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ENGINEERING GEOLOGY USER G U I D E  

I. INTRODUCTION 
A .  Genera l  Comments 
Eng ineer ing  Geology i n c l u d e s  t h e  a n a l y s i s ,  i n t e r p r e t a t i o n ,  and c l a s s i f i c a t i o n  
of e a r t h  m a t e r i a l s  which a f f e c t  p r o j e c t s  p lanned ,  d e s i g n e d ,  and c o n s t r u c t e d  
by man. Eng ineer ing  Geology s t u d i e s  v a r y  i n  s c a l e  and scope  from d e t a i l e d  
s i t e - s p e c i f i c  w a t e r  w e l l  sampl ing t o  g e o l o g i c a l  a n a l y s i s  of l a r g e  a r e a s  of 
t h e  e a r t h ' s  s u r f a c e .  The p r o p e r t i e s  of n a t u r a l  e a r t h  m a t e r i a l s  (sediment ,  
r o c k ,  i c e ,  and w a t e r )  e f f e c t  and sometimes c o n t r o l  t h e  t y p e s  of human 
development p o s s i b l e  i n  a  p a r t i c u l a r  r eg ion .  

The g e o l o g i c a l  a n a l y s i s  of t h e  Northwest Resource Mapping P r o j e c t  Area 
(NWRMPA) was performed by t h e  Eng ineer ing  Geology S e c t i o n  u t i l i z i n g  t h e  
p r i n c i p l e s  and methods of  t e r r a i n  u n i t  mapping by a i r  p h o t o  i n t e r p r e t a t i o n  
d e v i s e d  by Kreig  and Reger (1976,  1982).  T h i s  t e r r a i n  a n a l y s i s  i s  d i r e c t e d  
towards  documenting t h e  m a t e r i a l s  which would e f f e c t  development i n  t h e  
NWRMPA a s  w e l l  a s  i n t e r p r e t a t i o n  of  g e n e r a l i z e d  p r o p e r t i e s  o f  t h e s e  
m a t e r i a l s .  I n  a d d i t i o n ,  c a r e  was t aken  t o  i d e n t i f y  and document t h o s e  
m a t e r i a l s  which may be  c o n s t r a i n e d  by g e o l o g i c  p r o c e s s e s  t o  such  an e x t e n t  
t h a t  development on t h o s e  m a t e r i a l s  may be i m p r a c t i c a l  o r  haza rdous .  The 
r e s u l t a n t  I n t e r p r e t e d  G e o l o g i c a l  C o n s t r a i n t s  and C h a r a c t e r i s t i c s  C h a r t s  
shou ld  be  used w i t h  t h e  T e r r a i n  Uni t  maps t o  i d e n t i f y  t h o s e  a r e a s  t h a t  may be 
i m p r a c t i c a l  o r  haza rdous  f o r  development.  

The u s e r  must n o t i c e  t h a t  t h e  term t e r r a i n  u n i t  is  used  o n l y  w i t h  i t s  
e n g i n e e r i n g  geology c o n t e x t  ( i . e .  a  30 i t  t h i c k  u n i t  o f  t h e  l a n d s c a p e  w i t h  
c h a r a c t e r i s t i c  form and c o n s t i t u e n t  m a t e r i a l s ) .  The t e r m  i s  n o t  e q u i v a l e n t  
t o  i n t e g r a t e d  t e r r a i n  u n i t  a s  used i n  some Geographic  I n f o r m a t i o n  Systems 
(GIs)  where a u n i t  of t h e  l a n d s c a p e  is  d e s c r i b e d  w i t h  c e r t a i n  a t t r i b u t e s  
i n c l u d i n g  s o i l s ,  v e g e t a t i o n ,  landform,  s l o p e ,  and g e n e r a l  geo logy .  Usual ly  
t h e  I n t e g r a t e d  T e r r a i n  Uni t  (ITU) i s  coded n u m e r i c a l l y  t o  d e s c r i b e  t h e s e  
a t t r i b u t e s  and t h e  u s e r  must r e f e r  t o  computer a t t r i b u t e  f i l e s  which d e s c r i b e  
t h e  polygon. 

Eng ineer ing  Geology, t h r o u g h  t h e  p r o c e s s  of t e r r a i n  u n i t  mapping, was done a t  
two l e v e l s  of d e t a i l  f o r  t h e  Northwest Resource Mapping P r o j e c t .  Level  I 
Eng ineer ing  Geology was mapped a t  1:250,000 s c a l e .  L e v e l  I1 mapping occur red  
i n  a  more d e t a i l e d  "window" a r e a  a t  a  s c a l e  of  1 :63,360.  Through t h e  
remainder  of t h i s  u s e r ' s  manual,  t h e  terms 1:250,000 s c a l e  and 1:63,360 s c a l e  
w i l l  b e  used r e s p e c t i v e l y  a s  synonyms f o r  Level  I and L e v e l  I1 mapping. 

The f o l l o w i n g  d i s c u s s i o n  i s  i n t e n d e d  t o  p rov ide  u s e r s  w i t h  g e n e r a l  background 
i n f o r m a t i o n  and t o  i n t r o d u c e  common terms and d e f i n i t i o n s  u s e d  i n  connec t ion  
w i t h  geology t e r r a i n  a n a l y s i s .  

B. Engineer ing Geology A n a l y s i s  by T e r r a i n  Uni t  Mapping 
The e n g i n e e r i n g  geology a n a l y s i s  of t h e  NWRMPA was accomplished u s i n g  t h e  a i r  
pho to  i n t e r p r e t a t i o n  p r o c e s s  termed t e r r a i n  u n i t  mapping. T e r r a i n  u n i t  
mapping h a s  proven t o  b e  a n  e f f e c t i v e  means of  i d e n t i f y i n g  t h e  g e o l o g i c  .. - 

m a t e r i a l s  compris ing s p e c i f i c  p a r t s  of a p r o j e c t  a r e a  and i n t e r p r e t i n g  t h e i r  
p r o b a b l e  g e o l o g i c a l  c h a r a c t e r i s t i c s .  Through t h i s  a n a l y s i s ,  l a r g e  land a r e a s  



can b e  q u a l i t a t i v e l y  d e s c r i b e d  i n  terms o f  meaningful  g e o l o g i c  d a t a  u s e f u l  
f o r  d e c i s i o n s  i n v o l v i n g  l and  p l a n n i n g ,  Land management, and ~ e v e l o p m e n t .  

Geologic  t e r r a i n  u n i t s  a r e  based upon landform a n a l y s i s  by a i r  pho to  i n t e r -  
p r e t a t i o n  u s u a l l y  fo l lowed by s p o t  f i e l d  ; e r i f i c a t i o n .  Landforms a r e  
e l e m e n t s  of  t h e  l andscape  formed by a s i n g e 1  g e o l o g i c  o r  a combina t ion  o f  
a s s o c i a t e d  p r o c e s s e s .  A s  a  r e s u l t  they have i d e n t i f i a b l e  v i s u a l  c h a r a c t e r -  
i s t i c s .  Such c h a r a c t e r i s t i c s  i n c l u d e  topography,  v e g e t a t i o n ,  d r a i n a g e  p a t -  
t e r n s ,  and permafros t  i n d i c a t o r s  (Kre ig  and Reger,  1976).  Although t h e  term 
"form" i m p l i e s  shape and a e r i a l  e x t e n t  o n l y ,  f o r  e n g i n e e r i n g  geo logy  and geo- 
t e c h n i c a l  e n g i n e e r i n g  p u p r o s e s ,  i n t e r n a l  c o n s t i t u e n t  m a t e r i a l s  must be an  
i m p o r t a n t  c o n s i d e r a t i o n  i n  s u b d i v i d i n g  t h e  t e r r a i n .  Each l andform a l s o  h a s  
c h a r a c t e r i s t i c  c o n s t i t u e n t  m a t e r i a l s  w i t h  a r e c u r r e n t  r ange  of g e o t e c h n i c a l  
p r o p e r t i e s .  These i n c l u d e  c h a r a c t e r i s t i c  d i s t r i b u t i o n s  of e n g i n e e r i n g  s o i l  
p r o p e r t i e s  such a s  d e n s i t y ,  m o i s t u r e ,  and s o i l  g r a i n  s i z e  c l a s s .  Thus ,  t h e  
t e r m  landform i s  used t o  d e s c r i b e  n o t  o n l y  t h e  form, b u t  t h e  g e o l o g i c  
m a t e r i a l s  ( s o i l s ,  i c e ,  a n d / o r  rock)  compr i s ing  t h e  f e a t u r e  ( K r e i g  and Reger,  
1976) .  

T e r r a i n  Uni t  landforms were mapped from t h e  ground s u r f a c e  t o  a  d e p t h  o f  
abou t  10 mete r s  (30 f t ) .  Each l andform i s  l a b e l e d  w i t h  a two segment l e t t e r  
code.  The uppercase  l e t t e r  i n d i c a t e s  t h e  g e n e s i s  of t h e  d e p o s i t ,  f o r  example 
F  f o r  F l u v i a l  ( s t r eam o r  r i v e r )  D e p o s i t s ;  t h e  lowercase  l e t t e r s  i n d i c a t e  
s p e c i f i c  landforms i n  each g e n e t i c  g roup ,  f o r  example F t  f o r  E l u v i a l  T e r r a c e  
D e p o s i t s  and Fp f o r  F l u v i a l  F l o o d p l a i n  D e p o s i t s .  

Geo log ic  T e r r a i n  U n i t s  may b e  composed of one o r  more l andforms .  S e v e r a l  
d i f f e r e n t  k i n d s  of t e r r a i n  u n i t s  a r e  p o s s i b l e ,  depending on t h e  s p a t i a l  
a r rangement  of t h e s e  landforms.  A l l  of t h e  fo l lowing  t y p e s  o c c u r  w i t h i n  t h e  
p r o j e c t  a r e a .  

Simple T e r r a i n  Uni t s  c o n s i s t  of  o n l y  one landform.  An example i s  meandering 
f l o o d p l a i n  d e p o s i t s  w i t h  t e r r a i n  u n i t  symbol Fpm. 

Layered T e r r a i n  U n i t s  c o n s i s t  of one l andform o v e r l y i n g  a n o t h e r .  An example 
is  o r g a n i c  d e p o s i t s  o v e r l y i n g  o l d  g l a c i a l  t i l l  d e p o s i t s .  A l i n e  " - " i s  used 
between t h e  symbols and t h e  t e r r a i n  u n i t  d e s i g n a t i o n  i s  - 0 . 

Gto 

Mosaic T e r r a i n  U n i t s  c o n s i s t  o f  two t o  f o u r  landforms e a c h  of which comprise  
more t h a n  20 p e r c e n t  of  t h e  a r e a .  However, because of  complex d i s t r i b u t i o n  
p a t t e r n s  o r  mapping r e s o l u t i o n ,  t h e  l andforms  cannot  be  s e p a r a t e d .  The p l u s  
c o n n e c t i v e  "f" i s  used w i t h  t h e  dominant landform l i s t e d  f i r s t .  An example 
is meandering f l o o d p l a i n  d e p o s i t s  p l u s  abandoned f l o o d p l a i n  d e p o s i t s ,  Fpm + 
Fpa. Another example i s  p e r i g l a c i a l  p a t t e r n e d  ground d e p o s i t s  p l u s  
t h e r m o k a r s t  thaw l a k e  d r a i n a g e  d e p o s i t s  p l u s  o r g a n i c  d e p o s i t s  p l u s  e o l i a n  
l o e s s  d e p o s i t s ,  Ppg + T t l  + 0 + E l .  

C o m ~ l e x  T e r r a i n  U n i t s  c o n s i s t  of t h r e e  o r  more landforms i n  v a r i o u s  
a r rangements  i n d i c a t i n g  b o t h  l a y e r e d  and mosaic  a s p e c t s  and employing t h e  
l i n e  and p l u s  c o n n e c t i v e s .  An example is c o l l u v i a l  s lopewash d e p o s i t s  p l u s  
p e r i g l a c i a l  g e l i f l u c t i o n  d e p o s i t s  o v e r l y i n g  bedrock,  o r  c o l l u v i a l  s lopewash 



d e p o s i t s  p l u s  p e r i g l a c i a l  d e p o s i t s  o v e r l y i n g  bedrock p l u s  c c z r s e  col:uvium, 
Cbs + Cgs and Cbs + Cgs. Other complex combinat ions  a r e :  

Bx Bx + Cc 
c o l l u v i a l  slopewash d e p o s i t s  o v e r l y i n g  bedrock  p l u s  coarse  co l luv ium,  

Cbs , c o l l u v i a l  slopewash d e p o s i t s  p l u s  p e r i g l a c i a l  
Bx + Cc 

g e l i g l u c t i o n  d e p o s i t s  o v e r l y i n g  weathered bedrock p l u s  exposed bedrock ,  
Cbs + Cgs + Bx. Another complex t e r r a i n  u n i t  encountered 

BX - W 
i s  a  mosaic  of c o l l u v i a l  slopewash d e p o s i t s  p l u s  p e r i g l a c i a l  g e l i f l u c t i o n  
d e p o s i t s  b o t h  o v e r l y i n g  a  veneer  of o l d  g l a c i a l  t i l l  d e p o s i t s  which i n  t u r n  
a r e  o v e r l y i n g  weathered bedrock,  Cbs + Cgs. 

Gto - v  -- 
BX - w 

Again,  t h e s e  k i n d s  of t e r r a i n  u n i t s  e x i s t  because  one o r  more landforms occur  
from t h e  ground s u r f a c e  t o  a  dep th  o f  30 f t .  Not ice  t h e  examples c i t e d  
above.  A s imple  t e r r a i n  u n i t  such a s  meandering f l o o d p l a i n  d e p o s i t s  (Fpm) 
i n d i c a t e s  s t ream-depos i t ed  sands  and g r a v e l s  occur  from t h e  ground s u r f a c e  t o  
a n  i n t e r p r e t e d  dep th  of 30 i t .  A l a y e r e d  t e r r a i n  u n i t  might c o n s i s t  of a  
t h i c k n e s s  of 3 f t  of  o r g a n i c  d e p o s i t s  o v e r l y i n g  g l a c i a l  till which e x t e n d s  t o  
an  i n t e r p r e t e d  d e p t h  of 30 f t .  S i m i l a r l y ,  t h e  two p o r t i o n s  of a  mosaic 
t e r r a i n  u n i t  occur  from t h e  s u r f a c e  t o  a  d e p t h  of 30 f t .  

The u s e r  shou ld  r e a l i z e  t h a t  t h e  g e o l o g i c a l  c h a r a c t e r i s t i c s  and s i g n i f i c a n c e  
of a  l andform does  n o t  change i f  t h a t  l andform i s  p a r t  of a  combinat ion 
t e r r a i n  u n i t .  That  i s ,  t h e  s i g n i f i c a n c e  o f  Cbs (slopewash) a s  a  s a t u r a t e d  
o r g a n i c - r i c h  s i l t  and f i n e  sand s o i l  d e p o s i t  i s  t h e  same f o r  s imple  t e r r a i n  
u n i t  o r  l a y e r e d  t e r r a i n  u n i t ,  such a s  slopewash o v e r l y i n g  weathered bedrock ,  

Cbs. 
Bx-w 
Thus, t h e  combinat ion t e r r a i n  u n i t s  a r e  t h e  sum of  t h e  component landforms.  

C .  Eng ineer ing  S o i l s  
The u s e r  must a l s o  keep i n  mind t h a t  t h e  term s o i l  i s  used i n  t h i s  c h a p t e r  a s  
d e f i n e d  i n  e n g i n e e r i n g  geology p r a c t i c e  and n o t  a s  used i n  s o i l  s c i e n c e  o r  
a g r i c u l t u r e .  That  i s ,  a  s o i l  i s  a l l  u n c o n s o l i d a t e d  m a t e r i a l  t h a t  o v e r l i e s  
bedrock  ( A G I  Glossa ry  of Geology, 2nd ed . ,  p. 272.) .  To minimize c o n f u s i o n ,  
o n l y  t h e  t e rm e n g i n e e r i n g  s o i l s  w i l l  be used throughout  t h i s  c h a p t e r .  The 
e n g i n e e r i n g  s o i l  c l a s s i f i c a t i o n  used i n  t h i s  s e c t i o n  i s  t h e  Uni f i ed  S o i l  
~ l a s s i f i c a t i o n ,  which i s  d e f i n e d  based  on p a r t i c l e  s i z e  ( f o r  example,  t h e  
amounts of c l a y ,  s i l t ,  sand ,  and g r a v e l  [Krynine and Judd,  1957,  p. 1 4 6 1 ) .  

The f o l l o w i n g  s e c t i o n s  d i s c u s s  t h e  r e g i o n a l  g e o l o g i c  s e t t i n g  of t h e  p r o j e c t  
a r e a ,  t h e  two l e v e l s  of i n v e s t i g a t i o n ,  t h e  methods and p rocedures  u s e d ,  map 
r e l i a b i l i t y ,  mapping u n i t  d e s c r i p t i o n s ,  and g e o l o g i c a l  c h a r a c t e r i s t i c s  and 
h a z a r d s  o f  t h e  t e r r a i n  u n i t s .  

11. REGIONAL GEOLOGIC SETTING 
A.  Physiography 
The NWRMPA l i e s  i n  nor thwes te rn  Alaska and c o n s i s t s  of e i g h t e e n  1:250,000 
s c a l e  q u a d r a n g l e s .  They a r e  Nome, Solomon, Norton Bay, T e l l e r ,  Bendeleben,  
Candle ,  Sh i shmaref ,  Selawik,  Shungnak, Hughes, Survey P a s s ,  Ambler R i v e r ,  



Baird Xountains, S o a t a k ,  DeLong Yountains, Point Hope, and Point Lay. The 
project area includes the Intermontane Uplands and Lowlands division, and the 
Rocky Mounrain System division. These two major physiographic divisions of 
Alaska are further segmented within the project area into physiographic 
provinces and sections as shown below ( ~ 4 ~ 4 ,  1975, plate 1). 

Intermountain Uplands and Lowlands Division 
Seward Peninsula Province 
Western Alaska Province 
Kobuk-Selawik Lowland Section 
Nulato Hills Section 
Koyukuk Flats Section 

Rocky Mountain System Division 
Arctic Mountains Province 
Central and Eastern Brooks Range Section 
Baird Mountains Section 
Noatak Lowland Section 
DeLong Mountains Section 

The physiographic classification was devised in order to effectively describe 
Alaskan land areas each of which have unique, discrete, internal geological 
characteristics. The boundaries of these physiographic regions occur where 
the topography changes markedly in character. The basis of the classifica- 
tion consists of the parameters general topography, drainage, lakes, gla- 
ciers, permafrost, surficial geology, and bedrock geology. 

B. Permafrost 
Permafrost underlies a significant portion of the NWRMPA. Permafrost under- 
lies 85 percent of Alaska and creates engineering problems in the design, 
construction, and maintenance of roads, railroads, airfields, pipelines, 
buildings, and sewage and waste disposal. Permafrost is defined as frozen 
soil, surficial material and bedrock that has remained below 0°C (32°F) con- 
tinuously for at least two years. In most areas, however, the ground has 
remained frozen for many thousands of years. Permafrost is not dependent 
upon terrain unit grain sizes or textures, compaction, moisture content, or 
composition. Permafrost is of critical importance in Arctic land-use plan- 
ning and its environmental impact. Within the NWRMPA the Arctic Foothills is 
underlain by thick permafrost in areas of either fine grained or coarse 
grained deposits. The Central and Eastern Brooks Range, DeLong Mountains, 
and Baird Mountains is underlain by continuous permafrost. On the Seward 
Peninsula, the York, Kigluaik, and Bendeleben Mountains are underlain by 
discontinuous permafrost. The remainder of the Seward Peninsula, Kobuk- 
Selawik Lowland, Nulato Hills, and Koyukuk Flats is underlain by moderately 
thick to thin permafrost in areas of fine grained deposits and by discon- 
tinuous or isolated masses of permafrost in areas of coarse grained deposits. 
The Purcell Mountains north of the Koyukuk Flats is underlain by discon- 
tinuous permafrost. 



1 .  I . E I ' C  1 'i\KD LEVEL TI SCALE E ) : C ; L S E E R I S G  GEOLOGY 

A .  T e r r a i n  Uni t  Happing !lethods 
1 .  General  Flethods. The t e r r a i n  u n i t  mapping of S t a t e  of Alaska land w i t h i n  
t h e  NWMIPA was done a t  1 :250 ,000  s c a l e  w i t h  a  m a p p i ~ g  minimum o f  approximate- 
l y  640 a c r e s  (one sq  m i ) ,  and a t  1 :63,360 s c a l e  which had a  mapping minimum 
of approximate ly  40  a c r e s .  A e r i a l  photo i n t e r p r e t a t i o n  was used t o  map 
t e r r a i n  u n i t s .  NASA 1 : 6 0 , 0 0 0  t o  1 :65,000 s c a l e  c o l o r  i n f r a r e d  a e r i a l  photo- 
graphy was used .  A L e i t z  m i r r o r  s t e r e o s c o p e  mounted on a  movable t r a c k  
a t t achment  was used t o  do t h e  photo i n t e r p r e t a t i o n .  T e r r a i n  u n i t s  were 
mapped on c l e a r  a c e t a t e  o v e r l a y s  r e g i s t e r e d  t o  t h e  p h o t o s .  The t e r r a i n  u n i t s  
were manually t r a n f e r r e d  from t h e  c l e a r  a c e t a t e  photo  o v e r l a y s  t o  mylar over-  
l a y s  which were r e g i s t e r e d  t o  t h e  U.S. Geo log ica l  Survey t o p o g r a p h i c  quad- 
r a n g l e  base  maps. The t e r r a i n  maps ( s imple ,  l a y e r e d ,  m o s a i c ,  and complex) 
a r e  based upon t h e  s t a n d a r d  h e i r a r c h i c a l  c a t a l o g  of  l andforms  developed f o r  
t e r r a i n  a n a l y s i s  p r o j e c t s  i n  Alaska (Kreig  and Reger ,  1 9 7 6 ,  1980).  

B.  Use of t h e  T e r r a i n  Uni t  Maps 
The t e r r a i n  u n i t  mapping was done t o  p rov ide  i n f o r m a t i o n  t h a t  w i l l  be u s e f u l  
f o r  l and  management and n a t u r a l  r e s o u r c e  d e c i s i o n  making. 

1. Geo log ica l  C h a r a c t e r i s t i c s  and C o n s t r a i n t s  C h a r t  
I n  o r d e r  t o  e v a l u a t e  p o t e n t i a l  development w i t h  r e s p e c t  t o  t h e  t e r r a i n  u n i t s ,  
a q u a l i t a t i v e  i n t e r p r e t a t i o n  of t h e  g e o l o g i c  c h a r a c t e r i s t i c s  and c o n s t r a i n t s  
of each  t e r r a i n  u n i t  i s  p rov ided  ( s e e  c h a r t s ) .  The g e o l o g i c a l  c h a r a c t e r i s -  
t i c s  and c o n s t r a i n t s  d e s c r i b e d  f o r  t h e  v a r i o u s  t e r r a i n  u n i t s  a r e  n o t  in tended  
t o  be used f o r  d e t a i l e d  d e s i g n  purposes .  A d d i t i o n a l  s i t e - s p e c i f i c  mapping, 
sampl ing,  d r i l l i n g ,  and t e s t i n g  would be r e q u i r e d  f o r  f i n a l  developmental  
p lann ing .  

2. Geo log ica l  C h a r a c t e r i s t i c s  D e f i n i t i o n s  
Slope C l a s s i f i c a t i o n :  Fol lowing g u i d e l i n e s  e s t a b l i s h e d  by t h e  U.S. F o r e s t  
S e r v i c e ,  t h e  Bureau of  Land Management, and t h e  American S o c i e t y  of Landscape 
A r c h i t e c t s ,  s l o p e s  i n  t h e  p r o j e c t  a r e a  a r e  d e s c r i b e d  by t h e  f o l l o w i n g  
c l a s s e s :  F l a t  - 0-5%, G e n t l e  - 5-152, Noderate - 15-25%, and S t e e p  - g r e a t e r  
t h a n  25%. 

I n t e r p r e t e d  Eng ineer ing  U n i f i e d  S o i l  Types: Based on p r e v i o u s  work i n  
s i m i l a r  a r e a s  and d e f i n i t i o n s  of t h e  e n g i n e e r i n g  s o i l s ,  a range  of s o i l  t y p e s  
based on p a r t i c l e  s i z e  d e f i n i t i o n s  employed by t h e  U n i f i e d  s o i l  ~ l a s s i f i c a :  
t i o n  (USC), h a s  been a s s i g n e d  t o  each t e r r a i n  u n i t .  O f t e n  s e v e r a l  eng inee r -  
i n g  s o i l  t y p e s  a r e  l i s t e d ,  some of which a r e  much l e s s  p r e v a l e n t  t h a n  o t h e r s .  
The r e a d e r  i s  reminded of  t h e  d i f f e r e n c e  between t h e  e n g i n e e r i n g  d e f i n i t i o n  
of s o i l  a s  used i n  t h e  USC and t h a t  used by t h e  U.S. Department of 
A g r i c u l t u r e .  

Drainage and P e r m e a b i l i t y :  P e r m e a b i l i t y  ( h y d r a u l i c  c o n d u c t i v i t y )  r e f e r s  t o  
t h e  r a t e  a t  which w a t e r  can f low through such s o i l s .  Drainage d e s c r i b e s  t h e  
a b i l i t y  of t h e  s u r f i c i a l  p o r t i o n  of t h e  t e r r a i n  u n i t  t o  h a n d l e  r a i n f a l l  and 
snow mel t  t a k i n g  i n t o  accoun t  a  combinat ion of p e r m e a b i l i t y ,  s l o p e ,  topo- 
g r a p h i c  p o s i t i o n ,  and t h e  p rox imi ty  of t h e  w a t e r  t a b l e .  



E r o s i o n  P o t e n t i a l :  F:rosion p o t e n t i 2 1  c o n s i d e r s  t h e  l i k e l i h o o d  of c o n s t i t u e n t  
s e d i m e n t s  being moved b y  e o l i a n  and f l u v i a l  p r o c e s s e s  such a s  shee twash ,  
r i l l ,  and g u l l i n g .  I n  g e n e r a l  t h i s  r e l a t e s  t o  t h e  p a r t i c l e  s i z e  of t h e  s e d i -  
ments .  Mass was t ing  p o t e n t i a l  i s  c o n s i d e r e d  under s l o p e  s t s b i l i t v .  

Ground Water Table :  Depth t o  ground w a t e r  t a b l e  is  d e s c r i b e d  i n  r e l a t i v e  
t e rms  r a n g i n g  from very  s h a l l o w  t o  deep.  I n  c o n s t r u c t i o n  i n v o l v i n g  excava- 
t i o n  and founda t ion  work, s p e c i a l  t e c h n i q u e s  and p l a n n i n g  w i l l  be  r e q u i r e d  i n  
most a r e a s  w i t h  a  sha l low w a t e r  t a b l e  and i n  some of  t h e  a r e a s  w i t h  a  moder- 
a t e l y  deep wa te r  t a b l e .  I n  a r e a s  of pe rmaf ros t  a  sha l low perched l o c a l  wa te r  
t a b l e  may occur .  

P r o b a b l e  Permaf ros t  D i s t r i b u t i o n :  The occur rence  of p e r m a f r o s t  and t h e  
d e g r e e  of c o n i t n u i t y  of f r o z e n  e n g i n e e r i n g  s o i l  i s  d e s c r i b e d  on t h e  c h a r t  by 
t h e  f o l l o w i n g  r e l a t i v e  t e rms :  Unfrozen - g e n e r a l l y  w i t h o u t  any p e r m a f r o s t ;  
s p o r a d i c  - s i g n i f i c a n t l y  l a r g e  a r e a s  a r e  f r o z e n  and s i t e  s p e c i f i c  work may be 
r e q u i r e d  b e f o r e  d e s i g n ;  d i s c o n t i n u o u s  - most of t h e  a r e a  i s  u n d e r l a i n  by 
f r o z e n  s o i l s  and s i t e - s p e c i f i c  work i s  r e q u i r e d  u n l e s s  d e s i g n  i n c o r p o r a t e s  
f e a t u r e s  r e l a t i n g  t o  p e r m a f r o s t ;  c o n t i n u o u s  - t h e  e n t i r e  a r e a  i s  f r o z e n  and 
a l l  d e s i g n s  should  be based on o c c u r r e n c e  of pe rmaf ros t .  

F r o s t  Heave P o t e n t i a l :  Those e n g i n e e r i n g  s o i l s  t h a t  c o n t a i n  s i g n i f i c a n t  
amounts of  s i l t  and f i n e  sand p l u s  a v a i l a b l e  wa te r  t o  form i c e  have t h e  
p o t e n t i a l  t o  produce f r o s t  heave  problems.  A q u a l i t a t i v e  low,  modera te ,  and 
h i g h  r a t i n g  d e s c r i b e s  t h e  v a r i o u s  landforms based on t h e  p o t e n t i a l  s e v e r i t y  
of t h e  problem. Where t h e  e n g i n e e r i n g  s o i l  s t r a t i g r a p h y  is  s u c h  t h a t  a  f r o s t  
s u s c e p t i b l e  m a t e r i a l  o v e r l i e s  a  coa rse -d ra ined  d e p o s i t ,  a  d u a l  c l a s s i f i c a t i o n  
is g i v e n .  For t h e s e  c a s e s  t h e  f r o s t  s u s c e p t i b l e  m a t e r i a l  might  b e  excava ted  
and r e p l a c e d  w i t h  n o n - f r o s t  s u s c e p t i b l e  m a t e r i a l .  

Thaw S e t t l e m e n t  P o t e n t i a l :  Pe rmaf ros t  i n  sed iments  w i t h  a  s i g n i f i c a n t  volume 
of  i c e  may d i s p l a y  d i f f e r e n t i a l  s e t t l e m e n t  of t h e  ground s u r f a c e  upon thaw- 
i n g .  C l a y s ,  s i l t s ,  and f i n e  s a n d s  have g e n e r a l l y  t h e  g r e a t e s t  s e t t l e m e n t  
p o t e n t i a l ,  forming t h e  b a s i s  f o r  t h e  t h r e e - f o l d  c l a s s i f i c a t i o n  p r e s e n t e d  on 
t h e  c h a r t .  Unfrozen e n g i n e e r i n g  s o i l s  do no t  have t h e  p o t e n t i a l  f o r  thaw 
s e t t l e m e n t ;  however, some of t h e  weak s o i l s  may s e t t l e  under  t h e  we igh t  of a  
roadway o r  s t r u c t u r e .  

Bear ing  S t r e n g t h :  Based on t h e  t e r r a i n  u n i t  e n g i n e e r i n g  s o i l  t y p e s  and s t r a -  
t i g r a p h y  a  q u a l i t a t i v e  d e s c r i p t i o n  of  b e a r i n g  s t r e n g t h  i s  g i v e n .  I n  g e n e r a l ,  
c o a r s e - g r a i n e d  g r a v e l s  have a  h i g h e r  b e a r i n g  s t r e n g t h  t h a n  f i n e - g r a i n e d  s i l t s  
o r  c l a y s .  However, t h e  p r e s e n c e  of  pe rmaf ros t  may s i g n i f i c a n t l y  i n c r e a s e  t h e  
s t r e n g t h  o f  some f i n e - g r a i n e d  s e d i m e n t s .  

S lope  S t a b i l i t y :  The s l o p e  s t a b i l i t y  q u a l i t a t i v e  r a t i n g  was d e r i v e d  th rough  
e v a l u a t i o n  of topograph ic  p o s i t i o n ,  s l o p e ,  e n g i n e e r i n g  s o i l s  c o m p o s i t i o n ,  
w a t e r  c o n t e n t ,  i c e  c o n t e n t ,  e t c .  The s t a b i l i t y  a s sessment  c o n s i d e r s  a l l  
r a p i d ,  mass-wasting p r o c e s s e s .  The q u a l i t a t i v e  s t a b i l i t y  o f  t h e  t e r r a i n  
u n i t s  on over-s teepened s l o p e s  and n a t u r a l  s l o p e s  i s  d e s c r i b e d  on t h e  c h a r t  
i n  t e rms  of  low, moderate ,  and h i g h  s t a b i l i t y .  



S u i t a b i l i ~ y  as  n Source P !  borrow: G r e a t  q u a n t i t i e s  o i  c c n s t r u c t l o n  
R a t e r i a l s  w i l l  be needed f o r  a l l  phases  o f  development.  These 1 ~ a t e r L a l s  
i n c l u d e  sand and g r a v e l .  Commonly a borrow s o u r c e  i s  a  g r a v e l  p i t .  The 
r a t i n g  c o n s i d e r s  s u i t a b i l i t y  a s  p i t  r u n  and c o a r s e  aggrega te  c o n s i s t i n g  
l a r g e l y  of  wel l -graded sand and g r a v e l .  A good t o  e x c e l l e n t  r a t i n g  d e n o t e s  a 
t e r r a i n  u n i t  a s  a  source  wi thou t  p r o c e s s i n g .  A f a i r  r a t i n g  i n d i c a t e s  t h e  
a g g r e g a t e  would be  a c c e p t a b l e ,  a f t e r  p r o c e s s i n g  ( c r u s h i n g  a n d / o r  s c r e e n i n g ) .  
A poor  r a t i n g  i n d i c a t e s  t h a t  t h e  e f f o r t  of  p r o c e s s i n g  would l i k e l y  be sub- 
economic. 

3.  G e n e r a l i z e d  Land Use Comments 
Based upon t h e  g e o l o g i c a l  c h a r a c t e r i s t i c s  and c o n s t r a i n t s  c h a r t s ,  and 
knowledge of t h e  t e r r a i n  u n i t  g e o t e c h n i c a l  p r o p e r t i e s  found w i t h i n  t h e  s t u d y  
a r e a  and s i m i l a r  a r e a s  of Alaska ,  some g e n e r a l i z e d  commends can be  made. 
I d e a l l y ,  t e r r a i n  u n i t s  w i t h  moderate t o  deep w a t e r  t a b l e s ,  h i g h  s l o p e  s t a b i l -  
i t y ,  low e r o s i o n  p o t e n t i a l ,  low s l o p e s ,  and c o n s i s t i n g  of u n f r o z e n  e n g i n e e r -  
i n g  s o i l s  w i t h  low f r o s t  s u s c e p t i b i l i t y  and h i g h  b e a r i n g  s t r e n g t h  would be 
most s u i t a b l e  f o r  t h e  l o c a t i o n  of  b u i l d i n g s ,  r o a d s ,  and o t h e r  development .  

I n  t h e  p a s t  10 t o  15 y e a r s  c o n s i d e r a b l e  s t r i d e s  have been made i n  t h e  d e s i g n  
of  b u i l d i n g  f o u n d a t i o n s  ( i n c l u d i n g  a c t i v e  and p a s s i v e  r e f r i g e r a t e d  sys tems)  
i n  o r d e r  t o  keep t h e  u n d e r l y i n g  s o i l s  f r o z e n .  S i m i l a r l y ,  i n s u l a t e d  f i l l  s y s -  
tems have been developed f o r  c o n s t r u c t i o n  of r o a d s .  T h e r e f o r e ,  l e s s  s u i t a b l e  
a r e a s  can  be  developed i f  a  s h o r t a g e  of "good land"  o c c u r s .  The t r a d e  o f  i s ,  
of c o u r s e ,  c o s t .  The sys tems r e q u i r e d  t o  minimize thawing of f r o z e n  ground 
a r e  e x p e n s i v e  compared t o  " s t andard"  c o n s t r u c t i o n  p r a c t i c e s .  

A s  i n d i c a t e d  on t h e  g e o l o g i c a l  c h a r a c t e r i s t i c s  c h a r t ,  t h e  E l u v i a l  and Glacio-  
f l u v i a l  t e r r a i n  u n i t s  a r e  most l i k e l y  t o  be  s u i t a b l e  s o u r c e s  of  borrow.  
Mining of  t h e  c o n s t i t u e n t  sands  and g r a v e l s  p r o v i d e s  m a t e r i a l s  f o r  c o n s t r u c -  
t i o n .  P r e s e n t  p r a c t i c e  a t t e m p t s  t o  a v o i d  u s e  of a c t i v e  f l o o d p l a i n  d e p o s i t s  
b e c a u s e  of  env i ronmenta l  c o n f l i c t s :  mining of  abandoned f l o o d p l a i n  and 
t e r r a c e  d e p o s i t s  minimizes such e n v i r o n m e n t a l  f a c t o r s .  

C .  R e l i a b i l i t y  of T e r r a i n  Uni t  Maps 
The t e r r a i n  u n i t  maps a r e ,  w i t h  few e x c e p t i o n s ,  t h e  r e s u l t  of  o r i g i n a l  a i r  
photo  i n t e r p r e t a t i o n  of t e r r a i n  u n i t s  and t h e i r  boundar ies .  F i e l d  v e r i f i c a -  
t i o n  of t h e  t e r r a i n  u n i t s  was o n l y  done a l o n g  t h e  Nome road network.  There- 
f o r e ,  q u e s t i o n s  may a r i s e  concern ing  t h e  a c c u r a c y  o r  c o r r e c t n e s s  of  t e r r a i n  
u n i t  i n t e r p r e t a t i o n s ,  o r  comments based on t h e  g e n e r a l  g e o l o g i c a l  c h a r a c t e r -  
i s t i c s  of  t h e  m a t e r i a l  c o n s t i t u e n t s  o f  t h e  t e r r a i n  u n i t s  t h a t  a r e  n o t  l o c a t e d  
n e a r  t h e  Nome road  network. The a i r  p h o t o  i n t e r p r e t a t i o n  and r e g i s t r a t i o n -  
t r a n s f e r  p r o c e s s e s  were done c a r e f u l l y  s o  t h a t  t h e  i d e n t i f i c a t i o n ,  c o n f i g -  
u r a t i o n ,  and l o c a t i o n  of t h e  t e r r a i n  u n i t s  i s  a  r e a s o n a b l e  g e o l o g i c a l  
i n t e r p r e t a t i o n .  
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