaps cont r ibu ted  a s  we l l  t o  
the  present  landscape f ea tu re s .  I s o l a t e d  flagged spruce and krummholz found 
on the upland su r f aces  a t t e s t  t o  an a lp ine  c l imate  t h a t  may be s u f f i c i e n t  t o  
maintain the a c t i v i t y  of these  f ea tu re s .  

S o i l s  and vege ta t ion  c h a r a c t e r i s t i c  of t h e  Finger Mountain a r eas  a r e  
shown schematical ly  on the  toposequence i n  f i g u r e  67. The poorly developed 
s o i l s  of the  upland su r f aces  r e s u l t  from a combination of r e s t r i c t e d  drainage 
due t o  permafrost and s i t e  i n s t a b i l i t y  caused by f r o s t  heaving. Long, uniform 
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Figu re  65. Gran i t e  t o r  on Finger  Mountain uplands on south  s i d e  of road. 
Note i n t e r s e c t i n g  j o i n t s .  Well-developed ground cover inc ludes  l i c h e n  
and dwarf b i r c h  (photograph taken by R. Veazey on Ju ly  20,  1982). 

F igure  6 6 .  Large, appa ren t ly  s t a b l e  s tone  ne ts  ou t l i ned  by lichen-covered 
blocks of g r a n i t e  i n  t he  v i c i n i t y  of Mile 99 (photograph taken by K.R. 
Eve re t t ) .  
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FINGER ROCK 

6 0  'charcoal f r a g m e n t s  

Figure  67. I d e a l i z e d  s e c t i o n  of s o i l s ,  vege t a t i on ,  and landforms, Finger 
Mountain. Hor izonta l  d i s t a n c e  approximately 1.5 km. Prepared by 
K. R .  E v e r e t t .  

s l o p e s  have been modified by s o l i f l u c t i o n  and creep i n  wet,  sandy loams. 
F ros t  s c a r s  and d iscont inuous  s o i l  s t r i p e s  a r e  common on s lopes .  The 
seemingly r egu la r  spacing of a l d e r  shrubs on such s lopes  ( a s  w e l l  a s  on t h e  
felsenmeer su r f aces )  may i n  some way be r e l a t e d  t o  r egu la r  t e x t u r a l  and 
mois ture  changes i n  t h e  mineral  s u b s t r a t e  r e l a t e d  t o  f r o s t  p a t t e r n s .  There i s  
no i n d i c a t i o n  t h a t  ex tens ive  f o r e s t  has covered these  s lopes  i n  recent  time. 
The charcoa l  fragments i n  mineral  s o i l  horizons appear t o  have been der ived 
from shrub roo ts .  On lower s lopes ,  below t h e  a l p i n e  and subalpine zones, a r e  
dense s tands  of black spruce i n t e r spe r sed  with paper birch.  Few s o l i f l u c t i o n  
forms a r e  found. Some fo re s t ed  s lopes  have many nea r ly  p a r a l l e l  d ra inages  and 
s o i l s  f i n e r  i n  t e x t u r e  than upslope. A radiocarbon d a t e  of 525 + 120 y r  B.P. 
(GX-5110) obtained from a buried s o i l  su r f ace  on such a s lope  sugges ts  an 
i n f l u x  of sediments a s soc i a t ed  with e ros ion  poss ib ly  t r i gge red  by f i r e .  

D-100.3 
An access  road goes of f  t o  t h e  west. The g r a n i t e  i n  t h i s  quarry i s  much 

f i n e r  grained than on Finger Mountain and it l acks  l a r g e  f e l d s p a r  pheno- 
c r y s t s .  However, near  t he  quarry a r e  s u r f a c e s  which a r e  near ly  t o t a l l y  
covered wi th  l a r g e  f e l d s p a r  c r y s t a l s .  

D-100.6 
The p i p e l i n e  c ros se s  under t he  road. 
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F i g u r e  68. Route map, Mile  D-99 t o  D-108. 
P l a t e  16 r e f e r s  t o  i l l u s t r a t i o n  i n  
Kre ig  and Reger (1982).  
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D-101.5 
The road c ros se s  s lopes  with well-defined s t r i p e d  pa t te rned  ground. 

There i s  a good view of L i t t l e  Kanuti F l a t ,  wi th  Olson Lake and numerous small  
thermokarst  l akes .  Small mounds may be observed a t  t h e  base of t h e  s lope  t o  
t he  e a s t  of the  nea re s t  l a k e s  and extending t o  t h e  southeas t .  They a r e  about 
100 m long and a r e  covered wi th  shrubs ,  which cause them t o  appear higher  than 
the a c t u a l  1 t o  2 m. Shallow excavat ions encountered the  water t a b l e  a t  85 cm 
i n  a sandy subs t r a t e .  The ad jacent  a r ea s  were f rozen  a t  25 cm i n  peat  o r  
s i l t s .  These mounds appear t o  be sand dunes, but an ice-cored o r i g i n  cannot 
be ruled out u n t i l  they a r e  a c t u a l l y  d r i l l e d  (Kreig and Reger, 1982, see p l .  
16).  

D-103.2 
Probable  s o l i f l u c t i o n  occurs  i n  a moist  d ra inage  swale wi th  permafrost a t  

50 cm depth. Summer 1974 measurements a t  3-wk i n t e r v a l s  recorded net down- 
s l o p e  movement a t  t h e  su r f ace  of 0.5 t o  2.8 cm, wi th  movement a t  some po in t s  
cont inuing i n t o  August (T.D. Hamilton, pers.  commun.). Unfortunately,  mea- 
surements have not  been made over a number of yea r s ,  and any conclusions about 
the  degree of p resen t  s o l i f l u c t i o n  a c t i v i t y  here  or  a t  s i t e s  f a r t h e r  no r th  a r e  
no t  d e f i n i t e .  

D-103.6 
The road c u t  exposes 3 t o  4 m of rock rubble.  Caribou Mountain and lower 

r i dges  a r e  on the  west s i de .  The bedrock i s  mafic and u l t r amaf i c  i n t r u s i v e  
rock. Good examples of n iva t ion  hollows can be observed on t h e  f l anks  of t h e  
c l o s e s t  r idge .  The higher  s lopes  of Caribou Mountain have c ryoplana t ion  
t e r r a c e s .  Sorted s t r i p e s  and polygons a r e  common above t r e e l i n e .  

D-105.7 : Kanuti River crossing.  
Metagabbro crops out  i n  t h e  s t ream bottom a t  t h e  p i p e l i n e  crossing.  

Mafic igneous rock i s  a l s o  exposed i n  t h e  m a t e r i a l  s i te  on t h e  w e s t  s i d e  of 
t h e  road and south  of t he  bridge. 

D-105.7 to D-107.0 
The small  p i p e l i n e  on t h e  e a s t  s i d e  of t h e  highway i s  an  i n s u l a t e d  f resh-  

water supply l i n e  lead ing  from water wel l s  near Kanuti  River t o  Old Man Camp. 
The contac t  between o l d e r  mafic igneous rock t o  t he  south and g r a n i t e  t o  t he  
no r th  occurs  approximately 600 m nor th  of Kanuti River on t h e  p i p e l i n e  r i g h t -  
of-way . 

D 105.9 : Old Man a i r f i e l d .  
L i t t l e  Kanuti F l a t s ,  which l i e s  sou theas t  of Old Man Camp, conta ins  

many forms of ground i c e .  Sediments beneath t he  F l a t s  a r e  probably f i ne -  
g ra ined  f l u v i a l  o r  l ake  depos i t s .  The a i r f i e l d  and i t s  access  road a r e  b u i l t  
over polygonal ground ( f i g .  70). Subsidence of p a r t s  of t he  road and a i r -  
f i e l d  r e s u l t e d  from the  melt ing of i c e  wedges t h a t  was induced by placement 
of t he  t h i n  g rave l  over lay .  Ice-cored r e l i e f  occurs  a t  t he  nor thern  end of 
t h e  runway. Lenses of ho r i zon ta l  i c e  50 cm or  more t h i c k  were observed i n  
r a i s e d - r e l i e f  forms along the nor th  edge of the  runway. Some of t h i s  i c e  may 
have formed a f t e r  t h e  runway was b u i l t  a s  a r e s u l t  of blocked l o c a l  drainage.  
The i c e  is s i m i l a r  t o  t h a t  observed i n  seasona l  i c i n g  mounds, and presumably 
developed a t  t h e  base of t h e  a c t i v e  l a y e r  during win te r  f reezeup.  Low, oval- 
shaped mounds a r e  a l s o  observed i n  t h i s  bog. 
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Figure  69. Route map, M i l e  D-109 
t o  D-121. P l a t e  17  r e f e r s  t o  
i l l u s t r a t i o n  i n  Kre ig  and 
Reger (1982) ; le t ter  i n  box 
r e f e r s  t o  n o t a t i o n  i n  t e x t .  
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Figure 70. Low-angleaer ia lpho-  
tograph from e a s t  end of  Old 
Man runway. Ice-wedge poly- 
gons v i s i b l e  i n  t h e  fore-  
ground. Ice-cored r e l i e f  oc- 
c u r s  on t h e  upslope s i d e  of 
t h e  runway (photograph taken 
by D. Atwood on Ju ly  19 ,  
1982) .  

W107.0 : Old Man Camp. 
The quarry on t h e  west s i d e  of t he  road i s  i n  a  weathered pink g r a n i t e  

with l a r g e  f e l d s p a r  c r y s t a l s .  

0-107.2 to D-108.3 
Roadcuts 3 t o  5 m high expose grus  above g ran i t e .  The over ly ing  t h i n  

s o i l s  th icken  i n t o  r e t r anspo r t ed  aprons on t h e  r i dge  f lanks .  

0-108.3 
The highway c ros se s  t h e  buried p ipe l ine .  Against t he  h i l l s i d e  t o  t he  

no r th  a r e  'water  bars '  cons t ruc ted  t o  prevent gu l ly ing  above t h e  buried 
p ipe l ine .  

D-109.3 
Cuts 6 m deep along both s i d e s  of the  road expose grus  over  g ran i t e .  To 

the  e a s t  a r e  numerous outcrops of weathered g r a n i t e .  I n  t h i s  v i c i n i t y ,  t he  
road is  i n t e r c e p t i n g  runo f f ,  which has depos i ted  sediment i n  t h e  shallow road 
d i t ches .  A t  t he  c r e s t  of t h i s  h i l l  i s  an access  road t o  t he  p i p e l i n e  and a  
con tac t  between g r a n i t i c  bedrock t o  the  southwest and m f i c  bedrock t o  t h e  
no r theas t .  West of t he  road on the  h i l l t o p s  a r e  numerous outcrops of 
weathered p o r p h y r i t i c  g r an i t e .  

D-110.5 
A long,  s t e e p  h i l l  t o  t h e  n o r t h  i s  l o c a l l y  known a s  the  Beaver S l ide  

because of i t s  extreme s l i p p e r i n e s s  when wet. To the  west a r e  well-developed 
s o l i f l u c t i o n  s lopes .  

D-112.3 
The access  road t o  t h e  p i p e l i n e  encountered severe  i c i n g  problems where 

i t  c ros se s  t he  South Fork F ish  Creek. Much of t h e  v a l l e y  i s  covered by i c i n g s  
each win t e r ,  many of which form from pe renn ia l  spr ings  i n  s c h i s t  on t h e  south 
s ide .  The access  road c ros se s  t he  old bladed win te r  t r a i l  (Hickel  ~ i g h w a y ) .  
On t h e  f a r  s i d e  of t he  stream a r e  s e v e r a l  degrading ice-cored mounds s i m i l a r  
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t o  those formed a t  Mile 126.5. (The l a t t e r  a r e  ad jacent  t o  t he  road and can 
be viewed more convenient ly  . ) 

D-113.6 
An access  road l eads  t o  t h e  e a s t ,  c ross ing  a t r i b u t a r y  of F i s h  Creek and 

cont inuing around a r i dge  and up t o  t he  p ipe l ine .  The north-facing s lope of 
t h e  r i d g e  has well-developed s o l i f l u c t i o n  o r  turf-banked lobes  over 1.5 m high 
on s lopes  of 12' ta 14". Radiocarbon ana lyses  of buried organic  l a y e r s  on one 
lobe  yielded d a t e s  of 2,075 t o  2,670 y r  B.P. (Kreig and Reger, 1982, f i g .  
11).  These d a t e s  suggest a downslope advance of about 2 m s i n c e  then. How- 
eve r ,  t h e  lobes  may now be r e l a t i v e l y  s t a b l e ,  even though seasona l  movement of 
1.5 t o  2.0 cm along lobe axes and about 1 cm along lobe margins was noted 
along a survey l i n e  i n  t h e  summer of 1974. The motion continued i n t o  l a t e  
J u l y ,  but ceased a s  t he  s i t e  became d r i e r  i n  midsummer compared t o  t he  
s o l i f l u c t i o n  s i t e  (D-103.1; T.D. Hamilton, pers.  commun.). To t h e  e a s t  along 
t h i s  r i d g e  a r e  s e v e r a l  small  t o r s  formed i n  metamorphic rock. 

D-113.9 
The 'Hickel  Highway,' v i s i b l e  along F ish  Creek, c ros se s  t h e  Dalton Mgh- 

way immediately south of t he  bridge. 

D-114.0 : Fi sh  Creek bridge. 
F i s h  Creek i s  t h e  southernmost s t ream along t h e  Dalton Highway no r th  of 

t he  Yukon River t o  have been mined f o r  gold.  

D-115.2 
P h y l l i t i c  bedrock with a t h i n  rubble  mantle i s  exposed i n  t h e  6-m-deep 

cu t .  The rubble  cover inc ludes  igneous rock, which a l s o  occurs i n  s tone  n e t s  
on t h e  ground sur face .  The igneous rock fragments a r e  probably der ived from a 
contac t  upslope between igneous and metamorphic rocks.  

D-115.3 : k c t i c  C i r c l e  (66O33'24.9"N) 
Th i s  i s  a good photo point  wi th  views t o  t h e  south and west. There i s  an 

exce l l en t  view of c ryoplana t ion  t e r r a c e s  on a mountain 8 Ian t o  t he  southwest.  
A campground wi th  f a c i l i t i e s  i s  loca ted  beyond t h e  Arc t i c  C i r c l e  s ign.  A 
prominent t o r  of greenstone and seve ra l  o the r  t o r s  a r e  found along the  access  
road beyond t h e  campground. One j o i n t  plane forms t h e  5-m v e r t i c a l  e a s t  f a c e  
of one such dramatic  f ea tu re .  

IF119.0 
S o l i f l u c t i o n  lobes  a r e  presen t  on t h e  s lope  on t h e  southeas t  s i d e  of t h e  

road. Long, smooth s lopes  t y p i c a l  of very o ld  p e r i g l a c i d  landscapes a r e  
v i s i b l e  on both s i d e s  of t he  road from he re  t o  Bonanza Creek. 

I n  t h i s  v i c i n i t y  two segments of t h e  road b u i l t  from the  Old Man and 
Prospec t  Creek cons t ruc t ion  camps were joined he re  ( s i g n  on t h e  e a s t  s i d e  of 
t he  road) .  Stunted b i r c h  and aspen cover lower s lopes .  A regrowth of b lack  
spruce  t h a t  followed a f i r e  can be seen. Widely spaced a l d e r  shrubs grow near  
the  t r e e l i n e  i n  what appears t o  be a r e g u l a r l y  spaced pa t t e rn .  

D-ltj.8 
[A] The Koyukuk bas in  ( t o  t h e  west) was g l a c i a t e d ,  probably during 

l a t e  T e r t i a r y  and e a r l y  Quaternary times ( f i g .  9 ) .  The o l d e s t  recognizable  

l2 [ ] r e f e r s  t o  l o c a t i o n  on g l a c i a l  geology maps ( f i g s .  71, 86 ,  125 and 129). 



Figure 71. G l a c i a l  geology of t h e  a r e a  between t h e  A r c t i c  C i r c l e  and Cathedral  
Mountain (map s c a l e  1:250,000). The l e t t e r s  i n  boxes r e f e r  t o  n o t a t i o n s  
i n  t e x t .  
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F i g u r e  72. Rou te  map, M i l e  D-122 t o  D-133. 
P l a t e  18 r e f e r s  t o  i l l u s t r a t i o n  i n  
K r e i g  and Reger  (1982) .  
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advance is co r re l a t ed  wi th  the  Gunsight I a u n t a i n  g l a c i a l  phase of the  
nor th-cent ra l  Brooks Range ( f i g .  71). It is marked by low, broad, f e a t u r e l e s s  
d r i f t  bodies ,  and by streams def lec ted  i n t o  ice-margina l  courses. A younger 
g l a c i a l  advance, co r r e l a t ed  with the Anaktuvuk River G lac i a t ion  of t h e  
nor thern  Brooks Range, extended southeas t  across  t h e  Koyukuk basin t o  the  
pos i t i on  of Hulgothen Bluf fs .  The b l u f f s  s tand 40 m high,  exposing two till 
l a y e r s  separa ted  by 2 m of organic  s i l t  containing l a y e r s  and l enses  of woody 
peat .  The g l a c i e r  dammed a p rog lac i a l  l ake  (ap ,  f i g .  71) t h a t  f i l l e d  the  
v a l l e y  of Bonanza Creek t o  about 250 t o  275 m e l e v a t i o n  ( a t  o r  s l i g h t l y  above 
the  800-ft contour) .  The l ake  was fed by the  drainage systems of F ish  and 
Bonanza Creeks and by meltwater streams t h a t  issued from the  i c e  f ron t .  It 
extended southeas t  up the  v a l l e y  of F ish  Creek an unknown d i s t ance  and 
eastward t o  pos i t i ons  along t h e  haul road i n  t he  headwaters of Bonanza Creek. 
Any p rog lac i a l  l ake  sediments t h a t  ex i s t ed  along the road s e c t i o n  have e i t h e r  
been deeply eroded o r  removed e n t i r e l y  by subsequent channel c u t t i n g  (T.D. 
Hamilton, pers .  commun.). 

D-122.6 
Across t h e  v a l l e y  is an a rea  of d i sco lored  vegeta t ion  (orange and black) 

t h a t  has p e r s i s t e d  f o r  many years .  Its cause is  unknown (R.A. Kreig, pers .  
commun.). Along t h e  e a s t  s i d e  of the road (by APL 89-1) a r e  tussock-birch- 
heath polygons sSimilar  t o  those descr ibed on the  Seward Peninsula  ( ~ o p k i n s  and 
Sigafoos,  1951; Sigafoos and Hopkins, 1952). The a rea  i s  dominated by alder-  
b i r ch  shrub vegeta t ion .  Low peat o r  tussock r idges  surround i r r e g u l a r  t o  
c i r c u l a r  cen te r s  of mineral s o i l s .  These f e a t u r e s ,  bes t  observed on a e r i a l  
photographs, a r e  common on these  nonforested s lopes.  

D-124.7 : South Fork Bonanza Creek. 
Tors a r e  seen on h i l l t o p s  t o  both the  e a s t  and west. Along Bonanza Creek 

a r e l a t i v e l y  t a l l  f o r e s t  of balsam poplar and spruce shows the  l a t e r a l  ex t en t  
of the  thaw bulb i n  g rave l ly  alluvium a s  e s t ab l i shed  by t e s t  borings t o  15 m. 
These t r e e s  do not grow on the  ad jacent ,  genera l ly  frozen and tussock-covered 
abandoned f lood-plain depos i t s  (Kreig and Reger, 1982, p l .  18). 

D-125.8 : North Fork Bonanza Creek. 
Tors and d ikes  a r e  seen along the  road. 

D-126.5 
There is an a rea  of ice-cored mounds immediately upslope from t h e  road 

( f i g .  7 3 ) .  These mounds a r e  under la in  by 50 cm or  more of pure i c e  t h a t  has 
arched the  organic-r ich sediments i n t o  mounds 3 t o  10 m across .  Where the  
mounds have ruptured,  i c e  l a y e r s  a r e  exposed. During summer, the i c e  i n  many 
of t he  mounds melts  completely , l eav ing  behind clumps of upturned peat.  
Mounding has apparent ly been induced by blocked drainage caused by rap id  deep 
f r eez ing  beneath the road. Tension cracks  a r e  seen cross ing  the  mounds and 
ad jacent  a r eas ,  These mounds a r e  seldom found downslope of the  road. Larger 
and more permanent mounds unre la ted  t o  t h e  road w i l l  be examined f a r t h e r  
nor th ,  a t  Sukakpak Mountain. 

D-126.7 
The t e r r a i n  is  g r a n i t i c  with grus  cover. The open f o r e s t  f l o o r  i s  

covered by a t h i ck  growth of re indeer  l i c h e n  (Cladonia r ange r i f e r a )  ( f i g .  
74) .  There a r e  t o r s  on h i l l t o p s  e a s t  and west of the  road (Kreig and Reger, 
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Figu re  73. Ice-cored mounds i n  var ious  s t a g e s  of degrada t ion  (photograph 
taken by P.K. Bai ley on June 26, 1982). 

Figure 74. Open f o r e s t  covered with a t h i c k  growth of r e indee r  l i c h e n  
over ly ing  g r a n i t i c  g r u s  (photograph taken  by P.K. Bai ley on June 26, 
1982). 
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1982, p l .  18).  Within 500 m southwest of t he  road i s  a  group of t o r s  composed 
of p o r p h y r i t i c  g r a n i t e .  The e l e v a t i o n  of 330 m i s  w e l l  below t h e  l o c a l  t ree-  
l i n e  of about 600 m and a  dense mixed f o r e s t  surrounds t h e  t o r s .  The t o r s  a r e  
deeply weathered and a r e  surrounded by a  t h i ck  cover of decomposed g r a n i t e .  
Another group of t o r s  is loca ted  on the  oppos i te  s i d e  of the road near t h e  
p ipe l ine .  

D-128.9 to D-129.1 
The road c ros se s  a  t r i b u t a r y  of Bonanza Creek wi th  a willow-covered f lood 

p l a i n  sub jec t  t o  a u f e i s  formation. This upland i s  under la in  by gene ra l l y  
well-drained s o i l  wi th  occas iona l  g r a n i t i c  t o r s .  The roadcut e x h i b i t s  3 m of 
g r a n i t e  and grus  ove r l a in  by up t o  0.5 m of r e s i d u a l  s o i l .  

D-129.6 to D-131.2 
The road ascends t o  t he  nor th  from the v a l l e y  of a  t r i b u t a r y  t o  Bonanza 

Creek. A cut  up t o  3  n deep along the  e a s t  s i d e  of t h e  road exposes l o e s s  
over  occas iona l  bedrock on t h e  lower p a r t  of t h e  s l o p e  and s o l i f l u c t i o n  rubble  
above f r ac tu red  metamorphic rock h igher  up. The v a l l e y  occupied by t h e  
Bonanza Creek t r i b u t a r y  i s  cu t  i n  g r a n i t e ,  whereas t h e  upland t o  t h e  no r th  (on 
which Gobbler 's  Knob s tands)  i s  a  r idge  of metamorphic rocks.  The v a l l e y  t o  
t h e  southwest i l l u s t r a t e s  a  willow-covered f lood  p l a i n ,  probably sub jec t  t o  
auf e i s .  

D-132.0 
Gobbler 's  Knob i s  loca t ed  a t  the  c r e s t  of a s t e e p  h i l l  ( e l e v a t i o n  460 m) 

on a  po in t  overlooking J i m  River and Prospect  Creek t o  t he  north.  Prospect  
Camp, Pump S t a t i o n  No. 5 ,  and t h e  a i r p o r t  a r e  v i s i b l e .  The mean annual temp- 
e r a t u r e  a t  t h i s  t r e e l i n e  e l e v a t i o n  i s  approximately -3OC (Haugen, 1982). The 
lowest  temperature ever  recorded i n  Alaska (-62°C) was measured i n  t h e  v a l l e y  
bottom a t  Prospect  Creek Camp on January 13, 1971. The road descends i n t o  t h e  
v a l l e y  of Prospect Creek. Cuts up t o  4 m deep along t h e  e a s t  s i d e  of t h e  road 
expose t h i n  (0.5 m) c o l l u v i a l  cover above h ighly  f r ac tu red  p h y l l i t i c  rock. 

D-135.2 : Prospect  Creek. 
The Prospect  Creek p i p e l i n e  c ros s ing  i s  e leva ted  because of the  presence 

of f rozen  s i l t  conta in ing  s tones ,  poss ib ly  t i l l  or  s tony g l a c i o l a c u s t r i n e  
depos i t s .  

D-135.6 
Thin c o l l u v i a l  cover over bedrock i s  seen i n  a  cu t  up t o  5 m deep through 

t h e  r i dge  c r e s t .  140 g l a c i a l  e r r a t i c s  a r e  evident .  The c o l l u v i a l  and f r o s t -  
churned cover becomes t h i c k e r  and more organic  near  t h e  no r th  end of t he  
exposure. 

D-135.8 : Prospect Creek Camp access  road. 
This  i s  t h e  e a s t e r n  terminus of the  win te r  road from B e t t l e s  and t h e  pro- 

posed s t a r t i n g  po in t  f o r  t he  road t o  the  Ambler mining d i s t r i c t  and Nome. The 
planned Bureau of Land Management Prospect  Development Area extends from near  
Prospect  Creek nor th  t o  the  northernmost J i m  River c ross ing .  

D-137.2 : Pump S t a t i o n  5 and a i r p o r t .  
The s ta te -opera ted  a i r p o r t  i s  loca t ed  e a s t  of t h e  pump s t a t i o n .  The pump 

s t a t i o n ,  on a  r e f r i g e r a t e d  foundat ion,  i s  cons t ruc ted  on a  r i dge  of cemented 
g r a v e l  f lanked by i ce - r i ch  organic  s i l t .  During cons t ruc t ion  of t he  Prospect 
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Creek a i r p o r t  i n  1974, d r a i n a g e  problems developed w i t h  t h e  thawing of i c e -  
r i c h  s i l ts .  F i l l  w a s  no t  p laced d i r e c t l y  on t h e  und is tu rbed  t e r r a i n  t o  
p r e s e r v e  t h e  permafrost ;  i n s t e a d ,  t h e  c e n t r a l  segment of t h e  runway was 
s t r i p p e d  and b a c k f i l l e d  w i t h  a  t h i n  g r a v e l  o v e r l a y .  S o f t  s p o t s  and mud b o i l s  
developed over  t h e  s t r i p p e d  a r e a s  a s  t h e  permafrost  thawed d u r i n g  t h e  summer 
of 1974. Drainage t r e n c h e s  were then excavated a long  t h e  margin and beneath  
t h e  runway t o  remove water  from the  thawing sediment.  

D-138.1 : J i m  River  Alaska Department of T r a n s p o r t a t i o n  and P u b l i c  
F a c i l i t i e s  Camp. 

D-140.1 : J i r n  River  Cross ing 1. 
[ B ]  The d r i f t  l i m i t  c o r r e l a t e d  wi th  t h e  Analctuvuk River  g l a c i a l  advance 

c r o s s e s  t h e  v a l l e y  c e n t e r  near  t h i s  po in t  ( f i g .  71). A p robab le  remnant of 
i t s  former outwash t r a i n  ex tends  s o u t h  toward P r o s p e c t  Creek. The d r i f t  has  
been deep ly  eroded by J i m  R iver ,  and i t s  e x a c t  former l i m i t s  a r e  no t  known. A 
remnant of a  c o r r e l a t i v e  end moraine a few k i l o m e t e r s  n o r t h e a s t  dams a 
p r o g l a c i a l  l a k e  s o u t h  of Douglas Creek ( f i g .  71) .  An o u t l e t  s t ream from t h e  
l a k e  c rossed  t h e  p r e s e n t  d r a i n a g e  d i v i d e  and flowed s o u t h  i n t o  Prospec t  
Creek. F a r t h e r  downstream, J i m  River was d e f l e c t e d  i n t o  a  probable  i c e -  
marg ina l  c o u r s e  a long t h e  n o r t h  f l a n k  of a bedrock r i d g e ,  i n t o  which i t  eroded 
i t s  p r e s e n t  deep and narrow canyon (T.D. Hamilton,  pe rs .  commun.). 

D-141.0 : J i m  River Cross ing 2. 

D-141.1 : Access road t o  p i p e l i n e .  
The i r r e g u l a r  'hummoclc and r i d g e '  topography h e r e  i s  s i m i l a r  t o  topo- 

graphy i n  an a r e a  50 km t o  t h e  n o r t h  a long t h e  Middle Fork Royukuk River  
(Kre ig  and Reger,  1982, p l .  19) .  The maximum r e l i e f  is 3 t o  5 m,  w i t h  
i r r e g u l a r l y  shaped l a k e s  and ponds. nor ings  encountered ground water  below 2 
t o  15 m of permafrost .  The volume of p o s i t i v e  r e l i e f  i s  accounted f o r  by t h e  
volume of ground i c e  observed i n  b o r i n g s  ( f i g .  77).  

D-141.8 : Douglas Creek. 
T h i s  c reek  bed has  a  thaw bulb.  The b r i d g e  was c o n s t r u c t e d  i n  1982 t o  

r e p l a c e  c u l v e r t s .  I c i n g s  have formed on t h e  e a s t  s i d e  of t h e  road i n  t h e  
broad v a l l e y .  The e l e v a t e d  p i p e  i s  r a i s e d  above t h e  l e v e l  of t h e  i c i n g s .  The 
l a c k  of t r e e s  i n  t h e  v a l l e y  r e s u l t s  from r e c u r r e n t  n a t u r a l  i c i n g s ,  which were 
no ted  p r i o r  t o  road c o n s t r u c t i o n .  

D-144.2 : J i m  River  Cross ing  3. 

0-145.2 
[ C ]  The road ascends  and c r o s s e s  a p robab le  moraine f r o n t  t h a t  i s  covered 

by b lack  spruce  ( f i g .  71 ) .  This d r i f t  limit i s  cont inuous  wi th  end moraines 
of Sagavanirktok River  age mapped f a r t h e r  n o r t h  and n o r t h e a s t  i n  both  t h e  
Koyukuk and Chandalar v a l l e y s  (Hamilton,  1978a,b) .  D r i f t s  a ss igned  t o  g l a c i a l  
advances of Sagavanirktok River age a r e  b e l i e v e d  t o  be of middle Quaternary 
age.  They a r e  morpholog ica l ly  much f r e s h e r  than g l a c i a l  d e p o s i t s  of Anaktuvuk 
River  age ,  w i t h  s t e e p e r  f l a n k s  and more primary r e l i e f .  They t y p i c a l l y  occupy 
v a l l e y - f l o o r  p o s i t i o n s ,  whereas Anaktuvuk River  d r i f t  has  alinost always been 
eroded froru t h e  c e n t e r s  of modern v a l l e y s  (Hamilton,  1979d). 
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F i g u r e  77 .  Cross s e c t i o n  through a  p e r e n n i a l l y  f r o z e n  'hummock' on t h e  f l o o d  
p l a i n  of t h e  J i m  River.  Logs a r e  from Alyeska P i p e l i n e  S e r v i c e  Company 
(modi f i ed  from Kreig  and Reger,  1982, p l .  1 9 ,  f i g .  1 2 ) .  

D-145.6 
The road c r o s s e s  the p i p e l i n e  and t he  f o o t h i l l s  of t h e  Brooks Range come 

i n t o  view f o r  t h e  f i r s t  t i m e .  

D-150.5 : Grayl ing  Lake. 
[Dl The U-shaped t rough  scoured by t h e  g l a c i e r  of Sagavanirktok River  age  

is  much o l d e r  t h a n  g l a c i a l  v a l l e y s  formed by l a t e  P l e i s t o c e n e  i c e  advances 
w i t h i n  t h e  Brooks Range. It has  been g r e a t l y  modif ied by p o s t g l a c i a l  
weather ing and e r o s i o n ,  but t r a c e s  of l a t e r a l  moraines o r  kame t e r r a c e s  a r e  
s t i l l  e v i d e n t  near  t h e  base  of t h e  e a s t e r n  v a l l e y  w a l l .  They a r e  l a r g e l y  
mantled by blocky g r a n i t e  t a l u s  t h a t  forms most of t h e  lower s l o p e s ,  i n  
c o n t r a s t  t o  t h e  sands tone  of t h e  west s i d e  of t h e  v a l l e y .  Ta lus  aprons ,  a  
rock g l a c i e r ,  and rnost of t h e  a l l u v i a l  f a n s  a long t h e  bases  of nearby v a l l e y  
walls a r e  i n a c t i v e  f e a t u r e s  w i t h  weathered and v e g e t a t e d  s u r f a c e s  (T.D. 
Hamilton,  pe rs .  commun.). 

Gray l ing  Lake is  n o t  a  primary k e t t l e ,  but  r a t h e r  i s  a  sha l low wate r  body 
t h a t  probably  formed a s  a  thaw l a k e  w i t h i n  o l d e r  l a c u s t r i n e  sediments  t h a t  
f i l l e d  t h e  v a l l e y  f l o o r  a t  t h i s  l o c a l i t y .  A s e r i e s  of r ad iocarbon  d a t e s  and 
p o l l e n  a n a l y s e s  have been ob ta ined  from s e c t i o n s  from t h e  p e a t  banks a d j a c e n t  
t o  t h e  l ake .  S e v e r a l  b a s a l  wood and o r g a n i c  samples from 1.2  t o  1.4 m below 
t h e  s u r f a c e  range between 8,700 and 9,400 y r  B.P. (K.R. E v e r e t t ,  pe r s .  
commun.). P o l l e n  a n a l y s e s  i n d i c a t e  t h a t  a  shrub tussock  t u n d r a  e x i s t e d  a t  
Gray l ing  Lake from approximately  9,000 t o  7,500 y r  B.P. About 8,000 yr B.P., 
a l d e r  migrated i n t o  t h e  a r e a ,  followed by s p r u c e  a  few c e n t u r i e s  l a t e r .  From 
7,500 y r  B.P. t o  t h e  p r e s e n t ,  an open spruce  woodland, much l i k e  t o d a y ' s ,  i s  
p o s t u l a t e d .  The l a t e  Holocene p o l l e n  record  i s  l e s s  d i s t i n c t  h e r e  t h a n  at  t h e  
pea t  i s l a n d  s i t e  a t  Mile 163.3 (S.A. Baker, pers .  commun.). 
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D-151.5 
The road c r o s s e s  a r e c e s s i o n a l  moraine t h a t  s e p a r a t e s  t h e  J i m  River  

d r a i n a g e  from t r i b u t a r i e s  t o  t h e  South Fork Koyukuk River.  

D-153.8 
Mel t ing  of i c e  wedges can be observed downslope from t h e  c u l v e r t s .  S t e e p  

t a l u s  cones a r e  seen on t h e  e a s t  s i d e  of t h e  road.  

D-155.2 : South Fork Koyukuk River  v a l l e y .  
To t h e  e a s t ,  on t h e  nor th - fac ing  s l o p e  of a 1,000-m-high h i l l ,  are l a r g e  

c o n t r a c t i o n  c r a c k s  i n  t a l u s .  These unusual  c r a c k s  a r e  b e s t  viewed look ing  
back from t h e  h i l l  on t h e  n o r t h  s i d e  of t h e  r i v e r  ( f i g .  79). 

D 156.3 : South Fork Koyukuk River.  
T h i s  l a r g e  r i v e r  i s  a t r i b u t a r y  of t h e  Koyukuk River ,  which f lows p a s t  

t h e  v i l l a g e s  of B e t t l e s ,  A l l a k a k e t ,  Ala tna ,  Hughes, and H u s l i a  b e f o r e  f i n a l l y  
d r a i n i n g  i n t o  t h e  Yukon River  n e a r  t h e  v i l l a g e  of Koyukuk. Th is  i s  t h e  p o i n t  
a t  which t h e  f i n a l  connec t ion  of t h e  hau l  road w a s  made on September 27, 1974 
( f i g .  79) .  The two mountains t o  t h e  n o r t h  a r e  Twelve Mile Pbunta in  (970 m) t o  
t h e  west and C a t h e d r a l  Mountain (915 m) t o  t h e  e a s t .  Because some of t h e  
g l a c i o l a c u s t r i n e  d e p o s i t s  t h a t  l i e  benea th  t h e  f l o o d - p l a i n  g r a v e l  a r e  f r o z e n ,  
t h e  p i p e l i n e  c r o s s i n g  was e l e v a t e d .  The b r idge  has e x t e n s i v e  rock armor f o r  
e r o s i o n  p r o t e c t i o n .  

D-157.4 
Shallow r o a d c u t s  at t h e  c r e s t  of t h e  n o r t h  v a l l e y  w a l l  of t h e  South Fork 

expose t i ll  above cong lomera t i c  sandstone.  

D-159.3 
The e l e v a t e d  p i p e l i n e  c r o s s e s  under t h e  road. 

D-159.3 to D-159.6 
[ E l  The road c r o s s e s  bog d e p o s i t s  w i t h  ice-wedge polygonal  f e a t u r e s  and 

thennokars t  ponds i n  a former smal l  p r o g l a c i a l  l a k e .  It t h e n  c r o s s e s  end 
moraines of t h e  I t k i l l i k  G l a c i a t i o n  ( a t  t h e  g r a v e l  p i t s )  and e n t e r s  a d r i f t  
complex of I t k i l l i k  age ( f i g .  71) .  The I t k i l l i k  G l a c i a t i o n ,  t h e  last major 
s e r i e s  of i c e  advances i n  t h e  Brooks Range, i s  r e p r e s e n t e d  by t h r e e  p r i n c i p a l  
d r i f t s  w i t h i n  t h e  v a l l e y  systems of t h e  South,  Middle and North Forks of t h e  
Koyukuk River.  The outermost  d r i f t  ( i d A  on f i g .  71) was d e p o s i t e d  by l a r g e  
piedmont l o b e s  t h a t  formed when v a l l e y  g l a c i e r s  coa lesced  i n  lowlands j u s t  
beyond t h e  s o u t h  f l a n k  of t h e  range.  Outwash t e r r a c e s  extended southwestward 
down t h e  Middle and South Forks of t h e  Koyulcuk River ,  and l a k e s  were dammed 
behind each of t h e  moraines as t h e  g l a c i e r s  receded. The outermost  I t k i l l i k  
d r i f t  i s  o l d e r  t h a n  t h e  maximum range of rad iocarbon  d a t i n g .  A s e t  of younger 
moraines  ( i d B ,  f i g .  71) has  s h a r p e r  r e l i e f  than t h e  outermost  I t k i l l i k  
d r i f t ,  but  a l s o  i s  t o o  o l d  t o  d a t e  by radiocarbon.  I c e  tongues  i n  both  t h e  
North and Middle Forks e v i d e n t l y  t e rmina ted  w i t h i n  t h e  moraine-dammed l a k e s  
t h a t  formed d u r i n g  t h e  e a r l i e r  I t k i l l i k  advance. A p robab le  c o r r e l a t i v e  d r i f t  
s h e e t  a long t h e  South Fork i s  marked by a conspicuous outwash t r a i n  and exten-  
s i v e  moraine-dammed lake .  The youngest s u b s t a g e  of t h e  I t k i l l i k  is  termed t h e  
Walker Lake advance (wld,  f i g .  86) and i s  w e l l  d a t e d  by rad iocarbon  a s  between 
24,500 and 11,800 y r  B.P. ( f i g .  10) .  G l a c i e r s  of Walker Lake age flowed 
s l u g g i s h l y  a s  ' u n d e r f i t '  i c e  s t reams through broad t roughs  carved by much 
l a r g e r  g l a c i e r s  of t h e  o l d e r  I t k i l l i k  s u b s t a g e s ;  they g e n e r a l l y  t e rmina ted  
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F i g u r e  79. View look ing  s o u t h  of f i n a l  l i n k u p  of t h e  hau l  road,  which took 
p l a c e  on September 2 7 ,  1974,  a t  t h e  South Fork JCoyukuk River .  P o s s i b l e  
l a r g e  c o n t r a c t i o n  c r a c k s  have been observed i n  t a l u s  above t h e  t u r n  i n  
t h e  road (photograph c o u r t e s y  of Alyeska P i p e l i n e  Serv ice  Company). 
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15-30 km i n s i d e  the range. Moraine-dammed l akes  of Walker Lake age a r e  s t i l l  
p re sen t  i n  some v a l l e y s ,  but elsewhere g l a c i a l  l akes  e i t h e r  d i d  not  form o r  
were drained e a r l y  and have been f i l l e d  by l a t e r  a l l u v i a t i o n  on the  v a l l e y  
f l o o r s  (T.D. Hamilton, pers .  commun.). 

D-160.1 
[ F ]  The road c ros se s  a probable r e c e s s i o n a l  moraine. T i l l  wi th  abundant 

f ace t ed  and s t r i a t e d  c l a s t s  is  exposed i n  t he  3-m-high cu t  through the  moraine 
c r e s t .  To t h e  west near Tramway Bar on t h e  Middle Fork of t he  Koyukuk River ,  
a 3-m-thick bed of near ly  pure coa l  has been reported.  A t  Tramway Bar, a 
depos i t  of gold-bearing s t ream g rave l  on a bend cu t  i n t o  conglomerate and 
sandstone 30 m above t h e  Middle Fork has been mined spo rad i ca l ly  f o r  many 
yea r s  (Mulligan, 1974) . 

D-161.6 
I ce - r i ch ,  thaw-unstable s o i l s  and massive i c e  occur near  t h e  su r f ace  i n  

many p laces  throughout t h i s  lowland from here  t o  t he  Koyukuk River. Mitiga- 
t i v e  p i p e l i n e  des igns  inc lude  i n s u l a t i o n  placed around t h e  VSM's t o  l i m i t  t h e  
long-term depth of thaw. Those VSM's with i n s u l a t i o n  can be i d e n t i f i e d  by t h e  
mounds of g r ave l  t h a t  cover t h e  po lys tyrene  i n s u l a t i o n  around t h e i r  bases 
( v i s i b l e  along the  p i p e l i n e  e a s t  of t he  road) .  The o r i g i n a l  workpad i n  t h i s  
a r e a  was 0.6 t o  0.9 m t h i ck .  Subsequent thaw se t t l emen t  due t o  thermal d i s -  
turbance beneath t he  workpad has caused the  g rave l  t o  subside i n  some p laces  
t o  t he  o r i g i n a l  l e v e l  of t h e  ground. D i f f e r e n t i a l  s e t t l emen t  of t h e  workpad 
can be observed. 

D-162.2 
D r i l l  records show buried i c e  masses 10 t o  15 m t h i c k  a t  about 12 t o  20 m 

depth wi th in  t he  d r i f t  along the  p ipe l ine  on the  t e r r a c e  125 m e a s t  of t h e  
road. Act ively forming k e t t l e s  and o the r  i n d i c a t o r s  of r e l i c t  g l a c i a l  i c e  
have been repor ted  on d r i f t  of I t k i l l i k  age elsewhere i n  the Brooks Range, and 
buried i c e  i n  these  borings could a l s o  be of g l a c i a l  o r ig in .  Development a s  
segrega t ion  i c e  i n  permafrost i s  a pos s ib l e  a l t e r n a t i v e ,  but t h i s  is  con- 
s i d e r e d  l e s s  l i k e l y  because t h e  buried i c e  i s  found wi th in  g l a c i a l  depos i t s .  
There i s  no evidence of a subsurface unconfonnity below which i c e  could have 
become segregated by processes  a c t i n g  near  a former permafrost t a b l e  (T.D. 
Hamilton, pers.  commun.), 

D-162.5 
A cu t  7 m i n t o  a kame exposes water-washed sand and g rave l  up t o  cobble  

s i z e .  Fros t  churning has c rea ted  a mixed s i l t y  g rave l  zone a s  much a s  1 m 
deep. 

31)-163.3 l 3  
The s i t e  on t h e  west s i d e  of t h e  road i l l u s t r a t e s  t h e  development of peat  

i s l a n d s  a s soc i a t ed  with sedge fens  ( f i g .  80) .  Much of the  surrounding a r e a  
c o n s i s t s  of narrow, o f t e n  discont inuous g rave l  r i d g e s  t h a t  r i s e  10 m o r  more 
above the  surrounding fens .  Small k e t t l e  l akes  and ponds occur between or  a r e  
surrounded by t h e  r idges.  Most of t he  fens  a r e  crossed by narrow streams,  
some of which a r e  1 m o r  more deep. Occasional ly ,  near ly  c i r c u l a r  thermokarst  
ponds i n t e r r u p t  a d ra inage  and reach depths g r e a t e r  than 2 m. Peat  i s l a n d s  

l 3  Prepared by K.R. Eve re t t  and S.A. Baker. 
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Figure  80. Ac id ic  Sphagnum pea t  ( l e f t )  r i s e s  1 m above a d j a c e n t  a l k a l i n e  
sedge fen.  An a r e a  of wel l -dra ined outwash g r a v e l s  can be seen  i n  
extreme upper l e f t  (photograph t aken  by K.R. E v e r e t t ) .  

a r e  common f e a t u r e s  of t h e  sedge f e n ,  w i t h  t h e  l a r g e r  i s l a n d s  reaching s e v e r a l  
h e c t a r e s  and r i s i n g  1 m above t h e  su r rounding  fen.  

The a r e a  l i e s  i n  t h e  d i s c o n t i n u o u s  permafrost  zone,  ve ry  near  t h e  
s o u t h e r n  margin of t h e  r e g i o n  of cont inuous  permaf ros t  p r e v i o u s l y  i n d i c a t e d  on 
the  map by F e r r i a n s  (1965).  The r e l a t i v e l y  w a r m  c o n t i n e n t a l  summers s o u t h  oE 
t h e  Brooks Range permit  thawing t o  1.5 m o r  more i n  g r a v e l l y  s o i l s  on south- 
f a c i n g  r i d g e  s l o p e s .  Mid-August t empera tu res  of 7°C a t  90 cm a r e  no t  un- 
common. On s l o p e s ,  thaw reaches  40 cm under a  few c e n t i m e t e r s  of o r g a n i c  
m a t e r i a l  a t  t h e  s u r f a c e  and 23 cm i n  a d j a c e n t  swales  w i t h  t h i c k  o r g a n i c  
hor izons .  I n  t h e  f e n ,  dep th  t o  permafrost  i s  v a r i a b l e ,  depending on m o i s t u r e  
c o n d i t i o n s  and t h e  amount of o r g a n i c  s o i l .  On p e a t  i s l a n d s ,  i c e - r i c h  perma- 
f r o s t  was encountered f n  August a t  40 cm and massive s e g r e g a t i o n  i c e  i n  some 
c a s e s  below 1.5 m. I n  t h e  a d j a c e n t  sedge f e n ,  permafrost  may be  60 cm o r  more 
deep. Permaf ros t  i s  betng mainta ined and i s  probably  aggrading i n  a r e a s  of 
r a p i d  pea t  accumulation.  

Other m a n i f e s t a t i o n s  of i c e - r i c h  permaf ros t  i n c l u d e  ice-wedge polygons 
a p p a r e n t  i n  some l o c a l i t i e s  and i s o l a t e d  thermokars t  ponds o r  beads. Some 
d e p r e s s i o n s  a r e  wa te r  f i l l e d  and o t h e r s  a r e  simply wet. They a r e  i n t e r p r e t e d  
as the rmokars t  f e a t u r e s  t h a t  have formed i n  response  t o  t h e  m e l t i n g  of r e l i c t  
ground i c e .  

An a r e a  su r rounding  t h e  g r a v e l  r i d g e s ,  and t o  some e x t e n t  on s t e e p ,  
south-facing s l o p e s  below t h e  r i d g e s ,  s u p p o r t s  an open s t a n d  of paper b i r c h ,  
quaking aspen ,  and s c a t t e r e d  whi te  spruce.  Alder and p r i c k l y  r o s e  a r e  common 
u n d e r s t o r y  s p e c i e s .  The ground cover i s  a  mat of l i c h e n  (Cladonia  a l p e s t r i s ) ,  
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Figure 81. Schematic s e c t i o n  of s o i l s ,  vege t a t i on ,  and landforms a t  Mile  
163.3 Looking west. Hor izonta l  d i s t ance  approximately 0.3 km; v e r t i c a l  
s c a l e  10 m (prepared by K.R. Eve re t t ) .  

l i ngenbe r ry  (Vaccinium v i t i s - i d a e a ) ,  crowberry (Empetrum eames i i ) ,  and cotton- 
g r a s s  (Eriophorum vaginatum). T a l l  a l d e r  shrubs occur as  widely spaced 
i n d i v i d u a l s  on s e v e r a l  long, southwest-facing s lopes  dominated by tussocks.  
Black spruce occurs  i n  bog meadows a s  s c a t t e r e d  i nd iv idua l s  o r  groups of t r e e s  
surrounded by sedges (Carex a q u a t i l i s  and o the r  Carex spp.) o r  i n  co t tong ra s s  
tussock meadows with b i r ch  (Betu la  spp . ) ,  ~ a b r a d o z  ( ~ e d u m  p a l u s t r e ) ,  blue- 
be r ry  (Vaccinium uliginosum), crowberry, and s c a t t e r e d  s p e c i e s  of willow. 
Peat i s l a n d s  a r e  r a i s ed  above the  genera l  l e v e l  of t he  f en  and support t h i n  
s t ands  of black spruce with an understory of willow, b i r ch ,  and Sphagnum 
( f i g .  81) .  

The o l d e s t  radiocarbon d a t e ,  9,105 + 585 y r  B.P. (GX-8387), i s  from a 
f i b r o u s  sedge peat  a t  a  depth of 1.74 t o  1.84 m i n  a  peat i s l and .  Charcoal 
fragments record a t  l e a s t  one burn, although many o t h e r s  undoubtedly 
occurred. The increas ing  amount of Sphagnum, e s p e c i a l l y  i n  the  a c t i v e  l a y e r ,  
sugges ts  t h a t  t h i s  p a r t i c u l a r  peat  i s l and  may have been e l eva t ed  wi th  r e spec t  
t o  the  ad jo in ing  f en  r a t h e r  r ecen t ly .  Its r e l a t i v e  e l e v a t i o n  with respec t  t o  
t h e  surrounding a l k a l i n e  su r f ace  waters permit ted t he  rap id  a c c r e t i o n  of moss 
and s e t  t h e  s t a g e  f o r  the  development of a  peat i s l a n d .  Peat  i s l a n d s  a r e  
probably t r a n s i t o r y  f ea tu re s .  Some s i t e s   nay undergo s e v e r a l  cyc les  from 
sedge f ens  t o  Sphagnurn-forest peat i s l a n d s  followed by co l l apse  of t he  i s l a n d .  

A 1.98-m-long peat  core  recovered from the  peat  i s l a n d  ( f i g .  81) revea led  
a  po l l en  record (S.A. Baker, pers .  cornmun.) i n  v~I1ich four  s i t e - s p e c i f i c  
assemblage zones a r e  recognized, based on both the  r e l a t i v e  (percentage)  
( f i g .  82)  and abso lu te  (concent ra t ion)  diagrams. 
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F i g u r e  82.  Po l l en  abundance frorn t h e  peat  i s l a n d  co re  a t  Mile 163.3. Sum 
excludes Cyperaceae, Er icaceae ,  Sphagnum, and u n i d e n t i f i a b l e  po l l en  
(modified from S.A. Baker, i n  prep.) .  

Zone I (1.97-1.73 m ,  pre-9,000 t o  9,000 yr B.P.) i s  dominated by Be tu l a ,  
Cyperaceae, and Gramineae i n  t he  r e l a t i v e  diagram. Sa l ix  and herb taxa such 
a s  t h e  Umbell i ferae and Rosaceae a r e  important.  This  zone corresponds ap- 
proximately t o  t h e  s i l t  and s i l t y  peat  u n i t s  a t  t he  base of t h e  core .  

Zone I1 (1.73 t o  1.45 m, 9,000 t o  8,000 y r  B.P.) i s  dominated by Betula .  
Cyperaceae and Gramineae decrease  s l i g h t l y  i n  importance i n  t h e  r e l a t i v e  
diagram, but remain important i n  t he  concent ra t ion  diagram. Sa l ix  , gratnineae 
and herb taxa  reach t h e i r  maximum absolu te  va lues  i n  t h i s  zone. Overa l l ,  a 
shrub tussock tundra environment is  ind i ca t ed  f o r  t h i s  zone. 

Zone 111 (1.45 t o  0.61 m, 8,000 t o  4,480 yr  B.P.) i s  dominated by Betu la ,  
Alnus,  and Picea.  Picea becomes more important ,  r i s i n g  t o  10-15 percent .  

Other taxa  of importance inc lude  Cyperaceae, Ericaceae,  and Sphagnum. Such an 
assemblage sugges ts  an open spruce woodland. 

Zone I V  (0.61 m t o  su r f ace ,  4,480 yr B.P. t o  presen t )  i s  a l s o  dominated 
by Betu la ,  P icea ,  and Alnus. Picea reaches i t s  maximum percentages and con- - - 
c e n t r a t i o n s  i n  t h i s  zone, suggest ing an expansion of t he  f o r e s t  t o  presen t  
condi t ions .  

From t h i s  radiocarbon-dated po l l en  record,  a shrub-tussock tundra en- 
vironment i s  thought t o  have ex i s t ed  i n  t he  a r ea  from a t  l e a s t  9,000 t o  ap- 
proximately 7,500 y r  ago. About 8,000 y r  ago, spruce and a l d e r  appeared i n  
t he  a rea .  F i n a l l y ,  around 4,500 yr  ago, the  f o r e s t  underwent a second expan- 
s i o n  t o  approach presen t  condi t ions .  Changes i n  t h e  l a s t  ha l f  of t he  Holocene 
a r e  d i f f i c u l t  t o  i n t e r p r e t  because of slow accuinulation r a t e s .  

U n t i l  r e c e n t l y ,  t h e  major po l len  work i n  the  c e n t r a l  Brooks Range and 
v i c i n i t y  cons i s t ed  almost e n t i r e l y  of L iv ings tone ' s  e a r l y  work (1955, 1957), 
which e s t a b l i s h e d  the  three-zone pol len  sequence f o r  t he  l a t e  Wisconsin and 
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Holocene. The o l d e s t  of t h e s e ,  Zone I, i s  c h a r a c t e r i z e d  by herbaceous t a x a  
and Cyperaceae,  and i s  thought t o  r e p r e s e n t  a  t u n d r a  environment comparable t o  
t h e  modern tundra  of t h e  Barrow a r e a .  Zone I1 i s  dominated by Be tu la ,  w i t h  
s m a l l e r  amounts of Cyperaceae and Gramineae, and i s  thought  t o  r e p r e s e n t  a  
birch-dominated shrub tundra  environment.  F i n a l l y ,  Zone 111 is  c h a r a c t e r i z e d  
by Alnus,  w i t h  s m a l l e r  amounts of Betula .  Zone 111 i s  f u r t h e r  d i v i d e d  i n t o  
s u b s t a g e s  when a p p l i c a b l e ,  based on a l d e r  maxima and subsequent d e c l i n e .  
Spruce,  i n  some c a s e s ,  i s  more abundant i n  Zone 111 a s  wel l .  L iv ings tone  
a t tempted t o  document t h e  Bypsithermal e i t h e r  by a l d e r  maxima o r ,  i n  some 
c a s e s ,  sp ruce  maxirna, i n  t h e  uppernlost p a r t s  of t h e  cores .  O v e r a l l ,  Zone I11 
v e g e t a t i o n  was i n t e r p r e t e d  a s  modern---either open spruce  woodland o r  a n  
a l d e r - b i r c h  shrub  tundra  environment,  depending on t h e  modern v e g e t a t i o n  of 
t h e  s i t e  i n  q u e s t i o n .  

Because rad iocarbon  c o n t r o l  was no t  a v a i l a b l e  f o r  t h e s e  zones a s  
o r i g i n a l l y  de f ined  by L iv ings tone ,  h i s  Zone I was t e n t a t i v e l y  considered l a t e  
g l a c i a l  ( l a t e  Wisconsin) ; Zone 11, e a r l y  Holocene; and Zone 111, l a t e  
Holocene. Dates of approximately  8,000 and 6,000 y r  B.P. were l a t e r  ob ta ined  
f o r  t h e  base  of Zones 11 and 111,  r e s p e c t i v e l y ,  a t  a  s i t e  near  U m i a t  
( L i v i n g s t o n e ,  1957).  IIowever, many problems e x i s t  i n  ex tend ing  t h i s  
chronology s o u t h  of t h e  Brooks Range. Because of t h e  t i m e - t r a n s g r e s s i v e  
n a t u r e  of s p e c i e s  m i g r a t i o n s ,  v e g e t a t i o n a l  changes n o r t h  of t h e  Brooks Range 
a r e  probably  no t  corltelnporaneous w i t h  those  on t h e  s o u t h  s i d e ;  however, t h e i r  
v e g e t a t i o n a l  equ iva lence  is  almost c e r t a i n .  The approximate c o r r e l a t i o n s  of 
L i v i n g s t o n e ' s  zones and t h e  p r e s e n t  s i t e  a r e  i n d i c a t e d  i n  f i g u r e  82. 

D-164.8 
S e v e r a l  s p e c i a l  s e c t i o n s  of e l e v a t e d  and b u r i e d  p i p e l i n e  were c o n s t r u c t e d  

t o  accommodate animal c r o s s i n g s .  A s h o r t  s e c t i o n  of bur ied  p ipe  was spaced t o  
f a c i l i t a t e  c a r i b o u  c r o s s i n g s .  Here t h e  p ipe  i s  i n  thaw-unstable m a t e r i a l s .  
I n s u l a t i o n  and h e a t  p i p e s  were used t o  prevent  deepening of t h e  a c t i v e  l a y e r  
and thawing of p e r e n n i a l l y  f r o z e n  ground w i t h  a  s i l t  con ten t  g r e a t e r  t h a n  6  
pe rcen t .  An a rched ,  e l e v a t e d  s e c t i o n  i s  l o c a t e d  j u s t  n o r t h  of t h e  smal l  
l ake .  The added c l e a r a n c e  presumably enab les  animals  t o  p a s s  benea th  t h e  p ipe  
more e a s i l y .  

D-166.4 
A c u t  ex tends  about 50 m a long t h e  road a t  t h e  edge of t h e  h i g h e s t  

a l l u v i a l  t e r r a c e  of t h e  Middle Fork Koyukuk River ,  which probably d a t e s  from 
t h e  younger I t k i l l i k  ( i d B )  readvance ( f i g .  71 ) .  The c u t  exposes a s  much a s  
10 m of sand and g r a v e l  benea th  a  s u r f a c e  cap of peat .  The p e a t  t h i c k e n s  t o  2 
m near  t h e  n o r t h  end of t h e  c u t ,  where i t  f i l l s  a  d e p r e s s i o n  i n  t h e  s u r f a c e  of 
t h e  g r a v e l .  A t  t h i s  l o c a l i t y ,  wil low wood and poor ly  p rese rved  wood f ragments  
of e i t h e r  sp ruce  o r  l a r c h  have been da ted  a t  7,990 t 133 y r  B.P. ( I -10,501) .  
Th i s  d a t e  p l a c e s  a minimum l i m i t i n g  age  of e a r l y  Holocene expansion of b o r e a l  
f o r e s t  i n t o  t h e  a r e a  (Hamil ton,  1980, 1982). It s u p p o r t s  t h e  d a t e  of about 
8,000 yr B.P. f o r  replacement of herbaceous tundra  by s p r u c e  f o r e s t  observed 
i n  t h e  p o l l e n  record  a t  t h e  pea t - i s l and  s i t e  ( f i g .  8 2 ) .  A t  t h i s  p o i n t  t h e  
road e n t e r s  t h e  c e n t r a l  Brooks Range proper.  The f i r s t  ~ n o u n t a i n  t o  t h e  e a s t  
i s  Ca thdera l  Mountain and t o  t h e  west i s  Twelve Mile Mountain. Both a r e  com- 
posed of i4esozoic mafic igneous  rock. Rock t y p e s  t o  t h e  n o r t h  t o  t h e  Atigun 
River  d r a i n a g e  a r e  p r i m a r i l y  Devonian sediments  t h a t  have been s u b j e c t e d  t o  
v a r i o u s  d e g r e e s  of t h r u s t  f a u l t i n g  and metamorphism. S c h i s t ,  p h y l l i t e  and 
marble predominate i n  t h e  s o u t h  and p r o g r e s s i v e l y  l e s s  metamorphism i s  d i s -  
p layed f a r t h e r  n o r t h ,  where s i l t s t o n e ,  l i m e s t o n e ,  conglomerate,  and s l a t e  pre- 
dominate. 
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F i g u r e  83. Route map, Mile  D-166 t o  D-176. 
P l a t e  19 r e f e r s  t o  i l l u s t r a t i o n  i n  
Kre ig  and Reger (1982) ;  l e t t e r  i n  
box r e f e r s  t o  n o t a t i o n  i n  t e x t .  
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The t e r r a i n  crossed by t h e  road and p i p e l i n e  i n  t h e  next 2-km s t r e t c h  i n  
the f lood p l a i n  i s  d i scont inuous ly  f rozen  under s tun t ed  black spruce and 
spo rad i ca l ly  f rozen  under nore vigorous-growing white spruce. The t e r r a i n  
under the  road where i t  ascends the  s i d e  of the  v a l l e y  is under la in  by con- 
t inuous  permafrost f o r  t he  next 10 km (R.A. Kreig,  pers.  comrnun.). 

D-166.6 
The p i p e l i n e  c ros se s  under t h e  road. It i s  buried f o r  a s h o r t  d i s t a n c e  

and then e leva ted  on high t e r r a c e s  of t h e  Middle Fork Koyukuk River. 

Jl-168.2 
The road ascends from t h e  f lood p l a i n  t o  an upland su r f ace  of g l a c i a l  

d r i f t .  Sandy alluvium unde r l i e s  5 t o  8 m of g l a c i a l  d r i f t ,  which c o n s i s t s  of 
t i l l  west of t h e  road and ice-marginal stream g rave l  t o  t h e  e a s t .  T i l l  forms 
a r i d g e  t h a t  probably is  an end moraine; g r ave l  occupies a channel l ike  depres- 
s i o n  t h a t  l a t e r  f i l l e d  wi th  colluvium and organic  mat te r .  

D-168.7 
Roadcuts 12  t o  15 m high expose probable a l l uv i a l - f an  depos i t s .  C l a s t s  

a r e  poorly bedded and s o r t e d ,  but most a r e  angular ,  of l o c a l  l i t h o l o g y ,  and 
range from pebbles t o  very small  boulders.  No s t r i a t e d  o r  face ted  c l a s t s  a r e  
ev ident .  

D-169.1 to D.170.0 
The road c ros se s  poorly drained upland, which appears  t o  be ground 

moraine. S o l i f l u c t i o n  appears t o  be widespread. 

D-170.0 : Rosie Creek. 
Excavation of t he  roadcut on the  south s i d e  of Rosie Creek exposed i c e  

wedges ( f i g .  84) t h a t  began t o  melt almost immediately on exposure and, a l -  
though covered by slump m a t e r i a l s ,  were s t i l l  mel t ing i n  August 1978. On t h e  
southwest s i d e  of t he  creek a r e  a thermokarst  pond and small  hum~nocks, which 
a r e  c a l l e d  ' cemetery inounds' o r  ' baydzherakhi , ' a f t e r  s i m i l a r  f e a t u r e s  i n  
S ibe r i a .  They a r e  formed from t h e  melt ing of i c e  wedges and i ce - r i ch  sediment 
( f i g .  85 ) ,  poss ib ly  i n i t i a t e d  a t  t h i s  l o c a t i o n  by f o r e s t  f i r e s .  

D-170.3 
A cut  extends along t h e  west s i d e  of the  road i n t o  the  a l l u v i a l  f a n  of 

Rosie Creek. Exposed sediments c o n s i s t  of sand and s i l t y  f i n e  sand wi th  
undis turbed bedding o v e r l a i n  by f a n  g rave l  t ha t  conta ins  ice-wedge c a s t s ,  in- 
vo lu t ions ,  and frost-churned s tones  with v e r t i c a l  f a b r i c .  Although obscured 
by a d e b r i s  apron, t h e  sand o r  s i m i l a r  f ine-grained d e p o s i t s  must extend t o  a t  
l e a s t  t h e  l e v e l  of the  roadway. Small twigs j u s t  below t h e  base of the  f a n  
d e p o s i t s  have been dated a t  28,450 + 950 y r  B.P. I - 1 0 , 8 1 6 ,  providing a 
rnaxinlum age on a l l u v i a t i o n  of t he  fan.  Fan bui ld ing  ev iden t ly  took p l ace  
under a severe  f r o s t  c l imate  and seems t o  have corresponded i n  time t o  t he  
Walker Lake g l a c i a l  phase, a s  dated elsewhere i n  t h e  Koyukuk drainage system 
(Hamilton, 1979c, 1980, 1982). 

I n  t h e  southern Brooks Range, permafrost i s  gene ra l l y  absent  beneath 
f l ood  p l a i n s  t h a t  a r e  e i t h e r  unvegetated o r  vegetated by balsam poplar.  Flood 
p l a i n s  vege ta ted  by white  spruce a r e  under la in  by i s o l a t e d  masses of perma- 
f r o s t .  Aspen and b i r c h  grow on d i s s e c t e d ,  well-drained s lopes  wi th  a deep 
permafrost t a b l e .  I n  t h i s  reach of the Middle Fork Koyukuk River ,  a 3-m-thick 
l a y e r  of IIolocene alluvium covers g l a c i o f l u v i a l  o r  l a c u s t r i n e  sandy s i l t  and 
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F i g u r e  84. Exposure of i c e  wedges on t h e  s o u t h  s i d e  of Rosie  Creek (Brown a.nd 
Berg, 1980, f i g .  19; photograph t a k e n  by R.TA. Berg on May 30, 1975) .  

F i g u r e  85. S i b e r i a n  cemetery mounds, o r  baydzherakhi ,  downslope from exposed 
ice-wedge c u t  shown i n  f i g u r e  84. Mounds a r e  e r o s i o n a l  remnants l e f t  
a f t e r  i c e  wedges have mel ted  (photograph t aken  by R. Veazey on J u l y  20, 
1982). 
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s i l t y  sand. Coalescing f a n s  of f i n e - g r a i n e d ,  r e t r a n s p o r t e d  d e p o s i t s  have 
l o c a l l y  b u r i e d  f l o o d - p l a i n  a l luvium and a r e  f rozen.  Mudflows occur  on s t e e p  
s l o p e s  of c layey  I t k i l l i k  T i l l  t h a t  o v e r l i e s  s c h i s t o s e  sands tone ,  p h y l l i t e ,  
and s l a t e  (Kre ig  and Reger,  1982, p l .  19) .  

Across t h e  r i v e r  from Rosie Creek, the  r e l a t i v e l y  o l d  f l o o d - p l a i n  s u r f a c e  
h a s  unusua l ,  i r r e g u l a r  hummocks and r i d g e s  t h a t  a r e  composed of f l u v i a l  sand 
and g r a v e l  and have a maximum r e l i e f  of 3 t o  4.5 m. I n t e r s p e r s e d  between t h e  
hummocks and r i d g e s  are numerous i r r e g u l a r  f l o o d - p l a i n  l a k e s  and ponds, which 
have anomalous forms compared t o  o t h e r  f lood-p la in  l a k e s  a long t h i s  branch of 
t h e  Koyukuk River.  Hummock s u r f a c e s  a r e  rounded, and a d j a c e n t  mounds o r  
r i d g e s  do not  have accordan t  summits. 

The l a c k  of summit accordance i n d i c a t e s  t h a t  t h e  hummocks and r i d g e s  a r e  
no t  t e r r a c e  remnants,  even though they  a r e  composed of c o a r s e  a l luvium.  
V a r i a t i o n  i n  h e i g h t  and t h e  i r r e g u l a r  forms of  t h e  r i d g e s  and mounds could be 
exp la ined  by d i f f e r e n t i a l  s e t t l e m e n t  a s  i c e - r i c h  permaf ros t  thaws. Rut t h e  
i r r e g u l a r  form of t h e  i n t e r v e n i n g  l a k e s  and ponds i s  analogous t o  t h e  o u t l i n e s  
of ponds developed by aggrad ing  i c e - r i c h  permaf ros t ,  and i s  d i f f e r e n t  from t h e  
t y p i c a l  rounded o r  s c a l l o p e d  form of thaw l a k e s .  These hummocky f lood-p la in  
s u r f a c e s  a r e  probably  t h e  r e s u l t  of t h e  a g g r a d a t i o n  of i c e - r i c h  permaf ros t  
( ~ r e i g  and Reger, 1982, pl .  19) .  Ground water  under h y d r o s t a t i c  s t r e s s  i n  
thawed sand beneath  t h e  downward-growing permaf ros t  probably  promoted t h e  
l o c a l  growth of massive ground i c e  a t  d e p t h ,  caus ing  d i f f e r e n t i a l  s u r f a c e  
u p l i f t .  

D-171.9 
[GI The road fo l lows  a  moraine of t h e  second I t k i l l i k  advance ( i d g ,  

f i g .  8 6 ) ,  which e v i d e n t l y  t e rmina ted  i n  a  l a k e  t h a t  formed behind t h e  ou te r -  
most I t k i l l i k  end-moraine b e l t .  A l a r g e ,  f r e s h  l a n d s l i d e  i n  t h e  b a s i n  of 
Quar tz  Creek on t h e  west  s i d e  of t h e  v a l l e y  is  v i s i b l e  from t h i s  p o i n t .  The 
s l i d e  occurred i n  t h e  e a r l y  1970 's .  Across t h e  r i v e r  i n  Porcupine Creek, 
c o a r s e  go ld  has been recovered from g r a v e l  6 m deep. R e c e n t l y ,  i t  has  been 
mined by b u l l d o z e r  and h y d r a u l i c  methods. Some d r i f t  mining i n  deep f r o z e n  
g r a v e l s  has a l s o  been used (Mull igan,  1974).  

D-175.2 : Coldfoot .  
The s e t t l e m e n t  of Coldfoot  was founded i n  1899 a t  t h e  mouth of S l a t e  

Creek, when p r o s p e c t o r s  f i r s t  d i scovered  gold  on S l a t e ,  Myr t l e ,  C l a r a ,  Emma, 
Gold, Porcupine,  and o t h e r  nearby c reeks .  Over 1 ,000 persons  a r e  r e p o r t e d  t o  
have t aken  s teamers  up t h e  Koyukuk River  i n  s e a r c h  of gold i n  t h e  upper d r a i n -  
age. Most were soon d i scouraged  by t h e  absence of bonanzas and by t h e  remote,  
i n h o s p i t a b l e  country .  According t o  Marshal l  (1933) ,  only  200 people  win te red  
i n  t h e  upper Koyukuk d r a i n a g e  t h a t  y e a r  i n  t h e  i n s t a n t  towns of A r c t i c  C i t y ,  
Bergmann, and Peavy, and i n  camps a long t h e  South Fork. When t r a v e l  p e r m i t t e d  
i n  t h e  s p r i n g  of 1899, more l e f t  t h e  Koyukuk d i s t r i c t .  Those who s t a y e d  were 
t h e  more seasoned p r o p e c t o r s ,  and t h e i r  p e r s i s t e n c e  q u i c k l y  paid  o f f  when new 
s t r i k e s  were made l a t e r  t h a t  y e a r  on S l a t e  Creek and Fiyr t le  Creek,  t r i b u t a r i e s  
of t h e  Middle Fork. Two new towns were founded: S l a t e  Creek ( l a t e r  Coldfoo t )  
a t  t h a t  c r e e k ' s  conf luence wi th  t h e  Middle Fork,  and B e t t l e s ,  j u s t  below t h e  
John River  conf luence.  

I n  1900, B e t t l e s  l a r g e l y  rep laced  t h e  downstream t o m  of Bergman a s  t h e  
major supply  p o i n t  f o r  u p r i v e r  p l a c e r  mines. The town of S l a t e  Creek became 
known a s  Coldfoo t ,  named a f t e r  a  'cheechako' o r  newcomer who, on reach ing  t h e  
S l a t e  Creek d i g g i n g s ,  g o t  co ld  f e e t  and tu rned  back. The old  cemetery s t i l l  
e x i s t s .  I n  t h e  e a r l y  1 9 0 0 1 s ,  P i c k a r t s ,  B e t t l e s ,  and P i c k a r t s  ( d i s t r i b u t o r s  
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f o r  t h e  Alaska Commercial Company) e s t a b l i s h e d  a s t o r e  i n  t h e  new mining 
town. Coldfoot  was a l s o  t h e  o f f i c e  of t h e  U.S. commissioner, p roba te  judge,  
c o r o n e r ,  and r e c o r d e r .  By 1904, t h e  s e t t l e m e n t  c o n s i s t e d  of about 80 wel l -  
b u i l t  cab ins .  The p l a c e  was p r a c t i c a l l y  d e s e r t e d  d u r i n g  t h e  summer, but  about 
60 p r o s p e c t o r s ,  t r a p p e r s ,  and Nat ives  r e s i d e d  t h e r e  dur ing  t h e  w i n t e r .  I n  
1902, t h e  Alaska Commercial Company abandoned i t s  s t o r e ,  which was soon re- 
placed wi th  t h a t  of Stevens & Plummer. The community rece ived  i t s  s u p p l i e s  
from B e t t l e s  by boat  and s led .  Mail was d e l i v e r e d  t o  t h e  town by dog team 
from F o r t  Yukon once a month. About 1908, t h e  town was e c l i p s e d  by Wiseman. 
The Coldfoot  p o s t  o f f i c e ,  e s t a b l i s h e d  i n  1900, was c losed  i n  1912. This a r e a  
i n c l u d e s  t h e  Coldfoot Development Area, which has  been ' p e r m i t t e d '  by BLM. 

The c r e e k s  t o  t h e  n o r t h  have been and a r e  s i t e s  of gold-placer  mining. 
Some mining was done a long C l a r a  Creek i n  1901 and a l s o  i n  1934. On Emma 
Creek,  a r i c h  gold  d e p o s i t  w a s  formed by a s t e e p  g r a d i e n t  stream flowing 
through a narrow, boulder- laden gulch.  Cons iderab le  p rospec t ing  was done i n  
Marion Creek and some gold  was found i n  c o a r s e  g r a v e l s  on Sawyer Creek 
(Maddren, 1913; Mull igan,  1974). 

Emma Dome (1730 m) i s  v i s i b l e  t o  t h e  west. The n o r t h e r n  l i m i t  of aspen 
(Populus t r emulo ides )  a long t h e  road c o r r i d o r  occurs  near Coldfoot .  

D-175.3 : S l a t e  Creek. 
F o r  t h e  next 11 km n o r t h  of Goldfoot ,  t h e  road f o l l o w s  a l l u v i a l  t e r r a c e s  

f l anked  t o  t h e  e a s t  by p o s s i b l e  s o l i f l u c t i o n  s l o p e s ,  which o c c a s i o n a l l y  extend 
t o  t h e  road edge. 

D-177 - 0  
S e v e r a l  rock s l i d e s  can be seen  on t h e  h i g h e r  s l o p e s  t o  t h e  e a s t  i n  C l a r a  

Creek v a l l e y  and i n  t h e  smal l  d r a i n a g e  2.3 hn n o r t h  of Cla ra  Creek. 

D-179.9 : Marion Creek. 
The b r i d g e  was i n s t a l l e d  i n  1982. 

D-180.4 : Marion Creek campground. 
A l a r g e  rock s l i d e  i s  l o c a t e d  2.4 km upstream from t h e  road. Open s t a n d s  

of whi te  s p r u c e  have formed on r i v e r  t e r r a c e s ,  e s p e c i a l l y  s o u t h  and e a s t  of 
t h e  campground. The e x c e l l e n t  i n t e r n a l  d r a i n a g e  provided by t h e  g r a v e l  i s  
expressed by widely  spaced t r e e s  and t h e  r i c h  c a r p e t  of l i c h e n s  on t h e  f o r e s t  
f l o o r .  

The road descends t o  a t e r r a c e  of t h e  Middle Fork Koyukuk River f o r  t h e  
n e x t  1.9 km. Although much of t h e  s t r e t c h  i s  covered by s t u n t e d  s p r u c e ,  i t  i s  
d i s c o n t i n u o u s l y  f r o z e n ,  p o s s i b l y  because of ground-water f low moving down- 
v a l l e y  i n  t h e  coarse-grained a l luvium a t  dep th  (R.A. Kre ig ,  pers .  commun.). 

D-181.9 
The road ascends  t o  a s u r f a c e  of h i g h e r  a l l u v i a l  t e r r a c e .  A 7-m-deep c u t  

a t  t h e  t e r r a c e  edge r e v e a l s  f l u v i a l  g r a v e l  w i t h  minor sand beds beneath  a t h i n  
(0.5-m) l o e s s  cap. The road fo l lows  t h e  t e r r a c e  s u r f a c e  f o r  t h e  nex t  4 km. 

D-183.1 
A r e c e n t  rock s l i d e  i s  v i s i b l e  on t h e  upper s l o p e s  on t h e  w e s t  s i d e  of 

t h e  Koyukuk River  v a l l e y .  

D-186.0 : Wiseman a r e a .  
An over vie^ of t h e  v a l l e y  is ga ined  from a rock quar ry  on a p r o t r u d i n g  

r i d g e  of g n e i s s .  The h i s t o r i c  mining community of Wiseman can be seen  a c r o s s  
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F i g u r e  88. View a c r o s s  t h e  Middle Fork Koyukuk River  t o  Wiseman and t h e  
g l a c i a l l y  s c u l p t u r e d  v a l l e y  w a l l  (photograph t aken  by R. Veazey on J u l y  
2 1 ,  1982).  

t h e  14iddle Fork Koyukuk River  w e s t  of t h e  road ( f i g .  88) .  Wiseman was es tab-  
l i s h e d  about 1908 as  a  supply  po in t  f o r  mining o p e r a t i o n s  on Wiseman, Mascot, 
and Nolan Creeks ,  and on t h e  Hammond River .  It was o r i g i n a l l y  c a l l e d  Nolan 
and a  p o s t  o f f i c e  was e s t a b l i s h e d  t h e r e  i n  1909. The town was l o c a t e d  a t  t h e  
head of n a v i g a t i o n  f o r  sha l low-dra f t  scows and po l ing  boa t s .  There  a r e  many 
b u i l d i n g s  s t i l l  s t a n d i n g  a t  Wiseman, whose heyday came i n  about 1910, a f t e r  
t h e  gold  r u s h e r s  abandoned Coldfoo t ,  16 km sou th .  I n  1930, about 103 people  
r e s i d e d  i n  t h e  v i c i n i t y  of t h e  town, which was by t h e n  l a r g e l y  se rved  by a i r -  
p lane.  L i f e  i n  Wiseman was v i v i d l y  d e s c r i b e d  by Marsha l l  (1933) .  An a i r f i e l d  
was b u i l t  t h e r e  i n  1926-27 and served a s  t h e  major s topover  between Fa i rbanks  
and Barrow. The pos t  o f f i c e  was c losed  i n  1956. About 12  year-round 
r e s i d e n t s  s t i l l  l i v e  t h e r e .  An e a r l y  mining community (now c a l l e d  Nolan) was 
l o c a t e d  on Nolan Creek,  about 10 km northwest  of Wiseman. A mine s h a f t  on 
Wiseman Creek was dug and d r i l l e d  through 110 m of permafrost  (Maddren, 1913).  

T h i s  a r e a  i s  t y p i c a l  o f  t h e  c e n t r a l  and s o u t h e r n  Brooks Range. G l a c i a l l y  
scoured v a l l e y s  wal led by 1,800-m-high r i d g e s  of l imes tone ,  s h a l e ,  sands tone ,  
p h y l l i t e ,  and s c h i s t  c o n t a i n  g l a c i o f l u v i a l  d e p o s i t s ,  a l luv ium,  and till. 
Flood-pla in  d e p o s i t s  a r e  commonly u n d e r l a i n  by g l a c i o f l u v i a l  o r  l a c u s t r i n e  
s i l t  and sand. A l l u v l a l  f a n s  b u i l t  by t r i b u t a r y  s t reams  and c o l l u v i a l  aprons  
extend from t h e  lower v a l l e y  w a l l s  towards t h e  f lood  p l a i n  of t h e  Middle 
Fork.  Th is  t e r r a i n  i s  g e n e r a l l y  f r o z e n ,  excep t  f o r  t h e  a c t i v e  t r i b u t a r y  f l o o d  
p l a i n  and r i p a r i a n  zones of balsam popla r  and whi te  sp ruce  (Kreig  and Reger,  
1982, p l .  20) .  
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Uni t  Thickness and description 

6 Sandy gravel (0 - 0.5 m). Caps erosional sur- 
face. 

5 Diamicton (1.5 - 2.0 m). Unsorted, nonstratified 
pebbles and cobbles in matrix of sil ty sand. 

4 Paleosol (0.1 m). Black to dark reddish brown 
(5 Y R  212) peaty muck. Overlain by 0.5 cm 
white calcareous marl(?). 

3 Diamicton (0.4 m). Unsorted, nonstratified peb- 
bles in brown sandy matrix. 

2 Sand (0.5 - 1.0 m). Gleyed and locally organic 
sil ty fine sand. Fills depression on surface of 
Unit  1. 

1 Diamicton (1.0- 1.5 m). As in Unit  5. 

F i g u r e  89. Roadcut i n  Walker Lake moraine (wld,  f i g .  86) on e a s t  s i d e  of 
Middle Fork Koyukuk River 1 Zan s o u t h  of Minnie Creek. A diamicton is  a n  
u n s o r t e d  t i l l - l i k e  d e p o s i t  (Hamilton,  1980, f i g .  18). 

L a c u s t r i n e  d e p o s i t s  under ly ing  4-5 m of Holocene a l luv ium of t h e  Middle 
Fork Koyukuk River  were l a i d  down i n  a l a k e  behind an end moraine of Walker 
Lake age (Hamil ton,  1980) t h a t  fo rmer ly  blocked t h e  l a t e  g l a c i a l  and e a r l y  
p o s t g l a c i a l  d ra inage .  L a c u s t r i n e  d e p o s i t s  a r e  r a r e l y  exposed. 

The lower course  of Wiseman Creek formerly  flowed through a v a l l e y  t h a t  
was subsequen t ly  f i l l e d  w i t h  d r i f t .  It was d i v e r t e d  a l o n g  an i c e  margin where 
i t  c u t  a s i d e - g l a c i a l  canyon i n t o  quartz-mica s c h i s t .  

D-186.7 
[ H I  A c u t  about 4 t o  5 m deep ex tends  100 m a long  t h e  west  s i d e  of t h e  

road where it c r o s s e s  an end moraine of Walker Lake age ( f i g .  89) .  I n  t h e  
exposure ,  upper and lower diamictons  ( u n i t s  1 and 5 i n  f i g u r e  89) a r e  s e p a r a t -  
ed by sand,  d iamic ton ,  and o r g a n i c  s o i l  ( u n i t s  2-4) t h a t  f i l l  a  k e t t l e l i k e  de- 
p r e s s i o n  i n  t h e  lower diamicton.  Sand and g r a v e l  o v e r l a p  t h e  upper d iamicton 
and cover  i t s  eroded n o r t h  and s o u t h  f l a n k s .  The b u r i e d  s o i l ,  a  pea ty  muck 
w i t h i n  t h e  d e p r e s s i o n ,  g rades  l a t e r a l l y  i n t o  l e n s e s  of o r g a n i c  s i l t  t h a t  
s e p a r a t e  u n i t s  1 and 5 ;  i t  has a rad iocarbon  age of 8,430 f 70 y r  B.P. 
(USGS-45). I f  t h e  d a t e  is  c o r r e c t ,  i t  i n d i c a t e s  t h a t  tHe upper d iamic ton  i s  
t o o  young t o  have been emplaced by a g l a c i a l  readvance w i t h i n  t h e  v a l l e y  of 
t h e  Middle Fork. It must have been d e p o s i t e d  as f l o w t i l l  d u r i n g  downwastage 
of r e l i c t  i c e  w i t h i n  t h e  end moraine. Depos i t ion  of a d iamicton by a land-  
s l i d e  from t h e  v a l l e y  w a l l  i s  l e s s  l i k e l y  because  t h e  sandy,  pebb ly ,  b o u l d e r  
f r e e  upper d iamic ton  c o n t a i n s  no r u b b l e  from t h e  v a l l e y  s i d e  and is n e a r l y  
i d e n t i c a l  t o  t h e  b a s a l  d iamic ton  ( u n i t  1) a t  t h i s  l o c a l i t y  (Hamilton,  1980).  
A k e t t l e  l a k e  is  l o c a t e d  between t h e  road and the  r i v e r .  

D-187.1 
A c u t  5 t o  7 m deep a long t h e  west s i d e  of t h e  road exposes t i ll  t h a t  

c o n t a i n s  a deep k e t t l e  f i l l  of s i l t  and o r g a n i c  m a t e r i a l .  
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D-187.3 
The road d rops  through a  long c u t  from t h e  moraine s u r f a c e  down t o  t h e  

f a n  of Minnie Creek. The s o u t h  end of t h e  c u t  exposes water-washed i ce -  
c o n t a c t  d r i f t  from two kames. The n o r t h  end of t h e  c u t  exposes  up t o  10 m of 
s t r a t i f i e d  i c e - c o n t a c t  d e p o s i t s  a s s o c i a t e d  w i t h  a  t h i r d  kame. 

D-187.4 : Minnie Creek. 
Cons iderab le  p r o s p e c t i n g  has taken p lace  a long t h e  creek.  Coarse gold  

was recovered i n  p l a c e s ,  but  t h e  p resence  of water i n  unfrozen m a t e r i a l  above 
bedrock d i scouraged  d r i f t  mining (Maddren, 1913; Mull igan,  1974).  

D-187.7 
A c u t  4  m deep a long  t h e  e a s t  s i d e  of t h e  road exposes  t h e  g r a v e l  of t h e  

o l d ,  d i s s e c t e d  Minnie Creek fan .  Boulders a s  l a r g e  a s  50 cm i n  d iamete r  a r e  
common, w i t h  c l a s t s  o c c a s i o n a l l y  as l a r g e  a s  70 cm. Minnie Creek may have re- 
worked o l d e r  g l a c i a l  d e p o s i t s ,  because n e a r l y  a l l  l a r g e  c l a s t s  a r e  subrounded 
r a t h e r  than  a n g u l a r  t o  subangular .  

D-187.9 to D-188.4 
A probab le  s o l i f l u c t i o n  s l o p e  impinges on t h e  road from t h e  e a s t .  S i l t  

and o r g a n i c  s i l t  were exposed i n  a  c u t  2 m deep where t h e  road beg ins  t o  d r o p  
o n t o  t h e  a c t i v e  f l o o d  p l a i n  of t h e  Middle Fork Koyukuk River .  

D-188.7 
The road c r o s s e s  t h e  Middle Fork Koyukuk River  (Cross ing  1) and f o l l o w s  

i t s  f lood  p l a i n  northward.  The p i p e l i n e  c r o s s e s  under t h e  r i v e r  downstream 
from t h e  road.  

D-189.7 
The Alaska Natura l  Gas T r a n s p o r t a t i o n  System c h i l l e d - p i p e  t e s t  s i t e  i s  

l o c a t e d  50 m west of t h e  road i n  unfrozen a l l u v i a l  d e p o s i t s  t h a t  mant le  30-60 
m of f ine -gra ined  l a k e  d e p o s i t s .  The s i t e ,  near  a  pond, has  t h e  h igh  wate r  
t a b l e  needed f o r  t e s t i n g  maximum f r o s t  heave i n  t h e s e  d e p o s i t s .  I n  t h i s  
v i c i n i t y ,  t h e  t e r r a c e  d e p o s i t s  have an i r r e g u l a r  s u r f a c e  w i t h  smal l  thermo- 
k a r s t ( ? )  ponds and p o s i t i v e  r e l i e f  f e a t u r e s .  Depos i t s  under t h e  r i d g e s  have a  
h i g h  i c e  c o n t e n t .  I s o l a t e d  p o t h o l e s  a r e  thawed a t  l e a s t  t o  a  d e p t h  of 15 m. 
The base  of permafrost  i s  below a dep th  of 50 m i n  p l a c e s  (R.A. Kre ig ,  p e r s .  
commun.). These hummocks appear  t o  be s i m i l a r  t o  t h o s e  d i s c u s s e d  by Kreig  and 
Reger (1982, p l .  19) .  

Occas iona l  c u t s  expose f l u v i a l  sand and g r a v e l  i n  banks up t o  2  m h igh.  
The numerous r i v e r - t r a i n i n g  s t r u c t u r e s  a long t h e  east s i d e  of t h e  road a r e  de- 
s i g n e d  t o  p reven t  e r o s i o n  of t h e  road and t o  p r o t e c t  t h e  p i p e l i n e  d u r i n g  
f l o o d i n g  by t h e  Koyukuk River .  Dikes a r e  spaced a t  d i s t a n c e s  less t h a n  t h e  
l e n g t h  of t h e  r i v e r  meanders. Se t t l ement  of t h e s e  d i k e s  has  r e s u l t e d  from 
thawing of i c e - r i c h  l a c u s t r i n e  d e p o s i t s .  

D-190.7 : Hammond River .  
Br idge t e s t  bor ings  i n d i c a t e  t h a t  t h e  r a p i d l y  s h i f t i n g  r i v e r  h a s  f a i l e d  

t o  thaw f r o z e n  ground i n  p l a c e s  beneath  i t s  channel.  Deeply b u r i e d ,  f r o z e n ,  
go ld -bear ing  g r a v e l  was mined by d r i f t  methods n e a r  t h e  mouth of t h e  Hamrnond 
Kiver ,  but i n  many p l a c e s  t h e s e  o p e r a t i o n s  were h indered  by wate r  i n  thawed 
g r a v e l  above bedrock. The p a y s t r e a k  extended i n t o  t h e  Middle Fork v a l l e y .  
Coarse gold  and nuggets  were recovered from t h i s  pays t reak .  Bench g r a v e l  up- 
s t ream from t h e  mouth of t h e  r i v e r  was worked by open-cut methods and a l s o  
y ie lded  c o a r s e  gold  (Mull igan,  1974).  
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D-191.0 : Middle Fork Koyukuk River (Cross ing  2 ) .  
The s o f t  s i l t  under ly ing  t h i s  r i v e r  s e c t i o n  r e q u i r e d  deep VSM's f o r  t h e  

p i p e l i n e .  No permafrost  was encountered.  There i s  a  good view of a  p i p e l i n e  
b r idge .  P i l e s  were d r i v e n  deeper  than  30 m. Ex tens ive  r i p r a p  has been placed 
on t h e  r i v e r  banks t o  p r o t e c t  them from e r o s i o n .  

D-193.3 
Sukakpak Mountain (1 ,220 m) , 16 km t o  t h e  n o r t h ,  comes i n t o  view f o r  t h e  

f i r s t  time. Wiehl Mountain ( 1,220 m) i s  e a s t  of Sukakpak. The h igh  mountain 
j u s t  t o  t h e  west of t h e  road i s  unnamed. 

A road s i g n  i n d i c a t e s  t h a t  t h e  road s e c t i o n s  l i n k e d  h e r e  a t  noon, 
September 7 ,  1974. 

D-195.4 
An o ld  cab in  b u i l t  i n  t h e  mid-1930's i s  l o c a t e d  j u s t  west of t h e  road on 

t h e  A r c t i c  John Etalook Nat ive  Allotment.  Except f o r  a  smal l  l o t  i n  Wiseman, 
t h i s  l and  i s  t h e  only  p r i v a t e  pa ten ted  land n o r t h  of Livengood. It occup ies  
65 ha on bo th  s i d e s  of t h e  road.  

D-196 . O  
A remotely opera ted  p i p e l i n e  v a l v e  and r e l a t e d  c o n t r o l  b u i l d i n g  used i n  

p i p e l i n e  o p e r a t i o n  can be seen.  Propane f u e l  t a n k s  used t o  power t h e  f a c i l i t y  
a r e  b u r i e d  i n  t h e  f r o z e n  ground. 

The road fo l lows  t h e  U-shaped t rough t h a t  was scoured and deepened by 
s u c c e s s i v e  l a t e  P l e i s t o c e n e  g l a c i e r s  f lowing s o u t h  from s o u r c e  a r e a s  near  t h e  
C o n t i n e n t a l  Divide .  The v a l l e y  f l o o r  i s  covered by coarse-grained a l luv ium 
t h a t ,  f o r  a t  l e a s t  40 km upva l ley  from t h e  Xalker  Lake end moraine a t  Wiseman 
( f i g .  8 6 ) ,  o v e r l i e s  f i n e r  g ra ined  sediments .  For t h e  f i r s t  15 lan s o u t h  of 
Linda Creek,  t h e s e  sediments  were formed w i t h i n  a  moraine-dammed lake .  Large 
a l l u v i a l  f a n s  encroach t h e  f lood  p l a i n  from bo th  v a l l e y  w a l l s .  Each w i n t e r  
much of t h e  D i e t r i c h  River  v a l l e y  from 8 t o  30 la n o r t h  of Sukakpak Ilountain 
is  bur ied  by a u f e i s  supp l ied  by water  d i scharged  from a l l u v i a l - f a n  d e p o s i t s  o r  
by c r e e k  underflow (S loan  and o t h e r s ,  1976). Lands l ides  and rock g l a c i e r s  a r e  
ev iden t  i n  p l a c e s  on both  v a l l e y  w a l l s ,  but  t h e  most common forms of mass 
wastage a r e  s o l i f l u c t i o n  and flow s l i d e s .  S o l i f l u c t i o n  forms widespread 
s h e e t s  and aprons on lower v a l l e y  w a l l s ,  e s p e c i a l l y  where t h e  l o c a l  bedrock i s  
s h a l e ,  p h y l l i t e ,  o r  s i l t s t o n e .  Severa l  s o l i f l u c t i o n  l o c a l i t i e s  a r e  d e s c r i b e d  
by I Ia~n i l ton  (1979a).  The f low s l i d e s  are l o b a t e  bod ies  of rock r u b b l e  i n  a  
m a t r i x  of f i n e r  d e b r i s  t h a t  inoves by slow (and probably cont inuous)  f low. 
These f e a t u r e s  a r e  most common on s c h i s t ,  but  a l s o  a r e  p resen t  l o c a l l y  on 
s l a t e ,  l imes tone ,  and h o r n f e l s .  Flow-slide d e p o s i t s  g e n e r a l l y  c o n t a i n  
abundant i c e ,  and t h e  i c e - r i c h ,  p e r e n n i a l l y  f r o z e n  m a t r i x  may be e s s e n t i a l  f o r  
development of t h e s e  l o b a t e  f e a t u r e s .  

D-197.3 
The road c r o s s e s  Gold Creelc. A new b r i d g e  wi th  t r e a t e d  t imbers  and metal  

p i e r s  has  r e c e n t l y  been c o n s t r u c t e d .  4 m i n e r ' s  c a b i n  i s  l o c a t e d  on t h e  west  
s i d e  of t h e  road.  A l l u v i a l - f a n  sand and g r a v e l  a r e  exposed i n  c u t s  3 t o  4 m 
deep where the  road drops  t o  t h e  f l o o r  of Gold Creek v a l l e y .  There i s  an  
a c t i v e  mine t o  t h e  e a s t  b e s i d e  t h e  road.  

D-197.8 : Linda Creek. 
Gold-bearing stream-washed g r a v e l  was d i s c o v e r e d  a t  a  d e p t h  of about 5 m 

i n  1901 and i s  c u r r e n t l y  being mined (Mull igan,  1974). 
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D-198.8 to D-201.8 
A probab le  s o l i f l u c t i o n  s l o p e  ex tends  from t h e  v a l l e y  s i d e  t o  t h e  e a s t  

edge of t h e  road.  The s l o p e  s t e e p e n s  t o  7" a t  Mile 200.9, where s o l i f l u c t i o n  
a p p e a r s  e s p e c i a l l y  a c t i v e .  

One of t h e  most s t r i k i n g  problems a s s o c i a t e d  w i t h  d r a i n a g e  a long  t h i s  
s e c t i o n  of t h e  road was thaw d e g r a d a t i o n  and thermal  e r o s i o n  downslope from 
t h e  roadway. Vege ta t ion  h e r e  c o n s i s t s  of t u s s o c k s  and b lack  spruce ,  and t h e  
pe rmaf ros t  t a b l e  i s  w i t h i n  0.5 m o f  t h e  s u r f a c e .  These i c e - r i c h  s l o p e s  con- 
sist of r e t r a n s p o r t e d  s i l t  t h a t  covers  till. I c e  masses 3 t o  15 m t h i c k  have 
been r e p o r t e d .  P r i o r  t o  road c o n s t r u c t i o n ,  runof f  occur red  a s  s h e e t  f low 
a c r o s s  t h e  e n t i r e  s lope .  Drainage wate r s  concen t ra ted  by d i s c h a r g e  through 
c u l v e r t s  c r e a t e d  deep g u l l i e s  on t h e  downslope s i d e  of t h e  road a s  t h e  i ce -  
r i c h  p e n n a f r o s t  was the rmal ly  and h y d r a u l i c a l l y  eroded. These g u l l i e s  
t h r e a t e n e d  t o  undermine t h e  road through headward e ros ion .  A s e r i e s  of s i x  
c u l v e r t s  l o c a t e d  between mi les  200 and 203 demons t ra tes  remedial  measures 
t a k e n  t o  a r r e s t  e ros ion .  The remedial  measures c o n s i s t e d  of b a c k f i l l i n g  t h e  
g u l l i e s  wi th  c o a r s e  rock f i l l .  Severa l  g u l l i e s  were i n s u l a t e d  and s e a l e d  w i t h  
p l a s t i c  l i n e r s  b e f o r e  t h e  b a c k f i l l  was placed.  H a l f - c u l v e r t s  were p laced  over  
one f i l l e d  g u l l y  t o  c a r r y  t h e  runoff  downslope ( f i g .  92).  On s i m i l a r  s l o p e s  
i n  o t h e r  nearby a r e a s ,  t h e s e  problems were not observed,  as d r a i n a g e  was 
a p p a r e n t l y  d i r e c t e d  i n t o  e x i s t i n g  d r a i n a g e  channels .  

D-203.7 
A d e p o s i t  of a c t i v e ( ? )  p r o t a l u s  m a t e r i a l  from an  o l d  s l i d e  o r  rock 

g l a c i e r  i s  l o c a t e d  1.2 lan west of t h e  road.  The Middle Fork Koyukuk River i s  
a n  example of a t y p i c a l  b ra ided  r i v e r  whose streambed f r e q u e n t l y  changes 
p o s i t i o n  d u r i n g  h i g h  water .  

-204.0 
Sukakpak Mountain is  composed of marble and do lomi te  o v e r l y i n g  g r a p h i t i c  

and c a l c a r e o u s  q u a r t z  s c h i s t s  i n t r u d e d  by m e t a b a s i t e  d i k e s  ( D i l l o n  and o t h e r s ,  
1981; D i l l o n ,  1982). The marble is  a p p a r e n t l y  t h e  c o r e  of an a n t i c l i n e  t h a t  
i s  over tu rned  t o  t h e  west. A high-angle f a u l t  t r u n c a t e s  t h i s  f o l d  a t  i t s  
n o r t h e r n  end. At t h e  s t r u c t u r a l  base  of t h e  marbles  are i n t e r l a y e r s  of quar t -  
z i t e  and g r a p h i t i c  s c h i s t .  Both lode  and p l a c e r  gold  d e p o s i t s  occur  a t  t h e  
s o u t h  b a s e  of t h e  mountain a long  'Discovery Creek.'  

Coarse l imes tone  rubb le  forms bouldery t a l u s  aprons  a t  t h e  base  of t h e  
mountain. The o l d e r ,  v e g e t a t e d  t a l u s  d e p o s i t s  have moved by flowage a s  i n  a 
rock g l a c i e r .  Movement is  s t i l l  a c t i v e ,  a s  shown by c racks  i n  t h e  s u r f a c e  of 
t h e  spruce-covered hwnmocky d e p o s i t s .  During e a r l y  p i p e l i n e  c o n s t r u c t i o n ,  a 
p i t  was b r i e f l y  opened i n  t h e  a c t i v e ,  unvegeta ted t a l u s  d e p o s i t s .  The s i t e  
and a c c e s s  road have s i n c e  been r e v e g e t a t e d  t o  r e s t o r e  t h e  a r e a  t o  i t s  
o r i g i n a l  s c e n i c  appearance (Johnson, 1981). Transp lan ted  spruce  t r e e s  can be  
s e e n  on t h e  a c c e s s  road i n  t h e  s o u t h e r n  p o r t i o n  of t h e  map a r e a .  

Numerous low mounds occur on t h e  s l o p e  from t h e  base  of t h e  mountain t o  
t h e  r i v e r  t e r r a c e  ( f i g .  93).  Many of t h e  sp ruce  t r e e s  on them a r e  t i l t e d  o r  
J-shaped because  of upheaval of t h e  o r i g i n a l  ground s u r f a c e .  Layers of pure  
i c e  as t h i c k  as 50 cm are observed i n  some mounds a s  they  c r a c k  and newly ex- 
posed i c e  beg ins  t o  m e l t  ( f i g .  94) .  Many of t h e s e  mounds a r e  u n r e l a t e d  t o  t h e  
p resence  of t h e  road; they e x i s t e d  b e f o r e  it was b u i l t .  But t h e i r  morphology 
and fo rmat ion  have much i n  common w i t h  mounds t h a t  formed a d j a c e n t  t o  t h e  road 
because of blocked d ra inage  ( f o r  example a t  D-126.5). S i m i l a r  road-induced 
mounding i s  a l s o  observed on t h e  upsiope s i d e  o t  t h e  road h e r e  a t  t h e  Sukakpak 
l o c a t i o n  (ups lope  from c u l v e r t  2420+38). I n  t h i s  c a s e  t h e  snow-free roadbed, 
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F i g u r e  92. Half s e c t i o n s  of cor ruga ted  meta l  p i p e  (CMP) used t o  channel  wa te r  
downslope from c u l v e r t .  The CMP s e c t i o n s  were over  g r a n u l a r  f i l l  p laced  
i n  a g u l l y  caused by thermal  e r o s i o n  (grown and Berg, 1980, f i g .  59; 
photograph t aken  by G.L. Guymon, May 1978).  

F i g u r e  93. Ice-cored mounds on s l o p e  below Sukakpak Mountain (photograph 
t aken  by R. Veazey on J u l y  21,  1982).  
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F i g u r e  94. Ruptured mound showing arched i c e  l a y e r  and c a v i t y  (photograph 
t aken  by R. Veazey on J u l y  21,  1982).  

which v e r y  l i k e l y  f r e e z e s  be fore  deep f r e e z i n g  t a k e s  p l a c e  i n  t h e  snow-covered 
s l o p e ,  presumably forms a ' f r o s t  dam,' which s t o r e s  ground wate r  ups lope  i n  
t h e  a c t i v e  l a y e r  between seasona l  f r o s t  and t h e  permafrost  t a b l e .  This  ad- 
d i t i o n a l  wa te r  supply  enhances t h e  heaving of t h e  s e a s o n a l  f r o s t  l a y e r ,  which 
is  under l o c a l  h y d r o s t a t i c  p r e s s u r e .  Heaving i s  probably due t o  a combinat ion 
of t h e  h y d r o s t a t i c  p r e s s u r e  of t h e  s t o r e d  ground w a t e r  and c r y o s t a t i c  p r e s s u r e  
caused when t h e  wa te r  f r e e z e s .  Expansion c racks  a r e  observed i n  and a d j a c e n t  
t o  t h e  mounds. 

More d e t a i l e d  c h a r a c t e r i s t i c s  and proposed o r i g i n s  of t h e s e  p a r t i c u l a r  
mounds a r e  being r e p o r t e d  s e p a r a t e l y  ( ~ r o w n  and o t h e r s ,  i n  p r e s s ) .  T h e i r  
o r i g i n  has s i m i l a r i t i e s  t o  f r o s t  b l i s t e r s  and rnounds i n  nor thwes te rn  Canada 
d e s c r i b e d  by Van Everdingen (1982).  The same c o n d i t i o n s  necessa ry  f o r  forma- 
t i o n  e x i s t  he re :  a )  p e r e n n i a l  d i s c h a r g e  of w a t e r ,  b) an under ly ing  l a y e r  of 
low p e r m e a b i l i t y  (pe rmaf ros t  i n  t h i s  c a s e ) ,  and c) long ,  c o l d  win te r s .  Water 
i s  s u p p l i e d  from t h e  bedrock and coarse-rubble-covered upper s l o p e s .  The 
water  i s  t rapped  between t h e  deeper  under ly ing  permaf ros t  and t h e  t h i n  sea- 
s o n a l  f r o s t  l a y e r .  A s  t h e  water  begins  t o  f r e e z e ,  upwarping o r  heave o c c u r s ,  
and t h e  mounds a r e  e l e v a t e d ,  probably  i n  a s i n g l e  win te r .  Water a l s o  s e e p s  t o  
t h e  s u r f a c e  d u r i n g  f a l l  and w i n t e r  from t h e  base  of mounds and along d r a i n a g e  
courses .  Th i s  wa te r  f r e e z e s  both  a s  overf lows on t h e  s u r f a c e  and under t h e  
snow, forming s u r f a c e  i c i n g s  t h a t  engulf  t h e  mounds. The road now i n t e r c e p t s  
t h e  n a t u r a l  d r a i n a g e ,  and i c i n g s  develop on t h e  road,  p a r t i c u l a r l y  i n  sp r ing .  

I n  Apr i l  1982, t h r e e  rnounds and a d j a c e n t  a r e a s  were augered and cored t o  
de te rmine  d i s t r i b u t i o n  of i c e  and f r e e  water.  Massive i c e  35 cm t h i c k  was en- 
countered w i t h i n  one e l e v a t e d  s e c t i o n .  A second mound, 1 m h i g h ,  was under- 
l a i n  by i c e  and water  under low p r e s s u r e .  Water r o s e  t o  w i t h i n  50 cm of t h e  
s u r f a c e .  S e v e r a l  h o l e s  were d r i l l e d  a d j a c e n t  t o  t h i s  mound. A pure i c e  l a y e r  
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Aeria l  Photograph Vegetat ion 
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Figure  95. V e r t i c a l  a e r i a l  photograph and vege t a t i on  map of 
Sukakpak Mountain s lope  (prepared by D.A. Walker). 
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50  cm t h i c k  was encountered under 60 cm of f rozen  peaty s o i l .  More than 50 cm 
of water was encountered under t he  i c e .  Water flowed f o r  over 1 hr with a  
15-cm head from t h e  core ho le ,  which was then plugged with t h e  t runk of a  dead 
spruce t r e e .  An adjacent  cored hole  yielded 20 cm of c l e a r  i c e  conta in ing  
fresh-appearing roo t s  under 45 cm of f rozen  s o i l .  A t h i r d  mound, 3  m high,  
was p a r t i a l l y  augered. A pure i c e  l aye r  was encountered near the  base of t h e  
mound, which was under la in  by i ce - r i ch  sediment. An unfrozen, s a tu ra t ed  f i n e  
sand was encountered a t  1.5 m depth adjacent  t o  t he  mound. No f r e e  water was 
encountered a t  t h i s  loca t ion .  

The vege ta t ion  of t h i s  a rea  is  shown i n  f i g u r e  95. Mounds on the  u p h i l l  
( e a s t )  s i d e  of t he  road appear more d is turbed  than those on t h e  lower s lope ,  
with l a r g e  cracks and o ther  evidence of recent  sur face  upheaval. Many of t h e  
mounds have medium-sized white spruce (Picea g l auca ) ,  which have been t i l t e d  
i n  a l l  d i r e c t i o n s  by the  mounds. Vegetation on the  l a r g e r ,  more s t a b l e  mounds 
usua l ly  c o n s i s t s  o£ white spruce and r e s i n  b i r ch  (Betula  g landulosa) ,  l a n a t e  
willow ( S a l i x  l a n a t a ) ,  shrubby c inquefo i l  ( ~ o t e n t i l l a  f r u t i c o s a ) ,  Labrador t e a  
(Ledum aroenlandicum). and white mountain avens (Drvas i n t e n r i f o l i a ) .  Some - - ,  . < - 
smaller  mounds lack  t r e e s  but u sua l ly  have dwarf b i r c h  and o ther  shrubs. 

Between t h e  mounds, calcareous f e n s  support a  r i c h  f l o r a  t h a t  i s  d i s t i n c t  
from the mounds or  the f o r e s t .  This d i i f e r e n c e  is  due not only t o  t h e  
rnoisture but a l s o  t o  t he  s o i l  being highly charged with carbonates  ex t r ac t ed  
from t h e  l imestone of Sukakpak Mountain. Much of t he  a r ea  below the  t a l u s  
depos i t s  c o n s i s t s  of moist t o  wet meadows with t u f t e d  clubrush (Baeothryon 
caespi tosum),  marsh arrowgrass (Tr ig lochin  p a l u s t r e ) ,  maritime arrow (5 
P 

mari t ima),  Kobr'esia s impl ic iuscula ,  Juncus t r i g lumis ,  Carex a t r o f u s c a ,  
Dreuanocladus revolvens . and Catasco~ium niar i tum. More mesic calcareous - 
micros i t e s  have mountain avens, bog rosemary (Andromeda p o l i f o l i a ) ,  K. 
s imp l i c iuscu la ,  shrubby c inque fo i l ,  northern anemone (Anemone p a r v i f l o r a x  
net- leafed willow ( S a l i x  r e t i c u l a t a ) ,  S c o t t i s h  asphodel (Tof i e ld i a  p u s i l l a ) ,  
Tomenthypnum n i t e n s ,  and D. revolvens. 

In  fo re s t ed  a r e a s ,  the understory i s  o f t e n  somewhat dry and cons i s t s  of 
mountain avens, sedge  (Carex s c i r p o i d e a ) ,  fescue  g ra s s  ( ~ e s t u c a  a l t a i c a ) ,  
shrubby c inque fo i l ,  a lp ine  bearberry (Arctous a lp ina  ssp. rubra) ,  bog blue- 
be r rv  (Vaccinium u l i ~ i n o s u m ) .  net- leafed willow, and Inany suec i e s  of l i chens .  . - - . r d .  

including ~ e t r a r i a  cuculla<a, C. r i c h a r d s o n i i ,  and Cladonia species .  
Very wet rneadows on t h e  west s i d e  of the  road have sedges (Carex 

a q u a t i l i s  and C. r o tunda ta ) ,  buckbean (Menyanthes t r i f o l i a t a ) ,  f l a t - l e a f  
bladderwort ( ~ t r x u l a r i a  in te rmedia) ,  and Scorpidium scorp io ides .  

In  the  southern por t ion  of the  map a r e a ,  where s o i l s  a r e  apparent ly more 
a c i d i c ,  a r e  ex tens ive  co t tongrass  tussock - r e s i n  b i r c h  meadows. This vegeta- 
t i o n  type i s  a l s o  the p r inc ipa l  understory i n  white  spruce f o r e s t s  i n  t he  
southern port ion.  A small stream crosses  near t h e  southern boundary, where 
vege ta t ion  along the creek c o n s i s t s  pr imar i ly  of sedges (Carex a q u a t i l i s ,  C. 
ro tundata)  and l a n a t e  willow. Extensive shrub meadows adjacent  t o  t he  c r e x  
a r e  mainly of l a n a t e  willow and r e s i n  b i rch .  On the  s loping  banks adjacent  t o  
t h e  creek bottom a r e  medium-sized white  spruce with an understory of a lp ine  
blueberry and mountain cranberry (Vaccinium v i t i s - i d a e a ) ,  r e s i n  b i r c h ,  
Hylocomium splendens,  Rhytidium rugosum, and Cladoniaceae. 

The biack patches on rock faces  of Sukakpak Mountain a r e  the  endemic moss 
Andreaeobryum macrosporum. Res t r i c t ed  t o  only a  few l o c a l i t i e s  i n  north- 
western North America, it is l o c a l l y  common here  where seeps flow over lime- 
s tone.  It a l s o  occurs on Wiehl Mountain t o  t h e  e a s t  and on ' M t .  Hult6n1 near  
Ga lb ra i th  Lake (Murray and o t h e r s ,  1980). 

D-204.9 : Middle Fork Koyukuk River (Crossing 3) .  
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F i g u r e  96. Route  map, M i l e  D-210 t o  
D-219. 
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D-205.2 : Middle Fork Koyukuk River  (Cross ing  4 ) .  

D-206 .O 
There  i s  a good view of Snowden Mountain (1 ,760 m) 16 km t o  t h e  nor th-  

e a s t .  The road c r o s s e s  a f r o z e n  t e r r a c e  of t h e  Middle Fork Koyukuk River ;  
t h i s  t e r r a c e  i s  covered by r e t r a n s p o r t e d  s i l t  f a n s  a t  t h e  base  of t h e  s l o p e  t o  
t h e  wes t  . 

D-207.6 : D i e t r i c h  River  c ross ing .  
The road h e r e  l i e s  i n  t h e  v a l l e y  of t h e  D i e t r i c h  River  which, w i t h  t h e  

Bettles R i v e r ,  forms t h e  Middle Fork Koyukuk River .  

D-209 -2 
A c u t  4 m deep runs  through a r i d g e  of f a n  g r a v e l .  

D-209.6 
A s m a l l ,  unnamed l a k e  i s  s e e n  on t h e  west  s i d e  of t h e  road and t h e r e  i s  a 

good view of Sukakpak Mountain t o  t h e  sou th .  

D-210.1 : D i e t r i c h  Camp. 
The n o r t h e r n  l i m i t  of paper b i r c h  ( B e t u l a  ~ a ~ ~ r i f e r a )  a long  t h e  road 

c o r r i d o r  occurs  j u s t  n o r t h  of t h e  camp. 

D-211.0 : D i s a s t e r  Creek. 
T h i s  has  been t h e  n o r t h e r n  l i m i t  of p u b l i c  a c c e s s  t o  t h e  road. Beyond 

t h i s  p o i n t  road-use pe rmi t s  have been r e q u i r e d .  A s t a b i l i z e d  d e b r i s  s l i d e  o r  
rock  g l a c i e r  tongue can be seen  i ~ )  t h e  bottom of t h e  t r i b u t a r y  v a l l e y  1.1 km 
e a s t  of t h e  road.  

D-212.1 to D-213.6 
Slopes  a r e  covered by f r o z e n ,  r e t r a n s p o r t e d  s i l t  over  till. Black 

s p r u c e ,  many of which a r e  t i l t e d ,  i s  t h e  common p l a n t  cover .  

D-2 13.2 
A d e b r i s  s l i d e  o r  a rock g l a c i e r  tongue i s  1.2 km e a s t  of t h e  road i n  t h e  

bottom of t h e  t r i b u t a r y  v a l l e y .  

D-214.2 to D-215.4 
The road c r o s s e s  a l a r g e  a l l u v i a l  f a n  of Snowden Creek (D-214.7). Th i s  

f a n  i s  predominantly f r o z e n ,  except  f o r  thawed ground near  t h e  a c t i v e  c r e e k  
channe 1. 

ID-215.4 to D-216.8 
The road c r o s s e s  a l l u v i a l  f a n s  and r e t r a n s p o r t e d  s i l t  over  t i l l  s l o p e s .  

D-216.8 
A d e b r i s  s l i d e  o r  a r o c k - g l a c i e r  tongue i s  0.8 ktn e a s t  of t h e  road i n  t h e  

bottom of a t r i b u t a r y  v a l l e y .  

D-216.8 to D-217.4 
The road c r o s s e s  a f ine -gra ined  a l l u v i a l  f a n  from a low-discharge tri- 

b u t a r y  s t ream.  

D-217 -4 to D-221.0 
There  a r e  s c e n i c  views of t h e  Brooks Range and t h e  D i e t r i c h  River.  The 

road c r o s s e s  t i l l  and r e t r a n s p o r t e d  s i l t  over bedrock s l o p e s .  P o s s i b l e  
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s t r a t i o n  i n  Kre ig  and Reger (1982).  
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s o l i f l u c t i o n  s lopes  f l ank  the  road t o  t h e  e a s t  (Hamilton, 1979a). Severa l  
d e b r i s  s l i d e s  or  rock g l a c i e r s  l i e  e a s t  of the  road. One is  tree-covered and 
completely s t a b i l i z e d  a t  Mile 219.7. An unvegetated f r o n t  of one of t h e s e  i s  
c l o s e  t o  the  road a t  Mile 220 . l .  A t h i r d  l i e s  e a s t  of t he  road a t  Mile 220.5. 

D-222.9 to D-223.0 
The upper Koyukuk - D i e t r i c h  River system has a s t e e p e r  g rad i en t  and i s  

more ex t ens ive ly  braided than the  middle reach of t he  Middle Fork Koyukuk 
River ( ~ r e i g  and Reger, 1982, pl .  21). The unvegetated and braided flood- 
p l a i n  su r f ace  i s  t he  s i t e  of seasonal  i c i n g  shee t s  ( a u f e i s )  a s  t h i c k  a s  5 m. 
T r i b u t a r i e s  have b u i l t  l a r g e  coarse-grained a l l u v i a l  fans  over t h e  margins of 
the  f lood p l a i n  and over g l a c i a l  depos i t s .  These a l l u v i a l  fans  a r e  now d i s -  
cont inuously frozen. Frozen t i l l  b lanke ts  v a l l e y  s lopes  of Late  Devonian 
s l a t e ,  p h y l l i t e ,  s i l t s t o n e ,  sandstone, and l imestone.  Although su r f ace  poly- 
gons and thermokarst  feature: :  a r e  not v i s i b l e ,  polygonal ice-wedge networks 
a r e  probably presen t  throughout t he  upper p a r t  of t h e  till. Numerous mass- 
movement f e a t u r e s  a r e  v i s i b l e  on s t e e p  s l o p e s ,  inc lud ing  rock g l a c i e r s ,  d e b r i s  
s l i d e s ,  and mudflows. Tongue-shaped rock g l a c i e r s  a r e  composed of angular  
rock fragments and s i l t .  Once t a l u s  accumulating a t  t h e  bases of s t e e p  wa l l s  
i n  the  v a l l e y s  and c i rques  reaches a c r i t i c a l  t h i cknes s ,  temperatures a t  dep th  
remain below f r eez ing  throughout t h e  year.  Water, der ived pr imar i ly  from pre- 
c i p i t a t i o n  but a l s o  inc luding  water vapor ,  ground water and overland flow, 
e n t e r s  t h e  cold t a l u s  and f r e e z e s  i n  i n t e r s t i t i a l  openings. The ice-cemented 
rubble  mass moves by viscous flow of t h e  i n t e r s t i t i a l  i c e  i f  t he  r a t e  of t a l u s  
accumulation i s  s u f f i c i e n t .  The dense vege t a t i on  cover,  inc lud ing  trees, t h e  
i r r e g u l a r  upper su r f ace  with l ong i tud ina l  g u l l i e s ,  t he  rounded margins,  and 
t h e  d i s s e c t e d  te rmin i  i n d i c a t e  t h a t  t he se  rock g l a c i e r s  a r e  no longer  a c t i v e .  
Debris s l i d e s  a r e  re leased  on s t e e p  s lopes  by s a t u r a t i o n  of t he  t h i n  a c t i v e  
l a y e r  of o rganic  m a t e r i a l ,  t i l l ,  and colluvium over bedrock during i n t e n s e  
summer storms. They change downslope i n t o  mudflows bounded by n a t u r a l  l evees  
(Rapp and Nyberg, 1981). Sorted s t r i p e s  occur on poorly s o r t e d  d e p o s i t s  such 
a s  till (Kreig and Reger, 1982, p l .  21). 

D-222.2 
The road begins t o  c ros s  t he  upper margin of t he  a l l u v i a l  f a n  of an 

unnamed t r i b u t a r y  system. 

D-223.3 to D-228.5 
I n  a rock quarry on t h e  e a s t  s i d e  of t he  road,  shallow i c e  wedges were 

exposed i n  the overburden. The road fol lows the  f lood p l a i n  of the  D i e t r i c h  
River  and c rosses  an a l l u v i a l  f a n  a t  Mile 225.6. Cuts 3 m deep i n  a sma l l  f a n  
a t  Mile 226.5 expose a l l u v i a l  g r ave l ; ,  cu t s  a t  Miles 227.2 and 228.5 expose 
bedrock beneath t h i n  (<0.5 m) c o l l u v i a l  cover. There a r e  many high,  unnamed 
peaks i n  t h i s  a rea .  The numerous white s p i r e s  t o  t he  e a s t  c o n s i s t  of Devonian 
Skaj i t  Limestone. 

D-228.8 
Retransported ma te r i a l s  extend from the  e a s t  v a l l e y  s lope  t o  t h e  edge of 

t he  road. 

D-229.0 : Nutirwik Creek. 
River - t ra in ing  s t r u c t u r e s  on the  e a s t  s i d e  of t h e  road p r o t e c t  t h e  buried 

p ipe  
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D-229.3 to D-230.3 
Devonian s l a t e  and p h y l l i t e  a r e  exposed i n  a  s e r i e s  of c u t s  up t o  10 m 

deep a long t h e  e a s t  s i d e  of t h e  road.  

D-231.5 to D-234.8 
The road c r o s s e s  a  s e r i e s  of a l l u v i a l  f ans .  Fan g r a v e l  i s  exposed i n  

some c u t s  up t o  5 m h igh a long t h e  e a s t  s i d e  of t h e  road.  

D-232 .6 
A s m a l l  d e b r i s  s l i d e  o r  rock g l a c i e r  i s  l o c a t e d  300 m e a s t  of t h e  road. 

No rock g l a c i e r s  a r e  found on t h e  west s i d e  of t h e  v a l l e y ,  but s e v e r a l  k i l o -  
m e t e r s  t o  t h e  n o r t h  and on t h e  n o r t h  s i d e  of t h e  C o n t i n e n t a l  Divide  rock 
g l a c i e r s  a r e  found on both  t h e  e a s t  and west s i d e s .  

D-234.1 : North Slope Borough boundary. 

D-234.8 
A l l u v i a l  f a n s  a r e  s e e n  on t h e  west s i d e  of t h e  v a l l e y ,  some of which d i s -  

p l a y  mud b o i l s .  On t h e  e a s t  s i d e  a r e  s o l i f l u c t i o n  o r  d e b r i s - s l i d e  m a t e r i a l s  
and f a n s .  The lower s l o p e s  a r e  tussock  covered and have ice-wedge polygons.  

D-235.9 
Turf-banked s o l i f l u c t i o n  l o b e s  a r e  v i s i b l e  on t h e  upper s l o p e s  ahead and 

e a s t  of t h e  road.  P a t t e r n e d  ground ( s o r t e d  n e t s  and s t r i p e s )  can be seen on 
t h e  r i d g e ;  a  r e v e g e t a t e d  m a t e r i a l  s i t e  i s  a c r o s s  t h e  r i v e r  t o  t h e  west. 

D-236.8 : Base of Chandalar S h e l f .  
T h i s  l o c a t i o n  marks t h e  n o r t h e r n  l i m i t  of t r e e l i n e .  Th is  nor thernmost  

s t a n d  of w h i t e  sp ruce  along t h e  p i p e l i n e  has  been e s t a b l i s h e d  a s  an e c o l o g i c a l  
r e s e r v e  LO p r e s e r v e  i t  a s  a  s i t e  f o r  s tudy  of t h e  v e g e t a t i o n  and f o r e s t  
dynamics (Densmore, 1980).  The t r e e l i n e  has  been r e l a t i v e l y  s t a b l e  i n  t h e  
a r e a  f o r  s e v e r a l  c e n t u r i e s ;  30 percen t  of t h e  t r e e s  a r e  over  200 y r  o l d  and 
some a r e  a t  l e a s t  400 y r  o ld .  Under p r e s e n t  c l i m a t i c  c o n d i t i o n s ,  r e g e n e r a t i o n  
by w h i t e  s p r u c e  s e e d l i n g s  i s  adequate  t o  r e p l a c e  t h e  s t a n d  and even i n c r e a s e  
s t and  d e n s i t y .  There i s  some evidence of e x t e n s i o n  of t r e e l i n e  on a l l u v i a l  
s i t e s  beyond t h e  p r e s e n t  l i n e .  Of s p e c i a l  i n t e r e s t  was t h e  d i s c o v e r y  of 
v e g e t a t i v e  reproduc t ion  i n  t h e  whi te  sp ruce  by l a y e r i n g :  t h e  p roduc t ion  of 
new t r e e s  frora t h e  t i p s  of branches  growing a long  t h e  moss s u r f a c e .  Although 
b o t h  b lack  s p r u c e  and whi te  sp ruce  a r e  r e p r e s e n t e d  a t  t r e e l i n e  a t  many s i t e s  
i n  Alaska,  a t  t h i s  s i t e  only  whi te  s p r u c e  is  p r e s e n t .  Willow, aspen,  and a 
few balsam popla r  a r e  found immediately n o r t h  of t h e  whi te  sp ruce  l i m i t .  
Balsam p o p l a r  reappears  a s  g roves  i n  c e r t a i n  s h e l t e r e d  s i t e s  and a t  s p r i n g s  on 
t h e  A r c t i c  Slope,  o c c a s i o n a l l y  w e l l  beyond t h e  mountain f r o n t  (Murray, 1980).  
Although t h i s  s t a n d  i s  l i k e l y  t o  be d i s t u r b e d  f u r t h e r  d u r i n g  f u t u r e  const ruc-  
t i o n ,  t h i s  nor thernmost  t r e e l i n e  s t a n d  should be p rese rved  f o r  f u t u r e  d e t a i l e d  
s t u d i e s  of t r e e l i n e  dynamics. 

D-237.8 
T h i s  p o i n t  marks t h e  base  of t h e  Chandalar S h e l f ,  where t h e  road beg ins  

t h e  l o n g ,  s t e e p  ( 9 " )  g rade  t o  t h e  top  of t h e  s h e l f .  Nearly cont inuous  bedrock 
c u t s  10-30 m high border  t h e  road t o  t h e  e a s t  a s  i t  climbs t o  t h e  s h e l f ,  
exposing s h a l e  beneath  col luvium,  which t h i c k e n s  a c r o s s  t h e  f l o o r s  of swales .  
There  i s  a view of t h e  upper D i e t r i c h  River  v a l l e y  t o  t h e  s o u t h  and west. 
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F i g u r e  99. Route map, Mile  D-240 t o  D-249. P l a t e s  22 and 23 r e f e r  t o  i l l u s t r a t i o n s  
i n  Kre ig  and Reger (1982).  C i r c l e d  numbers r e f e r  t o  n o t a t i o n s  i n  t e x t .  
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D-239 .2 
The road l e v e l s  ou t  on t h e  d r i f t - c o v e r e d  f l o o r  of a broad,  s o u t h e a s t -  

t r e n d i n g ,  g l a c i a t e d  wes te rn  t r i b u t a r y  v a l l e y  t o  t h e  North Fork Chandalar 
River .  The main Chandalar River f lows southeastward i n t o  t h e  Yukon River.  
The t e r r a i n  t r a v e r s e d  by t h e  road f o r  t h e  nex t  1.5 lan i s  con t inuous ly  f r o z e n .  
The North Fork t r i b u t a r y  i s  graded t o  a base  l e v e l  h i g h e r  t h a n  t h a t  of t h e  
D i e t r i c h  River and i t s  t r - l b u t a r i e s  on t h e  Koyukuk dra inage  system. Mountain 
v a l l e y s  of t h e  Koyukuk River  system a r c  consequent ly  developed a t  g e n e r a l l y  
lower a l t i t u d e s ,  and have p i r a t e d  a d j o i n i n g  p a r t s  of t h e  North Fork Chandalar 
d r a i n a g e .  G l a c i e r  i c e  was d i v e r t e d  westward from t h e  North Fork Chandalar 
system i n t o  t h e  D i e t r i c h  River  v a l l e y  i n  t h e  a r e a  around Chandalar S h e l f .  

A s l o p e  f a i l u r e  occurred on t h e  west s i d e  of t h e  road i n  e a r l y  August 
1977 fo l lowing  heavy r a i n s  ( f i g .  99,  loc .  1)  14. The base  of t h e  a c t i v e  l a y e r  
provided t h e  g l i d e  plane.  These s l o p e  f a i l u r e s  a r e  a  common form of mass 
was t ing  . 

Across t h e  Chandalar Shelf  i s  a  l a r g e  r i d g e  t r e n d i n g  west-southwest t h a t  
i s  of l a t e  P l e i s t o c e n e  age ( f i g .  99, l o c .  2 ) .  It w a s  d e p o s i t e d  by t h e  l a t e s t  
v a l l e y  g l a c i a t i o n  a s  a  m e d i a l ( ? )  moraine o r  e a s t - - l a t e r a l  moraine of t h e  
g l a c i e r  tongue t h a t  flowed southwestward over  t h e  Chandalar Shelf  and down 
i n t o  D i e t r i c h  River  v a l l e y .  A r i n g  of cobb les  (abandoned campfire?)  a long  t h e  
c r e s t  of t h e  r i d g e  can be da ted  by l ichen-growth r a t e s  a t  about 1,500 t 300 y r  
B.P. ( C a l k i n  and E l l i s ,  1980). 

D-240.8 
Across t h e  willow-covered Chandalar Shelf  i s  an e x t e n s i v e  a r e a  abandoned 

by t h e  r i v e r  t h a t  i s  composed of well-rounded g r a v e l  and cobbles  ( f i g .  9 9 ,  
l o c .  3 ) .  These s t o n e s  have been s o r t e d  i n t o  c i r c l e s  about 1.5 m i n  d iamete r .  
Lichen growth on t h e  s t o n e s  i n d i c a t e s  t h a t  t h i s  p e r i g l a c i a l  s o r t i n g  i s  now 
i n a c t i v e  and has  been s o  f o r  a t  Least  s e v e r a l  thousand years .  

D-241.5 : Chandalar Camp and A i r p o r t .  
The camp i s  l o c a t e d  on a  f a n  wi th  r e c e n t l y  formed s lushf low d e p o s i t s .  

A d i v e r s i o n  d i k e  was b u i l t  a c r o s s  t h e  f a n  t o  d i v e r t  f lows away from t h e  camp. 
G r i z z l y  b e a r s  a r e  f r e q u e n t l y  seen between Chandalar Shelf  and Pump S t a t i o n  4. 

D-242.1 
A pingo-shaped f e a t u r e  ( f i g .  99 ,  l o c .  4) may be seen  on t h e  west s i d e  of 

t h e  road.  A c r a c k  a c r o s s  i t s  s u r f a c e  appears  t o  t r e n d  nor th-south .  The s l o p e  
and p o s i t i o n  of t h e  f e a t u r e  sugges t  i t  i s  an open-system pingo ( b u t  d r i l l i n g  
i s  needed t o  a s c e r t a i n  t h e  presence of pingo i c e  i n  i t s  c e n t e r ) .  A s t ream c u t  
on t h e  e a s t  s i d e  of t h e  road exposes a  v e r t i c a l  s e c t i o n  of wel l -dra ined 
g l a c i a l  d r i f t .  

D-242.8 
The d e b r i s  cone ( f i g .  99,  l o c .  5) has  a  convex p r o f i l e  due t o  s lushf low 

d e p o s i t i o n  i n  t h e  r e c e n t  p a s t  (Kreig  and Reger, 1982, p l .  22). Reconnaissance 
l i c h e n o m e t r i c  mapping i n d i c a t e s  a  washed zone near  t h e  apex,  w i t h  no l i c h e n s  
on s t o n e s ,  and zones downslope t h a t  sugges t  d i s c r e t e  even t s  ahout 30, 40, 8 0 ,  
and 170 yr  ago ( t 2 0  p e r c e n t  age r e l i a b i l i t y ) .  Near t h e  road,  l a r g e  l i c h e n s  
and rnore weather ing on s t o n e s  suggest  no s lushf low d e p o s i t i o n  f o r  a t  l e a s t  
s e v e r a l  thousand years .  

- 
l 4  Numbers i n  p a r e n t h e s e s  r e f e r  t o  l o c a t i o n s  on s t r i p  maps. Many of t h e  
o b s e r v a t i o n s  a r e  by J . M .  E l l i s  and P.E. Calkin .  
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Figu re  100. Slope f a i l u r e  ad jacent  t o  
west t r i b u t a r y  of North Fork 
Chandalar River. S l i d e  occurred 
i n  August 1977. Road s i g n  is  i n  
foreground (photograph taken by 
J . M .  E l l i s ) .  

D-243.4 
Along t h e  w e s t  va l l ey  wa l l ,  t h r e e  i n a c t i v e  l o b a t e  rock g l a c i e r s  can be 

seen over t he  next ki lometer  ( f i g .  99, loc.  6) .  To t h e  east, t h i n  (washed) 
ground moraine covers  a bedrock rise. The p i p e l i n e  is  e leva ted  a top  t h i s  
bedrock-cored r i dge  f o r  about 2 km. There has been recent  f a i l u r e  ( f i g .  99,  
loc .  6a) of t h e  north-facing s lope  ( f i g .  100). 

A l a n d s l i d e  from the  west v a l l e y  wal l  extended eastward i n t o  t he  c e n t e r  
of t h e  va l l ey .  This  very hummocky depos i t  i s  t y p i c a l  of l a n d s l i d e s  i n  upper 
v a l l e y s  near t he  Continental  Divide t h a t  occurred e i t h e r  during o r  immediately 
a f t e r  deg l ac i a t i on .  Val ley wal l s  were oversteepened by g l a c i a l  scour ,  and 
commonly f a i l e d  a s  l a t e r a l  support of g l a c i a l  i c e  was removed during down- 
wastage. Some s l i d e s  were depos i ted  on the  su r f aces  of s tagnant  g l a c i e r s  and 
developed conspicuous kame and k e t t l e  f e a t u r e s  a s  the  i c e  wasted. S l i g h t l y  
younger s l i d e s  crossed i ce - f r ee  v a l l e y  f l o o r s ,  but have been t e r r aced  by 
ep i sod ic  stream i n c i s i o n  t h a t  began immediately a f t e r  deg l ac i a t i on  (T.D. 
Hamilton, pers .  commun.; Hamilton, 1 9 7 9 ~ ) .  

D-243.9 
A d e b r i s  cone ( f i g .  99, loc .  7) downslope of t h e  southwest-facing dra in-  

age bas in  has a convex p r o f i l e  and e x h i b i t s  evidence of ep isodic  s lushf low 
depos i t ion .  It was a c t i v e  i n  1969 and 1976 (Kreig and Reger, 1982, p1. 22). 
The vege t a t i on  p a t t e r n  downslope of the cone's apex, which can be seen from 
t h e  road,  sugges ts  d i f f e r e n t  ages of depos i t ion .  The cone could be b u i l t  on a 
medial moraine d e p o s i t ,  formed when v a l l e y  i c e  from t h e  t r i b u t a r i e s  on both 
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s i d e s  of t h i s  s i t e  flowed toge ther  and continued down t h e  she l f  i n  a south- 
wes te r ly  d i r e c t i o n .  The p r o f i l e  may r e f l e c t  t h i s  g l a c i a l  o r i g i n .  

D-244.7 
Along t h e  s t e e p  climb toward Atigun Pass t h e r e  i s  a view of t h e  western 

t r i b u t a r y  of North Fork Chandalar River t o  t h e  south and Atigun Pass t o  t h e  
north.  The west t r i b u t a r y  t o  t he  North Fork Chandalar River has an i n a c t i v e  
tongue-shaped rock g l a c i e r  along the  south w a l l ,  3 km west of t h e  road. The 
r e l a t i v e l y  low a l t i t u d e  (<1,500 m) may have prevented r e juvena t ion  of i t s  
headward g l a c i e r  core  i n  l a t e  Holocene t i m e  when i t  became colder .  Its upper 
s u r f a c e  s t a b i l i z e d  by e a r l y  Holocene t i m e .  Equally o ld ,  l o b a t e  rock g l a c i e r s  
l i n e  t he  v a l l e y  ac ros s  and upslope from t h i s  tongue-shaped depos i t .  

An almost-continuous s e r i e s  of roadcuts  were made i n t o  colluvium f l ank ing  
t h e  northwest s i d e  of t h e  road. The lower c u t s  a r e  r e l a t i v e l y  low (3 t o  5 m) 
and expose mainly s o l i f l u c t i o n  rubble;  f a r t h e r  up the  s lope  they a r e  t a l u s .  
Close t o  t h e  pass ,  many of t h e  c u t s  a r e  a s  deep a s  20 m and s e v e r a l  expose 
bedrock a t  t h e i r  bases.  Exposed s t r a t a  d i p  d i r e c t l y  clownslope toward t h e  road 
i n  only one l o c a l i t y .  Active s lushflow chutes  e x i s t  on both s i d e s  of t he  
v a l l e y .  

An a c t i v e  l o b a t e  rock g l a c i e r  is loca t ed  sou theas t  of and above t h e  road 
a t  about 1,700 m ( f i g .  99, loc.  9).  The road here  i s  a t  about 1,350 m and i s  
b u i l t  on t h e  t o e  of an i n a c t i v e ,  l o b a t e  rock g l a c i e r .  

D-246.8 : Cont inenta l  Divide (1,447 m) a t  Atigun Pass. 
Many peaks i n  t h e  a r ea  exceed 2,100 m e leva t ion .  Talus and bedrock a r e  

exposed i n  c u t s  up t o  20 m along the  west s i d e  of t h e  road. The f r e s h ,  f rozen  
bedrock (sandstone and conglomerate) cu t  on t h e  west s i d e  of t h e  road i n  
Atigun Pass exposed ground i c e  f i l l i n g  f r a c t u r e s  and j o i n t s  i n  the  rock. Con- 
s i d e r a b l e  s p a l l i n g  of t h e  cu t  occurred dur ing  t h e  f i r s t  summer. 

The empty c i rque  t o  t he  southeas t  i s  of l a t e  P l e i s tocene  age ( f ig .  9 9 ,  
l oc .  10).  I n s u f f i c i e n t  mass wasting during v a l l e y  d e g l a c i a t i o n  prevented pre- 
s e r v a t i o n  of l a t e  P l e i s tocene  - i n c i p i e n t  e a r l y  Holocene g l a c i a l  i c e  under- 
nea th  a rock g l a c i e r  depos i t ,  The i c e  disappeared and t h i s  c i rque  was too  low 
t o  form g l a c i e r s  during l a t e  Holocene c l i m a t i c  d e t e r i o r a t i o n s .  The f l o o r  of 
t h i s  c i rque  i s  wel l  shaded by both t h e  surrounding c i rque  c l i f f s  and moun- 
ta inous  t e r r a i n ;  l e s s  than 80 percent  of t h e  d i r e c t - r a d i a t i o n  energy a v a i l a b l e  
on Ju ly  24 reaches t he  f l oo r .  The p i p e l i n e  was r e loca t ed  eastward a t  t h e  
mouth of t he  c i rque  t o  avoid f rozen  l a c u s t r i n e  sediments.  

The p i p e l i n e  i s  buried through Atigun Pass  because of p o t e n t i a l  ava- 
lanche,  s lushf low,  and rock- fa l l  hazards and t o  minimize i t s  impact on wild- 
l i f e .  As a r e s u l t  of a very d e t a i l e d , d r i l l i n g  program, i t  was discovered t h a t  
i n  two sections---one on each s i d e  of t h e  summit---the pipe could not be 
bur ied  i n  thaw-stable s o i l s  or on competent bedrock. Construct ion i n  t he se  
two s e c t i o n s  was complicated and expensive, and s p e c i a l  condi t ions  were 
imposed, inc lud ing  width of work pad, l eng th  of time t h e  t r ench  could be l e f t  
open, and d i sposa l  of the  s p o i l  t o  a s i t e  i n  the  Atigun River va l l ey .  I n  
t h e s e  s e c t i o n s  a 28-cm-thick concre te  s l a b  was poured i n  t h e  bottom of t he  
t r ench  and the  pipe was then placed i n  a box made of 53-cm-thick, s p e c i a l l y  
f a b r i c a t e d  high-strength Styrofoam i n s u l a t i o n .  The box was enclosed i n  ply- 
wood before  being covered and was back f i l l ed  with permeable grave l  t o  a l low 
upward d i s s i p a t i o n  of hea t  through a maximum cover t h i cknes s  of 1.2 m. During 
summer 1979, a l eak  developed i n  t he  un insu la ted  buried s e c t i o n  a t  t he  bottom 
of t he  s t e e p  grade below t h e  summit on t h e  no r th  s i d e  of t h e  pass. F a i l u r e  
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F igure  101. View look ing  sou th  t o  G r i z z l y  G l a c i e r  (photograph t a k e n  by D. 
Atwood on J u l y  19 ,  1982).  

e v i d e n t l y  was caused by s e t t l e m e n t  due t o  m e l t i n g  of i c e  i n  t h e  f r a c t u r e d  bed- 
rock.  Expensive r e p a i r s  were made and s t a b i l i z a t i o n  accomplished.  

A 120-m-long segment of t h e  i n s u l a t e d ,  bur ied  box c a r r y i n g  t h e  p ipe  on  
t h e  s o u t h  s i d e  of t h e  pass  s e t t l e d  i n  1979. The primary cause  was thawing of 
t h e  permafrost  caused by ground-water f low. During summer and f a l l  1980, a  
s t a b i l i z a t i o n  program was under taken,  which inc luded  g r o u t i n g ,  d r a i n a g e  
m o d i f i c a t i o n ,  and a r t i f i c i a l  ground f r e e z i n g  (Thomas and o t h e r s ,  1982).  The 
remaining h e a t  p i p e s  over  both  s e c t i o n s  of t h e  i n s u l a t e d  p i p e  a r e  des igned t o  
m a i n t a i n  t h e  frozen-ground c o n d i t i o n s .  

Cirque G l a c i a t i o n  and Processes  i n  t h e  Atigun Pass   real' 

A c i r q u e  g l a c i e r  and two g lac ie r -cored  rock g l a c i e r s  occur  a t  t h e  head- 
w a t e r s  of t h e  At igun River  s o u t h e a s t  of t h e  pass  ( f i g s .  101 and 102).  The 
r e g i o n  w a s  j u s t  h igh enough t o  suppor t  c i r q u e  g l a c i a t i o n  d u r i n g  t h e  p a s t  4,500 
y r  ( f i g .  103).  More t h a n  95 p e r c e n t  of t h e s e  'Neoglac ia l '  ice masses a r e  
n o r t h  of t h e  C o n t i n e n t a l  Divide  ( E l l i s  and Ca lk in ,  1979).  South of t h e  
D i v i d e ,  h i g h e r  summer t empera tu res  a s s o c i a t e d  w i t h  t h e  c o n t i n e n t a l  c l i m a t e  of 
Alaska ' s  i n t e r i o r  a p p a r e n t l y  prevented Holocene g l a c i e r  fo rmat ion  i n  c i r q u e s  

Prepared by J.M. E l l i s  and P.E. Calkin .  
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F i g u r e  102. S u r f i c i a l  d e p o s i t s  of t h e  Atigun Pass  a r e a .  Hikes t o  t h e  Pik.a 
Rock G l a c i e r  and G r i z z l y  G l a c i e r  a r e  p a r t  of t h e  f i e l d  e x c u r s i o n  
(modi f i ed  from Bruen, 1980).  
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Figure 103. Map of t he  Atigun Pass  
a r e a ,  e a s t - cen t r a l  Brooks Range. 

, G l a c i e r s  1-12 have Neoglacial  
n moraines ,  l a r g e l y  without i c e  

cores ;  13-33 have moraines wi th  
c o r e s  of g l a c i e r  i c e ;  and 35-41 
have Neoglacial  moraines super- 
imposed ypslope from an o lde r  

~ o k m ,  rock g l a c i e r  tongue (modified 
from E l l i s ,  1982, f i g .  2 ) .  

a t  t he se  a l t i t u d e s .  The g l a c i e r s  a r e  a l l  above 1,500 m e l e v a t i o n  and t h e i r  
lower l i m i t s  r i s e  northward across  t he  range,  r e f l e c t i n g  orographic  d e p l e t i o n  
of snow and predominance of sou the r ly  moisture  sources  such a s  t h e  Gulf of 
Alaska and Bering Sea f o r  t he  c e n t r a l  Brooks Range ( E l l i s  and o t h e r s ,  1981). 
Snow p i t s  and rain-gauge measurements made from 1977 t o  1982 i n d i c a t e  t ha t  a t  
l e a s t  600 t o  720 mm of p r e c i p i t a t i o n  f a l l s  on t h e  g l a c i e r s  annual ly  a t  about 
1,750 m. Atigun Pass (1,447 m) probably r ece ives  from 400 t o  700 mm annual ly ,  
of which about ha l f  i s  snow. 

Varying c i rque  environments promote formation of t h r e e  types of Neo- 
g l a c i a l  moraines ( E l l i s ,  1982; E l l i s  and Calkin,  i n  press ;  f i g .  103). Those 
moraines without cores  of i c e  were formed i n  c i rques  wi th  r e l a t i v e l y  low head- 
wa l l s  and s idewa l l s ,  r e s u l t i n g  i n  minimum shading, low supply of s u p r a g l a c i a l  
d e b r i s  from c i rque  c l i f f s ,  and minimum i n s u l a t i n g  d e b r i s  on the  g l a c i a l  i c e .  
However, t h r e e  of four  moraines a r e  cored wi th  g l a c i a l  i c e  i n  t h i s  continuous 
permafrost environment ( E l l i s  and Calkin,  1981). Most of these  moraines a r e  
f a i r l y  s t a b l e ,  and t h e i r  headward g l a c i e r s  occur a t  e l e v a t i o n s  s i m i l a r  t o  
those f ron ted  by moraines without i c e  cores .  Some glacier-cored moraines a r e  
superimposed on o lde r  rock g l a c i e r  tongues; t h e i r  a s soc i a t ed  g l a c i e r s  tend t o  
be about 100 m lower i n  e l e v a t i o n  than i c e  masses f ron ted  by morainal d e p o s i t s  
a lone  ( f i g .  104). These downslope rock g l a c i e r  tongues ( f i g .  102) a r e  of 
e a r l y  Holocene age and probably conta in  l a t e  P l e i s tocene  o r  i n c i p i e n t  e a r l y  
Holocene g l a c i e r  cores .  The headward por t ions  of t he se  i c e  cores  were high 
enough (>1,500 m) t o  respond t o  c l i m a t i c  d e t e r i o r a t i o n s ;  they b u i l t  Neoglacial  
moraines-but were unable t o  overrun and completely i nco rpo ra t e  t h e i r  downslope 
rock-glacier  tongues. 

Cirques occupied by g l a c i a l  i c e  a r e  o r i en t ed  toward t h e  no r th ,  s t rong ly  
minimizing i n s o l a t i o n  ( E l l i s  and Calkin,  1979). This o r i e n t a t i o n  c o n t r a s t s  
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Figure  104. Summary of a l t i t u d i n a l  d i s -  
t r i b u t i o n  of g l a c i e r s  and rock 
g l a c i e r s  ( E l l i s  and Calkin, 1979, 
f i g .  6 ) .  

markedly with t h e  widely d ispersed  p a t t e r n  of empty c i rques  and n iva t ion  
hollows of P l e i s tocene  age, which show s t rong  s t r u c t u r a l  con t ro l .  

A l l  a c t i v e  tongue-shaped rock g l a c i e r s  a r e  probably cored with g l a c i a l  
i c e .  Those without exposed i c e  cores  a r e  l e s s  s e n s i t i v e  t o  i n s o l a t i o n  than  
those  with v i s i b l e  g l a c i e r s .  This  p a t t e r n  may occur because increased d e b r i s  
cover p r o t e c t s  the  core  from ab la t ion  and s tagnat ion .  I n a c t i v e  tongue-shaped 
rock g l a c i e r s  m y  have l o s t  much of t h e i r  i c e  core. However, they a r e  s i m i l a r  
i n  e l eva t ion  t o  a c t i v e  ones ( f i g .  104). Inac t ive  snouts  a r e  rounded and 
covered by vegeta t ion ;  they tend t o  have more souther ly  aspects .  Only 30 
percent  of t he  tongues south of t he  Divide a r e  a c t i v e ,  with only 9 percent of 
t h e s e  showing exposed i c e  cores.  North of t h e  Divide, 76 percent  a r e  a c t i v e  
and 46 percent have exposed i c e  cores .  The lower l i m i t  of tongue-shaped rock- 
g l a c i e r  snouts  i s  about 1,200 m. 

Lobate rock g l a c i e r s  a r e  broader than they a r e  long (downslope) and 
develop below t a l u s  along va l l ey  wa l l s ,  inc luding  c i rque  walls.  More than 500 
were mapped i n  a  4,000-km2 area  around Atigun Pass.  They occur i n  a  500-m- 
t h i c k  e l eva t ion  zone t h a t  p e r s i s t s  from 68'N. l a t i t u d e  t o  t h e  f o o t h i l l s  of the  
Brooks Range. These loba te  forms occur over a  g r e a t e r  e l eva t ion  and geo- 
g raph ica l  range and they have a  more v a r i a b l e  o r i e n t a t i o n  than tongue-shaped 
forms ( f i g .  104). Their i n t e r n a l  composition is  not known. Their d i s t i n c t l y  
lower e l e v a t i o n  l i m i t  of 950 m sugges ts  development without temperature-sensi- 
t i v e  cores  of g l a c i e r  i c e .  The o r i e n t a t i o n  p a t t e r n s  suggest i n s e n s i t i v i t y  t o  
i n s o l a t i o n ;  t h i s  may r e f l e c t  a  lower i n t e r s t i t i a l  i c e  content  r e l a t i v e  t o  
debr i s .  However, t he re  a r e  many loba te  forms with l a r g e ,  spoon-shaped depres- 
s i o n s  between the  rock g l a c i e r  and the  headward c l i f f .  These depressions may 
represent  s i g n i f i c a n t  cores of i c e  or  ice- r ich  d e b r i s  i n  var ious  s t ages  of 
d e t e r i o r a t i o n  (Kreig and Reger, 1982, pl.  23). 

Only 50 percent  of the  loba te  rock g l a c i e r s  south of t he  Divide a r e  
a c t i v e ;  t o  t he  no r th  70 percent a r e  ac t ive .  The more a c t i v e  s t a t e  of rock 
g l a c i e r s  nor th  of t he  Divide i s  probably r e l a t e d  t o  t h e  unfavorable e f f e c t s  of 
t he  inter ior-Alaska summer cl imate.  The a c t i v i t y  of rock g l a c i e r s  depends 
most on the  a v a i l a b i l i t y  of deb r i s  from headwall c l i f f s ,  not on e l eva t ion ,  
bedrock, o r  shading from s o l a r  r a d i a t i o n  by a  surrounding mountainous t e r r a i n  
( E l l i s ,  1982). In  con t r a s t  t o  the  Alaska Range, a  s u b s t a n t i a l  pa r t  of the  
deb r i s  source a rea  f o r  rock g l a c i e r s  i n  the  Brooks Range i s  p l a t y  s i l t s t o n e ,  
s h a l e ,  and p h y l l i t e .  Lobate rock g l a c i e r s  and t a l u s  cones commonly occur i n  
c lo se  a s s o c i a t i o n  on lower va l l ey  walls .  However, l oba t e  forms a r e  l oca l i zed  
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Figure  105. Holocene g l a c i e r  - rock  
g l a c i e r  chronology f o r  t h e  c e n t r a l  
Brooks Range, based on l i c h e n o m e t r i c  
and rad iocargon  a g e s ,  and showing 
seven  p e r i o d s  o f  c i r q u e  g l a c i e r  ex- 

* P  = pans ion  fol lowed by moraine s t a b i l -  
w i z a t i o n .  The f o u r  v e r t i c a l  e r r o r  Preseot 

b a r s  p a r a l l e l  t o  t h e  t ime l i n e  on 
t h e  l e f t  (5,000-1,500 y r  B.P.) a r e  

Neoylociol 
assumed a g e - r e l i a b i l i t y  r a n g e s  of 

'\ +20 p e r c e n t  f o r  l i c h e n o m e t r i c  ages .  
,: -3003 % Radiocarbon ages  a r e  d e p i c t e d  by 

"I 
O) a s t e r i s k s ;  a l l  were  i n t e r p r e t e d  t o  
E - +. be  r e l a t e d  more t o  g l a c i a l  advances 
C 

' I L X i O  0 than r e t r e a t s .  Two rad iocarbon  
<- 
13 a g e s  of 320 t 1 0  and 1 ,120 +I80  y r  
N . .- B.P. a r e  e x c e p t i o n a l l y  r e l i a b l e  
cl a s  i n d i c a t o r s  o f  g l a c i a l  expansions  

cn -- --; ---.*oo 5 (Ca lk in  and E l l i s  1982, f i g .  6 ) .  

d i r e c t l y  beneath  s t e e p ,  t r u n c a t e d  bedrock s p u r s  where t h e r e  i s  a  minimum of 
f l u v i a l  a c t i v i t y  i n  t h e  d e b r i s  source  a r e a .  

Rock g l a c i e r s  were forrned beneath  v a l l e y  and c i r q u e  c l i f f s .  T h e i r  upper 
s u r f a c e s  s t a b i l i z e d  by e a r l y  Holocene t ime ,  based on l i c h e n ,  s o i l ,  and 
boulder-weather ing c r i t e r i a  ( f i g .  105).  A r e l a t i v e l y  warm per iod  from e a r l y  
t o  middle Holocena t ime is suggested by a  l a c k  of c i r q u e - g l a c i e r  d e p o s i t s  and 
the  s t a b i l i z a t i o n  of rock g l a c i e r s .  About 4,400 + 1,000 yr  B.P., c l i m a t i c  
c o n d i t i o n s  d e t e r i o r a t e d  and c i r q u e  g l a c i e r s  were formed o r  re juvena ted  i n  
h i g h e r ,  nor th - fac ing  c i r q u e s  of t h e  c e n t r a l  Brooks Range (Hamilton and o t h e r s ,  
1982).  

Lichenornetric mapping ( C a l k i n  and E l l i s ,  1980; i n  p ress )  on moraines 
downslope from more than  50 c i r q u e  g l a c i e r s  and f i v e  rad iocarbon  d a t e s  
a s s o c i a t e d  d i r e c t l y  w i t h  Neoglacia l  moraines d e f i n e  seven major expansions  of 
s i m i l a r  magnitude s i n c e  t h i s  middle Holocene c l i m a t i c  d e t e r i o r a t i o n  ( C a l k i n  
and E l l i s ,  1981a, 1982; f i g  105).  For t h e  p a s t  1,100 y r ,  c i r q u e  g l a c i e r s  
were c o n t i n u a l l y  i n  more advanced p o s i t i o n s  than  they a r e  under t h e  p r e s e n t  
c l i m a t i c  regime ( C a l k i n  and E l l i s ,  1981b). Three of t h e  seven major 
expansions  occur red  dur ing  t h i s  i n t e r v a l .  The last expansion i s  da ted  a t  1410 
t o  1600 A.D. I n i t i a l  r e c e s s i o n  from t h i s  advanced p o s i t i o n  was slow; i c e  
margins remained c l o s e  t o  t h e i r  maximm e x t e n t s  u n t i l  1640 t o  1750 A.D. 
R e t r e a t  was most r a p i d  a f t e r  1870 A.D. and d e c e l e r a t e d  a f t e r  t h e  mid-1900's. 
Recess ion s i n c e  t h i s  most r e c e n t  Neoglac ia l  expansion has  covered 150 t o  700 m 
and c o n t i n u e s  today.  A terrlperature l a p s e  r a t e  of 0.6O/100 m was used t o  
r e c o n s t r u c t  t empera tu re  changes t h a t  may have accompanied snowline  
f l u c t u a t i o n s  from about 450 y r  ago t o  t h e  p r e s e n t  ( E l l i s  and Ca lk in ,  1981). 
Th i s  method w a s  appJ ied t o  more than 50 c i r q u e  g l a c i e r s  and i n d i c a t e d  t h a t  a  
change of  only a b o u t  1°C i n  average t empera tu re  could account  f o r  t h e  major 
Neoglac ia l  expansions  and r e t r e a t s .  

During t h e  Late  1 9 7 0 7 s ,  when annual  snowline  was above g l a c i e r  s u r f  a c e s  
i n  t h e  c e n t r a l  Brooks Range, a s  much a s  3 m of i c e  a b l a t e d  from g l a c i e r  s n o u t s  
( E l l i s  and Ca lk in ,  1982; f i g .  106).  C o r r e l a t i o n  w i t h  rne teoro log ica l  r e c o r d s  
( A .  James Wagner, NOAA - Nat iona l  Weather S e r v i c e ,  w r i t t e n  commun., 1981) 
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Fi-qure 106. Sketches  of a c i r q u e  g l a c i e r  i n  i t s  
p r e s e n t  c o n f i g u r a t i o n  and dur ing  i t s  maximum 
expansion phase.  Approximate a l t i t u d e s  of 
snowline  ( e q u i l i b r i u m - l i n e  a l t i t u d e s )  a r e  
d e p i c t e d  f o r  1977-79 and 1981 and f o r  1410- 
1600 A.D. Snowlines r i s e  northward a c r o s s  t h e  
c e n t r a l  Brooks Range a t  about 5 m/km ( ~ l l i s  
and Ca lk in ,  1981).  

i n d i c a t e s  t h a t  stronger-than-normal r i d g e s  of h i g h  p r e s s u r e  near  o r  over  
n o r t h e r n  Alaska caused l e s s  c l o u d i n e s s  and g e n e r a l l y  s u n n i e r ,  warmer, and 
d r i e r  c o n d i t i o n s  dur ing  t h e  l a t e  1970 's .  I n  c o n t r a s t ,  t h e  annual  snowline i n  
1981 was a t  t h e  e l e v a t i o n  averaged d u r i n g  t h e  l a s t  major expansion o f  1410 t o  
1600 A.D.; l i t t l e  snow melted and i c e  a b l a t i o n  was minimal. That summer a 
much deeper  t h a n  normal low developed o v e r  t h e  A r c t i c  Ocean j u s t  n o r t h  of 
Alaska dur ing  t h e  last  week of June  and p e r s i s t e d  t h e  r e s t  of t h e  summer. 
Th is  s i t u a t i o n  r e s u l t e d  i n  c o l d e r ,  c l o u d i e r ,  and w e t t e r  weather.  From 1977 t o  
1981, monthly summer t empera tu res  a t  t h e  g l a c i e r s  dropped 3O-4OC ( e x t r a p o l a t e d  
from d a t a  provided by R.K. Haugen, w r i t t e n  commun., 1982) and snowline  was 
depressed  about 250 m. Th i s  measured t empera tu re  drop i s  g r e a t e r  t h a n  
sugges ted  by l a p s e - r a t e  c a l c u l a t i o n s ;  3-4OC may be a b e t t e r  e s t i m a t e  o f  summer 
t empera tu re  changes t h a t  accompanied middle  t o  l a t e  Holocene snowline  
f l u c t u a t  ions .  

Slushf low A c t i v i t y  i n  t h e  Atigun Pass  Area l6  

Flows of wa te r - sa tu ra ted  snow, c a l l e d  s l u s h f l o w s ,  are common i n  s t ream 
courses  i n  t h i s  a l p i n e  t e r r a i n .  Slushf lows a r e  a t y p e  of wet-snow ava lanche ,  
p r i m a r i l y  o c c u r r i n g  i n  a r c t i c  and s u b a r c t i c  mountainous r e g i o n s ,  t h a t  i s  
i n i t i a t e d  by r a p i d  s p r i n g  mel t ing  of t h e  s e a s o n a l  snow cover  (Washburn and 
Gold thwai t ,  1958).  Slushf lows a r e  very powerful  geomorphic a g e n t s  and t h e i r  
e n g i n e e r i n g  r a m i f i c a t i o n s  cannot be overlooked (Reger ,  1979).  C o l l u v i a l  
d e p o s i t s  a t  t h e  mouths of s lushf low c h u t e s  have a c h a r a c t e r i s t i c  proximal hump 
t h a t  commonly d i v e r t s  d ra inage .  Slushf low d e p o s i t s  a r e  unsor ted and till- 
l i k e ,  and c o n s i s t  of l a r g e  b locks  and smal l  rock f ragments ,  f ine -gra ined  
m a t e r i a l ,  and o c c a s i o n a l  shredded p l a n t  remains (Kre ig  and Reger, 1982, p l .  
22) .  

Slushf lows a r e  common i n  t h e  Atigun Pass  a r e a .  Approximately 30 i n -  
d i v i d u a l  e v e n t s  were observed between 1977 and 1980. Slushf lows a r e  c l o s e l y  

l 6  Prepared by L . J .  Ones t i .  
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Figu re  107. Per iods of s lushflow a c t i v i t y  during May and June 1980, Atigun 
Pass (prepared by L.J.  Ones t i ) .  

l inked  t o  meteoro logica l  cond i t i ons ,  and some evidence suggests  a  p e r i o d i c i t y  
a s soc i a t ed  w i th  c l i m a t i c  f l u c t u a t i o n s .  The s lushflow season corresponds wi th  
sp r ing  breakup, which i n  the  Atigun Pass a r e a  normally occurs  sometime between 
mid-May and e a r l y  June and l a s t s  only a  few days. Slushflows a r e  caused by a  
v e r y  rap id  bui ldup of f r e e  water i n  t he  snowpack due t o  t h e  acce l e r a t ed  r a t e  
a t  which t h e  a r c t i c - a l p i n e  snowpack melts.  A t  Atigun Pass ,  a i r  temperature 
normally remains below or  j u s t  s l i g h t l y  above f r eez ing  during t h e  e a r l y  
s p r i n g ,  wi th  'n igh t t ime '  temperatures remaining below f r eez ing  ( f i g .  107); 
t h i s  allows the  bulk of the  snowpack t o  remain i n t a c t .  However, a s  t he  days 
g e t  longer ,  r a d i a t i o n  becomes s t r o n g e r ,  warm-air masses p e n e t r a t e  t h e  Brooks 
Range, and r eg iona l  a i r  temperatures  remain above f r eez ing  f o r  2  t o  3 days a t  
a  t i m e .  These condi t ions  t r i g g e r  s lushf low events  and t h e  s t a r t  of t h e  sp r ing  
breakup. The s lushflow process is  extremely s e n s i t i v e  t o  d i u r n a l  f l u c t u a t i o n s  
i n  a i r  temperature.  For example, i f  t h e  a i r  temperature rises r ap id ly  on 
c l e a r ,  sunny days,  rap id  melt ing causes f r e e  water t o  accumulate i n  t h e  snow- 
pack. Free water  i s  shown by t h e  appearance of l i g h t  b lue  patches i n  t h e  
t rough of a  chute ,  and i n d i c a t e s  t he  p o t e n t i a l  f o r  s lushf low a c t i v i t y .  How- 
eve r ,  i f  t he  a i r  temperature begins  t o  f a l l  i n  l a t e  a f te rnoon,  o r  i f  e a r l y  
evening melt ing i s  i n h i b i t e d ,  t h e  snowpack w i l l  d r a i n ,  t e rmina t ing  t h e  
p o t e n t i a l  f o r  s lushflow a c t i v i t y .  R a i n f a l l  has  a l s o  been l inked  wi th  s lush-  
flow a c t i v i t y ,  but a t  no t i m e  during 4 yr  of observa t ion  did r a i n  f a l l  during 
t h e  s lu sh£  low season. 

Slushflows i n  t he  Atigun Pass a r e a  a r e  grouped i n  two c a t e g o r i e s ,  
depending -on t h e  r a t e  a t  which they move. High-velocity f lows,  es t imated  t o  
move a t  t ens  of meters per second, a r e  a s soc i a t ed  with r e l a t i v e l y  s t e e p  (12"  
t o  18" ) ,  confined a l p i n e  chutes .  Low-velocity s lushf lows  move a t  a  few meters  
per second and occur exc lus ive ly  i n  s t ream channels o r  on broad, open f lood 
p l a i n s  wi th  s lopes  of about 2". 

Observat ion of s lushflow t r a c k s  i n  s t e e p  chutes  sugges ts  t h a t  high- 
v e l o c i t y  flows move a t  s u p e r c r i t i c a l  r a t e s .  When a  s lushflow encounters a  
change i n  chute  alignment o r  a  c o n s t r i c t i o n ,  i t  supe re l eva t e s  on t h e  o u t s i d e  
of bends and i s  d ive r t ed  d i agona l ly ,  d e f l e c t i n g  back and f o r t h  across  t h e  
chu te  ( f i g .  108) . 

The morphology and s u r f i c i a l  c h a r a c t e r i s t i c s  of s lushf low d e p o s i t s  assume 
a  low-relief drumlinoid o r  whaleback form, which develops a t  t h e  mouths of 
s t e e p  a l p i n e  chutes  and which may be a t t r i b u t e d  t o  the  s lushflow process  ( s e e  
s t r i p  map f o r  l o c a t i o n s ) .  Observation aga in  i n d i c a t e s  t h a t  t h e  whaleback form 
develops through repeated depos i t i on  of r e l a t i v e l y  t h i n  l a y e r s  of ma te r i a l .  
Large blocks weighing s e v e r a l  tons have been moved, but they compose only a  
small  po r t i on  of the  m a t e r i a l  exposed a t  t h e  su r f ace .  Mater ia l  t ranspor ted  by 
s lushf lows  i s  n a t u r a l l y  a  func t ion  of what i s  a v a i l a b l e  i n  t h e  chute ,  which i n  
t u r n  depends on a  v a r i e t y  of o t h e r  cond i t i ons  r e l a t e d  t o  p e r i g l a c i a l  
processes .  
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Figure 108. Superelevat ion of s lushflow on 
o u t s i d e  of bends i n  chute  (photograph by 
L.J.  Ones t i ) .  

Geomorphic evidence sugges ts  t h a t  depos i t i on  of s lushflow m a t e r i a l  
fo l lows  p r e d i c t a b l e  pa t t e rns .  Normally t h e  alignment of t h e  main whaleback 
depos i t  extends away from and fol lows along the  long a x i s  of t he  chute  t h a t  
produces t he  flow. This  o r i e n t a t i o n  and whaleback con f igu ra t i on  remain con- 
s t a n t  u n t i l  enough m a t e r i a l  accumulates and t h e  form a t t a i n s  a  s i z e  where t h e  
f o r c e  of flows being produced a t  t h a t  t i m e  is  not  adequate t o  c a r r y  up the  
proximal s lope  of t he  whaleback. A t  t h i s  t i n e  t he  flow i s  d ive r t ed  t o  one 
s i d e  o r  t h e  o the r  of t he  whaleback, depending on t h e  i n f luence  of t he  pre- 
dominant l o c a l  s lope.  A new whaleback depos i t  can then begin t o  develop 
ad j acen t  t o  t h e  o ld  form, and mu l t i p l e  whaleback f e a t u r e s  a r e  co~mnonly found 
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a t  t h e  o u t l e t s  of chu tes .  O r ,  i f  t h e  d ivergence  of t h e  f low is  n o t  t o o  
d r a s t i c ,  t h e  o r i g i n a l  whaleback can beg in  t o  develop asymmetry. 

Lichenometr ic  mapping of t h e  s u r f a c e s  of s l u s h f l o w  d e p o s i t s  i n d i c a t e s  
t h a t  g r e a t  d i f f e r e n c e s  i n  age e x i s t  i n  d i f f e r e n t  a r e a s  of a  d e p o s i t .  However, 
t h e  d i f f e r e n c e  i n  age is  most e x p l i c i t  when m u l t i p l e  whalebacks a r e  p r e s e n t  a t  
t h e  o u t l e t  of t h e  chute .  Examination of s e v e r a l  s lushf low-runout  zones 
i n d i c a t e s  t h a t  d e p o s i t i o n  e i t h e r  t e rmina ted  o r  was d i v e r t e d  away from t h e  main 
whaleback approximately  4,500 yr ago. There a l s o  appears  t o  be a  h igh  f r e -  
quency of d e p o s i t i o n a l  s u r f a c e s  wi th  ages ranging from 2,000 t o  3,500 y r ,  and 
of very  young s u r f a c e s  formed i n  t h e  l a s t  30 yr .  

F i e l d  o b s e r v a t i o n  i n d i c a t e s  t h a t  over  t h e  p a s t  5 y r  many s lushf lows  have 
o c c u r r e d  a n n u a l l y  i n  At igun Pass.  One s lushf low c h u t e  near  t h e  s o u t h  s i d e  of 
t h e  C o n t i n e n t a l  Divide  i n  Atigun Pass  has  r e p o r t e d l y  produced a t  l e a s t  one 
s l u s h f l o w  each y e a r  between 1971 and 1975 (Reger,  1979).  However, between 
1977 and 1951, on ly  two f lows were observed a t  t h i s  s i t e .  The Alaska Depart-  
ment of Highways (1971) ,  us ing  dendrochrono log ica l  ev idence ,  suggested t h a t  
s l u s h f l o w  chu tes  i n  t h e  immediate v i c i n i t y  of Atigun Pass  have produced a t  
l e a s t  one s l u s h f l o w  every  3 t o  11 y e a r s  d u r i n g  t h e  p a s t  50 yr.  



The road fo l lows  t h e  e a s t  fo rk  of t h e  upper Atigun River. The v a l l e y  i s  
t y p i c a l  of many of the l a r g e r  north- t rending v a l l e y s  i n  t h e  Endicot t  Mountain 
segment of t h e  Brooks Racge. Throughout most of i t s  l eng th  i t  c u t s  i n t o  
f a u l t e d  and fo lded ,  well-indurated conglomerate, f i s s i l e  s h a l e ,  c h e r t ,  and 
sandstone of Devonian and 14iss iss ippian t o  Permian age ( f i g .  8 ;  Fe r r i ans ,  
1971b; Beikman, 1978; ~ r o s g 6  and o t h e r s ,  1979). D i f f e r e n t i a l  e ro s ion  has  
rendered t h e  broader s t r u c t u r a l  c h a r a c t e r l s t i c s  of t he  u n i t s  q u i t e  v i s i b l e .  
Miss i ss ipp ian  l imestone and conglomerate and Devonian conglomerate and s h a l e  
form t h e  v a l l e y  wa l l s  t o  t h e  north.  Near i t s  mouth, Atigun Val ley passes  
through a narrow (2 t o  3 km) band of hard Miss i ss ipp ian  t o  Permian l imes tone  
and ab rup t ly  t u r n s  northeastward,  fol lowing a probable  f a u l t  through Atigun 
Gorge u n t i l  i t  j o i n s  the  Sagavanirktok River.  These rocks a r e  succeeded t o  
t h e  no r th  by Cretaceous sedimentary rocks (Brosge and o t h e r s ,  1979). 

Atigun Valley d i sp l ays  the c l a s s i c  U-shaped form of g l a c i a t e d  mountain 
v a l l e y s  ( f i g .  109). Mass-wasting d e p o s i t s  a r e  abundant and of va r i ed  

F igure  109. G lac i a t ed ,  U-shaped Atigun Val ley looking n o r t h  (photograph taken 
by D. Atwood on Ju ly  19, 1982). 

l 7  General d e s c r i p t i o n  of Atigun Valley prepared by K.R. Evere t t .  See Kreig 
and Reger (1982, p l .  23-25) f o r  a d d i t i o n a l  information.  



164 GUIDEBOOK 4 

Figure  110. Lobate rock g l a c i e r  wi th  a  curved bouldery rampart on e a s t  s i d e  
of Atigun Val ley.  P ipe l ine  is  buried i n  t he  r i v e r .  The s lope  i s  t h e  
foreground has  s lushf low channels  and proximal hump depos i t s  
c h a r a c t e r i s t i c  of s lushf low f e a t u r e s  (photograph taken  by K.K. 
Fahnes tock) . 

Figu re  111. S teep  t a l u s  s lope  ( 5 0 ' )  with  p a r t i a l l y  vegetated s t e p s  and 
s t r i p e s  cons i s t i ng  of Dryas oc tope t a l a  and willows (photograph taken by 
K.R. Eve re t t ) .  
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Figure  112. Several  d e b r i s  cones developed from sha ly  bedrock. These s t eep  
cones (22") exh ib i t  a c t i v e  d e b r i s  flows. Note loba te  rock g l a c i e r s  a t  
base of face ted  spurs  (photograph taken by K.R. Eve re t t ) .  

cha rac t e r  on the  v a l l e y  wa l l s .  I n  the upper t h i r d  of t he  v a l l e y  and es- 
p e c i a l l y  near  i t s  head a r e  s teep-fronted (27O+), curved, bouldery ramparts o r  
rock g l a c i e r s  ( f i g .  110; E l l i s  and Calkin, 1979; Bruen, 1980). The downslope 
f a c e  of these  f e a t u r e s  i s  composed of angular  boulders  and r i s e s  t o  a height  
of 10 m o r  more. Behind the rampart i s  a platform o r  t read  t h a t  s lopes  a s  
much a s  6" downward toward t h e  va l l ey  wall .  Commonly t h e r e  is  a depression i n  
t h i s  su r f ace ,  which is  the  s i t e  of snow accumulation and a pond ( o r  former 
pond). I n  some cases ,  t h e  rampart is breached by a V-shaped trough leading  t o  
the depression.  Slopes above the  t r ead  a rea  a r e  composed of t a l u s  cones o r  
t a l u s  shee t s  t h a t  te rmina te  on t h e  t read .  The o r i g i n  and s i g n i f i c a n c e  of t h e  
ramparts a r e  not completely understood. Fines have been removed from t h e  
boulder face  of t h e  rampart by entrainment and snowbank sapping. A t  l e a s t  one 
of t h e  l a r g e r  forms d i sp l ays  a group of nes ted ,  curved p ro t a lus  ramparts 
developed on t h e  t read .  These have been formed by rock fragments loosened by 
freeze-thaw s l i d i n g  over l a r g e  snowbanks t o  the  t r ead .  The number of p r o t a l u s  
ramparts sugges ts  e i t h e r  a progressive th inning  o r  recess ion  of t he  seasonal  
snowbank ( i n d i c a t i n g  a wanning c l imate)  o r  seasonal  v a r i a b i l i t y  i n  the ex t en t  
of t h e  snowbank (no c l i m a t i c  s ign i f i cance ) .  

Narrow r o c k f a l l  chutes  commonly terminate  i n  t a l u s  shee t s  o r  s t eep  t a l u s  
cones. Typica l ly ,  t hese  f e a t u r e s  have temporari ly  s t a b i l i z e d  a reas  of willows 
and mountain avens (Dryas oc tope ta l a )  i n  the  form of discont inuous s t r i p e s  
p a r a l l e l  t o  the slo-ig. 111). Rockfal l  and creep  a r e  the p r i n c i p a l  
processes  of accumulation and movement. Talus cones ( f i g .  112) have r e l a -  
t i v e l y  small  ma te r i a l  source a reas  and high s lope  angles ,  and a r e  composed 
mostly of l a r g e  angular boulders with r e l a t i v e l y  few f i n e s .  Fine ma te r i a l s  
i nc rease  i n  abundance near  t h e  apex and i n  t h e  shallow subsurface. Water and 
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F i g u r e  113. Mudflow o r  d e b r i s  cone on e a s t  w a l l  of Atigun V a l l e y  (photograph 
55-18 t aken  by R.A. Kreig  i n  1974) .  

F igure  114. A l l u v i a l  f a n  ( s l o p e  13" )  d i s p l a y i n g  c h a r a c t e r i s  t i c s  i n t e r m e d i a t e  
between those  of t h e  d e b r i s  cone ( f a r  r i g h t )  and t h e  broad,  low-angle 
( 4 . 5 " )  f a n  t h a t  emanates from a  l a r g e r  s o u r c e  a r e a  (photograph taken by 
K.R. E v e r e t t ) .  
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s l u s h f l o w  t r a n s p o r t  appear  t o  be l e s s  of a f a c t o r  i n  t h e i r  format ion t h a n  
r o c k f a l l s  and snow avalanches .  

More deep ly  i n c i s e d  c h u t e s  w i t h  l a r g e r  s o u r c e  a r e a s  produce s t e e p  d e b r i s  
cones  ( f i g .  113).  These cones a r e  i n t e r m e d i a t e  i n  volume and s l o p e  a n g l e  
between t a l u s  cones and a l l u v i a l  f a n s .  The geometry of t h i s  form r e f l e c t s  t h e  
dimensions  of t h e  m a t e r i a l  source  a r e a s  and t h e  type  of t r a n s p o r t  mechanism, 
t h a t  i s ,  t h e  amount of water  o r  s l u s h  and t h e  g r a v i t y  component. Debr is  cones  
a r e  composed of m a t e r i a l s  of a l l  s i z e s ,  but angu la r  and subangula r  b o u l d e r s  
dominate a t  t h e  s u r f a c e .  Surface  water  f low tends  t o  be conf ined t o  e a r l y  
summer. Some of these  forms a r e  0.5 km o r  more a c r o s s  a t  t h e i r  bases.  They 
a r e  c h a r a c t e r i z e d  by numerous a c t i v e  and fo rmer ly  a c t i v e  s lushf low o r  mudflow 
channe l s  and l evees .  Many of t h e  s u r f a c e s  suppor t  v e g e t a t i o n .  

Numerous s t e e p  (11" o r  more) a l l u v i a l  f a n s  l i n e  t h e  v a l l e y  walls ( f i g .  
114) .  These f e a t u r e s ,  composed of a wide range of p a r t i c l e  and fragment 
s i z e s ,  a r e  t h e  p roduc t s  of d e b r i s  f lows.  Their  s u r f a c e s  commonly show many 
d i s t r i b u t a r y  channels .  Such f a n s  a r e  i n t e r m e d i a t e  i n  form between t h e  t a l u s  
cones and t h e  broad (2-3 k m ) ,  low-angle (4  t o  6")  a l l u v i a l  f a n s  ( f i g .  109).  
They form by a combination of f l u v i a l  and c o l l u v i a l  p rocesses .  The l a r g e  f a n s  
have e x t e n s i v e  source  a r e a s  and a r e  c rossed  by one o r  more p e r e n n i a l  d i s t r i -  
b u t a r y  stream. The f a n s  have a long h i s t o r y  of s h i f t i n g  channel  movement, 
d e p o s i t i o n ,  and e r o s i o n ,  and .Ire composed of m a t e r i a l s  of n e a r l y  a l l  s i z e s .  
Large ,  subrounded b o u l d e r s  a r e  most colmnon a t  t h e  apex a r e a  and f i n e  sand and 
s i l t  a r e  more impor tan t  near  t h e  t o e .  

Kames, kame mora ines ,  o r  l a t e r a l  moraines probably  occur  a s  remnants of 
rnore e x t e n s i v e  d e p o s i t s  formed a g a i n s t  v a l l e y  w a l l s  by downwasting g l a c i e r  
i c e .  They have most ly  been des t royed  by s l o p e  f a i l u r e ,  e r o s i o n  by running 
w a t e r ,  o r  b u r i a l  by a l l u v i a l  cones and f a n s .  They are composed of a wide 
v a r i e t y  of m a t e r i a l s  ranging from a n g u l a r  bou lders  through rounded and sub- 
rounded g r a v e l  t o  sand and s i l t .  In  some c a s e s ,  s t eep- f ron ted  (38") l - a te ra l -  
moraine remnants have undergone o r  a r e  undergoing d e s t r u c t i o n  by s l o p e  f a f - l u r e  
( f i g .  116) .  A t  lower e l e v a t i o n s  on s l o p e s  and i n  some c a s e s  a d j a c e n t  t o  t h e  
r i v e r  a r e  remnants of kames composed of poor ly  s t r a t i f i e d  sand and g rave l .  

Between a l l u v i a l  f a n s  and d e b r i s  cones and below t a l u s  o r  c o l l u v i a l  
s l o p e s  o r  l a t e r a l  moraines  a r e  wet s o l i f l u c t i o n  s l o p e s  (12" t o  16") t h a t  a r e  
c h a r a c t e r i z e d  by s o l i f l u c t i o n  l o b e s ,  huaunocks and swales ,  ponds, and f r o s t  
s c a r s .  D r i e r ,  c o a r s e r  t e x t u r e d  c o l l u v i a l  s l o p e s  commonly occur  below t a l u s  
s l o p e s .  

A l l  va l l ey-wal l  d e p o s i t s  p o s t d a t e  d e g l a c i a t i o n  of t h e  Atigun Val ley  and 
a r e  t h e r e f o r e  probably  l e s s  t h a n  12,000 y r  o ld  (Hamilton and P o r t e r ,  1975). 

The d e p t h  t o  pe rmaf ros t  r anges  widely  i n  Atigun Val ley .  On d r y ,  bouldery 
c o l l u v i a l  s l o p e s ,  d e b r i s  cones ,  and a l l u v i a l  f a n s  i t  may be over 2 m. On 
w e t t e r ,  f i n e r  t e x t u r e d  c o l l u v i a l  and s o l i f l u c t i o n  s l o p e s ,  permafrost  i s  
g e n e r a l l y  encountered between 40 and 60 cin and o c c a s i o n a l l y  a s  sha l low a s  20 
cm; i n  strangmoor i t  i s  between 60 and 65 cm. 

D-247.5 
A l o b a t e  rock g l a c i e r  ( f i g .  115, loc .  11) i s  on t h e  nor th - fac ing  w a l l  up- 

s l o p e  of t h e  bur ied  p i p e l i n e .  

D-247.8 : Buried p i p e l i n e  c r o s s i n g .  
A t  t h i s  po in t  t h e  road s t a r t s  a s t e e p  descen t  i n t o  Atigun Val ley .  Good 

o p p o r t u n i t i e s  e x i s t  d u r i n g  t h e  next few k i l o m e t e r s  t o  view d a l l  sheep,  which 
u s e  t h i s  a r e a  f o r  lambing. 
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F i g u r e  115. Rou te  map, M i l e  D-247 t o  
D-259. P l a t e s  2 3  and 2 4  r e f e r  t o  
i l l u s t r a t i o n s  i n  K r e i g  and Reger 
( 1 9 8 2 ) .  
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F igure  116. Slope f a i l u r e  (arrow) i n  col luvium and kame-terrace  m a t e r i a l  on  
t h e  e a s t  s i d e  of Atigun v a l l e y .  Flow occur red  September 3 ,  1979 (photo- 
graph t aken  by K.R. E v e r e t t ) .  

D-248 -4 
Atigun  River  passes  under  t h e  road.  Severa l  l o b a t e  rock g l a c i e r s  occur  

on t h e  west s i d e  of t h e  e a s t  branch of Atigun River .  A 3-hr h i k e  up t o  
G r i z z l y  G l a c i e r  and J a e g e r  Rock G l a c i e r  ( a  cl imb of a lmost  600 m) o r  an a l t e r -  
n a t i v e  h i k e  t o  P ika  Rock G l a c i e r  (300 rn) a r e  p a r t  of t h e  f i e l d  t r i p  ( f i g .  115,  
l o c .  12; f i g .  102) .  The c u t  e a s t  of t h e  road w a s  made i n  i c e - r i c h  perma- 
f r o s t .  I n  t h e  a l l u v i a l  f a n  e a s t  of t h e  h a i r p i n  t u r n ,  a pea t  l a y e r  p rese rved  
95 cln below t h e  p r e s e n t  s u r f a c e  d a t e s  t h e  l a s t  a g g r a d a t i o n  e v e n t  a t  800 k 90 
y r  B.P. (BGS-548). 

D-248.8 : Atigun River  and b u r i e d  p i p e l i n e  c ross ing .  
The l o b a t e  rock g l a c i e r  ( f i g .  115,  loc .  13) a long  t h e  e a s t  w a l l  had f o u r  

deep t r e n c h e s  dug i n t o  i t s  upper s u r f a c e  by a backhoe. The i n t e r n a l  f a b r i c  of 
t h e  r o c k - g l a c i e r  d e p o s i t  demonstra ted downslope c r e e p  of  t h e  landform. I n  t h e  
e x c a v a t i o n s ,  p l a t y  s t o n e s  were a l i g n e d  w i t h  t h e i r  s h o r t  axes  v e r t i c a l  and 
t h e i r  long axes  t i l t e d  away from t h e  v a l l e y  s i d e w a l l s .  S tones  were embedded 
i n  a m a t r i x  of 70 p e r c e n t  i c e .  Larger  bou lders  were c o n c e n t r a t e d  a t  t h e  upper 
s u r f a c e  of t h e  d e p o s i t ;  s t o n e  s i z e s  decreased.  

D-249 -0 
The road i n t e r s e c t s  a s t e e p  f a n  t h a t  bears  f r e s h  l e v e e s  and bou lder  

l i t t e r  i n d i c a t i v e  of repea ted  s lushf lows .  Most of t h e  bou lders  a r e  weathered,  
b u t  some l a c k  weather ing and l i c h e n  cover  and may have been d e p o s i t e d  re- 
c e n t l y .  There a r e  many a c t i v e  s l u s h f l o w  c h u t e s  between h e r e  and Atigun River  
b r i d g e  1.  A l o b a t e  rock g l a c i e r  i s  observed a t  l o c a l i t y  14 i n  f i g u r e  115. 
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Figure 117. Exposed i c e  a t  base of f an  oppos i te  road from Atigun Camp 
(photograph taken  by R. Veazey on Ju ly  22, 1982). 

D-249.7 to D-250.2 
Cuts 6 m and 10 m deep along t h e  west s i d e  of t h e  road expose gray s l a t e  

o v e r l a i n  by t h i n  ( l e s s  than 0.2 m) c o l l u v i a l  cover.  The pu l lou t  i s  ad jacent  
t o  a borrow p i t  on t h e  roadcut. Across t h e  va l l ey  on t h e  e a s t  s i d e ,  two 
a l l u v i a l  fans  border a s e r i e s  of l oba t e  rock g l a c i e r s  and a t a l u s  cone. A t  
t h i s  po in t  t h e  west s i d e  of t h e  v a l l e y  is  g l a c i a l l y  scoured bedrock wi th  very 
l i t t l e  till. 

D-251.4 : Atigun Camp. 

D-252.7 
On t h e  n o r t h  s i d e  of t he  f an ,  blocked dra inage  produced temporary l a r g e  

ice-cored mounds with over 1 m of i c e  exposed i n  a small  i c e  cave ( f i g .  117).  

W254.6 : Atigun River br idge  1 c ross ing .  
Atigun Val ley becomes r e l a t i v e l y  broad and g e n t l e  from he re  no r th ,  and 

evidence of s lushflow a c t i v i t y  diminishes  g r e a t l y .  Debris o r  mudflow cones 
a r e  dominant along t h e  e a s t  s i d e  of t he  v a l l e y  t o  Pump S t a t i o n  4. In  Atigun 
Val ley,  VSM logs  revealed t he  presence of massive i c e  i n  the  unconsol idated 
m a t e r i a l s .  A t  t h e  br idge ,  a r g i l l i t e  bedrock can be found wi th in  15  m of t h e  
su r f  ace.  
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Figure  118. Estimated su r f ace  ages of a l -  
l u v i a l  fan  i n  Atigun Valley near Mile 
254.6, Dalton Highway, based on licheno- 
me t r i c  da t ing .  S o i l  p r o f i l e s  show 
degree of development i n  d i f f e r e n t  age 
d e p o s i t s  (prepared by K.R. E v e r e t t ) .  

A radiocarbon d a t e  of 8,485 + 435 yr  B.P. (GX-5113) from t h e  l a r g e  
a l l u v i a l  f a n  ( f i g .  118) demonstrates t h a t  Atigun Valley and s i m i l a r  v a l l e y s  
were f r e e  of l a t e - I t k i l l i k  I1 i c e  by or near  t h e  beginning of Holocene time 
( E v e r e t t ,  1981). A t  p r e sen t ,  meltwater is  suppl ied t o  t h i s  f an  from a small  
c i r q u e  g l a c i e r  about 2.5 Irm from i t s  apex. The g l a c i e r ,  a t  an e l e v a t i o n  of 
1375 m,  probably advanced i n t o  Atigun Val ley during I t k i l l i k  I1 time, and re-  
moved most i f  not a l l  of t h e  a l l u v i a l  depos i t s .  Very l i k e l y  some of t h e  
water-washed (kame) depos i t s  near the  head of the  fan  a s  wel l  as  those near  
Atigun River a r e  products  of i c e  s t agna t ion  near  t h e  c lo se  of I t k i l l i k  time. 
L a t e r a l  moraines and kame depos i t s  higher  on v a l l e y  wal l s  da t e  from e a r l i e r  
phases of I t k i l l i k  Glac ia t ion .  The presen t  form of t h e  a l l u v i a l  cones and 
fans  was probably developed quiclcly on f i n a l  mel t ing  of t he  v a l l e y  i ce .  I n  
a l l  c a se s ,  l a r g e  a l l u v i a l  f ans  were developed r ap id ly  from outwash a s  
t r i b u t a r y  g l a c i e r s  r e t r e a t e d  t o  t h e i r  c i rque  bas ins .  Atigun River has removed 
t h e  d i s t a l  end of t h e  l a r g e  fans.  
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The ages  of lower f a n  s u r f a c e s  range widely.  Lichenometr ic  d a t i n g  u s i n g  
Rhizocarpon geographicum s u g g e s t s  t h a t  t h e  s u r f a c e  of t h e  f a n  ranges  i n  age 
from l e s s  t h a n  150 y r  i n  some channel  a r e a s  t o  a s  much a s  3,400 y r  between 
channe l s .  The range of 450 t o  1,500 y r  appears  most common. A rad iocarbon  
d a t e  of 495 f 155 yr B.P. (Gx-5114) was ob ta ined  from t h e  A l  hor izon  bur ied 28 
t o  34 cm deep i n  an a r e a  wi th  a s u r f a c e  l i c h e n  age  between 450 and 1,500 yr.  
The o l d e s t  p a r t  of t h i s  a l l u v i a l  f a n  is  n o r t h  of t h e  main a c t i v e  channel  and 
borrow p i t .  

Lichen d a t e s  i n  t h i s  s e c t i o n  i n d i c a t e  s u r f a c e  s t a b i l i t y  between 2,000 and 
4 ,500 y r  ago,  u s i n g  t h e  growth curve of Calkin  and E l l i s  (1980).  The a n t i -  
q u i t y  of t h i s  s u r f a c e  is supported by a rad iocarbon  d a t e  of 8 ,485 + 435 y r  
B.P. (GX-5113), which was ob ta ined  f o r  wood f ragments  a t  a d e p t h  of 158 cm. 
The s o i l s  of t h i s  s u r f a c e  show some of t h e  s t r o n g e s t  p r o f i l e  c h a r a c t e r i z a t i o n  
of t h e  Cryor then t s .  

Among t h e  o l d e s t  and most s t a b l e  s u r f a c e s  a s s o c i a t e d  w i t h  t h e  f a n  a r e  
kame o r  kame-moraine t e r r a c e s .  Subsequent t o  i c e  r e t r e a t ,  t h e s e  f e a t u r e s  have 
f o r  t h e  most p a r t  been b u r i e d  o r  engu l fed  by a l l u v i a l - f a n  d e p o s i t s .  It i s  
w i t h i n  kame d e p o s i t s  t h a t  s i g n i f i c a n t  s o i l - p r o f i l e  development has  t aken  
p l a c e .  Kame s u r f a c e s  and c e r t a i n  a r e a s  of t h e  l a r g e  a l l u v i a l  f a n s  appear  t o  
have remained s t a b l e  f o r  p e r i o d s  of 3,500 t o  6,000 y r .  Most o t h e r  s u r f a c e s  i n  
t h e  v a l l e y s  a r e  much younger. Water-washed (kame) d e p o s i t s  near  t h e  head of 
t h e  f a n  a s  w e l l  a s  t h o s e  d e p o s i t s  near  t h e  Atigun Val ley  may be p roduc t s  of 
t h e  r e t r e a t  of t h e  last  major i c e .  This i s  probably  t r u e  a l s o  of some l a t e r a l  
o r  kame moraine d e p o s i t s  h i g h e r  on t h e  v a l l e y  w a l l s ,  bu t  o t h e r ,  h i g h e r  l a t e r a l  
moraines a r e  o l d e r .  

D-258.6 
S t e e p  d e b r i s  cones w i t h  a c t i v e  levee-bordered flow channels  extend t o  

w i t h i n  100 m of t h e  road.  

D-259.0 
Across  t h e  r i v e r ,  n o r t h  of t h e  conf luence  of t h e  west and e a s t  branches  

of t h e  Atigun River ,  i s  an e x t e n s i v e  wet a r e a  c h a r a c t e r i z e d  by a mixed as- 
semblage of high- and low-center polygons and thermokars t  ponds (Kre ig  and 
Reger,  1982, p l .  24 ) .  

D-262.1 
A road runs  e a s t  t o  a rock quar ry  i n  Devonian Kanayut Conglomerate on a 

low r i d g e .  

D-262.7 
A s l o p e  f a i l u r e  i n  a r e d d i s h  boulclery s u b s t r a t e  occur red  on t h e  e a s t  s i d e  

of t h e  v a l l e y  wal l  250 m from the  road. When i t  was f r e s h l y  exposed i n  1979, 
massive  i c e ,  p o s s i b l y  of g l a c i a l  o r i g i n ,  was observed ( f i g .  116) .  

D-265 .O 
Atigun Val ley was dammed by a l a r g e  compound end moraine n o r t h  of 

G a l b r a i t h  Lake, forming a water  body t h a t  may have extended s o u t h  f o r  as much 
a s  30 km. This  a r e a  a t  p r e s e n t  i s  a broad,  poor ly  d r a i n e d  sandy p l a i n  w i t h  
abundant ice-wedge polygons,  strangtnoor,  and thaw l a k e s .  Tes t  bor ings  and 
n a t u r a l  b l u f f  exposures  show deep f i l l  of  l a c u s t r i n e  s i l t  and c l a y  g rad ing  
southward i n t o  predominantly d e l t a i c  sand w i t h  some f i n e  g r a v e l .  A t  t h i s  
p o i n t ,  At igun River l e a v e s  i t s  g r a v e l  bed and e n t e r s  t h e  l a c u s t r i n e  and 
d e l t a i c  d e p o s i t s .  It changes from a b ra ided  channel  i n  t h e  g r a v e l  d e p o s i t s  t o  
a meandering o r  b ra ided  channel  i n  t h e  f i n e r  d e p o s i t s  t o  t h e  n o r t h .  T r i b u t a r y  
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F i g u r e  120 .  R o u t e  map, M i l e  D-270 t o  D-276. P l a t e  25 r e f e r s  t o  i l l u s t r a t i o n  i n  
K r e i g  and R e g e r  (1982) .  
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s t reams  t h a t  e n t e r e d  t h e  l a k e  b a s i n  from both  v a l l e y  s i d e s  d e p o s i t e d  f a n  
d e l t a s  t h a t  g rade  from g r a v e l l y  f a n  d e p o s i t s  near  t h e i r  a p i c e s  i n t o  sandy 
d e l t a i c  beds toward t h e  v a l l e y  c e n t e r .  The b a s i n  l a t e r  f i l l e d  l a r g e l y  w i t h  
a l l u v i a l  sand ,  which i s  exposed a long Atigun River  a s  channel ,  f l o o d - p l a i n ,  
and reworked e o l i a n  d e p o s i t s  i n  b l u f f s  a s  h igh  a s  22 m. Radiocarbon d a t e s  
from a b lu f f  6 km s o u t h  of G a l b r a i t h  Lake i n d i c a t e  t h a t  Atigun River a l -  
l u v i a t e d  t o  a h e i g h t  of 15 m above i t s  modern l e v e l  between 4,800 and 4,630 y r  
B.P. (Hamil ton,  1979b). 

D-267.2 
K a m e s  a r e  p r e s e n t  immediately e a s t  of t h e  road. 

D-270.4 
Pump S t a t i o n  4 i s  b u i l t  on l imes tone  of t h e  L i sburne  group on a n  u n r e f r i -  

g e r a t e d  foundat ion.  Water w e l l s  d r i l l e d  t h e r e  i n  bedrock t o  245 m dep th  were 
u n s u c c e s s f u l  and a p p a r e n t l y  d i d  no t  r each  t h e  bottom of pe rmaf ros t .  Th i s  pump 
s t a t i o n  and t h e  t h r e e  t o  t h e  n o r t h  a r e  powered by n a t u r a l  gas  c a r r i e d  i n  a 20- 
t o  25-cnl-diameter fue l -gas  l i n e  bur ied  b e s i d e  t h e  road o r  b e s i d e  t h e  o i l -p ipe-  
l i n e  workpad. North of t h e  c r e s t  of t h e  Brooks Range, t h e  p i p e l i n e  workpad 
proximate  t o  e l e v a t e d  s e c t i o n s  was c o n s t r u c t e d  w i t h  p o l y s t y r e n e  board i n s u l a -  
t i o n .  The use  of i n s u l a t i o n  s u b s t a n t i a l l y  reduced t h e  amount of g r a v e l  re-  
q u i r e d  f o r  t h e  workpad arid a l s o  made it p o s s i b l e  t o  reduce t h e  l e n g t h  of t h e  
VSM's, s i n c e  t h e  i n s u l a t i o n  reduces  t h e  dep th  of thaw. I n  t h i s  p o r t i o n  of t h e  
Brooks Range and immediately n o r t h ,  boards  of 7.6- t o  11.4-cm-thick 
p o l y s t y r e n e  were used (Metz and o t h e r s ,  1982). North of Pump S t a t i o n  3 ,  7.6- 
t o  10.2-cm-thick boards were used,  and beyond Pump S t a t i o n  2 on t h e  c o a s t a l  
p l a i n ,  boards  3.8 t o  7.6 cm t h i c k  were used. Thickness  of t h e  i n s u l a t i o n  was 
based on ground temperatures---the lower t h e  t empera tu re ,  t h e  l e s s  
i n s u l a t i o n .  On l e v e l  ground, only  50 t o  56 crn of g r a v e l  was r e q u i r e d  over  
i n s u l a t i o n .  Because of Low permaf ros t  t empera tu res  n o r t h  of At igun Pass ,  most 
VSM's do not  r e q u i r e  h e a t  p ipes  o r  r a d i a t o r s .  But, wherever VSM's a r e  i n  
massive  i c e ,  h e a t  p i p e s  a r e  requ i red .  

G l a c i a l  and g l a c i o f l u v i a l  sediments  u n d e r l i e  l a c u s t r i n e ,  f l u v i a l ,  and 
e o l i a n  d e p o s i t s  beneath  t h e  f l o o r  of t h i s  broad,  g l a c i a t e d  v a l l e y  j u s t  s o u t h  
of G a l b r a i t h  Lake (Kreig  and Reger, 1982, p l .  25) .  L a c u s t r i n e  s i l t  and c l a y  
commonly have 25 t o  95 percen t  v i s i b l e  i c e .  F l u v i a l  s i l t  and sand t h a t  cover 
c l a y e y  l a k e  d e p o s i t s  t y p i c a l l y  c o n t a i n  a s  much a s  15 percen t  v i s i b l e  i c e .  
Thermokars t -pi t ted  topography deve lop ing  i n  t h e s e  i c e - r i c h  d e p o s i t s  h a s  become 
q u a s i - s t a b i l i z e d .  The topography is i r r e g u l a r  because of numerous thermokars t  
l a k e s  w i t h  reced ing  s h o r e l i n e s  and bimodal s l o p e  f a i l u r e s  ( f i g .  121) .  These 
a r e  b e s t  observed on t h e  west s i d e  of t h e  Atigun River .  a l though  an example 
can be observed a long  t h e  s h o r e  of t h e  small l a k e  a t  t h e  nor thwes te rn  edge of 
Pump S t a t i o n  4. 

L i n e a r  e o l i a n  d e p o s i t s  a r e  conspicuous  a long t h e  margins of t h e  Atigun 
River  f lood  p l a i n  and p a r a l l e l  t h e  dominant downvalley wind d i r e c t i o n .  
Blowout t roughs  15 t o  20 m deep a r e  s e p a r a t e d  by sharp-c res ted  r i d g e s  
(ya rdangs) .  Sand removed by wind from t h e  t roughs  i s  d e p o s i t e d  downwind as 
l o n g i t u d i n a l  dunes and sand b l a n k e t s  0.6 t o  8 m t h i c k .  I n  t h i s  a r e a ,  t h e  
bedload of t h e  Atigun River i s  sand. Sandy f l o o d - p l a i n  d e p o s i t s  1.2 t o  2.4 m 
t h i c k  o v e r l i e  l a c u s t r i n e  c l a y  and s i l t  (Kre ig  and Reger,  1982, p l .  25).  

The panorama a c r o s s  Atigun Val ley look ing  t o  t h e  n o r t h  from Pump S t a t i o n  
4 i l l u s t r a t e s  landforms and v e g e t a t i o n  of t h i s  g l a c i a t e d  v a l l e y  ( f i g .  
122)18. The p l a n t  cover is  d i scon t inuous  and i s  predominantly of cushion and 
mat-fonning t y p e s  t h a t  form c losed  communities only  a t  s i t e s  of s u r f a c e  

l 8  D e s c r i p t i o n  by D.M. Iilurray. 
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Figure 121 .  Bimodal s lope  f a i l u r e  60 m wide a t  t h e  head f ace  and 100 m long 
ad j acen t  t o  shore  of the  l a k e  near Pump S t a t i o n  4 (photograph 55-2 taken 
by R.A. Kreig) . 

Figure 122 .  Panoramic ske tch  of Atigun Valley looking no r th  from Pump S t a t i o n  
4 ( ske t ch  by Eleanor Huke). 



ATIGUN VALLEY - PRUDHOE BAY 177 

s t a b i l i t y .  The bar ren  t a l u s  supports  s e v e r a l  s p e c i e s ,  inc lud ing  a f e r n  t h a t  
emerges from the  i n t e r s t i c e s  of blocky rubble.  The a l p i n e  meadows of t he  
middle s lopes  a r e  continuous except f o r  a reas  of l o c a l  d i s turbance  by mass 
wasting. I n  t h e s e  meadows a r e  mosaics of sedges ,  g r a s s e s ,  f o r b s ,  and 
p r o s t r a t e  shrubs ,  the  composition of which v a r i e s  along a g rad i en t  from topo- 
g raph ic  prominences t o  depressions.  Dry and exposed high a r e a s  have f e l l  
f i e l d s  and dry meadows, whereas mois t ,  s h e l t e r e d  depress ions  have r i c h  sedge 
f e n s  and moist  meadows. Fur ther  v a r i a t i o n  r e s u l t s  from changes r e l a t e d  t o  
s lope  and aspec t .  North-facing s lopes  a r e  cool  and mois t ,  wi th  long-lying 
snow where hea ths  a r e  prominent. South-facing s lopes  a r e  warm and d ry ,  and 
a r e  f r e e  of snow i n  t h e  sp r ing ,  even before  t h e  v a l l e y  bottoms. 

Lower s lopes  have a conspicuous shrub component where even rainor depres- 
s i ons  o f f e r  s t a b i l i t y ,  s h e l t e r ,  and moist  s o i l s .  Hab i t a t s  a r e  more uniformly 
moist  i n  t h e  t r a n s i t i o n  from s lope  t o  v a l l e y  f l o o r ,  and t h e r e  sedge tussock 
meadows a r e  common but a r e  not a s  wel l  developed as  beyond t h e  mountain f r o n t  
i n  t h e  f o o t h i l l s .  l e t  sedge meadows a r e  ex tens ive  on t h e  v a l l e y  f l o o r ,  where 
dra inage  i s  poor. These meadows a re  pa t te rned  by weakly developed, low-center 
ice-wedge polygons o r  by low peat r i dges  (strangmoor).  Meadows a r e  i n t e r -  
rupted by r i p a r i a n  s tands  along Atigun River and where t he  sediments have been 
reworked and scu lp tured  by wind. 

Talus cones a r e  common on s t e e p e s t  por t ions  of t h e  v a l l e y  wal l  and d e b r i s  
cones and l a r g e  a l l u v i a l  fans  between reinnants of l a t e r a l  moraines have formed 
a t  the  mouths of V-shaped t r i b u t a r y  va l l eys .  These cones have f l o r a s  s i m i l a r  
t o  those  of f e l l  f i e l d s  and t a l u s ,  and t h e  f ans  a r e  l a r g e l y  dry meadows wi th  
r i p a r i a n  shrub (willow) t h i c k e t s  along deeply i n c i s e d  d i s t r i b u t a r i e s .  

' M t .  ~ u l t i ? n '  and t h e  mountain d i r e c t l y  t o  t h e  no r th  ac ros s  Atigun River 
a r e  topographica l ly  s i m i l a r ,  yet share  only about 60 percent of t h e i r  p l an t  
spec i e s .  Di f fe rences  i n  f l o r a  r e f l e c t  d i f f e r e n c e s  i n  t h e  l i t ho logy  of t he se  
mountains from the  Pennsylvanian and Miss i ss ipp ian  Lisburne Limestone (Mt. 
~ u 1 t - h )  t o  t h e  Cretaceous Fo r t r e s s  Mountain Conglomerate and a s soc i a t ed  
sediment (Brosgg and o t h e r s ,  1979). S imi l a r ly ,  t h e r e  a r e  some spec i e s  more o r  
l e s s  r e s t r i c t e d  t o  l o c a l  outcrops of shale .  Addi t iona l  information on t h i s  
a r ea  i s  a v a i l a b l e  i n  r e p o r t s  by t he  North Slope Borough (1979a,b).  

D-271.5 
Cuts 3 m deep along both s i d e s  of t he  road expose f l u v i a l  sand above 

g l a c i o l a c u s t r i n e  sand. The sand i s  bedded and conta ins  buried organic  mat te r .  

D-272.3 : Atigun River c ross ing .  
Only a shal low (1.2 t o  2.4 m) thaw bulb occurs  under t h e  r i v e r .  & r i n g s  

made i n  the  r i v e r  near the  south bank, on a po in t  ba r ,  and i n  the  cen t e r  of 
t h e  a c t i v e  channel near  t h e  p ipe l ine  br idge  revealed t h a t  up t o  18 rn of 
g l a c i o l a c u s t r i n e  c l ay  and s i l t  conta in  l a y e r s  t h a t  a r e  50 t o  95 percent  i c e  
under 1.5 t o  3 m of s i l t  and s i l t y  sand. VSM's have hea t  p ipes  t o  keep 
the  i ce - r i ch  clayey sediment f rozen.  The Arc t i c  Nat ional  W i l d l i f e  Refuge 
boundary i s  loca ted  5 km e a s t  i n  t he  Atigun Gorge. The gorge,  a f a u l t  v a l l e y ,  
i s  bounded t o  t he  south by Miss i ss ipp ian  t o  Permian l imestone and lower 
T r i a s s i c  t o  e a r l y  Permian s i l t s t o n e ,  sha l e ,  and some l imestone and t o  t he  
no r th  by north-dipping Cretaceous sedimentary rocks (Brosg6 and o t h e r s ,  1979). 

D-272.4 
A 15-m-deep exposure along the  no r th  bank of Atigun River e x h i b i t s  dune 

sand above peat  and sandy alluvium ( f i g .  123).  Basal sediments ( u n i t  1) 
r ep re sen t  f i l l i n g  of t h e  moraine-dammed Atigun bas in  by a s lugg i sh ly  flowing 
water body. The over ly ing  peat ( u n i t  2) d a t e s  an i n t e r v a l ,  between 2,250 and 
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Unit Thickness and description 

F i g u r e  123. Exposure a long n o r t h  bank of Atigun River  0.5 km e a s t  of 
G a l b r a i t h  Lake o u t l e t  s t ream.  Height above r i v e r  ranges  from 11 t o  16 m ,  
depending on l o c a l  t h i c k n e s s  of u n i t  3 (Hamil ton,  1979b, f i g .  10) .  

3 Dune sand (5 - 10 m). Dominantly medium 
sand to granules, with shale chips abundant in 
coarse sand to granule range. Upper 2 m main- 
ly peaty fine to medium sand. Irregular upper 
surface has dune morphology. 

2 Peat (4.5 m). Sandy bryophytic peat with scat- 
tered twigs; loose texture; oxide-stained. Sharp 

2245 + 120 near-horizontal upper contact; gradational low- 
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F i g u r e  124. P o l l e n  diagram from Atigun River  c u t  ( p o l l e n  sum exc ludes  Cypera- 
c e a e ,  Er icaceae  and Sphagnum) (modif ied from Walker and o t h e r s ,  1981, 
f i g .  11) .  

- ( 1  - 10,506) er contact. - 2510 t 110 1 Sand (1.5 m). Sand and silty fine sand with 
2 (BGS - 512) some lenses of granule-sized shale chips. 

3220 110 
Horizontal beds, generally 1 -2  cm thick; max- 

3,200 y r  ago, when Atigun River and t h e  l a c u s t r i n e  p l a i n  around t h e  s o u t h  end 
of G a l b r a i t h  Lake may have remained a t  a n e a r l y  c o n s t a n t  l e v e l .  Dune sand 
( u n i t  3) e v i d e n t l y  began accumulat ing more t h a n  750 y r  ago and sand c o n t i n u e s  
t o  be scoured and r e d e p o s i t e d  by s t r o n g  downvalley winds (Hamil ton,  1979b). 

Samples f o r  p o l l e n  a n a l y s i s  were ob ta ined  from t h e  road s e c t i o n  on t h e  
n o r t h  s i d e  of t h e  Atigun River  c r o s s i n g  a t  50- and 100-c~n i n t e r v a l s ,  r epre -  
s e n t i n g  sample i n t e r v a l s  of 250 t o  500 y r  each (Walker and o t h e r s ,  1981). A 
rad iocarbon  d a t e  of 3,080 + 65 y r  B.P. (DIC-442) was ob ta ined  from a sample of 
i n - s i t u  willow t w i g s ,  w i t h  bark i n t a c t ,  f r o ~ u  a dep th  of 6.5 m (Walker and 
o t h e r s ,  1981).  The r e l a t i v e  p o l l e n  diagram is  s i m i l a r  t o  those  from Prudhoe 
Ray, w i t h  30 t o  40 percen t  b i r c h  and 10 t o  20 percen t  a l d e r  ( f i g .  124) .  

. . . . . . . . . . . . . . . . .  . _ . . _ .  . - , . . - .  . . . . . . . .  , . . . . . . .  ( I  - 11,510) imum thickness 4 cm. 
. . - . . . . . . . - .  I . . . . . . . . . . . . . . . . . . .  



ATIGUN VALLEY - PRUDHOE BAY 17 9 

Cyperaceae p o l l e n  o c c a s i o n a l l y  reaches  h i g h  percen tages  but  i n  t h i s  s e c t i o n  i s  
g e n e r a l l y  l e s s  t h a n  60 percen t .  Gramineae i s  p r e s e n t  but  i n  low percen tages .  
Tree  p o l l e n  i s  dominated by s p r u c e ,  w i t h  up t o  40%, a l though  v a l u e s  d e c r e a s e  
n e a r  t h e  t o p  of t h e  s e c t i o n .  These l a r g e  va lues  c o n t r a s t  w i t h  modern p o l l e n  
r e c o r d s  i n  t h e  r e g i o n  (S.K. S h o r t ,  p e r s .  commun.). 

The ' a b s o l u t e '  p o l l e n  assemblage s u g g e s t s  a ve ry  g e n e r a l  t h r e e f o l d  
d i v i s i o n  of t h e  d a t a .  A t  t h e  base ,  t h e  accumulat ion of s p r u c e ,  a l d e r ,  and 
b i r c h  p o l l e n  i s  r e l a t i v e l y  high.  Between 5.5 and 2.5 m, Cyperaceae p o l l e n  i s  
p r e s e n t  i n  moderate q u a n t i t i e s ,  but  a t  1.5 m and upward t h e  s e c t i o n  i s  
dominated by Cyperaceae. The broad changes i n  amount of sedge p o l l e n  and i n  
t h e  amount of e x o t i c  sh rub  and t r e e  p o l l e n  p o s s i b l y  r e f l e c t  r e g i o n a l  changes 
i n  c l i m a t e .  

D-274.8 to D-275.0 
The road c r o s s e s  a smoothly graded 7" t o  8O s o l i f l u c t i o n - m o d i f i e d  s l o p e  

on t h e  f l a n k  of a l a t e r a l  moraine. F r o s t  hummocks a r e  abundant on t h e  s l o p e ,  
bu t  s o l i f l u c t i o n  l o b e s  a r e  absen t .  Slope measurements i n  J u l y  and August 1974 
showed smal l  movements, i n c l u d i n g  apparen t  r e t r o g r a d e  movement a long d r i e r  
p a r t s  of t h e  s l o p e ,  s u g g e s t i n g  p a r t i a l  r ecovery  from f r o s t - c r e e p  displacement  
of t h e  p rev ious  w i n t e r .  I n  t h e  d r a i n a g e  swale ,  smal l  n e t  downslope d i s p l a c e -  
ments (0.4 t o  0.8 cm) occur red ,  s u g g e s t i n g  t h a t  some s o l i f l u c t i o n  could be 
t a k i n g  p l a c e  where t h e  ground remains mois t  through t h e  summer (T.D. Hamilton, 
pers .  commun. ) . Ice-wedge polygons a r e  found on lower s l o p e s  and i n  swales .  
M a t e r i a l  excavated from r o a d c u t s  was dumped a long t h e  edge of t h e  road i n  
s e v e r a l  l o c a t i o n s  between h e r e  and t h e  e n t r a n c e  t o  G a l b r a i t h  Lake Camp. Thaw 
s u b s i d e n c e  occur red  under t h e  sandy d e t r i t u s  i n  t h e  i c e - r i c h  s l o p e  d e p o s i t s  
and t h e s e  m a t e r i a l s  a r e  now a t  ground l e v e l .  

The G a l b r a i t h  Lake c o n s t r u c t i o n  camp and a i r p o r t  a r e  l o c a t e d  on t h e  l a r g e  
a l l u v i a l  f a n  t h a t  borders  t h e  west s i d e  of t h e  l a k e .  Archaeo log ica l  evidence 
found near h e r e  d u r i n g  p i p e l i n e  c o n s t r u c t i o n  i n d i c a t e s  t h a t  t h e  a r e a  had been 
used by humans f o r  thousands of y e a r s  ( s e e  a l s o  North Slope Borough, 1979b). 

D-276.2 : Road a c c e s s  t o  G a l b r a i t h  A i r p o r t .  
North  of t h e  G a l b r a i t h  Camp e n t r a n c e  road,  t h e  road c r o s s e s  a s o l i f l u c -  

t ion-modif ied s l o p e  on a l a t e r a l  moraine a long t h e  base  of t h e  e a s t  v a l l e y  
w a l l .  Bor ings  from t h e  p i p e l i n e  t o  t h e  e a s t  encountered e x t e n s i v e  i c e - r i c h  
s o i l s  and massive i c e  t o  dep ths  of 17 m. 

D-277.5 to D-284.5 
The road c r o s s e s  a s e r i e s  of r e c e s s i o n a l  moraines of t h e  I t k i l l i k  I1 

G l a c i a t i o n .  Boulders  a r e  abundant on t h e  d r i f t  s u r f a c e ,  as a r e  kamelike sand 
and g r a v e l  d e p o s i t s .  

D-285.6 : Ent rance  t o  Tool ik  Camp. 
T o o l i k  Lake i s  a l a r g e  compound k e t t l e  i n  g l a c i a l  d e p o s i t s  of I t k i l l i k  I1 

age t h a t  marks t h e  p o s i t i o n  of a p e r s i s t e n t  block of s t a g n a n t  g l a c i e r  i c e  
d u r i n g  d e g l a c i a t i o n .  The h i l l s i d e  t o  t h e  e a s t  i s  covered w i t h  mass-movement 
f e a t u r e s .  North of t h e  Tool ik  Lake t u r n o f f ,  t h e  road ascends  t h e  o u t e r  
moraines  of I t k i l l i k  I age. Swales between moraines show s l i g h t  thermokars t  
fo rmat ion  a long t h e  road.  I t k i l l i k  I1 moraines a s s o c i a t e d  w i t h  Tool ik  Lake 
have many s o r t e d  bouldery f e a t u r e s .  

Sediments i n  Tool ik  Lalce span a t ime from about 13,000 y r  B.P. t o  t h e  
p r e s e n t .  The p o l l e n  record  from Tool ik  Lake (Bergstrom, 1982) s u p p o r t s  t h e  
three-zone s t r a t i g r a p h y  of L iv ings tone  (1955) .  An i n i t i a l  he rb  tundra  o f  





Figure  125B. G l a c i a l  geology map of a r ea  between Ga lb ra i t h  Lake and Sag River 
Camp ( s c a l e  1:250,000).  L e t t e r s  i n  boxes r e f e r  t o  n o t a t i o n s  i n  t e x t .  
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sedge and g r a s s  was rep laced  by a  birch-dominated shrub t u n d r a  about  12,000 y r  
B.P. An i n c r e a s e  of a l d e r  p o l l e n  a t  about 9,500 y r  H.P. rnarks t h e  e s t a b l i s h -  
ment of t h a t  shrub on t h e  A r c t i c  Slope.  Radiocarbon d a t e s  from t h e  
Sagavanirktok Kiver v a l l e y  and e lsewhere  i n  t h e  n o r t h - c e n t r a l  Brooks Range 
a l s o  i n d i c a t e  t h a t  peat-f orming p l a n t s  and woody shrubs  became r e l a t i v e l y  
widespread d u r i n g  t h i s  i n t e r v a l ,  probably  because of abrup t  c l i m a t i c  warming 
(Hamil ton,  1982). S e v e r a l  da ted  p o l l e n  p r o f i l e s  alorig t h e  r o u t e  of t h e  road,  
both  n o r t h  and s o u t h  of t h e  Cont inen ta l  Div ide ,  suggest  t h a t  t h e  a r r i v a l  of 
s p r u c e  was n e a r l y  synchronous,  a t  about 7,000 yr  B-P .  

Too l ik  Lake has  been t h e  s i t e  of a  s c i e n t i f i c  base camp opera ted  by t h e  
U n i v e r s i t y  of Alaska s i n c e  1975. D e t a i l e d  l i m n o l o g i c a l  s t u d i e s  of l a k e s  and 
s t reams  and s t u d i e s  of s o i l s  and v e g e t a t i o n  were supported by a  number of 
government agenc ies .  

D-286.5 
[ I ]  The road c r o s s e s  t h e  c r e s t  and o u t e r  l i m i t  of a  l a t e r a l  moraine of 

I t k i l l i k  age ( f i g .  125). The o u t e r  margin of t h e  I t k i l l i k  d r i f t  s h e e t  
g e n e r a l l y  i s  s h a r p l y  d e f i n e d  by abrup t  c o n t r a s t s  i n  s o i l s ,  v e g e t a t i o n ,  d r a i n -  
age ,  and r e l i e f .  To t h e  e a s t ,  t h e  broad,  r o l l i n g ,  tussock-covered r i d g e s  of 
Sagavanirktok age c o n t r a s t  s h a r p l y  w i t h  t h e  s t e e p e r ,  d r i e r ,  rnore i r r e g u l a r ,  
bou ldery  moraines a t  t h e  I t k i l l i k  i c e  l i m i t .  The f r o n t  of t h e  double  moraine 
of I t k i l l i k  11 age t h a t  e n c l o s e s  G a l b r a i t h  Lake i s  v i s i b l e  (Hamilton,  1978b). 

D-287.6 
T h i s  high p o i n t  on t h e  road o f f e r s  a  s c e n i c  view of t h e  Brooks Range t o  

t h e  s o u t h  and e a s t .  A k e t t l e l i k e  f e a t u r e  f i l l e d  w i t h  up t o  1  rn of pea t  on t h e  
e a s t  s i d e  of t h e  road y i e l d e d  a  rad iocarbon  d a t e  of 10,375 + 265 y r  B.P. 
(GX-5108) a t  a  dep th  of 0.7 m (K.K. E v e r e t t ,  pe r s .  cornmun.). 

P.287.8 to D-298.2 
[ J ]  The road c r o s s e s  t h e  s u r f a c e  of Sagavanirktok-age d r i f t ,  which i s  ap- 

p r e c i a b l y  o l d e r  and more subdued ~ o r p h o l o g i c a l l y  t h a n  I t k i l l i k  I d r i f t .  More 
con t inuous  tussock  cover  s u g g e s t s  f i n e r  and m o i s t e r  s o i l s  t h a n  on t h e  I t k i l l i k  
I d r i f t .  Swales have well-developed i c e  wedge polygons i n  presumably more 
o r g a n i c - r i c h  sediments  than  those  on a d j a c e n t  uplands .  

On a  smooth west- facing s l o p e  i n c l i n e d  3 " ,  mois t  swales  form a  dark-toned 
' h o r s e t a i l  d ra inage '  p a t t e r n .  Net s l o p e  motion between June  and August 1974 
w a s  0.1 t o  0.5 cm downslope i n  t h e  swales .  Retrograde movements of 0.3 t o  0.5 
cm were measured on t h e  d r f e r  r i d g e s  between t h e  swales  (T.D. Hamilton, pers .  
commun . ) . 

D-290.1 : Kuparuk River  c r o s s i n g .  

D-290.2 
The p i p e l i n e  c r o s s e s  beneath  t h e  road through a  l a r g e  c u l v e r t .  The work 

pad here  has  11.4 cm of i n s u l a t i o n .  A s i g n  i n d i c a t e s  t h a t  i t  i s  126 mi. a long  
t h e  p i p e l i n e  r o u t e  t o  Pump S t a t i o n  1 a t  Prudhoe Bay. At many p o i n t s  a long  t h e  
road between G a l b r a i t h  Lake and Prudhoe Bay, t r a c e s  of t h e  bur ied  20- t o  
25-cm-diameter fuel -gas  l i n e  can be observed immediately a d j a c e n t  t o  t h e  
road.  The fue l -gas  l i n e  was des igned t o  o p e r a t e  a t  ambient t empera tu res  and 
was b u r i e d  i n  a  t r e n c h  0.5 t o  1 m deep. I n s u l a t i o n  was placed over  t h e  l i n e  
t o  p reven t  s e t t l e m e n t  due t o  thawing of t h e  pe rmaf ros t .  However, s e t t l e m e n t  
and e r o s i o n  over  and a c r o s s  t h e  t r e n c h  c r e a t e d  maintenance problems (Brown and 
Berg, 1980).  Above ground, fenced g a s - l i n e  v a l v e s  and t h e  mi lepos t  markers 
f o r  t h e  fue l -gas  l i n e  a r e  seen  a long  t h e  road. 
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D-295.5 
The s h o r t  bur ied  s e c t i o n  of p i p e l i n e  i s  c a l l e d  a 'sag-bend game 

c r o s s i n g . '  An 8-km-long exper imenta l  snow pad was used here  as a workpad f o r  
c o n s t r u c t i o n  of t h e  e l e v a t e d  p i p e l i n e  ( ~ o h n s o n  and C o l l i n s ,  1980).  Se t t l ement  
of t h e  bouldery a c c e s s  road can be observed.  Th is  road w a s  o r i g i n a l l y  1 m 
above t h e  t u n d r a  s u r f a c e .  

D-298.2 
The road i n t e r s e c t s  t h e  o u t e r  I t k i l l i k  d r i f t  l i m i t  a t  t h e  west margin of 

t h e  Sagavanirktok River  v a l l e y .  S o i l s  a r e  g e n e r a l l y  g r a n u l a r  and f i r m  w i t h i n  
t h i s  l i m i t ,  wi th  on ly  minor s i l t y ,  o r g a n i c ,  swale  f i l l i n g s .  

D-299.4 
The Sagavanirktok River  v a l l e y  is  f i r s t  s e e n  from t h i s  promontory. 

D-302.0 : Ent rance  t o  Slope Mountain m a t e r i a l  p i t .  
S lope  Mountain is  composed of Cretaceous  sedimentary  rocks  rang ing  froin 

t h e  f l u v i a l  and shallow-marine conglomerate,  sands tone ,  s h a l e ,  and s i l t s t o n e  
of t h e  Nanushik Group capping t h e  mountain t o  t h e  marine  s h a l e  and s i l t s t o n e  
of t h e  Torok Formation a t  i t s  base  (Brosgg and o t h e r s ,  1979).  D a l l  sheep and 
r a p t o r s  a r e  f r e q u e n t l y  observed on t h e  upperuiost s l o p e s .  The base  of t h e  
mountain was mined f o r  rock dur ing  p i p e l i n e  c o n s t r u c t i o n  and has  s i n c e  been 
r e s t o r e d .  A s e r i e s  of ice-cored mounds l e s s  t h a n  1 In h i g h  have formed i n  t h e  
marshy d r a i n a g e  e a s t  of the  p i p e l i n e  (Nelson and O u t c a l t ,  1982; Brown and 
o t h e r s ,  i n  p r e s s ) .  l'he under ly ing  upwarped i c e  is c l e a r l y  v i s i b l e  i n  most 
b l i s t e r s  o r  rrlounds ( f i g s .  126 and 127) .  I n  A p r i l  1982, s e v e r a l  mounds were 
cored.  One was a p u r e  i c e  mound t h a t  had formed i n  t h e  g r a v e l l y  streambed. 
A t o t a l  of 1.75 m of i c e  was augered and cored b e f o r e  t h e  f r o z e n  streambed was 
reached.  A mound complete ly  bur ied  by snow on t h e  west bank of t h e  s t ream was 
a l s o  cored.  Over 1 m of bur ied  ground i c e  was encountered 70 cm below t h e  
s u r f a c e  of t h e  mound. Water under s l i g h t  p ress i l r e  was encountered a t  about 
1.8 m, approximately  t h e  same dep th  as t h e  bottom of an a d j a c e n t  i c e  mound i n  
t h e  s t ream.  Th is  occur rence  of f r e e  wa te r  w i t h i n  t h e  con t inuous  zone of 
permafrost  a t  such a shal low dep th  i s  unusual .  It i s  assumed t h a t  t h i s  mound 
and a d j a c e n t  ones had been p r e s e n t  f o r  s e v e r a l  y e a r s .  S e v e r a l  of t h e s e  mounds 
have c o l l a p s e d  ( f i g .  127).  However, o t h e r s  a r e  s t i l l  p rese rved ;  presumably,  
new ones a r e  s t i l l  forming. 

0-302.8 
The p i p e l i n e  i s  above ground near  Slope Mountain a s  it  c r o s s e s  end and 

ground Sediments h e r e  a r e  l a r g e l y  of g l a c i a l  o r i g i n .  Ga l lagher  
F l i n t  S t a t i o n ,  one of t h e  o l d e s t  known a r c h a e o l o g i c a l  s i t e s  i n  n o r t h e r n  
Alaska,  occup ies  a l a r g e  kame n o r t h  of t h e  road.  The s i t e  was excavated i n  
1970 and 1971 by E.J. Dixon, Jr., of t h e  U n i v e r s i t y  of Alaska (Dixon, 1975). 
Charcoal  w i t h i n  l o e s s  a t  20 t o  25 cm dep th  was da ted  a s  10,540 -t 150 y r  B.P. 
(SI-974). S e v e r a l  o t h e r  rad iocarbon  d a t e s  between 2,600 and 3,200 yr B.P. 
were o b t a i n e d  on c h a r c o a l  a t  sha l lower  l e v e l s  near  t h e  base  of t h e  s u r f a c e  
o r g a n i c  m a t .  Archaeo log ica l  remains found a t  t h i s  s i t e  sugges t  t h a t  t h e  
i n h a b i t a n t s  may have been t h e  b e a r e r s  of a t e c h n o l o g i c a l  t r a d i t i o n  from which 
b o t h  I n u i t  and Aleut m a t e r i a l  c u l t u r e s  de r ived .  

D-306.4 
[ K ]  The road c r o s s e s  t h e  f r o n t  of a moraine of I t k i l l i k  I1 age and 

f o l l o w s  t h e  outwash t e r r a c e  t h a t  i s s u e s  from it ( f i g .  125) .  Much of t h e  
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Figure  126. Ice-cored mounds a t  base  of Slope Mountain (photograph t aken  by 
J. Brown J u l y  15, 1981).  

F i g u r e  127. Remains of a mound immediately a d j a c e n t  t o  t h o s e  i n  f i g u r e  126. 
The i c e  was gone by t h e  fo l lowing  week (photograph taken by R. Veazey on 
J u l y  22,  1982) . 
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F igu re  128. Ice-wedge meltout  ad jacent  t o  road (photograph taken by J. Brown 
on Ju ly  5 ,  1981). 

r eg iona l  d r i f t  sequence i s  v i s i b l e  from t h i s  s e c t o r  of t h e  va l l ey .  The 
300-m-high r i dge  t h a t  f l anks  the  v a l l e y  t o  t he  west i s  a b u t t r e s s  a g a i n s t  
which a compound l a t e r a l  moraine was b u i l t  by superimposed d r i f t s  of 
Sagavanirktok and I t k i l l i k  age. A corresponding l a t e r a l  moraine e a s t  of t h e  
v a l l e y  is v i s i b l e  a few k i lometers  f a r t h e r  north.  Steep-fronted moraines of 
I t k i l l i k  I1 age i n  the  Ribdon and Sagavanirktok River v a l l e y s  must have been 
i n  con tac t  a t  one t ime, but were eroded by meltwater streams and by 
p o s t g l a c i a l  r i v e r  c u t t i n g .  A younger readvance of I t k i l l i k  I1 age 
(double-hachure p a t t e r n  on f i g .  125) i s  widespread through t h i s  pa r t  of t h e  
no r the rn  Brooks Range. I c e  readvanced t o  a p o s i t i o n  n o r t h  of Ga lb ra i t h  Lake 
and flowed e a s t  through Atigun Gorge t o  block t h e  upper course of 
Sagavanirktok River. Radiocarbon d a t e s  from t h e  Sagavanirktok and Anaktuvuk 
River v a l l e y s  i n d i c a t e  t h a t  the  readvance culminated between about 13,000 and 
12,500 yr  B.P. (Hamilton, 1979b). 

D-307 -8 
Ice-wedge meltout  has  occurred ad jacent  t o  both t h e  road and t h e  buried 

pipe on the  west s i d e  of the  road. However, the  deeply i nc i s ed  meltout  and 
t roughs appear t o  be s t a b i l i z e d  ( f i g .  128). 

D-310.6 
The road begins  i t s  descent  t o  t h e  f lood p l a i n  of Sagavanirktok River. A 

cut  along the  west s i d e  of the  road exposes 7 m of gray outwash grave l  con- 
s i s t i n g  of rounded s tones  up t o  cobble s i z e  i n  a sandy matrix.  Low, wet a r e a s  
con ta in  ice-wedge polygons and s t  r i ng  bog o r  s t rangnoor .  

D-310.6 to D-314.5 
The road fol lows the  f lood p l a i n  and t e r r a c e s  of Sagavanirktok River. 



(E = Elliott, D = Dalto'n) 

Mileage point mentioned in text 

Mileage interval mentioned in text 

C""") Major icing 

Figure  129A. Route map of t h e  a r e a  between Ga lbra i th  Lake and Sag River Camp. 
( s c a l e  1:250,000). L e t t e r s  i n  boxes r e f e r  t o  n o t a t i o n s  i n  t e x t .  



F i g u r e  129B. G l a c i a l  geology map of t h e  a r e a  between G a l b r a i t h  Lake and Sag 
R ive r  Camp ( s c a l e  1:250,000).  L e t t e r s  i n  boxes r e f e r  t o  n o t a t i o n s  i n  t e x t .  
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The Sag River  Camp of t h e  Alaska Department of T r a n s p o r t a t i o n  and P u b l i c  
F a c i l i t i e s  i s  l o c a t e d  on t h e  outwash p l a i n  t o  t h e  e a s t .  

D-312.6 : Pump S t a t i o n  3. 
R e f r i g e r a t e d  founda t ions  a r e  used h e r e  t o  p reven t  thawing of permafrost .  

Remnants of s e v e r a l  ice-cored mounds have been observed j u s t  t o  t h e  n o r t h  on 
t h e  west  s i d e  of t h e  road,  where d r a i n a g e  was impeded and i c e  developed under 
t h e  t u n d r a  s u r f a c e .  

D-314.5 to D-355 
The road c r o s s e s  n e s t e d  end moraines of I t k i l l i k  age  u n t i l  approximately  

Mile 320. It t h e n  c o n t i n u e s  n o r t h  p a s t  t h e  n o r t h e r n  d r i f t  l i m i t s  of t h e  
Sagavanirktok River  (Mile  340) ,  t h e  Anaktuvuk River  (approximately  Mile 350) ,  
and Gunsight Mountain ( ? )  (approx imate ly  Mile 355) i c e  advances ( f i g .  129 ) .  
North of t h e  P h i l i p  Smith Mountains Quadrangle t h e s e  d r i f t s  have been mapped 
p r i m a r i l y  by a i r p h o t o  i n t e r p r e t a t i o n .  Consequently,  d e t a i l s  of t h e i r  composi- 
t i o n  and d i s t r i b u t i o n  a r e  poor ly  known (T.D. Hamilton, pe rs .  cornmun.). Pipe- 
l i n e  and road- tes t  bor ings  have not  y e t  confirmed t h e  p resence  of till n o r t h  
of t h e  Sagavanirktok i c e  advance l i m i t  a t  M i l e  340 (R.A. Kreig ,  pers .  
commun. 1. 

D-315.0 
The e l e v a t e d  p i p e l i n e  t o  t h e  west  encountered e x t e n s i v e  massive i c e .  

Borings encountered over  12 m of c l e a r  i c e  benea th  0.5 t o  1 m of o r g a n i c  mat. 
The l o n g  range of h i l l s  e a s t  of t h e  road i s  t h e  Kakuktukruich B l u f f .  

1)-320.0 
T h i s  s e c t i o n  of t h e  I t k i l l i k  t i ll  s h e e t  has  numerous h e a t  p i p e s  i n  t h e  

VS14's, an i n d i c a t i o n  of i t s  h igh  i c e  c o n t e n t .  The road ahead descends  t o  t h e  
Sagavanirktok River  t e r r a c e s  and f lood  p l a i n .  

D-322.6 
S o l i f l u c t i o n  and strangmoor ( s t r i n g  bogs) occur  on wet t e r r a c e s .  The 

strangmoor occurs  he re  on a t h i n  a c t i v e  l a y e r  and forms on v e r y  g e n t l y  s l o p i n g  
t o  f l a t  s u r f a c e s  covered w i t h  s lowly moving sha l low water .  They a r e  o r i e n t e d  
normal t o  t h e  d i r e c t i o n  of water  movement, and each r i d g e  f u n c t i o n s  a s  a low 
d i k e  s e p a r a t i n g  g r a s s y  f e n s  a t  s l i g h t l y  d i f f e r e n t  e l e v a t i o n s  (Kre ig  and Reger,  
1982, p l .  26).  

Coarse f lood-p la in  a l luvium i s  d i s c o n t i n u o u s l y  f r o z e n  a d j a c e n t  t o  t h e  
a c t i v e  channel  of t h e  Sagavanirktok R i v e r ,  where s i l t y  cover  d e p o s i t s  a r e  t h i n  
o r  absen t  and t h e  f lood  p l a i n  i s  b a r e  o r  v e g e t a t e d ,  w i t h  low willow shrubs  and 
a ground cover  of l i c h e n s  and mosses. Alluvium benea th  t h e  remainder of t h e  
f lood  p l a i n  i s  con t inuous ly  f r o z e n  and t h e  s u r f i c i a l  s i l t  l a y e r  i s  up t o  1.5 m 
t h i c k .  I n f r e q u e n t  f l o o d i n g  permi t s  development of a n  insulating m a t  of 
Sphagnum moss and sedge tussocks  (Kre ig  and Reger,  1982, p l .  29).  

Rounded uplands  of t i l l  and i c e - c o n t a c t  g r a v e l  a r e  p e r e n n i a l l y  f r o z e n  and 
covered by tussocks .  Within  t h e  s e a s o n a l l y  thawed s u r f a c e  l a y e r ,  col luvium i s  
f lowing  down a t e r r a c e  s c a r p  t o  form s o l i f l u c t i o n  cones t h a t  a r e  b u i l d i n g  o v e r  
t h e  low f l u v i a l  t e r r a c e  of t h e  Sagavanirktok River .  These s o l i f l u c t i o n  cones 
have a t h i c k  o r g a n i c  mat of Sphagnum moss, sedge t u s s o c k s ,  and wi l low shrubs  
t h a t  s t a n d  0.3 t o  0.6 m high.  

D-326.5 : I-Iappy Val ley  roadcut .  
The road l e a v e s  t h e  f l o o d  p l a i n  of t h e  Sagavanirktok River  and ascends  
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Figure 130. Aer ia l  ob l ique  photograph of Happy Val ley roadcut (photograph 
t aken  by D. Atwood on J u l y  19,  1982). 

about 50 m up a  s t e e p  grade t o  an upland su r f ace  under la in  by bedrock and 
g l a c i a l  d e p o s i t s  ( f i g .  130). In 1974, roadcuts  exposed muck and pea t  wi th  i c e  
wedges and o the r  massive ground i c e  above a  l e n s  of till r e s t i n g  on bedrock 
( f i g s .  131 and 132). 

I c e  content  of t h e  till i s  p a r t l y  r e l a t e d  t o  i t s  a n t i q u i t y .  I n  g e n e r a l ,  
o l d  till conta ins  more massive ground i c e  than young till because o lde r  till 
i s  gene ra l l y  f i n e r  grained and more time has been a v a i l a b l e  f o r  ep igene t i c  i c e  
growth (assuming t h a t  ground i c e  d id  not  melt  deeply during i n t e r g l a c i a -  
t i o n s ) .  T i l l  i n  the  Happy Val ley a r ea  was deposi ted during the  Sagavanirktok 
G l a c i a t i o n  of middle P l e i s tocene  age. Borings and observa t ions  of t h e  roadcut 
i n d i c a t e  t h a t  t h e  upper 7.5 t o  13 m of till i s  vo lume t r i ca l l y  composed of up 
t o  75 percent  massive ice .  T i l l  between l a r g e  i c e  wedges i n  t h e  f r e s h  road 
cu t  had uniformly disseminated v i s i b l e  i c e  i n  t he  form of l e n s e s ,  pods, and 
coa t ings  around c l a s t s  t h a t  composed up t o  50 percent  by volume of t he  f rozen  
till. Soon a f t e r  cons t ruc t ion  of t h e  c u t ,  bimodal f a i l u r e s  developed i n  t h e  
southern  ha l f  of i t ,  where disseminated i c e  occurred i n  till. Winter i n s t a l -  
l a t i o n  of an i n s u l a t i n g  g rave l  blanket  s t a b i l i z e d  t h i s  s e c t i o n  (McPhail and 
o t h e r s ,  1975). I n  c o n t r a s t ,  the  r e s t  of t h e  c u t ,  which contained ex tens ive  
wedge i c e ,  was s e l f  s t a b i l i z i n g .  Meltwater from a b l a t i n g  massive i c e  ap- 
pa ren t ly  d i d  not  produce the  e leva ted  pore-water p ressures  needed t o  genera te  
mudflow tongues a t  t he  base of t he  a b l a t i n g  face  of t he  cut  (Kreig and Reger, 
1982, pl .  28). 
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I Sedge  t u s s o c k s  and  - O r g a n i c  s i l t  and  p e a t  

(ft) 20 10 0 
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Figure  131. Geologic  s e c t i o n  exposed i n  southwest  w a l l  of Happy V a l l e y  
roadcu t .  T i l l  composi t ion i s  s i l t  w i t h  some sand,  g r a v e l ,  and c l a y ,  and 
s c a t t e r e d  t o  numerous cobb les  and bou lders .  A rad iocarbon  d a t e  of 
>49,000 y r  B.P. (TJSGS-56) was o b t a i n e d  from a pea t  l e n s  n e a r  t h e  b a s e  of 
a 5-m-thick s u r f i c i a l  g ray  s i l t  l a y e r  t h a t  occurs  above t h e  till t o  t h e  
r i g h t  o f  t h e  s e c t i o n  i l l u s t r a t e d  h e r e  (T.D. Hamilton, pers .  commun.) 
(modif ied from Kre ig  and Reger,  1982, f i g .  13) .  

F i g u r e  132. I c e  wedges exposed i n  Happy V a l l e y  c u t ,  J u n e  1974 (photograph 
t aken  by R&M C o n s u l t a n t s ,  I n c . )  . 
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Figure  133. Gully e ros ion  exposing l a r g e  i c e  wedge j u s t  no r th  of t he  Happy 
Valley cu t  (photograph taken by R. Veazey on J u l y  22, 1982). 

By J u l y  1975, massive ground i c e  was no longer  v i s i b l e  i n  roadcuts ,  but  
i t  continued melt ing and caused s lope  r e t r e a t  by slump and flowage. The s lope  
has g radua l ly  receded as i c e  cont inues t o  m e l t .  Ample evidence of ice-wedge 
polygons i n  t h e  a r ea  i s  seen  on c l o s e  i n spec t ion  of a e r i a l  photographs. About 
0.5 km nor th  of here  and on the  e a s t  s i d e  of the  road,  gu l ly  e ros ion  has ex- 
posed l a r g e  i c e  wedges ( f i g .  133). The g u l l y  i s  forming from t h e  e ros ive  
f o r c e s  of d ra inage  water co l l ec t ed  by t h e  road and channeled through a cul- 
v e r t .  Although headward e ros ion  toward t h e  road was s t i l l  q u i t e  a c t i v e  i n  
summer 1982, t h e  lower po r t i on  of t he  gu l ly  i s  s t a b i l i z i n g  n a t u r a l l y .  

D-326.5 to D-340.0 
The road c ros se s  ground moraine and end moraines of t he  Sagavanirktok 

Glac i a t i on .  This t e r r a i n  i s  t y p i c a l  of t h e  Arc t ic  F o o t h i l l s .  Ice- r ich  till 
der ived  l o c a l l y  and from sedimentary rocks i n  t h e  Brooks Range t o  t h e  south 
covers a t i l t e d  sequence of interbedded s h a l e ,  s i l t s t o n e ,  and sandstone of 
Cretaceous age (Kreig and k g e r ,  1982, p l .  28). Slope processes  have g r e a t l y  
modified t he  o r i g i n a l  morainal topography, lowering and rounding high a r e a s  
and f i l l i n g  dep re s s ions ,  and su r f ace  streams have become wel l  i n t eg ra t ed .  The 
conspicuous f l a t - f l oo red  upland depress ions ,  which a r e  p a r t i a l l y  f i l l e d  wi th  
i ce - r i ch  pea t ,  o rganic- r ich  slopewash d e p o s i t s ,  and colluvium a t  l e a s t  1.5 m 
t h i c k ,  may be p a r t i a l l y  f i l l e d  k e t t l e s  o r  thaw ponds and bas ins  developed 
through l o c a l  deep thawing of i c e - r i ch  sediments.  An example of such a de- 
press ion  i s  crossed by the  road a t  Mile 334. S imi la r  f e a t u r e s  occur i n  many 
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I c e  Wedge Measurements,  To Scale in Meters 
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F i g u r e  134. I d e a l i z e d  c r o s s  s e c t i o n s  of fue l -gas  l i n e  t r e n c h  immediate ly  
s o u t h  of t h e  a c c e s s  road t o  M a t e r i a l  S i t e  124-1. Tops of wedges a r e  t o  
h o r i z o n t a l  s c a l e ,  but  shapes  a r e  i d e a l i z e d  and not  t o  v e r t i c a l  s c a l e  (Brown 
and Berg, 1980, f i g .  25; observed by J e r r y  Brown i n  1976). 

a r e a s  beyond t h e  known l i m i t s  of g l a c i a t i o n .  M~st b a s i n  f l o o r s  d i s p l a y  t h e  
well-developed polygonal  s u r f a c e  p a t t e r n  of i c e  wedges. High-centered poly- 
gons i n d i c a t e  l o c a l  d e g r a d a t i o n  of i c e  wedges. 

D-327.6 
The e l e v a t e d  p i p e l i n e  c r o s s e s  under t h e  road. 

D-334.0 
The road c r o s s e s  numerous d r a i n a g e s  t h a t  c o n t a i n  well-developed ice-wedge 

polygons l i k e  t h o s e  observed both  n o r t h  and s o u t h  of Happy Val ley  Camp. 
Occas iona l  exposed i c e  wedges may be seen mel t ing.  I n  a d r a i n e d  l a k e  b a s i n  
immediately s o u t h  of t h e  a c c e s s  road t o  t h e  e a s t  ( M a t e r i a l  S i t e  124-I) ,  t h e  
fue l -gas  l i n e  t r e n c h  exposed a 1-lrm-long s e c t i o n  of i c e  wedges ( f i g .  134).  
The i r r e g u l a r  d i s t r i b u t i o n  of t h e  tops  of t h e s e  wedges i n d i c a t e s  t h a t  t h e y  
were formed and modif ied by s e v e r a l  c y c l e s  of development and degrada t ion .  
Many VSM l o g s  of t h i s  a r e a  show l a r g e  amounts of massive i c e .  Kovacs and 
Morey (1978) were a b l e  t o  d e t e c t  t h e  top  and bottom of massive  ground i c e  
a long t h e  e l e v a t e d  s e c t i o n  of t h e  p i p e l i n e  by us ing  an impulse r a d a r  system. 

E336.0  : Happy Val ley  Camp. 
[ L ]  Th is  a r e a  i s  t h e  t y p e  l o c a l i t y  f o r  t h e  Sagavanirktok G l a c i a t i o n  of 

Detterman and o t h e r s  (1958) ( f i g .  129).  Beaded d r a i n a g e ,  r e s u l t i n g  from t h e  
m e l t i n g  of i c e  wedges, occurs  on e i t h e r  s i d e  of t h e  road throughout  t h e s e  up- 
l a n d s .  

D-337.0 to D-340.0 
[MI Immediately n o r t h  of Happy Val ley  Camp, t h e  road c u t s  a c r o s s  s e v e r a l  

more b a s i n s  and d r a i n a g e s  t h a t  c o n t a i n  ice-wedge polygons ( f i g .  129) .  These 
b a s i n s  a r e  f i l l e d  w i t h  o r g a n i c - r i c h  s i l t  and sand. A thaw l a k e  a d j a c e n t  t o  
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t he  road i s  a c t i v e l y  eroding i n t o  an i ce - r i ch ,  peaty b l u f f .  The road c ros se s  
broad,  smoothly s lop ing ,  tussock-covered moraines of Sagavanirktok age, then 
descends the  moraine f r o n t  t o  fol low the  r e l a t i v e l y  smooth su r f ace  of t h e  
a s soc i a t ed  outwash t e r r a c e  and t h e  f lood p l a i n  cf t h e  Sagavanirktok River ,  
which i t  fol lows nea r ly  t o  Sagwon Bluff .  

D-340.0 to D-343.8 
Rivercu t  exposures of 30-m-thick outwash t e r r a c e  of Sagavanirktok age a r e  

v i s i b l e  along the  e a s t  s i d e  of the  f lood p l a in .  Oxidized outwash g rave l  over- 
l ies  t i l l  of Anaktuvuk age t h a t  i s  unde r l a in  by bedrock i n  some places .  
Outwash occurs  d i r e c t l y  above bedrock i n  a few exposures ,  wi th  s c a t t e r e d  
e r r a t i c  boulders  forming a r e s i d u a l  depos i t  along t h e  bedrock sur face .  

D-350.0 
The road ascends onto t h e  Sagwon uplands.  This marks t h e  nor thern  l i m i t  

of a l d e r  (Alnus v i r i d i s )  along the  road co r r ido r .  Sagwon Bluf fs  may be seen  
t o  t h e  north.  There is  a s o l i f l u c t i o n  s lope  on t h e  west s i d e  of t h e  road. 
Several  old and l a r g e l y  vegetated earth-flow scarps  a r e  presen t .  This po in t  
marks t h e  northernmost advance of t he  Anaktuvuk Glac ia t ion .  

D-352.0 
Bladed ' c a t '  t r a i l s  cu t  ac ros s  from t h e  west and p a r a l l e l  t h e  road. The 

Sagwon uplands a r e a  was heavi ly  impacted by win te r  and sulniner t r a c t o r  t r a i n s  
i n  t h e  1960's. Disturbance of t h e  su r f ace  vege t a t i on  t r i gge red  melt ing of t h e  
underlying wedges and o ther  forms of ground i c e  i n  the  f ine-grained l o e s s  and 
colluviurn. A number of thermokarst ponds a r e  presen t .  Pond depths ,  in- 
d i c a t i n g  l o s s  of volume due to  ground i c e  mel t ing ,  ranged between 38 and 67 cm 
and averaged 50 cm i n  13 ponds measured. Radiocarbon d a t e s  i n  swales range 
between 4,900 and 6,000 yr  B.P. (K.R. E v e r e t t ,  pers .  commun.; f i g .  135). 

D-352.0 to D-355.0 
These s t eep ly  r o l l i n g  uplands may have been covered by t h e  Gunsight 

Mountain G lac i a t i on .  Poorly cemented sandstone and conglomerates of t h e  
Sagavanirktok Formation of T e r t i a r y  age crop out  a t  r i g h t  angles  t o  t h e  road. 
I c e  wedges a r e  occas iona l ly  exposed i n  g u l l i e s  eroded along the  edge of t h e  
road ( f i g .  136). Beaded dra inage  i n  v a l l e y  bottoms i n d i c a t e s  t he  ex t en t  of 
ice-wedge formation and m e l t .  

D-355.6 
A probably a c t i v e  s o l i f l u c t i o n  s lope  impinges on t h e  road from t h e  ea s t .  

Bluf fs  t o  the  e a s t  (no t  v i s i b l e )  have a c t i v e  mudflows, oil-soaked sands,  and 
c o a l  beds i n  T e r t i a r y  depos i t s .  On t h e s e  r i v e r  t e r r a c e s  i s  an Alaskan endemic 
populat ion of ~ u i r ' s -  f l eabane  da i sy  (Er igeron  mui r i ) .  No ground o r  a i r  access  
i s  permit ted around t h e  b l u f f s  because t h i s  i s  a l s o  an endangered r ap to r  
h a b i t a t .  

D-356.3 : Mate r i a l  S i t e  127-2.18. 
Large c racks  a r e  v i s i b l e  i n  weathered T e r t i a r y  sand and g rave l  ( f i g .  

137). Thennokarst p i t s ,  caused by melt ing of buried i c e  wedges, a r e  a l s o  
p re sen t  i n  t h e  g rave l ly  upland m a t e r i a l  s i t e .  This l o c a t i o n  o f f e r s  an excel- 
l e n t  panorama of t he  Arc t ic  Coastal  P l a i n  and the r o l l i n g  f o o t h i l l s .  

D-360.4 : Pump S t a t i o n  2. 
The road descends onto t h e  t e r r a c e s  of t h e  Sagavanirktok River and t h e  
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F i g u r e  135. S e c t i o n  of upland ( t u s s o c k - f r o s t  s c a r )  t u n d r a  s o i l  
( P e r g e l i c  Cryaquepts)  i n  t h e  Sagwon a r e a .  The p rocesses  t h a t  
i n c o r p o r a t e  o r g a n i c  m a t e r i a l  w i t h i n  t h e  s o i l  have opera ted  
over  a  c o n s i d e r a b l e  span of t i m e .  Discont inuous  and i n t e r -  
r u p t e d  s o i l  hor izons  a r e  t y p i c a l  of t u n d r a  ( f r o s t - d i s t u r b e d )  
(modif ied from E v e r e t t  and Brown, 1982, f i g .  8).  

A r c t i c  C o a s t a l  P l a i n .  The e l e v a t i o n  of t h e  A r c t i c  Coas ta l  P l a i n  a t  t h i s  p o i n t  
i s  170 m. It beg ins  a  g e n t l e  descen t  t o  Prudhoe Bay some 100 km nor th .  The 
n o r t h e r n  l i m i t  of dwarf b i r c h  ( B e t u l a  nana) a long t h e  road c o r r i d o r  occurs  a t  
t h e  base  of t h e  s l o p e  o p p o s i t e  Pump S t a t i o n  2 ( t o  t h e  e a s t ) .  The p ipe  i s  
e l e v a t e d  i n  t h i s  a r e a  because t h e  overburden of 5 m of i c e - r i c h  s i l t  was t o o  
t h i c k  t o  t r e n c h  s o  t h a t  t h e  p i p e  could be  b u r i e d  i n  t h e  u n d e r l y i n g  thaw-stable  
ground. Th is  is  t h e  n o r t h e r n  boundary of t h e  u t i l i t y  c o r r i d o r  and of f e d e r a l  

l a n d s  under c o n t r o l  of t h e  Bureau of Land Management. Land n o r t h  of t h i s  
p o i n t  i s  owned by t h e  s t a t e .  
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F i g u r e  136. Gul ly  e r o s i o n  a d j a c e n t  t o  e a s t  s i d e  of road on Sagwon upland 
exposed i c e - r i c h  sediment and s m a l l  i c e  wedge ( n e x t  t o  s h o v e l )  
(photograph t aken  by J. Brown on J u l y  5 ,  1981).  

F igure  137. Large c o n t r a c t i o n  c r a c k s  ( fo reground)  were exposed d u r i n g  
e x t r a c t i o n  of poor ly  cemented g r a v e l  of T e r t i a r y  age f o r  road 
c o n s t r u c t i o n  a t  M a t e r i a l  S i t e  127-2.1B. I n t e r c o n n e c t i n g  i c e  wedges have 
s i n c e  mel ted t o  form thermokars t  t roughs  (photograph t a k e n  by J. Brown 
on J u l y  15,  1981). 
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Figure 139. A r e l a t i v e l y  small  pingo i n  t he  Tool ik  River pingo f i e l d .  Such 
f e a t u r e s  a r e  gene ra l l y  less than 5 m i n  he igh t ,  and willows a r e  t h e  
p r i n c i p a l  shrub on them. Note polygonal troughs on r i g h t  end (photograph 
t aken  by K.R. E v e r e t t ) .  

D-363.0 
The l i n e  of low c l i f f s  bordering low h i l l s  t o  t h e  no r th  marks F rank l in  

Bluf fs .  Late snowbeds may be seen i n  Ju ly .  East of the  road, t h e  Iv i shak  
River  empties i n t o  t h e  Sagavanirktok River. The p i p e l i n e  t o  t h e  e a s t  i s  
buried i n  f rozen  thaw-stable g rave l s  under thaw-unstable fine-grained s o i l s .  
The Brooks Range can be seen t o  t he  sou theas t ,  and the  f o o t h i l l s  and White 
H i l l s  t o  t he  southwest and w e s t ,  r e spec t ive ly .  A thaw l ake  i s  observed 
ad j acen t  t o  t h e  road. The road passes  over  a s e r i e s  of low r i d g e s  composed of 
i c e - r i ch  s i l t  of unknown o r i g i n .  

D-375.0 
The small  h i l l  about 8 km west of t he  road i s  one of many pingos i n  t h e  

Toolik River pingo f i e l d .  This f i e l d  occupies  an a r ea  of the lake-dot ted f l a t  
t e r r a i n  t y p i c a l  of t he  Teshekpuk Lake s e c t i o n  of t h e  A r c t i c  Coas ta l  P l a i n  t h a t  
p r o j e c t s  south between segments of t he  White H i l l s .  This a r ea  se rves  a s  a 
c o r r i d o r  f o r  t he  presen t  Sagavanirktok, Putul igayuk,  and Tool ik  r i v e r s .  
Regional e l e v a t i o n  ranges between 60 and 75 m, and r e l a t i v e  r e l i e f ,  excluding 
t h e  pingos,  ranges between 3 and 6 m. The pingos a r e  numerous, and t h e  con- 
c e n t r a t i o n  i s  probably t he  g r e a t e s t  on t h e  North Slope. In  p lan ,  most pingos 
i n  t h e  a r ea  a r e  ovoid and t h e i r  long axes range from 50 t o  over 130 m ( f i g .  
139).  There i s  a l s o  a cons iderab le  range i n  height  from a few meters f o r  
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Figure  140. Percy Pingo, one of the  l a r g e s t  p ingos  i n  t h e  Tool ik  River p ingo 
a r e a ,  l o c a t e d  approximately  5 km west of t h e  road (photograph t aken  by 
D. Atwood on J u l y  19 ,  1982).  

f r o s t  b l i s t e r s  t o  n e a r l y  20 m. The pingo shown i n  f i g u r e  140 i s  one of t h e  
l a r g e s t  i n  t h e  reg ion .  It is  g e n e r a l l y  assumed t h a t  p ingos  r e p r e s e n t  a 
l o c a l i z e d  upward bu lg ing  of f r o z e n  near - sur face  sediments  t h a t  was caused by 
h y d r o s t a t i c  f o r c e s  a s s o c i a t e d  wi th  t h e  fo rmat ion  of an i c e  core .  The forma- 
t i o n  of p ingos  and t h e i r  l o c a t i o n s  have been c l o s e l y  t i e d  t o  t h e  thaw-lake 
c y c l e  ( s e e  Prudhoe Bay s e c t i o n ) .  They may form i n  r e c e n t l y  d r a i n e d  thaw l a k e s  
t h a t  were deep enough t o  have had thaw windows o r  deep thaw b u l b s  benea th  them 
and where unfrozen sedimerrts had s u i t a b l e  pe rmeabi l i ty .  Numerous examples of 
t h i s  a s s o c i a t i o n  between pingos  and thaw-lake b a s i n s  can be found on t h e  
A r c t i c  C o a s t a l  P l a i n .  There a r e  r e l a t i v e l y  few examples of pingos i n  thaw- 
l a k e  b a s i n s  and i t  i s  probab le  t h a t  t h e i r  development i s  t i e d  t o  h y d r o s t a t i c  
f o r c e s  a s s o c i a t e d  w i t h  t h e  f r e e z i n g  of t a l i k s  developed benea th  former 
channe l s  of t h e  Tool ik  and Pu tu l igayuk  Rivers .  19 

Pingos p rov ide  a b o t a n i c a l  c o n t r a s t  on t h e  A r c t i c  C o a s t a l  P l a i n  w i t h  t h e  
thaw l a k e s  and wet sedge meadows. The s t e e p  s i d e s  p rov ide  such  good d r a i n a g e  
t h a t  t h e  p l a n t  cover i s  very similar t o  i f  no t  e s s e n t i a l l y  t h e  same as t h e  
r i c h  sedge-grass-forb  meadows of a l p i n e  s l o p e s  i n  t h e  Brooks Range t o  t h e  
sou th .  South-facing exposures  and t h e  summits p rov ide  h a b i t a t s  f o r  s p e c i e s  
q u i t e  "out  of p lace"  on t h e  A r c t i c  C o a s t a l  P l a i n  (Koranda, 1960). 

l9 Based on m a t e r i a l  provided by K.R. E v e r e t t .  
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Figure 141. Frankl in  Bluf fs  with l a t e  snowbeds i n  Ju ly .  Lower beds a r e  
s i l t s t o n e ,  sandstone,  and pebble conglomerate. Upper beds a r e  quar tz  
pebble conglomerate (photograph taken by G. Johns on Ju ly  15, 1981). 

Figure 142. Upper s e c t i o n  of eroding Frankl in  Bluf fs  showing depos i t i on  i n  
. a l l u v i a l  fans  (photograph taken by P. S p a t t ) .  

D-379.0 : Frankl in  B lu f f s  Camp. 
To t h e  west-northwest can be seen pingo Berry,  and t h e  White H i l l s  of t h e  

T e r t i a r y  Sagavanirktok Formation a r e  v i s i b l e  t o  t he  southwest.  

D-385.5 
F r a n k l i n  B lu f f s  may be seen t o  t h e  e a s t  and a pingo t o  t h e  west. 

Frankl in  B lu f f s  i s  a remnant of lower T e r t i a r y  c lays tone ,  s i l t s t o n e ,  sand- 
s t o n e ,  and conglomerate beds ( f i g .  141). These u n i t s  compose t h e  lower pa r t  
of t he  Sagavanirktok Fonnation. Through much of t h e i r  e x t e n t ,  t h e  b l u f f s  a r e  
being a c t i v e l y  eroded by t h e  e a s t  branch of t he  Sagavanirktok River. The 



GUIDEBOOK 4 

orange c o l o r a t i o n  of t h e  lower pa r t  of t he  b l u f f s  r e f l e c t s  fe r rug inous ,  weakly 
indura ted  s i l t s t o n e s  interbedded wi th  r e l a t i v e l y  t h i n  ( s e v e r a l  meters ) ,  
s t rong ly  indurated g r i t t y  sandstones and pebble conglomerates. The cementing 
m a t e r i a l  i s  i n t e n s e l y  colored by oxidized i ron.  These beds a r e  undergoing 
badlands e ros ion  ( f i g .  142). The upper p a r t  of t h e  high b l u f f s  i s  composed of 
a  very b r i g h t ,  white  qua r t z  pebble conglomerate. These m a t e r i a l s  a r e  exposed 
a t  var ious  o the r  l o c a t i o n s  on the  b l u f f s  and on upland pos i t i ons  on t h e  foot-  
h i l l s  e a s t  of Tool ik  River. Their  co lo r  lends t h e  name White Hills t o  t h i s  
physiographic  s e c t i o n  of the  Arc t i c  Coastal  P l a in .  

Deeper v a l l e y s  a r e  s i t e s  of long-lying t o  semipermanent snow. Semi- 
permanent snow is  c h a r a c t e r i s t i c  of t h e  e n t i r e  lower b luf f  l i n e  extending 
south  from t h e  F rank l in  B lu f f s  camp area.  The vege t a t i on  (Koranda, 1960) and 
the  geomorphology and developmental s t a g e s  of the  a l l u v i a l  fans  and t h e i r  up- 
land  dra inages  (Anderson and Hussey, 1962; Reckendorf and Hussey, 1962) a r e  of 
i n t e r e s t .  Growth of the  fans  along the  base of t he  b l u f f s  ( f i g .  141) i s  
i n i t i a t e d  a s  c o l l u v i a l  cones. Equi l ibr ium i s  even tua l ly  reached when t h e  
s lope  angles  of both t he  fans  and dra inage  a r ea  a r e  about equal.  Melting of 
deep a r e a s  of d r i f t e d  snow and t h e  i ce - r i ch  n a t u r e  of t h e  ice-cemented g rave l s  
adds t o  t he  c r i t i c a l  i n s t a b i l i t y  of t he  s lopes .  

Small groups of car ibou a r e  f r equen t ly  observed along t h e  road. During 
the  surnmer, a  cloud bank o r  fog bank i s  common between Frankl in  Bluf fs  and 
Prudhoe Bay, p a r t i c u l a r l y  i n  t h e  morning. The low clouds co inc ide  with t he  
cool  a r c t i c  a i r  mass, which o s c i l l a t e s  ac ros s  t he  Arc t i c  Coastal  P l a i n  ( ~ a u g e n  
and Brown, 1980). 

D-391.2 : Frankl in  Bluf fs .  
La t e  snowbeds a r e  v i s i b l e .  A ponded a r e a  on t h e  e a s t  s i d e  of t h e  road a t  

Mater ia l  S i t e  133-3 was caused when t h e  access  road blocked drainage.  Many of 
t h e  vascu la r  p l a n t s  have died because of t h e  extended per iods  of inundation. 

D-396.7 
River - t ra in ing  s t r u c t u r e s  b u i l t  t o  p r o t e c t  t h e  p i p e l i n e  from r i v e r  

e ros ion  allow f o r  a  more shallow b u r i a l  of t he  pipe i n  the  r i v e r  than other-  
wise would be requi red  t o  p lace  t h e  p i p e l i n e  below t h e  depth  of scour. 

D-399.8 
Percy Pingo may be seen from Mate r i a l  S i t e  134-3. A good oppor tun i ty  

e x i s t s  here  f o r  photographing Frankl in  Bluf fs .  Low-center ice-wedge polygons 
a r e  l oca t ed  bes ide  t he  road. The buried p i p e l i n e  c ros se s  under t h e  road f o r  
t he  l a s t  time a s  i t  heads toward Pump S t a t i o n  1. 

D-404.4 
Immediately south of t he  access  road t o  Ma te r i a l  S i t e  135-A,B,C, e ros ion  

of i c e - r i ch  permafrost near ly  undercut t he  road ( f i g .  143). Snowmelt runoff 
water  apparen t ly  became concentrated i n  a  shallow depress ion  caused by a  
Rol l igon t r a i l  along t h e  e a s t  s i d e  of t h e  road. During e a r l y  summer 1976, 
t h i s  concentrated flow i n i t i a t e d  e ros ion  of massive i c e  l y ing  wi th in  0.5 m of 
t h e  sur face .  Deep gu l ly ing  r e s u l t e d  and moved headward toward and p a r a l l e l  t o  
the road. The g u l l i e s  appear t o  form polygons, which suggests  mel t ing of i c e  
wedges; however, i n spec t ion  of t he  g u l l i e s  during t h e  e ros ion  per iod revealed 
soine h o r i z o n t a l l y  bedded i c e  t h a t  may have been buried r i v e r  i c e  o r  i c i n g s .  
The e ros ion  was f i n a l l y  a r r e s t e d  by bu i ld ing  a  shallow g rave l  dam upslope from 
i t  and d i v e r t i n g  t he  flow through a  ha l f  c u l v e r t .  
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F i g u r e  143. E r o s i o n  channels  caused by m e l t i n g  of i c e - r i c h  permaf ros t  
a d j a c e n t  t o  road a t  M a t e r i a l  S i t e  135-A,B,C. Although t h e  p a t t e r n  
resembles  polygonal ground, some h o r i z o n t a l l y  bedded massive i c e  was 
observed i n  t h e  exposed c u t  (from Brown and Berg,  1980, f i g .  31 ,  
photograph t a k e n  by J .  Brown on June 2 4 ,  1976). 

I r r e g u l a r  thaw l a k e s  a r e  l o c a l i z e d  a long  former s t ream channels .  These 
l a k e s  p o s t d a t e  t h e  channels  w i t h  which they a r e  a s s o c i a t e d .  R e l a t i v e l y  deep ,  
anastomosing former  stream channels  a r e  v i s i b l e  i n  sand and g r a v e l  benea th  t h e  
younger,  sha l low thaw l a k e s .  Acce le ra ted  thawing of i c e - r i c h  overhank 
d e p o s i t s  has  produced s c a l l o p e d  l a k e  banks (Kreig  and Reger, 1982, p l .  29) .  

D-408 -0 
I n  summer 1982, t h e  Sagavanirktok River  s h i f t e d  channe l s  t o  t h e  west  t o  

f low a c r o s s  a v e g e t a t e d  p a r t  of t h e  f l o o d  p l a i n .  Presumably t h i s  channel  w i l l  
remain occupied,  and westward e r o s i o n  of t h e  t e r r a c e  toward t h e  road w i l l  con- 
t i n u e  i f  l e f t  unchecked. 

D-410.0 
The Prudhoe Bay o i l f i e l d  i s  v i s i b l e  a long  t h e  hor izon.  Shallow thaw 

l a k e s  a r e  a dominant a s p e c t  of t h e  l andscape .  

D-414.9 : Northern l i m i t  of s t a te -main ta ined  highway. 
A 1968 bul ldozed summer t r a c k  ex tends  t o  t h e  west .  T h i s  i s  an  example of 

one of t h e  f i r s t  t r a i l s  made i n  t h e  Prudhoe Bay a r e a .  It was c o n s t r u c t e d  by 



zoz 
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s t r i p p i n g  t h e  s u r f a c e  o r g a n i c  and a c t i v e  l a y e r  t o  make an  embankment o r  road- 
bed. Subsequent thawing of t h e  under ly ing  i c e  wedges made t h e  temporary road 
impassable .  

Unvegetated c o a r s e  a l luvium of t h e  b ra ided  Sagavanirktok River  f l o o d  
p l a i n  c o n t a i n s  con t inuous  permaf ros t ,  except  f o r  shal low thaw bu lbs  benea th  
deeper  a c t i v e  channels .  During most of t h e  w i n t e r  and s p r i n g  t h e  r i v e r  i s  i c e  
covered,  and much of t h e  f lood-p la in  s u r f a c e  i s  blown n e a r l y  f r e e  of snow. 
Breakup i n  l a t e  May t o  middle  June i s  t h e  dominant hydro log ic  even t  of t h e  
y e a r  and i s  marked by an a b r u p t  i n c r e a s e  i n  d i s c h a r g e  ( S c o t t ,  1978; Updike and 
Howland, 1979).  During h igh  breakup f lows ,  channel  d e p o s i t s  of t h e  
Sagavanirktok River  a r e  f r o z e n  and l i t t l e  change i n  channel  form o r  l o c a t i o n  
o c c u r s  i n  b ra ided  reaches .  These changes happen dur ing  t h e  r e s t  of t h e  sumrner 
runof f  season  a f t e r  c o a r s e  bedload and bank d e p o s i t s  beg in  thawing and s t ream 
competence is  s u f f i c i e n t  t o  move c o a r s e  material ( S c o t t ,  1978). The peren- 
n i a l l y  f r o z e n ,  cohes ive  banks of t h e  Sagavanirktok River  a r e  undercut  and 
r e t r e a t ,  p r i m a r i l y  by the rmoeros iona l  n i c h i n g ,  which produces s c a l l o p e d  banks 
and t i l t e d  s o i l  b locks  t h a t  r e t a r d  l a t e r a l  e r o s i o n .  

Anastomosing channel  p a t t e r n s  cover  t h e  s u r f a c e  of t h e  1- t o  2.6-m-high 
t e r r a c e s  of t h e  Sagavanirktok River.  Some of t h e s e  channe l s  a r e  f l o o r e d  w i t h  
sandy g r a v e l ;  o t h e r s  a r e  p a r t i a l l y  f i l l e d  w i t h  as much as 2.6 m of f r o z e n  low- 
l a n d  l o e s s  and f l u v i a l  sandy s i l t .  Between channels  low t e r r a c e  t r e a d s  a r e  
capped by 0.3 t o  2.6 m of con t inuous ly  f r o z e n  f l u v i a l  sandy s i l t  o v e r l y i n g  
sand and g r a v e l  (Kre ig  and Reger, 1982, p l .  29).  

Mileposts 
( E  = Elliott, D = Dalton) 

f Mileage point mentioned in text 0 5 10 mi 

Mileage interval mentioned in text 0 5 10 15 km 

F i g u r e  144. Map of t h e  Deadhorse and Prudhoe 
Bay r e g i o n  ( s c a l e  1 :250,000) .  P l a t e s  29 
and 30 r e f e r  t o  i l l u s t r a t i o n s  i n  Kre ig  
and Reger (1982).  
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The fol lowing s e c t i o n s ,  ex t r ac t ed  from t h e  Prudhoe Bay geobotan ica l  a t l a s  
(Walker and o t h e r s ,  1980), provide some genera l  landscape and geologica l  back- 
ground f o r  t h i s  A r c t i c  Coastal  P l a i n  environment. Addi t iona l  d e t a i l s  a r e  
found i n  t he  accompanying c o a s t a l  guidebook (Rawlinson and o t h e r s ,  1983) and 
o t h e r  pub l i ca t i ons  (Walker and o t h e r s ,  1980; Walker, 1981). A s e r i e s  of 
Landsat-derived land cover maps of t h e  Beechey Poin t  Quadrangle and an 
accompanying r e p o r t  i n  p repa ra t i on  by Walker a r e  based on techniques repor ted  
i n  Walker and o the r s  (1982) f o r  a c o a s t a l  a r e a  e a s t  of Prudhoe Bay. 

O i l - f i e l d  Development 

The ex i s t ence  of l a r g e  r e s e r v o i r s  of o i l  and gas a t  Prudhoe Bay was con- 
f i rmed i n  e a r l y  1968 by two wel l s  d r i l l e d  by A t l a n t i c  R ich f i e ld  (ARCO). 
B r i t i s h  Petroleum (BP) began d r i l l i n g  i t s  f i r s t  w e l l  i n  November 1968. In t h e  
f a l l  of 1969, fol lowing a $900-mil l ion l e a s e  s a l e  by the  S t a t e  of Alaska, 
e s t ima te s  of 9.6 b i l l i o n  b a r r e l s  of recoverable  o i l  and over 500 b i l l i o n  m 3  of 
s a l a b l e  gas  were announced. 

The o i l  and gas of the  Prudhoe Bay f i e l d  a r e  contained i n  an a r ea  72 km 
long and 29 km wide i n  t h e  Sadlerochi t  Sandstone a t  depths  below 2,400 m 
(Larminie,  1977). The f i e l d  o r  u n i t  i s  divided along a north-south l i n e ,  wi th  
Sohio Petroleum Co. ( formerly BP-Alaska) a s  ope ra to r  of t he  western po r t i on  
and ARCO of t he  e a s t e r n  port ion.  A road ne t  provides  access  t o  some 30 d r i l l  
s i tes ( f i g .  145). Each s i t e  c o n s i s t s  of a l a r g e  g rave l  pad (2 m t h i c k )  from 
which i n i t i a l l y  6 t o  18 we l l s  a r e  d i r e c t i o n a l l y  d r i l l e d  t o  predetermined 
bottom-well l oca t ions .  Approximately 150 wel l s  were requi red  f o r  t h e  i n l t i a l  
s t a g e  of o i l  product ion.  The o i l  passes  through l i n e s  b u i l t  on g rave l  pads o r  
e l eva t ed  on p i l e s  t o  ga the r ing  c e n t e r s  where t h e  o i l  and t h e  gas  i n  s o l u t i o n  
a r e  separa ted  and the  o i l  i s  cooled. The o i l  flows from these  ga the r ing  
c e n t e r s  t o  Alyeska P i p e l i n e  Serv ice  Company Pump S t a t i o n  No. 1, t h e  nor thern  
terminus of t h e  Trans-Alaska P ipe l ine  System. The gas is  piped t o  a c e n t r a l  
compressor p l an t  on t h e  ARCO s i d e ,  compressed, and i n j e c t e d  i n t o  t h e  over ly ing  
gas cap t o  maintain the  f i e l d  pressure  u n t i l  gas t r a n s p o r t a t i o n  f a c i l i t i e s  a r e  
b u i l t .  

Three major o i l - i ndus t ry  f a c i l i t i e s  e x i s t .  The ARCO complex was t h e  
f i r s t  t o  be b u i l t  (1968). It was l a t e r  expanded t o  house approximately 500 
people i n  permanent f a c i l i t i e s  and about 2,600 more i n  temporary cons t ruc t ion  
camps. In  1972, BP-Alaska began cons t ruc t ion  of i t s  main camp, which provides  
accommodations f o r  250 i n  permanent f a c i l i t i e s  and 1,250 i n  temporary con- 
s t r u c t i o n  camps. I n  1978, Sohio Petroleum Co. acquired a l l  of BP-Alaska 
a s s e t s  a t  Prudhoe Bay. Alyeska Pump S t a t i o n  1 ,  b u i l t  on an a r t i f i c i a l l y  
dra ined  l a k e  bed, was completed i n  1977. 

I n  a d d i t i o n  t o  these  major f a c i l i t i e s ,  a l a r g e  number of s e r v i c e  com- 
panies  have smal le r  canps and f i e l d  o f f i c e s  concent ra ted  on state-managed land 
near Sagavanirktok River.  Deadhorse i s  t h e  s i t e  of t h e  s ta te -opera ted  a i r -  
f i e l d ,  which was extended i n  t h e  summers of 1977 and 1978. Docking f a c i l i t i e s  
a r e  loca ted  a t  t he  East and West Docks. 

Geology 

Prudhoe Bay i s  under la in  by a major s t r u c t u r a l  f e a t u r e ,  t h e  Barrow Arch, 
which c o n s i s t s  of u p l i f t e d  lower Paleozoic  rocks ( Carman and Hardwick, 1982) . 
Above t h e  a r c h  i s  approximately 3,750 m of post-Devonian sedimentary rocks. 
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N Brooks Range 

Barrow Arch 

Figure  146. Geologic s t r a t i g r a p h i c  t r a n s e c t  between Prudhoe Bay and t h e  
Brooks Range (modif ied from Bennison, 1974).  

The thiclcness oE t h e s e  rocks  i n c r e a s e s  southward toward t h e  C o l v i l l e  Trough 
f i g  146).  Pre-Cretaceous sediments  benea th  Prudhoe Bay were d e r i v e d  from 
t h e  Reaufor t  U p l i f t ,  a former source  a r e a  n o r t h  of t h e  p r e s e n t  c o a s t l i n e  
(Morgridge and Smith, 1972). Repeated u p l i f t  of t h e  Barrow Arch, e s p e c i a l l y  
dur ing  T r i a s s i c  and J u r a s s i c  t ime ,  r e s u l t e d  i n  a number of e r o s i o n a l  uncon- 
f o r m i t i e s .  One of t h e  most important  of t h e s e  b reaks  o c c u r r e d  n e a r  t h e  end of 
t h e  J u r a s s i c ,  a f f e c t i n g  not on ly  J u r a s s i c  rocks  but  a l s o  o l d e r  rocks .  By 
e a r l y  Cretaceous  t h e  t h e  Barrow Arch and t h e  n o r t h e r n  s e d i r n e n ~  s o u r c e s  had 
begun t o  s u b s i d e ,  and t h e  source  of sediments  s h i f t e d  t o  t h e  s o u t h  i n  response  
t o  t h e  r i s i n g  Brooks Range. An e a r l y  Cretaceous  marine  s h a l e  d e p o s i t e d  over  
t h e  l a t e  J u r a s s i c  unconfor~n i ty  provided an impermeable s e a l  benea th  which 
hydrocarbons  were t rapped.  The hydrocarbons a r e  b e l i e v e d  t o  be d e r i v e d  from 
t h e  capping s h a l e  because n e a r l y  2,500 m of marine and nonrnarine sediments  
accumulated above it through t h e  Mesozoic Per iod  and i n t o  t h e  T e r t i a r y  P e r i o d  
( t forgr idge and Smith,  1972).  A second o i l f i e l d ,  t h e  Kuparuk, l o c a t e d  t o  t h e  
w e s t  of t h e  Prudhoe Bay f i e l d ,  i s  one of t h e  l a r g e s t  i n  t h e  U.S. (Carman and 
Hardwick, 1982). 

The Prudhoe Bay r e g i o n  i s  s i t u a t e d  on a t h i c k  s e c t i o n  of unconso l ida ted  
Qua t e r n a r y  sediraents , which l i e  unconf o r ~ n a b l y  on northward-dipping , weakly 
cemented sand,  g r a v e l ,  c l a y ,  and s i l t  of t h e  T e r t i a r y  Sagavanirktok Forma- 
t i o n .  Permaf ros t  r eaches  dep ths  of 660 m i n  t h e  Prudhoe Bay r e g i o n  (Osterkamp 
and Payne, 1981; Lachenbruch and o t h e r s ,  1982). A p r o f i l e  of t h e  dep th  of 
i ce -bear ing  p e r ~ n a f r o s t  northward a c r o s s  t h e  A r c t i c  Coas ta l  P l a i n  i n  t h e  
p rox imi ty  of t h e  road i s  shown i n  f i g u r e  147 (Osterkamp and Payne,  1981). 
Most Quaternary d e p o s i t s  a r e  unconso l ida ted  sand and g r a v e l  composed of 
reworked T e r t i a r y  m a t e r i a l s  and m a t e r i a l s  d e r i v e d  from t h e  Brooks Range t o  t h e  
sou th .  They a r e  s i m i l a r  t o  t e r r a c e  and bed d e p o s i t s  of t h e  p r e s e n t  
Sagavan i rk tok  and Kuparuk r i v e r s .  Over lying t h e s e  d e p o s i t s  a r e  between 1.5 
and 2.5 m of i c e - r i c h  s i l t  wi th  v a r i a b l e  amounts of o r g a n i c  m a t t e r .  The s i l t  
i s  probably  e q u i v a l e n t  t o  p a r t  of t h e  Gubik Formation (Black ,  1964).  Jux ta -  
posed w i t h  o r  immediately o v e r l y i n g  t h e  s i l t  a r e  d e p o s i t s  of l o e s s  1 m o r  l e s s  
t h i c k  t h a t  have been d e r i v e d  frorn t h e  b ra ided  channels  and d e l t a s  of t h e  
Sagavanirktok and Kuparuk Rivers .  Sur face  o r g a n i c  d e p o s i t s  o v e r l i e  t h e  l o e s s  
and,  i n  many c a s e s ,  a r e  coex tens ive  w i t h  under ly ing  o r g a n i c - r i c h  sediments .  
L o c a l l y ,  sand dunes d e r i v e d  from t h e  Sagavanirktok River cover  t h e  s i l t .  
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F i g u r e  147. P r o f i l e  of i ce -bear ing  perma- 
f r o s t  a c r o s s  t h e  A r c t i c  Coas ta l  P l a i n  
i n  t h e  v i c i n i t y  of Prudhoe Bay (modi- 
f i e d  from Osterkamp and Payne, 1981, 
f i g .  3) .  

Geomorphology, S o i l s ,  and Vege ta t ion  

The Prudhoe Bay r e g i o n  i s  e s s e n t i a l l y  f l a t ,  w i t h  e l e v a t i o n s  r i s i n g  
g r a d u a l l y  from about 3 m a t  t h e  top  of t h e  s e a  b l u f f s  t o  between 15 and 23 m 
some 20 km i n l a n d .  The dominant geomorphic e lements  of t h e  l andscape ,  
e s p e c i a l l y  when i t  is viewed from t h e  a i r  o r  from maps, a r e  t h e  numerous 
e l l i p t i c a l  l a k e s .  Lakes occupy an e s t i m a t e d  25 t o  30 p e r c e n t  of t h e  
l andscape .  Most of t h e  l a r g e r  l a k e s  of t h e  A r c t i c  Coas ta l  P l a i n  and many of 
t h e  s m a l l e r  ones have a long-axis  o r i e n t a t i o n  of N15OW (Black and Barksda le ,  
1949).  The v a s t  m a j o r i t y  of t h e  l a k e s  a r e  s h a l l o w ,  0.6 t o  2 m deep,  and a r e  
g e o l o g i c a l l y  s h o r t - l i v e d  f e a t u r e s  (Kre ig  and Reger,  1982, p l .  30) .  

The l andscape  between t h e  l a k e s  i s  c h a r a c t e r i z e d  by a v a r i e t y  of 
p a t t e r n e d  ground forms and a s s o c i a t e d  i c e  wedges. The most common of  t h e s e  i s  
t h e  low-center polygon which, t o g e t h e r  w i t h  much l e s s  e x t e n s i v e  a r e a s  of 
h igh-cen te r  polygons and t r a n s i t i o n a l  forms, c o n s t i t u t e s  t h e  p r i n c i p a l  micro- 
r e l i e f .  Where b e s t  e x p r e s s e d ,  t h e  m i c r o r e l i e f  c o n t r a s t  between polygon 
c e n t e r s  and t roughs  i s  0.5 t o  1 m, b u t  e x t e n s i v e  a r e a s  of polygonal  ground 
p a t t e r n s  w i t h  m i c r o r e l i e f  c o n t r a s t  l e s s  than  0.5 m a r e  common. F r o s t  b o i l s  
a r e  a l s o  common. Other  f e a t u r e s  i n c l u d e  nonpa t te rned  t u n d r a ;  s m a l l  (0.5 m 
d iamete r )  polygons and hummocks along r i v e r  banks; l a r g e - d i a m e t e r ,  low r e l i e f  
( a b o u t  10 cm), h igh-center  polygons on narrow i n t e r f l u v e s  and a d j a c e n t  t o  most 
s t reams;  p ingos;  and sand dunes n e a r  t h e  mouth of t h e  Sagavanirktok River .  

Thaw l a k e s  have modif ied t h e  l andscape  over  t h e  last 10,000 y r  through 
t h e  combined p rocesses  of thermokars t  and thermal e r o s i o n  ( Carson and Hussey , 
1962; E v e r e t t  and Park inson ,  1977). The i n i t i a t i o n ,  expansion,  and e v e n t u a l  
d r a i n a g e  of t h e s e  l a k e s  c o n s t i t u t e  t h e  p r i n c i p a l  e lements  of t h e  thaw-lake 
c y c l e  a s  o r i g i n a l l y  d e f i n e d  by B r i t t o n  (1967) ( f i g .  148).  I n  a manner s i m i l a r  
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Figu re  148. Stages of t h e  thaw-lake c y c l e  represen ted  both schemat ica l ly  and 
photographica l ly  (Walker and o t h e r s ,  1980, f i g .  28). 
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t o  t h a t  summarized by Brown and o the r s  (1980) f o r  Barrow, t he  growth of t h e  
l a r g e r  and deeper l akes  has melted t he  ground i c e  contained i n  t h e  permafrost 
and lowered t h e  land su r f ace  i n  some a r e a s ,  perhaps a s  much a s  s e v e r a l  meters 
( s e e  a l s o  Sellmann and o t h e r s ,  1975). 

The i n i t i a l  polygonal o u t l i n e  develops i n  response t o  r ap id ,  i n t e n s e  
w in t e r  cool ing and subsequent con t r ac t i on  of t h e  f ine-grained coas t a l -p l a in  
sediments (Lachenbruch, 1962). The narrow thermal-contract ion cracks thus  
formed a r e  subsequent ly  f i l l e d  by i c e  i n  t h e  form of win te r  h o a r f r o s t  o r  water 
produced from melt ing of t he  snow cover. The process  of cracking and f i l l i n g ,  
repea ted  over many c e n t u r i e s ,  r e s u l t s  i n  t h e  growth of v e r t i c a l  wedge-shaped 
masses of i c e  t h a t  pene t r a t e  many meters  and may a t t a i n  widths up t o  s e v e r a l  
t e n s  of meters.  The inc rease  i n  volume caused by t h e  expanding i c e  wedges 
commonly produces a buckling o r  heaving of t he  tundra on e i t h e r  s i d e  and 
p a r a l l e l  with them. The r i dges  o r  r i m s  so  produced, toge ther  wi th  melt ing of 
t he  wedge tops ,  cause l i n e a r  depress ions  o r  troughs t o  form immediately above 
t h e  i c e  wedges t h a t  commonly de f ine  t h e  polygonal su r f ace  pa t t e rn .  A 242-m- 
long continuous subsurface s e c t i o n  of t h e  polygonal t e r r a i n  was exposed during 
cons t ruc t ion  of t he  A r c t i c  Gas Test F a c i l i t y  ( f i g .  149). S imi l a r  but less 
continuous exposures of i c e  wedges occur along the  c o a s t a l  b l u f f s  and a t  t h e  
s h o r e l i n e s  of some of t he  l a r g e r  l a k e s ,  where mechanical and thermal e ros ion  
a r e  e s p e c i a l l y  a c t i v e  ( f o r  example, Lake Coleen a t  Deadhorse). 

The development of an o r i en t ed  thaw l a k e  begins wi th  c l i m a t i c  change or  
d i s r u p t i o n  of the  vege t a t i on  and organic  cover of t he  polygonized tundra  
( s t a g e  A i n  f i g .  148). Thaw of t h e  i ce - r i ch ,  near-surface m a t e r i a l s  and 
mel t ing  of i c e  wedges can r e s u l t  i n  a pool of s tanding  water and t h e  develop- 
ment of a shallow pond t h a t  eventua l ly  becomes a thaw l a k e  ( s t a g e  B) . I f  t h e  
pond is  l a r g e  enough, permafrost thaws beneath i t  and along i t s  s i d e s ,  r e s u l t -  
i n g  i n  expansion of t he  water body ( s t a g e  C). Bank thaw proceeds most r ap id ly  
a t  and below water l e v e l ,  eroding the  surrounding tundra and r ap id ly  mel t ing  
and t runca t ing  i c e  wedges t o  produce an i r r e g u l a r  s h o r e l i n e  ( s t a g e  D). 
Eventua l ly ,  thawed and frozen blocks of tundra co l l apse  i n t o  t he  growing 
lake .  Their o rganic  and mineral  components a r e  subsequently broken up and re- 
d i s t r i b u t e d  by wave and cu r r en t  ac t ion .  Underwater she lves  form where t he  
tundra i s  eroded, u sua l ly  along sho re l i ne s  perpendicular  t o  t h e  dominant wind 
d i r e c t i o n .  Sediments and d e t r i t u s  a r e  moved i n t o  t h e  en la rg ing  l a k e  basin.  
The l ake  grows most r ap id ly  along the  a x i s  perpendicular  t o  t h e  wind, 
p a r t i a l l y  because of t he  increased  v e l o c i t y  and t h e  seasona l ly  h igher  tempera- 
t u r e s  of t he  water a t  t he  ends of t he  l ake  (Carson and Hussey, 1962). 

Stream capture  or  t he  breaching of low d i v i d e s  between l akes  may i n t e r -  
rup t  t he  expansive l ake  phase by p a r t i a l l y  o r  t o t a l l y  d ra in ing  the  lake.  This  
process  produces r e l a t i v e l y  broad, drained o r  p a r t l y  dra ined  bas in s  ( s t a g e  
E ) .  Even completely drained bas ins  commonly remain very wet o r  have shal low 
s tanding  water f o r  p ro t r ac t ed  per iods  dur ing  t h e  summer. On d ra inage ,  p l a n t s  
co lonize  t he  newly exposed l ake  sediments. With t i m e ,  permafrost and i c e  
wedges become r ee s t ab l i shed  i n  drained basins .  I f  i c e  wedges were not com- 
p l e t e l y  removed i n  the  l ake  po r t i on  of t he  cyc l e ,  they become a c t i v e  aga in  and 
r e s i d u a l  i c e  wedges may m e l t ,  forming deeper troughs. The r e s u l t  is  the  
development of a su r f ace  polygonal p a t t e r n  ( s t a g e  F) .  I n  some cases  l a r g e  
or thogonal  polygons a r e  e s t a b l i s h e d ,  sometimes i n  rows p a r a l l e l  t o  t h e  margins 
of t he  l ake  bas ins .  

The thaw-lake cyc le  and polygonized tundra ,  which i s  t h e  product of i ce -  
wedge growth o r  e ros ion ,  govern c l o s e l y  t he  d i s t r i b u t i o n  and composition of 
p l a n t  communities and s o i l s .  Although wet s i t e s  a r e  c e r t a i n l y  t h e  most 
common, t h e  tundra i s  a c t u a l l y  composed of a wide v a r i e t y  of h a b i t a t s ,  many of 
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which a r e  no t  wet. I n  low, marshy a r e a s ,  such a s  t h e  b a s i n s  of low-center 
polygons and r e c e n t l y  d r a i n e d  thaw l a k e s ,  sedge and moss communities a r e  
dominant. Of ten ,  pure  s t a n d s  of sedge o r  g r a s s  a r e  roo ted  i n  l a k e  sediments  
o r  i n o r g a n i c  d e p o s i t s  reworked d u r i n g  t h e  l a k e  phase. Organic m a t t e r  produc- 
t i o n  i s  h igh  and c o n d i t i o n s  a r e  i d e a l  f o r  i t s  accumulat ion and p r e s e r v a t i o n .  
The d i s t r i b u t i o n  of t h e s e  c o n d i t i o n s  i n  a g iven  b a s i n  i s  h i g h l y  v a r i a b l e .  
S o i l s  a r e  most coramonly P e r g e l i c  Cryaquepts.  Continued o r g a n i c  accumulat ion 
i n  t h e  s i t u a t i o n  j u s t  d e s c r i b e d  w i l l  r e s u l t  i n  t h e  development of H i s t i c  
P e r g e l i c  Cryaquepts and i n  some c a s e s  an  o r g a n i c  s o i l  develops  t h a t  may in- 
c l u d e ,  i n  t h e  lower p a r t ,  reworked o r g a n i c  m a t e r i a l s  from t h e  former l a k e .  

I n  t h e  e a r l y  s t a g e s  of polygon development,  m i c r o r e l i e f  c o n t r a s t s  a r e  
minor and s o i l s  and v e g e t a t i o n  a r e  l i t t l e ,  i f  any,  d i f f e r e n t  from t h o s e  of 
nonpa t te rned  bas ins .  I n  t ime ,  however, s i g n i f i c a n t  m i c r o r e l i e f  may develop 
between t h e  polygon r i m s  and c e n t e r s  a s  t h e  polygon network becomes nonortho- 
gonal .  I n  t h e  c e n t e r ,  o r g a n i c  m a t e r i a l s  may c o n t i n u e  t o  accumulate  and H i s t i c  
P e r g e l i c  Cryaquept s o i l s  develop.  S l i g h t l y  e l e v a t e d  s i t e s  such as polygon 
r i m s ,  h igh-center  polygons,  and s l o p i n g  s t ream margins have more of an upland 
c h a r a c t e r ,  w i t h  sedges  and mosses mixed w i t h  l i c h e n s ,  and low woody shrubs .  

On such s i t e s  w i t h  b e t t e r  d r a i n a g e ,  t h e  o r g a n i c  s o i l s  ( R i s t i c  P e r g e l i c  
Cryaquepts)  a r e  conver ted t o  h i g h l y  decomposed humic types .  Where i n o r g a n i c  
l a k e  sediments  l i e  c l o s e  t o  t h e  o r g a n i c  s u r f a c e  hor izon ,  t h e  s o i l  i s  g r a d u a l l y  
t ransformed from a H i s t i c  P e r g e l i c  Cryaquept t o  a P e r g e l i c  Cryaquol l .  

The d r a i n a g e  of thaw l a k e s  o r  t h e  headward e r o s i o n  of s t reams commonly 
conver t  fo rmer ly  poor ly  d r a i n e d  environments such a s  l a k e  b a s i n s  and low- 
c e n t e r  polygon t e r r a i n  i n t o  r e l a t i v e l y  wel l -dra ined a r e a s .  Therrnokarst and 
thermal  e r o s i o n  p rocesses  q u i c k l y  conver t  low-center polygons i n t o  high-center  
forms i n  which decomposi t ion c o n v e r t s  f i b r o u s  o r g a n i c  m a t e r i a l s  t o  h i g h l y  
humified states s i m i l a r  t o  those  of polygon r i m s .  If  t h e  s u b s t r a t e  is mos t ly  
m i n e r a l ,  H i s t i c  P e r g e l i c  Cryaquepts a r e  conver ted t o  P e r g e l i c  Cryaquol ls  o r  
P e r g e l i c  Cryoboro l l s .  Such s i t e s ,  i n c l u d i n g  pingos  and r i v e r  b l u f f s ,  have 
d r y ,  a l p i n e l i k e  v e g e t a t i o n .  Such a r e a s  a r e  r e s p o n s i b l e  f o r  much of t h e  
b o t a n i c a l  v a r i e t y  w i t h i n  t h e  region.  Smal ler  streams, such a s  t h e  Pu tu l igayuk  
and L i t t l e  Pu tu l igayuk  R i v e r s ,  have w i l l o w  and sedge-covered banks. B l u f f s ,  
t e r r a c e s ,  and s t e e p  s l o p e s  of p ingos  p rov ide  s u f f i c i e n t  t e r r a i n  r e l i e f  f o r  
t h e  fo rmat ion  of snow pa tches  and t h e i r  a s s o c i a t e d  p l a n t  communities. 
Adjacent  t o  such drainageways,  and i n  p a r t i c u l a r  t h e  Pu tu l igayuk  River ,  reduc- 
t i o n  of t h e  o r g a n i c  t h i c k n e s s  by o x i d a t i o n  i n  response t o  b e t t e r  d r a i n a g e  con- 
t r i b u t e s  t o  a n  i n c r e a s e  i n  f r o s t  heaving and consequen t ly  t h e  deformat ion of 
f r o s t  b o i l s .  The f r o s t - b o i l  s o i l s  ( P e r g e l i c  Cryaquepts)  form a f i n e l y  t e x t u r e d  
r e p e t i t i o u s  a s s o c i a t i o n  w i t h  P e r g e l i c  Cryaquol l  o r  H i s t i c  P e r g e l i c  Cryaquept 
s o i l s  t h a t  c h a r a c t e r i z e  f r o s t - b o i l  tundra .  

L a r g e r  r i v e r s  have numerous b r a i d e d  channe l s  w i t h  e x t e n s i v e  g r a v e l  and 
sand b a r s .  Cryor then t  s o i l s  are most common on t h e  b a r s  and low t e r r a c e s  as- 
s o c i a t e d  w i t h  t h e  Sagavanirktok and Kuparuk Rivers .  

Pingos  a r e  common t o  t h i s  c o a s t a l  r eg ion .  However, they do no t  commonly 
a t t a i n  t h e  l a r g e  dimensions r e p o r t e d  from t h e  Elackenzie River  r e g i o n  (Mackay, 
1979) .  F i g u r e  150 i l l u s t r a t e s  t h e  major s t e p s  i n  fo rmat ion  of t h e  c losed-  
sys tem pingos:  

a )  I n  l a k e s  where t h e  wa te r  dep th  exceeds 2 m, w i n t e r  i c e  does no t  ex tend  
t o  t h e  l a k e  bottom and t h e  under ly ing  sediments .  I n  t h e  c a s e  of l a r g e  l a k e s ,  
t h e  unf rozen  zone may be very  deep o r  permafrost  may be absen t .  

b) Drainage of such l a k e s  i n  t h e  course  of t h e  thaw-lake c y c l e  pe rmi t s  
r e f r e e z i n g  of t h e  s u r f a c e  and p r o g r e s s i v e  e x t e n s i o n  of f r o s t  i n t o  t h e  subsur- 
f ace .  Freezeback from t h e  s i d e s  of t h e  thawed zone probably  o c c u r s  a s  w e l l .  
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a BEFORE DRAINAGE 
Thaw Lake (>2rn) ice 

b)  IN IT IAL  PHASE 
Drained Lake Bas in  

C )  FULLY DEVELOPED PING0 

Figu re  150. Schematic repre- 
s e n t a t i o n  of closed-system 
pingo development (Walker 
and o t h e r s ,  1980, f i g .  42).  

A year-round supply of water is  a v a i l a b l e  t o  move toward t h e  f r eez ing  f r o n t ,  
where i t  f r e e z e s  and becomes p a r t  of a growing i c e  mass t h a t  expands upward, 
fo rc ing  the  su r f  ace t o  mound. 

c) Growth of the  pingo rnay cont inue f o r  many c e n t u r i e s ,  a s  i s  t h e  case 
of some of t he  very l a r g e  pingos (60 m high) i n  t h e  Mackenzie River Del ta  e a s t  
of Prudhoe Bay. In  t h e  case  of Prudhoe Bay pingos, the  active-growth phase 
may have l a s t e d  only decades. Growth ceases  when the  ground-water source i s  
c u t  o f f  by t h e  downward and l a t e r a l  ex tens ion  of permafrost o r  i s  depleted.  
The i c e  core  may be maintained f o r  long per iods  i f  the  i n s u l a t i n g  organic  
m a t e r i a l s  and sediments remain undis turbed on i t s  top  and s i d e s  and reg iona l  
c l imate  does not warm appreciably.  

Severa l  small  pingos i n  t h e  Prudhoe Bay region were cored by CRREL i n  
p repa ra t i on  f o r  t h i s  conference f i e l d  t r i p  ( f i g .  145).  'Weather' pingo 
con ta in s  12 m of i c e  under 1.1 m of sandy s o i l .  'Prudhoe Mound' conta ins  9 m 
of i c e  under 2.2 m of overburden. A t h i r d ,  l a r g e  pingo w e s t  of Kuparuk River  
con ta in s  over 25 m of i c e (Bruce  Brocke t t ,  pers.  commun.). 
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Cryorthents  a r e  coarser  and a r e  composed of g r ave l  and rock m a t e r i a l s  found i n  
r ecen t  mudflows, g l a c i a l  d e p o s i t s ,  and s t a b i l i z e d  r i v e r  alluvium. E n t i s o l s  
may be found i n  a s s o c i a t i o n  wit11 any of t h e  o t h e r  s o i l  o rde r s ,  but along t h e  
rou t e  they occur most commonly wi th  I n c e p t i s o l s .  

S o i l s  belonging t o  t h e  order  Mol l i so l s  a r e  extensive.  They a r e  found on 
a l l  t e r r a i n  t ypes ,  p a r t i c u l a r l y  i n  the  f o o t h i l l s  and h i l l y  c o a s t a l  p l a in .  
Mol l i so l s  a r e  dark-colored mineral  s o i l s .  The dark co lo r  i s  a  r e f l e c t i o n  of 
a t  l e a s t  2.5 percent  o rganic  carbon i n  t he  upper 18 cm of t h e  p r o f i l e .  I n  
a d d i t i o n  t o  t h e  dark co lo r ,  Mol l i so l s  have a  base s a t u r a t i o n  g r e a t e r  than 50 
pe rcen t ,  t h a t  i s ,  Mol l i so l s  a r e  n e u t r a l  o r  s l i g h t l y  a l k a l i n e  i n  r e a c t i o n  
(pH). Wet Mol l i so l s  a r e  c l a s s i f i e d  a s  Aquolls,  aqu i n d i c a t i n g  an aquic  
( reducing)  moisture  regime and 011 i n d i c a t i n g  the  s o i l  o rder  Mol l i so l s .  

Following t h e  nomenclature descr ibed  above, a  s o i l  des igna ted  a s  a  
P e r g e l i c  Cryaquoll de f ines  a  cold,  wet,  dark-colored, base- and organic- r ich  
minera l  s o i l  under la in  by pe renn ia l l y  f rozen  ma te r i a l .  P e r g e l i c  Cryaquolls 
occur r ing  i n  very wet a r ea s  may have a  su r f ace  horizon with g r e a t e r  than 20 
c m  but less than 40 cm of organic  ma te r i a l .  These s o i l s  a r e  designated a s  
H i s t i c  P e r g e l i c  Cryaquolls ( t h e  term H i s t i c  i n d i c a t e s  an organic  su r f ace  
hor izon  more than 20 cm t h i c k ) .  Mol l i so l s  on well-drained s i t e s  a r e  termed 
P e r g e l i c  Cryoborol ls .  

Perhaps t h e  l e a s t  ex t ens ive  and l e a s t  p r e d i c t a b l e  i n  occurrence a r e  the  
organic  s o i l s  ( H i s t o s o l s ) .  These s o i l s  have a  su r f ace  horizon composed of 
more than 40 cm of o rgan ic  m a t e r i a l s  and gene ra l l y  more than  60 percent  
o rganic  mat te r  over ly ing  gray ,  sometimes mot t led ,  f ine- tex tured  mineral  
ma te r i a l s .  Normally t he se  s o i l s  a r e  very w e t  ( t o  t h e  ex t en t  t h a t  t h e  organic  
m a t e r i a l s  a r e  buoyant o r  p a r t i a l l y  so) .  They occur on f l a t  a r e a s ,  e i t h e r  on 
r i d g e  c r e s t s  o r  on lowlands. Three t axa  of cold H i s to so l s  a r e  recognized: 
P e r g e l i c  C r y o f i b r i s t s  ( f i b r o u s ,  low-density organic  m a t t e r ) ,  P e r g e l i c  
Cryosap r i s t s  (nonf ibrous ,  h igh ly  decomposed and dense organic  m a t t e r ) ,  and 
Cryohemists ( i n t e rmed ia t e  organic  mat te r  c h a r a c t e r i s t i c s ) .  H i s to so l s  may have 
any pH. South of t he  Cont inenta l  Divide, mosses, e s p e c i a l l y  Sphagnum spp.,  
a r e  a  major component of t he se  s o i l s .  North of t he  Divide, sedges a r e  more 
important .  

S o i l  p r o f i l e s  used i n  t he  t e x t  have been genera l ized  and horizon designa- 
t i o n s  s imp l i f i ed .  Horizons des igna ted  0 are o rgan ic  (decomposition s t a t e  
symbols have been omit ted) .  Surface horizons t h a t  a r e  commonly organic  r i c h  
a r e  designated A. Subsurface horizons whose mineral  component has  been 
chemical ly  a l t e r e d  o r  i n t o  which m a t e r i a l s  have been moved from su r f ace  
hor izons  a r e  designated a s  R. Mineral horizons which show l i t t l e  o r  no 
chemical a l t e r a t i o n  from t h e  parent  ma te r i a l  a r e  C horizons.  I n  many cases  
s o i l  p r o f i l e s  a r e  cornposed of sequences of 0 o r  R o r  C horizons.  These 
horizons a r e  d i f f e r e n t i a t e d  i n  the  f i e l d  on t h e  bas i s  of c o l o r ,  t e x t u r e ,  o r  
some o the r  parameter and shown i n  t h e  schematic p r o f i l e s  numerical ly  from t h e  
su r f ace  down. S o i l s  whose horizon d e s c r i p t i o n s  a r e  followed by t h e  le t ter  
s u b s c r i p t  g a r e  gleyed,  and those followed by f  were f rozen  a t  t h e  time t h e  
p r o f i l e  was descr ibed.  I n  roost ca se s ,  the  f  r ep re sen t s  the  bottom of t h e  
a c t i v e  layer .  
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LIST OF PLANTS 

L a t i n  name Common name 

Alnus t e n u i f o l i a  
Alnus v i r i d i s  ssp.  c r i s p a  
Andromeda ~ o l i f o l i a  
Anemone ~ a r v i f l o r a  
Arctous (=Arctostaphylos)  a l p i n a  ssp.  rubra  
Arenaria  chamissonis 
As t raga lus  a lp inus  ssp. a lp inus  
Baeothrvon (=Trichophorum) caesnitosum 
Betu la  a landulosa  
Retula  nana 
Betu la  uapyr i f e r a  
Calamagrostis canadensis  
Carex albo-niara  
C. a q u a t i l i s  - 
C.  aurea  -- 
C. concinna 
IL lugens 
L r o s t r a t a  
I; ro tunda ta  
(& s c i r p i o d e a  
Cassioue tetragons 

Chamaedauhne c a l y c u l a t a  
Comarum ( z ~ o n t e n t i l l a )  . pa lu s t r e  
Draba cana -- 
Draba macounii 
pryas  I n t e ~ r i f o l i a  
Dryas oc tope t a l a  
Empetrum eamsi i  
Empetrum n i g r w  
Equisetum arvense 
E.  f l u v i a t i l e  - 
E. p r a t ense  - 
E. sylvat icum - 
Eriaeron  a r a n d i f l o r u s  
Er igeron  mi r i  
Eriophorum annus t i fo l ium 
Eriophorum vaginaturn 
Festuca a l t a i c a  
Galium borea le  
Riupuris  v u l g a r i s  
Juncus trialumis 
Kobresia  s imp l i c iu scu l a  
Koenigia i s l a n d i c a  
Lar ix  l a r i c i n a  
Ledum groenlandicum (=L, p a l u s t r e )  
Ledum decumbena 

Thinleaf  a l d e r  
Green a l d e r  
Bog rosemary 
Northern anemone 
Alpine bearberry 
Matted sandwort 
Alpine milk ve t ch  
Tufted clubrush 
Shrub o r  r e s i n  b i r c h  
Dwarf b i r c h  
Paper b i r c h  
Rent reed g ra s s  o r  B lue jo in t  
Sedge 
Water sedge 
Two-color sedge 
Low nor thern  sedge 
Sedge 
Beaked sedge 
Sedge 
Sedge 
Four-angled ca s s iope  
Lea ther leaf  
March f i v e  f i n g e r  
Draba o r  Rockcress 
Draba o r  Rockcress 
White mountain avens 
Ent i re - leaf  mountain avens 
Crowberry 
Crowberry 
Meadow h o r s e t a i l  
Swamp h o r s e t a i l  
Meadow h o r s e t a i l  
Woodland h o r s e t a i l  
Fleabane 
Fleabane 
T a l l  co t tong ra s s  
Tussock co t tong ra s s  
Fescue g ra s s  
Northern bedstraw 
Mare's t a i l  
Rush 
Kobresia 
Koenigia 
Larch o r  tamarack 
Labrador t e a  
Narrow-leaf l abrador  t e a  
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L a t i n  name 

Linnaea b o r e a l i s  
L o i s e l e u r i a  procwnbens 
Mertensia  pan icu l a t a  
Menyanthes t r i f o l i a t a  
Montia b o s t o c k i i  
Oxytropis scammaniana 
Pentaphpl lo ides  f l o r ibunda  ( = ? o t e n t i l l a  
f r u t i c o s a )  
P i cea  g lauca  
P icea  mariana 
Polygonum b i s t o r t a  
Populus ba lsamifera  
Populus t remuloides  
P o t e n t i l l a  anse r ina  
Pyro la  a s a r i f o l i a  var.  purpurea 
Rosa a c i c u l a r i s  
Kubu s chama elno r u s  
Rubus idaeus  -- 
S a l i x  a rbusculo ides  
S. bebbiana - 
S. i n t e r i o r  - 
Sa l ix  l a n a t a  
S a l i x  p l a n i f o l i a  ssp.  pu lchra  
Sa l ix  r e t i c u l a t a  
Saxi f raga  o p p o s i t i f o l i a  
Shepherdia canadensis  
S i l e n e  a c a u l i s  
Spiraea beauverdiana 
S t e l l a r i a  umbel la ta  
Tanacetum bipinnatum spp. huronense 
Thalasp i  arct icum 
T o f i e l d i a  ~ u s i l l a  
T r ig loch in  maritima 
Tr ig lochin  p a l u s t r e  
U t r i c u l a r i a  in te rmedia  
Vaccinian oxvcoccus 
Vaccinium ulininosum 
Vaccinium v i t i s - i d a e a  
Viburnum edule  

Common name 

Twinflower 
Alpine a z a l e a  
Bluebe l l  o r  lungwort 
Buckbean o r  bogbean 
Spring beauty 
Scamman oxytrope 

Shrubby c i n q u e f o i l  
White spruce 
Black spruce 
B i s t o r t  
Balsam poplar  
Aspen 
Silverweed 
Swamp wintergreen 
P r i c k l y  rose  
Cloudberry 
Raspberry 
L i t t l e  t r e e  willow 
Bebb willow 
I n t e r i o r  willow 
Lanat e willow 
Diamond- l e a f  willow 
Netleaf willow 
Purp le  s a x i f r a g e  
Soapberry 
Moss campion 
Spi rea  
Chickweed 
Tansy 
Pennycress 
S c o t t i s h  asphodel 
Martime arrow 
Marsh arrowgras s 
F l a t - l ea f  bladderwor t 
Bog cranberry 
Bog b lueber ry  
Lingenberry or  mountain c ranber ry  
High bushcranberry 


