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PREFACE 

A n c h o r a g e  i s  a  d y n a m i c  c i t y  b o t h  i n  t h e  s e n s e  o f  i t s  r a p i d  

a n d  d i v e r s e  s o c i o - e c o n o m i c  g r o w t h  a n d  w i t h  r e s p e c t  t o  t h e  

g e o l o g i c  s e t t i n g  w i t h i n  w h i c h  i t  i s  l o c a t e d .  Even  u i t h  t h e  

p r o f o u n d  s t r i d e s  t h e  p e o p l e  o f  A n c h o r a g e  h a v e  made i n  t h e  

r e a l m s  o f  c u l t u r e ,  t e c h n o l o g y ,  i n d u s t r y ,  a n d  commerce, 

s t i l l  t h e  c o m p l e x i t y  o f  t h e  e a r t h  m e c h a n i s m s  i n f l u e n c i n g  

t h e  r e g i o n  make p r o g r e s s  h e r e  an u n r e l e n t i n g  c h a l l e n g e .  

The f o l l o w i n g  g u i d e  i s  n o t  i n t e n d e d  t o  b e  an e x h a u s t i v e  

s t u d y  o f  e i t h e r  t h e  g e o l o g y  o r  t h e  h i s t o r y  o f  t h e  a r e a .  

I n s t e a d ,  i t  i s  o u r  i n t e n t  t o  p r o v i d e  y o u  w i t h  a  s e n s e  o f  

t h e  g e o l o g i c  p r o b l e m s ,  as  w e l l  as  t h e  s u c c e s s e s  and  t h e  

o c c a s s i o n a l  f a i l u r e s ,  w h i c h  h a v e  c h a r a c t e r i z e d  t h e  b r i e f  

b u t  c o l o r f u l  h i s t o r y  o f  A n c h o r a g e .  We e n c o u r a g e  y o u  t o  

p u r s u e  i n d i v i d u a l  t o p i c s  i n t r o d u c e d  h e r e i n ;  y o u  may f i n d  

some o f  t h e  r e f e r e n c e s  i n  t h e  B i b l i o g r a p h y  t o  be o f  h e l p .  

We we lcome y o u  t o  A n c h o r a g e  a n d  s i n c e r e l y  h o p e  t h a t  y o u  

w i l l  e n j o y  y o u r  v i s i t .  



I n t r o d u c t i o n  
The n a t u r a l  s e t t i n g  o f  Anchorage has been q u i t e  conducive t o  

growth as a  p o p u l a t i o n  and economic c e n t e r .  Topography i n  t he  
c e n t r a l  Anchorage area i s  o f  low r e l i e f ,  g e n t l y  s l o p i n g  f rom t h e  
Chugach mounta ins on t h e  eas t  toward Cook I n l e t  on t h e  west and 
south.  Much o f  t h e  c e n t r a l  p a r t  o f  Anchorage l i e s  on a  broad, 
g e n t l y  s l o p i n g  a l l u v i a l  p l a i n  t r unca ted  b y  b l u f f s  a long t h e  I n l e t  
and along major  streams f l o w i n g  from t h e  mounta ins t o  t h e  I n l e t ,  
t h e  most impo r tan t  o f  which i s  Ship Creek. 

I n  a d d i t i o n  t o  f a v o r a b l e  topography, t h e  r e g i o n  a lso  o f f e r s  
a  moderat ion o f  t h e  more t y p i c a l  A1 askan c l  imates,  be ing  warmer 
and we t t e r  than  t h e  c o n t i n e n t a l  c l i m a t e  of t h e  i n t e r i o r  o f  t h e  
s t a t e  and y e t  c o o l e r  and d r i e r  than t h e  m a r i t i m e  c l i m a t e  o f  the  
c o a s t a l  areas. Th i s  c l i m a t i c  m o d i f i c a t i o n  i s  a  r e s u l t  o f  t he  
su r round ing  mounta in  ranges and Cook I n l e t .  The mean annual 
temperature i s  36°F.  Average m i  nirnum w i n t e r  and maximum summer 
temperatures a re  6 ° F  and 66°F r e s p e c t i v e l y .  The c o l d e s t  
temperature recorded  i s  -68"F,  the warmest b e i n g  83°F.  The mean 
annual p r e c i p i t a t i o n  i s  14.5 inches and t h e  mean annual snowfa l l  
i s  59 inches .  To t h e  eas t ,  i n  t he  Chugach Mountains,  t h e  
temperatures a re  lower  and p r e c i p i t a t i o n  h i ghe r  supp l y i ng  t h e  
Anchorage low land  w i t h  abundant water resources  bo th  th rough  
su r f ace  r u n o f f  and groundwater a q u i f e r s .  The average wind 
v e l o c i t y  i s  5 mph. The p r e v a i l i n g  winds are ou t  o f  t h e  no r t heas t  
i n  w i n t e r  and nor thwes t  i n  summer. Gus t ing  winds a long t he  
Chugach mounta in  f r o n t  o c c a s i o n a l l y  cause damage t o  h i l l s i d e  
hsmcs and L u s i  nesscs. 

Vege ta t i on  i n  t h e  Anchorage low1 and o u t s i d e  t h e  urban areas 
v a r i e s  somewhat i n  r e l a t i o n  t o  water t a b l e  l e v e l s  and s o i l  
d ra inage .  The w e l l  d ra i ned  podsol s o i l s  suppor t  c o n i f e r o u s  types 
o f  v e g e t a t i o n ,  m a i n l y  spruce, a lder ,  and w i l l o w ,  and t h e  
deciduous types,  p r i m a r i l y  b i r c h ,  cottonwood, and aspen. Mixed 
c o n i f e r o u s  and deciduous t r e e s  are common i n  c o a s t a l  areas t h a t  
have n o t  been d i s t u r b e d .  I n  t he  lowland areas of poor dra inage,  
spruce bogs c o n s i s t  o f  s t un ted  and s l o w l y  g row ing  b l a c k  spruce. 
These spruce bogs are sometimes r e f e r r e d  t o  as "drunken f o r e s t s "  
o r  " e l f e n  f o r e s t s "  where t h e  spruce are ex t r eme l y  s t un ted  and 
l e a n i n g  a t  v a r i o u s  angles which may i n d i c a t e  t h e  presence o f  
near -su r face  pe rma f ros t .  Tree less bogs occur  where t h e  
v e g e t a t i o n  i s  p r i m a r i l y  mosses and shrubs caused b y  ex t reme ly  
poor d r  a i  nage. 

PAGE 1 



Genera l  H i s t o r y  
On t h e  famous sea rch  f o r  t h e  Nor thwest  passage, B r i t i s h  

e x p l o r e r  Cap ta in  James Cook s a i l e d  i n t o  t h e  wa te rs  t h a t  bea r  h i s  
name, d ropp ing  anchor o f f  F i r e  I s 1  and w i t h i n  s i t e  o f  p r e s e n t - d a y  
Anchorage. On June 1, 1778,  Cap ta in  Cook s e n t  2 b o a t s  ashore and 
t o o k  possess ion  of t h i s  p a r t  o f  A laska i n  t h e  name o f  George 111. 
Cook d e s c r i b e d  e n c o u n t e r s  w i t h  n a t i v e s  o f  t h e  a rea  and su rm ised  
t h e  Russians had n o t  had d i r e c t  c o n t a c t  w i t h  t h e  p e o p l e  y e t .  The 
n a t i v e s  o f  t h e  r e g i o n ,  t h e  Tana ina peop le  of t h e  Athapaskan 
t r i b e ,  were l i m i t e d  i n  t h e i r  t r a v e l  by  t h e  moun ta ins  e n c l o s i n g  
t h e  area on t h r e e  s i d e s .  Russ ian f u r  t r a d e r s  a r r i v e d  i n  t h e  e a r l y  
1 9 t h  c e n t u r y  as d i d  Russ ian  o r thodox  m i s s i o n a r i e s  and t h e r e  i s  
much ev idence o f  t h e  Russ ian  i n f l u e n c e  on t h e  n a t i v e  c u l t u r e .  
The n a t i v e  p o p u l a t i o n  may have numbered s e v e r a l  thousand a t  t h i s  
t i m e ,  however, a  s m a l l  pox ep idemic  began i n  1839 and k i  1  l e d  
a lmos t  50% o f  t h e  p o p u l a t i o n .  L a t e r ,  an i n f l u e n z a  ep idemic  i n  
1918 s t r u c k  t h e  popu l  a t i o n ,  f u r t h e r  d e c i m a t i n g  t h e i r  numbers. 

Today, t h e  Russ i  an Orthodox church,  S t .  N i c h o l  as, p r o b a b l y  
b u i l t  around 1870, and a  cemete ry  a t  t h e  v i l l  age o f  E k l  u tna ,  30 
m i l e s  n o r t h  o f  Anchorage, i s  t h e  c l o s e s t  r e m a i n i n g  e v i d e n c e  i n  
t h e  a rea  o f  t h i s  e a r l y  Russ ian  and N a t i v e  h i s t o r y .  The p e o p l e  o f  
E k l u t n a  r e s t o r e d  t h e  c h u r c h  i n  1975 and m a i n t a i n  t h e  c o l o r f u l  
s p i r i t  houses i n  t h e  cemete ry .  

A r c h a e o l o g i c a l  r e s e a r c h  o f  e a r l i e r  i n h a b i t a n t s  has shown a t  
l e a s t  seasonal  Eskimo h a b i t a t i o n  i n  t h e  Cook I n l e t  a r e a  d a t i n g  
f r o m  1000 AD t o  1700 AD. A r c h a e o l o g i s t s  conc lude  t h a t  t h e  
Tanai na peop'le a r r i v e d  i n  t h e  area sometime between 1650 AD and 
C a p t a i n  Cook 's  1778 v i s i t .  The Tanaina peop le  e s t a b l i s h e d  f i s h  
camps a long  Sh ip  Creek i n  t h e  summers. The o n l y  a r c h a e o l o g i c a l  
s i t e  i n  t h e  Anchorage bowl area i s  a t  P o i n t  Woronzof, where 
ev idence  o f  summer camps and p o s s i b l y  a  permanent w i n t e r  s i t e  
have been s t u d i e d .  One g roup  o f  house p i t s  p o s s i b l y  d a t e s  back 
p r i o r  t o  1741, t h e  t i m e  o f  V i t u s  B e r i n g ' s  e x p l o r a t i o n s .  There i s  
a l s o  an a r c h a e o l o g i c a l  s i t e  a t  Be luga P o i n t ,  a  r o c k y  p o i n t  
j u t t i n g  i n t o  Tu rnaga in  Arm about  1 m i l e  sou th  o f  McHugh Creek, 
t h a t  has been termed t h e  most i m p o r t a n t  s i t e  i n  t h e  Upper Cook 
I n l e t  a rea i n  te rms o f  t h e  a r e a ' s  p r e h i s t o r y .  M a t e r i a l s  f r o m  
t h i s  s i t e  have been d a t e d  t o  range  i n  age f r o m  800 y e a r s  t o  
e s t i m a t e s  o f  6,500 t o  9,000 yea rs  ago. 

A l though  C a p t a i n  Cook c la imed  much o f  t h e  t e r r i t o r y  he 
v i s i t e d  f o r  t h e  B r i t i s h ,  i t  was s i m p l y  t o o  d i f f i c u l t  t o  d e v e l o p  
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w i t h o u t  a  nor thwest  passage. Subsequent B r i t i s h  e x p e d i t i o n s  t o  
A1 aska found Russian t r a d e  f i rmly  e s t a b l  ished.  The Russian 
i n t e r e s t  i n  A laska 's  f u r s  f rom t h e  abundant sea o t t e r  da tes  back 
t o  t h e  mid- 1740 's .  Ru th less  bands o f  p ro fess i ona l  hun te r s  
a r r i v e d  i n  t he  A l e u t i a n  I s 1  ands. Count less A leu ts  un fo r t una te1  y  
were s laugh te red  by  these Russians a long w i t h  t h e  sea o t t e r s .  
Eventua l  l y  t he  Russians r e a l  i zed t h e  A1 eu t s  were more v a l u a b l e  
a l i v e  and t h e  rema in ing  A l e u t s  were e n l i s t e d  as hun te rs  a long  
w i t h  t h e i r  w e l l - s u i t e d  n a t i v e  c r a f t ,  t h e  kayak. 

The Russian Czar g ran ted  t h e  f u r  monopoly w i t h  a l l  Russ ian 
a c t i v i t i e s  i n  A laska c o n s o l i d a t e d  under t h e  Russian-American 
Company i n  1799 w i t h  Alexander Baranov as r e s i d e n t  manager. 
Baranov had been busy s i nce  1790 e s t a b l i s h i n g  t r a d i n g  pos t s  on 
Kodiak I s l a n d  and a t  S i t k a .  Russian or thodox m i s s i o n a r i e s  and 
t h e  Russian-American Company combined t o  b r i n g  some degree o f  
f a i r n e s s  i n  deal i n g  w i t h  t h e  n a t i v e  popu la t i on ,  a t  l e a s t  when 
compared t o  t he  f i r s t  group o f  Russian f u r  hun te rs  i n  t h e  
A l e u t i a n s .  Many n a t i v e  people  were conver ted  t o  t he  C h r i s t i a n  
f a i t h  by  t h e  m i s s i o n a r i e s .  S i t k a  became t h e  c e n t r a l  government 
and grew i n t o  q u i t e  a  c i v i l i z e d  community d u r i n g  t he  nex t  h a l f  
c e n t u r y  and t h e  f u r  t r a d e  f l o u r i s h e d .  

However, i n  t he  m id  1860 ' s  t h e  Russians faced many problems 
and t h e  Nor th  American c o l o n y  was becoming t o o  much o f  a  burden. 
I n  1867, Russia s o l d  A laska t o  t h e  U.S f o r  $7,200,000. Much 
o p p o s i t i o n  was i n  evidence as h e r i c a n s  termed t he  deal  "Seward's 
F o l  1  .y" and c a l l  ed t he  t e r r i t o r y  " Seward' s  Icebox" .  The percep- 
t i o n  o f  Alaska as one con t inuous  s n o w f i e l d  and l i t t l e  e l s e  even 
p e r s i s t s  today, d e s p i t e  t h e  f a n f a r e  o f  statehood, t h e  enormous 
pub1 i c i t y  generated b y  t h e  b u i l d i n g  o f  t h e  A laska p ipe1 i ne ,  and 
t h e  a t t e n t i o n  pa id  t o  t h e  v a s t  N a t u r a l  Resources o f  t h i s  s t a t e .  

The t r a n s f e r  o f  A1 aska t o  American r u l e  was no t  w i t h o u t  
problems. The Russians depar ted  peaceably  and t h e  Americans sen t  
B r i g a d i e r  General Rousseau and 250 s o l d i e r s  t o  oversee t h e  t r a n s -  
f e r .  The town o f  S i t k a  wished t o  s e t  up a  government t o  
e s t a b l  i s h  o rder .  However, t h e y  found t h a t  Alaska be ing  n e i t h e r  a  
s t a t e  nor  a  t e r r i t o r y  was something o f  a  l e g a l  n o n - e n t i t y .  
Congress cared l i t t l e  about s u p p o r t i n g  t h e  new land  and t h e  
m i l i t a r y  was no t  e s p e c i a l l y  i n t e r e s t e d  i n  govern ing t h e  Americans 
i n  A1 aska, much l e s s  t h e i r  own t r o o p s .  Reports were n o t  i n d i c a -  
t i v e  o f  smooth, we l l - r un  s o c i e t y .  Alaskans m o s t l y  dec ided t o  
e s t a b l i s h  t h e i r  own systems and t r i e d  t o  c r e a t e  some o rde r .  
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Congress remained unconcerned and, s t  i 1.1 be ing  d isp leased w i t h  
t h e  o r i g i n a l  purchase, took l i t t l e  a c t i o n  t o  h e l p  t he  t e r r i t o r y ,  
pass ing  t h e  Organic Act i n  1884 which gave Alaska a  governor and 
p laced  i t  under t h e  c i v i l  and c r i m i n a l  laws o f  Oregon. I n  1900, 
a f t e r  a  s lew o f  l a w s u i t s  over go ld -min ing  c l a ims  i n  Nome, a long 
t h e  Yukon, and elsewhere, Congress was f o r c e d  t o  e s t a b l i s h  an a c t  
p r o v i d i n g  f o r  t h r e e  U . S .  D i s t r i c t  Judges f o r  Alaska. Then i n  
1906, Congress a1 lowed A1 aska t o  send a  non-vo t ing  de lega te  t o  
Washington. F i n a l l y ,  i n  1912, 45 yea rs  a f t e r  t h e  purchase and 
o n l y  a f t e r  numerous problems f rom t h e  g o l d  rushes o f  t h e  p r e v i o u s  
yea rs  and t h e  a t tendan t  development, Congress passed l e g i s l a t i o n  
g i v i n g  A laska T e r r i t o r i a l  s t a t u s  w i t h  an e l e c t e d  l e g i s l a t u r e .  

The town o f  Anchorage a c t u a l l y  g o t  o f f  t o  i t s  s t a r t  w i t h  a  
su rvey  crew o f  t h e  Alaska Eng ineer ing  Commission i n  1914. The 
AEC was t h e  f e d e r a l  agency charged w i t h  b u i l d i n g  t he  Alaska 
R a i l r o a d .  Gold, i t  seems, was t h e  eye-ca tcher  congress had 
needed t o  t ake  no te  o f  i t s  no r t he rn  t e r r i t o r y .  Once t h e  rush  had 
eased, t h e  desperate  need t o  open up t h e  vas t ,  i naccess ib l e  
c o u n t r y  f i n a l  l y  was addressed. Congress had g iven  P res i den t  T a f t  
a u t h o r i t y  t o  e s t a b l i s h  a  commission t o  develop t he  coun t r y  and 
i t s  resources  a long w i t h  t he  t e r r i t o r i a l  s t a t u s  i n  1912. An 
i n i t i a l  s t udy  was made i n  t he  f a l l  o f  1912 b u t  no dec i s i ons  were 
made as T a f t  prepared t o  t u r n  over  t h e  government t o  newly  
e l e c t e d  P res i den t  Woodrow W i l  son. Wi lson was d e f i n i t e l y  
i n t e r e s t e d  and suppo r t i ve  o f  t h e  A1 aska R a i l r o a d  l e g i s l a t i o n  as 
was h i s  I n t e r i o r  Secre ta ry .  The A1 aska de lega te ,  James 
Wickersham, worked t o  garner more support. and t he  Alaska R a i l r o a d  
b i l l  was passed i n  1913. Th is  b i l l  au tho r i zed  t h e  p res i den t  t o  
l o c a t e ,  c o n s t r u c t ,  and operate  a  r a i l r o a d  b y  which t he  P a c i f i c  
c o u l d  be u n i t e d  w i t h  t he  nav igab le  waters  o f  t h e  I n t e r i o r .  Two 
p r i m a r y  r o u t e s  were s tud ied,  one based ou t  o f  Cordova and us i ng  
t h e  Copper R ive r  as a  nor thwes te rn  r o u t e ,  t h e  o the r  w i t h  a  b a s i c  
a l ignment  l i n k i n g  Seward t o  Fa i rbanks  t h rough  t h e  Sus i tna  bas in ,  
known as t h e  western r o u t e .  The survey  crew o f  AEC i n  1914 was 
p a r t i c u l  a r y  i n t e r e s t e d  i n  access t o  t h e  Matanuska coa l  f i e l d s  and 
argued f o r  t h e  Sus i tna  r o u t e  w i t h  headquar te rs  a t  Ship Creek. 

There was a  community i n  t h e  Cook I n l e t  area a t  t h a t  t i m e  
a t  Kn ik ,  l o c a t e d  f u r t h e r  up t h e  Kn ik  Arm on i t s  no r t he rn  shore.  
U n f o r t u n a t e l y ,  t h i s  t r a d i n g  community was n o t  l oca ted  on t h e  
d i r e c t  r o u t e  f o r  t he  proposed r a i l r o a d  nor  d i d  i t  have a  good 
ha rbo r .  The AEC p icked Ship Creek as l o c a t i o n  f o r  headquar ters  
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because i t  was on t h e  proposed r o u t e  and a1 so o f f e r e d  good 
anchorage f o r  supp l y  sh ips .  

I n  1914, t h e  AEC crew found few i n h a b i t a n t s  i n  t h e  Ship 
Creek a rea  - a  homesteader 4 m i l e s  upstream on Ship Creek, 2 
cab ins  occupied b y  f o r e s t e r s  nearer  t h e  mouth o f  Ship Creek, a  
smal l  cab in  i n  t h e  Government H i l l  area, and a  warehouse 
~ e l o n g i n g  t o  G.W. Palmer supp ly ing  h i s  t r a d i n g  pos t  a t  K n i k .  
Ship Creek became AEC headquarters and a  few l o g  b u i l d i n g s  were 
b u i l t .  By March o f  1915, "Tent City", as t h e  o r i g i n a l  camp was 
c a l l e d ,  began t o  form along the n o r t h  s i d e  o f  Sh ip  Creek beneath 
Government Hi  11 on specul  a t i o n  t h a t  P r e s i d e n t  W i  1  son would p i c k  
t h e  western r o u t e  f o r  t he  Alaska R a i l r o a d .  On A p r i l  9, 1915, 
Wi lson announced h i s  cho ice  o f  t he  western r o u t e  f o r  t h e  
r a i l r o a d .  By June, n e a r l y  2,000 people  l i v e d  i n  t e n t  c i t y ,  most 
o f  them sourdoughs f rom a l l  over A laska and t h e  Northwest 
T e r r i t o r y .  

The t e n t  c i t y  l o c a t i o n  had become overcrowded and was needed 
f o r  t h e  expans ion o f  t he  r a i l r o a d .  I n  J u l y  o f  1915, the  AEC l a i d  
ou t  a  t o w n s i t e  and h e l d  an auc t ion .  The t o w n s i t e  was chosen t o  
t h e  south o f  t h e  t e n t  c i t y  and t h e  p l a n  was r e m i n i s c e n t  o f  
western r a i l r o a d  towns o f  the pas t .  O r i g i n a l l y ,  240 acres were 
c l e a r e d  and t h e  boundar ies were f rom p resen t  day  1 s t  Avenue t o  
9 t h  Avenue and f r om t h e  b l u f f l i n e  t o  Cordova S t r e e t .  Areas were 
reserved  f o r  mun i c i pa l ,  f ede ra l ,  and school  b u i l d i n g s  as we l l  as 
f o r  t h e  r a i l r o a d  and park areas. E l d e r b e r r y  Park, a t  t h e  end o f  
F i f t h  Avenue on t h e  i n l e t  i s  one o f  t h e  3 o r i g i n a l  park reserves  
f r om t h e  towrrs i te .  A crcwd es t imated  a t  be-LWE~II 1,000 a;~d 3,302 
t u rned  ou t  f o r  t h e  auc t i on  and t he  mood was indeed s p e c u l a t i v e .  
Several  l o t s  i n  t h e  c e n t r a l  business area s o l d  f o r  3 and 4 t imes  
t h e i r  appra i  sed v a l  ues . 

There are va r i ous  s t o r i e s  about how Anchorage go t  i t s  name. 
However, t h e  H i s t o r i c  Landmarks P r e s e r v a t i o n  Commission o f  t he  
M u n i c i p a l i t y  o f  Anchorage pub l i shed  accounts i n  i t s  book on 
Anchorage, "Pa t t e rns  o f  t h e  Past"  t h a t  p u t  t h e  c r e d i t  t o  t h e  U.S. 
Post  O f f  i c e .  E v i d e n t l y ,  s h o r t l y  a f t e r  P r e s i d e n t  W i  1  son se lec ted  
t h e  western r o u t e  f o r  t he  r a i l r o a d ,  t h e  U.S. Post  O f f i c e  
Department dec la red  t h a t  ma i l  d e l i v e r e d  t o  t h e  Ship  Creek 
se t t l emen t  should  be addressed t o  Anchorage, A laska.  The area 
had been p r i m a r i l y  r e f e r r e d  t o  as Ship Creek, b u t  was a lso  known 
as Ship Creek Landing and Knik Anchorage. A l though c i t i z e n s  
vo ted  on a  name i n  August, 1915 and chose t h e  u n i n s p i r i n g  name o f  
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"A laska  City", t h e  P o s t  O f f i c e  and f e d e r a l  agenc ies  r e f u s e d  t o  
change and t h e  name remained Anchorage. 

The AEC managed Anchorage t h r o u g h  a  t o w n s i  t e  manager f o r  i t s  
f i r s t  5 yea rs .  Water l i n e s  f o r  f i r e  p r o t e c t i o n  and s a n i t a r y  
reasons were ex tended t o  t h e  town and power was p r o v i d e d  b y  t h e  
AEC power p l a n t .  Anchorage townspeople began a  Chamber o f  
Commerce and a  Commercial C lub which u n o f f i c i a l l y  adv ised  t h e  AEC 
manager b u t  t h e r e  were no e l e c t e d  o f f i c i a l s .  The AEC t u r n e d  over  
management t o  t h e  c i v i  1 i a n s  upon t h e  c i t y ' s  i n c o r p o r . a t i o n  i n  1920 
and c i t i z e n s  e l e c t e d  an 8 member c o u n c i l  w i t h  t h e  h i g h e s t  vo te-  
g e t t e r  as Mayor. 

World War I slowed work on t h e  r a i l r o a d  and once over ,  many 
workers who had l e f t  t o  f i g h t  r e t u r n e d  t o  t h e  U.S i n s t e a d  o f  
A1 aska. The economy d i d  n o t  boom q u i t e  as expec ted .  The 
r a i l r o a d  was comple ted i n  1923 and Anchorage t u r n e d  o u t  t o  
welcome P r e s i d e n t  Hard ing  on J u l y  12, 1923, who was on h i s  way t o  
Nenana t o  d r i v e  t h e  go lden  s p i k e  mark ing t h e  open ing o f  t h e  g r e a t  
A1 aska R a i l r o a d .  

The Anchorage economy o f  t h e  2 0 ' s  and 3 0 ' s  remained 
dependent on t h e  r a i l r o a d .  I f  t h e  A laska R a i l r o a d  d i d  w e l l ,  so 
d i d  Anchorage. The town was l i n k e d  t o  Seward and F a i r b a n k s  and 
t h e  i n t e r i o r  b y  t h e  r a i l r o a d .  Otherwise,  one t o o k  a  b o a t  o u t ,  
o r ,  a f t e r  1922, p o s s i b l y  an a i r p l a n e .  V e h i c l e s  o t h e r  t h a n  dog 
s leds  i n  w i n t e r  d i d  n o t  g e t  v e r y  f a r  f r o m  Anchorage. Anchorage 
began i t s  a v i a t i o n  c a r e e r  i n  1922 w i t h  t h e  a r r i v a l  o f  i t s  f i r s t  
a i r p l a n e  and i r ~  d few shor, years boasted 43 mo;e. A d i a t i o n  
became t h e  2nd b i g g e s t  p a y r o l l  beh ind t h e  r a i l r o a d .  The a i r p l a n e  
c o n t i n u e s  as an i m p o r t a n t  l i n k  t o  t h e  v a s t  areas o f  A laska .  

A laska  d i d  n o t  s u f f e r  as much as t h e  U.S under t h e  g r e a t  
depress ion .  I n  1935, t h e  U.S. government under t h e  New Deal 
a d m i n i s t r a t i o n  s e l e c t e d  204 f a m i l i e s  f r o m  h a r d y  m idwes te rn  s t o c k  
t o  come n o r t h  and s t a r t  an a g r i c u l t u r a l  c o l o n y  i n  t h e  Mat-Su 
V a l l e y ,  some 45 m i l e s  n o r t h  o f  Anchorage. C i t i z e n s  t u r n e d  o u t  t o  
welcome t h e  f i r s t  g roup o f  68 f a m i l i e s  and wish them w e l l  i n  

t h e i r  v e n t u r e .  

The economy exper ienced  a  boom due t o  mi  1  i t  a r y  spending i n  
t h e  19401s,  and t h e  e f f e c t  o f  m i l i t a r y  spending c o n t i n u e s  t o  be 
i m p o r t a n t  t o  A l a s k a  today .  Over a  6 y e a r  p e r i o d  f r o m  1934-1940, 
numerous c o n g r e s s i o n a l  a u t h o r i z a t i o n s  f o r  m i l i t a r y  development i n  
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A1 aska, especi a1 l y  f o r  t h e  Army A i r  Corps, were made b u t  funds  
were never appropr i  a ted.  F i n a l  l y ,  w i t h  wor ld  t ens i ons  
i n c r e a s i n g ,  Congress approved funds i n  May, 1940. C o n s t r u c t i o n  
o f  F o r t  Richardson began i n  June o f  1940 a t  t h e  p resen t  s i t e  o f  
Elmendorf  AFB. The base was named f o r  a  former A laska Road 
Commission Pres iden t  and i t s  a i r f i e l d  named a f t e r  Capt. Hugh M. 
Elmendorf ,  a  noted Army A i r  Corp t e s t  p i l o t .  I n  1950, F o r t  
Richardson was moved t o  i t s  p resen t  s i t e  and t h e  newly o rgan i zed  
A i r  Force took over  t h e  o r i g i n a l  s i t e  c a l l i n g  i t  Elmendorf  A i r  
Base. Most o f  t h e  l and  n o r t h  of Ship Creek t o  t h e  Eagle R i ve r ,  
13 m i l e s  n o r t h  on t h e  Glenn Highway, i s  m i l i t a r y  land .  

I n  November o f  1942, t h e  U.S .  Army Corps o f  Engineers opened 
t h e  Alaska Highway. The c o n s t r u c t i o n ,  through agreements between 
t h e  U.S. and Canada, was needed t o  r e l i e v e  A1 aska f rom t o t a l  
dependence on sh ipp ing  i n  wart ime and t o  supp ly  a  l and  r o u t e  f o r  
wart ime suppl i es and equ i  prnent . Approx i rnatel  y  1500 m i  1 es, 
i n v o l v i n g  some hurcu lean  eng inee r i ng  f ea t s ,  were completed i n  a  
r e c o r d  8 months. The 1  i n k  f rom Oawson Creek, B r i t i s h  Columbia, 
t o  Fa i rbanks f i n a l l y  gave A1 aska an over1 and access t o  t h e  r e s t  
o f  t h e  coun t r y .  The f o l l o w i n g  year ,  1943, t h e  Glenn Highway f r o m  
Anchorage t o  Tok, t i e d  Anchorage i n t o  t h e  A1 aska Highway. 

Anchorage en te red  t h e  decade o f  t h e  50 's  w i t h  a  p o p u l a t i o n  
o f  43,000. Homesteading was made easy f o r  G . I . ' s  and g rowth  
f o l l owed  t he  war years .  O i l  was d iscovered  on t h e  Kenai 
Pen insu la  i n  1957, a  road  was completed between Anchorage and 
Seww-d, and an o i l  c i p e l i n e  f rom I d h i t t i e r ,  i n  P r i nce  W i l l i a m  
Sound, was bu i  1  t . 

A v i a t i o n  was growing by  leaps  and bounds. A f t e r  t h e  war, 
f l y i n g  i n  Alaska was upgraded w i t h  hundreds o f  new a i r f i e l d s  and 
t echno logy  l e f t  over  f rom t h e  m i  1  i t a r y  bu i l dup .  Anchorage a1 so 
needed a  new a i r p o r t  t o  accomodate increased t r a f f i c  and t h e  new 
p o l a r  f l i g h t  r o u t e s  which, f o r  example, c u t  2,000 m i l e s  of f  t h e  
usua l  New York-San F ranc i  sco-Tokyo t r i p .  The Anchorage 
I n t e r n a t i o n a l  A i r p o r t  was o f f i c i a l l y  opened i n  December o f  1951. 

A1 aska was becoming l e s s  remote and Anchorage was growing 
up. Voters had been asked t h e  ques t i on  o f  s ta tehood i n  1946 and 
t h e  answer had been n e a r l y  3-2 i n  f a v o r .  However, t h e  b a t t l e  f o r  
s ta tehood  was n e i t h e r  smooth nor  s h o r t .  F i n a l l y ,  on June 20, 
1958, Congress voted t o  admit A1 aska as t h e  49 th  S t a t e  and 
P res i den t  Eisenhower s igned t h e  p roc lamat ion  f o r  Statehood on 
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January  3, 1959. Whi le Juneau was t h e  s t a t e  c a p i t o l ,  Anchorage 
was t h e  l a r g e s t  c i t y ,  becoming t h e  bus iness  cen te r  o f  A laska.  
The o i l  development on t h e  Kenai P e n i n s u l a  i n  1957 represen ted  
t h e  f i r s t  seismic i n t e r e s t  i n  A laska  by  t h e  major  o i l  companies. 
By 1963 t h e  o i l  business was f i r m l y  e s t a b l i s h e d  w i t h  major  
companies and suppor t  f i r m s  headquar tered i n  Anchorage. Of f -shore  
d r i l l i n g  i n  Cook I n l e t  was a l so  beg inn ing .  

The 6 0 ' s  were b r i n g i n g  p r o s p e r i t y  and con t inued  growth t o  
Anchorage and A1 aska. However, good t imes  were d i s a s t r o u s l y  
i n t e r r u p t e d  by  t h e  Good F r i day ,  March 27, 1964 Eartnquake. 
Centered i n  P r i nce  W i  11 i am Sound, t h e  quake measured 8.6 on t h e  
R i c h t e r  sca le  and was one o f  t h e  s t r o n g e s t  earthquakes t o  ever  
h i t  t h e  Nor th  American Cont inen t .  The d e s t r u c t i o n  i n  Anchorage 
was severe; many homes were des t royed ,  an e n t i r e    lock o f  
downtown businesses dropped 10 o r  more f e e t ,  roads t w i s t e d  and 
heaved, and communications were c u t  o f f .  But Alaskans are 
r e s o u r c e f u l  people and t h e y  r e b u i l t  t h e i r  damaged c i t y ,  beg inn ing  
almost immediate ly  a f t e r  t he  ground s e t t l e d  down. Two years  
l a t e r  Anchorage was g iven  t h e  A l l  American C i t y  Award, l a r g e l y  
based on t h e  speedy recove ry  f rom t h e  d i s a s t r o u s  quake. 

The o i l  boom from the  Kenai p e n i n s u l a  was t o  t ake  a  second 
sea t  t o  a  new d i scove ry .  E a r l y  i n  1968, A t l a n t i c  R i c h f i e l d  and 
Humble O i l  s t r u c k  o i l  a t  Prudhoe Bay, on t h e  Nor th  Slope o f  
A l aska ' s  a r c t i c  r e g i o n .  Th is  promised t o  beg in  a  boom o f  
f a n t a s t i c  p r o p o r t i o n s .  P lans were made by  major  o i l  companies t o  
b u i l d  a  mind bogg l i ng  800 m i l e  p i p e l i n e  th rough  some o f  t h e  most 
rugged counLry i n  t h e  wor ld ,  f r o r ~ i  t h e  ~ i o r t h  Slope t o  Valdez, 
where t h e y  would c o n s t r u c t  a  t e r m i n a l  f o r  o i l  tankers  t o  c a r r y  
o f f  t h e  b l ack  go ld .  

P l ans  f o r  t he  p ipe1 i n e  were n o t  t o  move qu i ck l y ,  however, as 
env i ronmenta l  and Na t i ve  Land Claims se t t l emen ts  had t o  f i r s t  be 
addressed and s e t t l e d  be fo re  c o n s t r u c t i o n  cou ld  begin .  The 
b a t t l e s  over these two i ssues  were o f t e n  b i t t e r  and dragged o u t  
over  severa l  years  w i t h  c o n s t r u c t i o n  f i n a l l y  au thor i zed  i n  
January, 1975, and beg inn ing  t h a t  s p r i n g .  The rush  t o  t h e  s t a t e  
b y  c o n s t r u c t i o n  workers f rom a1 1  over  t h e  U.  S. was no t  
a n t i c i p a t e d  and taxed t he  f a c i l i t i e s  o f  t h e  c i t y .  P r i c e s  
esca l  a ted  and 1  aborers work ing t h e  p ipe1  i n e  made astounding 
wages. The l i n e  was completed and t h e  f i r s t  o i l  gushed f o r t h  a t  
Valdez on J u l y  28, 1977. The c rush  o f  t h e  boom was over ,  b u t  t h e  
economics o f  such a  c o n s t r u c t i o n  p r o j e c t  gave Anchorage a  new 
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l o o k  and new s o p h i s t i c a t i o n  as o i l  company c o r p o r a t e  
headquar te rs  cen te red  here.  

The Anchorage o f  today faces a  b r i g h t  f u t u r e .  Tourism has 
been growing over  t h e  years i n t o  a  b i g  bus iness .  O i l  money i n  
t h e  s t a t e  c o f f e r s  he lps  fund l a r g e  c o n s t r u c t i o n  p r o j e c t s  
th roughou t  t h e  s t a t e .  There are d e f i n i t e l y  problems w i t h  t h i s  
source o f  income, bu t  A1 askans r e a l  i z e  t h e  impor tance o f  
broadening t h e  economic base and are c o n t i n u a l l y  search ing o u t  
new ways t o  do so. 

Anchorage con t i nues  t o  grow, w i t h  t h e  mun i c i pa l  i t y  now 
i n c l u d i n g  t h e  f a s t  growing suburban communit ies t o  t he  n o r t h  o f  
Eagle R i v e r  and Chugiak. Popu la t i on  f i g u r e s  f r om  t h e  1980 census 
exceed 200,000. The a r t s  and educa t i ona l  i n s t i t u t i o n s  r i v a l  
those  o f  many c i t i e s  much g rea te r  i n  s i z e .  A1 aska o f f e r s  g rea t  
p o t e n t i a l  i n  many areas, w i t h  t he  n a t u r a l  resources  o f  o i l ,  
t imbe r ,  f i s h ,  and m i n e r a l s  heading t h e  1 i s t  . Development 
con t i nues  and Anchorage seems t o  dominate as t h e  hub o f  Alaskan 
a c t i v i t y .  
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F i g u r e  1. A g e n e r a l i z e d  map showing t h e  r e g i o n a l  t e c t o n i c  s e t t i n g  
of t h e  Cook I n l e t  r e g i o n .  
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General  Geo log ic  S e t t i n g  
The a c t i v e  t e c t o n i c  framework w i t h i n  which t h e  Anchorage 

a rea  i s  loca ted  i s  ev idenced bo th  b y  t h e  r a t h e r  f r e q u e n t  
occurrence o f  f e l t  ear thquakes and b y  t h e  su r face  exp ress i on  o f  
a c t i v e  f a u l t  t r a c e s  i n  nearby Qua te rna ry  depos i t s .  

The Greater  Anchorage area l i e s  on t he  eas te rn  marg in  o f  t h e  
Cook I n l e t  Forearc Bas in .  T h i s  t e c t o n i c  bas in  i s  bounded t o  t h e  
west by  the  B ru i n  Bay-Cast le Mountain F a u l t  System and t o  t h e  
e a s t  b y  the  Border Ranges F a u l t  System along t h e  f r o n t  o f  t h e  
Chugach Mountains ( f i g .  1).  Th is  i s  an a c t i v e  t e c t o n i c  s e t t i n g  
w i t h  r e s u l t a n t  s e i s m i c i t y  a long bo th  f a u l t  systems as w e l l  as t h e  
u n d e r l y i n g  Ben io f f  Zone ( A l e u t i a n  Megathrust )  r e s u l t a n t  f r om  t h e  
subduc t ion  o f  t h e  P a c i f i c  Tec ton i c  P l a t e  beneath t h e  No r th  
American Tecton ic  P l a t e .  A l though,  d u r i n g  a  g i ven  t ime  pe r i od ,  
most seismic events occur  a long t h i s  zone o f  u n d e r t h r u s t i n g ,  t h e  
l i k e l i h o o d  o f  near -su r face  events  on, o r  ad jacent  t o  t h e  s u r f a c e  
f a u l t  systems i s  s i g n i f i c a n t .  Seismic a c t i v i t y  r e l a t e d  t o  t h e  
Cas t l e  Mountain system i s  genera l  l y  comprised o f  l ow  magni tude 
sha l l ow  events ( M  = 3.0 t o  4 .5)  even though t h e  p o t e n t i a l  f o r  
1  a rger  magnitudes ( g r e a t e r  than  M = 6.0) i s  q u i t e  r e a l .  The 
Border Range System i s  more o f  an enigma rega rd i ng  Holocene 
s e i s m i c i t y .  The unpubl i shed work o f  i n v e s t i g a t o r s  has shown 
ev idence f o r  low magnitude s e i s m i c i t y  along t h e  f r o n t  b u t  
skep t i c i sm  seems t o  p r e v a i l  r e g a r d i n g  t h e  source of t h i s  
s e i s m i c i t y .  

The bedrock beneath Anchorage c o n s i s t s  o f  T e r t i  a r y  c l  a s t i c  
sed imentary  rocks  whicn t o  t h e  eas t  form a  wedge 1  apping up 
a g a i n s t  t he  Mesozoic metamorphic r ocks  o f  t he  Chugach Mounta ins.  
No bedrock i s  exposed i n  t h e  Anchorage area, as i t  i s  g e n e r a l l y  
330 t o  650 f e e t  (100 t o  200 m) below t h e  sur face,  and has been 
o n l y  r a r e l y  encountered i n  deep boreho les .  

The A1 aska Earthquake 
The Good F r i d a y  Earthquake o f  March 27, 1964 was o f  

magnitude 8.4-8.6 on t h e  R i c h t e r  s c a l e  and perhaps t h e  s t r o n g e s t  
known t o  have occur red  i n  Nor th  America. It was f e l t  over  most 
o f  A laska and i t s  d e s t r u c t i o n  was e v i d e n t  w i t h i n  a  r a d i u s  o f  400 
m i l e s  o f  the  ep i cen te r ,  l o c a t e d  80 m i l e s  eas t -sou theas t  o f  
Anchorage i n  P r i n c e  W i l l i a m  Sound. Se i sm ica l l y ,  i t  has been t i e d  
t o  t h e  Ben io f f  Zone assoc ia ted  w i t h  t h e  A l e u t i a n  Megathrust .  
Anchorage, because o f  i t s  popul  a t  i on ,  susta ined g r e a t e r  l osses  
caused by l a n d s l i d e s  t han  a l l  t h e  r e s t  o f  Alaska combined. N ine  
1  i ves were 
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F i g u r e  2 .  Genera l ized  map of Anchorage, Alaska and v i c i n i t y  showing l o c a t i o n s  
of major l a n d s l i d e s  and ground c r a c k s .  (From Hansen, 1965.) 
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l o s t  i n  Anchorage, and many more were l o s t  i n  c o a s t a l  areas due 
t o  sea waves ( t sunamis )  . 

The t r i g g e r i n g  o f  l ands l  i des  was r e l a t e d  t o  t h e  phys i ca l  and 
eng inee r i ng  p r o p e r t i e s  o f  the  f i n e r  f a c i e s  o f  t h e  Boot legger  Cove 
Format ion,  u n d e r l y i n g  much o f  t he  Anchorage area. The Format ion 
c o n t a i n s  zones o f  s e n s i t i v e  c l ayey  s i l t  o f  low shear s t r e n g t h  
w i t h  h i g h  water con ten t  and l i q u e f i a b l e  sand l a y e r s  t h a t  f a i l e d  
due t o  inc reased  pore pressure caused by  t h e  v i b r a t o r y  s t r e s s  o f  
t h e  ear thquake.  

Most o f  t h e  d e s t r u c t i v e  l a n d s l i d e s  caused b y  t h i s  event were 
moved by  a  comb ina t ion  o f  t r a n s l a t i o n  and r o t a t i o n ,  a t  t imes 
s l i d i n g  on n e a r l y  h o r i z o n t a l  s l i p  s u r f a c e s .  Most o f  t h e  
s t r u c t u r a l  damage t o  b u i l d i n g s  occur red  i n  t h e  graben areas a t  
t h e  head o f  t h e  1  andsl i d e  and w i t h i n  p ressure  r i d g e s  a t  t he  t o e .  
Many b u i l d i n g s  l oca ted  w i t h i n  t he  l a r g e  s l i d e  b locks ,  away f rom 
t h e  head o r  t o e  were o n l y  s l  i g h t l y  damaged d e s p i t e  h o r i z o n t a l  
t r a n s l  a t i o n s  o f  severa l  f e e t .  A1 1  t r a n s l  a t o r y  s l  i des  occurred 
where f l  a t  topped b l  u f f s  were bounded marg ina l  l y  b y  steep s lopes .  
These d e s t r u c t i v e  s l i d e s  occurred i n  t h e  downtown area a t  Four th  
Avenue and "L"  S t r e e t ,  and a t  Government Hi  11 , and Turnagai n  
He igh ts .  Other l e s s  d e s t r u c t i v e  l a n d s l i d e s  occur red  i n  
undeveloped areas. A general  i zed  map o f  major  l a n d s l  i des  and 
ground c r a c k i n g  i s  shown i n  F i gu re  2.  

Inc reased  stream d ischarge,  se iche  a c t i o n  on lakes  and 
marshes, and f l u c t u a t i o n s  i n  ground water l e v e l s  a l l  occur red  
temporarai  l y  f o l  l ow ing  the  ear thquake.  Kes iden ts  near Campae'~ i 
Lake r e p o r t e d l y  saw water and sediment e j e c t e d  over  200 f e e t  f rom 
t h e  1  ake. 

G l a c i a l  H i s t o r y  
The b e s t  summaries o f  t h e  Qua te rna ry  h i s t o r y  remain those o f  

K a r l  s t rom (1964) ,  M i  11 e r  and Dobrovol  n y  (1959) ,  Schmoll and 

Dobrovolny (1972),  and Reger and Updi ke (1983, i n  p ress ) .  
K a r l  s t rom proposed t h a t  a t  l e a s t  f i v e  ma jo r  g l  a c i  a t  i ons  occurred 
i n  Upper Cook I n l e t :  Mount Sus i tna,  Car ibou H i l l s ,  Eklutna, 
Kni  k, and Naptowne. The dates he e s t a b l  i shed  f o r  some o f  these 
advances a re  now s e r i o u s l y  quest ioned, b u t  t h e  geomorphic and 
s t r a t i g r a p h i c  evidence s t i l l  suppor ts  t h e i r  use i n  the  
1  i t e r a t u r e .  The t h r e e  e a r l  i e r  g l a c i a t i o n s  were presumably f a r  
more e x t e n s i v e  than  t h e  l a t e r  ones. Based upon s t r a t i g r a p h i c  and 
geomorphic c r i t e r i a ,  Ka r l s t r om (1964) e n v i s i o n s  t h a t  the  i c e  o f  
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these e a r l i e r  g l a c i a t i o n s  coalesced t o  f i l l  t h e  Cook I n l e t  
t rough .  

Recons t ruc t i on  of t h e  e a r l  i e s t  g l  a c i a l  and i n t e r g l  a c i a l  
events has been made cumbersome due t o  p o s t - g l a c i a l  topograph ic  
m o d i f i c a t i o n s ,  l e a v i n g  o n l y  f ragmenta ry  ev idence behind.  The 
ve ry  e a r l i e s t  o f  t h e  g l a c i a t i o n s  recogn ized  i s  named a f t e r  M t .  
Sus i tna,  whose i c e  scoured slopes c o n t a i n  e r r a t i c s  t o  w i t h i n  100 
f t  (30 m) of t h e  4396 f t  (1332 m) summit. Th i s  a l t i t u d e  cannot 
be used t o  c a l c u l a t e  t h e  t r u e  t h i ckness  o f  t h e  i c e  a t  t h a t  p o i n t  
i n  t ime .  Upper Cook I n l e t  i s  a  s e i s m i c a l l y  a c t i v e  area where 
p o s t - g l a c i a l  e l e v a t i o n  changes cou ld  l i k e l y  be t h e  r e s u l t  o f  
tec ton ism.  Sea l e v e l  f l u c t u a t i o n s  and i s o s t a t i c  changes due t o  
c r u s t a l  l o a d i n g  and rebound assoc ia ted w i t h  t h e  advance and 
r e t r e a t  o f  g l a c i e r  i c e  can a lso  be h e l d  r e s p o n s i b l e  f o r  changes 
i n  e l e v a t i o n .  The Car ibou H i l l s  and E k l u t n a  g l a c i a t i o n s  named 
e l  sewhere are a1 so observed a t  success i ve l y  lower  e l e v a t i o n s  o f  
M t .  Sus i tna.  The two l a t e s t  g l a c i a t i o n s ,  Kn i k  and Naptowne, were 
no t  ex tens i ve  enough t o  f i l l  the  e n t i r e  b a s i n  b u t  may have 
r e s t r i c t e d  o r  t o t a l l y  dammed o f f  upper Cook I n l e t .  Th i s  l ake  
cou ld  we1 1  have con ta i ned  b rack i sh  and/or f r e s h  water d u r i n g  t h e  
many years  o f  i t s  e x i s t e n c e  ( o r  mu1 t i p l e  e x i s t e n c e s ) .  
Cont roversy con t i nues  rega rd i ng  t h e  t ime  frame and e x t e n t  o f  
g l a c i e r s  and l akes  d u r i n g  m idd le  and l a t e  P l e i s t o c e n e  t imes,  and 
more s p e c i f i c a l l y ,  t h e  c o r r e l a t i o n s  t h a t  can be made between 
g l a c i o f l u v i a l ,  g l a c i o d e l t a i c ,  g lac iomar ine ,  and t r u e  g l a c i a l  
t i l l s  w i t h i n  t h e  b a s i n .  

The Boot legger  Cove Format ion  
A genera l  harmony i s  be1 ieved t o  e x i s t  among researchers  

t h a t  t h e  Boo t legger  Cove Format ion,  as r e c e n t l y  d e f i n e d  by  Updike 
(1983, i n  p ress )  was depos i ted  d u r i n g  l a t e  Naptowne t imes .  The 
Format ion was fo rmer1  y de f i ned  p r i m a r i l y  on t h e  b a s i s  o f  t h e  
cohes ive u n i t s  ( M i l l e r  and Dobrovolny, 1959) as a  l i g h t  gray,  
s i l t y  c l a y ,  l o c a l l y  c a l l e d  the  "b l ue  c l a y " .  The t y p e  l o c a l i t y  
f o r  t h e  c l a y  i s  l o c a t e d  a t  Boot legger  Cove, eas t  of t h e  Turnagain 
He igh ts  Lands1 i d e  w i t h i n  Westchester Lagoon. The u n i t  has been 
renamed because c l a y  commonly i s  a  secondary c o n t i t u e n t ,  and t h e  
u n i t  has been expanded t o  encompass a  wider  v a r i e t y  o f  sediment 
t e x t u r e s  r a n g i n g  i n  s i z e  f rom c l a y  t o  bou lde rs .  The i n f o rma l  
nomencl a t u r e  " Boot1 egger Cove Format i  on" has been chosen (Updi k e y  
1983, i n  p ress ) ,  which i s  more c o n s i s t e n t  w i t h  t h e  s t r a t i g r a p h i c  
code where two o r  more rock  types are common. The d i v e r s i t y  o f  
t e x t u r e s  i s  r e s u l t a n t  f rom a v a r i e t y  o f  d e p o s i t i o n a l  regimes t i e d  
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t o  a  s i n g l e  g l  ac iomar ine-g l  ac i ode l  t a i c  system. E i g h t  geo log i c  
f ac ies  are de f i ned  based upon t h e i r  r e s p e c t i v e  eng inee r i ng  and 
t e x t u r a l  parameters, each r e f l e c t i n g  t he  s u b t l e  v a r i a t i o n s  
c h a r a c t e r i s t i c  o f  a  1  a t e  P l e i s t o c e n e  g l  aciomarine env i ronment .  

Facies F.1 
Facies F.11 
Fac ies F.111 
Fac ies  F.IV 

Fac ies  F.V 

Facies F.VI 
Fac ies F . V I I  

Fac ies  F . V I I 1  

CLAY, w i t h  v e r y  minor s i  1  t and sand 
SILTY CLAY AND/OR CLAYEY SILT 
SILTY CLAY AND/OR CLAYEY SILT, SENSITIVE 
SILTY CLAY AND/OR CLAYEY SILT, w i t h  t h i n  
s i l t  and sand lenses 
SILTY CLAY AND/OR CLAYEY SILT, w i t h  random 
pebbles,  cobbles,  and bou lders  
SILTY FINE SAND, w i t h  s i l t  and c l a y  l a y e r s  
FINE TO MEDIUM SAND, w i t h  t r a c e s  o f  s i l t  
and g rave l  
SANDY GRAVEL AND GRAVELLY SAND, w i t h  
d i scon t i nuous  l a y e r s  o f  s i l t  and f i n e  
sand 

A t  t he  maximum e x t e n t  o f  t h e  l a t e  Naptowne g l a c i a l  advance, 
approx imate ly  14,000-18,000 y r s  0 .  P., an i c e  f r o n t  en te red  t h e  
Anchorage bas in  f rom t h e  nor thwes t ,  t e r m i n a t i n g  west o f  P o i n t  
Woronzof and P o i n t  Campbell . The bas in  i s  be1 ieved  t o  have a1 so 
been g l  a c i a l  l y  bounded t o  t h e  no r t heas t  by  t h e  Kn i  k-Matanuska 
l o b e  and t o  t he  south by  t h e  Turnagain lobe  c r e a t i n g  an 
environment t h a t  a t  t imes  l i m i t e d  t h e  i n f l u x  o f  mar ine  water  f r om  
lower  Cook I n l e t ,  r e s u l t i n g  i n  f l u c t u a t i o n s  between mar ine  and 
b r a c k i s h - f r e s h  waters .  A b l a t i o n  o f  t h e  nor thwest  te rm inus  
produced a  g l a c i a l  f a n  d e l t a  p rog rad ing  eastward i n t o  t h e  deeper 
waters  o f  t he  bas in .  The non-cohesive f a c i e s  F.VI, F .V I I ,  and 
F . V I I 1  extend eastward f rom t h e  P o i n t  Woronzof and P o i n t  Campbell 
h i g h l a n d s .  They are found t o  grade i n t o  and be in te rbedded  w i t h  
t h e  cohes ive f a c i e s  F.1  th rough  F.V r e p r e s e n t i n g  t r a n s i t i o n s  f rom 
t h e  coarser  d e l t a i c  reg ime i n t o  t h e  f i n e r  deep water regime. 
Th i s  g rada t i ona l  t r a n s i t i o n  occurs  a t  t h e  topograph ic  r i s e  t o  t h e  
P o i n t  Woronzoff and P o i n t  Campbell h i  gh l  ands. A1 though 
f l u c t u a t i o n s  o f  t h e  f a n  d e l t a  a re  e v i d e n t  f rom observed 
i n t e r b e d d i n g  o f  t h e  f a c i e s ,  genera l  l y  t h i s  t e x t u r a l  sequence 
r e f l e c t s  t he  g r a d a t i o n a l  n a t u r e  o f  t h e  system f rom i c e  c o n t a c t  t o  
g l a c i o d e l t a i c ,  t o  a  deep water regime. 
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Dur ing  t he  e a r l y  phase of t h e  f a n  b u i l d i n g  per iod ,  F . V I I 1  
was beg inn ing  t o  accumulate o f f  o f  t h e  a c t i v e  i c e  f r o n t ,  
r e s u l t i n g  i n  i ce - con tac t  sed imenta ry  f e a t u r e s  be ing t y p i c a l l y  
found w i t h i n  t h i s  f a c i e s .  I c e  c a l v i n g  f rom t h e  g l a c i e r  f r o n t  
caused i c e - r a f t e d  stones and coarse sand t o  be randomly 
i n t e r s p e r s e d  w i t h  t he  s i l t s  and c l a y s  accumulat ing i n  t h e  b a s i n  
t o  t h e  eas t ,  r e s u l t i n g  i n  F.V b e i n g  t y p i c a l  o f  t h e  lower  p a r t  o f  
t h e  s e c t i o n .  The g l  ac i ode l  t a i c  d e p o s i t i o n  cont inued t o  be a c t i v e  
th roughou t  t h e  p e r i o d  i n  which an i c e  f r o n t  e x i s t e d  t o  t h e  west.  
Gene ra l l y ,  t he  non-cohesive f a c i e s  (F.VI ,  F.VI1, and F . V I I 1 )  a re  
t h e  dominant u n i t s  i n  t he  west, and t h e  cohes ive f a c i e s  o f  t h e  
t r a d i t i o n a l  "Boot legger  Cove Clay" ( F .  I through  F.V) are most 
abundant i n  the  e a s t .  The 1964 l a n d s l i d e s  i n  t he  Turnagain 
He igh ts  area have been a t t r i b u t e d  t o  1  i q u e f a c t i o n  and/or 
s e n s i t i v e  c l  ayey s i  1  t f a i  1  ures r e s p e c t i v e l y  assoc ia ted w i t h  
f a c i e s  F.VI  and F.111. 

The f o rma t i on  was depos i ted  on a sequence o f  i ndu ra ted  t i l l  
and g l  a c i o f l  uv i  a1 depos i t s  which Reger and Updi ke (1983) be1 i eved  
t o  be o f  Kn i  k age. A pronounced uncon fo rm i t y  e x i s t s  between 
these  g l  ac i  a1 depos i t s  and t h e  o v e r l y i n g  Boot legger Cove 
Format ion.  

Most o f  t he  Boot legger  Cove sequence i s  capped by  v e r y  f i n e  
t o  coarse, we l l - so r t ed  sand beds ( f a c i e s  F.VI  and F . V I I )  which 
r e p r e s e n t  t h e  waning phase o f  t h e  Boo t legger  Basin when t h e  
source-area i c e  had stagnated, g l a c i a l  dams had been breached, 
and t h e  bas in  was e s s e n t i a l l y  d ra i ned .  I n  t h e  Turnagain He igh t s  
a r t a  and no,.thua;tward t o  downtowri Anc;~orcg?, t!:ese s 37ds a re  
over1 a i n  b y  g l a c i a l  outwash sand and g rave l  r e p r e s e n t a t i v e  o f  a  
v e r y  1  a t e  Naptowne (E lmendor f )  g l a c i a t i o n  o c c u r r i n g  i n  t h e  Eagle 
R i v e r  area. Th is  outwash p l a i n  c o n t i n u o u s l y  t h i n s  t o  t h e  
southwest,  e v e n t u a l l y  wedging o u t  j u s t  eas t  and south o f  
Earthquake Park.  The f a c i e s  F .V I /F .V I I  sands a t  t h e  t o p  o f  t h e  
Boot1 egger Cove Format ion are t y p i c a l  th roughou t  Anchorage, 
r e g a r d l e s s  o f  the  o v e r l y i n g  s t r a t i g r a p h y ,  i m p l y i n g  t h a t  l i t t l e  
e r o s i o n  o f  t h e  upper su r f ace  has occu r red  s i nce  d e p o s i t i o n  i n  
L a t e  P le i s t ocene  t ime  ( ca .  12,5000 y .b .p . ) .  

Dur ing  t he  p rog rada t i on  o f  t h e  d e l t a ,  grounding and b u r i  a1 
o f  s tagnan t  i c e  b locks  occur red  i n  t h e  d e l t a .  The i c e  c o u l d  thus  
p e r s i s t  f o r  a  cons ide rab le  t i m e  span a f t e r  g l a c i a l  s t a g n a t i o n  
began. As t h e  i c e  r e t r e a t e d ,  an outwash t e r r a c e  was eroded 
between t h e  g l a c i e r  and t h e  abandoned f a n  d e l t a  depos i t s  and can 
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be observed f rom P o i n t  Woronzof sou th  t o  P o i n t  Campbell. A 
s i m i  1  ar  t e r r a c e  occurs  on F i r e  I s 1  and and t o g e t h e r  t h e y  may 
r e p r e s e n t  t h e  remnants o f  an outwash f l o o d p l  a i  n  d r a i n i n g  
southward f rom t h e  r e t r e a t i n g  g l a c i a l  te rm inus .  A t  t he  same t i m e  
t h a t  t h e  i c e  marg in  was reced ing  f rom t h e  v i c i n i t y  o f  t he  map 
area, t h e  s t randed  and bu r i ed  i c e  b l ocks  i n  t h e  f a n  d e l t a  
d e p o s i t s  were m e l t i n g ,  produc ing k e t t l e s  and p o o r l y  i n t e g r a t e d  
d ra i nage  ways and i s  por t rayed  as t h e  hummocky t e r r a i n  o f  t h e  
P o i n t  Woronzof and P o i n t  Campbell h i g h l a n d s .  The sur face  o f  t h e  
t h e n - r e c e n t l y  depos i t ed  8oot l egger Cove Format ion was exposed as 
t h e  embayment d ra i ned .  Mate r i  a1 s  d e r i v e d  f r om t h e  i r r e g u l a r  
d i s s e c t i o n  o f  t h e  f a n  d e l t a  were t r a n s p o r t e d  eastward onto t h e  
cohes ive  f a c i e s  su r f ace  as channels and f ans  o f  medium t o  coarse 
sand and g r a v e l .  S i m i l a r l y ,  r e t r a n s p o r t e d  d e l t a  sediments were 
depos i t ed  on t h e  outwash t e r r a c e  t o  t h e  west and t o  now 
n o n - e x i s t e n t  areas t o  the  south.  Much o f  t h e  aggregate q u a r r y  
o p e r a t i o n  i n  t h e  Sand Lake area has been c a r r i e d  ou t  i n  the  
coarse f a c i e s  o f  t h e  f a n  d e l t a  and i n  t h e  r e t r a n s p o r t e d  channel 
d e p o s i t s  i n  t h e  marg ina l  segments o f  t h e  d e l t a .  Assoc ia ted w i t h  
t h e  d r a i n i n g  o f  t h e  embaynent and t h e  m e l t i n g  o f  s t randed i c e  i n  
t h e  fan d e l t a  f a c i e s  was t he  development o f  d ra inage  channel s  
which a re  now abandoned or  c o n t a i n  u n d e r f i t  streams, e.g., 
channe ls  e n t e r i n g  t h e  Campbell Creek d ra i nage  f rom the  n o r t h .  

Du r i ng  Holocene ( r e c e n t )  t ime, t h e  area has been sub jec ted  
t o  i s o s t a t i c  rebound coupled w i t h  p e r i o d i c  t e c t o n i c  u p l i f t  (Brown 
and o t h e r s ,  1977) which, combined w i t h  f l u c t u a t i o n s  i n  sea l e v e l ,  
has caused b1 u f f  topography t o  form a long Kn i  k  Arm, and along 
streams d r a i n i n g  i n t o  Cook I n l e t .  The e f f e c t  o f  t i d a l  i n l e t  
e r o s i o n  and s l ope  i n s t a b i  1  i t y  o f  t h e  Boo t legger  Cove Format ion 
has r e s u l t e d  i n  gradual  b l u f f  r e t r e a t .  P e r i o d i c  se ismic  events 
i n  t h e  r e g i o n  have f u r t h e r  enhanced t h i s  r e t r e a t  b y  caus ing 
mass ive 1  andsl  i des .  The 1964 ear thquake 1  andsl  i des  are an 
ex amp1 e  . 

S o i l  T e s t i n g  Procedures 
F o l l o w i n g  t h e  1964 earthquake, s o i l  s t u d i e s  were performed 

b y  p r i v a t e  eng inee r i ng  consu l t an t  f i r m s  and agencies o f  t h e  
f e d e r a l  government (e.g. ,  Shannon and Wilson, 1964; Seed and 
Wilson, 1967; Hansen, 1965).  L i t t l e  a d d i t i o n a l  research  on t h e  
eng inee r i ng  geol  ogy o f  Anchorage had been conducted un t  i 1  
r e c e n t l y .  I n  1978, t h e  Alaska D i v i s i o n  o f  Geo log ica l  and 
Geophysical  Surveys i n  coopera t ion  w i t h  t h e  O f f  i c e  o f  Earthquake 
S tud ies ,  USGS began new s tud ies .  
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Because o f  l i m i t e d  n a t u r a l  exposures w i t h i n  t h e  area, much 
of t he  geo log i c  mapping and geo techn ica l  anal yses have depended 
on subsur face e x p l o r a t i o n .  The e v a l u a t i o n  o f  subsur face s o i l  
c o n d i t i o n s  can be accomplished by  (1) d r i l l i n g ,  sampl ing,  and 
l a b o r a t o r y  t e s t i n g ,  and ( 2 )  -- i n  s i t u  t e s t i n g .  Regard less o f  t he  
ca re  exerc ised ,  t h e  f i r s t  method has i n h e r e n t  problems w i t h  
sample d i s t u rbance  and t e s t i n g  i n  o the r  than  a c t u a l  c o n d i t i o n s .  
I n  s i t u  t e s t i n g  i s  l i m i t e d  both i n  t he  v a r i e t y  o f  techn iques  -- 
a v a i l a b l e  and t h e  i n t e r p r e t a t i o n  o f  t h e  d e r i v e d  d a t a  based on 
e x i s t i n g  s o i l  behav io r  t heo ry .  P e n e t r a t i o n  t e s t i n g  i s  t h e  
approach most u n i v e r s a l  l y  employed and i s  based on t h e  concept 
t h a t  t he  f o r c e  o r  energy r e q u i r e d  t o  push o r  d r i v e  a  s tandard ized  
probe i n t o  t h e  s o i l  can be t r a n s l a t e d  i n t o  a  measure o f  s o i l  
s t r e n g t h  o r  bea r i ng  c a p a c i t y .  Two p r i n c i p a l  p e n e t r a t i o n  t e s t  
methods are i n  use, Standard P e n e t r a t i o n  t e s t  (SPT) and Cone 
P e n e t r a t i o n  Test  (CPT). The SPT method has been i n  use i n  
Anchorage f o r  many years  and remains a  s tandard  f o r  l o c a l  
founda t ion  des ign .  A l though t he  CPTmethod has been i n  use i n  
Europe f o r  severa l  years ,  o n l y  r e c e n t l y  has t h e  method a t t a i n e d  
t he  s o p h i s t i c a t i o n  necessary f o r  acceptance i n  t h e  U n i t e d  S ta tes  
geo techn ica l  i n d u s t r y  and o n l y  i n  t h e  pas t  year  has i t  been used 
i n  A1 aska. Several  CPT s i t e s  were se lec ted  w i t h i n  t he '  Anchorage 
area t o  f u r t h e r  enhance our unders tanding o f  t h e  Eng ineer ing  
parameters o f  t h e  Boot legger  Cove Format ion.  The t e s t  c o n s i s t s  
o f  pushing an ins t rumented  cone- t ipped probe i n t o  t h e  s o i l  and 
c o n t i n u o u s l y  r e c o r d i n g  t he  r e s i s t a n c e  o f  t h e  s o i l  t o  t h a t  
p e n e t r a t i o n .  The l o g s  recorded by t h e  CPT system c o r r e l a t e  ve r y  
we l l  w i t h  p r e v i o u s l y  ob ta ined  geo techn ica l  bo reho le  l o g s  ( f i g .  
3 ) .  For  example, t h e  s t r a t i g r a p h i c  c r o s s - s e c t i o n  o f  F i g u r e  13 
was de r i ved  f rom bo th  CPT logs and boreho le  da ta .  Such 
c o r r e l  a t i o n s  p r o v i d e  a  t h r e e  dimensional  s t r a t i g r a p h i c  p i c t u r e  
c o n s i s t e n t  w i t h  t h e  p r e v i o u s l y  proposed model o f  an i ce -marg ina l  
d e l t a i c  regime ex tend ing  i n t o  a  q u i e t  water d e p o s i t i o n a l  bas i n  t o  
t h e  east .  

Cores acqu i red  f rom d r i l l i n g  porgrams have been sub jec ted  t o  
a  number o f  s t a t i c  and dynamic t e s t i n g  programs. S ta te -o f - t he -  
a r t  t e s t i n g  o f  t h e  v a r i o u s  f a c i e s  o f  t h e  Boo t legger  Cove 
Format ion us i ng  c y c l  i c  s imple shear, resonan t  column, and c y l c i c  
tr i  a x i a l  techn iques  have y i e l d e d  a  s u i t e  o f  index p r o p e r t i e s  f o r  
the  f o rma t i on  which are p r e s e n t l y  be ing  used i n  t h e  des ign  o f  
l a r g e  s t r u c t u r e s  ( e . g . ,  Updike and o the rs ,  1981). 
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Figure 3.  Example of a Cone Penetrometer log with Bootlegger Cove Formation 
correlations. (From Ertec, 1982.) 
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Figure 5. Location map 1. PAGE 21. 



MAP 2 
7. Sand Lake  Pits 
8. K i n c a ~ d  Park 

MAP 3 - 
9. Hil lside 

Figure 6. Lacation maps 2 and 3. PAGE 2 2 .  



ROAD LOG. 

Assemble a t  t h e  Westward H i  1  t o n  Ho te l ,  3 rd  and " E l '  S t r e e t s .  
D r i v e  n o r t h  on "E l '  S t r e e t  t o  T - i n t e r s e c t i o n  and t u r n  r i g h t ,  
con t i nue  downh i l l  t u r n i n g  l e f t  t o  t h e  f r o n t  en t rance  o f  t h e  
A laska Ra i l road ,  Anchorage Passenger Terminal  B u i l d i n g .  Meet 
near  t h e  steam engine across t h e  s t r e e t  f rom t h e  t e r m i n a l .  

STOP 1. Base o f  t h e  4 t h  Avenue Bu t t r ess .  
You are now s tand ing  a t  what was the  toe  o f  t h e  4 t h  Avenue 

Lands l  i d e  t h a t  r e s u l t e d  f rom s o i l  f a i l u r e  d u r i n g  t h e  1964 P r i n c e  
W i  11 iam Sound Earthquake. Several  1  andsl i des  occu r r sd  i n  t h e  
Anchorage Area as a  r e s u l t  o f  t h e  earthquake and t h e  4 t h  Avenue 
s l i d e  was one o f  t h e  l a r g e s t  o f  these ( f i g . 2 ) .  A l l  of t hese  
l a n d s l i d e s  had i n  common a  l o s s  o f  i n t e g r i t y  w i t h i n  t h e  
Boot legger  Cove Format i o n  ( see I n t r o d u c t i o n ) .  V e r t i c a l  
d isp lacement  along t h e  4 t h  Avenue Lands l i de  was as much as 10 f t  
and h o r i z o n t a l  movement was up t o  20 f t  ( f i g . 7 ) .  The r e s u l t  o f  
such d i  sp l  acement was t o t a l  d e s t r u c t i o n  o f  b u i l d i n g s  between 
where you are s t and ing  and t h e  f a r  s i d e  o f  4 t h  Avenue which i s  
f o u r  b locks  south o f  t h i s  s t op .  

I n  an e f f o r t  t o  l end  f u t u r e  s t a b i l i t y  t o  t h e  s l i d e  area, t h e  
U.S. Army Corps o f  Engineers  cons t ruc ted  an ear then  b u t t r e s s  
between 4 t h  Avenue and where you are s tand ing .  T h i s  b u t t r e s s  i s  
v i s i b l e  as t he  un i f o rm  g rassy  s lope  t h a t  extends up ( s o u t h )  t o  
t h e  Post  O f f i c e  M a l l ,  eas t  ( t o  your  l e f t )  t o  t h e  T rave lodge  
Mote l ,  and west ( r i g h t )  t o  t h e  Westward H i l t o n .  D e t a i l s  o f  t h e  
p r i n c i p l e s  and des ;gn o f  ti-,e bu t  t r e s s  are d i s c u s i e d  ill A t t a c h x n t  
1. Immediately a f t e r  t h e  l a n d s l i d e s ,  a  number o f  s p e c i f i c a l l y  
des igned metal  s lope  i n d i c a t o r  cas ings  were i n s t a l l e d  i n  and 
around t h e  4 t h  Avenue Landsl  i d e .  These cas ings can be surveyed 
b y  means o f  an e l e c t r o n i c  probe i n s e r t e d  down t h e  cas ing  which 
w i l l  i n d i c a t e  any g radua l  o r  abrubt  d isp lacements  w i t h i n  t h e  
1 andsl  i d e  o r  su r round ing  area s i nce  i n s t a l  1  a t  i o n  o f  t h e  cas ings .  
Updike (1983) has completed an examinat ion o f  these  cas ings  and 
has concluded t h a t  o n l y  minor  ( a  few inches)  movement has 
appa ren t l y  occur red  i n  t h i s  area s i n c e  1964. 

The A1 aska R a i l r o a d  t e r m i n a l  b u i l d i n g  was b u i l t  i n  1942 and 
i nc l udes  a d m i n i s t r a t i v e  o f f i c e s .  Anchorage owes i t s  v e r y  
e x i s t e n c e  t o  a  t h e  campsi te  s e l e c t e d  by  a  survey crew f o r  t h e  
A laska Ra i l r oad  d a t i n g  t o  1914. The o r i g i n a l  s i t e  f o r  t h e  
r a i l r o a d  camp was n o r t h  o f  Ship Creek, however, t h e  c reek  b a s i n  
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Figu re  7 .  Fourth Ave. l a n d s l i d e  a r e a ,  Anchorage, Alaska. (From Hansen, 1965.)  
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has been a1 t e r e d  over t he  years  begin!?-ing w i t h  a  rechanne l ing  o f  
t h e  creek i n  t h e  1920 's .  Very few o f  t h e  o r i g i n a l  b u i l d i n g s  
remain today;  a  few have been moved o t h e r s  were l o s t  t o  f i r e .  
Most p resen t -day  s t r u c t u r e s  da te  t o  a  b u i l d i n g  program i n  t he  
1930 ' s  and 1940 's .  

END Stop 1. Depart  east  from t h e  R a i l r o a d  Terminal  t o  " C "  
S t r e e t ,  t u r n  l e f t  onto  " C "  S t r e e t  and c ross  t h e  b r i d g e  over Ship  
Creek. Th i s  c reek  d r a i n s  i n t o  K n i k  Arm from t h e  Chugacn 
Mountains and i n  mid t o  l a t e  summer s u p p o r t s - a  s u b s t a n t i a l  r u n  o f  
salmon. I n  t h e  1920 's  the  channel was a l t e r e d  here f rom a  
meandering t o  s t r a i g h t  c o n f i g u r a t i o n  f o r  l and  u t i l i z a t i o n .  A t  
t h e  s t o p  s i g n  a f t e r  t h e  b r i d g e  t u r n  l e f t ,  d r i v e  across t he  
r a i l r o a d  t r a c k s  t h a t  go t o  the  r e p a i r  ya rds  on your r i g h t ,  and 
s t o p  a t  Ocean Dock Road i n t e r s e c t i o n .  Turn l e f t  onto  Ocean Dock 
Road, i n  about 4  b l ocks  t he  road makes a  r i g h t  cu rve  and becomes 
P o r t  Road; c o n t i n u e  n o r t h .  You w i l l  no te  pet ro leum tank farms on 
b o t h  s i des  o f  t h e  road  as we d r i v e  n o r t h .  Th i s  i s  a  major  
s t o rage  and d i s t r i b u t i o n  p o i n t  f o r  pe t ro leum produc ts  f o r  Alaska. 
Ex tens i ve  ground f i s s u r i n g  and damage t o  tanks  occur red  
t h roughou t  t h i s  area i n  1964 ( f i g .  8 ) .  J u s t  be fo re  reach ing  t he  
Anchorage P o r t  you w i  11 no te  a rnunic ipa l ly -owned s e c t i o n  o f  1  and 
t o  l e f t  now be ing  used f o r  temporary  p a r k i n g  and s torage.  En te r  
t h i s  area and s top .  

STOP, 2. Anchorage P o r t  Area 
The area near t h e  mouth o f  Ship Creek has l ong  been used as 

a  p o i n t  o f  d i sembarca t ion  f o r  Upper Cook I n l e t .  The o r i g i n a l  
Anchorage t owns i t e ,  however, was n o t  p i cked  because o f  i t s  i d e a l  
p o r t  advantages. The problems o f  extreme t i d a l  f 1  uc tua t  ions,  
heavy s i l t  l o a d  i n  t h e  waters, and broad m u d f l a t s  o f  Kni  k  A r m  
a f f e c t  sh i pp ing ,  b u t  because o f  t h e  access t o  t h e  r a i l r o a d  t h e  
p o r t  l o c a t i o n  was developed. D e l i v e r i n g  goods f o r  t h e  nearby 
m i l i t a r y  bases gave impetus t o  t h e  p o r t ' s  e a r l y  growth.  P r i o r  t o  
t h e  1964 Earthquake, t h e  p o r t s  o f  W h i t t i e r  and Seward were more 
p r e f e r r e d  f o r  l a r g e  sh ips,  bu t  t h e  d e s t r u c t i o n  f rom the  
ear thquake  was n e a r l y  t o t a l  f o r  b o t h  these  p o r t s .  I n  c o n t r a s t ,  
t h e  Anchorage p o r t  s u f f e r e d  o n l y  m inor  damage and sh ipp ing  
a c t i v i t i e s  resumed i n  a  mat te r  o f  days.  Some major  companies 
t h a t  sus ta i ned  se r i ous  damage a t  these  p o r t s  r e l o c a t e d  t h e i r  
c e n t e r s  o f  o p e r a t i o n  t o  Anchorage. As a  r e s u l t ,  s ince  t h e  
ear thquake,  t h e  Anchorage p o r t  has grown v e r y  r a p i d l y  t o  assume 
i t s  p resen t -day  dominance. Even so, p e r i o d i c a l l y  a  channel must 
be dredged o f f - s h o r e  f rom where we a re  s t a n d i n g  t o  accomodate 
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Figure 8. Map of  ground c r a c k s  a t  t h e  P o r t  o f  Anchorage and v i c i n i t y ,  
Anchorage,  Alaska .  , (From Hansen, 1965.) 
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l a r g e  sh ips approaching t h e  p o r t .  The dredging i s  r e q u i r e d  t o  
remove the  v e r y  1  arge v o l  umes o f  g l  ac i  a1 l y - d e r i v e d  s i  1  t s  t h a t  a re  
t r anspo r t ed  on t h e  t i d e s .  Some people have c la imed t h a t  c e r t a i n  
submarine channels o f f - s h o r e  are f i l l e d  w i t h  go ld -bea r i ng  sands 
and g rave l s  and have f i l e d  m in i ng  c l a ims  t o  suppor t  t h e i r  
con ten t i ons .  Thus f a r  no p l a c e r  go ld  c la ims  have been proven.  

The wood p i l e s  t h a t  you see o f f - shore  are a l l  t h a t  remains 
o f  Ocean Dock, completed i n  1919. On t h e  f a r  s i d e  of Kn ik  Arm,  
t h e  p o i n t  o f  l and  you see i s  P o i n t  MacKenzie, app rox ima te l y  2 . 5  
m i l e s  away. Th is  area was occupied by o n l y  a few h e a r t y  
homesteaders u n t i l  r e c e n t l y .  I n  t h e  past  few years  severa l  
s i g n i f i c a n t  t h r u s t s  o f  a c t i v i t y  promise t o  change t h e  c h a r a c t e r  
o f  thousands o f  acres ad jacen t  t o  P o i n t  MacKenzie. La rge  p a r c e l s  
o f  l and  are be ing  c l e a r e d  i n  p r e p a r a t i o n  f o r  use as a g r i c u l t u r a l  
land,  p o s s i b l y  t o  i n c l u d e  d a i r y  farms, g r a i n ,  and vege tab le  
p roduc t i on .  I n  suppor t  of t he  a g r i c u l t u r a l  development a good 
q u a l i t y ,  year- round road  t o  t h e  area near t h e  p o i n t  has been 
cons t ruc ted  p r o v i d i n g  access f o r  o the r  purposes (e.g.  r e c r e a t i o n ,  
home s i t e s ,  e t c )  . The Matanuska-Susi tna Borough, which has 
j u r i s d i c t i o n  over  t h e  area, i s  a t t emp t i ng  t o  a t t r a c t  l i g h t  
i n d u s t r y  and even a  p o r t  f a c i l i t y  t o  be e s t a b l i s h e d  a t  P o i n t  
MacKenzie. 

One o f  t h e  most i n t r i g u i n g  prospects  f o r  P o i n t  MacKenzie i s  
t he  poss ib l e  connec t ion  w i t h  Anchorage by  means o f  a b r i dge ,  
causeway, o r  t u n n e l .  Th i s  would be a  major eng inee r i ng  
under tak ing  because o f  t h e  problems o f  poor f ounda t i on  s o i l s ,  
 lac^ o f  bedrock t o  depths o f  severa l  hundred f e e t ,  d rama i i c  t i d e s  
(30  f o o t  normal range,  5 t o  10 kno t  c u r r e n t  v e l o c i t y ) ,  w i n t e r  
i ce ,  and heavy s i  1 t a t i o n  problems. Never the less,  f e a s i b i l  i t y  and 
p r e l i m i n a r y  eng inee r i ng  des ign  s t u d i e s  are underway w i t h  a  
causeway s t r u c t u r e  most commonly tou ted .  A t  low t i d e ,  l a r g e  
s t r e t c h e s  o f  t i d a l  mud are exposed between here  and t h e  f a r  
shore.  A t  t h e  same t ime,  however, some channels hav ing  depths o f  
more t han  180 ft e x i s t  d i r e c t l y  ad jacent  t o  t h e  m u d f l a t s .  The 
system o f  channels and f l a t s  can s h i f t  w i t h  each t i d e .  I n  w i n t e r  
t h e  system becomes even more complex as sea pack i c e  mixes w i t h  
t h e  s i l t y  mar ine waters  t o  form a  c o n s t a n t l y  moving g r a y  and 
w h i t e  c o l l a g e .  

I f  t h e  1  i g h t i n g  i s  good, as you l ook  along t h e  b l u f f  on t h e  
f a r  s i de  o f  t h e  arm from t h e  p o i n t  you w i l l  no te  t h e  
h o r i z o n t a l i t y  o f  b o t h  t h e  sediments compr is ing  t h e  b l u f f  and t h e  
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upper su r f ace  o f  the  b l u f f .  T h i s  a t t e s t s  t o  the  g l ac i omar i ne  and 
g l a c i o f l u v i a l  o r i g i n  o f  bo th  t h e  sediments and t he  su r f ace  
land fo rm.  Th is  l a t e r  c o n t i n i u i t y  i s ,  however, punctuated b y  
occas iona l  major d e c l i v i t i e s  which w i l l  be emphasized b y  
v e g e t a t i o n  descending t o  h i g h  t i d e  l i n e .  These are l a n d s l i d e s ;  
t h e  one d i r e c t l y  across t h e  arm f r om you i s  pre-modern t imes  
w h i l e  t h e  one upstream ( t o  t h e  r i g h t )  occurred i n  1964. The 
Boo t legger  Cove Formation, which makes up t he  lower t w o - t h i r d s  o f  
t h e  b l u f f s ,  i s  again t h e  cause f o r  t h e  ground f a i l u r e s .  

END Stop 2 .  Return on P o r t  Road and Ocean Dock Road about f o u r  
b l o c k s  t o  West B l u f f  Road i n  t h e  v i c i n i t y  o f  t he  Chevron Tank 
Farm. Turn l e f t  onto  West B l u f f  Road. Ce r t a i n  o f  these tanks  
have sus ta ined  f ounda t i on  problems due t o  a r t i f i c i a l l y - i n d u c e d  
permaf ros t  r e s u l t i n g  i n  d i f f e r e n t i  a1 heaving and s e t t l i n g  o f  t h e  
f l o o r s  o f  the  tanks .  Apparen t l y ,  t h e  l i q u i d s  s t o red  i n  these  
tanks  f o r  long per iods  m a i n t a i n  temperatures near f r e e z i n g ,  t h e  
u n d e r l y i n g  s o i l  f reezes  i n  w i n t e r  b u t  cannot f u l l y  thaw d u r i n g  
t h e  summer due t o  t he  o v e r l y i n g  c o l d  l i q u i d .  

A t  t h e  t o p  o f  the  h i  11 t u r n  r i g h t  onto Cunningham Road, then  
r i g h t  on to  Cook Road. Th is  road  proceeds down th rough  a  low area 
which Updi ke and Carpenter (1983) be1 i e v e  r e s u l t e d  f rom a  
1  i q u e f a c t i o n - t y p e  ground f a i  1  u re  i n  p r e h i s t o r i c  t ime.  Cook Road 
curves  l e f t  ( sou th )  becoming Del aney Road. Cont inue on Del aney 
Road t o  Brown's P o i n t  Park .  Dur ing  w i n t e r  months an e x c e l l e n t  
v i e w  across Cook I n l e t  i s  p rov i ded  here.  Note t he  e a r l y  American 
s t y l e  o f  a r c h i t e c t u r e  o f  t h e  t h e  two homes ad jacent  t o  t h e  pa rk .  
Turn l e f t  onto  Harvard Avenue. You w i l l  no te  more homes o f  e a r l y  
20 th  c e n t u r y  design, some i n  v a r i o u s  phases o f  remode l ing  o r  
t o t a l  r e c o n s t r u c t i o n .  Th i s  i s  one o f  t h e  o l d e s t  neighborhoods i n  
Anchorage. The r a i  1  road  was au thor  i zed t o  c o n s t r u c t  hous ing f o r  
permanent employees i n  1915. The area above t h e  r a i l r o a d  camp 
was chosen and soon became known as "Government H i l l " .  There a re  
two s t o r i e s  as t o  t he  o r i g i n  o f  t h e  name. The f i r s t  p o i n t s  t o  
t h e  obvious, t h a t  t he  houses were b u i l t  f o r  government ( r a i l r o a d )  
employees. The second s t o r y  i n d i c a t e s  t h a t  severa l  r a i  1 r oad  men 
were i n v o l v e d  w i t h  t h e  Panama Canal c o n s t r u c t i o n  and t h e  hous ing 
s i t e  reminded them of a  s i m i l a r  "Government H i l l "  i n  Panama. 

You w i l l  have a  number o f  g l impses o f  downtown Anchorage 
across Ship Creek, t o  t h e  south,  as we con t i nue  d r i v i n g  a long 
Harvard Avenue. Wedge-type 1 andsl  i d e s  (pre-1964) occur  
c o n t i n u o u s l y  along (and below) t h e  b l u f f  t o  your r i g h t .  D r i v e  
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th rough  t h e  t r a f f i c  l i g h t  (Loop Road)- c o n t i n u i n g  s t r a i g h t  on 
Hol lywood D r i v e  f o r  one b lock ,  t u r n  r i g h t  on Ash D r i v e  and s t o p  
a t  t h e  park  a t  t h e  end o f  the  road.  

STOP 3. Government H i l l  School L a n d s l i d e  
You are now s tand ing  a t  t h e  s i t e  o f  Government H i l l  School 

which was s e v e r e l y  damaged by v e r t i c a l  d i s p l  acement along a  
1  a n d s l i d e  caused by  t he  1964 Earthquake ( f i g .  9 ) .  The stepped 
t e r r a i n  t o  t h e  sou th  (baseba l l  f i e l d )  i s  t h e  regraded suface o f  
some o f  t h e  l a n d s l i d e  b l ocks .  The t o e  o f  t h i s  s l i d e  impinged on 
t h e  A laska  R a i l r o a d  f a c i l i t i e s  on t h e  Ship  Creek f l o o d p l a i n  as a  
s o i l  f l o w  ( f i g .  10) .  Both sand f a c i e s  (F .V I  and F.VI1)  and 
s e n s i t i v e  s i l t y  c l a y  f a c i e s  (F.111) of t h e  Boot legger  Cove 
Format ion  u n d e r l i e  t h e  s i t e .  Geo techn ica l  s t u d i e s  immediat ley  
a f t e r  t h e  ear thquake (Shannon and Wilson, 1964) suggested t h a t  
sand l i q u e f a c t i o n  was respons ib l e  f o r  t h e  s l i d e .  However, r e c e n t  
s t u d i e s  b y  Updike and Carpenter (1983) conc lude t h a t  
l i q u i f a c t i o n  o f  F .VI  and F . V I I  i s  u n l i k e l y ,  even du r i ng  l a r g e  
magnitude earthquakes, and i ns tead  c o l l  apse o f  sens i t ve  s i l t y  
c l a y  f a c i e s  was p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  lands1 i d e .  

F o r t u n a t e l y ,  t he  earthquake occu r red  i n  t h e  l a t e  a f te rnoon  
o f  Good F r i d a y  and as a  r e s u l t  t h e  school  was unoccupied a t  t h e  
t i m e  o f  t h e  s l i d e .  For severa l  years  t h e  i n t a c t  p a r t  o f  t h e  
school  remai ned unused, a  new school  hav ing  been cons t ruc ted  
seve ra l  b l ocks  away from the  b l u f f .  Recen t l y ,  t h e  o l d  school was 
removed and t h e  park  cons t ruc ted ,  a  good example o f  how 
p o t e n t i a l l y  hazardous areas can be p r u d e n t l y  pu t  t o  good 
community use. 

I f  one looks  west ( t o  your r i g h t  as you f ace  Ship Creek),  
another ,  much o l d e r ,  l a n d s l i d e  o f  s i m i l a r  d imensions and 
d isp lacement  i s  now occupied b y  t h e  Government H i l l  C u r l i n g  Club. 
I n  f a c t ,  most o f  t h e  b l u f f  l i n e  su r round ing  Government H i l l  i s  
bo rdered  b y  o l d  t o  r e l a t i v e l y  r e c e n t  l a n d s l i d e s  ( f i g . l l ) ,  each 
be ing  a t t r i b u t e d  t o  past  f a i l u r e s  w i t h i n  t h e  Boot legger  Cove 
Format ion.  Some o f  these s l i d e s  show ev idence o f  no t  p r e s e n t l y  
be ing  e n t i r e l y  s t a b i  1  i zed and downslope c reep  con t inues  under 
ase ismic  c o n d i t i o n s .  

From t h i s  vantage p o i n t ,  downtown Anchorage and t he  4 t h  
Avenue b u t t r e s s  are c l e a r l y  v i s i b l e .  I f  t h e  weather i s  good, t h e  
f r o n t  o f  t h e  Chugach Mountains can be seen t o  t h e  eas t .  
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E LMENDORF A.F.B. 

Alaska R.R. Yards 

Figure II. Distribution o f  landslides in the Government Hill area as 
discussed in the text. Patterns denote: ( 1 )  older lanoslides, 
( 2 )  younaer lands1 ides, ( 3 )  1964 landslides. Landslides discussed 
in text: (14) Gaylor's Gulch, ( 8 )  Government Hill S c h o ~ l ,  
( C )  Curling Club, ( D l  Chevron Tank Farm, ( E l  P.O.L. Tank Farm. 
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END Stop 3. Return on Ash Road t o  Hol lywood Dr ive ,  t u r n  
l e f t ,  d r i v e  t o  t r a f f i c  l i g h t ,  t u r n  l e f t  o n t o  Loop Road. Descend 
t h e  Government H i l l  b l u f f  and c ross  t h e  Sh ip  Creek f l o o d p l a i n  on 
t h e  " C "  S t r e e t  overpass. Turn r i g h t  a t  t h e  f i r s t  t r a f f i c  1  i g h t  
( 3 r d  Avenue) and d r i v e  west t o  t h e  end o f  3 r d  where i t  curves 
i n t o  " L "  S t r e e t .  Continue on " L "  S t r e e t  t o  5 t h  Avenue, t u r n  
r i g h t  on 5 t h  Avenue and descend t h e  b l  u f f  t o  E l d e r b e r r y  Park .  

STOP 4.  E l d e r b e r r y  Park.  
You are l oca ted  a t  the  t oe  o f  t h e  " L "  S t r e e t  s l i d e  o f  1964. 

Th i s  s l i d e  was somewhat d i f f e r e n t  than  t h e  o the rs  we have seen i n  
t h a t  he re  e s s e n t i  a1 l y  no v e r t i c a l  d i s p l  acement occurred; movement 
was almost e n t i r e l y  h o r i z o n t a l  as a  t r a n s l a t i o n a l  g l i d i n g  b l ock  
w i t h  a  graben be ing  produced behind t h e  moving b l ock  ( f i g .  1 2 ) .  
Th i s  s l i d e  i nvo l ved  a l l  or  p a r t s  of about 30 c i t y  b locks,  was 
about 3/4 m i l e  l ong  and over one thousand f e e t  wide. The graben 
a t  t h e  back o f  t h e  s l i d e  was up t o  about 250 f e e t  wide and 10 
f e e t  deep; i t  was here t h a t  most b u i l d i n g  damage occurred.  The 
t r a n s 1  a t i o n a l  b l o c k  c a r r i e d  o v e r l y i n g  s t r u c t u r e s  as much as 14 
f e e t  h o r i z o n t a l l y  w i t h  1  i t t l e  v e r t i c a l  movement and s u r p r i s i n g l y  
l ow  damage f i g u r e s .  Pressure r i d g e s  formed seaward from t h e  
s l i d e  i n  t h e  low areas such as where you are s tand ing .  These 
r i d g e s  d i s r u p t e d  t h e  Alaska R a i l r o a d  t r a c k s  i n  f r o n t  o f  you. 
Again, t h e  s e n s i t i v e  c l ays  and s i l t s  (F.111, Boot legger  Cove 
Format ion )  a re  b e l i e v e d  t o  have been t h e  source o f  f a i l u r e .  Some 
g e o l o g i s t s  and engineers  have specu la ted  t h a t  t h e  "L" S t r e e t  
S l i d e  i s  an example o f  a  s l i d e  t h a t  d i d  n o t  have s u f f i c i e n t  t ime ,  
shak ing,  and/or momentum t o  p rogress  t o  b l o c k  f a i l u r e  mode t y p i -  
c a l  o f  t h e  Anchorage l a n d s l i d e s .  The l o g i c a l  ex tens ion  o f  t h i s  
l i n e  o f  t h i n k i n g  i s  t o  surmise t h a t  movement may resume i n  t h e  
n e x t  1  arge ear thquake.  Conversely, one m igh t  p r e f e r  t o  be1 i e v e  
t h a t  F.111 i s  n o t  as ex tens i ve  o r  s e n s i t i v e  here as elsewhere so 
t h a t  no f u r t h e r  movement should be a n t i c i p a t e d ,  i .e. ,  t h e  1964 
ear thquake caused what s e n s i t i v e  s o i l s  t h a t  were present  t o  f a i l  
on a  l i m i t e d  bas is ,  i n  t u r n  i n d u c i n g  p resen t  s t a b i l i z a t i o n .  

The ques t i on  o f  f u t u r e  s t a b i l i t y  i n  t h i s  area has n o t  been 
r e s o l v e d .  Soon a f t e r  t he  earthquake, t h e  graben was back- f  i 1  l e d  
w i t h  sand and g rave l ,  t he  damaged s t r u c t u r e s  were removed o r  
condemned, and new c o n s t r u c t i o n  has s i n c e  fo l lowed.  One cannot 
h e l p  b u t  be impressed o r  dismayed b y  t h e  l a r g e  h i gh  r i s e  
s t r u c t u r e s  cons t ruc ted  on t he  b l u f f  f r o n t  o f  t h e  "L"  S t r e e t  s l i d e  
b l o c k  and a s t r i d e  t h e  regraded graben. One f u r t h e r  note, as you 
survey  t h e  area around E l d e r b e r r y  Park, observe t h e  i r r e g u l a r  
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shape o f  t he  t e r r a i n .  Foundat ion e x p l o r a t i o n  f o r  some o f  t h e  
1  uxury  condomi n i  ums nearby encountered c h a o t i c  masses o f  
b l ue -g ray  s i l t s  and c l a y s  mixed w i t h  b u r i e d  t r e e s ,  a l l  o f  which 
leads one t o  conc lude t h a t  t h i s  e n t i r e  area below t h e  b l u f f  
c o n s i s t s  o f  o l d  l a n d s l i d e s  which have f a i l e d  i n  a  manner s i m i l a r  
t o  Government H i l l  o r  4 t h  Avenue. 

I f  you are v i s i t i n g  t h i s  s t o p  a t  low t i d e  you w i l l  have a 
p a r t i c u l a r l y  good v iew o f  Anchorage's "beaches". The t i d a l  f l a t s  
v i s i b l e  here a re  t y p i c a l  o f  most coas ta l  areas o f  Cook I n l e t .  
The h i gh  mountains su r round ing  t h e  i n l e t  are p r e s e n t l y  g l a c i a t e d  
so t h a t  l a r g e  q u a n t i t i e s  o f  g l a c i a l  r ock  f l o u r ,  s i l t ,  and sands 
are c o n s t a n t l y  poured i n t o  t h e  i n l e t .  These g e o l o g i c a l l y  
immature sediments a re  i n c e s s a n t l y  be ing t r a n s p o r t e d ,  depos i ted ,  
r e t r anspo r t ed ,  mixed, and redepos i t ed  t o  form the  o l i v e - g r a y  t o  
b l ue -g ray  t i d a l  f l a t s .  Minor  s p r i n g s  near sea l e v e l  combined 
w i t h  t i d a l l y - r e c e d i n g  mar ine waters r e s u l t  i n  t h e  numerous smal l  
meandering channels  c u t t i n g  across t he  f l a t s .  Those o f  you 
anxious t o  dash o u t  on these "beaches" t o  sunbathe shou ld  be 
forewarned t h a t  t h e  waters  o f  t h e  i n l e t  are a  c h i l l y  34 t o  38°F 
throughout  t h e  year .  

I n  t h e  m i d d l e  d i s t a n c e  t o  t h e  west across t h e  i n l e t  t h e  
prominant mountain you see i s  M t .  Sus i tna .  I n  t h e  low lands  on 
t h e  near s i d e  o f  t h a t  mounta in  i s  one o f  t h e  most a c t i v e  f a u l t s  
i n  t h i s  p a r t  o f  t h e  s t a t e ,  t h e  Cas t l e  Mountain F a u l t .  Th i s  i s  a  
s t r i k e - s l i p  f a u l t ,  w i t h  a  dominant r i g h t  l a t e r a l  sense o f  
movement. It extends f o r  severa l  tens  o f  m i l e s  i n  l e n g t h  see 
f i g .  ) and d i s p l a c e s  m i d d l e  t o  l a t e  Holocene sediments.  Recent 
r e g i o n a l  s e i s m i c i t y  s t u d i e s  have concluded t h a t  t h i s  f a u l t  (about  
20 m i l e s  f rom Anchorage) i s  capable  o f  gene ra t i ng  ear thquakes i n  
excess o f  magnitude 7.0. 

H i s t o r i c a l l y ,  E l d e r b e r r y  Park was one o f  t h e  o r i g i n a l  park  
reserves  o f  Anchorage d a t i n g  back t o  1915. I n  those  e a r l y  days 
c r ime  was one o f  t h e  b i g g e s t  problems f a c i n g  t h e  c i t y .  Combined 
w i t h  a  t e r r i t o r i a l  p r o h i b i t i o n  law i n  p lace  s i n c e  1916 and t h e  
A1 aska Eng ineer ing  Commission's p r o h i b i t i o n  o f  t h e  s a l e  and 
manuf ac tu re  o f  a l coho l ,  b o o t l e g g i n g  grew i n t o  a  b i g  bus iness  f o r  
t h e  young town. Boo t leggers  b u i  1  t connec t ing  t u n n e l s  a long  t h e  
shores o f  t h e  i n l e t  and t h e  end o f  5 t h  Avenue a t  t h e  b l u f f  was 
f r e q u e n t l y  r e f e r r e d  t o  as "Brown Sugar Road" due t h e  wagonloads 
o f  sugar hauled t o  t h e  area. I n  t h e  1960 's  a  coup le  l i v i n g  i n  a  
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l o g  c a b i n  a t  t h e  base o f  t h e  b l u f f  a t  5 t h  Avenue f e l l  i n t o  a  10 X 
10 f o o t  underground room once used t o  house a  s t i l l .  

END Stop 4.  Return on 5 t h  Avenue t o  t h e  t r a f f i c  l i g h t ,  t u r n  
r i g h t  on "L "  S t r e e t .  You are now d r i v i n g  p a r a l l e l  t o  and c ross -  
i n g  t h e  "L" S t r e e t  Lands l i de  graben. A t  9 t h  Avenue we w i l l  c r oss  
t h e  Del aney Park S t r i p ,  a  green b e l t  severa l  b locks  i n  l e n g t h  
which i s  t h e  s i t e  o f  numerous a t h l e t i c ,  s o c i a l ,  and c u l t u r a l  
a c t i v i t i e s  throughout  t h e  year .  Cont inue south on "L "  S t r e e t  
descending t o  what was once t h e  mouth o f  t he  f l o o d p l a i n  o f  
Chester Creek. An a r t i f i c i a l  dam a t  t he  mouth o f  t h i s  f l o o d p l a i n  
has produced Westchester Lagoon, a  f a v o r i t e  spot f o r  non- 
mo to r i zed  boa t i ng  i n  summer and i c e - s k a t i n g  i n  w i n t e r .  J u s t  
sou th  o f  t he  lagoon t ake  t h e  e x i t  ramp t h a t  leads up t o  West High 
School .  When t h i s  school was c o n s t r u c t e d  i s o l a t e d  remants o f  
d i s con t i nuous  permaf ros t  were encountered. Turn r i g h t  on to  
H i l l c r e s t  D r i ve ,  c o n t i n u i n g  t o  t h e  f i r s t  s top  s i gn .  Turn l e f t  
o n t o  Fo res t  Park D r i v e  and c o n t i n u e  south t o  Nor thern  L i g h t s  
Boulevard.  Turn r i g h t  on No r the rn  L i g h t s  and w i t h i n  a  few b l o c k s  
you w i l l  be d r i v i n g  by  t h e  Turanagain  Heights  s u b d i v i s i o n  (on  
your  r i g h t ) .  The Kn ik  Arm b l u f f  l i n e  i s  about 4 b l ocks  f r om  
here .  A dense network o f  open ground f i s s u r e s  extended f rom t h e  
b l u f f  (1964 Turnagain He igh ts  Lands l i de  scarp)  t o  No r t he rn  L i g h t s  
Boulevard.  Cont inue west on No r the rn  L i g h t s  t o  t h e  p a r k i n g  l o t  
a t  Earthquake Park. 

STOP 5 .  Earthquake Park .  
You are now s i t u a t e d  a t  t h e  scarp  d i r e c t l y  behind t h e  

Turnagain  Heights  Lands l ide ,  t h e  s i n g l e  most ex tens i ve  1964 lana-  
s l i d e  i n  Anchorage ( f i g .  1 3 ) .  T h i s  i s  a  mun ic ipa l  park  and a  
s e r i e s  o f  i n t e r e s t i n g  d i s p l a y s  a re  p rov ided .  Take t ime  t o  exam- 
i n e  these  geo log ic  and e c o l o g i c  p i c t o r i  a1 s.  (see Attachment 2 )  

END Stop 5. Return from p a r k i n g  area t o  No r t he rn  L i g h t s  
Bou levard  and t u r n  r i g h t .  D r i v i n g  west t h e  road becomes P o i n t  
Woronzof Road and con t i nues  app rox ima te l y  2 m i l e s  t o  P o i n t  
Woronzof. Turn o f f  ( r i g h t )  i n t o  t h e  over look  area a t  t h e  p o i n t .  

STOP 6 .  P o i n t  Woronzof. 
Th i s  area i s  u n d e r l a i n  by  s t r a t i f i e d  s i l t ,  sand, and g rave l  

a t  l e a s t  t o  sea l e v e l  . These d e p o s i t s  are o f  t h e  1  a t e  
P l e i s t o c e n e  age and were accumulated i n  an i ce -marg ina l  
env i ronment .  The g l a c i e r  i t s e l f  was s i t u a t e d  west and n o r t h  o f  
where you are s tanding,  hav ing  en te red  t h e  Kn ik  Arm-Point 
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MacKenzie area f rom the  n o r t h .  Th i s  - g l a c i e r  was f r o n t i n g  
(perhaps f l o a t i n g )  i n  mar ine waters of t h e  a n c e s t r a l  Upper Cook 
I n l e t .  R e s u l t a n t  sed imenta t ion  was i n  t h e  fo rm o f  g1 ac io-mar ine 
fan d e l t a s  and i c e - c o n t a c t  depos i t s .  The w a l l s  o f  t he  p i t  beh ind 
t he  p o i n t  a t  t h i s  s t o p  show the fan d e l t a  sands and g rave ls ;  a 
g u l l y  c u t  i n t o  t h e  face  of t h e  b l u f f  i n  f r o n t  o f  you shows t h e  
h i g h l y  c o n t o r t e d  beds o f  s i l t ,  sand, and g rave l  t y p i c a l  o f  
i c e - c o n t a c t  d e p o s i t s .  Updi ke and U l  e r y  (1983)  have concluded 
t h a t  these  d e p o s i t s  a re  contyernporaneous w i t h  t h e  Boot 1  egger Cove 
Format ion,  i . e . ,  t h e  i c e  marg ina l  d e p o s i t s  grade l a t e r a l l y  
(eas tward )  i n t o  t h e  q u i e t  bas in  depos i t s  o f  t h e  Boot legger  Cove 
Format ion.  F i r e  I s l a n d ,  v i s i b l e  t o  t h e  west, has been c a r e f u l l y  
s t u d i e d  b y  Schmoll and Gardner (1982) and appears t o  represen t  a  
n e a r - i c e  f r o n t  complex of s i  1 t y  d i  amictons and s t r a t i f i e d  sands 
and g r a v e l s  (At tachment  3 ) .  

P o i n t  Woronzof i s  a p a r t i c u l a r l y  good example o f  t he  b l u f f  
e r o s i o n  system t y p i c a l  of Upper Cook I n l e t .  It i s  sub jec ted  t o  
f o r ces  assoc ia ted  w i t h  both the incoming and ou tgo ing  t i d e s .  The 
p o i n t  i s  composed o f  p redominan t l y  sand and g rave l  which are 
u s u a l l y  d ry ,  loose,  and e a s i l y  washed away. The b l u f f  l i n e  i s  
s p a r s e l y  vegetated,  over  150 f e e t  h igh ,  and q u i t e  s teep.  These 
f a c t o r s  combine f o r  r a p i d  e ros ion  r a t e s .  A r e p o r t  b y  t h e  U.S. 
Geo log ica l  Survey (Mi 11 er  and Dobrovol ny, 1959) d iscusses  P o i n t  
Woronzof e r o s i o n  r a t e s .  According t o  t h i s  pub1 i c a t i o n ,  t he  b l  u f f  
r e t r e a t e d  about 30 f ee t  between 1909 and 1918, 26 f e e t  f r om  1918 
t o  1941, 13 f e e t  between 1941 and 1947, and 2 1  f e e t  between 1947 
and 1953, f o r  a  t o t a l  o f  aoout 90 f e e t  o f  r e t r e a t  i n  44 years  (an  
average o f  2 f e e t  per y e a r ) .  D r .  James R i e h l e  o f  t he  USGS 
conducted some a d d i t i o n a l  measurements u t i l  i z ing  t he  compari son 
o f  seve ra l  s e t s  o f  a e r i a l  photographs t aken  between 1960 and 
1964, and found another  10 f ee t  o f  e r o s i o n  between 1969 and 1978. 

One o f  t h e  p r ima ry  sources o f  e l e c t r i c a l  energy f o r  
Anchorage comes f rom t h e  Be1 uga R i ve r  area seve ra l  tens  o f  m i l e s  
t o  t h e  west across Cook I n l e t .  The t r a n s m i s s i o n  l i n e s  come t o  
t he  o l u f f  a t  P o i n t  MacKenzie ( ac ross  Kn i k  Arm), l i e  along t h e  
f l o o r  o f  t h e  arm, and re-emerge here a t  P o i n t  Woronzof ( n o t e  t he  
1  arge warning s i g n  rega rd i ng  the  c a b l e ' s  p resence) .  

A p e r v a s i v e  problem i n  Anchorage c o n s t r u c t i o n  i s  t h e  
presence o f  pea t  depos i t s  up t o  severa l  f e e t  i n  t h i c kness  a t  t h e  
ground su r f ace .  These depos i t s  must be excavated p r i o r  t o  
c o n s t r u c t i o n  because o f  t h e i r  poor b e a r i n g  c a p a c i t y .  The l a r g e  

PAGE 38 



volumes of peat  must be d isposed o f  -and p i t s  1  i k e  t h e  one beh ind  
you have been t a r g e t e d  f o r  such d i s p o s a l .  

On a  c l e a r  day from t h i s  p o i n t  you w i l l  be a b l e  t o  see M t .  
McKin ley ( e l e v a t i o n  20,320 f e e t )  125 m i l e s  t o  t h e  no r t h ,  t h e  
Ta lkee tna  Mountains 40 m i l e s  t o  t h e  no r t heas t  and t h e  A1 aska 
Range 60 m i l e s  t o  t h e  west.  The con i ca l  peak on t h e  A1 aska Range 
s k y l i n e  i s  M t .  Spurr ,  an a c t i v e  volcano which l a s t  e rup ted  i n  
1953, spreading a  t h i n  l a y e r  of ash over Anchorage. 

About a  q u a r t e r  m i l e  south o f  P o i n t  Woronzof a re  t h e  remains 
o f  what was p robab l y  a  summer f i s h i n g  camp f o r  t h e  Tanaina, a  
n a t i o n  o f  t he  n o r t h e r n  Athapaskan I nd ians .  The Tanaina 
Archaeo log ica l  S i t e  i s  t h e  o n l y  known a r chaeo log i ca l  s i t e  w i t h i n  
t h e  Anchorage bowl .  P a r t s  o f  t h i s  s i t e  have been dated p r i o r  t o  
1741  ( t h e  t ime  of  V i t u s  B e r i n g ' s  e x p l o r a t i o n s )  and thus  a re  
cons idered p r e - h i s t o r y .  

There a re  t h r e e  d i s t i n c t  areas of t h e  v i l l a g e  s i t e ,  two o f  
which are cons idered  h i s t o r i c .  The " p r e - h i s t o r i c "  house p i t s  
cons i s t ed  o f  a  semi -sub te r ranean  house known b y  t h e  Russi  an te rm 
"barabara" .  The e i g h t  p i t s  found are l o c a t e d  be low t h e  b l u f f  and 
c o n s i s t  o f  two connec t i ng  r ec tangu l  ar  rooms covered b y  a  l o g  
s t r u c t u r e .  Located approx imate ly  one-e ighth o f  a  m i l e  n o r t h  o f  
t h e  house p i t s  a  "banya" o r  steam house i s  found  and i s  p robab l y  
t h e  most r ecen t  o f  t h e  remains.  Above, on t o p  of t h e  b l u f f  i s  
t h e  grave s i t e  c o n s i s t i n g  o f  severa l  p i t  areas and a  g rave  house 
r o o f .  The s i t e s  are no t  e a s i l y  access ib le  b u t  one house p i t  has 
r e c e n t l y  been damaged b y  a c t i v i t i e s  r e l a t e d  t o  g rave l  
e x t r a c t i o n .  

END Stop 6 .  Re tu rn  eas t  on P o i n t  Woronzof Road t o  Postmark 
Dr i ve ,  t u r n  r i g h t .  D r i v e  pas t  t h e  main pos t  o f f i c e  t o  s t op  s i g n  
and t u r n  l e f t .  Anchorage boasts  one o f  t h e  1  a rges t  
concen t ra t i ons  o f  sma l l ,  p r i v a t e l y  owned a i r c r a f t  i n  t h e  wor ld  . 
Many o f  t h e  a i r c r a f t  a re  t i e d  here a t  Anchorage I n t e r n a t i o n a l  
A i r p o r t  (on l and )  and a t  Lake Hood, t h e  n a t i o n ' s  l a r g e s t  
f l o a t p l  ane base. A1 aska has t he  l a r g e s t  number o f  l i c e n s e d  
p r i v a t e  p i l o t s  per c a p i t a  i n  t h e  Un i t ed  S ta tes  p r i m a r i l y  because 
so much o f  t h e  s t a t e  i s  access ib l e  o n l y  by a i r p l a n e .  Turn  r i g h t  
on to  A i r c r a f t  D r i v e  and i n  a  few b locks  l e f t  o n t o  I n t e r n a t i o n a l  
A i r p o r t  Road t o  Jewel 1  Lake Road and t u r n  r i g h t .  You w i l l  no te  
many 1  arge comnerci a1 t r a n s p o r t  a i r c r a f t  used t o  t r a n s p o r t  goods 
i n t e r n a t i o n a l l y  t o  and f rom t h e  " lower  48 s t a t e s "  as w e l l  as 
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making shipments t o  and f rom A laska  bush communit ies and o i l  
f i e l d s .  Continue p a s t  Delong Lake Park t o  t r a f f i c  l i g h t  
(Raspberry  Road) and t u r n  r i g h t .  A t  n e x t  t r a f f i c  l i g h t  (Sand 
Lake Road) t u r n  l e f t  and proceed t o  t h e  l a r g e  sand and g r a v e l  
q u a r r i e s .  Park bes ide  t h e  road  o v e r l o o k i n g  these p i t s .  

STOP 7 .  Sand l a k e  sand and g rave l  qua r r i es .  
Sand and g rave l  aggregate i s  t h e  second l a r g e s t  money 

p roduc ing  n a t u r a l  resource  i n  t h e  s t a t e  ( a f t e r  o i l ) .  For seve ra l  
yea rs  t h e  Sand Lake p i t s  have produced much o f  t he  aggregate 
necessary  i n  Anchorage f o r  c o n s t r u c t i o n .  These p i t s  a re  
excavated i n t o  t h e  s t r a t i f i e d  g l a c i a l  f a n  d e l t a  sands and g r a v e l s  
s i m i l a r  t o  those a t  Stop 6 .  U n f o r t u n a t e l y ,  most of good q u a l i t y  
g r a v e l  has been removed and o n l y  sand and g r a v e l l y  sand remains.  
No o t h e r  major source o f  aggregate i s  p r e s e n t l y  be ing  used i n  
Anchorage and as a  r e s u l t  much o f  t h e  present -day g rave l  i s  
b rough t  i n t o  t he  c i t y  by  t r u c k  and t r a i n  f rom as f a r  as 50 m i l e s  
away. 

The dilemma now f a c i n g  t h e  c i t y  i s  what t o  do w i t h  these  
soon-to-be-abandoned p i t s .  A1 t e r n a t i v e s  i n c l  ude: 1) r e g r a d i n g  
s lopes,  1  andscaping, and c o n s t r u c t i n g  homes, 2 )  back f  ill i n g  t h e  
p i t s  w i t h  waste peat,  o r  3 )  u s i n g  t h e  area f o r  so l  i d  waste 
d i s p o s a l .  The problem has n o t  been reso l ved  (see Attachment 4 ) .  

From t h i s  p o i n t  you have a  good v iew o f  the  Chugach 
Mounta ins.  I n  t h e  area you can see t h e  mountains a re  composed o f  
t h e  Valdez Group and McHugh Complex ( Jurass ic-Cretaceous)  
i n c l u d i n g  greywacke, p h y l l  i t e ,  a r g i l l  i t e ,  metavo lcan ic ,  and 
metasedimentary r ocks .  These rocks  were formed i n  an i s 1  and 
a r c - t r e n c h  environment which has subsequent ly  been f o l d e d  and 
t h r u s t  onto t he  c o n t i n e n t a l  marg in  a long a  su tu re  zone which 
ex tends  f rom t h e  G u l f  o f  A laska a long a  broad arc t o  beyond 
Kodi  ak Is1 and. Fu r t he r  n o r t h  f rom Anchorage r e c e n t l y  a c t i v e  
f a u l t s  have been i d e n t i f i e d  a long t h e  f r o n t  o f  t he  Chugach 
Mountains as p a r t  o f  t h e  Border Ranges F a u l t  System ( f i g .  ) .  

Looking south you w i l l  see Sand Lake Road ending i n  a  
T - i n t e r s e c t i o n .  Two t o  t h r e e  b l ocks  o f  houses are v i s i b l e  sou th  
o f  t h e  i n t e r s e c t i o n  and beyond t h a t  i s  Turnagain A r m  w i t h  b l u f f s  
s i m i l a r  t o  Knik Arm. I n  r e c e n t  years  narrow wedge-type 
l a n d s l i d e s  have occur red  a long these b l u f f s  g i v i n g  some concern 
t o  b l u f f - f r o n t  p r o p e r t y  owners. These s l  i des  are due t o  b o t h  
s l ope  unde rcu t t i ng  a t  h i g h  t i d e  l e v e l  and t o  man-made 
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m o d i f i c a t i o n s  above or  on t he  s lopes a f f e c t i n g  n a t u r a l  d ra inage  
and v e g e t a t i o n .  

END Stop 7 .  Cont inue south on Sand Lake Road t o  Dimond 
Boulevard i n t e r s e c t i o n .  I f  o p t i o n a l  s t o p  8 i s  t o  be made t u r n  
r i g h t .  [ I f  s t o p  8 i s  t o  be sk ipped t u r n  l e f t  onto  Dimond and 
t u r n  f o r w a r d  i n  t h e  guidebook t o  "End Stop 8"  . ]  Proceeding r i g h t  
on Dimond Boulevard (west )  no te  t h a t  some o f  t he  abandoned p i t s  
a re  i n  t h e  process o f  be ing b a c k f i l l e d  w i t h  waste peat .  The r o a d  
curves  r i g h t ,  becoming Jophur Road. Cont inue t o  t he  en t rance  t o  
K i n c a i d  Park;  t u r n  l e f t  and d r i v e  t o  t h e  end of t he  d i r t  road .  

STOP 8.  K inca id  Park Moto rc ross  P i t .  
Th i s  area was once an u n c o n t r o l l e d  s o l  i d  waste dump s i t e  f o r  

Anchorage r e s i d e n t s .  I n  t h e  pas t  few years  as p a r t  o f  t h e  
m u n i c i p a l i t y ' s  e f f o r t s  i n  parks and r e c r e a t i o n ,  t he  sandy b a s i n  
has been t rans fo rmed i n t o  a  mo to r cyc l e  r ace  course.  The 
sediments u n d e r l y i n g  the  area are e o l  i a n  s i l t s  and sands o f  
m i d d l e  t o  l a t e  Holocene age. S t rong  p r e v a i l i n g  winds f l o w  down 
Turnagain  A r m  ( eas t  t o  west) a c t i n g  v o r a c i o u s l y  on t h e  b l u f f  
f aces  here  composed o f  g l a c i a l  f a n  d e l t a  s i l t s  and sands. The 
sediments a re  w ind- re t ranspor ted  t o  t h e  c r e s t  o f  t h e  b l u f f s  where 
l o n g i t u d i n a l  dunes are cons t ruc ted  i n l a n d  a t  an o b l i q u e  angle  t o  
t h e  b l u f f  l i n e .  I f  you have t i m e  t o  h i k e  t o  some o f  t h e  n a t u r a l  
exposures i n  o r  around t he  p i t  you w i l l  f i n d  d i s t i n c t  b u r i e d  
v o l c a n i c  ash beds ( a i r f a l l )  and peat  l a y e r s ,  some o f  which d a t e  
back about 3500 years  b .p .  Dunal morphology i s  preserved i n  t h e  
cc!: acent heav i  l y  wooded up1 ands. 

END Stop 8.  Return t o  Jophur Road, then  eas t  on Dimond 
Boulevard.  Note Jade Park on t h e  l e f t  s i d e  o f  road which has 
been b u i l t  on b a c k f i l l e d  waste pea t  i n  one o f  t h e  abandoned p i t s .  
Cont inue eas t  on Dimond Boulevard about 9 m i l e s  up t h e  lower  
s l o p e  o f  t h e  Chugach Mountains.  The road  curves r i g h t  becoming 
H i l l s i d e  D r i ve .  Continue about 4 b l o c k s  t o  Upper OIMal ley  Road 
t o  where pavement ends and road  forms a  " Y " .  Take t h e  l e f t  r oad  
(Prospec t  Road) and con t i nue  a long t h i s  g rave l  road t o  t h e  
en t rance  t o  Chugach S ta te  Park .  En te r  t h e  park  and s top  a t  t h e  
p a r k i n g  area. 

STOP 9 .  Chugach S ta te  Park .  
You w i l l  no te  t h a t  you a re  now near t i m b e r l i n e  on t h e  moun- 

t a i n s i d e .  Th is  i s  t h e  l i m i t  o f  p r i v a t e  l and  i n  t h e  area. 
P r o p e r t y  i n  t h i s  p a r t  o f  Anchorage i s  v e r y  expensive because of 
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t h e  spec tacu la r  v iew and a1 p i ne  env i ronment .  A1 though t h e  1  and 
here i s  i n  h i g h  demand, i t  i s  f r augh t  w i t h  problems. Beneath a  
man t l e  o f  g l a c i a l  ti 11 i s  cont inuous bedrock.  No mun i c i pa l  water 
supp ly  i s  a v a i l a b l e  up here, so each home must have i t s  own water 
w e l l .  Groundwater resources are a t  b e s t  spo rad i c  and some homes 
have w e l l s  hundreds o f  fee t  deep t o  acqu i r e  v e r y  modest amounts 
o f  water .  Because of t he  sha l low bedrock some homes have 
d i f f i c u l t i e s  i n  e s t a b l i s h i n g  s u i t a b l e  s e p t i c  systems. Because o f  
t h e  e l e v a t i o n  s p r i n g  comes weeks 1 a t e r  and w i  n t e r  beg ins  weeks 
e a r l i e r  than  a t  lower e l e v a t i o n s .  St rong winds are o f t e n  t h e  
case; 50 mph winds occur yea r l y ,  o c c a s i o n a l l y  damaging exposed 
s t r u c t u r e s .  Never the less ,  t he  A1 askan perseverance prev a i  1  s  and 
some o f  t h e  f i n e s t  homes i n  Anchorage are l o c a t e d  on these 
sub- a1 p i n e  l o t s .  

If t i m e  p e r m i t s  we recommend t h a t  you t ake  a  s h o r t  h i k e  on 
one o f  t h e  t r a i l s  f rom the  pa rk i ng  l o t ,  n o t i n g  t h e  d i s t i n c t  
changes i n  c l i m a t e  and vege ta t i on  from t h a t  which you have 
exper ienced a t  p rev ious  s tops.  

END Stop 9 .  Return t o  park en t rance ,  t u r n  r i g h t  onto Slalom 
Dr ive ,  then  o n t o  Schuss D r i ve .  Cont inue sou th  on Schuss D r i ve  t o  
Upper O ' M a l l e y  and l e f t  onto O t M a l l e y  Road, d r i v i n g  down from the  
Chugach Mountains t o  t h e  New Seward Highway. Turn r i g h t  onto t h e  
New Seward Highway and t r a v e l  n o r t h  i n t o  Anchorage, t o  5 t h  
Avenue. Turn l e f t  on to  5 t h  Avenue and d r i v e  west t o  downtown 
Anchorage. A t  " E "  S t r e e t  t u r n  r i g h t  and r e t u r n  t o  t h e  Westward 
H i  1  t on .  

END ROAD LOG 
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BUTTRESS DESIGN E ARTHQU AKE-INDUCED SLIDES~ 

By Erwin Long,' M. ASCE, and Warren George2 

INTRODUCTION 

The Fourth Avenue slide i s  one of a number of major landslides that took 
place a s  a result of "The Great Alaska Earthquake of 1964." Because this slide 
affected and endangered the business section of Anchorage, an area  of high 
property value and improvements, it was of special interest to the community. 
The a rea  of disturbance covers a block of ground approximately 1,800 ft long 
by 900 ft wide. The stabilization measures for the a rea  were especially sig- 
nificant because of the economic values involved. 

CIIARACTERISTICS OF THE EARTHQUAKE ' fl 
The earthquake, which tookplace insouthcentral  Alaska, with initial shocks 

timed at 5:36 p. m. on Good Friday, March 27, 1964, had by consideration of all 
evidet~ce a Richter magnitude variously rated between 8.4 to 8.6 and a duration 
of 5 niin plus. The destruction was est i~nated at one-half to three-quarter 
btllion dollars. The loss of life was limited to 114, the result solely of many 
unusually good attendant circumstances. 

According to one analysis, this earthquake has been rated to have released 
at least twice the energy of the San Francisco e a r t h q ~ a k e . ~  Tectonic uplift or  
subsidence occurred over an area  of 34,000 sq miles, an area  four times the 
size of the State of Massachusetts. Coastal land masses subsided a s  much a s  

a , .  I his paper was part of thc copyrighted Journal of the Soil hlechanics and Founda- 
tions I)ivislon, I'roceedings of tile American Society of Civil Engineers, Vol. 93, No. 

for review for possible publlcntlon on 

Army Engr. Dlst., Anchorage, Alnska. 
Army Engr. Dist.,  Anchorage. Alaska. 

H.. "Alaska's Good Frlday Earthquake. 
March 27.-1964," ~ircula ;  491 Geological survey U. S. Department 2 the ~nterlor, 
Waehington, D. C.. 1964. 
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7-1/2 ft, and a 50-ft r ise in land nlass has been recorded In other areas: The I 
well-frozen ground and low snow pack l~ni i ted  avalanching; however, large , 
snow slides occurred throughout the area.  I t  suchan earthquake had occurred 
in a more populated area, the loss inproperty values and lives would probably 
have been appalling. 

The f i rs t  shocks, arriving from thclr origir~urider tlorUierti "rince William 
Sound (a distance of approximately 80 miles east  of Anchorage) were followed 
by a ser ies  of shocks occurring along'the main fault zone, extending from the 
orlgin southwest past Kodiak Island, an estimated distalice of 400 miles to 
500 mlles. It i s  not entirely clear how much of the intensity of the shocks may 
have been contributed by the movement that occurred along the secondary 
fault zones lying north and west of the main fault." The lenkth of the fault- 
slippage zone, cwpled with the unconsolidated deposits on w1Jch Anchorage 
i s  located. certainly affected the degree of attenuation, magnitude, and variety 
i f  arriving shear waves and the locally generated Raleigh waves. 

Although estimates of the duration of the earthquake varied considerably. 
eye-witness observation and timing by watches and clocks indicated a duration 
of significant magnitude, ranging from 4 min, 25 sec, to 7 mln, 20 sec! All 
timed observations were made at locations situated over relatively deep and 
saturated alluvium throughout South Central Alaska. It i s  pnssible that soil 
resonance may have Increased the apparent duration in some areas  a s  com- 
pared to others. Estimates of the period of each shock ranged f rom 1 sec  to 
nearly 2 sec, with 1.5 sec per shock considered a probable average. A ser ies  
of four major, documented earthquakes a r e  reported to have occurred near 
Yakutat, Alaska a s  recently a s  1899, resulting in recorded uplift of 47.5 
ft:*B'Ps * which indicates that earthquake recurrences a re  to be expected. The 
Yakutat area experienced another earthquake in 1958. Althoukh believed to be 
of l e s s  magnitude than that of the 1899 episode, displacements of 21.5 ft later- 
ally and 3.5 ft vertically were recorded." The 1811 ser ies  of earthquakes 
near New Madrid, Missouri resulted in three separate seismic disturbances 
with intensities of 12 on the Modified Mercalli Scale. The average estimate 
of duration was 6 min to 7 min, producing w i d e  s p r e a IJ landslidlng and - - 

 settlement^.^ * '"" 
'Plafker, G., Science, Vol. 148, No. 3678, June 25, 1965. pp. 1675-1687. 
5'~asietance and Recovery. Alaska, 1964." Coast and Geodetic Survey. U. S. De- 

partment of Co~nmerce. Washlngton, D. C.. blar., 1965. 
*'Karthouake Interviews. Documentary Eye-Witness Accounts." U. S. Army Engi- --- - 

neer District. Alaska. 1964 (;npuhllsh6d). 
' llcck, N. If., "Eartllcpake Hlstory of the Unlted States," No. 41 -1. Part I (revised 

Edltlon, 1956. by 11. A. Eppley). U. S. Department of Commerce, Washln@on, U. C., 
1956, p. 73. 

'Tarr. It. S., and Martln, Lawrence, 'Earthquakes at Yakutat Bay, Alaska, in Sep- 
tember 1899," Professlonal I'aper No. 69. Geological Survey, U. S. Department of the 
Interior. Washtngton. I). C.. pp. 1-135. 

 avidso son, Charles. Great Earthquaken. Thomas Murly und Co., London. Chapter 
XI. 19313. pp. 158-174. 

Whlartin, I,. , 'Alaskat~ Earthquake of 1899," nulletln. An~erican &ologlcal Survey. 
1910. Vol. 21, pp. 339-4013. 

"hliller, 1)on J., "(ilant Waves In Lituya nay. Alaska." Professlonnl I-'aper No. 354-C, , 
Geological Survey, U. S. Departnlent of the Interior, Washtngton, D. C., 1960, p. 55. 

Ulleck. N. H . ,  OLI. (:It., pp. 33-36. 
"~'uller. hl. I... *'I31e New hladrld I.:arthquake." Bullet111 No. 494, Geologlcal Survey, 

U. S. Ik~artment of the Interlor. Washlngton, D. C.. 1912. p. 119. 

BUTTRESS DESIGN BSB 
Strong-motion records of nlagnitude, frequency, or  duration a re  not avail- 

able for the 1964 Alaska earthquake. W. K.Cloud, of U. S. Coast and Geodetic 
Survey, has estimated a maximum acceleration of O.18gI based on a study of 
conlpiled data from other earthquakes. An interesting analysis of tilted tomb- 
stones in the Anchorage area indicated a posslble maxinlum acceleration of 
0.30g.I' Because soil failure was gratiual and progressive, an average effective 
acceleratiori of 0.12g has been selected for analysis purposes. 

GEOLOGY AND SOIL CONDITIONS OF THE ANCHORAGE AREA 

A fairly detailed geologic knowledge of the Anchorage slide area has been 
developed a s  a result of data obtained from 200 exploration boringe, varying 
in depths up to 240 ft,le and from the logs of several hundred water  well^.^ 
The deepest well was 850 f t  deep, with tertiary rock encountered at  approxi- 
mately 700 ft." Many of the exploration holes required double drilllng to ob- 
tain, a s  closely a s  possible, continuous samples for correlation and more 
accurate coverage of the strata. Bucket auger holes were drilled to delineate 
the zone of failure more accurately, and to observe and study each strata 
directly. 

The terrace on which Anchorage Is built i s  topped by a sand and gravel 
alluvium formed by meandering streams during the late Wisconsin-Naptowne 
Glacial period.'' The present bluff edges of the alluvium terrace were probably 
formed by stream and sea erosion and from the effects of numerous previous 
landslides of static and earl ier  earthquake origin. Theunderlying Bootlegger- 
clay formation i s  believed to have been formedbetween the Knik and the Nap- 
towne subglacial a d ~ a n c e s . ' ~  The Bootlegger formation embraces an upper, 
stiffer, silty-clay 1ayer.strengthened by dessication and possible freezing 
during the latter stages of i ts  formation. This upper formation contains fre- 
quent si l t  and sand lenses. The intermediate layers have more infrequent sand 
and silt lenses, and the clays are  commonly soft and highly sensitive. The 
1 wer clay layers show an illcrease in strength with depth and sand and si l t  

' l k s e s  a re  almost totally absent. Underlying Ule Bootlegger-clay formation 
and continuing to the tertiary rock, a r e  glacial tills of an earl ier  age and 
iriter-bedded sands, gravels, s i l ts  and clays.16 *I9 Mineralogical examination of 
the Bootlegger clay shows predominately quartz with lesser amounts of feld- 

'"'Annlysls of E,arthquake Dnmnge toMIlltary Construction in Alaska, Mar. 27, 1964,' 
I)lrectornte of hlllitnry Constr~~ctlun, Englneerlng Dlvlslon, Corps of Engineers, U. 3. 
Department of the Army, Washlngton, D. C., Aug., 31, 1964, Appendlx I, p. 8. 

'&'~nchorage Area Sol1 Studles, Alaska," report by Shannon & Wilson Inc.. for U. S. 
Army Englneer 1)lstrlct. Alaska, Aug., 28, 1964. 

"~a l l e r ,  R. hl., Cederstrom, D. V..Trulner, F. W., 'Data on Wells in the Anchorage 
Area, A!sskaPD fieport No. 14, Departrtlel~t of llealth and Welfare, State of Alaska, in 
cooperation with the U. S. Geologlcal Survey. 1961. 

' 8Wdl~r ,  R. hl., Cederstrom, D. V.. Trainer, F. W., o e . ,  Well No. 28. 
" ~ l l l e r .  11. D., and Dobrovolny, Ernest. 'Surflclal Geology of Anchorage and Vlci- 

Alaska." I'rofessional Paper No. 1093, Geological Survey, U. S. Department of the 
Washington, D. C., 1959. 

"1)avidson. Charles, o&. 
..I I 
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spar flour. The don~inant "clay" niineral 18 chlorite and illlteciay. Montmo- 
rilloriite was not found in any saniple?' 

FOURTH AVENUE SLIDE AREA 

The Fourth Avenue slide took place along an east-west trending bluff with 
variable north-faclng slopes averaging 22%. The elevation of the slope toe 
varied from 20 ft to 26 ft msi. The top of the slope had an elevaticn of approxi- 
mately 107 f t  msl. The slope failed a s  a translatory slide with niovement to 
the north and northwest. A graben was formed along the head of the slide by 

ground adjuslmbnt 
I I Scale in feat 

FIG. 1.-GRADEN AND PASSIVE ZONE DISTRIBUTION 

the movement of the slide mass toward the bluff and by a soil wedge sinking 
into the crack formed. The soil wedge descendedprogressively into the crack 
that formed. Investigations revealed that the approximate elevation of failure 
was 45 ft msl with passive failure areas  extending down-slope to elevations of 
25 ft to 35 ft msl.Theextensionof the passive zone failure is believed to have 
been influenced by the effect of the frozen crust. The areas  of passive failure 
appeared to occur in thawed areas,  sucll a s  along water lines and adjoining 
basements of heated structures (Fig. 1). 

The main graben at the head of tlie slide dropped 11 ft alorlg tile north side 
of Fourth Avenue. Horizontal ground displacemerits of 1.8 ft NNE were mea- 
sured at E Street and Third Avenue (the hinge poiat) and 19 ft NNE at Second - 

?"Shannon & Wllson, Inc., 9. clt., Appendlx H. 

Avenue and B Street. Settlement in ground elevation ilnmediately behind the 
slide scarp varied from 0.03 f t  to 0.2 it. Indications a re  that the ground- 
elevation drop of tho slide block between the graben area and tlie passive toe 
varied from 0.2 It to 0.7 ft. 

A second graben had started to form 300 ft south of the Fourth Avenue 
graben across D Street. The graben settled 0.5ft by the end of the earthquake 
and caused severe damage to oue modern three-story office building. Thie 
second wedge is  believed to have started toward the end of the earthquake, and 
in all probability would have gradually enlarged with a longer duration of 
shaking. The main graben split intotwograbens east of C Street. The northern 
btanch may be connected structurally to the extension of an old graben which 
was located between C Street and E Street on Third Avenue. The suspected 
old graben lylng north of the Fourth Avenue graben was subsequently expo~ed  
in a trench excavation. 

Many qulte comprehensive investigations were accomplished in the slide 
area to ascertain the mechanism of failure and to guide buttress design. 
Borings to obtainundisturbed saniples were made at 41 locations. Bucket auger 
holes were also drilled at strategic locations. Slope-indicator casing was in- 
stalled for observations at ten locations. In-place vane-shear tests were 
conducted at three locations. Testing and studies included continuous torsional 
vane and pocket penetrometer shear-strength determinations, unconfined 
compressive-strength tests, Q and R triaxial compression-strength determilla- 
tions, consolidation tests, dynamic modulus tests, pulsating-load tests, and 
niineralogical studies. Physico-chemical analysis and foranianifera deter- 
m.inations were made on samples from other slide areas.  These were con- 
sidered representative of this particular Bootlegger strata. 

PHYSICAL PROPERTIES OF SOIL MATERIALS 

Although initial failure within a sand layer i s  indicated, failure was also 
ble in the adjacent underlying clay layers, and both factors were con- 
ed in the stabilization design. 

Sad.-Sand, inter-bedded with thin silt and clay layering, was found to 
exist predoniinately between el. 40 msl and el. 60 msl, with an average thick- 
ness of 15 ft. Standard penetration resistance varied from 50 blows per ft to 
over 100 blows per ft in this strata, indicating a very dense formation. 

Clay.-The shear strength of the clay was more than 0.5 tsf in the upper 
zone, where more continuous sand layers were present. Below these sand 
layers. the undisturbed shear strength averaged 0.35 tsf down to el. 20 msl. 
The strengths then increased with depth. Some highly sensitive samples showed 
undisturbed strengths a s  high a s  0.66 tsf. Other tests Indicated shear strengths 
a s  low a s  0.2 tsf. Although sampling was carefully performed, some influence 
of disturbance from handling cannot be ignored. 

The remolded strength has special significance, a s  it indicates the niinimuni 

l s t ~ k  th resisting sliding with remolding along a potential slide plane. The 
r e  11 ded strength was generally found to be more than 0.1 tsf above the 
principal sand layer. Shear-strength values a s  low a s  0.006 tsf to 0.05 tsf were 
encountered between el. 20 msl and el. 40 msl. 

11; the upper clay zone above el. 45, and in the clays below el. zero, sensi- 
tivities were generally found to  be belov ten. In the zone between el. 0 and el. 
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45, sensitivities varied in individual layers from less  than 10 to values over 
50, wlth many samples showing sensitivities above 30. It is noted, and believed 
to have s i g n 1 f i c a n  c e, that the highest sensitivities and lowest remolded 
strengths occurred in tlie area  of greatest volume of ground water seepage. 
A s  expected, the water-plasticity ratio or  liquidity indexincrease~i with sensl- 
tivity. Remolded strengths were also lowest where the liquidity index was 
hlghetrt. 

The majority of the liquid limits of the typical clay range between 24% and 
46% for the upper, stiff-clay layer, f r o m 2 a t o  36% in the sensitive clay zone, 
and from 3% to 5% in the lower, stiff-clay zone. The liquid limlts vary from 
22% to  2% for clay with sensitivities over 40. 

Dynamic modulus tests  conducted by Wilson1' tendto indicate a modulus of 
shear of 1,500 psi for  soft, sensitive clay, 5,000 psi for the stiff clays, and 
approximately 20,000 psi for sand a t  a 60 ft depth. The shearing modulus of 
sand and clay would approach zero a s  liquefactionof the layer occurred. 

Pulsating-load tests conducted by H. B. Seed on saturated sands have in- 
d i ~ a t e d " ~ '  that failure caused by dynamic loading will probably occur sooner 
at  shallower depths because of the increased probability of s t r e s s  reversal 
coupled with a low confining pressure.  A higher degree of colnl~action would 
tend to increase the nuniber of cycles requirctl for failure. 111 the clay the 
number of cycles required for failure aljpear to be reduced wiOi ari i~~crc:ase 
in the degree of s t r e s s  reversal; however, because the shear modulus 111- 

c reases  very slowly with depth, clays tendtofall more readily under dynamic 
loading at greater depths?' 

The dry density of the clays generally ranged between 90 pcf and 100 lbs 
pcf, with an average apparent specific gravity of 2.79. The wet density of the 
clays was about 125 lb pcf. 

EARTHQUAKE DYNAMICS LOADING 

Dynamic loading of the soil mass during the earthquake would have a vary- 
ing effect on the soils, depending on their inherent strengths and their defor- 
mation characteristics. The more sensitive, high water-content clays would, 
of course, have a greater deformationfor anapplied s t ress  than sands o r  less  
sensitive clay. The greater strain or  delornlation in such materials would tend 
to cause a relatively rapid pore-pressure increase with associated reduction 
in strength. Where a soft clay adjoins a harder layer, the muvemetit of the 
more rigid soil would tend to cause a greater increase in pore pressure. The 
strain of the soft clay adjoining a sand layer would be greater than that of the 
sand layer up to the point of liquefaction of the sand layer. Depending on the 
density of the sand, the effective s t r e s s  level, and the initial ,trength of tlie 
clay, the sliding should begin in the clay if s t r e s s  applications wc:e insufficient 
to cause liquefaction of the sand; conversely, the sand might liquify prior to 

-- -- 

alSeed, li. Bolton, nnd Lee, Kenneth L., 'Liquefaction of Saturated Sands During Cy- 
cllc Iaadlng." Journal of the Soil hlechnnlcs and Foundations L)ivlsion. ASCE, Vol. 92, 
No. SM6. I'roc. Paper 4972, Nov., 1966, pp. 105-134. 
'' Shannon & Wileon. Inc.. cit Appendlx C. 
ZJSeed. H. Bolton. and C h s a  8'rence K., Strength of Clays under Slrnllated Earth- 

guake Luading Condltlon. Inetitute of Transportation andTraffic Engineering, University 
of Californla. Berkeley, Calif., 1966. ..- 

the failure of the clay. Laboratory tes ts  have indicated that the smaller  the 
surcharge on sand, the more easily it will liquify under dynamic s t r e s s  of the 
earthquake." Experlerlce 111 the 1054 and 1904 earthquakes at Rabblt Creek 
near Anchorage and at Nilgata, Japan, have further supported thitl theory. The 
N e w  Madrid earthquake of 1811 also showed evidence of liquefaction at  rela- 
tively small static s t r e ~ s e s . ~ * l ~ ~ l ~  Tests on clay indicate a pronounced In- 
crease in early failure wlth greater intensity of applied cyclic stress.as 

Evaluation of all clay-related slide fai lures in the Anchorage a rea  indicated 
that they occurred near the surface of the soft, sensttlve-clay 1ayers.U In- 
vestigations by R. B. Peck disclosed that soil resonance dld result in large 
horizontal displacements during small distance earthquakes in Mexico City 
in May, 1962.U*25 These phenomena a r e  helpful in understanding the Fourth 
Avenue slide. 

ZONE OF FAILURE 

Evidence from exploration data indicates that liquefaction of a sand layer 
occurred at el. 48 nisl immediately behind the slide scarp on Fourth Avenue. 

I It is probable that failure occur]-ed either entirely within the dominant sand 
1 layer or irl an underlying layer in which both sand and clay were prese~it .  

There I s  strong evidence that the lateral movement of soil outward in a 
translatory slide relative to the pre-earthquake slope relates to the loss in 
quantity by settlement in the grabens. On this basis, the volume of soil  loss 
divided by the horizontal displacement of the section should approximate the 
depth of failure. The values thus obtained indicate a possible depth of failure 
at the el. 45 m ~ l . ~ ~  

Failure was of a translatory nature in all of the major Anchorage slide 
areas.  The translatory plane in the Fourth Avenue slide may have had a slight 
slope, and it i s  possible that failure occurred at  several elevations. As pre- 
v i o ~ s l y  indicated, the passive toe failure zone of the sliding wedge occurred 
p&ominantly along a line of heated structures and utility lines, indicating 
the greater failure-resistance afforded by frozen ground, which, without 
thawing influence, probably ranged from 6 ft to 10 ft deep. The break-out ele- 
vations of the passive toe failure zones were more predominant at a lower 
elevation than that of the assumed zone of primary failure. The lower failure 
plane elevation may also have been caused by horizontal translation of the 
frozen crust. 

Because Uie opening of cracks must precede t l ~ e  formation of a graben, it i s  
reasonable to assume that well-reinforced foundations could influence the 
formation of a graben. This possibility i s  indicatedin several locations of the 
slide areas. For example, the western end of the Fourth Avenue slide termi- 
nates at Third Avenue and E Street where the strong foundations of the 

24Peck, ltalplj, B.. 'Characterlstlcs of Anchorage Earthquake." Letter Report. 5781, 
1964 (unpublished). 

eevaert, Lconardo, 'The Effect of Eorthqrlakes In Soft Subsoll Conditions," pre- I 
sented at the Struolurr~l Engineers Assuclatlon of Caltfornia Convenllon, held at 

' Yosernite. Calif.. Oct. 4, 1963. 
Z8Shannon & Wilson. Inc.. op. cit.. Paragraph 8.3. 
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Anchorage-Westward Hotel were believed to have had an influence. Several 
other instances can be cited. 

STABILITY EVALUATION 

The most direct method for evaluating relative stability of slopes (Stability 
1) was developed by HjerrumZ7 (see Fig. 2). The slope-stability charts provide 
a convenient guide for the rapid evaluation of potentially stable and unstable 
slopes. U s i ~ ~ g  Bjerrum's chart, a number of potentially u~istable slopes that 
did not fail were observed to be naturally buttressed. The noses or points of 
many steeper bluffs remained stable, apparently because of better drainage 
conditions. Other co~~v ide ra t io l~s  of the effect of drainage a r e  (1) the degree of 

d / l l  ratlo shown 

0 10 20 30 40 50 60 70 80 90 100 
He~ght of slope. H, in feet 

FIG. 2.-SLOPE STABII.ITY CHART 

saturation with i t s  effect on liquefaction; (2) the influence on salt  leaching 
from the clay and i t s  effect on both the undisturbed and remolded strength; 
and (3) i t s  influence on hydro-static pressure. With h e  aid of the slope- 
stability chart, it was determined that a flatter slope would be required to 
provide stability to the Fourth Avenue area. 

An independent problem area, involving a steep slope r-lated to the Fourth 
Avenue slide and bordered by First  and Third Avenues and G and K Streets, 
was included in the stabilization design. The plane of weakness in this area  
was found to be at  el. 20 msl, which i s  near the toe of the slope. A large graveJ 
fill had been previously placed along the slopes, which iestr icted failure a t  
higher elevations. Evaluation of this area  indicated the presence of 6 ft o f .  
seasonal frost, possibly the major strengthening element. 

a7Shannon & Wileon, Inc.. u t . .  Plate 7.1, Fig. 5. 
L- 
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The second method of analysis (S-2) considered in stability evaluation was 
a static-wedge analysis, using the probable remolded shear strengths along 
the plane ~f sliding. Analysis by this method indicated that failure should have 
occurred at  tile deepest possible failure planes rather than at  the shallowest 
possible plane, where failure actually occurred. 

As a result of the obvious niagnitude of resistance required to satisfy a 
normal wedge analysis, Wilson and Seed conducted laboratory testa to in- 
vestigate and refine the probable mechanisms of the dynamic translatory 
failure. When an earthquake causes a soil column to oscillate back and forth, 

Shear modulus, G, in psi 

0 5000 10000 15000 

Shear strength, in tsf 

FIG. 3.-GENEIULIZED LOG WITH SHEAR 
MODULUS ENVE1,OPES 

reversing shear strains a r e  developed between adjacent soil layers. The rela- 
tive magnitude- of the shear strains throughout the soil column f a  tlot known, 
However, it i s  inferred from the fact that failure developed at  the top of the 

oft, sensitive-clay stratum, that the strains were a maximum at  this eleva- 
1 !ion The change in shear modulus and shear strength with depth i s  shown 

i n  Fig. 3. It was decided that stabilization could be accomplished more eifec- 
tively within economic limits by providing increased shear resistance a t  the 
toe of the failure wedge. 

"I&.. Plate 7.1, Figs. 1 & 2. 
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Evaluation of all slides indicates that the physical dimensio~ls of a slide , 

niass iiiay have solne relationslrip to the half wave length of the shock waves. 
As the wave lcrigtlis arid cliaracteristics were [lot measured, the probable wave 
lei~gths and acceleratior~ were deternliried from the physicaldin~ensions of the 
slide. 111 the final evaluation of buttress requirements, four me t l ids  of a~la lys is  
were used. The first nietliodof analysis (Buttress-1)" assunled upward trans- 
mission of tlie seismic wave with soil weakening, occurring along the zones 
previously discussed. From this analysis, i t  seems likely that the maxlmu~n 
forces acting through underlying s t ra ta  and tending to accelerate the slide 
wedge will not exceed the shear resistance along the plane of failure. The 
force-causing movement after failure would be linrited to the active pressure 
at the head of the slide. A buttress would be required to resist  ihis pressure. 
It i s  interesting to note that once liquefactionof a clay layer occurred, sliding 
could only progress a s  the result of active pressure at  the head of the slide 
zone. Since sliding ceased immediately on the termination of ~ t r o n g  seismic 
motion, failure a s  a result of sand liquefaction i s  indicated. Even with lique- 
faction of clays, however, a finite resistance approaching the remolded strength 
could be assumed. 

The remaining methods of buttress analysis (B-2, B-3, B-4)30 assume that 
seismic forces were translated through the headof the slide mass which forms 

'I'ABLE 1.- FORCES OBTAINED BY BUTTItESS DESIGN METHODS 
- 

I I 

B-1 1 132 klps per foot I -0 - 

Method number 

B -2 1 80 kips'per foot 1 120 kips per foot 
B -3 1 80 klps per foot 1 75 kips per foot 

I 

Statlc pressure Dynnmlc prc~sure 

the main force after the shear motions through the base have attenuated a s  
failure i s  approached. B-2 assumes that the average acceleration of the mass  
would be approxinlately equal to 0.64 t imes the magnitude of the peak acceler- 
ation. The driving force would be this acceleration acting in a mass of soil 
600 ft long plus the active pressure at  the head of the slide. The restraining 
force to be considered would be a buttress capable of resisting tile total force, 

B-4 

assuming the resistance along the shear plane equals zero. 
8 - 3  assumes that the sliding mass approximates ahalf wave length (600 ft)  

and that a 2-111. compression displacement within the slide mass  occurs a t  
each end, for a total compression of 4 in. in the 600-ft length. Assuming an 

80 klps per foot 

average compression modulus, the force necessary to cause tlie 4-111. com- 
pression plus the active pressure  at  the head of the slide nlass would be the 
maximum force transmitted to a restraining buttress. 

B-4 assumes that the liquified layer extends aconsiderable distance behind 
.- 

ZQIl)id.. paragraphs 7 . 1  and 7.3. Figs. 3 and 4. 
O,=L, 5. Z8:tt:n mi: \L.lcun. C. R. .. ' - ~ ~ ~ x ; s  .ii L!e F. r inh  . \ ~ e n ~ ~ e  md 'L' Ytreet 

Shut. irel~b.' Ital~roldt~~g of lbotleggar Cove Clny with txylosive6, Prelln~~rrar) 51hli- 
1iz;ttiot) Studlos for the Turnagaln Buttress, Shannon & Wilson, lnc., for U. S. Army 
I.:ngil~ecr L)lstrlct. Anchorage. Alaska. Feb., 1965. Appendix D. 

L - 

145 klps  per foot- 

the head of the slidu and that failure could occur from liarmonic motion of 
reflected waves trans~ilitted through the stiffer soils. Assuming the buttress 
to be a rigid structure on a no~lmovi~ig base arid using a 2-in. horizontal am- 
plitutle of wave niotio~;, the movernent was assumed to be related to tliu dis- 
placen~ent untler harnionic conditions. In a nonrigid buttress, the s t resses  
would be son~ewliat less than assunled. Since failure actually occurred on an 
oscillating base, the forces (stress)  could be higher than assumed. The net 
result of the two assumptions would make the harmonic analysls a reasonable 
approximation of the ciynaniic force. The total force that the buttress must 
resist  would be the active pressure at the head of the slide plus the n~aximum 
dynamic force and the inertia force on the buttress itself. Forces obtained by 
the various methotls a r e  shown iri Table 1, in which the calculations a r e  baaed 

i 
" 
a 
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m 

I / Pre-earthquake slope I 

- 
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4 ! ,/ Pre-earthquake slupe I I 

121G. 4.-FOUIlTII AVENUE SLIDE AN11 BUTTIlESS PIIOFILES 
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011 zero resistance along the failure plane. If we assunle a portion of the shear 
zone i s  liquified sand aud a portion i s  renlolded clay, the r e r~o lded  clay can 
support an additio~lal resistance of 20 kips per foot along the ,ol.ide plane. 

BUTTRESS DESlCiN 

The buttress design selected was based on a thorough analysis of all data 
and possible solutions. The basic criterion for the design was to provide a 
buttress to resist  the forces of anequivalent earthquake. Based on the evalua- 
tion of the various stability analyses, the buttress was designed to resist  180 
kips per ft. This force i s  resisted by a buttress using gravel having a 40"- 
angle of internal friction at  the designed placement density of 140 lb pcf-98% 
of Modified Maximun~ Providence Vibrated Standard (Fig. 4). The support of 
the gravel buttress was obtained through tlie shear of Its base. 

LlMITATIONS 

Linijtations on future constructiori in the slide area  have been recom- 
to minimize the riskof damage to structures in the event of future 

earthquakes. All references to grades hereinafter not otherwise indicated a re  
to the grades established in the Fourth Avenue Stabilization D~s ign . '~  

I t  is reconimended tliat the area south of the toe of the upper buttress 20% 
slopes and north of the north side of Fourth Avenue within Ule Urban Renewal 
Area be limited in accordance with the following: 

1. Buildings should be limited to two-story structures of light construction 
such that the net increase in soil loading over the limits of the building area  
will not exceed an average of 500 psf. Above-grade structural floors should 
not exceed 125 psf live load. 

2. Buildings should be limited to a height not exceeding two stories above 
the highest grade elevations adjacent to the structure. 

3. The amount of fill should not exceed the quantity removed first by ex- 
cavation within that area. 

4. The maximum depth of excavation should not exceed 10 It. 

The following cri teria a r e  recommended for construction and site grading 
in  the a rea  bounded by the lowerelevat1onof the upper 20% slope buttress and 
the upper elevation of the lower 2 a  slope buttress on the south and north 
sides respectively and by Barrow and E Street on the east and west sides 
respectively: 

- 1. The maxinlunl depth of cut and the maximum t~elglit of fill should not 
exceed 5 ft except for temporary excavations for placement of footi~lgs and 
footing subgrade. The temporary excavations should be backfilled and com- 
pacted immediately following completion of footing constructinn. 

2. The average dcpth of cut and height of fill should not exceed three feet. 
3. Buildings should bc limited to two-story structures of light construction 

3''~lnal Reco~lrnlendatlons on Risk Classifications, Anchorage and Vicintty," Jolnt 
release of the U. S. Army Englneer Dlstrtct. Alaska, and Task Force 9, Alaska Re- 
construction Comn~lsalon. Scpt. 8, 1964. 

*- 
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so  tliat the net increase in soil loading within the building a rea  wlll not exceed 
an average of 400 psf. Above-grade stnictural floors should not exceed 125 
psf l ~ v e  load. No basement should be allowed in this area.  

4. All excess excavation should be removed fro111 the site. 
5. Utilities nlay be constructedthroughout the area,  but in each carJe proper 

backfilling and compaction should be rigidly enforced, 

?'he following cr i ter ia  apply to the lower buttress slopes. They Include the 
2@,4, slope located from 170 ft to 470 ft south of Fi rs t  Avenue between Barrow 
Street and D Street and extending north-west west of D Street, and the 2a, 
slope bounded by Fi rs t  Street, Christensen Road, Secondstreet, and K Street. 

1. No cut should be permitted on the slope or  within the limits of the lower 
h t t r e s s  construction except on a temporary basis to permit construction of 
footings or  utilities a s  limited above. No basement i s  permltted in this area. 

2. No fill should be permitted on the buttress slope unless the fill slopes 
a re  at a 20% or  flatter slope. Construction of fills with 2 a  o r  flatter side 
slopes over and north of the toe of the buttress increases the effectiveness of 
tlie buttress and i s  both permissible and desirable. 

3. Buildings should be limited to two-story structures of light construc- 
tion such that the net increase in loading within the building a rea  s t a l l  not 
exceed 400 psi. A two-story structure will be interpreted a s  two floors. Col- 
unins required to support the firstfloor shallnot be considered in limiting the 
height of the structure. 

Uuilding heights in the area  south of the G to K buttress should be re-  
stricted only by individual stability analysis. 

The following additional cri teria apply to all construction withill the Urban 
Renewal Development Area: 

1. There should be mandatory requirements for builders to furnish all ' ' structural and foundation seismic-design calculatio~ls for buildings over one- 
story in height and for any structure with a design live load in excess of 100 
psf above the ground floor. 

2. All seismic design ~alculations,  drawings, and specifications should be 
made by registered professional structural and foundation engineers. This Is 
probably the most important consideration given herein for the safety of any 
Individual structure. 

3. All constructioll should have qualified inspection to assure that it i s  
within the intent of approved drawings and specifications. 

4. There should be continuous review and updating of seismic-code 
prdvisions a s  found necessary for structures and foundations. If a higher- 
classification seismic zone i s  ever established, this area  should be included. 

5. Adequate horizontal and vertlcal reinforcement should be provided to 
reslst s t resses  imposed on the building and foundation by the effect of soil '1 movement on the structure. 

6. Baseniel~t walls should be designed a s  retaining walls to withstand 
statically and dynamically Induced earth forces. 

7. Special consideration should be given to harmonic motion developed in 
buildings of extreme length and yidth during an earthquake. 
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Tlie construction of the Lxlttress fill and iniprovement of drainage will in- . 

crease the vertical load on the slide-disturbed materials. This will result in 1 
erra t ic  s e t t l e n ~ e ~ ~ t s  of the regraded slope for a period of several years or 

i more. In addition, a future earthquake of an intensity and duration coinparable 
i to that of March 27, 1064 nlay result in permanerit lateral :.~ovement up to 

/ approximately 1 fi. Because of these anticipated lateral movements, pile or 
pier foundations should be considered unsuitable unless carefully tied together 
at the base and intermediate points by approved ties. Floor slabs should be 
structurally tied to the walls. 

T o  provide further guidance, it has been recommended that the joint release 
of Alaska Task Force 0, Alaska Reconstruction Commission, and the U. S. 
Army Engineer District, Alaska, be quoted: 

i 
! "When the stabilization work i s  completed, all of that a rea  will be re-  

turned to Nominal Risk. In the slide area  below Fourth Avenue and be- 

t tween Barrow and E Streets, however, colistruction shouldbe limited to 

1 parks, parking areas,  and light-occupancy s t  r u c t u  r e  s not over two 
I stories in height. Even for such structures, certain restrictions must 

be i~ziposed on depths of excavations or  fills and on weights of buildings 
t to prevel~t an unbalance of the buttress which could impair or destroy 

i ts  effectiveness." 
"In all of the F o u r t h  Avenut. slide area between Barrow and I 

Streets. boui~ded on tlie south by a line running from Bar-ow Street to 
F Street midway between Fifth and Sixth Avenues and along Fourth Av- 
enue between F Street and I Street, i t  i s  anticipated that normal consol- 
idation of the underlying soils will result in some vertical and horizontal 
movement. Because this condition can be expected to result in localized 
differential movement, both horizontal and vertical, particular attention 
must be given to the design of structures and their found&tions s o  that 
such movements may be accommodated without undue damage to the 
building." 

I In other evaluations of the above paragraphs, the calculations should be 
submitted to the agency responsible for review and control of the seismic- 

! code provisions. Ordinarily the city wouldundertake this function. The writers 

! assume that the city intends to  supplement the Building Code, 1964 edition, 
with the inclosed recommendations. Alternatively, the city could develop a 

I 

completely new code. It i s  recommended that the city employ a well-recognized 
consulting firm if a new code i s  to be drafted. 

SUMMARY AND CONCLUSIONS 

A more accurate analysis of earthquake stability isdifficult to obtain unless 
the basic knowledge of earthquakes and soil dynamics i s  broadened. Greater 
knowledge of (1) the nature and properties of seismic waves ill soft, saturated I 
and multi-layered soils prior to soil failure and after i t ,  and (2) the complete 
static and dynamic properties of soil sul~ject  to seismic wcres i s  required. 

Further del ineat io~~ al~il  solution of suc11 proble~ns would p c r n ~ i t  savirigs in 
seismic design and a more rational evaluation of s lo l~e  stability. +.. 

In co~iclusiod, the writers have made the following observations: 

1. 'rests c o ~ ~ f i r m  the observed condition of liquefaction at tlie shallowest 
possible depth. 

2. The most probable depth of failure was el. 45 msl. 
3. A number of different theoretical approaches to stability analysis can 

be separately analyzed to arrive at a reasonable stability solution. 
4. Stability against future failure from an equivalent earthquake can be 

provided by a buttress capable of reslsting 180 kips per it. 
5. Limitations on future construction must be provided to guarantee the 

integrity of the buttress and toprotect structures constructed within o r  directly 
adjacent to the area of failure. 
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FIG. 11.-DETAILED SOIL PROFILE THROCGH E.iST END OF SLIDE AREA 
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C FIG. 12.-SOIL PROFILE Ih' TRENCH SECTIOS THROL'GH EAST ESD OF SLlDE AREA 
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OBs~t-u~dio~cs i(e/~itcd Slick .4rccl.-Following the eel-tliquake a survey was '2 
made of the settlements of the area  behind the slide zone. It was fouhd that 
within several llundred feet of the slide s c a r p  settlenlents up to 8 11. a d  oc- I 
curred,  Beyond t h ~ s  distance sett len~ents were much smaller in magnitude. L" 

Such observations a r e  indicative of a moveme~ltof soil towards the nlairi slide : 1 

area.  

ANALYSIS OF TURNAGAIN IiEIGHT!; SLIDE 

Ucplh o/Slidc Zotre.-A detailed section through the east end of the slide 
zone, a s  revealed by the exploration trench and the results of teat9 on samples 
f rom several horings made along this section, i s  shown in Fig. 11. Sample8 
taken from borings within tlie slide area sliow u ~ ~ u s r ~ a l l y  low s t r e ~ ~ g t h s  over 
certain depth ranges followed by a sudden marked increase in strength. It 
was considered that tlie low strength values probably indicate material dis- , 

FIG. 14.-ZONE OF SLIDL; AI11:A COhlI'LETELY FREE OF DE13RIS 

turbed by sliding and the higher values reflect the presence of u e d i s t u r b ~  ( 
soil. Thus the boundaries at which markedincreases in strength occur may be. 
indicative of the position of Ule main sliding surface. 

Furthermore, in two of the borings shown in Fig. i I, continuous samplel of I 
soil from the slide area were critically examined in the field fo r  evidence of 
severe disturbance. The presence of thin seams inthe clay greatly facilitated 
this examination. The positions of samples evidencing severe disturbance 
each of these holes a r e  noted on Fig. 11. 

Based on the positions of the severely disturbed samples, the boundariee' 
between low and high strengths of the clay, and the pcsitions of clay zones ex.,; 
hibiting lower strengths than similar material at the same elevation outsl& : 
the slide area,  i t  was concluded that the main surface of sliding was 
at  about El. 8 near thebackendaf the section, sloping slightly 
of the original bluff line. 

The logs of borings made through the center of the west end of t 
a rea  gave some indication of a similar sliding surface at about El. 1 

..- 
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ever, the debris-free zones somewliat further west indicatedthe slide surface 
to be at about El. 20. Thus the main slide surface at  the west end of the slide 
area may have varied between El. 10 andEl. 20, reachilly the higher elevations 
with increasing distance in the westerly direction. 111 the direction of ~ll idl~ig,  
the main slide surface probably had an average slope of about 4'ir behind t l~u 
original bluff lilte, steepening to about l(r8, or  15'4, in this location. 

Stubilily Uciore Eurtlrqtcukc (itid Slitlilr~r Poft?utial .-Analyses of the stability 
of the bluffs along the coastline prior to tlie earthquake, using undrained ohear 
strengths measured on sanlples obtained frorr~ adlacent areas,  Indicate a fac- 
tor of safety of about 0.85. However this method of analysis lias been 8ltow11 
p r e v i o u ~ l y ' ~  to give too low values for the factor of safety of natural slul,es 
consisting mostly of normally consolidated soft clay, and the low computed 
value i s  not necessarily indicative of marginal stability. 

On the other hand, some support for the belief that the bluffs had only mar- 
ginal stability before the earthquake i s  provlded by the fact that they have a 
long history of sliding induced by undercutting of the toe of the slopes a s  a 
result of coastal erosion. However, such slides a r e  likely to be shallow, and 
their occurrence is  not necessarily indicative of potential lnstabllity alo~rg n 
deep-seated slidlng surface. 

Whatever the margin of stability may have beenit was clearly sufficient to 
prevent failure of the bluff slopes a s  a result of acceleratiorls induced by: " (1) 
An earthquake of magnitude 7.3 at an epicentral distance of about 35 miles 
(1943); (2) an earthquake of magnitude 6.3 at an epicentral distance of about 50 

i miles (1951); (3) all earthquake of magnitude 6.5 to 7 at an epicentral distance 
1 of about 60 nliles (1Q54)-this earthquake triggereda substantial slide along the 
j Alaska Railroad at Potter Mill, about 10 miles south of Anchorage; and (4)  the 
!( first 1.5 min of the Alaska Earthquake of 1964. Thus it might well be corr8td- 
;, ered adequate for  many purposes. It i s  an extreniely significant fact that if the 
i duration of ground shaking in the 1964 quake had been no longer than that asso- 

ciated with many previous strong motions records, the slide would not have " occurred at all and the bluffs would have been considered to have an adequate 
j, margin of stability to withstand an extremely strong ground motion. 
,: In the light of these facts it i s  difficult to know whether detailed sturlies 

made before the earthquake would have predicted the probability of major 
sliding induced by even a major earthquake at an epicentral dlstance of 75 

! miles. Iiowever it i s  extremely doubtful that any analyses would have alrticl- 
; pated the extent of inland regression of the slide (1,200 ft behind a 70 ft high 
: slope at the west end of tlie slide area). It i s  of special interest therefore to 

examine not only tile cause of Llle slide o c c u r r i ~ ~ g  at  all, but also the probable 
: reasons for its large inland regression. 
i Corrscs q/Slirle Ue~elop~~tent.-During a major earthquake, the maximum 
!I ground accelerations and the corresponding inertia forces which they induce in 
1: slopes invariably develop during the f irst  30 sec  of ground shaking. In the case  
;; of the Turnagain slide, numerous eyewitnesses report no evidence of an im- '. pending slope failure during the f i rs t  1.5 n ~ i n  of the ground motions. Thls 
E. wwld seem to indlcate that deformations began to develop, not during the 
J period of application of large inertia forcesat  the beginning of the earthquake, 
! 
; l3 13jerrunl. I. .. ant1 KJaernslI. R., 'Analysis of the Stobllity of Some Norwegian Naturul 

Clny Slopes," Geotechnl ue, Vol. 7, No. 1 ,  1957. 
f~relinllnar&Prince Wlllintlt Sm~i~d, Alnakan-.g~rth~nkes, blur~h-A~)ril 

j m4. 11. S. Coast and Geodetic Stlrvey, Washlrlgton, D. C., Apr., 1964. 
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but during a period of smaller inertia forces midway ttirough the quake. The 
only explanation for the fact that snialler i~iertiaforces could induce displace- 
ments not previou~lly induced by larger inertiaforces, i s  tliat the soil was in a 
substatitially weaker conclltio~~ during tl~elr period of application than it was at 
tlie timc tile larger forces ware tleveloped. Thus it seenis reasonable to con- 
clude that the pri~iiary causes of the landslide in the Tur~iagaln area was the 
loes of strengtli of tlie soil as  a result of the ground displacements induced by 
the earthquake; and further, that if no loss of strerigth had developed, the 
stresses induced by the earthquake would have been insuff:cietit to cause failure 
to occur. This conclusion dran~atically illustrates the importance of co~isider- 
ing the possible loss of strength of soils as  a result of cyclic loading in as- 
seasing the stability of embankments during earthquakes. 

{ &  FIG. 15.-OFFSIIORE SILT DEPOSIT 

Reasons for Itllatrd Regression of Slide Zone.-The ;arge extent of inland 
regression of the slide zone may be attributed to severs1 major factors: 

:.i . Presence of Shoreline Silt Deposits.-One of the prime factors leacling to 

!& : the large inland regression of the slide was undoubtedly the presence of a 
! i : :  sloping layer of estuary silt at the toe of the bluff. The nature of this xilaterial 
! {h.*4 may be seen in the photograpl~, Fig. 15, wliich was taken at an adjacent area of 
l4. the coastline. During the earthquake tliis silt woulcl liquefy and t1rerel)y provide 
' 11  

;I a semifluid sloping surface to facilitate the translation of soil nlasses fallillg 

11; 
onto it. Thus failure of the bluff by any type of slide would cause the sliding 
mass to be depos~ted on the silt, and thereby continue to slide outwards 'into 

!d the water. This would leave a new exposed face which might well fail by & 
TI repetition of the same mechanism, this process continuing as  long as  th 

;I earthquake continued. In fact the slide would be able to retrogress, becks3 

! there was no opportunity for a build-up of slide debris at the toe of the slope 
to buttress the unstable condition. 

I Loss of Strength in Soil Behind Bluff Line.-As previously noted, the slide 
I ( 

.. 
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must have been Ltiduced by a loss of strength 111 the soil conipriaing the bluff. 
In fact, the configuratio~i of tlle slide arua following the earthquake le indica- 
tive of sliding induced by the presence of an extrenluly weak zorie irntlerlyl~rg 
the slide area and extelidill~ back well bclli~ld the orlginal bluff Ii~ie. Tlie 

* probable presellce of tluch a Z O I I ~  I 8  also i~rilicated by: 

1. Tlie lateral cxteneloa of tlrc zorie Ijchi~~cl the slide area in thu tllroctio~~ 
of tlie coastline, indicatiag niovenient of level ground towards the slide area. 
This could only occur by niovemcrlt along an extremely weak layer, and lsdi- 
cates that the severly weakened zone extcridecl beyond tlle boundaries of tlle 
sllde area, at least at the east elid of tlie slide. 

Am,+ C ~ I U  YII*. SIreln- wunt 
0 0 0 4  008 012 Old 020 

.. . - 

FIG. 16.-I{ESI'ONSIS O F  SOII, 1)ICI'OSl'r ,TO IIOIIIZON'I'AI, BASE RICI'I'IONS 

2. Settlenient of up to 8 in. in the zone just behind the slide area, probably 
resulting from movenlellt alollg the weakened zone towards tile slide area 
Itself. 

3. Tile relatively iiorizo~ital nature of the lower boundary of the slide area, 
Indicating that some cliaracteristics of a depositional layer may have been 
responsible for the slide movements. 

Possible causes of tile develol~ment of such a weakened zone a re  a loss of 
strength in the clay deposits caused by the cyclic shear stresses and strains 
Induced in them by the earthquake, and liquefactionof sand lenses and seams, 
within the clay deposit, caused by the cyclic loading induced by the earthquake. 
The presence of a weak zone as  the result of either of these causes would lead 
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FIG. I7.-IIOI1I%ON'~AI, CIlOLJNI) :\CCI~~L1:IlAI'IONS A T  1'ASAI)';NA D U E  TO KERN 
COUNTY, CAL,IYOIlNIA, EAl1TIIQUAKI< 01.' 1952 

wo 1. .. .-.. - _ ~ ....- --J 
0 10 2 0  30 

Tame - seconds 

FIG. 18.-SHEAIl 5'1'IlESS VAlllr\l'lON NEAIl 'TOl' OF SOFT C L A Y  LAYISR (EI..  22.5) 

FIG. 19.-SHEAIt STllESS VAlllATlON NEAR BOTTOhl OF SOFTCLAY LAYER 
(EX,. -17.5) 
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to a rapid developnient of the slidu once it had started. It i s  of intereut there- 
lore to look into fhe possibility d sucl~effects tlevuloping In the soll behind the 
bluff Hno. 

For this 11urposo ;in s l i a ly~ i s  11as L(*eii 111;r1le to assetis thu likely uragnlt\t(ltt 
of the s t resses  and straius developed ill tlie soil during the firat  1-1/2 111111 

of grourld sllakiug and tlloir effects on the sa i~d  and clay dupuaittl. The elltire 
deposit of soil overlying the firm rock bave at a depth of about 470 It waH 
considered to respond as  a dalliped elastic sys t en~  to horizo~ltal base motlone 
caused by the earthquake, and the resultiiig soil response was computed follow- 
ing the proceclure described by Seed and I d r i s ~ . ' ~  

Tlic soll conditions used in tlie analysis aro  shown in Fig. 16. Tl~ey a re  con- 
sidered representative of tliose existing 111 andbehindthe east end of the ulide 
area before tlie earthquake. Sliear moduli for use in the analysis were se1ec:ed 
011 the basis of vibration tests  on undisturbed samples3 giving due consideration 
to the effects of sample disturbance, amplitude of shear strailis developed In 
the field, and the stiffening effect of sand lenses in the soft clay. A damping 
factor of 20'A was chosen 011 the basis of previous test data and the value found 
to give a reasonable assessment of soil response in the Nligata eartliquake.le 
For analysis purposes the entire soil deposit was treated a s  a ser ies  of 27 
different layers. A layer thickness of 5 ft was used in the soft and medium 
clays, which are  of primary interest, and appropriately thicker layers else- 
where. Previous studies have shown that thisnumber of layers i s  sufficient to 
give an accurate representation of the response of the deposit. 

It was assunled that the base motions would be similar in form to those 
previously recorded on firm ground at  a distance of 75 miles from a major 
earthquake. Accordingly they were considered to have the same form a s  the 
accelerations recorded at  Pasadena a s  a result of the California Kern County 
earthquake of 1952, shown In Fig. 17. However, because this earthquake had 
a magilitutle of only 7.7 (compared wit11 the Alaskan earthquake magnitude of 
8.5) arid a duration of strong motion of only about 35 sec, it was considered 
appropriate to increase the amplitude of the motions by a scaling factor of 1.5 
and to simulate the f irst  2 min of the longer duration of the Alaskan earthquake 
by repeating the Pasadena record three times in sequence. Thus the record 
shown in Fig. 17, with the ordinates multipliedby 1.5, was cousidered to rep- 
resent 30 sec to 40 sec of base rock shaking in the Anchorage area  during tlie 
first 2 lnin of the Alaskan earthquake. 

The conlputed response of tile soildeposits to this base motion a r e  prese~it-  
ed in Table 1 and Fig. 16. The n~aximum ground surface acceleration was 
determined to be 0.11gandthe fundanlentalperiod of the deposit was 2.01 sec. 
Tliese values are  in good agreement with corresponding values estimated by 
residents and ol~servers  of the Anchorage ground shaking. 

The coniputed variations of shear s t resses  develol~ed near the top and bot- 
tom of the soft clay layer a re  shown in Figs. 18 and 18. The s t r e s ses  near the 
bottom of the layer have the same formas  those near the top of the layer, but 
Uley a re  significantly greater in magnitude. At both levels the amplitude of the 
stress cycles varies co~isiderably. However a careful study of theee response 
patterns shows that for analysis purposes, It i s  reasonable to represent the 
stress history near the top of the soft clay by 10 significant cycles with an 
- 

"seed. 11. Rolton. and Idriss. I. M.. "Annlvsis of Soil L.iouefaction: Nllratn Earth- 
quake," Journal of the Soil h~edhanics. and Lundutlons ~l;islon, ASCE, col. 93. No. 
Sh13, Proc. Paper 5233, hlay. 1967, pp. 83-108. 
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rapidly leading to the large inlatid regression of the slide area. However 
because of the lenticular nature of tlio sand yeanis, the weakened zone or  main 
slide surface would necessarily pass tlirough clay ill solne sectioll of It8 
length, produci~lg r coniposite surface on which slidi~ig would develop. It Is 
perhaps worthy of note that tlie most probable zone of sand liquefactio~i In- 
dicated by the analysis (El. 0 to El. 20) Is in soniewhat better agreenient wlth 
Ule probable position of tlie base of the main slide surface (El. +lo to El. +5) 
than i s  the computed position of the zone of niaximum weakening 111 the clay 
(El. +10 to El. -15). 

Evidence supporting the co~icept that sand lenses or seanis in and belrlnd 
the slide area  played an importarit role in the development of the.slide 1s 
provided by the following facts: 

1. Several saniples recovered from the slide area  showed sand and clay i'} 

intermixed in a form that could have occurred only ;s a result of the sand 
i 

possessing fluid characteristics. 
$1; 
.' 
I I 
I * 

FIG. 20.-RIDGE OF SAND FOIiMED FIG. 21.-E'ORhlATlON OF CLAY 

BY SAND BOIL IN SLlDE AItEA I1ILX;E DURING MODEL TEST 

2. Ridges of sand, 2 ft to 3 It high, 3 ft to 6 ft wide. and about 100 ft long, 
were formed by sand boils within the slide a rea  ' a s  shwm in Fig. 20. (A large 
boil, spread over an area of 3,200 sq ft, was also noted near but outside the 
slide area  by the Engineering Geology Evaluation Group.' ) 

3. A description of the slide movements by residents of a llouse in the 
slide a rea  during the earthquake: "The floor ripped and sand came up from 
below into the living room." It i s  difficult to imagine such an inflow of sanq 
except by liquefaction. 

4. Although there i s  considerable evidence (lateral extensio~i, cracking, 
settlement) that the area behind the slide a rea  was underlaid by a severely 1 '  

weakened layer during the earthquake, there was no evidence of a weakened ,I 
clay zone underlylng this area  revealed by borings made several weeks after i 
the earthquake. 

5. Although sand lenses were enco~rntered in ma.,y borings made ill 
slide area. very few were noted in bori~lgs made inimediately adjacent tb 

. 16 
slide area. 

TUIINACAIN IiEICIITS 

While sollie of this evide~icc i s  circu~iista~itial, It londa support to the con- 
cept that a scvercly weakened zone develul~edlntl~e early titages of the earth- 
quake in the area  b c h i ~ ~ d  tlie bluff l i ~ ~ c ,  and tliat althouglr t l ~ i s  zonu was u 
coniposite of sand l e~ i ses  and acljacetit clay, liquefaction of the sand playt:d a 
sig~ilficant role in i ts  clcvelol~~iic~~t.  

Sensitivity of Soft Clay and Dura t io~~  of Grounti Stiak1ng.-The large Irrla~l~l 
regression of the slide was u~~tloubtcdly also i~ifluenced by tlie high sensitivity 
of the clay which, once sliding of a mass was irlitiatell, wwld result in a furtlter 
drastic loss of shear strength a s  the result of ~.cniolcling In the shear Z V I I ~ Y ,  
thereby facilitating lateral dislllacement. k'urther~lioro, the extremely l o ~ ~ g  

, duration of the eartliquakc (more than4 mill) was a prime factor in deterni l~~ing 
the extent of tlle movements. Sliding stopl~ed for the tilost part once the g r o u ~ ~ d  
niotio~is stoplled, and there can be littledoubt that the extent of the slide zone, 
especially at the east end of the slide area,  would have been substarltially 
Increased if tlie earthquake liad continued a little longer. 

Ali~c~lrcorics c!f.Ylitlc hlovc8t~rc~trlrrs Itttlicaf~3tl by hlotlcl 7'cst.s. -An examtnatiol~ 
of the ground configuration 111 the slide area (see Figs. 1 through 4) Inltilcdi- 
ately reveals that the sliding could not have developed simply a s  a result of 
a progressive ser ies  of conventional slides of clay along circular a r c s  directed 
towards the coastline. Trees  and poles could be noted inclilled in opposite 
directions-a pattern not likely to develop by repeated slides iri the same 
direction. Furtherniore the vertical ridges of clay, previot~sly describeti, 
which nioved through large distances wit11 little or  no change in elevation, were 
a cl~aracterist ic feature of the slide area and tlie niecha~ilsrn leadlng to their 
forntation required clarificatio~i. Finally, it was important to obtain some 
co~lcept of tlie probable n iecha~~ism of sliding in order to obtain a better con- 

, cept of the nature of the material in the slide zone, and thereby assess  i t s  
, vulnerability to further sliding if a similar earthquake should occur. 
::! To throw some light on the mechanicsof slide development when clay soils  
2:  are underlaid by a layer of extremely weak material, a se r i e s  of lliodel tests  .* . .  . was conducted at the University of,California. Abarik of clay, a h u t  4 In. 1iigl1, 

:- composed of an extremely weak layer overlaid by layers of strollger clay, 
:. was constructed to the approximate configuration of the bluffs In the 'hrnagain 

Heights area. The layers of clay comprising the model were given different 
, / . colors to facilitate observations of the slipsurfaces, and the model was main- 

, tained ill a stable condition during co~istruction by supporting tlle face and toc 
, of the slope with a retractable bulkhead. Thus the model niight be [:onaidered 
{i to represent the conditions in the Turnagain area  after a severely weakened 

zone had developed behind the bluff line after 30 to 60 sec of the earthquake. ;< 
After construction, the retractable bulkhead supporting the modelembank- 

p melit was removed and sliding was allowed to develop. In a number of tests  1: sliding was facilitated by vibrating tlie lilodel on a shaking table after the 
i bulkhead was withdrawn. It was found that tlle general pattern of the slide a rea  
,' in the niodel bore a close resemblance to that in the Turnagain area,  wlth 

ridges of clay developing and translatir~g through substarltialdistances without 
i : change in elevation. 

: The models provided an excellent means for observi~rg the niecharlics of 
.' slide development. It was found that failure usually involved the following 

sequence of movements, illustrated in Fig. 22: 

P I' 



1. A se r i e s  of several rotatlooal slides, starting just behilid the creet  ot 
the slope and r r t rogrers i~ig  backward f rom the slope, causing outwards and 
downwards n~oveli~ent of the ground surface; these slides are  accorllpat~ied b 
extrusion of tlie weak layer f rom tlie toe of the slide [F~LY.  2 2 1 ~ )  to 22 (dl[ 

FIG. 22.-FAILUItE MECliANISM OBSERVED IN ?lOI)EL TESTS 
< 

2. After several such slides, the upper layers of stronger clay, which hqv 
moved downwards, cut through the weak layer s o  that no further eXtr&i& 
from the toe can occur, [Fig. 22 ( d )  1. Beyond this point continlied sliding 
results  in the outward movement of a prismatic ridge of soil, essentially 
without change in elevation [Fig. 22 ( e ) ] .  

3. ~ollowlfig' t l ~ c !  lateral t r a ~ i s l a l l o ~ ~  of t l~e  rlrtgo, e x t e ~ ~ s l v e  tension crackl~ig 
develops In the clay be11i11d the ridge giv111g tllu impression that a wide zolie 
of sol1 i s  afluctcd by the r i i o v c ~ ~ i e ~ ~ t s  /k'il:. 2 2 0  ) I .  

. . 
4. Sett lun~c~it  of thc! area I ~ e l ~ i l ~ d  t l ~ c  t.itlg~ I ' l t rn~ i~~g  a elol,ll~g clu~~~.~::,:~t:tl 

zo~ic! in wlilch tlic t i ! ~ i s i o ~ ~  cracks niay sc!paratc tliu so11 Into a sorleti of 1)lockcr. 
Thls i s  well Illustrated by the photogral~h 111 Fig. 21, wl~lcli wae tako~r c tu~ . l~~g  
a model test, and by Flg. 2 2 ( / ) .  

5. Wlieti tlie outer end of the dupress~!d zo~ie  11as subeidt'd sui I IcI~ .~~t ly ,  a 
conventional type of slide niovenielit occurs along a surface conyietlng of a 
short curved portion in tile stiff clays and a substantial horizo~rtai sect1011 
along the weak layer at the base. Thiu movenielit causes lateral translatloli 
and subsidence of the soil behind tlie ridge, forrniiig a new scarp at  the back 
of the slide area  and a graben type of dtyresslo~i.  It i s  usually accotr~pa~tied 
by aslight heavingof thepreviously subsiclcdtoe of the graben area, and sonle- 
times by a separation of the slide mass into several blocks by weak mati~rial  
squeezed to the sides of the blocks a s  t1ic.y subside [see Fig. ~ ' L ( K ) ] .  

6. During the rotation and subsidelice of tlle stiff clay to f o r l ~ ~  the thew 
scarp line, the downward niovement of t l~e  stiff clay again cuts tl~rougli the 
weak layer s o  tliat i t s  extrusiol~ from the base of the yet ut~affected area i s  
prevented. Thus continuation of the slide, either because the base i s  sllghtly .- - 
inclined, or  a s  a result of inertia forces iiitluced I,y shaking, causes a repe- 
tition of the operations described in (2) to (5) above and a progressive retro- 
gression of the slide area. 

It is iniportant to recognize, first, tliat the prismatic ridges were only 
observed to form when the weak layer was unable to extrude tlirough the base 
of the slide area. Thus, apart from the possible slope of the main slidi~tg 
surface the ridges maintain their o r i g i ~ ~ a l  elevations, no material moves 
through them, and all the material that was originally behind a ridge r e n ~ a i n s  

: behind it a s  the entire mass translates laterally. This latter fact provides a 
; basis for determining the nature of the movements in the slide area.  Secondly, 
I:, Ule subsidence of material to form agraben type depression was accompanied 
, by some sideways extrusion of underlying weak material. It i s  impossible for 
i subsidence and spreading of the original ground to occur without some ex- 
i trusion of material in this way. 

The concepts of slide movemerits cleveloped from the nlodel tests  provided 
a valuable key to understa~idi~ig the ~ ~ ~ e c l l a n i s m  of slide develol~ment and to 

, analyzing the soil conditions in the slide area. 

MECHANICS OF SIJUE DEVEIdOPMENT 

Based on the foregoing concepts and a~ialyses, it i s  possible to tlevelop a 
hypothesis for the mechanics of the Turnagain Heights laridslide a s  follows: 

1. Possibly because of the greater depth of clay near the bluff line, whlch 
! would give the material in this area a longer period of vibration and a reduced 
', response, the soil comprising the bluffs was sufficiently strong to withstand 

about 2 min of ground shaking before failure developed. 
2. As long a s  the bluffs remained stable, the soil behind tlie bluffs was 

buttressed against lateral movement. However during the first minute or s o  
, of the earthquake, liquefaction ,of sand lenses occurred at about El. 5 trl I.'" 
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DlAMltTOM Of SUBGLACIAL OR SIIRAOtltOUS ORIGIN. FIR[ ISLAMD. ANCHORAGE. ALAWA 
Henry R. SchmOll and Cyn th ia  A. Gardner (U.S.A.) 

f i r e  I s l a n d ,  a p p r o r t n a t e l y  17 k r 2  I n  area.  1.ies 5 kn o f f  the r e s t  shore 
o f  Anchorage fn  an + s o l a t e d  and seemtngly anomalous p o s t t i o n  a t  the upper end 
o f  t h e  Cook I n l e t  b a s i n  i n  sou th  c e n t r a l  Alaska. The t r r e g u l a r  topography, 
c o n s i s t i n g  o f  h l l l s  o f  p o o r l y  s o r t e d  sandy gravel  t h a t  r t s e  10 t o  30 m above 
ad jacen t  rhandoned channels. has l e d  t o  t h e  i s l a n d  he ing  napped as a  
moraine.  However. 1  i n k i n p  such a  moraine UI t h  u n e ~ u t v o c a l  l a t e  P le is tocene  
l a t e r a l  moraines a lonp the  marg ins  o f  t h e  b a s l n  has proved g e o l o g t c a l l y  
a*kward. This problem sugperts  t h a t  e i t h e r  a  d i f f e r e n t  depos t t iona l  
environment was tnvo lved  o r  t h a t  the i s l a n d  has had a  nore  c o n p l e ~  h f s t o r y  
than  p r r v t o u s l y  thought .  

A n e a r l y  cont inuous exporure a l o n g  sea b l u f f s  or\ the  c a s t  s ide  o f  the  I s l a n d .  
about  B km l o n g  and a5 h i g h  es 60 m ,  r e v e a l s  d ibmlcton genera l l y  overlying a  
complex o f  bedded, l n t e r f i n g e r i n ~  sand and g r a v r l  beds t h a t  l o c a l l y  f n c l u d o  
mlnor  lenses o f  s l l t  end f t n e r  g r a l n c d  sand. Thts s t r a t i g r a p h y  1s n o t  
1 ~ 0 m p a t t b l e  w t t h  t h e  concept  o f  t h e  I s l a n d  as a  nora tne  f o m d  h e n  g l a c l e r  
i c e  advanced t n t o  tho  c e n t e r  o f  upper Cook I n l e t  and overro*  outwash 
previously deposl ted the re .  However. d e t a i l e d  i n s p e c t i o n  o f  the s t r a t i g r a p h y ,  
t n  p a r t i c u l a r  tho t e x t u r e  o f  the  d lamtc ton  end I t s  r e l a t i o n  t o  t h e  o t h e r  
u n i t s .  suopests o t h e r  t n t e r p r e t a t l o n s .  The d l n i c t o n  i s  very i r r e g u l a r  I n  
th i ckness .  i n  p laces t h i c k e n i n g  downwards from 5 t o  30 r and then t h i n n i n g  
aps tn  w i t n t n  a  d is tance  o f  100 m. Marg ina l  t o  thes r  t h t c k e r  masses o f  
d iamlc ton ,  the sand and g r a v e l  bcds a r c  severe ly  con to r ted .  Imp ly ing  r a p l d  
t m p l a c m n t  o f  the  d iamtc ton  mass by flow o r  by slumptng. Such d e f o r n a t t o n  
I n d l c a t r s  t h a t  t h e  sediments were s o f t  (non- f rozen)  and orobably s a t u r a t e d  
Ourtng the  emplacement. I n  many p laces  t h e  d l n t c t o n  i s  t n t l m a t e l y  
in te rbedded  w i t h  end grades l a t e r a l l y  I n t o  the  sand and g rave l .  and thus  the  
d lamtc ton  i n  p w t  occurs as bcds a t  d i f f e r e n t  s t r a t i g r a p h i c  hor izons.  Such 
l o c a l  d!em+cton heas appear u n l  i k e l y  t o  r e s u l t  from separate g l a c i a l  events.  
T e x t u r a l l y  the d ibmtc ton  i s  b imodal ,  c o n s l s t i n g  of pehbles and cobble$ I n  a  
m a t r i x  o f  f i n e  send, end t t  conce ivab ly  c o u l d  have o r i g i n a t e d  from a  m i s i n g  o f  
t h e  o t h e r  d e p o s i t t o n a l  u n l t s .  These d e t a l l s  o f  tho erposed s t r a t i g r a p h y  
sugqest t h a t  much t f  n o t  a l l  o f  t h e  d iamic ton  cou ld  have heen deposi ted 
suhequeously a s  p a r t  o f  a  d e l t a i c  sequence. poss lb ly  near  one o r  more l o b e s  of  
g l a c t e r  i c e  t h a t  f r o n t e d  t n  I n l e t  waters. 



AT'I.ACH.IlE?;'I 4 .  

S a n d  L a k e  Gravel Quarries 



Sand-Lake pits pose 
dilemma to builders, 
city planners By STAN JONES 

Daily News business reporte! 

Anchorage Daily News 

Saturday, December 11, 1982 

M ining gravel is a 
little like eating 
olives in polite 
company: when 

yoa're done, what do you do 
with :he pits? 

That's exactly the ques- 
tion facing municipal plan- 
ners, gravel companies and 
residents in that part of 
s o u t h w e s t  Anchorage  
known as the Sand Lake 
area. 

For decades, a group or 
gravel pits stretching north 
and west from the intersec- 
tion of Dimond Boulevard 
and Sand Lake Road have 
provided the foundations on 
which Anchorage's build- 
ings have stood. 

But now the Sand Lake 
pits are just about mined 
out. Although some useable 
sand and gravel are left, 
there's a growing body of 
sentiment among the plan- 
ners and some of the pit 
operators that it 's time to 
stop digging and start fill- 
ing the holes back in so that 
homes can be built, lawns 
can sprout, and children can 
romp where the  dump 
trucks used to rumble. 

Closing down the  pits 
would also ease the truck 
traffic on Sand Lake Road 
and Dimond Boulevard and 
the attendant clouds of dust 
that have plagued the area 
area since the first homes 
were built there. 

The Sand Lake pits cur- 
rently operate on a variety 
of grandfather-rights and 
conditional use permits 
scheduled to expire at the 

end of this month. But be- 
cause no one has d'ecided 
exactly what should be done 
with the pits if they are 
closed. it's uncertain if the 
deadline will hold. 

Already one operator has 
received a three-month ex- 
tension from the municipali- 
ty  as he prepares a cornpre- 
hensive five-year plan for 
continuing to'operate while 
he restores his pit, and oth- 
ers have contacted the mu- 
nicipality about obtaining 
similar stays of execution. 

The planners' decision is 
complicated by the fact that 
Anchorage is facing a gener- 
al gravel shortage, meaning 
that a shutdown in Sand 
Lake could have a major 
effect on construction costs. 

A draft study on the sub- 
ject prepared for the munici- 
pality by JohnsonBraund 
Design Group-S&S Engi- 
neers estimates the shortfall 
between now and the end of 
the century may total 12.4 
million tons. 

Because there a re  few 
other major sources of sand 
or gravel left in the Anchor- 
age bowl, the Sand Lake 
supply would have to be 
replaced from sources much 
farther from town - proba- 
bly at least as far as the 
Eagle River-Birchwood 
area, and possibly as far the 
Matanuska Valley. 

While there are other po- 
tential sites - notably in 
Cook inlet just off of Point 
Woronzof, near  Eklutna,  
and near Girdwood - they 
have vet to be developed. 

and it's not known-if they 
would yield cheaper gravel 
than existing out-of-town 
sites. 

At first glance, importing 
the replacement gravel  
looks prohibitively expen- 
sive. The cheapest material 
from Sand Lake - a low- 
quality sand suitable main- 
ly for parking lots and for  
filling in residential lots af- 
ter the overburden of peat 
has been scraped away - 
sells for about $1.25 per ton 
at the pit, according to  Cliff 
Tweedy of Earthwork Exca- 
vation and Paving Compa- 
ny. But material from the 
hlatanuska Valley, known 
in the business as "Palmer 
gold", is hauled into An- 
chorage by train, and sells 
at the gravel terminals for 
prices s tar t ing a t  a..out 
$3.90 per ton, Tweedy said. 

It doesn't take a comput- 
er  to figure out that prices 
could apparently triple if 
the Matanuska Valley takes 
up where Sand Lake leaves 
off. 

But a simple comparison 
of purchase prices leaves 
out a major, perhaps the 
major, component of the  
cost of getting gravel to a 
construction site: the cost of 
running a dump truck. 

That cost adds about *% 
per ton to the expense of 
get t ing sand o r  grave l  
where it's needed, whether 
the gravel is from Sand 
Lake or a gravel dump next 
to the railroad. That means 
Sand Lake sand costs about 
$6.25 per ton, delivered, ver- 



sus about $8.90 for Palmer 
gold. Tne difference in d e  
livered cost is thus closer to 
40 percent than threefold. 

Tweedy estimates the  
typical S100,OOO home being 
built in Anchorage these 
days includes $5.000 to $8,- 
000 worth of fill material. 
So a gravel price increase of 
40 percent could add $2,000 
to $3200 to the cost of the 
home. 

"I know if we can't get it 
here in town, we'll have to 
go to Palmer," says Glenn 
Roberts, a builder who fre- 
quently relies on Tweedy 
for his gravel needs. "There 
will definitely be an in- 
crease." 

Because the expense of 
truck transportation is so 
critical in determining the 
final cost of foundation ma- 
terials, gravel pits tend to 
serve only construction 
projects relatively nearby: 
The Sand Lake pits, for 
example, tend to supply 
builders in southwest An- 
chorage. The Hillside area 

' and South Anchorage gener- 
ally a re  supplied ei ther  
from pits in those areas or 
from Palmer gold hauled in 
by railroad. 

The northeast quadrant 
of Anchorage tends to be  
supplied by trucic from pits 
in the Eagle River-Birch- 
wood area. Although Sand 
Lake is closer in  miles. 
traffic congestion in Anchor- 
age's core area make Eagle 
River closer in time. 

"I did a lot of talking 
with contractors this sum- 
mer, and they told me it's 
viable to bring in material 
from Eklutna as fa r  south 
as the comer of Dimond 
Boulevard and the Old Se- 
ward Highway," says Lori 
Kincaid, a member of the 
municipal plannng and zon- 
ing commission. "The only 
place it's cheaper to get it 
directly from Sand Lake is 
the Sand Lake area. from 
the information I've been 
given." 

For municipal planners, 
who have the power.to close 

I f t h e s a n d  -- Lake gravel pits are closed. t he  price of f i l l  could 
rise by as much a s  40percent. mb ~ e w ~ ~ n n  L a a m  

the pits. the question is one 
of a tradeoff. Is i t  more 
important to have the grav- 
el the Sand Lake pits sup- 
ply. or the prime developa- 
ble land that would be made 
available if they closed? 

Some think tha t  t ime 
may be running out - that 
if the pits operate much 
longer, it will be impossible 
to sqlvage the land for resi- 
dential, office, or industrial 
construction. That's because 
redeveloping them will re- 
quire that they be filled 
back in and if they get much 
deeper the cost of the fill 
could become prohibitive. 

The fill likely to be used 
for such projects, ironically, 
is the peat that has been 
dug out of other areas and 
replaced by Sand Lake  
gravel and sand. 

Some of the gravel opera- 
tors are ready to close their 
pits now and start redevel- 
oping. But one gravel indus- 
try source - who asked not 
to be named - said competi- 
tive preL,ures would make 
it impossible for an opera- 

- 
tor tb close on his own. 
because it would leave him 
without a supply of cheap 
Sand Lake fill that his com- 
petitors would still have 
available. 

In addition, he said. as 
long as one of the pits in the 
area still operates. the oth- 
ers will be difficult or im- 
possible to redevelop be- 
cause buyers will be reluc- 
tant to move in next to an 
active gravel pit. 

Only the municipality 
can save the situation, the 
source suggested, by closing 
all the pits at  once. 

But Kincaid thinks i t  
would be possible to redev- 
elop the pits in a series of 
steps, beginning a t  the  
southeast comer of the area 
and moving northwest. 

"The idea that people 
who want to start develop- 
ment now cannot build dur- 
ing extraction is not neces, 
sarily true." she says. "If 
it's phased properly, i t  can 
be done." 


