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INTRODUCT I O N  

I n  s o u t h e a s t  A l a s k a ,  many v a l l e y  s l o p e s  t h a t  a r e  g r e a t l y  over-  
s t e e p e n e d  by g l a c i a l  e r o s i o n  suppor t  mature  f o r e s t s  r o o t e d  i n  s h a l l o w  
s o i l  o v e r  bedrock.  Debr i s  ava lanches  on t h e s e  s l o p e s  a r e  one of t h e  
most f r e q u e n t  t y p e s  o f  mass wastage i n  t h e  r e g i o n .  They a r e  e s p e c i a l l y  
common a long  t h e  mainland and i n t e r i o r  i s l a n d s  o f  t h e  Alexander  Archi-  
p e l a g o  where g l a c i a l  t i l l  d e p o s i t s  a r e  o f t e n  t h i n  o r  a b s e n t  due t o  t h e  
r e s i s t a n c e  of l o c a l  bedrock t o  g l a c i a l  e r o s i o n .  

A t  p r e s e n t ,  t h e  f o r e s t  l and  manager does n o t  c o n s i d e r  l a r g e - s c a l e  
d e b r i s  ava lanch ing  of t h i s  t y p e  an  impor tan t  e r o s i o n  hazard  i n  e x i s t i n g  
s a l e  a r e a s .  Eecause of t h e  p o o r e r  q u a l i t y  o f  t i m b e r  on t h e s e  s o i l s  and 
t h e  s t e e p  and d i f f i c u l t  t e r r a i n ,  s l o p e s  w i t h  s h a l l o w  s o i l s  are o f t e n  
excluded from logg ing .  As t h e  l o g g i n g  i n d u s t r y  expands t o  t h e s e  s i t e s  
i n  s o u t h e a s t  Alaska ,  however, an u n d e r s t a n d i n g  of t h i s  t y p e  of d e b r i s  
a v a l a n c h i n g  w i l l  become impor tan t  i n  l and  management. 

FIELD METHODS 

During t h e  summers of 1964 and 1965, r e c o n n a i s s a n c e  i n v e s t i g a t i o n s  
were made o f  d e b r i s  ava lanches  i n  sha l low s o i l .  The s t u d y  s i t e s  were 
chosen a c c o r d i n g  t o  f requency  of l a n d s l i d e  o c c u r r e n c e  and e a s e  of a c c e s s .  
The main s i t e  c r i t e r i o n  was t h a t  g l a c i a l  t i l l  be a b s e n t  a t  t h e  p o i n t  of 
s l i d e  i n i t i a t i o n .  A t  each l o c a t i o n ,  c o n f i g u r a t i o n  of  t h e  s l i d e  t r a c e  
and bedrock t y p e  and a t t i t u d e  were de te rmined ,  and t h e  a n g l e  o f  s l o p e  
a t  t h e  p o i n t  o f  s l i d e  i n i t i a t i o n  was r e a s u r e d .  Aiso a t  each l o c a l i t y ,  
t h e  s o i l  dep th  was measured,  and a  p robab le  cause  of i n i t i a l  s l i d i n g  
was determined by r e c o n s t r u c t i o n  of e v e n t s  t h a t  a p p a r e n t l y  o c c u r r e d  
when t h e  s l o p e  f a i l e d .  



SITE CHARACTERISTICS 

The l o c a t i o n  and measured c h a r a c t e r i s t i c s  of each inves t iga t ed  
s i t e  a r e  shown i n  f i g u r e  1 and t a b l e  1. 

Figure 1.--Map o f  southeast Alaska showing study s i t e  Zocations. 



T a b k  I.--Measured study r i t e  cha rac t e r i r t t c s  and pmbsble causer o f  r l l d i n p  
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In every case ,  the slopes on which these s l i d e s  occurred are ex- 
tremely steep,  lying between 35' and 40" or more, and support an old- 
growth forest  of Sitka spruce and wesfern hemlock rooted i n  a thin ,  
rocky s o i l  ( f i g s .  2 and 3 ) .  

Figure 2 .--View of a debris ava- 
lanche path. The timber i s  
growing on a th in  so i l  overlying 
metamorphosed graywacke. Note 
the broken nature of the bedrock 
surface indicative of frost wedg- 
ing and the prying action of 
grawing roots. 

'igure 3 .  --A debris avalanche path 
i n  a th in  so i l .  The bedrock i s  
a gZaciaZZy rounded, metamo~hosed 
granite jointed parallel and per- 
pendicular t o  the slope. 



The s o i l s  a r e  coarse  and permeable w i th  a  h igh  p ropor t ion  of 
angular  rock fragments and o v e r l a i n  by a  t h i n  organic  mat c o n s i s t i n g  
of i n t e r tw in ing  r o o t s  and f o r e s t  l i t t e r .  The s o i l s  appear t o  d r a i n  
very r ap id ly  s i n c e  overland flow was never  observed, even dur ing  
i n t e n s e  r a i n f a l l .  

Bedrock s lopes  on which these  s o i l s  have developed a r e  smoothed 
o f f  and d i p  i n t o  the  v a l l e y  a t  angles  t h a t  approach o r  exceed t h e  
angle of i n t e r n a l  f r i c t i o n  f o r  t h e s e  s o i l  m a t e r i a l s l l  ( f i g "  3)  This  
angle  has been a r b i t r a r i l y  s e t ,  based on p r a c t i c a l  engineer ing  experi-  
ence ,  between 34" and 46' depending on dens i ty  of t h e  s o l l s  and weight 
of t h e  over ly ing  m a t e r i a l s . ~ l  When the  s lope  approaches or exceeds t h e  
angle of i n t e r n a l  f r i c t i o n ,  t he  s o i l  and s lope  c o n d i t i o x  a r e  such cha: 
downslope movement under t h e  f o r c e  of g r a v i t y  i s  imrnlnent< 

DISCUSSION 

Since these  s o i l s  remain i n  p o s i t i o n  on the  s lopes  and support  
ex t ens ive  f o r e s t  cover ,  a  cons iderable  r e s i s t a n c e  t o  downslope movement 
o r  "shearing" along t h e  bedrock su r f ace  must e x i s t .  This  shear  r e s i s -  
t ance  i s  a d d i t i o n a l  t o  any i n t e r n a l  f r i c t i o n  between t h e  individual 
s o i l  p a r t i c l e s  and between t h e  p a r t i c l e s  and t h e  bedrock s u r f a c e ,  The 
a d d i t i o n a l  shea r  r e s i s t a n c e  i s  be l ieved  t o  be produced by t h e  anchoring 
e f f e c t  of r o o t  growth through t h e  t h i n  s o i l  and i n t o  jo inzs  and f r ac -  
t u r e s  i n  t he  bedrock and, t o  a  l imi t ed  e x t e n t ,  by adhesion between in-  
d i v i d u a l  p a r t i c l e s  due t o  s o i l  water  f i lms .  

S a t u r a t i o n  and subsequent f r e e  water  movement through t h e  s o l 1  
e f f e c t i v e l y  reduce shear  r e s i s t a n c e  due t o  adhesion and ~ n t e r n a l  f r i c t i o n .  
The increased  weight of t h e  water -sa tura ted  s o i l  and overlying organic  
mat i nc reases  t h e  e f f e c t i v e  g r a v i t a t i o n a l  f o r c e  a c t i n g  t o  p u l l  :he s o f l  
downslope. Simultaneously, t h e  buoyancy of t he  v e r t i c a l  cc~mponent of 
f r e e  water  movement tends t o  reduce t h e  f r i c t i o n a l  r e s i s t a n c e  and ad- 
hes ion  between p a r t i c l e s  and along the  bedrock s u r f a c e .  Rapid r i s e  i n  
p iezometr ic  l e v e l  i n  g l a c i a l  t i l l  s o i l s  dur ing  heavy r a i n f a l l  per iods  

1 / - 
The angle of i n t e r n a l  f r i c t i o n  i s  def ined  a s  r h e  angle ac  

which t h e  d r i v i n g  fo rces  due t o  g r a v i t y  i n  a  s o i l  mass a r e  equal  and 
oppos i te  t o  t h e  r e s i s t i n g  fo rces  due t o  f r i c t i o n c  

2 / - 
Terzaghi ,  Karl, and Peck, R. B. S o i i  mezhanics i n  engrneering 

p r a c t i c e .  566 pp. New York: John Wiley and Sons, Inc .  1948 



i s  known t o  occur  and i s  be l ieved  t o  be  a p r i n c i p a l  f o r c e  i n  a d e b r i s  
avalanche on t i l l - c o v e r e d  s lopes  .3/ kl I n  shallow-to-bedrock s o i l s ,  such 
r a p i d  p iezomet r ic  l e v e l  r i s e  has no t  y e t  been observed;  however, i t  i s  
probable  t h a t  s i m i l a r  r e l a t i o n s h i p s  a i s o  hold t r u e ,  a l though t h e  t o t a l  
e f f e c t  may be somewhat l e s s  because of t h e  coa r se  n a t u r e  of t h e  s o i l  and 
r e s u l t a n t  extremely r ap id  dra inage  of i n f i l t r a t i n g  water. 

The dec rease  i n  shea r ing  r e s i s t a n c e  of shal low s o i l s  i s  thought to 
be s u b s t a n t i a l l y  a ided  by a decrease  i n  r o o t  anchoring a s  t h e  f o r e s t  cover  
matures and t h e  r a t e  of r o o t  growth d imin ishes .  The growing r o o t s ,  which 
i n i t i a l l y  s e r v e  t o  anchor t h e  s o i l s  on t h e  s l o p e ,  may a c t u a l l y  coun te rac t  
t h e i r  e a r l y  s t a b i l i z i n g  e f f e c t  by wedging out  p i e c e s  and b locks  of bedrock 
and loosening t h e  under ly ing  bedrock s u r f a c e .  The pry ing  a c t i o n  of f r eez -  
i ng  wa te r  i n  t h e  r e s u l t a n t  roo t  c racks  probably adds cons iderab ly  t o  t h i s  
e f f e c t .  S o i l  development adds t o  t h e  p ropor t i on  of g reasy  c o l l o i d a l  or- 
gan i c  and i r o n  compounds i n  t h e  s o i l  m a t e r i a l  over  t ime ,  a l s o  adding t o  
i n s t a b i l i t y .  

Slopes thus prepared a r e  primed f o r  s l i d i n g .  During pe r iods  of maxi- 
mum r a i n f a l l ,  only a small  t r i g g e r i n g  f o r c e  i s  necessary  t o  cause t h e  
r ap id  downslope movement of a s o i l  mass. Such a f o r c e  may be produced by 
a sha rp  i n c r e a s e  i n  s o i l  water  conten t  o r  by a r a p i d  i n c r e a s e  i n  t h e  weight 
of t h e  s o i l  mass. F i e l d  evidence sugges ts  t h a t  t h e  l a t t e r ,  due t o  t r e e  
blowdowns o r  t h e  a d d i t i o n  of rock masses r e s u l t i n g  from g r a v i t y  f a l l ,  i s  
t h e  p r i n c i p a l  i n i t i a t i n g  cause of t he se  s l i d i n g  phenomenac The m a j o r i t y  
of d e b r i s  avalanches i n v e s t i g a t e d  occur red  on timbered s l o p e s  and o r i g i -  
na ted  i n  a r e a s  of windthrown t r e e s  o r  ex t ens ive  overhanging rock  b l u f f s "  
A few showed i n d i c a t i o n s  t h a t  l a r g e  b locks  of bedrock had moved outward 
along zones of  weakness a t  t h e  upper s l i d e  margins w i th  no i n d i c a t i o n s  of 
windthrow o r  rock f a l l .  The t r i g g e r i n g  f o r c e  he re  probably was excess  
h y d r o s t a t i c  p r e s s u r e  produced i n  j o i n t  c racks  under ly ing  t h e  b locks .  

I n  Neets Bay and Gedney P a s s ,  where s lopes  of t h e  t ype  considered 
above have been logged,  t h e  i n i t i a t i n g  mechanisms a r e  t h e  same a s  those  
descr ibed  e a r l i e r .  The marked i n c r e a s e  i n  s l ' d i n g  w i t h i n  t h e  c l e a r c u t  
a r e a s ,  f i r s t  r epo r t ed  by Bishop and Stevens,$ may be t h e  r e s u l t  of pro- 
g r e s s i v e  d e t e r i o r a t i o n ,  a f t e r  logging,  of t h e  r o o t  systems anchoring the  
shal low s o i l  on t h e  s lopes .  

11 Bishop, D . ,  and Stevens,  M .  E.  Landsl ides  on logged a r e a s  i n  
sou theas t  Alaska.  U.S. Fo re s t  Serv. Res. Pap. NOR-1, 18 pp. 1964. 

Swanston, Douglas N .  Soi l -water  piezometry i n  a sou theas t  Alaska 
l a n d s l i d e  a r e a .  ( I n  p r e p a r a t i o n  f o r  p u b l i c a t i o n ,  P a c i f i c  Northwest F o r e s t  
& Range Exp. S t a . ,  U.S. Fo re s t  Serv . ,  P o r t l a n d ,  Oreg.) 

'/ See foo tno te  3 .  



CONCLUSIONS 

On s lopes  s t e e p e r  than  t h e  i n t e r n a l  angle  of f r i c t i o n  and i n  t h e  
absence of a  well-developed, cohesive s o i l ,  l a n d s l i d e s  must be consid- 
ered a  n a t u r a l  e ros ion  process  responding t o  t he  b a s i c  laws of phys ics .  
They a r e  an i n e v i t a b l e  r e s u l t  of any occurrence which tends  t o  reduce 
t h e  r e s i s t a n c e  of a  s lope  t o  s l i d i n g .  

Many of t h e s e  s lopes  remain s t a b l e  f o r  yea r s  d e s p i t e  t h e  a c t i o n  
of e x t e r n a l  f o r c e s  tending t o  reduce t h e i r  r e s i s t a n c e  t o  s l i d i n g .  
The s l o p e  s o i l s ,  t h e r e f o r e ,  must possess  a s l i d e  r e s i s t a n c e  which i s  
no t  d i r e c t l y  r e l a t e d  t o  t h e  phys ica l  p r o p e r t i e s  of t h e  s o i l .  Present  
i n d i c a t i o n s  a r e  t h a t  t h i s  f o r c e  i s  produced by t r e e  roo t ing  through 
t h e  s o i l  and i n t o  cracks i n  t h e  underlying bedrock. Des t ruc t ion  of 
t h i s  roo t ing  system would g r e a t l y  i nc rease  s u s c e p t i b i l i t y  of t h e  s lope  
s o i l  t o  s l i d e s .  


	000669
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7


