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I N T R O D U C T I O N  

The H. J . Andrews Exper imental  F o r e s t  compr i ses  t h e  e n t i r e  6,100 h a  Lookout Creek 
d r a i n a g e  abou t  60 km e a s t  of Eugene in t h e  McKenzie R i v e r  b a s i n  ( F i g u r e  I ) .  T h i s  area 
w a s  e s t a b l i s h e d  as a n  Experimental .  F o r e s t  i n  1948 by t h e  USDA F o r e s t  S e r v i c e .  Management 
of t h e  F o r e s t  was c a r r i e d  o u t  j o i n t l y  by two arms of t h e  U.S. F o r e s t  Service- - the W i l -  
lamette N a t i o n a l  F o r e s t  and t h e  Pacific Northwest  F o r e s t  and Range Experiment S t a t i o n .  
Research a c t i v i t i e s  d u r i n g  t h e  f i r s t  two decades  of t h e  F o r e s t  f o c u s e d  on problems i n  
a p p l i e d  f o r e s t r y  such a s  r e g e n e r a t i o n ,  d e s i g n  of road ne tworks ,  l o g g i n g  sys tems  eng i-  
n e e r i n g ,  and management i m p a c t s  on s o i l  e r o s i o n  and water q u a l i t y .  During t h i s  p e r i o d  
abou t  20 p e r c e n t  of t h e  F o r e s t  was c l e a r c u t  and road right- of-way (20 m width)  was 
developed o v e r  abou t  3 p e r c e n t  of t h e  a r e a .  In t h e  p a s t  decade ,  use and management of 
t h e  F o r e s t  have i n c l u d e d  two a d i t i o n a l  areas of emphasis :  ( 1 )  b a s i c  r e s e a r c h  on t h e  
f o r e s t  and stream ecosys tems ,  and ( 2 )  b a s e l i n e  m o n i t o r i n g  of key env i ronmenta l  v a r i a b l e s  
and ecosystem p r o p e r t i e s .  
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F i g u r e  1 .  L o c a t i o n  map. 
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Much of t h e  basic ecosys tem r e s e a r c h  h a s  occur red  since 1969 when t h e  F o r e s t  became 
a pr imary s l t e  f o r  r e s e a r c h  by t h e  C o n i f e r o u s  F o r e s t  Blome o f  t h e  U.S./International 
Biological Program funded by N a t l o n a l  S c i e n c e  Foundat ion.  Many o f  t h e  studies s t a r t e d  
under t h e  Blome program led  t o  t h e  numerous ongolng r e s e a r c h  a c t i v i t i e s  c u r r e n t l y  sup- 
por ted  a t  a l e v e l  of more t h a n  $1,000,000 p e r  year by U.S.  F o r e s t  Service, National 
Science Founda t ion ,  Oregon S t a t e  University, and o t h e r  organizations. Use of t h e  F o r e s t  
f o r  long- term monitoring of env i ronmenta l  and e c o l o g i c a l  p a r a m e t e r s  h a s  been formal  l z e d  
by its designation as  (1 )  a site i n  UNESCO's Biosphere  Reserve Program (1974) and ( 2 )  t h e  
f i r s t  Experimental E c o l o g i c a l  Rese rve  ( 1  977) established by t h e  National Science Foun- 
d a t l o n .  Monitoring activities i n c l u d e  s t a n d a r d  meteoro logy  o b s e r v a t i o n s ,  s t r e a m  dis- 
cha rge  and water c h e m i s t r y  m o n i t o r i n g ,  and periodic sampl ing  of vegetation p l o t s ,  stream 
organic d e b r i s ,  and channel  cross-sections. 

Although most of t h e  b a s i c  and a p p l i e d  f o r e s t  ecosystem r e s e a r c h  and b a s e l i n e  moni- 
t o r i n g  activities i n  t h e  F o r e s t  are biologlca1 ly o r i e n t e d ,  geomorphology and soils 
r e s e a r c h  have been  an i m p o r t a n t  p a r t  of t h e  s t u d l e s  since t h e  e a r l y  1950 's .  S t e e p  
terrain, mass movement-prone soils, a n d  d e n s e  f o r e s t  v e g e t a t i o n  s e t  t h e  s t a g e  f o r  many 
lnteresting lnteractions among v e g e t a t i o n ,  geomorphic p r o c e s s e s ,  and f o r e s t  p r a c t i c e s .  
Research on t h e s e  lnteractions o c c u r s  a t  t h r e e  s c a l e s :  (1)  f o r e s t- w i d e  Inventories of 
mass movement f e a t u r e s ,  ( 2 )  small. wa te r shed  studies of sed iment  s o u r c e s  and y i e l d s ,  and 
( 3 )  measurements  of ra tes  of Individual p r o c e s s e s  ( T a b l e s  1 a n d  2 ) .  This field trip 
exarnlnes geomorphlc  f e a t u r e s  and  p r o c e s s e s  a t  each of t h e s e  s c a l e s .  

GENERAL CHARACTERISTICS OF THE ANDREWS FOREST 

The Andrews F o r e s t  l i e s  a t  t h e  e a s t  margin  of t h e  w e s t e r n  Cascade Range In t e r r a l n  
described on a n  e a r l  y map as  " h e a v i l y  t imbered  r i d g e s  s e p a r a t e d  by immense r a v i n e s"  
(Pengra ,  1863) .  
dominated by Douglas- f i r  (Pseudo t suga  m e n z i e s i i )  , w e s t e r n  hemlock (Tsuga h e t e r o p h y l  la)  , 
and western r e d c e d a r  (Thu ja  p l i ca t a ) .  Portions of t h e  w a t e r s h e d  were burned p a r t i a l  l y  o r  
f u l l y  i n  a b o u t  1840,  and t h e  h e a d w a t e r s  of Mack Creek burned I n  a b o u t  1900. The ''immense 
rav ine"  of Lookout Creek v a l l e y  s t r e t c h e s  from 420 t o  1 ,615  m i n  e l e v a t i o n  and h i 1l  s l o p e  
g r a d i e n t s  o v e r  70 p e r c e n t  are  common. 

The F o r e s t  i s p r e d o m i n a n t l y  timbered w i t h  400 t o  500 year- old s t a n d s  

Annual p r e c l p l t a t i o n  a v e r a g e s  230 cm, 80 p e r c e n t  of which f a l l s  between Oc tober  and 
A p r i l  d u r l n g  long-duration, l o w- i n t e n s i t y  f r o n t a l  s to rms .  Snow is common a t  low ele- 
v a t i o n s ,  b u t  r a r e l y  p e r s i s t s  l o n g e r  t h a n  2 weeks and g e n e r a l l y  m e l t s  i n  s e v e r a l  days .  
Permanent w i n t e r  snowpack o c c u r s  above 1,000 t o  1 ,200 m e l e v a t i o n .  Major f l o o d s  t y p i-  
c a l  I y o c c u r  a s  a r e s u l t  of r a i n  augmented by snowmel t .  

Soils Inthe area have loamy surface hirizons,  ranging from silty-clays to sandy and 
g r a v e l l y  loams. Because  of a g g r e g a t i o n  of primary s o i l  p a r t i c l e s  by o r g a n i c  matter and 
o t h e r  a g e n t s ,  p o r o s i t y  of s u r f a c e  s o i l s  is 60 t o  70  p e r c e n t ,  o v e r  h a l f  of which is macro- 
p o r e  s p a c e  (Ranken 1974) .  Subsoi1 porosities a r e  a l s o  h i g h ,  ranging from 5 0  t o  60 
p e r c e n t ,  of which abou t  20 p e r c e n t  is macropore  s p a c e .  The pore-size distribution of t h e  
s o i l  a c c o u n t s  f o r  two i m p o r t a n t  h y d r o l o g i c  properties: (1)  a l l  water e n t e r s  t h e  s o i l  and 
t r a v e l s  by s u b s u r f a c e  f l o w  t o  streams ( H a r r ,  1977) ,  because  soi1 p e r m e a b i l i t i e s  a r e  up t o  
s e v e r a l  hundred times g r e a t e r  t h a n  rainfall  r a tes ,  and ( 2 )  soil i s  a b l e  t o  r e t a i n  30-40 
cm of water i n  Its  top  120 cm (Dyrness ,  1969) which Is a n  Lmportant water s o u r c e  f o r  t h e  
dense  f o r e s t  v e g e t a t i o n  d u r i n g  t h e  d r y  summers. These  conditions of h i g h  soil perme- 
ability combined w i t h  s t e e p  s l o p e s  c a u s e  headwate r  streams t o  re spond  v e r y  q u i c k l y  t o  
changes  in rainfall I r a te  (Harr, 1 9 7 7 ) .  

Bedrock a t  e l e v a t i o n s  below a b o u t  850 m i s  composed of a varlety of hydro the rmal  ly 
a l t e r e d  v o l c a n i c l a s t i c  rocks of t h e  l a t e  Ol igocene  t o  e a r l y  Miocene L i t t l e  B u t t e  For- 
mat lon (Peck  e t  a l . ,  1964,  Swanson and James, 1975a).  The w e s t e r n  end of t h e  F o r e s t  is 
c u t  by numerous s t e e p l y  dipping, n o r t h w e s t - t r e n d i n g  d i k e s .  L i t t l e  B u t t e  Format ion r o c k s  
a r e  o v e r l a l n  by a s h  f l o w  and basaltic a n d e s i t e  l ava  f lows  of t h e  Miocene S a r d i n e  For-  
mat ion which c r o p  o u t  up t o  elevations of abou t  1 ,220 m. Ridge crests  a l o n g  t h e  e a s t e r n  
and s o u t h e r n  b o u n d a r i e s  of t h e  F o r e s t  are  capped w i t h  thick a n d e s l t e  l a v a  f lows  w i t h  
K- A r  a g e s  in t h e  r ange  of abou t  4 t o  6 mil l i o n  y e a r s .  
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Table 1 .  Exper imenta l  w a t e r s h e d s  i n  t h e  H. J. Andrews Exper imental  F o r e s t .  
F o r e s t s  i n  w a t e r s h e d s  1 ,  2, 3 ,  9, and  10 were 400 t o  500 y e a r  
o l d  Douglas- fir- western hemlock s t a n d s .  Watersheds  6, 7, and 
8 were 100-130 y e a r  o l d  D o u g l a s- f i r  s t a n d s .  

Water & sed iment  y i e l d ,  
s t a r t  of r e c o r d  Watershed Area E l e v a t i o n  (m) 

WL' C - S - B - -  (ha )  Min. I_ Max. Management h i s t o r y  - - no. 

1. 

2 
3 

6 

7 

8 

9 
10 

96 460 990 100 p e r c e n t  c l e a r c u t  1953 1962 1957 1957 

60 530 1,070 Cont ro l  1953 1962 1957 1957 
101 490 1,070 6 p e r c e n t  r o a d s  1973 1962 1957 1957 

25 p e r c e n t  c l e a r c u t  

( I  962-1 966) 

( 1  959) 

(1 963) 
--I-------__------------------------- 

13 880 1 ,010  100 p e r c e n t  c l e a r c u t  1964 1972 1972 -- 
15 910 1,020 100 p e r c e n t  p a r t i a l  1964 1972 1972 -- 
21 960 1,130 Cont ro l  1964 1972 1972 -- 

(1 974) 

c u t  (1974) 

-I_---_.-1_-------_1------~---~ 

9 425 700 Cont ro l  1967 1969 1969 1973 
10 425 7 00 100 p e r c e n t  c l e a r c u t  1967 1969 1969 1973 

(1 975) 

1 -'W = water d i s c h a r g e ;  C = w a t e r  c h e m i s t r y ,  t y p i c a l l y  N ,  P , -  K ,  Ca, Na, Mg; 
S = suspended s e d i m e n t ,  C and S sampled w i t h  g r a b  s a m p l e s  and pumping 
p r o p o r t i o n a l  s a m p l e r  ( F r e d r i k s e n ,  1969); B = bedload sampled i n  ponding 
b a s i n .  

T a b l e  2.  E r o s i o n  p r o c e s s  s t u d i e s  i n  t h e  H .  J. Andrews Exper imental  F o r e s t  

Eros ion  p r o c e s s  m o n i t o r i n g  

Process  Sites Methods D u r a t i o n  of  r e c o r d  

Creep Both s t r a i g h t  and I n c l i n o m e t e r  1969 t o  p r e s e n t  and 
hummocky s l o p e s  t u b e s  s h o r t e r  

Ear thf  low One s i t e ,  u p p e r  S t a k e  a r r a y s ,  1974 t o  p r e s e n t  
Lookout Creek i n c l  i nome ter  t u b e s ,  1974 t o  p r e s e n t  

c r a c k m e t e r ,  1976 t o  p r e s e n t  
t h e o d o l i t e  s u r v e y  1976 t o  p r e s e n t  

Surf a c e  S t e e p  s l o p e s  i n  Col lector boxes ,  1974 t o  p r e s e n t  
eros i o n  ws1 , ws9, WS10, 0.5 and 2.4 m long and s h o r t e r  

and o t h e r  f o r e s t  
s i t e s  

Channel 6 si tes ,  smal l  t o  Monumented 1978 t o  p r e s e n t  
changes l a r g e  streams c r o s s- s e c t  i o n s  

Forest-wide i n v e n t o r i e s  of mass movement p r o c e s s e s  

Debris A l l  of Andrews Ongoing i n v e n t o r y  1950 t o  p r e s e n t  
ava lanches  of  e v e n t s  75 m 

S 1 ump- A l l  of  Andrews F i e l d  and a i r  Some features 
e a r t h f l o w  p h o t o  a n a l y s i s  6,700+ y r s .  

3 
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Holocene d e p o s i t i o n  of t h i n  t e p h r a  u n i t s  comple tes  t h e  h i s t o r y  o f  accumulation of 
v o l c a n i c  material i n  t h e  Lookout Creek drainage. Mazama a s h  w i t h  fragments up t o  a b o u t  
1 c m  d i a m e t e r  r a i n e d  o v e r  t h e  Andrews area a b o u t  6 ,700  r a d l o c a r b o n  years a g o .  Average 
t h i c k n e s s  of lnitlal a l r f a l  I d e p o s l t s  was p r o b a b l y  on t h e  o r d e r  of 1 cm.  F ine- gra ined  
(<1 mm d i a m e t e r )  b a s a l t i c  t e p h r a  e r u p t i n g  from t h e  Sand Mountain area ( T a y l o r  1968) 
p r o b a b l y  f e l l  on p o r t i o n s  of t h e  F o r e s t  a b o u t  3,000 r a d l o c a r b o n  y e a r s  ago. The Mazama 
a s h ,  weathered t o  a distinctive y e l l o w  c o l o r ,  f e l l  i n  sufficient abundance t o  be  a u s e f u l  
t i m e  marker i n  a n a l y s i s  of some geomorphic s u r f a c e s  i n t h e  area. 

Landscapes of t h e  Andrews F o r e s t s  have  been s c u l p t u r e d  by glacial, fluvial, mass 
movement, and o t h e r  hill s l o p e  p r o c e s s e s  (Swanson and James, 1975a) .  Details o f  g l a c l a l  
h i s t o r y  of t h e  area  have  been obscured  by s u b s e q u e n t  e r o s i o n  and redistribution of 
g l a c i a l  landforms and d e p o s i t s .  The origin of b o u l d e r y  deposits I n  t h e  area  is commonly 
ambiguous. For example,  n e a r l y  i d e n t i c a l  b o u l d e r y  diamictons c a n  be produced by glacial , 
v o l c a n i c ,  and mass movement p r o c e s s e s ;  and combina t ions  of t h e s e  t h r e e  t y p e s  of p r o c e s s e s  
may a1l  o p e r a t e  on a s i n g l e  b a t c h  of e a r t h  material. So t h e  g l a c l a l  h l s t o r y  o f  t h e s e  
areas of t h e  w e s t e r n  Cascades  h a s  been p o o r l y  k e p t  due t o  r a p i d  removal of t h e  r e c o r d  by 
o t h e r  geomorphic p r o c e s s e s  and presence of anistropic rock t y p e s  t h a t  do n o t  form n e a t  
g l a c i a l  landforms I n  t h e  f i r s t  p l a c e .  

D e s p i t e  t h e s e  d i f f i c u l t i e s  glacial p r o c e s s e s  have  c l e a r l y  l n f  luenced higher e l e -  
vation, n o r t h  a s p e c t  p a r t s  o f  t h e  Lookout Creek drainage ( C r a n d e l l ,  1965, Swanson and 
James, 1975a). C i r q u e s  were formed by small a l p i n e  g l a c i e r s  on t h e  n o r t h  s l d e  of r i d g e s  
h i g h e r  t h a n  a b o u t  1,370 m e l e v a t i o n .  Val l e y  wal I and bottom g lac la l  deposits derived 
from headwate r s  of t h e  Lookout Creek drainage e x t e n d  as  f a r  down v a l l e y  a s  a b o u t  660  m 
elevation. The lower  end of Lookout Creek d r a l n a g e  was a l s o  i n f l u e n c e d  by dammlng of 
lower Blue R i v e r  by glacial Ice i n  t h e  main McKenzie R l v e r  v a l l e y  (Swanson and  James, 
1975b).  The ice  dam backed water up i n t o  t h e  mouth of Lookout Creek,  c a u s i n g  d e p o s i t i o n  
o f  f i n e  g r a i n e d ,  va rved  q u i e t  water s e d i m e n t s .  

Mass movement p r o c e s s e s  have c r e a t e d  distinctive wide s p r e a d  l andforms .  Slump- 
e a r t h f l o w  f e a t u r e s ,  produced by s low,  deep- seated mass movements, c o v e r  o v e r  25 p e r c e n t  
o f  t h e  l a n d s c a p e  I n  t h e  lower  elevation h a l f  of t h e  f o r e s t  underlain by v o l c a n i c l a s t l c  
r o c k s  (Swanston and Swanson, 1976) .  The heads  of most l a r g e  e a r t h f l o w  f e a t u r e s  are 
l o c a t e d  a t  geologic c o n t a c t s  where h a r d  l a v a  f low bedrock  c a p s  s o f t e r  v o l c a n i c l a s t l c  
rock .  About a t h i r d  of t h e  s lump- ear th f low a r e a s  h a s  been active In t h e  p a s t  c e n t u r y  
based on d i s r u p t e d  growth of trees; and some areas are  c u r r e n t l y  active during e a c h  w e t  
s e a s o n .  Even t h e  most active e a r t h f l o w s  in t h e  area are  h e a v i l y  f o r e s t e d .  

Slump- earthf low areas typical I y have subdued re1 ief, hummocky ground and de ranged  
drainage sys tems .  Active f e a t u r e s  have open  t e n s i o n  and s h e a r  c r a c k s ,  s p l i t  and tilted 
t rees ,  and v e r y  l r r e g u l a r  drainage p a t t e r n s  and channel  cross-section geometry .  A t  low 
f l o w  stream water goes undergound where c r a c k  s y s t e m s  l n t e r s e c t  stream c h a n n e l s .  On 
f l o w s  t h a t  have been dormant f o r  p r o g r e s s l v e l y  l o n g e r  p e r i o d s  of t ime t h e r e  is less  
evidence of d i s r u p t e d  v e g e t a t i o n  and d r a i n a g e  sys tems .  Some e a r t h f l o w s  in t h e  F o r e s t  
have d e p o s f t s  of Mazama a s h  in p o o r l y  d r a i n e d  depressions, s u g g e s t i n g  t h a t  t h e  hummocky 
ground e x i s t e d  6 ,700  y e a r s  ago. 

S teep  t e r r a i n  in areas of v o l c a n i c l a s t i c  bedrock  and a s s o c i a t e d  soils h a s  been  
s c u l p t u r e d  l a r g e l y  by d e b r i s  a v a l a n c h e s .  These  rapid soll mass movements a r e  Initiated 
from t h e  headward t i p s  of i n c i p i e n t  d r a i n a g e  d e p r e s s i o n s  ("hol 'lows" of  Dietrich and 
Dunne, 1 9 7 8 ) ,  from s t r e a m s i d e  areas,  and i n f r e q u e n t l y  from smooth s l o p e s .  E v e n t s  are  
commonly triggered as  a r e s u l t  of h i g h  precipitation o n  wet soil conditions, and m u l t i p l e  
windthrow of trees may a l s o  be a c o n t r i b u t i n g  f a c t o r  on f o r e s t e d  sites. Debris ava-  
lanches  are a major  mechanism f o r  t r a n s f e r  of soil from s lump- ear thf low f e a t u r e s  t o  
streams. Slump- ear thf low movement o v e r s t e e p e n s  t h e  t o e s  of deep- seated f a i l u r e s  and 
c a u s e s  them t o  enc roach  on streams, t h u s  a g g r a v a t i n g  bank cutting and d e b r i s  a v a l a n c h e  
potential (Swanson and Swanston, 1977) .  D e b r i s  a v a l a n c h e s  a l s o  t a k e  p l a c e  on t h e  s t e e p  
headwal I areas of some s lump- ear thf  low f e a t u r e s .  
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S m a l l ,  s t e e p  c h a n n e l s  i n  t h e  lower  e l e v a t i o n  h a l f  o f  t h e  F o r e s t  a r e a  a r e  a l s o  
s u b j e c t  t o  mass movements termed d e b r i s  t o r r e n t s .  Most d e b r i s  t o r r e n t s  (82 p e r c e n t  of 38 
i n v e n t o r i e d  e v e n t s )  a r e  i n i t i a t e d  a s  d e b r i s  a v a l a n c h e s  from h i 1  l s l o p e s  which e n t e r  
c h a n n e l s  and m a i n t a i n  t h e i r  momentum downstream u n t i l  t h e y  a r e  s topped  by  o b s t r u c t i o n s  o r  
bends i n  t h e  channel  o r  s i m p l y  by d e c r e a s i n g  channel g r a d i e n t  (Swanston and Swanson, 
1976) .  Some d e b r i s  t o r r e n t s  s t a r t  i n  c h a n n e l s  as a r e s u l t  of f l o t a t i o n  of o r g a n i c  
d e b r i s .  Many t o r r e n t s  move th rough  f i r s t - o r d e r  c h a n n e l s  and c a n  t r a v e l  up t o  a k i l o m e t e r  
downstream i n t o  lower  second-  and u p p e r  t h i r d- o r d e r  c h a n n e l s ,  The s c o u r i n g  and e x p o s u r e  
o f  bedrock  by d e b r i s  t o r r e n t s  p r o b a b l y  c o n t r i b u t e s  t o  t h e  i n c i s e d  a p p e a r a n c e  of many 
f i r s t -  through  t h i r d- o r d e r  c h a n n e l s  i n  t h e  area. Many smal l  streams a r e  f l a n k e d  by 2 t o  
8 m h i g h  s t e e p  banks of c o l l u v i u m  and  bedrock.  

O t h e r  h i l l s l o p e  p r o c e s s e s  t r a n s p o r t  s o i l  f rom s l o p e s  t o  c h a n n e l s  i n  t h e  F o r e s t ,  bu t  
d o  n o t  c r e a t e  l a r g e  scale landforms.  Sheetwash and r i l l  e r o s i o n  are t r i v i a l  on  al I b u t  
severely disturbed sites due to low precipitation intensities and high lnfil tratlon 
rates. S u r f a c e  e r o s i o n  by d r y  r a v e l ,  t h r o u g h f a l l  and r a i n  drop impac t ,  and f reeze- thaw 
p r o c e s s e s  i s  s i g n i f i c a n t  on s t e e p  s l o p e s .  Root throw i s  a l s o  a n  i m p o r t a n t  s o i l  t r a n s p o r t  
p r o c e s s  which does  c r e a t e  d i s t i n c t i v e ,  though smal l  s c a l e ,  landforms.  S o i l  mant le  c r e e p  
and t r a n s p o r t  of m a t e r i a l  i n  s o l u t i o n  are s u b t l e ,  b u t  i m p o r t a n t ,  p e r v a s i v e  p r o c e s s e s  i n  
t h i s  t e r r a i n .  

F l u v i a l  p r o c e s s e s ,  of c o u r s e ,  have p l a y e d  i m p o r t a n t  r o l e s  i n  s h a p i n g  t h e  l a n d s c a p e  
o f  Lookout Creek b a s i n .  S t reams  are s teep and development of f l u v i a l  landforms h a s  been  
c o n s t r a i n e d  by i n f l u e n c e s  of bedrock ,  h i 1  l s l o p e  mass movement p r o c e s s e s ,  and l a r g e  
o r g a n i c  d e b r i s  d e r i v e d  from a d j a c e n t  f o r e s t s .  S i g n i f i c a n t  development of f l o o d  p l a i n s  
and terraces o c c u r s  a l o n g  streams l a r g e r  t h a n  t h i r d- o r d e r .  Remnants of a l l u v i a l  f a n s  are 
l o c a t e d  a t  j u n c t i o n s  of s m a l l e r  streams w i t h  f o u r t h-  and f i f t h- o r d e r  streams (Swanson and 
James, 1975b).  
c l a s t s  t h a t  become t h e  b o u l d e r s  and c o b b l e s  c o v e r i n g  much of t h e  s t reambed area. 

The c o a r s e  s c a l e  of jointing i n  t h e  v o l c a n i c  bedrock p roduces  l a r g e  

Sediment y i e l d  from f o r e s t e d  p a r t s  o f  t h i s  l andscape  are a t  t h e  low end o f  t h e  range  
f o r  mountainous t e r r a i n .  Anderson (1954) estimates 48 T/km2 / y r  of suspended sed iment  
y i e l d  f o r  t h e  McKenzie R i v e r  b a s i n ,  based  o n  samples c o l l e c t e d  In 1949 and 1950 before 
much development had o c c u r r e d .  Sediment  y i e l d  from small f o r e s t e d  w a t e r s h e d s  i n  t h e  
F o r e s t  is a b o u t  40 T/km / y r  composed o f  d i s s o l v e d ,  suspended,  and bedload sediment  I n  
o r d e r  of d e c r e a s i n g  c o n t r i b u t i o n  t o  t o t a l  y i e l d  ( F r e d r i k s e n  and Har r ,  1979, Swanson e t  
a l . ,  i n  p r e s s ) .  Removal of v e g e t a t i o n  by w i l d f i r e  and l o g g i n g  r e s u l t s  i n  i n c r e a s e d  s o i l  
e r o s i o n  and  sed iment  y i e l d  ( F r e d r i k s e n  and H a r r ,  1979, and o t h e r s ) .  

2 

STOP 1 .  SADDLE DAM OF BLUE R I V E R  RESERVOIR 

T h i s  s t o p  p r o v i d e s  a n  overview of  t h e  g e o g r a p h i c ,  g e o l o g i c ,  and geomorphic s e t t i n g  
o f  t h e  f i e l d  t r i p  area and e n v i r o n s  ( F i g u r e  1). 
R i v e r  Reservoir and i n t o  t h e  Blue River  drainage. 
westward f l o w i n g  McKenzie R i v e r  s o u t h  of us. The Lookout Creek d r a i n a g e  and t h e  Andrews 
Exper imental  F o r e s t  meet Blue River a t  t h e  head of t h e  r e s e r v o i r .  

To t h e  n o r t h  we look a c r o s s  t h e  B l u e  
We are on a low divide with the 

We are i n  t h e  w e s t e r n  Cascade g e o l o g i c  and p h y s i o g r a p h i c  p r o v i n c e s .  Bedrock i s  
comprised entirely of Pliocene and older volcanic and subvolcanic intrusive material , and 
landforms have  been  shaped by  e r o s i o n a l  p r o c e s s e s .  The boundary w i t h  t h e  High Cascades  
l i e s  abou t  20 km e a s t  of t h i s  s p o t .  S t e e p l y  d i p p i n g ,  n o r t h- t r e n d i n g ,  normal f a u l t s  which 
a r e  down-dropped o n  t h e  eas t  form t h e  boundary.  
c o n s t r u c t i o n a l  v o l c a n i c  l a n d s c a p e  formed d u r i n g  t h e  p a s t  two m i l  l i o n  y e a r s .  

The High Cascades  are p redominan t ly  a 

During t h e  P l e i s t o c e n e ,  Blue R i v e r  d r a i n e d  d i r e c t 1  y i n t o  t h e  McKenzie R i v e r  th rough  
t h i s  s a d d l e  dam area (Swanson and James, 1975b) .  P r e- l a t e s t  Wisconsin  g l a c i e r s  from t h e  
High Cascade p l a t f o r m  and from t h e  S o u t h  Fork McKenzie R i v e r  b a s i n  f lowed down t h e  main 
McKenzie R i v e r  v a l l e y  and b locked  t h e  mouth of Blue River .  T h i s  ice dam formed a l a k e  
30+ m h i g h e r  t h a n  maximum r e s e r v o i r  l e v e l  and d i v e r t e d  t h e  lower Blue R i v e r  t o  i t s  
p r e s e n t  c o u r s e .  D r i l l i n g  i n  t h e  s a d d l e  dam a r e a  by t h e  Corps  of E n g i n e e r s  r e v e a l e d  more 
t h a n  60 m o f  g l a c i a l  d e p o s i t s  forming a n a t u r a l  s a d d l e  dam below t h e  man-made s a d d l e  dam. 
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T i l I , outwash,  and varved l a k e  s e d i m e n t s  a r e  exposed I n  t h e  dam area.  A wood sample 
from t h e s e  d e p o s i t s  i s  more t h a n  40,000 radiocarbon y e a r s  o l d .  Along t h e  drive up t h e  
e a s t  side o f  t h e  reservoir w e  pass k a m e  terrace deposits on t h e  v a l l e y  wal l  above t h e  
road. Bedrock exposed i n  road c u t s  is predomican t ly  propylitical l y  a1 t e r e d ,  g r e e n ,  
laharic b r e c c i a s  c u t  by numerous vertical , n o r t h w e s t- t r e n d i n g  d i k e s .  

STOP 2.  WATERSHED 10 

Watershed 10 (WSIO) h a s  been t h e  p r i n c i p a l  s t u d y  site of t h e  Oregon phase  of t h e  
Coniferous F o r e s t  Biome r e s e a r c h .  T h i s  10 h a  wa te r shed  i s  p r o b a b l y  t h e  most i n t e n s i v e l y  
studied p i e c e  of ground of this scale  in t h e  w e s t e r n  hemisphere .  Research s i n c e  1969 h a s  
examined hydro logy ,  v e g e t a t i o n ,  nutrient c y c l i n g ,  a q u a t i c  b i o l o g y ,  a n d  geomorphology 
under b o t h  f o r e s t e d  and r e c o v e r i n g  c l e a r c u t  conditions. The 400 t o  500 year- old s t a n d  of 
Douglas-fir, w e s t e r n  hemlock, w e s t e r n  r e d c e d a r ,  and o t h e r  tree species ( C r i e r  and Logan, 
1978) was c l e a r c u t  w i t h  directional f a l l i n g  w i t h  j a c k s  and yarded  w i t h  a skyline sys tem 
i n  t h e  summer of 1975. Heavy r e s i d u e s  were yarded t o  t h e  l a n d i n g  and hau led  away o r  
burned t h e r e .  Limb-sized m a t e r i a l  was hand- cleaned from t h e  channe l  and p i l e d  above high 
flow l i n e .  The o v e r a l l  l o g g i n g  operation was des igned  t o  f o l l o w  p r a c t i c e s  used i n  
s t a n d a r d  F o r e s t  S e r v i c e  o p e r a t i o n s  a t  t h a t  time. Companion WS9 a b o u t  1.5 km s o u t h  i s  
maintained i n  t h e  f o r e s t e d  c o n d i t i o n  as  a c o n t r o l .  

Geomorphology r e s e a r c h  i n  WSIO is comparing e r o s i o n  u n d e r  f o r e s t e d  and c l e a r c u t  
recovery c o n d i t i o n s .  We do t h i s  by d e v e l o p i n g  erosion b u d g e t s ,  comprehensive a s s e s s m e n t s  
o f  s o i l  and sediment  movement by al 1 significant e r o s i o n  p r o c e s s e s .  The s o i l  /sediment 
r o u t i n g  system i s  viewed a s  movement of material down s l o p e s  and c h a n n e l s  from one t e m-  
pora ry  s t o r a g e  s l t e  t o  a n o t h e r .  
u l t i m a t e l y  f a l l  by d e b r i s  avalanching ( D i e t r i c h  and Dunne, 1978) and wedges of sed iment  
s t o r e d  beh ind  l o g s  I n  streams. T r a n s f e r  p r o c e s s e s  between s t o r a g e  s i t e s  range from 
d e b r i s  a v a l a n c h e s  t h a t  t y p i c a l l y  o c c u r  on a few p e r c e n t  of t h e  wa te r shed  once e v e r y  few 
c e n t u r i e s  t o  watershed-wide p e r s i s t e n t  p r o c e s s e s  such a s  s u r f  a c e  e r o s i o n  and so l  u t l o n  
t r a n s f e r  ( T a b l e  3 ) .  

S t o r a g e  s i t e s  i n c l u d e  s h a l l o w  d e p r e s s i o n s  on s l o p e s  t h a t  

Table 3 .  P r o c e s s  c h a r a c t e r i s t i c s  and t r a n s f e r  ra tes  of o r g a n i c  and lnorganic 
material t o  t h e  channel by hil l slope p r o c e s s e s  (T /yr )  and e x p o r t  
from t h e  channel  by channel  p r o c e s s e s  (T /yr )  f o r  Watershed 10. 

Area 

Process  
i n f  1 uenced Mat erial t r a n e f e r  

Frequency (% of wa te r shed)  I n o r g a n i c  Organic 

H L I  l s l o p e  p r o c e s s e s  

Sol u t l o n  t r a n s f e r  
L l t t e r f a l  I 

S u r f a c e  e r o s l o n  
Creep 
Root throw 
D e b r i s  a v a l a n c h e  
S lump/ear th f  ].ow 
TOTAL 

Channel Drocesses  

Cont lnuous  
Cont inuous , 

seasona l .  
Cont lnuous  
Seasonal.  

1 / y r  
1./370 y r  

Seasona l  * 

S o l u t l o n  t r a n s f e r  
Suspended sed lment  

Bed1.oad 
D e b r i s  t o r r e n t  
TOTAL 

Cont lnuous  
Cont inuous , 

s t o r m  
s t o r m  

1./580 y r  

99 
100 

99 
99 
O.l** 
1,2%* 
5-8% 

1 
1 

1 
1 

3 
0 

0.5 
1.1 
0. I 
6 
0 

10.7 

3.0 
0.7 

0.6 
4.6 
8.9 

0.3 
0.3 

0 . 3  
0.04 
0. 1. 
0.4 
0 
1.4 

0.3 
0. 1. 

0.3 
0 . 3  
1 .o 

* I n a c t i v e  i n  p a s t  c e n t u r y  i n  Watershed 10 
**Area l n f  luenced by o n e  e v e n t .  
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An e r o s i o n  budget  h a s  been  p r e p a r e d  f o r  Watershed 10 i n  old- growth f o r e s t  c o n d i t i o n s  
(Table 3) .  
p r e s s ) .  Such a budge t  p r o v i d e s  a b a s i s  f o r  comparing p r o c e s s e s .  For  i n o r g a n i c  matter 
t r a n s p o r t  t h e  mass movement p r o c e s s e s  are v e r y  i m p o r t a n t ,  a l t h o u g h  t h e y  are  e s t i m a t e d  t o  
occur  less f r e q u e n t l y  t h a n  1 p e r  300 y e a r s  under  f o r e s t  c o n d i t i o n s ,  (Note:  t h e r e  a re  
many d i f f i c u l t i e s  i n  making t h e s e  estimates, i n c l u d i n g  t h e  dominance of t h e  30 y e a r  
record by e v e n t s  t r i g g e r e d  i n  a s i n g l e  s to rm of a p r o b a b l e  r e t u r n  p e r i o d  much g r e a t e r  
t h a n  30 y e a r s . )  The most p e r s i s t e n t  p r o c e s s ,  s o l u t i o n  t r a n s f e r ,  i s  a l s o  v e r y  i m p o r t a n t .  

Methods of g e n e r a t i n g  t h e s e  estimates a r e  d e s c r i b e d  by Swanson e t  a l .  (in 

We are now observing changes in the rate of each erosion process during the post- 
Each t r a n s f e r  p r o c e s s  and s t o r a g e  s i t e  i n  t h e  soil/sediment c l e a r c u t  r ecovery  p e r i o d .  

s t r e n g t h ,  f o r  example,  affects  d e b r i s  a v a l a n c h e  p o t e n t i a l ,  and p r e s e n c e  of a n  o r g a n i c  
l i t t e r  l a y e r  modera tes  s u r f a c e  e r o s i o n .  Consequen t ly  each  e r o s i o n  p r o c e s s  h a s  a dif- 
f e r e n t  r e s p o n s e  t o  c l e a r c u t t i n g  and r e v e g e t a t i o n .  

. r o u t i n g  system is r e g u l a t e d  by a d i f f e r e n t  combina t ion  of  v e g e t a t i v e  f a c t o r s .  Root 

S u b s t a n t i a l  i n c r e a s e s  i n  suspended and bedload e x p o r t  o c c u r r e d  f o 1  lowing l o g g i n g .  
Sediment yield is limited by (1) a v a i l a b i l i t y  of sediment f o r  t r a n s p o r t  and (2 )  a v a i l -  
a b i l i t y  of f lowing  water, t h e  t r a n s p o r t i n g  medium. Snowmelt peak f l o w s  from WS10 were 
a c t u a l l y  de layed  and smaller t h e  first winter a f t e r  l o g g i n g ,  b u t  rain g e n e r a t e d  peak 
f lows  were n o t  a f f e c t e d  significantiy ( H a r r  and McCorison, 1979) .  Changes were a t t r i b -  
uted  t o  d i f f e r e n c e s  i n  s h o r t  term snow a c c u m u l a t i o n  and melt. I n c r e a s e d  sed iment  y i e l d  
h a s  come from i n c r e a s e d  a v a i l a b i l i t y  of m a t e r i a l  from t h r e e  sources: (1) m a t e r i a l  i n p u t  
t o  t h e  channel d u r i n g  t h e  logging o p e r a t i o n  i t s e l f ,  p redominan t ly  f i n e  o r g a n i c s ,  ( 2 )  
sediment t h a t  e n t e r e d  t h e  channel and was s t o r e d  beh ind  l a r g e  d e b r i s  b e f o r e  l o g g i n g ,  b u t  
was r e l e a s e d  from s t o r a g e  when l o g s  were removed in t h e  y a r d i n g  o p e r a t i o n ,  and ( 3 )  s o i l  
from pos t- logg ing  a c c e l e r a t e d  h i 1  l s l o p e  e r o s i o n .  

E r o s i o n  m o n i t o r i n g  f a c i l i t i e s  on t h e  wa te r shed  i n c l u d e  i n c l  i n o m e t e r  t u b e s ,  0 .5 m 
wide s u r f a c e  e r o s i o n  c o l l e c t o r s  a long  t h e  stream perimeter, 2.4 m wide s u r f a c e  e r o s i o n  
c o l l e c t o r s  on u p s l o p e  si tes,  monumented channel c r o s s- s e c t i o n s ,  sed iment  ponding b a s i n ,  
and stream gaging  f a c i l i t y  w i t h  p r o p o r t i o n a l  pumping s a m p l e r  ( F r e d r i k s e n ,  1969) f o r  water 
chemis t ry  and suspended  sed iment  sampl ing .  

STOP 3. EXPERIMENTAL WATERSHEDS 1 ,  2 ,  AND 3 

These wa te r sheds  have  long ,  documented h i s t o r i e s  of l a n d  u s e ,  r e s e a r c h  a c t i v i t i e s ,  
and e r o s i o n  ( F r e d r i k s e n  1963, 1965, 1970, F r e d r i k s e n  and Harr 1979) .  WS1 was c l e a r c u t  
between 1962 and 1966 using a skyline yarding system and slash was broadcast burned in a 
h o t  f i r e  i n  1966. WS3 had c l e a r c u t s  of 5 ,  9 ,  and 11 h a  logged w i t h  h i g h  l e a d  c a b l e  

systems and s l a s h  was b r o a d c a s t  burned. 
l e v e l s  i n  t h e  wa te r shed  i n  1959. Water and sed iment  y i e l d ,  p r e c i p i t a t i o n ,  and v e g e t a t i o n  
have  been moni tored s i n c e  b e f o r e  logg ing  ( T a b l e  1, F r e d r i k s e n  and Harr, 1979,  Dyrness ,  
1973) .  WS2 h a s  been  m a i n t a i n e d  as  a c o n t r o l .  

Roads t o t a l l i n g  2.66 km were b u i l t  a t  t h r e e  

V e g e t a t i o n  removal  caused  s e v e r a l  changes  i n  streamf low c h a r a c t e r i s t i c s .  Removal of 
f o r e s t  v e g e t a t i o n  reduced b o t h  i n t e r c e p t i o n  and t r a n s p i r a t i o n ,  a1 lowing more p r e c i p i-  
t a t i o n  t o  l e a v e  t h e  wa te r shed  by s t reamf low r a t h e r  t h a n  e v a p o r a t i o n .  
i n c r e a s e s  in annual  water y i e l d s  were 45-50 cm, about  75  p e r c e n t  of which o c c u r r e d  d u r i n g  
t h e  w i n t e r  r a i n y  s e a s o n  (Rothacher  1970).  Yie ld  i n c r e a s e s  are d i m i n i s h i n g  as  revege-  
t a t i o n  p roceeds .  
b u t  owing t o  r a p i d  g rowth  of r i p a r i a n  v e g e t a t i o n ,  such i n c r e a s e s  have d i s a p p e a r e d  (Roth- 
a c h e r ,  1971) .  Changes a t  WS3 have been smaller b e c a u s e  of less  e x t e n s i v e  l o g g i n g  i n  t h a t  
wa te r shed .  

A t  WS1 i n i t i a l  

Summer f lows  were i n c r e a s e d  3-5 t i m e s  t h e  f irst  few y e a r s  a f t e r  l o g g i n g ,  

After l o g g i n g ,  peak f lows  i n  f a l l  and s p r i n g  i n c r e a s e d  up t o  2 times b e c a u s e  s o i l  
water s t o r a g e  remalned h i g h  due t o  reduced e v a p o t r a n s p i r a t i o n  ( R o t h a c h e r ,  1973) .  
peak f lows  i n  w i n t e r  were l a r g e l y  unchanged b e c a u s e  (1) s o i l s  i n  logged and unlogged 
areas a r e  b o t h  r e c h a r g e d  by t h i s  t i m e  and respond s i m i l a r l y  t o  P r e c i p i t a t i o n ,  and ( 2 )  t h e  
h y d r o l o g i c  p r o p e r t i e s  of s o i l  were n o t  a l t e r e d  t o  t h e  e x t e n t  t h a t  s u r f a c e  r u n o f f  became 

Large 
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s l g n l f l c a n t .  On o t h e r  exper imenta l  w a t e r s h e d s  i n  w e s t e r n  Oregon, where soil disturbance 
and compaction by r o a d b u i l d i n g  and t r a c t o r  y a r d i n g  were much g r e a t e r  t h a n  on WSI, s i z e  of 
peak f lows h a s  been  i n c r e a s e d  (Har r  e t  a l . ,  1975, H a r r  e t  a1 . , 1979). 

V a r i a t i o n  of annua l  suspended and bedload ( m a t e r i a l  t r a p p e d  i n  sed iment  b a s l n )  
sediment y i e l d s  among w a t e r s h e d s  h a s  been  g r e a t .  I n  t h e  f l r s t  14 y e a r s  f o l l o w i n g  cutting 
and burning WS1 h a s  y i e l d e d  12 times as much particulate matter as WS2. Much of t h l s  
l n c r e a s e  h a s  come from accel e r a t e d  d e b r i s  a v a l a n c h e  e ros lon  a f t e r  cl e a r c u t  t l n g  . Seven 
d e b r i s  a v a l a n c h e s  (>75 m e a c h )  moved s o l l  down s l o p e  between 1964 and 1972. About 75 
pe rcen t  o f  t h e  volume of s o i l  moved by d e b r i s  a v a l a n c h e s  came from s i t e s  of c u r r e n t  o r  
p a s t  s lump- earthf low a c t i v i t y ,  emphas iz ing  t h e  i m p o r t a n c e  of l n t e r a c t i o n s  between t h e s e  
two t y p e s  of p r o c e s s e s ,  S u r f a c e  e r o s l o n  p r o c e s s e s ,  particularly d r y  r a v e l ,  a l s o  l n -  
c r e a s e d  substantial l y  (Mersereau and Dyrness ,  1972)  , b u t  most sites of a c c e l e r a t e d  
s u r f a c e  e r o s i o n  h a v e  r e t u r n e d  t o  rates more t y p i c a l  of f o r e s t e d  a r e a s .  Soil whlch h a s  
e n t e r e d  t h e  channel  s y s t e m s  a f t e r  l o g g i n g  h a s  been r o u t e d  s l o w l y  downstream th rough  t h e  
numerous l a r g e  l o g s  and a l d e r  (Alnus r u b r a )  and wi l low (Salix spp.)  r i p a r i a n  v e g e t a t l o n .  
Despite  burn lng  and some p h y s i c a l  removal o f  sed iment- t rapp ing  o r g a n i c  matter from t h e  
main channel, much cf the soil eroded from slopes after logging is stil I stored In the 
channel system.  

3 

-- 

WS3, on t h e  o t h e r  hand ,  e x p e r i e n c e d  v e r y  r a p i d  release of sediment .  Most d e b r l s  
ava lanche  activity i n  t h e  wa te r shed  was r e l a t e d  t o  roads ,  p r i n c i p a l l y  f i l l  s l o p e  f a l l u r e s  
( F r e d r i k s e n ,  1963, 1965,  1970). The masses  of fill m a t e r i a l  e n t e r e d  s t e e p  headwate r  
c h a n n e l s  and moved r a p i d l y  downstream sweeping up a1 luvlum, col luvlum, and s t r e a m s l d e  
v e g e t a t l o n  a l o n g  t h e  way. T h l s  ser ies  of  d e b r i s  t o r r e n t s  i n  t h e  major  December 1964 
s to rm moved abou t  two- rh l rds  of t h e  t o t a l  particulate matter e x p o r t  from WS3 o v e r  t h e  
first 17 y e a r s  a f t e r  l o g g i n g  and road c o n s t r u c t i o n .  About 80 p e r c e n t  of e x p o r t  f o r  t h e  
p e r l o d  o c c u r r e d  i n  t w o  days .  T o t a l  pos t- logg ing  y i e l d  h a s  been about  90 times t h a t  of 
c o n t r o l  WS2. 

T h e  d e b r i s  t o r r e n t  h l s t o r l e s  of WS1 and WS3 have determined t h e  c o n t r a s t s  i n  t h e l r  
sediment y i e l d  h i s t o r i e s .  The road f i l l  f a i l u r e s  a t  t h e  heads  of long ,  s t e e p ,  s t r a l g h t  
channe l s  initiated d e b r i s  t o r r e n t s  which f l u s h e d  t h e  WS3 channel system.  No t o r r e n t s  
have f l u s h e d  the WS1 c h a n n e l s  b e c a u s e  of a v a r i e t y  of f a c t o r s ,  i n c l u d i n g  d e b r i s  a v a l a n c h e  
location i n  t h e  w a t e r s h e d .  WS1 d e b r i s  a v a l a n c h e s  have n o t  had s u f f l c l e n t  v e l o c i t y ,  
volume, and s t r a l g h t  down-channel t r a j e c t o r y  t o  t r i g g e r  d e b r i s  t o r r e n t s .  Annual sed iment  
y i e l d  from WS 1 now exceeds  y i e l d  from WS3 a s  sed iment  1s s l o w l y  r e l e a s e d  from s t o r a g e  i n  
t h e  lower WS1 main channel  and a s  s o i l  i s  eroded from a n  a c t l v e  e a r t h f l o w  in t h e  u p p e r  
p a r t  of t h e  w a t e r s h e d .  

STOP 4.  LOOKOUT CREEK EARTHFLOW 

T h l s  900 m l o n g  and 150 m wide e a r t h f l o w  1s moving s o u t h  i n t o  Lookout Creek a t  a n  
average rate of a b o u t  10 cm/yr ( F l g u r e  2 ,  Swanson and Swanston, 1977) .  Bedrock is a 
v a r i e t y  o f  v o l c a n l c l a s t l c  m a t e r i a l s  capped by a b a s a l t  f l o w  whlch i s t h e  s o u r c e  of b l o c k s  
formlng t h e  t a l u s  s l o p e  a t  t h e  h e a d s c a r p .  Except f o r  two small c l e a r c u t  a r e a s ,  t h e  
e a r t h f l o w  is f o r e s t e d ,  mainly w i t h  400 t o  500 year- old t rees i n  t h e  lower  h a l f  while most 
t rees  on t h e  upper  h a l f  were e s t a b l i s h e d  following a wildfire In t h e  mid-1800's. 

T h e  e a r t h f l o w  l a n d s c a p e  is i r r e g u l a r  w i t h  s c a t t e r e d  steep (>60%) s l o p e s ,  whlch 
probably r e p r e s e n t  v e g e t a t e d  s c a r p s ,  and  many low r e l i e f  a r e a s ,  i n c l u d i n g  p o o r l y  d r a i n e d  
depressions, Dra inage  p a t t e r n  and channel  cross-sectional geometry are v e r y  I r r e g u l a r .  
The e a r t h f  low c a n  be d l v i d e d  i n t o  t h r e e  a c t i v e  b l o c k s  I n  t h e  lower  h a l f  of t h e  whole 
e a r t h f l o w .  Each b l o c k  is bounded by open,  l a t e r a l  s h e a r  c r a c k s  and a t e n s l o n  c r a c k  
system a c r o s s  t h e  head  ( F i g u r e  2 ) .  The upper  h a l f  of t h e  e a r t h f l o w  d o e s  n o t  a p p e a r  t o  
have been a c t l v e  i n  t h e  l a s t  c e n t u r y  o r  so ,  based o n  s t r a l g h t  growth of t r e e s  in t h a t  
a r e a .  

Ear th f low movement is monl to red  w l t h  ( 1 )  s t a k e  a r r a y s  (strain rhombs) a c r o s s  a c t l v e  
c r a c k s  t o  measure relative s u r f a c e  movement between b l o c k s ,  ( 2 )  lnclinometer t u b e s  f o r  
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I LOOKOUT CREEK EARTHFLOW 
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F i g u r e  2. Map of Lookout Creek e a r t h -  
Plow.  Mapped by G. W. Lienkaemper  
(from Swanson and Swanston, 1977) .  

monl to r ing  vertical v e l o c i t y  p r o f l l e s ,  (3) c r a c k m e t e r s  t o  record  c o n t l n u o u s l y  t h e  o p e n i n g  
of crack systems, (4) theodolite surveys of points on the earthflow from stable reference 
points off the earthflow, and (5) analysis of tree rings in scar tissue on live trees 
be ing  s p l i t  up t h e  middle b e c a u s e  t h e y  s t r a d d l e  a n  a c t i v e  c r a c k  (Swanson and Swanston,  
1977).  Water l n p u t s  i n  r a i n  and snowmelt and g roundwate r  l eve l s  a r e  a l s o  c o n t l n u o u s l y  
r e c o r d e d ,  so t h a t  movement-water i n p u t  r e l a t i o n s  c a n  be examined. The purpose  of t h e  
work i s  t o  g a i n  a b a s i c  u n d e r s t a n d i n g  of  e a r t h f l o w  b e h a v i o r  so we c a n  b e t t e r  assess 
impac t s  of management a c t l v i t l e s  on  t h i s  e r o s i o n  p r o c e s s .  

The f i v e  y e a r  r e c o r d  of annual movement from r e p e a t  s u r v e y s  of s t a k e  a r r a y s  r e v e a l s  
l a r g e  year- to- year d i f f e r e n c e s  i n  movement, de te rmlned  by w a t e r  l n p u t s  d u r l n g  c u r r e n t  and 
p r e v i o u s  y e a r s  ( T a b l e  4 ) .  Very l i t t l e  movement o c c u r r e d  i n  t h e  1976-1977 d r o u g h t  y e a r ,  
and t h i s  d r y  p e r i o d  a p p e a r s  t o  have a l s o  caused  low t o t a l  movement rate  i n t h e  n e x t  y e a r .  
Movement i n  1978-1979 was twice t h a t  i n  1977-1978, a l t h o u g h  t h e  more r e c e n t  p e r l o d  had 20 
p e r c e n t  l e s s  p r e c l p i t a t l o n .  
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Table  4 .  S t a k e  a r r a y  measurements of movement of Lookout Creek e a r t h f l o w .  
S t a k e  a r r a y  2 measures movement relative t o  s t a b l e  ground. Ar rays  
3 and 6 measure r e l a t i v e  movement between two movlng b locks .  Pre- 
c l p l t a t l o n  d a t a  a r e  from WS2 meteoro logy  s t a t l o n .  

S take  E a r t h f l o w  Movement (cm/yr)  
a r r a y  1974-1975 1975-1 976 197 6- 1 97 7 1977-1 978 1978-1 979** 

2 
3 
6 

9.6 14.2 
5.0 8.6 

no d a t a  5 .9  

0.2  
0.7 
0.7 

6.1 13.1. 
3.9 9.2 
2.8 5.9 

Total  p r e c i p i t a t i o n  (mm) 
Oct. I- June 1. 2225 236 1. '1.049 2125 1707 

*Located on  F i g .  3 
**Movement d a t a  f o r  t h i s  y e a r  are  p r e l i m i n a r y  

Comparison of c rackmete r  and precipitation r e c o r d s  i n d i c a t e s  t l g h t  c o n t r o l  of move- 
ment rate by water availability (Figure 3). Movement at this slte does not begin in the 
fall until nearly 90 cm of raln has fallen, Once the system is primed with water, move- 
ment continues a t  a s low rate  until s p r i n g  except f o r  p e r i o d s  of a c c e l e r a t e d  movement i n  
r e s p o n s e  t o  storm p e r i o d s  of w a t e r  i n p u t  in e x c e s s  of abou t  1 2  cm/24 h r .  

I 1250 

1977 I978 

F i g u r e  3. Cumulative wa te r  i n p u t  and r e l a t i v e  movement a t  c r a c k m e t e r  l o c a t e d  a t  s l t e  6 
( F i g .  2) .  Movement curve  is dashed f o r  p e r i o d  when o n l y  t o t a l  movement is known. 
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Sediment d e l i v e r y  t o  Lookout Creek o c c u r s  by bank c u t t i n g  and s t r e a m s i d e  s I i d e s  
a f t e r  long  p e r i o d s  of e a r t h f l o w  movement c o n s t r i c t i n g  the channel. .  The l a s t  major  
e p i s o d e  of sediment  i n p u t  t o  Lookout Creek from t h i s  e a r t h f l o w  was d u r i n g  t h e  December 
1964 and J a n u a r y  1965 f l o o d s .  

Ear th f low movements c a n  a f f e c t  t h e  s t r u c t u r e  and species c o m p o s i t i o n  of f o r e s t  
esosystems.  For  example,  d i f f e r e n t i a l  movement n e a r  s t a k e  a r r a y s  7 ,  8, and  9 ( F i g u r e  2 )  
h a s  t i p p e d  and s p l i t  trees, l e a d i n g  t o  much windthrow, many h o l e s  i n  t h e  canopy,  and a 
m u l t i l e v e l e d  f o r e s t  w i t h  abundant  u n d e r s t o r y  v e g e t a t i o n .  C lose  u p s l o p e ,  i n  areas of no 
recent e a r t h f l o w  movement, t h e  canopy of Douglas- f i r  and w e s t e r n  hemlock is comple te ,  
h e a v i l y  s h a d i n g  lower l e v e l s  of t h e  f o r e s t  a n d ,  t h e r e b y ,  g r e a t l y  l i m i t i n g  u n d e r s t o r y  
development.  

STOP 5. REVECETATING DEBRIS AVALANCHES AND TORRENT SITES 

T h i s  road b a c k s l o p e  f a i l e d  i n  1957, e n t e r e d  t h e  channel below t h e  r o a d ,  and t h i s  
material moved as a d e b r i s  t o r r e n t  downstream t o  Lookout Creek. The s l i d e  scar  was 
planted. with Douglas-fir seedlings many of which survived; but they have stunted growth 
and a c h l o r o t i c  c o n d i t i o n  from growing i n  t h e  n u t r i e n t  d e f i c i e n t  s u b s o i l .  The t o r r e n t  
t r a c k  is now a l u s h  s t a n d  of a l d e r  over topped  by a few b l a c k  cottonwood (Populus  t r i h c o -  
c a r p a ) .  

More t h a n  140 such  d e b r i s  a v a l a n c h e s  moving g r e a t e r  t h a n  75 m3 of  so i l  have o c c u r r e d  
from f o r e s t e d ,  c l e a r c u t ,  and road right- of-way si tes s i n c e  1950 (Dyrness ,  1967, Swanson 
and Dyrness ,  1 9 7 5 ) .  Al I b u t  two e v e n t s  began i n  soil derived from volcaniclastic bedrock ,  
i n d i c a t i n g  t h e  s t r o n g  c o n t r o l  of  bedrock and s o i l  t y p e s  on  s l o p e  s t a b i l i t y .  In t h e  
d e b r i s  avalanche- prone pa r t  of t h e  F o r e s t ,  ra tes  of d e b r i s  a v a l a n c h e  e r o s i o n  from c l e a r -  
c u t s  and road right-of-way exceed t h e  f o r e s t  ra te  by 2.8 and 31 t i m e s  r e s p e c t i v e l y ,  based 
o n  r a t e s  c a l c u l a t e d  by d i v i d i n g  s o i l  volume moved by 28 y e a r s  and by t h e  a r e a  i n  each  
l a n d  s t a t u s  a t  t h e  end of  t h e  record .  T h i s  e s t i m a t e  of management i m p a c t  o n  d e b r i s  
a v a l a n c h e  e r o s i o n  i s  s i m i l a r  t o  r e s u l t s  of  o t h e r  s t u d i e s  i n  t h e  P a c i f i c  Northwest  (Swanston 
and Swanson, 1976) .  

This method of measur ing  management i m p a c t s  c a n  r e s u l t  i n  s u b s t a n t i a l  under-  o r  
o v e r e s t i m a t e s .  Management impacrs  may be o v e r e s t i m a t e d  b e c a u s e  ( a )  f o r e s t  ra tes  are used 
as  t h e  n a t u r a l  d e b r i s  a v a l a n c h e  e r o s i o n  ra te ,  but  t h e  a c t u a l  n a t u r a l  r a t e  shou ld  i n c l u d e  
p e r i o d s  of a c c e l e r a t e d  e r o s i o n  f o l l o w i n g  n a t u r a l  d i s t u r b a n c e s  such  as w i l d f i r e ,  (b)  in 
t h e  case of r o a d s ,  a n a l y s i s  on t h i s  t i m e  scale assesses i m p a c t s  of some road  c o n s t r u c t i o n ,  
s i t e  l o c a t i o n ,  and main tenance  p r a c t i c e s  no l o n g e r  employed, and ( c )  management impacts 
are only temporary and t h e r e  may be a one t o  two decade p e r i o d  of a c c e l e r a t e d  e r o s i o n  
fol lowed by a long i n t e r v a l  of d e b r i s  a v a l a n c h e  erosion a t  rates lower t h a n  i n  o l d e r  
f o r e s t e d  areas. I f  ( c )  i s  t r u e ,  c u t t i n g  may a f f e c t  t h e  t i m i n g  of d e b r i s  a v a l a n c h e  
e r o s i o n  more t h a n  t h e  o v e r a l l  long  term rate.  On t h e  o t h e r  hand ,  management impac t s  f o r  
g e n e r a l  Na t iona l  F o r e s t  l a n d  may be u n d e r e s t i m a t e d  by  Andrews F o r e s t  d a t a ,  because  
l o g g i n g  and road ing  have  g e n e r a l  l y  been conducted w i t h  t h e  h i g h e s t  con tempora ry  s t a n-  
d a r d s .  Fur the rmore ,  i n t e n s i t y  of t i m b e r  h a r v e s t  a c t i v i t i e s  Ln t h e  F o r e s t  h a s  d e c l i n e d  
markedly s i n c e  t h e  mid-1960's. These  estimates of impact  are a l s o  c o n s e r v a t i v e  because  
t h e  c a l c u l a t i o n  method u s e s  area i n  each l a n d  s t a t u s  a t  t h e  end of t h e  i n v e n t o r y  p e r i o d .  
T h i s  i s  t h e  time of s m a l l e s t  f o r e s t e d  area and l a r g e s t  c l e a r c u t  and  road right- of-way 
areas. S i n c e  we d i v i d e  t o t a l  volume of s o i l  moved by d e b r i s  a v a l a n c h e s  f o r  t h e  p e r i o d  by 
t h e s e  a r e a  terms, t h e  f o r e s t  d e b r i s  a v a l a n c h e  e r o s i o n  ra te  is o v e r e s t i m a t e d  and road and 
c l e a r c u t  r a t e s  are  u n d e r e s t i m a t e d .  

There is need f o r  a ssessment  of d e b r i s  a v a l a n c h e  impact  on l o n g  term t i m b e r  pro- 
d u c t i v i t y .  T h i s  i n v o l v e s  d e t e r m i n i n g  b o t h  l andscape  a r e a  impacted by d e b r i s  a v a l a n c h e s  
and t h e  r e c o v e r y  of p r o d u c t i v i t y  on t h e s e  sites. General o b s e r v a t i o n s  s u g g e s t  t h a t  area 
a f f e c t e d  i s  less t h a n  a few p e r c e n t  of t h e  l a n d s c a p e ,  even i n  d e b r i s  avalanche- prone 
a r e a s ;  bu t  r e c o v e r y  ra te  may be so slow t h a t  a t  l e a s t  one r o t a t i o n  of t i m b e r  p r o d u c t i o n  
may be l o s t .  
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STOP 6. MACK CREEK 

T h e  a d j a c e n t  c l e a r c u t  and f o r e s t e d  r e a c h e s  of Mack Creek have been s i t e s  of i n t e n s i v e  
stream ecosystem r e s e a r c h  s i n c e  t h e  e a r l y  1970 ' s ,  i n c l u d i n g  s t u d i e s  of c o n d i t i o n s  and 
r o l e s  of l a r g e  o r g a n i c  d e b r i s  in streams. Large woody d e b r i s  d e r i v e d  from t h e  a d j a c e n t  
f o r e s t  shapes  a q u a t i c  h a b i t a t s ,  p r o v i d e s  n u t r i e n t s ,  c o v e r ,  and s u b s t r a t e  f o r  a q u a t i c  
organisms, and r e g u l a t e s  movement of sed iment ,  p a r t i c u l a t e  o r g a n i c  matter, and water 
through t h e  stream system.  Consequen t ly ,  n a t u r a l  o r  man-imposed changes  i n  d e b r i s  con- 
ditions a f f e c t  p h y s i c a l  and b i o l o g i c a l  f u n c t i o n s  of streams, 

Debr i s  conditions v a r y  w i t h  s t r e a m  s i z e .  C o n c e n t r a t i o n s  o f  c o a r s e  woody d e b r i s  ( > 1 0  
cm d i a m e t e r )  g e n e r a l  l y  d e c r e a s e  downstream where w i d e r  c h a n n e l s  have g r e a t e r  t r a n s p o r t  
c a p a b i l i t y  and t h e  canopy i s  open o v e r  t h e  stream, s o  i n p u t  of l a r g e  woody d e b r i s  i s  
lower.  Large d e b r i s  i n  first- and second-order  streams is randomly d i s t r i b u t e d  a l o n g  
streams, and i s  gene ra l  l y  l o c a t e d  where i t  i n i t i a l l y  f e l l ,  because  t h e  stream i s  t o o  
smal l  t o  move i t .  I n t e r m e d i a t e - s i z e d  streams, such  as t h i s  t h i r d - o r d e r  s e c t i o n  o f  Mack 
Creek, can move some l a r g e  p i e c e s  of d e b r i s  a t  f l o o d  f lows ,  b u t  n o t  whole down trees. 
T h e r e f o r e ,  t h e s e  streams have s c a t t e r e d ,  d i s t i n c t  acciumul ations, many of them a f f e c t i n g  
t h e  f u l  1 channel  width .  Large  r ivers  c a n  t r a n s p o r t  a l l  d e b r i s  t h a t  e n t e r s  them and they  
d e p o s i t  t h i s  m a t e r i a l  h i g h  o n  t h e  banks  and on ups t ream ends  of i s l a n d s .  T h i s  material 
t h e n  a f f e c t s  t h e  stream o n l y  a t  h i g h  f low.  

We have s t u d i e d  t h e  h i s t o r y  of l a r g e  d e b r i s  i n  Mack Creek by d a t i n g  l o g  i n p u t  t o  t h e  
s t r e a m  w i t h  t r e e- r i n g  a n a l y s i s  (Swanson e t  a l . ,  1976) and by f o l l o w i n g  changes  i n  d e b r i s  
c o n d i t i o n s  th rough  t i m e .  G e n e r a l l y  w e  have  obse rved  s c a t t e r e d  i n p u t s  d u r i n g  wind storms 
and t h i s  m a t e r i a l  moves and a c c u m u l a t e s  on  t h e  l a r g e ,  s t a b l e  d e b r i s  jams d u r i n g  v e r y  h i g h  
flow e v e n t s .  Maps made in 1975 of Mack Creek above t h e  road c r o s s i n g  ( F i g u r e s  4 and 5) 
c a n  be compared w i t h  t h e  distribution o f  l o g s  today  t o  g e t  a measure  of variability of 
d e b r i s  c o n d i t i o n s .  Much of t h e  change o c c u r r e d  d u r i n g  a h i g h  f l o w  e v e n t  i n  November 
1977. The main a c c u m u l a t i o n s  which were keyed on l a r g e ,  down, o l d  growth trees (MA-13 
and MA-16) have remained i n t a c t  w i t h  minor  m o d i f i c a t i o n .  Accumulat ion MA-I4 a p p e a r s  t o  
have washed o u t  b e c a u s e  t h e  main p i e c e  had decayed and p a r t i a l  l y  c o l l a p s e d  under  i t s  own 
weight .  It was, t h e r e f o r e ,  h i t  d i r e c t l y ,  broken up, and  washed downstream by t h e  h i g h  
flow. So i n  streams of t h i s  s i z e ,  d e b r i s  c o n d i t i o n s  change as a r e s u l t  of new i n p u t s ,  
r e d i s t r i b u t i o n  d u r i n g  high f l o w s ,  and t h e  s low,  c o n t i n u a l  p r o c e s s  of wood decompos i t ion .  

Moni to r ing  o f  t h i s  s i t e  w i l l  c o n t i n u e  on a long  term b a s i s .  Changes are observed  by 
a n n u a l l y  mapping any new o r  moved p i e c e s  and by r e p e a t  s u r v e y s  of monumented channel 
cross-sections. Changes i n  t h e  a d j a c e n t  f o r e s t  w i l l  b e  fo l lowed  by annual  checks  of a 
map showing s t a n d i n g  and down l i v e  and dead t rees i n  a 2-ha area s t r a d d l i n g  t h e  c r e e k .  
D e b r i s  c o n d i t i o n s  i n  streams of other sizes of t h e  saiie f o r e s t  t y p e ,  and some f l o w i n g  
through younger  s t a n d s ,  are  b e i n g  moni to red  a t  o t h e r  si tes i n  t h e  a r e a .  

R e p r i n t s  of c i t e d  p a p e r s  and o t h e r  l i t e r a t u r e  on r e s e a r c h  i n  t h e  H. J. Andrews 
Experimental  F o r e s t  are a v a i l a b l e  t h r o u g h  t h e  a u t h o r s  o r  t h e  R e s i d e n t  Manager, H. J. 
Andrews Exper imental  F o r e s t ,  P.O. Box 300, Blue River, Oregon 97413. 
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Figure 4 .  Map of large  organic debris  and o ther  material. i n  1975 i n  s e c t i o n  of Mack Creek 
upstream from s e c t i o n  i n  Figure 5 .  

Figure 5 .  Map of stream s e c t i o n  downstream o f  s e c t i o n  i n  Figure 4 .  Maps by G .  W .  
Lienkaemper (from Swanson e t  al., 1 .976) .  
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