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LANDSLIDES ON JDGGED AREAS I N  SOUTHEAST ALASKA 

b Y 

Danie l  M .  Bishop and Menrin E .  S tevens  

INTRODUCTION 

This r econna i s sance  w a s  prompted mi les  nor theas t  of Ketchikan) a s  shown 
by m a s s  so i l  movements tha t  occurred in f igure 1 .  
i n  October  1961 in seve ra l  a r e a s  re-  
cen t ly  logged by a high-lead sys t em.  A d e c a d e  ago  eros ion  w a s  not con-  
Sl ides and torrent f lows were  e s p e -  s idered  a s e r ious  problem i n  sou theas t  
c i a l ly  numerous in t he  Maybeso  Creeic Alaska.  Pas t  logging opera t ions  were  
v a l l e y  ( 4 5  mi les  w e s t  of Ketchikan) and concent ra ted  mainly i n  t he  be t te r  tim- 
the  Neet s Bay-Gedney P a s s  a rea  ( 3 0  ber s t a n d s  a long b e a c h e s  and in v a l l e y  

Figure I .  - Generalized 
bedrock geology o/ south-  
east A laska .  Adapted l rom 
Geologic M a p  o f  A l a s k a  
( D u t r o  and  P a y n e ,  1 9 5 4 ) .  



bottoms.  Large-scale c l e a r  cu t t ing  
tha t  began in  the  mid-1950's  w a s  the  
f i r s t  t o  inc lude  s t e e p e r  s l o p e s .  Areas 
having a high e ros ion  hazard a re  now 
being  logged.  One apparent  c o n s e -  
quence  of l a rge - sca l e  logging is a n  in-  
c r e a s e  in  so i l  movement.  

LITEWTURE REVIEW 

Whi le  many s t u d i e s  have  been  
made o n  l ands l ide  phenomena,  t hose  
regarding such  ac t iv i ty  in  timbereci 
a r e a s  a re  of s p e c i a l  i n t e r e s t .  These  
inc lude  s t u d i e s  of l a n d s l i d e s  in New 
Hampshire,  U tah ,  and Oregon a s  wel l  
a s  J apan  and I ta ly .  

In New England,  F l accus  (1959) 
prepared a doctora l  d i s s e r t a t i o n  on 
l ands l ides  and the i r  revegeta t ion  in 
t he  Whi te  Mounta ins  of New Hampshire.  
H i s  work i s  s igni f icant  for our s tudy 
b e c a u s e  the  Whi t e  Mounta ins  a re  of 
r ecen t  g l ac i a l  v in t age .  Soil mant les  
of g l ac i a l  t i l l  a r e  found in sou theas?  
Alaska.  In t h e  Whi t e  Moun ta ins ,  s l i d e s  
a l s o  genera l ly  occu r  during the  fall  
ra iny  s e a s o n  a s  i s  t rue  in  sou theas t  
Alaska.  But t he re  a r e  a l s o  importanr. 
d i f f e rences :  

1 .  Southeas t  Alaska h a s  more rain- 
f a l l .  

2 .  The Whi te  Mounta ins  have a much 
grea ter  ra infa l l  i n t e n s i t y ,  accord-  
ing t o  Yarnell (1935)  and U .  S .  
Weather  Bureau r eco rds  for the  
Annette I s l a n d ,  Alaska ,  s t a t i on .  

3 .  The Whi t e  Mounta ins  have greater  
ex t remes  in  temperature;  colder  
winters  and warmer summers .  

F laccus  (1959, pp .  88-89) summar- 
izes the  complex f a c t o r s  t ha t  contr ibute 

t o  l ands l ides  in  t he  Whi te  Mounta ins .  

Condit ions of i n s t ab i l i t y  have  
been  produced by g l a c i a l ,  
s t ream e ros iona l ,  and m a s s  
w a s t a g e  phenomena. Physi- 
c a l  f ac to r s  of the  bedrock,  
such  a s  shee t - jo in t ing  par- 
a l l e l  t o  s l o p e ,  a re  important ,  
e s p e c i a l l y  i n  the case of 
ledge  s l i d e s  in a r e a s  of plu- 
tonic  r o c k s ,  but a re  not nec-  
e s s a r y  for  s l i d e  occurrence .  
Degree of s lope  is of obvious  
importance.  Given s l ide-  
suscep t ib l e  s l o p e s ,  t h e  uni- 
v e r s a l  and most important 
s ing le  c a u s a t i v e  fac tor  i s  
heavy ra infa l l  during t h o s e  
months f ree  of ground f ros t .  
Most  s l i d e s  a re  a s s o c i a t e d  
with h igh- in tens i ty  r a in fa l l ,  
but f ixing of i n t e n s i t i e s  re- 
quired is d i f f icu l t .  

While e f f ec t s  of fores t  cover  
cannot  be  ruled o u t ,  ev idence  
s u g g e s t s  tha t  lumbering h a s  
had no part i n  contr ibuting 
to  s l i d e  occurrence .  Con- 
v e r s e l y ,  there  a re  a t  l e a s t  
theore t ica l  r e a s o n s  for s u s -  
pec t ing  that  forest  maturity 
t ends  to  i n c r e a s e ,  t o  a minor 
d e g r e e ,  s l i de  probabil i ty.  

Another a r ea  of diff icul ty wi th  
l ands l ides  in  timbered a r e a s  h a s  been  
the  W a s a ~ c h  Mountains of Utah .  Croft 
and Adams (1950) concluded tha t  before 
modern-day land u s e  " l ands l ides  . . . 
were .  . . r a r e ,  i f  not en t i re ly  a b s e n t ,  in 
t h i s  dra inage  b a s i n  s ince  the  present  
rnlneral mantle  developed on i t s  slopes." 
They a t t r ibute  the  recent  oc, P u r r e n c e ~  
of l ands l ides  la rge ly  to l o s s  of me- 
chan ica l  support by root s y s t e m s  of 



t r ees  and plants ,  chiefly by. timber 
cutting and burning and ,  t o  some ex- 
t e n t ,  by excess ive  l ivestock grazing. 
In l ine  with these  observat ions ,  they 
concluded further that  "young second- 
growth t imber. .  . f a l l s  far short of pro- 
viding the  root support that i t s  much 
larger and older predecessors d i d . "  

Fredriksen (1963) reported on a 
recent mud-rock s l ide  in a timbered 
experimental watershed near Blue River, 
Oregon. Although there w a s  ample 
evidence of old s l ides  on the  timbered 
s lopes  of th is  a r e a ,  Fredriksen con- 
cluded : 

In spi te  of precautions taken 
in road location and construc- 
t ion,  i t  appears that  the  pres- 
ence of the  road and culvert 
triggered th i s  mass  soi l  move- 
ment. Even a "full benched" 
road inevitably upse t s  the  
balance of forces  with the  
soi l  mantle. A decis ion t o  
build a road  in an area of un- 
s table  topography const i tu tes  
a calcula ted risk no matter 
how well  the  road is designed 
and constructed t o  minimize 
damage. 

Reporting on investigations made 
of s l ides  occurring in 1954 on Shikoku 
Is land,  Japan ,  Kawaguchi and Namba 
(1956) place great value  on a well- 
rooted forest  cover.  They believe a 
root mat strengthens the surface so i l ,  
while t ree  s tems a c t  to  arres t  rolling 
s tones .  

Ohhira and Nakamura (1956) ex- 
amined "character is t ics  of landslide 
movement and landslide s o i l s "  in one 
general  area  on Shikoku Island and two 
general  a reas  on Honsnu Is land,  Japan.  

According to  the  English resume, these  
s l ides  or flows were highly variable in 
speed and recurred repeatedly in an 
area .  Soils in such a reas  were high in 
plastici ty with c l a y  minerals variable 
and montmorillonite usual ly  dominant. 

Kawaguchi e t  a l .  (19 59) examined 
landsl ides  and soi l  l o s s e s  that  occurred 
in 1958 in  a n  a rea  southwest of Tokyo, 
Japan.  Landslides fed greatly swollen 
streams which deposited rocks ,  s o i l ,  
and other debr is  on cult ivated and res- 
idential  land.  They reported: 

Most of the  landsl ides  hap- 
pened in the  young forest- 
s t a n d s ,  shrublands,  and 
g rass lands .  The degree of 
landsl ides  in t h e  National 
Forest having good fores ts  is 
lower than that  in  the private 
and communal fo res t ,  and the  
preventive function of the  for- 
e s t  agains t  landsl ides  in- 
c r e a s e s  with increase  of i t s  
age  c l a s s .  But the  types  of 
landsl ides  beyond t h e  pre- 
ventive function of the forest  
a l s o  occurred.  

These authors doubt that  i t  is pos- 
sible t o  effectively predict location of 
s l ides .  They d o ,  however, recommend 
a number of specif ic  preventative prac- 
t i ces :  

Vegetate -- deep-rooted t rees  are 
especia l ly  effective for retard- 
ing s l ides  of the  "surface-sliding 
type.  " 
Build check d a m s ,  revetments,  and 
spurs t o  retard or r e s i s t  torrents.  
Provide underground drainage to  
prevent sl iding in  some c a s e s .  
Protect homes and buildings from 
s l ides  by man-made barriers and 
by forest  s t ands .  



5 .  Locare roads  and t r a i l s  in  va l l ey  
bottoms.  

Lands l ides  a r e  famil iar  in  I taly;  
Leonardo d a  Vinci spoke  of them in  h l s  
t ime.  Although I ta ly  d o e s  not nave  the 
g rea t  r a i n s  of J apan  the re  i s  a genera l  
s imi lar i ty  be tween l a n d s l i d e s  in  the  
two coun t r i e s .  Rehabil i tat ion i s  a l s o  
s imi lar .  Bernardini (19 5 7 )  sums u:, 
l a n d s l i d e s  near  t h e  p l a ins  of Lombardy 
a s  

. . .very anc ien t  phenomenons 
[sic]. . . showing.  . . a  form of 
s l i d e  c a u s e d  by wa te r  infil- 
t ra t ion  in Eocenic c l a y  and 
marl s o i l s .  The t e c h n i c h s  
[sid of cont ro l  is b a s e d  on 
the  el iminat ion of t h i s  prin- 
c i p a l  f ac to r  and o n  the  so i l  
conserva t ion  m e a s u r e s ,  com- 
pleted by t h e  vege ta t ion  cove r  
and chief ly  by t h e  af fores ta-  
t i on .  

In a genera l  paper on  I t a l i an  land-  
s l i d e s  -- their  c a u s e s ,  c l a s s i f i c a t i o n ,  
prevent ion ,  r e s to ra t ion  -- Cappuccin l  
and Bernardini (1957) s t a t e  ( a s  trans-- 
l a t ed  l o c a l l y ) ,  "An insuff ic ien t  vege -  
t a t i on  i s  part icularly important  in  the 
formation of l a n d s l i d e s ;  t h i s  l a s t  cir-- 
cums tance  c o n s t i t u t e s  t h e  most  im-- 
portant c a u s e  of l a n d s l i d e s .  " 

SHEAR STRESS AND SHEAR STRENGTH 

It i s  e s s e n t i a l  t ha t  major c a u s e s  
of l ands l ides  i n  s o u t h e a s t  Alaska be 
examined in  term of s h e a r  s t r e s s  and 
s h e a r  s t rength .  Soil t echno log i s t s  
emphas i ze  tha t  a n  unders tanding  o f  
t h e s e  fac tors  is fundamental  ye t  diffl-- 
c u l t  in  pinpointing c a u s e s  for spec l f i c  
s l i d e s ,  a s  Sowers and Sowers (1951 ,  
p.  228)  point out :  

In :nost c a s e s ,  a number 
of c a u s e s  (for l ands l ides  or  
f lows)  ex i s t  s imul taneous ly ,  
and s o  at tempting t o  d e c i d e  
x ~ n i c h  one  f ina l ly  produced 
fai lure i s  not only diff icul t  
but a l s o  incorrec t .  Often the  
f ina l  fac tor  is nothing more 
than a trigger that  s e t  i n  mo- 
t ion a n  ea r th  mass  tha t  w a s  
a l ready on t h e  verge  of fa i lure .  

Varnes (Highway Research  Board, 
19 5 8 ,  Chapter  3)  outl ined contr ibutory 
p r o c e s s e s  of l ands l ides  in terms of 
shea r  s t r e s s  and shea r  s t rength .  This 
method w a s  used  to  examine f ac to r s  
c a u s i n g  l a n d s l i d e s  in  sou theas t  Alaska.  

Factors  Influencinu Shear S t r e s s  

Glac ia t ion  .--Glaciation i s  ev ident  
throughout the  a r e a .  During the  l a t e s t  
g l ac i a l  period,  va l l ey  g l ac i e r s  carved  
s t e e p  U-shaped v a l l e y s .  Erosion h a s  
not ac t ed  long enough t o  moderate the  
g l ac i a l  s l o p e s  to more s t a b l e  forms.  
Consequen t ly ,  t h e  s o i l s  on  which many 
logging opera t ions  a re  conducted  a re  
derived from g l a c i a l  d e p o s i t s  laid down 
on very s t e e p  or overs teepened s l o p e s .  
(Overs teepened s l o p e s  a r e  viewed a s  
uns table  s lopes  or  s lopes  beyond their  
ang le  of r e p o s e .  ) Glac ia l ly  s t eepened  
s lopes  a re  shown in f igures  2 ,  3 ,  and 
4 .  

Earthquakes .--Earthquakes a r e  not 
uncommon in some par t s  of sou theas t  

Stress--a s t ra in  resu l t ing  from 
appl ied  forces  tha t  c a u s e  or  tend to 
c a u s e  cont iguous  parts  of a body to 
s l i de  re la t ive ly  to  each  other  in a dir-  
ec t ion  paral lel  t o  their  plane of c o n t a c t .  
Strength-capaci ty of a material  t o  r e s i s t  
shea r .  





Alaska .  The Yakutat-Lituya Bay region 
i s  a n  example  of known fau l t ing  anc. 
ea r thquake  gene ra t ion .  C u a k e s  may 
t r igger  a n s t a b l e  s i o p e s  to  move .  .Xi-. 
though ea r thquakes  were  o b s e r v e 5  i n  
Alaska during October  13 6 1 ,  none were  
recorded  for t he  Ketchikan a r e a  ci ,~rinq 
t h e  f i r s t  part of ~ c t o b e r u .  

Tiltina .--Faulting or ~ l p l i f t i n a  c a n  
t i l t  t h e  e a r t h ' s  s u r f a c e ,  contributincr 
t o  formation of ove r s t eepened  s l o p e s .  
Near Yakutat ,  for  example ,  one  fauit-. 
i ng  ac t ion  i n  September 1899 r a i s e 5  the  
c o a s t l i n e  nea r  Hubbard Glac i e r  47 tee1: 
( T a n  and Mar t in  l 9  1 2 ,  2 .  1 5 ) .  Vp-. 
l i f t ing s e e m s  t o  be  a n  isostatic re-- 
s p o n s e  t o  t h e  g rea t  l o s s  of i c e  weigh.: 
f o l lowing r e c e n t  g l ac i a t i on  (Fl int  19 571 
and h a s  been  obse rved  by t h e  TJ. S. 
C o a s ~  and Geode t i c  Survey a t  many t i de  
s t a t i o n s  i n  s o u t h e a s t  Alaska ly ing  north 
cf l a t i t ude  S ~ ~ T \ T .  Uplift  r a t e s  ranqt: 
from 0.01 f e e t  per  yea r  to  0 . 1 3  f ee t  per 
yea r  (Shofnos 196 1 ) .  

Fault lng or upl if t ing may s t e e p e n  
str2am j r ad i en t s .  Tributary torrent 
s t r ? a n s  may then  produce and ~ a i n t a l n  
oversteeponeci rav ine  s l o p e s .  

P r e c ~ o i t a t i o n .  --Annual prec ip i ta -  
t ion  r a n g e s  from 4 5  i n c h e s  a t  Angoon 
(Aamiralty I s land)  t o  217  i n c h e s  a t  
Little Port Wal te r  ( southern  snd  of 
garanof 1 s l a n d ) a .  The ave rage  precip-  
i t a t i o n ,  however ,  i s  about  100 I n c h e s .  
Heavy r a l n s  deve lop  s h e a r  s r r e s s e s  
wlihin t he  soi l  profile by adding the  
weight  or ciriving force  of water  to  t he  
so31 mantle  and vege t a t i on .  

'leaetation.--Vegetation helow t i r r  
ber l ine  is mainly wes re rn  h e m l o c ~  
(Tsuca  heteroohvila  (Raf. ) Sarg . 1-Sitka 
sp ruce  (P icea  s i t c h e n s i s  (Bong.)  C a n .  
fo re s t  i n t e r spe r sed  l ~ i t h  o c c a s i o n a l  
muskegs .  The ~ ~ e i g n t  of timber i t se l f  
i s  a  s ign i f icant  part of the  shear ing  
force  i n  t h e  so i l  mant le .  

&' Personal  co r r e spondence  ,vlth 
YIerrll C .  C l e v e n ,  Geopnys l c l s t  , ij. S. 
C o a s t  and Gzode t i c  Survey,  May 24, 
1962.  

:/ 3. S. Weathe r  Bureau,  Dept .  
d 

of -mmerce, Cl imato logica l  D a t a ,  
A l a s ~ a ,  19 6 1 , and from reco rds  of t he  
Cooperative Weather  Stat lon a t  E-lollis 
malntalnec, by the  Vorthern Forest Ex- 
perlrnent Station. 



Parent  rna te r la l s  .--The i n i t i a l  c3m - 
p o s i t i o n  and  s t r u c t u r e  of parenr  niaie- 
rj.al p l a y s  a n  imporran: 1-31? ir. s n n a r  
s t r e n g t h .  Fiuure  ! s h o w s  t h e  v a r i e t y  
of pa ren t  rock  i n  s o u t h e a s r  Alasicc.  

Glac ie r -worn  g r a n i i i c  s l o ? z s  i r e -  

q u e n t l y  o f fe r  l i t t l e  suppor t  for s o i i  or 
v e g e t a t i o n .  Exampies  of a r e a s  witr .  
s u c h  s l o p e s  a r e  found a i o n o  t h e  rnaln- 
l a n d  g r a n i t i c  m a s s ,  ~ a r t i c u i a r l y  ir, t h e  
Behm C a n a l  a r e a  ( f i s  . 3 j . 

W e a k  g e o l o g l c  s t r u c t u r e  is e v i -  
d e n t  i n  s o m e  l o c a l e s .  In  t h e  v a l l e y  
e a s t  of N e e t s  Bay ,  i a n i  f o r n s  snow 
g e o l o g i c a l l y  r e c e n i  f a i l u r e s  i c  rn-re- 
morphic  m a t e r i a l s  ( f i g .  4). T h s  ac-  
t i v i t y  i s  a s s o c i a t e d  w i t h  up l i f t ing  a n a  
intrusive i o r c e s  a c l i n u  upon  a n r -  ~ c n a o n :  
f o r m a ~ i o n s  . H e n c e ,  f a i l u r e s  might  St- 
e x p e c t e d  a l o n g  c o n I a c t s  b e t w e e n  ig -  
n e o u s  and metamorphic  m a s s e s .  

Bead ing  s t r u c t u r e  1s a c r i t i z a l  f a c -  
tor  i n  s o m e  l o c a l e s .  Thls  i s  f r e q u e n t l y  
found i n  t h e  me:amorpnosed a r e a s  
s h o w n  i n  i i u u r e  1 .  An e x a m p l e  ( f i g .  5) 
i,s N e e t s  Bay.  

C:ompacted a l a c i a l  t i l l s  t h a t  a c t  
a s  a s l i d e  p l a n e  w h e n  we; w e r e  found 
i n  t h e  I ~ c a y b e s o  C r e s ~  v a l l e y  anC In 
N e e t s  Bay-Gedney P a s s .  There  m a y  
b e ,  i n  s o u t h e a s t  M a s k , ,  a l a z i a l  t i l l s  
i n a w e t t e d  s t a z e  Or t i l l- .  t iavinc rough-  
e r  i n t e r f a c e s  w i t h  t h e  o v e r l y i n c  s o i l s  
t h a t  a r e  not  a s  s u s c e ~ t i b i e  t o  s l i d l n g .  

p7: c ici:nple 1s t n c  N e e t s  Ba). a r e a .  

-,_ r , ~ i r r ~ ; l n c  _ an:: weather ln i ;  cnarac:nr is-  
t1zs  :f r2ci: aisc rriay produce a weak 
munda:mr, fsr t h s  s o i l  m a n t i e .  Some 
area: ~ v i t r .  c m r i i e  r3ci.: h a v e  w e a t n e r e d  
s u f f l c i ~ n r ~ y  ro prcciuce a thir: rr ,antle 
2: smal l  a n g u l a r  b l o c k s  over ly ing  t h r  
~ r 1 ~ ~ ~ . 3 t r . ? r e d  s u r f a c e .  Soi l  f i l terinc,  In-  

< ,  

r r  i:ht?s? I ~ S S U ~ S S  g r a d u a l l y  i o r e e s  t n e s e  
3iocl:s a p a r t  3y t r s e z i n g  and  t h a w i n s  . 
T.' i n i s  c.ctlar., cc~mblneci w i t h  g rav i ty  a c t -  
injr cr! s t e e p  s l o p ? s ,  p r o d u c e s  s sni! 
manti-. weai:  In s n e a r  s t r e n g t h .  Z r a n -  
i t e s  : h a t  d i s i n t e g r a t e  l n t o  s o i l s  t h a t  
ar t -  risi! :ri s a n d  c o n t e n t  and low i n  
sn-?ar  s r reng t r ,  o c c u r  o n  t n e  main land  
arid par r s  of some i s l a n d s  i n  s o u t n -  
e a s t  :Uss i ; a .  

F x e  w a t e r .  - -Pore  w a t e r  w l t h i n  t h e  
s o i l  can a c t  t:, reduc.2 snr-ar strength. 

\Jarne.; ( ? i o n w a y  Researci-i BoarrU , 13 5 E  , 
S h a p t .  3 ,  +. 4 5) l i s t s  t h e  i c ~ l l o w i ~ g  

Some m e ~ a m o r p h i c s ;  s u c h  a s  
s c i i s . c s  and g n s i s s e s ,  proaucc inner -  
e n t l y  w e a k  s o i l s  t h a t  a r e  nigh lr. m i c a s .  



three ways in which pore water  may re- 
duce shear  strength: 
1. "Buoyancy in saturated s t a t e  de- 

c r e a s e s  effective intergranular 
pressure and friction." In the  c a s e  
of soils that  s l ide  on glacia l  t i l l ,  
the  horizons above the  compacted 
t i l l  have a much lower bulk densi ty  
than the  t i l l  i t se l f .  The t i l l  is a l s o  
nearly impermeable while the  over- 
lying soi l  is not.  Thus, the  s o i l ,  
when sa tura ted,  h a s  a tendency to 
"float" on the  t i l l .  

2.  "Intergranular pressure due t o  
capil lary tension in  moist so i l  is 
destroyed upon saturation.  " Most 
s o i l s  subject  t o  sl iding appear to  
be below field capac i ty  before the  
fall rainy season .  These shallow 
scds , however, can  quickly ap- 
proach maximum water  - holding 
capaci ty .  No intergranular pres- 
sure  e x i s t s  a t  saturation moisture 
l eve l s .  

3 .  " Seepage pressures  of percolating 
ground water result  from viscous  
drag between liquid and solid 
grains.  " 

In cohes ion less  s o i l s g ,  signif- 
icant  pore pressures  usual ly  are  not 
developed. Sandy loam s o i l s  of the  
Maybeso Creek val ley probably con- 
form t o  the cohes ion less  definition. 
The similarity of Maybeso Creek val ley 
so i l s  t o  other southeast  Alaska so i l s  
l eads  u s  to  suppose that  cohes ion less  
s o i l s  are  widespread.  

Hough (1957, p. 139) desc r ibes  
cohesionless  so i l s  a s  being predomi- 
nantly of s i l t ,  s a n d ,  and gravel-s ize  
fractions.  "Individual par t ic les .  . . are 
of such  s ize  a s  t o  be  influenced pri- 
marily by gravitat ional forces  and 
forces  due to  seepage and boundary 
loading rather than colloidal  forces .  " 

Compacted cohesionles  s soi l  
tends  to  increase  in volume a s  i t  
shears .  Such a volume increase  is 
opposed by a saturated but draining 
condition. Hence a res i s t ance  to  
shear is developed. 

Despite a complex and variable re- 
lat ion with soi l  wa te r ,  cohesive  s o i l s  
are  eas ie r  t o  generalize upon because  
they consis tent ly  lose  shear  strength 
with addition of water.  

Weisht  . --Timber removed from a 
cohes ion less  so i l  wi l l  c a u s e  a reduc- 
tion in shear  strength in proportion to 
the  change in weight because  there i s  
a change in  force normal to  the s l ide  
plane. This strength l o s s ,  however, 
is balanced by an  equal s t r e s s  reduc- 
t i o n u .  Coulomb's formula, shear  
strength = (coef.  friction) x (net  force 
normal t o  s l ide  plane) ,  expresses  th i s  
relation for cohesionless  so i l .  

Root deterioration. -- Gradual de- 
terioration of the  root network follows 
the  timber harvest .  The tenacious  hold 
of root hairs and fine roots t o  soi l  par- 
t i c l es  is gradually los t .  Loss of con- 
tinuity in  the  network of tree roots near 
the  soi l  surface may weaken the soi l  
mantle. With a discontinuous root net- 
work on the  s l o p e s ,  strong anchor 
points that  r es i s t  shear cannot absorb 
additional shear  s t r e s s  from weakened 
adjoining a r e a s .  

Construction. -- Construction af- 
fects  shear  strength a s  well  a s  shear 
s t r e s s .  Road construction may reduce 
shear strength by undermining support 
for the upslope soi l  mantle. 

5~' Stress-strength balancing with 
weight change should a l so  be true for 
water-content changes  in cohesionless  
so i l .  



Table  I .  - -Acrease  and number of s l i d e s  bv pe r iods  be tween  

a e r i a l  p h o t o s r a ~ h v  in t h e  M a v b e s o  Creek  v a l l e y ,  

H o l l i s .  Alaska 

Area a f f ec t ed  Number of s l i d e s  
W h e n  photos  : Time : 0 n : In con-  
were  t a k e n  : period : 'Or Curnulatlve : : c e n t r a t e d  : Total  for 

, perlod : t o t a l  : s l o o e s u '  : d r a i n a s e s u  time period 

Y- -- Acres 

BEFORE LOGGING 

J u n e  1948 approx .  10C 2 7 . 3  - .. 2 10 12  

J u l y  1952 4 4 . 2  3 i . :  0 1 1 

DURING AND AFTER L O G G I N G ~ '  

M a y  1959 7 6 . 2  3 -  - 2 18 20 

May  196: 2 2 1 . 6  59 ! 2 2 6 28 

August 1962 1 9 0 . F  150 ! 16 5 2 68 

Ij These  s l i d e s  occurred on  t h e  smoo th ,  f l a t  s l o p e s  Detween malor s i d e  d r a i n a g e w a y s  
These  s l i d e s  occurred wl thln  concen t r a t ed  (V-shaped)  drainages. 
Logging began  in 1953 .  

RESULTS AND DISCUSSION 

A reconnaissance of t h e  Maybeso  
Creek  v a l l e y  and Neets  Bay-Gedney 
P a s s  a r e a s  w a s  made  i n  1961 and 1962 
t o  ga in  a be t te r  unders tanding  of t h e  
s ign i f i cance  and p o s s i b l e  c a u s e s  of 
t h e  l a n d s l i d e s  t ha t  occurred in t h e s e  
a r e a s  in 19 6 1 .  Recurring ae r i a l  photo 
cove rage  provided a means  for e s t i -  
mating previous a s  we l l  a s  recent  
l ands l ide  occu r r ence  ( t ab l e  1 ) .  

Of t h e  12 s l i d e s  in t h e  Maybeso  
Creek v a l l e y  before 1948 ,  one  occurred 

o n  the  north-facing s l o p e ,  probably 
about  36  y e a r s  a g o .  The o ther  11  ap-  
parent ly occurred  over  100 y e a r s  a g o .  
This i s  geo log ic  e ros ion  uninf luenced  
by man.  The o lder  s l i d e  a r e a s  sup-  
ported merchantable  timber and were  
l ogged .  

There w a s  a d r a s t i c  c h a n g e  i n  t h e  
l ands l ide  pa t te rn  for t h i s  a r e a  a f te r  
logging began  i n  1953 ( f ig .  6 ) .  The 
number and  a c r e a g e  of s l i d e s  s i n c e  
19 53 i n c r e a s e d  four and one-half o i  
more t i m e s .  It shou ldn ' t  b e  ove r looked ,  
e i t h e r ,  t h a t  t h e s e  i n c r e a s e s  occurred  
in  a period of l e s s  t h a n  1 0  y e a r s .  

Figure 6.- 
ianches and 
clearcutting 
drainagf, H 
soil series 1s 
Photo taken 

-October 1961 d e b m  ava- 
flows In the mile-square 

an Chf M a v b e s o  C r e e k  

ol i i s ,  Alaska The  Kartn 
between the dashed i ~ n e s .  
Aupust  8 ,  1962 



Figure 7.-The starting zone o f  a mil t - long 
slide in uncut timber. N r r t s  B a y ,  Alaska. 

Sl ides  in  t he  Nee t s  Bay a rea  may 
a l s o  have  inc reased  in f requency after  
logging.  Aerial photos  t aken  i n  1948 
d o  not show ev idence  of s l i d e s  in  t he  
commercial  timber a r e a s  t ha t  were  sub- 
sequent ly  logged.  Two s l i d e s  tha t  
occurred in  r ecen t  d e c a d e s  were  s e e n  
a t  t he  mouth of t he  bay .  In t h e  a rea  
observed  in the  f i e l d ,  a t  l e a s t  a half- 
dozen  s l i d e s  found on  s t e e p  logged 

a r e a s  ex tended to  the  beach .  Numer- 
o u s  smal l  so i l  s l i p s  were  a l s o  evident  
throughout t h e  a r e a .  A mile-long s l i d e  
had occurred i n  a ravine within uncut  
timber (fiq. 7 ) .  Another smal le r  s l i de  
within the  t imber w a s  reported but not 
v i s i t e d .  The s c a r c i t y  of f lows on tim- 
bered s l o p e s  near  logged a r e a s  s t rongly  
ind ica t e s  a n  i n c r e a s e  in suscep t ib i l i t y  
t o  s l i d e s  a s  a r e su l t  of logging.  

Effects of ra infa l l .  -- The October  
1961 l ands l ide  period w a s  a t ime of 
unusual ly  heavy  rainfal l  ( t ab l e  2 ) .  The 
normal prec ip i ta t ion  pat tern for t h i s  
a r ea  i s  a n  i n c r e a s e  from a re la t ive ly  
dry  Ju ly  to  a maximum monthly ra infa l l  
in  October .  

In 196 1 , t he  heavy rainfal l  s t a r t ed  
in  the  l a t e r  part of September and con- 
t inued throughout October:  For Octo-  
ber t h e  Hol l i s  wea the r  s t a t ion  recorded 
9 .9  5 i n c h e s  more than  normal; Ketchi- 
kan w a s  13.17 i n c h e s  over  t he  normal. 

Table 2. --Precipi tat ion a t  the  Hollis and Ketchikan weather  

s t a t i o n s ,  Tulv throuqh November 1961,  and the  

dev ia t ion  from ave raqes  

Hol l i s  Ketchikan 
Month : Amount : Devia t ion  from : Amount Deviat ion from 

: recorded : 6-year  averaqe  : recorded : 49-year ave raqe  

Inches  Inches  Inches  Inches  

August 5 .32  + O .  39 17 .12  + 7 .22  

September 8 .65  1 0 . 8 0  10 .42  - 4.27  

October  32 .26  +9.95  34 .64  +13.17  

November 1 3 . 5 7  + l .  02 16 .74  - 0 . 7 2  



Rain g a u g e  c h a r t s  from t h i s  s t a t i o n  
show t h a t  1 1 . 1 8  i n c h e s  of r a i n  fe l l  
from 5 p . m .  September  29  t o  5 p . m .  
O c t o b e r  5 .  Although ra ln  c o n t i n u e d  t o  
f a l l ,  t h e  next  high period w a s  from 
5 p . m .  O c t o o e r  1 2  t o  5 p . m .  O c t o b e r  
1 4 ,  w h e n  6 . 4 1  i n c h e s  f e l l .  During 
t h i s  l a s t  p e r i o d ,  5 . 0  i n c h e s  of r a i n  f e l l  
in  o n e  24-hour per iod g. 

H e a v y  r a i n f a l l  s i m i l a r  t o  t h e  O c t o -  
ber  1961 storm d o u b t l e s s  h a s  o c c u r r e d  
in  y e a r s  p a s t .  The s l i d e  recorded  o n  
t h e  J u l y  1952  p h o t o g r a p h s  i s  b e l i e v e d  
t o  h a v e  occur red  O c t o b e r  1 3 ,  1949 
dur ing  a period of high r a i n f a l l .  

Based  o n  r e c o r d s  s i n c e  19 5 3 ,  t h e  
h e a v i e s t  r a in fa l l  for  o n e  o b s e r v a t i o n  
d a y  a t  H o l l i s  o c c u r r e d  e i t h e r  o n  D e -  
c e m b e r  4 or 5 ,  1959 dur ing  a period of 
s l i d e  a c t i v i t y  o r  o n  O c t o b e r  14 , 1 9 6 1 .  
The h e a v i e s t  2-day r a i n f a l l  ( n e a r l y  7 
i n c h e s )  w a s  c n  D e c e m b e r  4 - 5 ,  1 9 5 9 .  
The s e c o n d  u r e a t e s t  2 -day  r a i n f a l l  w a s  
o n  O c t o b e r  1 3 - 1 4 ,  1 9 6 1 .  The third  
g r e a t e s t  2 -day  r a i n  w a s  dur ing  t h e  
O c t o b e r  2 - 3 ,  1961  s t o r m .  Rainfal l  i s  
o n e  of t h e  m o s t  a p p a r e n t  t r igger ing  
f o r c e s  c a u s i n g  s l i d e s  i n  s o u t h e a s t  
A l a s k a .  

P o s s i b l e  f low m e c h a n i c s  .--To t h i s  
p o i n t ,  t h e  t e r m s  s l i d e  or l a n d s l i d e  h a v e  
b e e n  u s e d  in  a g e n e r a l  and  d e s c r i p t i v e  
s e n s e .  Vir tual ly  a l l  s o i l  m a s s  move-  
m e n t s  o b s e r v e d  i n  s o u t h e a s t  Alaska  
should  b e  c l a s s i f i e d  a s  d e b r i s  a v a -  
l a n c h e s  o r  d e b r i s  f l o w s ,  u s i n g  t h e  
s y s t e m  a d o p t e d  by  t h e  Highway Re- 
s e a r c h  Board ( 1 9 5 8 ) .  In m a n y  c a s e s ,  
a m a s s  movement  a p p e a r s  t o  b e g i n  a s  
a d e b r i s  a v a l a n c h e ,  t h e n  s h i f t ,  s e e m -  

6-/ W. S. D e p t  . C o m m e r c e ,  W e a t h -  
e r  Bureau Tech .  Paper  No. 4 7 ,  1 9 6 3 ,  

i n g l y  i n s t a n t a n e o u s l y ,  t o  a d e b r i s  f l o w .  
This  o c c u r s  f r e q u e n t l y  i n  d r a i n a g e -  
w a y s ,  c a u s i n g  t o r r e n t  c o n d i t i o n s .  
Th is  c l a s s i f i c a t i o n ,  a m o d i f i c a t i o n  of 
S h a r p e ' s  s y s t e m  ( 1 9 3 8 ,  l 9 6 O ) ,  w i l l  b e  
u s e d  h e r e a f t e r .  

Flow f r e q u e n c y  c a n  b e  r e l a t e d  t o  
topography- -deep ly  e n t r e n c h e d  d r a i n -  
a g e w a y s  v e r s u s  s m o o t h ,  uniform 
s l o p e s .  The s o u t h - f a c i n g  s l o p e s  of 
M a y b e s o  C r e e k  v a l l e y  a r e  r e l a t i v e l y  
smooth  w i t h  l o n g  s l o p e s  e x t e n d i n g  
wi thou t  i n t e r r u p t i o n  from t h e  r i d g e  t o  
t h e  v a l l e y  f l o o r  ( f i g .  2 ) .  O c c a s i o n a l  
mounta in  s t r e a m s  b r e a k  t h e  un i fo rmi ty  
of t h e  s l o p e  w i t h  d e e p ,  s t e e p - s i d e d  
r a v i n e s  o r  c a n y o n s .  It  is a p p a r e n t  t h a t  
t h e  s t e e p  d r a i n a g e s  (V-notches )  are 
m o s t  s u s c e p t i b l e  t o  s o i l  m o v e m e n t .  

Logging o n  r a v i n e  w a l l s  t e n d s  t o  
p roduce  d e b r i s  a c c u m u l a t i o n s  i n r a v i n e  
bo t toms  ( f i g .  8 ) .  A g r e a t  i n c r e a s e  i n  
e r o s i v e  power  o c c u r s  ( f i g .  9 )  w h e n  t h i s  
d e b r l s  is brought  i n t o  s u s p e n s i o n  b y  
e a r t h f l o w s  i n  t h e  r a v i n e .  Such  a c t i o n  
w a s  o b s e r v e d - - a n d  photographed  w h i l e  

Figure 8.-Logging dcbris accumulatrd i n  ravine bottom. 

i n d i c a t e s  a b o u t  a 10-year  r e c u r r e n c e  
i n t e r v a l  for  t h i s  amount  of 24-hour 
r a i n f a l l  a t  H o l l i s .  



Firure 9 . -A  debris a v a i a  n r h  e - f l  o w  showing 
compacted glacial till ( t h e  lighter tone area i n  
the gorge b o t t o m ) .  

i n  motion--during t h e  O c t o b e r  5 ,  19 6 1 
s to rm.  T h i s  o p p o r t u n i t y  c a m e  5 minute:; 
a f t e r  o n e  of t h e  a u t h o r s  had  c l i m b e d  
o u t  of t h e  gorge  7 5 t o  1 0 0  f e e t  down-  
s l o p e  from t h e  e a r t h f l o w  a r e a  ( f ig .  1 0 )  . 
Erosion w i t h i n  s t e e p  t r i b u t a r y  d r a i n -  
a g e s  a s s i s t s  i n  m a i n t a i n i n g  o v e r s t e e p -  
e n e d  s l o p e s  ( f i g .  1:). The h igh  s l o p e  
a n g l e s  p roduce  h igh  s h e a r  s t r e s s  and  
u n s t a b l e  c o n d i t i o n s  a r e  m a i n t a i n e d  
u n t i l  c o n t r o l  i s  e s t a b l i s h e d  n a t u r a l l y  
o r  a r t i f i c i a l l y .  

W h i l e  r a v i n e s  a n d  c a n y o n s  o n  t h e  
M a y b e s o  Creek v a l l e y ' s  s o u t h - f a c i n g  

Figure 10.-Gorge lrom which one o/ the authors 
climbed a few minutrs bejore i t  began t o  flow. 

s l o p e  w e r e  more susceptible t o  d e b r i s  
a v a l a n c h e - f l o w  s t h a n  w e r e  ad]  a c e n t  
r e l a t l v e l v  smooth  s l o p e s ,  t h e  l a t t e r  
a r e a s  w e r e  much  more prone t o  s o i l  
movement  t h a n  r a v l n e s  and c a n y o n s  o n  
t h e  nor th - fac lng  s l o p e .  

Severa i  f a c t o r s  may  c o m b i n e  t o  
p roduce  t h i s  d i f f e r e n c e .  The sou th-  
f a c i n g  s l o p e s  a r e  r e l a t i v e l y  smooth  a n d  
c o n c a v e  from t h e  r i d g e  t o  t h e  v a l l e y  
b o t t o m ,  w h i l e  t h e  nor th - fac ing  s l o p e s  
a r e  b r o ~ e n  u p  w i t h  b e n c h e s ,  s p u r s ,  and  
m a s s i v e  rock f o r m a t i o n s .  The s o u t h -  
f a c i n g  s l o p e s  d r a i n  from t h e  a l p i n e  
r idge  a c r o s s  s h a l l o w  s o l l s  o n  v e r y  
s t e e p  s l o p e s  d i r e d t l y  to  t h e  d e e p e r  
Karta s o i l s  w h i c h  e x t e n d  u p  t o  a b o u t  
1 , 2 0 0  f e e t  e l e v a t i o n .  Li t t le  w a t e r  i s  
s t o r e d  in  ponds  or m u s k e g s  a l o n g  t h i s  
r o u t e .  In c o n t r a s t ,  t h e  nor th - fac ing  
s l o p e s  h a v e  t w o  s m a l l  l a k e s  a s  w e l l  
a s  ra ther  l a r g e  a r e a s  \af  f l a t  r n u s ~ e g  
~ e n c h e s  . This  c o n d i t i o n ,  a l o n g  w i t h  
:he broken n a t u r e  of t h e  s l o p e s ,  may 
prevent  s t e e p  l o w e r  s l o p e s  from Delng 
e x p . ~ s e d  ?o e x c e s s i v e  v o l u m e s  3f 

w a t e r .  

D i f f e r e n c e  in l o g g i n g  p r a c t i c e s  o n  
s ~ o o t h  and S r o ~ e n  s l o p e s  might a l s o  
h e l p  to e x p l a i n  a v a l a n c h e - f l o w  fre-  
ul-iencies . The uniform s l o p e s  a r e  more 
e a s i l y  logged  and  h e n c e  t e n d  t o  h a v e  

Fiqure 11.-Erosion wi th in  tributary drainages 
assists i n  maintaining oversteepened slopes. 



F i g u r e  12 -Profiles o! I 5  i a n d s i i d e s  in  M a y b e s o  a n d  A; e e t s B a y  - G e d n e? P a s r  areas 
s h o w i n g  m a x t m u m  a n d  m i n l m u m  a n g i e s  o f  .riope rciease.  

l a rger  c l e a r c u t s  , w h i c h  e x t e n d  higher  
o n  t h e  s l o p e s .  

Form of s l i d e  p rof i l es  i s  c o n c a v e  
for  logged  a r e a s  of t h e  M a y b e s o  Creek  
v a l l e y  and  N e e t s  Bay-Gedney  P a s s  
( f i g .  1 2 ) .  Fie ld  e x a m i n a t i o n  indicated 
t h a t  t h e  i n i t i a l  z o n e  of s h e a r  f a i l u r e  
g e n e r a l l y  o c c u r r e d  a t  t h e  head  of f l o w s  . 
Upon t h i s  p r e m i s e ,  s l o p e  a n g l e s  of 
s h e a r  f a i l u r e  z o n e s  b e c o m e  s i g n i f i c a n t .  
The s l o p e  a n g l e s  for 1 5 f l o w s  o n  logged  
s l o p e s  a r e :  

The f l o w s  t h a t  w e r e  e x a m i n e d  g e n -  
e r a l l y  o c c u r r e d  3n e i t h e r  smootn  c o m -  
pac ted  s o i l  n o r i z o n ,  p a r a l l e l - b e d d e d  
r o c k ,  ar s l o p e s  w n n r e  tsearock had 
been  s m o o t h e d  dur ing  g l a c i a t i o n .  An 
e x a m p l e  oi a d e b r i s  f low o n  p a r a l l e l -  
~ e d d e d  rock  i s  s h o w n  i n  f igure  1 3 .  
Such s l i d e  p l a n e s  a r e  a l s o  found in  
g l a c i a l  t i l l  s o i l s  ( f i g .  14). W h e n  a n y  
3 n e  of t h e  a b o v e  c o n d i t i o n s  o c c u r s  o n  
s t e e p  s l o p e s  w i t h i n  h e a v y  r a i n f a l l  
a r e a s  t h e y  a r e  c o n s i d e r e d  p o t e n t i a l  
s l i d e  s i o p e s  . 

Flfiure 13.-An e x a m p i e  o f  t h e  head  01 a 
aebrzs H o z  o n  parai ie i  b e d d e d  r o c k .  

T h e s e  v a l u e s  g i v e  s o m e  i d e a  of 
t h e  l i m i t s  of s t a b l e ,  h i g h - l e a c  logged  
s l o p e s  i n  s o u t h e a s t  A l a s ~ a .  The m e a n  
slope a n g l e  w a s  39'2&', or 8 2  p e r c e n t ,  
wi th  a s t a n d a r d  d e v i a t i o n  of + 5'. 
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Figure 14.-Karta  oil profile. The compact 
glacial till suriace is the slide plane. 

Compounding the  i s s u e  is the  in- 
herent composition of weathered or 
transported material .  Southeast  Alaska 
h a s  a wide range of rock and parent 
material  types .  Solution of future 
landsl ide  problems wi l l  require knowl- 
edge  of a d ivers i ty  of parent mater ia ls .  
Knowledge of t i l l  composit ion will 
probably be needed t o  ra te  the  r isk of 
shearing.  Similarly, a n  understanding 
of the composition of var ious  exfoli- 
at ing rocks wil l  a l s o  be needed t o  
interpret the  s l ide  potential  of their 
weathered products. An example of t h i s  
is found in Neets Bay where the  parent 
materials  ( se rec i t e  s c h i s t ,  hornblende 
s c h i s t ,  amphibolite, quartz d ior i te ,  and 
g n e i s s )  contributed t o  producing a flow- 
prone soil  mantle. Another example 
occurs  on the  e a s t  s i d e  of Behm Canal .  
Granit ic s o i l s  there  a r e  l ikely  to  be 
loose  and noncohesive ,  which is a 
c a u s e  for s l ides  i n  t h i s  a rea .  

and s h a l e s ,  and occas ional  conglomer- 
a t e s ) .  ~ r e g o r y ' s g  ana lys i s  ( table 3 )  
l eads  u s  to consider t h i s  so i l  largely 
noncohesive.  Little organic matter is 
incorporated with the mineral so i l .  

Work in other regions indicates  
that  ra te  of water infiltration into fores t  
s o i l s  i s  generally reduced by logging. 
It is a l s o  reasonable  t o  presume tha t  
water - holding capac i ty  d o e s  not in- 
c r e a s e  with logging. Loss of organic 
matter and compaction of surface soi l  
would oppose  th i s .  Thus the  inc rease  
in  soi l  shearing s t r e s s e s  produced by 
heavy rainfall  should not be greater  af- 
ter  logging; a re la t ively  smaller  s t r e s s  
inc rease  is more t o  be  expected.  

Similarly, logging a c t s  to  reduce 
shear  s t r e s s  from timber weight.  An 
approximation of how shearing force 
may change with c lea r  cutt ing on land- 
s l ide  a r e a s  of Maybeso Creek val ley  
is shown in  figure 15. Reduced shear  
s t r e s s  from such weight removal in co-  
hes ion less  so i l s  i s  balanced by an 
equal  reduction in  shear s t rength ,  a s  
w a s  pointed out ear l ier .  A s  long a s  
pore pressure cannot develop within 
the  saturated cohes ion less  s o i l s ,  
weight and s t r e s s  changes  i n  or upon 
the soil  d o  not a l ter  the risk of shear-  
ing. 

Another possibil i ty for l o s s  of 
shear  strength is that  the soi l  is local-  
ly  compacted under the  load of t r e e s ,  
thereby increas ing shear  strength.  
Logging -- and loca l  unloading -- may 
c a u s e  "decompaction " by shrinking and 
swelling with soil moisture variat ion 
causing lowered shear  strength.  

Well-drained Podzol s o i l s  of the  2/ Gregory, Robert A. F'rogress 
Karta se r i e s  occupy most of the  s l ide  report. Great so i l  groups of Maybeso 
a r e a s  of the Maybeso Creek val ley .  Experimental Forest. 1 9 5 5 .  (Unpub- 
These s o i l s  develop from glacia l  t i l l  l ished report on f i le  a t  North. Forest 
and from colluvial  material of varied Ekpt . Sta. , U .  S. Forest Sew.  , Juneau,  
parentage (gray-wacke,  si l icif ied tuffs Alaska) 



Table 3 .--Particle s izes  and organic material analyses of two soil profiles 

in alacial t i l l ,  Maybeso Creek valley, Hollis, Alaska 

Mechanical analysis 
Depth : . Organic 

Sand Silt Clay . material 

Inches Percent Percent Percent Percent 

From about 3 0 0 '  elevation 

From about 7 0 0 '  elevation 

0-1/2 3 0 . 8  5 9 . 3  9 .9  2 .8  

1/2-16 53.0 3 9 . 1  7 . 9  6.0  

1 6 - 2 7  5 6 . 5  3 9 . 1  4 . 4  5.9 

27+ 3 9 . 2  4 4 . 8  1 6 . 0  1 . 6  

Figurr 1 5 . - Y r c t o r  d i a g r a m  
showing rflrct o/ saturatrd soil 
and trcr wrights on shearing jorcc 
on a 30' slopr. Thrsr w e i g h t  
vrctors art based upon following 
assumptions: ( I )  gross volumr 
40,000 bd. jt. per  a c r r ;  ( 2 )  
wright 01 timber (sprucr and hrm- 
lock) 10 pounds prr board jrrt; 
( 3 )  I00  trrrs pcr acrr; ( 4 )  tree 
wright distributed over an area 
5 jrrt in radius; ( 5 )  dry soil 
wright 100 Ibs. per cubic joot; 
and ( 6 )  s a t u r a t r d  soil wright 
rquals 200 lbs. per cubic foot. 



Compact ion ,  of c o u r s e ,  i s  a com- 
monly used  technique  for s t rengthening  
a body of s o i l .  It i s  a s s u m e d  compac- 
t ion  may occur  under t r e e  root  s y s t e m s .  
Whether  t h i s  compacted  region  "de-  
compac t s "  i t s e l f  for a period af te r  tim- 
ber ha rves t  i s  a l s o  hypothe t ica l .  If i t  
d o e s ,  i t  may d e c r e a s e  s h e a r  s t rength .  

Road cons t ruc t ion  c a u s e d  s lope  
fa i lure  a t  s eve ra l  l oca t ions .  Cons t ruc-  
t i on  w a s  through co l luv ia l  o r  g l ac i a l  
t i l l  d e p o s i t s  o n  s l o p e s  wi th  high c u t  
banks .  On o n e  o c c a s i o n  the  fa i lure  
w a s  c a u s e d  by a n  ove r s t eepened  road- 
c u t  s lope .  In t h i s  c a s e  t h e  d e p t h  of uni- 
form mater ia l  w a s  suf f ic ien t  t o  c a u s e  
a sma l l  ro ta t ional  d e b r i s  s l i d e  (fig. 1 6 ) .  

There i s  a n  apparent  l a g  be tween 
d a t e  of cut t ing  and d a t e  of flow occur-  
r ence .  The poss ib i l i t y  t h a t  t h i s  i s  an  
important fac tor  in  s l i d e  genera t ion  i s  
s u g g e s t e d  by the  f a c t  t ha t  few s l i d e s  
occurred  during the  r a ins  of December 
19 59 .  These  r a i n s  were  heavier  t han  
the  r a i n s  a s s o c i a t e d  wi th  the  many 
s l i d e s  of October  1961.  This  may re- 
f l ec t  root de ter iora t ion  t i m e .  When 

Figure 16.-Small l a  n d s l i p  caused by r o a d  
construction. Debris i n  /oreground is ly ing on 
the road. C u t  banks were about 6 or 7 feet high. 

roo t s  c e a s e  to  funct ion  and s t a r t  t o  d e -  
c a y ,  t hey  offer  more c h a n n e l s  for wa te r  
movement. It may be seve ra l  y e a r s  
before the  d e c a y  fac tor  r e a c h e s  i t s  
ful l  impact  on  t h e  to t a l  environmental  
sys t em.  

CONCLUSION 

Recent l a rge - sca l e  c l ea rcu t  log- 
ging of t imber in  sou theas t  Alaska h a s  
acce l e ra t ed  deb r i s  a v a l a n c h e s  and 
f lows on  s t e e p  s l o p e s  during heavy 
ra infa l l .  Cha rac t e r i s t i c s  and poss ib l e  
mechanisms for t h e s e  d i s tu rbances  in- 
c lude  : 

1. Flows a re  more frequent  wi th in  t h e  
V-notch s ide-dra inages  than  on 
t h e  smoother  g l ac i a l  v a l l e y  w a l l s .  
This may be at t r ibuted to  V-notch 
channe l  downcutt ing producing 
overs teepened s l o p e s .  

Flows or a v a l a n c h e s  usua l ly  s l i d e  
on re la t ive ly  smooth ,  we t  p l anes  
oriented para l le l  to  the  s lope  when 
t h i s  p lane  i s  composed of such  
mater ia l s  a s  g l ac i a l  t i l l ,  iron- 
organic  layered ma te r i a l ,  meta- 
morphosed s e d i m e n t s ,  or  d io r i t e .  
Such p l anes  a re  r e s i s t a n t  t o  down- 
ward water  p a s s a g e ;  h e n c e ,  mois-  
ture bui lds  up immediately above  
t h i s  layer .  

3 .  Limited ev idence  l e a d s  to  the  a s -  
sumption tha t  sou theas t  Alaskan 
flow-prone s o i l s  a r e  u sua l ly  co -  
h e s i o n l e s s .  If t h i s  i s  t rue ,  t hen  
so i l  pore pressure  phenomena may 
not r ea sonab ly  be expec ted .  

4. A grea ter  addi t ion  of wa te r  weight  
to the  so i l  mantle  through ra infa l l  
is not a l ike ly  s t imulus  for in- 
c r e a s e d  f lows af te r  logging.  R e -  
s ea rch  in  o ther  a r e a s  i nd ica t e s  



that  water  infi l t rat ion r a t e  in to  the  
so i l  i s  reduced by c lear -cut  log- 
g ing ,  and tha t  l o s s  of so i l  organic  
matter  a s  a resu l t  of logging re- 
d u c e s  water-holding c a p a c i t y .  If 
t h e s e  f indings a re  app l i cab le  t o  
sou theas t  Alaska,  then  l e s s  weight  
from so i l  water  might be expec ted .  

Weight  l o s s  by timber removal 
probably h a s  no d i r ec t  net  effect  
on t h e  l ikel ihood of shear ing  s i n c e  
d e c r e a s e  of shea r  s t r e s s  wi th  un- 
loading is equal  to shea r  s trength 
reduct ion .  

Loss of timber weight  may reduce  
shea r  s trength in  so i l  immediately 
under t he  t ree  root s y s t e m s .  This 
ac t ion  might r e su l t  from "decom- 
pac t ion"  of z o n e s  of so i l  ear l ie r  
cpmpacted by the weight  of t he  
t r e e .  

Loss of root sys t ems  a s  a s t rength  
builder-maintainer i n  t he  so i l  man- 
t l e  may be a n  important fac tor  in  
acce l e ra t ing  f lows after  logging.  
This may ref lec t  t he  des t ruc t ion  
of inter-connected root s y s t e m s  
by high-lead skid-roads.  It may 
a l s o  ref lec t  dea th  and gradual  de-  
ter iorat ion of root s y s t e m s  after  
c l e a r  cu t t ing .  The t ime l a g  in 
s l i de  ac t iv i ty  af ter  logging sup- 
port s t h i s  v iew.  

Debr is  in  t h e  bottoms of s t e e p  ra- 
v i n e s  aggravates  s t ab i l i t y  condi-  
t i ons .  Logs and s tumps  on  s i d e  
s l o p e s  contr ibute t o  such  in s t a -  
b i l i ty  by rolling or  s l id ing  in to  the  
channe l .  The p rocess  fo l lows a 
pat tern--debris  accumula t e s  i n  t he  
rav ine  bottoms and t h i s  is followed 
periodical ly by sweeping  torrent- 

9 . Slopes of 34O ( 6 7  percent )  or  more 
are  highly s u s c e p t i b l e  t o  fa i lure  
when convent ional  downhil l  high- 
l ead  logging is u s e d .  
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