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8 Mass-movement i s  an important  process f o r  shaping landforms and producing 
sediment i n  the  Redwood Creek basin, nor thwest  C a l i f o r n i a .  Previous 

t 
t$ 
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i nves t i ga t i ons ,  based on ana lys i s  of  a e r i a l  photographs, d e p i c t  an abundance 
of anc ien t  and recent  l ands l i des  on sedimentary te r rane,  b u t  r e l a t i v e l y  few 
lands l i des  i n  the h e a v i l y  t imbered s c h i s t  te r rane.  This  study, based on f i e l d  
mapping i n  the lower Redwood Creek basin, has i d e n t i f e d  a t  l e a s t  33 a c t i v e  
b lock  s l i d e s  on fo res ted  land u n d e r l a i n  by the  Sch is t  o f  Redwood Creek. Most 
of the b lock  s l i d e s  occur immediately west o f  t he  Br idge Creek l ineament.  

!; Most b lock  s l i d e s  i n  t he  study area a re  d i s c r e t e ,  t r a n s l a t i o n a l  l a n d s l i d e s  
E 
5: ranging i n  s i z e  from 0.4 t o  2.0 hectares. Some o f  t he  l a r g e r  features,  which 

a re  n o t  bounded by wel l -def ined l a t e r a l  scarps, range up t o  40 hectares i n  
'r 

a r e a l  ex ten t .  Episodic movement of the moni tored b lock  s l i d e s  i s  c l o s e l y  
r e l a t e d  t o  r a i n f a l l  events. To ta l  annual measured displacement ranges from 0 
t o  7 meters. Observed depths t o  f a i l u r e  surfaces range between 3.4 and 6.9 
meters. Near ly  a11 b lock  s l i d e s  a re  associated w i t h  a h i g h l y  sheared, b lack  
s c h i s t  which i s  a metamorphosed a r g i l  laceous rock. B lock-s l  i d e  movement has 
been detected near t he  boundary between sheared b lack  s c h i s t  and o v e r l y i n g  
brownish-gray reg01 i th .  This  p r e f e r e n t i a l  f a i  1  u re  surface development i s  
probably a r e s u l t  of permeabi 1 i ty  and cohesion d i f f e rences  between these 
ma te r ia l s .  

Block s l  ides  d i f f e r  from t y p i c a l  grassland-covered ear th f lows on Franciscan 
sedimentary te r rane i n  northwest C a l i f o r n i a .  Major d i f f e rences  i nc lude  s i ze ,  
morphology, 1 i t h o l o g i c  c o n t r o l s  on f a i l u r e  depths, and temporal 
characteristics of movement. 

B l o c k s l i d i n g  may be an impor tan t  process respons ib le  f o r  s c u l p t i n g  s c h i s t  
?, ter rane,  producing many of the  smal l e r ,  "trough-shaped" f i r s t - o r d e r  drainages 

common t o  t h i s  l i t h o l o g i c  u n i t  w i t h i n  the  lower Redwood Creek basin. Block 
s l i d e s  a l s o  probably e x i s t  on s c h i s t  t e r rane  i n  t h e  upper two t h i r d s  of t h e  
basin. Aside from along the Br idge Creek l ineament,  b lock  s l i d e s  a re  most 

r l i k e l y  t o  be found i n  o the r  areas where the  bedrock cons i s t s  predominately of 

j sheared b lack  sch i s t .  They may a l s o  be found on t e r r a i n  u n d e r l a i n  by  
t 1Sthologies s i m i l a r  t o  t he  Sch is t  of Redwood Creek, such as the  South Fork 

Mountain Sch is t  i n  nor thwest  C a l i f o r n i a  and the  Colebrooke Sch is t  i n  southwest 
F Oregon. 



INTRODUCTION 

Redwood Creek, a 730km2 drainage basin in northwest California (Fig. I), 
contains some of the most rapidly eroding terrain in North America (Janda and 
Nolan, 1979). Rapid tectonic uplift occuring within the last two million 
years has resulted in over 600 meters of stream incision along Redwood Creek 
(Kelsey, in press). The basin is underlain by highly sheared sandstones, 
mudstones and schists of the Franciscan assemblage (Harden and others, 1981). 
The deep incision combined with inherently unstable bedrock, seasonal ly high 
rainfall and extensive timber harvesting has resulted in abundant 
mass-movement activity. The dominate types of mass-movement are streamside 
landsl ides, debris slides, earthflows, blocksl iding and soi 1 creep (Harden and 
others, 1978; Swanston and others, 1983). Coleman (1973) reports that at 
least 36 percent of the Redwood Creek basin consists of landforms indicative 
of ancient or recent mass-movement activity. 

Past work within the Redwood Creek basin indicates that landslide forms occupy 
three times as much area on sedimentary terrane as compared to areas underlain 
by schist, even though both rock types comprise equal ortions of the 
catchment (Nolan and others, 1976; Harden and others, 1978r. The dominant 
types of active or recently active landslides occurring within sedimentary 
terrane are earthflows, debris sl ides and streamside landsl ides. A1 though 
some streamside landslides and large debris slides are present in the schist 
(Kelsey and others, in press), revious investigators found few active, slow 
moving, deep-seated landslides ! failure depths > 3m) equivalent to the earth 
flows on sedimentary terrane (Nolan and others, 1976). Instead, creep and 
blocksl iding which occur over large, undefined portions of hi 1 lsl opes and lack 
distinct boundaries, have been shown to be important mass-movement processes 
on areas underlain by schist bedrock (Swanston and others, 1983; Marron, 
1982). 

Estimated erosion rates from landsl ides and gull ies can account for much of 
the sandstone-derived sediment in Redwood Creek, but available data concerning 
erosion rates for schist terrane cannot account for a substantial portion of 
the schist-derived sediment (Harden and others, 1978; M. Madej, personal 
communication, 1985). This discrepancy caused Harden and others (1978) to 
speculate t h a t  l ands l  i d i n g  i n  s c h i s t  te r rane must be much more preva lent  than 
was obvious on the aerial photographs used for the basin-wide landslide 
distribution analysis by Nolan and others (1976). 

Studies now in progress within the lower Redwood Creek basin have documented 
two additional mechanisms of landsliding which may help account for more of 
the schist-derived sediment. LaHusen (1984), and LaHusen and Sonnevil (1984) 
documented an abundance of road-related debris flows occurring in schist 
terrain. Additionally, in our recent work in selected areas of the lower 
watershed, we have identified 33 active deep-seated translational landsl ides 
occurring on schist. Because they are forested, most of these slow moving 
landslides were not apparent on the small-scale aerial photographs used by 
previous workers. Preliminary results on the spatial distribution and 
movement c h a r a c t e r i s t i c s  o f  a  sample o f  these 33 e a r t h  b lock  s l i d e s  ( a f t e r  
Varnes, 1978), herein referred to as "block slides", is the subject of this 
report. 



Figure I. Map of the Redwood Creek basin showing l o c a t i o n  of study 
area.  



CHARACTERISTICS OF BLOCK SLIDES 

We have t e n t a t i v e l y  d i v ided  the  b lock  s l i d e s  i n t o  two ca tegor ies :  1) those 
comparat ive ly  small, d i s c r e t e  fea tures  w i t h  d i s t i n c t  l a t e r a l  boundaries, and 
2)  l a r g e r  fea tures  which do n o t  have d i s t i n c t  l a t e r a l  boundaries (F ig.  2). 
Most o f  t he  , i n fo rma t ion  f o r  t h i s  p r e l i m i n a r y  r e p o r t  concerns the  smal le r  
d i s c r e t e  b lock  s l i d e s .  

D i s t r i b u t i o n  

The study area (F ig.  1 )  inc ludes t h a t  p o r t i o n  o f  t he  Redwood Creek basin, 
conta ined w i t h i n  Redwood Nat ional  Park, which i s  u n d e r l a i n  by the  Sch is t  o f  
Redwood Creek. F igure 2  shows the  d i s t r i b u t i o n  of  known a c t i v e  
b lock  s l i d e s  w i t h i n  the  study area. Most o f  these l ands l i des  were discovered 
e i t h e r  by geomorphic f i e l d  mapping (sca le= l :  1200) conducted p r i o r  t o  watershed 
r e h a b i l i t a t i o n  p r o j e c t s  o r  because they o f f s e t  roads. A few of the  l ands l i des  
were i d e n t i f i e d  du r ing  previous s tud ies  (Coleman, 1973; Nolan and others,  
1976). Although some o f  the  features shown i n  F igure  2 cou ld  be seen on 
a e r i a l  photographs o r  du r ing  l o w - a l t i t u d e  a e r i a l  reconnaissance, most were no t  
i d e n t i f i a b l e  due t o  the  presence o f  t rees .  Add i t i ona l  f ea tu res  probably e x i s t  
i n  non-roaded p o r t i o n s  of the  study area which have n o t  y e t  been mapped. 

Morphology 

The d i s c r e t e  b lock  s l i d e s  i nves t i ga ted  range i n  s i z e  from 0.5 t o  2.0 hectares 
(F ig.  3 ) .  Widths o f  the l ands l i des  vary  from 35 t o  60 meters w h i l e  slope 
lengths  vary  from 100 t o  275 meters. Main scarp he igh ts  vary  from 1 t o  5 
meters. T y p i c a l l y ,  l a t e r a l  scarps are  n e a r l y  v e r t i c a l  and range from less  
than 1 meter t o  over 3  meters i n  height .  G u l l i e s  o f t e n  form a t  one o r  bo th  
l a t e r a l  scarps. Some o f  the l ands l i des  a r e  f l anked  by l e s s  steep, vegetated, 
o l d e r  l a t e r a l  scarps which vary from one meter t o  over  10 meters high. Ground 
surface i n c l i n a t i o n  on the lands1 ides  i s  commonly between 15 and 30 degrees. 

The d i s c r e t e  b lock  s l i d e s  c o n s i s t  o f  one o r  more coherent b locks  separated by 
minor scarps (F ig .  3). There i s  a  tendency f o r  those b locks  f a r t h e s t  
downslope t o  be more d i s rup ted  and e x h i b i t  c h a r a c t e r i s t i c s  i n d i c a t i v e  of 
i n t e r n a l  deformation. Two o f  the b lock  s l i d e s  s tud ied  a re  h i g h l y  d i s rup ted  
and show evidence o f  a  l a rge  component o f  f l o w  i n  t h e i r  movement. According 
t o  Varnes (1978), these complex s lope movements, which appear t o  have a  l a r g e  
component of flow, should be termed b lock  s l i d e  - e a r t h  f lows.  However, f o r  
s i m p l i c i t y ,  a l l  o f  the lands l ides  shown i n  F igure  2 are  r e f e r r e d  t o  as blpcl 
s  1  ides.  

The l a r g e r ,  l e s s  d i s c r e t e  b lock s l i d e s  i n v o l v e  up t o  40 hectares o f  h i l l s l o p e  
and a re  n o t  bounded by we l l -de f ined l a t e r a l  scarps. Ground sur face 
i n c l i n a t i o n  i s  more var iab le ,  ranging from 5 t o  40 degrees. Although 
sometimes present,  d i s c r e t e  b locks a re  n o t  as common as on the  sma l l e r  
features. 

A l l  of t he  b lock  s l i d e s  are  fo res ted ,  Those which a re  i n  an o ld-growth 
redwood 1.- Doug las- f i r  forest have fewer standing t rees and more ro t ten  down- 
t imber on t h e i r  lower po r t i ons  than on t h e i r  upper po r t i ons .  I n d i v i d u a l  
b locks can o f t e n  be recognized by d i f f e rences  i n  t he  concent ra t ion  o f  s tand ing  
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Figure 2. Generalized geologic map of the lower Redwood Creek basin 
(after Harden and others, 1981) showing known location of block slides. 
Stippled pattern shows those areas which have been field mapped at a 
scale of 1:1200. Numbered features are those referred to in text and 
Table 1: 1) Upper G-line Slide; 2) Lower G-line Slide; 3) Switchback 
Slide; and 4) Elbow Slide. Inclinometers shown are described by 
Swanston and others ( 1983). 



F i g u r e  3. Schematic diagram showing s a l i e n t  fea tures  o f  a  t y p i c a l  
d i s c r e t e  b lock  s l i d e .  
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t r e e s  o r  r o t t e n  f a l l e n  t rees .  Ev iden t l y ,  l a n d s l i d e  movement i n i t i a t e s  low on 
t h e  h i l l s l o p e  and progresses ups lope i n  b l o c k - l i k e  f a s h i o n  w i t h  t ime. On a t  
l e a s t  one o f  t h e  f ea tu res ,  p rog ress i ve  s lope  f a i l u r e  i s  expanding a l ong  
l a t e r a l  margins as w e l l  as upslope. 

Where f a l l e n  t imbe r  has been i n t r oduced  i n t o  a  s t ream channel by b l o c k  
s l i d i n g ,  i t  may be t r a n s p o r t e d  away, as i s  t he  case w i t h  Redwood Creek 's  main 
channel. I t  may a l s o  r e s u l t  i n  d e b r i s  jam fo rma t i on  if t h e  stream power o r  
channel w i d t h  a r e  i n s u f f i c i e n t  t o  a l l o w  t r a n s p o r t  o f  t h i s  v e r y  l a r g e  .organic  
deb r i s .  Only one o f  t he  s t u d i e d  b l ock  s l i d e s  has dammed a  stream channel. 
P a r t i c l e  s i z e  analyses o f  s o i l  and r e g o l i t h  samples suggest t h a t  about  40 
percen t  o f  t h e  sediment i n t r oduced  i n t o  streams by b l o c k  s l i d e s  becomes 
bedload m a t e r i a l  ( > 2  mm d iameter ) .  

L i t h o l o g i c  M a t e r i a l s  

Common t o  n e a r l y  a l l  b l o c k  s l i d e s  i s  a  h i g h l y  sheared, b lack ,  
a1 b i  te-muscovi t e - c h l  o r i  t e -qua r t z  s c h i s t  w i t h  abundant carbonaceous m a t e r i a l  . 
More coherent,  unsheared exposures o f  b l ack  s c h i s t  a r e  a l s o  common. Th i s  
s c h i s t  i s  a  metamorphosed a r g i  11 aceous rock .  A1 though t h i s  m a t e r i a l  v i s u a l  l y  
and t a c t u a l l y  resembles a  g r a p h i t e  s c h i s t ,  x - ray  d i f f r a c t i o n  o f  s i x  samples 
from d i f f e r e n t  l o c a t i o n s  showed no g r a p h i t e  t o  be p resen t .  S i m i l a r l y ,  
Leathers  (1978) d i d  n o t  f i n d  g r a p h i t e  i n  any samples c o l l e c t e d  f rom t h e  S c h i s t  
of Redwood Creek exposed a long  t h e  P a c i f i c  coas t  between B i g  Lagoon and t h e  
mouth of Redwood Creek (F ig .  2 ) .  O v e r l y i n g  t h e  sheared b l a c k  s c h i s t  i s  
brownish-gray r e g o l i , t h  c o n t a i n i n g  abundant subangular  c l a s t s  o f  a  l i g h t - g r a y  
a1 b i  te-muscovi t e - c h l o r i  t e -qua r t z  s c h i s t .  Lenses o f  t h e  sheared b l a c k  s c h i s t  
a re  a l s o  p resen t  i n  t h i s  m a t e r i a l ,  p a r t i c u l a r l y  near  t h e  basal  con tac t .  On 
t h e  Switchback S l i d e  (Table 1, F ig .  I ) ,  b lack  s c h i s t  m a t e r i a l  was n o t  exposed 
a t  t h e  ground sur face b u t  was d iscovered  d u r i n g  d r i l l i n g .  The a s s o c i a t i o n  of 
mass movement w i t h  sheared b l a c k  . s c h i s t  i s  u n c e r t a i n  on a  few o f  t h e  b l o c k  
s l i d e s  due t o  t h e  absence o f  su r f ace  exposures and l a c k  o f  subsur face d r i l l i n g  
o r  t rench ing .  

F a i l u r e  Depths 

Excessive ep i sod i c  movement, 1  i m i  t e d  funds, and poor  a c c e s s i b i  1  i ty t o  most of 
t h e  b l o c k  s l i d e s  p r o h i b i t s  t h e  use of conven t iona l  i n c l  inometers  t o  determine 
depths and s t y l e s  o f  lands1 i d e  movement. A1 t e r n a t e l y ,  dep th -o f - f a i  1  u r e  (DOF) 
i n d i c a t o r s  were i n s t a l l e d  w i t h  a  p o r t a b l e  d r i l l  r i g .  A DOF i n d i c a t o r  (F i g .  4) 
c o n s i s t s  o f  a  2.4 cm d iameter  PVC cas ing  i n s t a l l e d  t o  a  dep th  o f  seven t o  n i n e  
meters ( t h e  maximum depth a t t a i n a b l e  w i t h  t h e  d r i l l  r i g ) .  A 20 cm l e n g t h  of  
steel rod attached to a stainless steel cable is lowered into the bottom of 
t h e  ho le .  A s i m i l a r  s i z e  rod, a t tached  t o  a  measuring tape, i s  lowered f r om 
t h e  t o p  of t h e  cas ing  d u r i n g  p e r i o d i c  f i e l d  i nspec t i ons .  I f  t h e  bot tom o f  t h e  
cas ing  i s  below t h e  f a i l u r e  su r f ace  and t h e r e  has been s u f f i c i e n t  movement and 
d i s t o r t i o n  of  t h e  cas ing  t o  i n h i b i t  passage o f  t h e  s t e e l  rods, t h e  depths ove r  
which movement has occur red  can be approx imate ly  determined (F ig .  4 ) .  The 
accuracy of de te rm in ing  f a i l u r e  zone th icknesses  w i t h  DOF i n d i c a t o r s  i s  
dependent upon t h e  amount o f  movement which has occu r red  between i n s t a l l a t i o n  
and measurement, and dimensions ( l e n g t h -  and d iameter )  o f  t h e  s t e e l  rod.  The 
h o r i z o n t a l  d i s t a n c e  o f  movement which d i sp laced  t h e  cased d r i l l  ho les  was n o t  
determined f o r  t h i s  s tudy.  

C"' / 
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F i  u r e  4. Schematic diagram showing dep th -o f - f a i  1  u re  (DOF) i n d i c a t o r  
(A! before and (B o r  C )  a f t e r  movement. 

Two DOF i n d i c a t o r s  were i n s t a l l e d  a t  separate l o c a t i o n s  on t h e  
Switchback and Lower G- l ine  S l i des  ( f e a t u r e s  3  and 2, r e s p e c t i v e l y ,  
F jg.  2) i n  December, 1983. On the  Upper G - l i n e  S l i d e  ( f e a t u r e  1, Fig.  
2) ,  two separate p a i r s  o f  DOF i n d i c a t o r s  were i n s t a l  l e d  i n  November, 
1983. One DOF i n d i c a t o r  was d isp laced on t h e  Switchback S l i d e  and bo th  
p a i r s  were d isp laced on the  Upper G- l i ne  S l i d e  du r i ng  t h e  1983-84 
w i n t e r  (Table 1). A t '  one o f  t he  l o c a t i o n s  on t h e  Upper G- l i ne  S l i d e ,  
t he  casings pinched dur ing  a  two-week p e r i o d  between when t h e  h o l e  was 
d r i l l e d  and when a  r o d  was lowered i n t o  them, p rec lud ing  an es t ima te  of 
t he  f a i l u r e  zone th ickness.  The second (upper)  p a i r  o f  DOF i n d i c a t o r s  
on the  Upper G- l ine  S l i d e  showed i n c o n s i s t e n t  r e s u l t s .  A l though t h e  
lower c o n s t r i c t i o n s  i n  the.se two ad jacent  d r i l l  ho les  occur red  a t  
i d e n t i c a l  depths, the  upper c o n s t r i c t i o n s  d i f f e r e d  i n  e l e v a t i o n  by 1.4 m, 
suggest ing a  w ider  zone o f  shear o r  m u l t i p l e  f a i l u r e  sur faces.  These two 
upper G - l i  ne DOF i n d i c a t o r s  have s ince  been ob l  i t e r a t e d  by rehab i  1  i t a t i o n  of 
t he  G- l ine  road. The one DOF i n d i c a t o r  which was d i sp laced  on t h e  Switchback 
S l i d e  suggested a  narrow zone o f  shear. The remain ing DOF i n d i c a t o r  on t h e  
Switchback S l i d e  and the  two on the  Lower G- l i ne  S l i d e  were n o t  o f f s e t  enough 
t o  c o n s t r i c t  t he  casing. 

Black s c h i s t  m a t e r i a l  was observed i n  t h e  d r i l l i n g  e f f l u e n t  d u r i n g  
i n s t a l l a t i o n  of seven o f  the  e i g h t  DOF i n d i c a t o r s ,  however, i t  was imposs ib le  
t o  t e l l  i f  the  s c h i s t  bedrock was coherent  o r  sheared. Table 1 l i s t s  t h e  
depths a t  which t h e  marked c o l o r  change f rom brown t o  b lack  was observed i n  
t he  d r i l l i n g  e f f l u e n t .  A t  two o f  t h e  t h r e e  l o c a t i o n s  w i t h  d i s p l a c e d  



Distance from Cround Surface to: 

Feature Depth-of-Failure Upper Lower Distance Between Depth to 
Number Name l ndicator Constriction Constriction Constrictions Black Schist 

Upper C-line Sl ide UCUZO 6.76111 6.94111 

Upper C-1 i ne Sl i de UCU25 5.3% 6.94111 

Upper C-line Slide UCLZO 3.41111 - 
Upper C-1 i ne Sl ide UCL25 3.9% - 

Loner C-1 ine S1 ide LC I D25 - 
Lower C-line Slide LCDF25 - 

3 Switchback Slide 

3 Switchback Sl ide 

Table 1. Summary results from depth-of-failure ( D O F )  indicators. D O F  indicators UGU 20 and UGU 25 were 
installed at similar elevations approximately 7 meters apart. UGL 20 and UGL 25 were installed 4 meters 
apart at similar elevations. All DOF indicators ranged from 7 to 8 meters deep. 



DOF i n d i c a t o r s ,  displacement was near t h e  upper boundary o f  t h e  b lack  s c h i s t .  
Displacement a t  t he  t h i r d  l o c a l i t y  occurred w i t h i n  t h e  b l a c k  m a t e r i a l .  

Movement 

Surface movement i s  being moni tored on p o r t i o n s  of t h r e e  b lock  s l i d e s  by 
stake1 i n e  surveys o r  con t inuous ly  reco rd ing  slope-movement i n d i c a t o r s .  The 
Upper G- l ine  S l i d e  and Elbow S l i d e  (Features 1 and. 4, F ig .  2)  have 
cont inuous ly  reco rd ing  s l  ope-movement i n d i c a t o r s  across a  1  a t e r a l  scarp ( F ig .  
5) .  One movement i n d i c a t o r  u t i l i z e s  a  s o l i d  s t a t e  data reco rde r  and the  o t h e r  
records movement on a  s t r i p  c h a r t .  The s o l i d  s t a t e  data reco rde r  on the  Elbow 
S l i d e  i s  s e t  t o  record  a  minimum of 7.5 mm o f  movement and t h e  s t r i p  c h a r t  
recorder  (on the  Upper G- l ine  S l i d e )  i s  s e n s i t i v e  t o  approx imate ly  4  mm o f  
movement. Since mon i to r i ng  o f  Elbow S l i d e  began i n  December, 1984, no 
movement has been recorded. However, a  t o t a l  o f  45 mm of movement on t h e  
Upper G-1 i ne S l  i d e  was recorded du r i ng  seven separate t ime  per iods  between 
February 1984, and March 1985. A l l  recorded movement occur red  i n  response t o  
i n d l v i  dual storms o r  storm sequences. 

STABLE GROUND 
P u l l y y  

. IDING BLOCK 

Figure  5. Diagram showing slope-movement- indicator 
i n s t a l l a t i o n  on the Elbow S l i d e  ( f e a t u r e  4, F ig .  2) .  
On t h e  Upper G- l ine  S l i d e  ( f e a t u r e  1 )  a s t r i p  c h a r t  
recorder  replaces the  po ten t iometer  and da ta  recorder .  
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A stake1 i n e  was i n s t a l  l e d  and measured w i t h  a  theodol i t e  and e l e c t r o n i c  
d is tance meter on the  Elbow and Switchback S l i des  i n  f a l l  1984, b u t  n e i t h e r  
have been remeasured ye t .  The s t a k e l i n e  across the  Elbow S l i d e  i s  l o c a t e d  i n  
t he  same area as a  s t a k e l i n e  i n s t a l l e d  by the  USGS i n  1974 (Harden and o thers ,  
1978). They repor ted  a  maximum o f  1.09 m o f  movement on t h e  h o r i z o n t a l  a x i s  
occu r r i ng  between 1974 and 1976. Between 1976 and 1979, surveys showed an 
a d d i t i o n a l  0.55 m o f  movement (M. Nolan, w r i t t e n  communication 1985). Our 
resurvey of t he  same s t a k e l i n e  i n  December 1984 i n d i c a t e s  t h a t  a t  l e a s t  6.7 m 
of a d d i t i o n a l  movement has occurred on the  most a c t i v e  p o r t i o n  o f  t h e  
s t a k e l i n e  s ince 1979. 

Other i n fo rma t ion  concerning the  t i m i n g  and magnitude o f  movement f o r  
b lock  s l i d e s  i s  qua1 i t a t i v e ,  c o n s i s t i n g  of f i e l d  observat ions by Nat iona l  Park 
Serv ice geo log is ts .  This  i n fo rma t ion  i n d i c a t e s  t h a t  most movement occurs i n  
d i r e c t  response t o  pro1 onged, in tense p r e c i p i t a t i o n  events o r  sequences of 
events. Movement o f  a  very ac t i ve ,  h i g h l y  d i s rup ted  b lock  s l i d e  was very  
responsive t o  r a i n f a l l  du r i ng  w i n t e r  and s p r i n g  1983. Over seven meters of 
ep isod ic  movement occurred between l a t e  January and e a r l y  A p r i  1  1983 (Spre i  t e r  
and Johnson, 1983). No movement has been observed on any o f  t he  b lock  s l i d e s  
du r ing  the  summer. 

DISCUSSION 

Cont ro ls  on Block S l i d e  D i s t r i b u t i o n  and Depths of Movement --- - 
w 
@ 
$-.- Although ou r  i n v e s t i g a t i o n  of b lock  s l i d e s  i s  a t  an e a r l y  stage, some 
& p r e l  im inary  general i z a t i o n s  can be made concerning c o n t r o l s  on t h e i r  movement 
$& c h a r a c t e r i s t i c s  and s p a t i a l  d i s t r i b u t i o n .  The most common c h a r a c t e r i s t i c  of 

1 these fea tures  i s  the  assoc ia t i on  w i t h  sheared b lack  s c h i s t .  On two b lock  
s l i d e s  movement was detected near the  boundary between the  b lack  s c h i s t  and 

f the  o v e r l y i n g  r e g o l i t h  w i t h  DOF i n d i c a t o r s  (Table 1). On a  t h i r d  b lock  s l i d e ,  
% 
$ the  E l  bow S l  ide,  f i e l d  observat ions i n d i c a t e  t h a t  movement i s  a1 so o c c u r r i n g  
$ near o r  a t  t h i s  d i s c o n t i n u i t y  i n  m a t e r i a l  types. F i e l d  observat ions suggest 
8 t h a t  cohesion i s  g rea te r  and permeabi l i ty  i s  l e s s  for the  sheared b lack  s c h i s t  
> 
$i 

k; 
than i n  the o v e r l y i n g  reg01 i th.  Presumably, t he  1  ower permeabi 1 i ty impedes 

,F drainage i n t o  the  sheared b lack  s c h i s t ,  perching groundwater above i t .  The 
g rea te r  cohesion o f  t he  sheared b lack  s c h i s t  encourages f a i l u r e  surface 

4 development a t  t h i s  contact .  S i m i l a r  d i s c o n t i n u i t i e s  i n  m a t e r i a l  p r o p e r t i e s  
9 
$ 

occur a t  t he  boundary between coherent s c h i s t  bedrock and o v e r l y i n g  reg01 i t h  
on a t  l e a s t  one b lock  s l i d e  where sheared b lack  s c h i s t  was n o t  found. 

Most o f  the  b lock  s l i d e s  i d e n t i f i e d  occur i n  an e longate zone extending from 
Dev i l s  Creek t o  Tom McDonald Creek (F ig .  2) .  W i th in  t h i s  zone, observat ions 
i n d i c a t e  t h a t  sheared and unsheared b lack  s c h i s t  comprises a  g r e a t e r  
p r o p o r t i o n  o f  the  exposed bedrock than i n  s c h i s t  t e r rane  elsewhere i n  t h e  
park. This  e longate zone (F ig .  2) i s  immediately t o  t he  west o f  t he  "Br idge 
Creek 1 ineament" , def ined by Harden and others (1981) t o  co inc ide  w i t h  a1 igned 
segments o f  Panther, Dev i l s ,  Br idge and Tom McDonald Creeks. The l ineament  
may be p a r t i a l l y  c o n t r o l l e d  by t h i s  concent ra t ion  o f  h i g h l y  sheared, e a s i l y  
eroded m a t e r i a l .  Future geologic  mapping may show t h i s  b lack  s c h i s t  t o  be a  
d i s t i n c t  member of the  Sch is t  of Redwood Creek. 



Comaarison w i t h  Other  Lands1 i des  

Swanston and o the rs  (1983) measured d isp lacement  a l ong  narrow shear zones a t  
5.5, 6.4 and 12.6 meter  depths a t  t h r e e  i n c l i n o m e t e r s  l o c a t e d  i n  s c h i s t  
t e r r a n e  w i t h i n  Redwood Na t i ona l  Park ( F i g .  2 ) .  The two i n c l i n o m e t e r s  which 
sheared a t  sha l lower  depths a r e  10 m a p a r t  w h i l e  t h e  t h i r d  i n c l i n o m e t e r  i s  
400 m t o  t h e  south. The maximum movement t hey  observed ove r  a  s i x - yea r  p e r i o d  
was sma l l  (16.4 mrn/year). T h e i r  m o n i t o r i n g  s i t e s  d i d  n o t  d i s p l a y  scarps o r  
o t h e r  morpholog ic  f e a t u r e s  t y p i c a l  o f  1  andsl  ides ,  sugges t i ng  t h a t  t h e  observed 
movement was o f  a  more widespread, uncon f ined  na tu re .  We have observed much 
more r a p i d  r a t e s  o f  movement (up t o  7 m/year) o c c u r r i n g  on b l o c k  s l i d e s  a t  
depths comparable t o  one of t h e  l o c a t i o n s  mon i t o red  by Swanston and o t h e r s  
(1983). Perhaps t h e  process i s  s i m i l a r  except  t h a t  on b l o c k  s l i d e s  t h e  b l ocks  
have detached f rom t h e  h i l l s l o p e  and movement has a c c e l e r a t e d  s u b s t a n t i a l l y .  

Large grassland-covered e a r t h  f l ows  a r e  a  common t y p e  o f  mass-movement 
o c c u r r i n g  i n  Franc iscan sedimentary t e r r a n e  i n  t h e  Redwood Creek bas in  and 
elsewhere throughout  nor thwest  C a l i f o r n i a  (Nolan and o the rs ,  1976; Kel sey, 
1978; Keefer and Johnson, 1983; I ve rson  , 1984). C h a r a c t e r i s t i c s  o f  
b l o c k  s l i d e s  which a r e  a l s o  common t o  many e a r t h  f lows i nc l ude :  1) a  
predominate ly  t r a n s l a t i o n a l  s t y l e  o f  movement, 2 )  annual movement r a t e s  l e s s  
than  10 mlyear,  3 )  a s s o c i a t i o n  w i t h  h i g h l y  sheared a r g i l l a c e o u s  rock  types  
( t h e  b l a c k  s c h i s t  i s  metamorphosed mudstone), and 4 )  basa l  f a i l u r e  surfaces a t  
approx imate ly  f i v e  meter depths. 

D i s s i m i l a r i t i e s  between e a r t h  f lows and b l o c k  s l i d e s  a l s o  e x i s t ,  and these a r e  r 

perhaps more impo r tan t  than t h e i r  comparable c h a r a c t e r i s t i c s .  F i r s t ,  f a i l u r e  
sur faces  on b l o c k  s l i d e s  occur,  a t  l e a s t  l o c a l l y ,  a t  l i t h o l o g i c  boundar ies 
( reg01 i th l shea red  b l  ack s c h i s t )  whereas s t u d i e s  o f  e a r t h  f 1  ows have n o t  
i d e n t i f i e d  1  i t h o l o g i c  con tac t s  a t  basal  shear zones (Keefer and Johnson, 1983; 
I ve rson ,  1984). Secondly, movement o f  b l o c k  s l i d e s  i s  e p i s o d i c  and appears t o  
be un ique l y  assoc ia ted  w i t h  r a i n f a l l  events  whereas movement o f  some 
e a r t h  f l ows  may p e r s i s t  from l a t e  f a l l  t o  l a t e  s p r i n g  and, i n  some ins tances ,  
throughout  summer ( I ve rson ,  1984). T h i r d l y ,  a1 though some e a r t h  f l o w s  a r e  
comparable i n  s i z e  t o  b l o c k  s l i d e s ,  many e a r t h  f l o w s  a r e  much l a r g e r ,  
ex tend ing  f rom ma jo r  dra inage d i v i d e s  t o  t h e  v a l l e y  bottom. E a r t h  f l o w s  a l s o  
commonly d i s p l a y  more s u r f i c i a l  evidence o f  s lumping o r  i n t e r n a l  de fo rmat ion .  
F i n a l  ly ,  most b l o c k  s l i d e s  l a c k  t he  c l a s s i c  " t ea rd rop "  p l a n i m e t r i c  shape and 
s igmoidal  p r o f i l e  c h a r a c t e r i s t i c  o f  many e a r t h  f lows. 

Cont ras ts  between movement o f  b l ock  s l i d e s  and e a r t h  f lows may be exp la i ned  by 
d i f ferences i n  c l a y  con ten t  o f  m a t e r i a l s  compr is ing  t h e  two t ypes  o f  f a i l u r e s .  
P a r t i c l e .  s i z e  analyses i n d i c a t e  t h a t  b l o c k  s l i d e s  have an average o f  14 
percen t  c l a y  i n  t h e  (2 mm f r a c t i o n  (Sonnev i l ,  unpub l i shed  d a t a ) ;  about h a l f  
t h e  c l a y  con ten t  o f  m a t e r i a l  compr is ing  some e a r t h  f l o w s  on sedimentary  
t e r r a n e  i n  t h e  Redwood Creek bas in  ( I ve rson ,  1984,; J. Popenoe, personal  
communication, 1985). A h i ghe r  c l a y  con ten t  and assoc ia ted  l owe r  permeabi 1  i ty  
may i nc rease  r e t e n t i o n  o f  wa te r  and p r o l o n g  t h e  d u r a t i o n  o f  movement. 

W i t h i n  s c h i s t  t e r r a n e  i n  t h e  Redwood Creek bas in ,  t h e r e  a r e  a  l a r g e  number o f  
"trough-shaped" f i  r s t - o r d e r  drainages rang ing  i n  area from a  few hec ta res  t o  
ove r  a  square k i l o m e t e r .  These have t h e  appearance of hav ing  been formed by  



mass-movement rather than fl uvial processes. No1 an and others (1976) 
identified some of these features and many more have been located by National 
Park Service staff during detailed geomorphic mapping. Significantly, most of 
the block slides we have found incorporate or originate in these first-order 
drainage basins, suggesting that this process may represent an important 
mechanism for sculpting morphologically similar drainages common throughout 
the schist terrane of Redwood Creek. 

Lithologic units similar to the Schist of Redwood creek occur elsewhere. 
Kelsey and Hagans (1982) have correlated the Schist of Redwood Creek with the 
South Fork Mountain Schist in northwest California which, in turn, is 
1 i tho1 o ical ly simi 1 ar to the Colebrooke Schist in southwest Oregon (Coleman, 
1972) !Fig. 6 ) .  Literature concerning styles of landsliding on these 
lithologic units is sparse. Buer and James (1976) discuss landslides within 
the eastern half of the South Fork Mountain Schist which have similarities 
to the block slides. D. Haskins (personal communication, 1985) suggested that 
the block slides in Redwood Creek may be analagous to some active subsidiary 
lands1 ides associated with ancient translational/rotational landsl ides, in 
schist on the east side of South Fork Mountain. Landslides occurring on the 
western slopes of South Fork Mountain, particularly those underlain by 
metamorphosed argillaceous rocks, may also be block slides (R. Farrington, 
personal communication, 1985). 

SUMMARY AND CONCLUSIONS 

Slow moving, deep-seated landslides on schist terrane in the Redwood Creek 
basin are more common than is evident from aerial photographs. Detailed 
geomorphi c mapping wi thin the 1 ower Redwood Creek basi n has del i neated 
33 active block sl ides overlying schist bedrock. Characteristics common to 
inventoried features include: 1 )  predominately trans1 ational movement, 2) 
areal extent varying from 0.4 to 2.0 hectares, but occasionally ranging up to 
40 hectares, 3)  episodic, storm-dependent movement wi th observed total annual 
displacement up to seven meters, 4) observed depths to failure surfaces 
ranging between 3.4 and 6.9 meters, and 5) association with a highly sheared 
black schist, which is metamorphosed argil laceous rock. 

Block slides differ from earth flows which -are common on Franciscan 
sedimentary terrane in northwest California. Block slides are smaller .than 
most earth flows and lack the "teardrop" planimetric shape and sigmoidal 
profile characteristic to many earth flows. Depths to failure surfaces on 
block slides can be lithologically controlled, but studies of earth flows have 
not demonstrated controls on failure surface locations. Monitored block-slide 
movement is more episodic than movement on monitored earth flows. Movement 
differences may result from the amount of clay in materials which comprise 
these two landsl ide types. 

The number and d i s t r i b u t i o n  o f  b lock  s l i d e s  i n  t he  lower  t h i r d  o f  t h e  Redwood 
Creek basin suggests that additional features exist upstream of Redwood 
National Park, particularly along the Bridge Creek 1 ineament or other 
locations where sheared black schist is abundant. Block slides may be a 
common form of mass-movement outside of the Redwood Creek basin in terrane 
underlain by lithologic units similar to the Schist of Redwood Creek (for 
example, the South Fork Mountain Schist in northwest Cal i fornia and the 



F i g u r e  6. Map showing t he  d i s t r i b u t i o n  o f  t h e  S c h i s t  of  
Redwood Creek, t h e  South Fork Mountain S c h i s t  (Ke lsey  and 
Hagans, 1982) and t h e  Colebrooke S c h i s t  (Coleman, 1972). 
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Colebrooke Sch i s t  i n  southwest Oregon). Because t h e i r  movement occurs i n  1 smal l  increments, b lock  s l i d e s  w i l l  n o t  be major  c a t a s t r o p h i c  sediment sources 

: but ,  instead,  represent  a more p e r s i s t e n t ,  1 ong-term e ros ion  process. 
i 
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