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Summary: 

Stress relief causes opening of cracks as well as gravity movements of rock masses. In soils, landslides originate, often of large 
dimensions. Phenomena of this kind, observed in the Santa valley in Peru, are referred to. The processes, when triggered by 
the earthquake shocks, become of great importance for the population of the region. An attempt is made at explaining the 
mechanism of stress relief by analysing the origin of the important fault zone bordering the foot of the Cordillera Blanca. 
The assumption, as submitted, also helps in explaining the differential upheaval of the Cordillera Blanca as compared with 
that of the Cordillera Negra and of the coastal ranges. 

R4sume: 

La procedure de decompression cause I'ouverture des crevasses et aussi les mouvements de gravitation dans les masses 
rocheuses. Les eboulements de terre se devetoppent frequemment atteignant des dimensions considerables. Les phenom~nes 
de ce genre, observes dans la vallee de Huaylas en Perou, sont d4crits. Si les phenom~nes sont en plus pousses par les chocs de 
tremblement de terre, ils deviennent importants pour la population. Une tentative est fake d'expliquer le mecanisme de 
d4compression en analysant I'origine d'une faille importante qui borde la Cordillera Blanca. L'analyse, comme presentee, 
aide aussi d'expliquer I'el~vement diff4renciel de la Cordillera Blanca en comparaison de cette de la Cordillera Negra et des 
zones de cote. 

The s t r e s s - r e l i e f  o f  r o c k s  o f  t h e  C o r d i l l e r a  

B l a n c a  i n  P e r u  e x c e e d s  t h a t  e n c o u n t e r e d  i n  o t h e r  m o u n t -  

a i n s  in that it is not limited to the flanks of the 

ridges but roaches deep into the masslf. Figure 1 shows 

the state as it appears at the foot of walls of the deep 

U-shaped transversal glacial valleys. Most strlklng are 

the wlde open cracks often forming cavities of large 

dimenslons. Cracks of this set are of NNW-SSE dzreetion 

almost parallel with the Santa valley. They indicate 

also dislocations along another sot of surfaces, whlch 

are almost normal to the cracks and display a curvature 

with general dlp towards the'Santa valley. The compet- 

ency of the hlgh granodiorite walls is very poor due to 

three sets of discontinuity surfaces and small rockfalls 

take place several ti~,es a day. Poor stability appears 

especially when rockfalls are triggered by earthquake 

shocks. In thls way the May 31, 1970 earthquake avalan- 

che that destroyed Yungay and Ranrahirca, originated on 

the south-west-west flank of'the northern peak of 

HuascarAn (6670 m). It involved 8 milllon cu m rock 

debris and 3 mlllion cu m of ice. The peak has a shape 

of a truncated pyramid [Fig. 2), its two flanks being 

in'general parallel wlth the Sasta valley. Also the 

opposlte flank suffered by a roekfall ; important rock- 

falls of these two orientatlons also occurred on other 

peaks in the vicinity. The rockfalls that affected the 

other two flanks were of smaller dimensions. One of the 

rnekfalls extended the fan situated between the Laguna 

Llanganuco and Laguna Alta [Fig. 3) and thus killed the 

members of the Czechoslovak mountaineering group; it 

contazned only 1 to 2 million cu m of rock debris but 

2.5 million cu m of ice. 

Fig. I - Deep open vertlcal fractures and incllned 
continuous surfaces in the granodiorite walls 
of the glacial valley de Paria in the Cordil- 
lera Blanca near Huaraz, Peru. The locality 
is sltuated deep in the masszf, about 6 km 
from the western boundary o£ the mountalns. 
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Fig. 2 - The site of the destroyed village of Randra- 
hirca et the mouth of the Shacsha valley into 
the Santa valley. Nevados HuascarAn is in 
the background. 
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Fig. 3 - Longitudinal profiles of the paths 0£ the 
Nevados Huasearan avalanches, which fell into 
~he Santa Valley and into the Llanganuco 
Valley; HN - Nevados Huasearan, north peak, 
C - debris cone dammlng the stream draining 
the Laguna Alta [upper Llanganueo Lake) ; 
LL - lower Llanganuco Lake ; QL - Llanganuco 
Valley & A - village of Armapampa ; V - village 
of Vuelta ; SHR - Shacsha Valley ; Y - Yungay, 
R - Ranra-hlrca ; SR - RIO Santa (after 
LLI3OUTRY etal, 1970) 
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Fig. 4 - Parallel orlented pattern of granodiorite, 
along which cleavage occurs under seismic 
loading, thus menaclng the transformer plat- 
form of the hydro-eLectric plant at Huallanca. 
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Fig. 5 - The fall of dlsintegrated Triassic mudstone 
mass due to seismic shocks, Huallanca, Peru. 

The s t r e s s ° r e l i e f  a l s o  g a v e  r i s e  to  s h e e t i n g  a l o n g  

t h e  c l e a v a g e  p l a n e s  o f  t h e  g r a n o d l o r l t e .  The e a r t h q u a k e  

s h o c k s  ,noved b l o c k s  on t h e  s l o p e s  l n c l l n e l  a t  an a n g l e  

o f  more t h a n  36 d e g r e e s .  U n f o r t u n a t e l y ,  t h e  t r a n s f o r m e r  

s t a t i o n  ( F i g .  4) a s  w e l l  a s  t h e  p l a t f o r m  o f  t h e  m o u t h s  

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

H u a l l a n c a  h a v e  been  s i t u a t e d  on t h e  f l a n k s  e x p o s e d  to  

t h e s e  b l o c k  m o v e m e n t s .  

On t h e  o t h e r  h a n d ,  t h e  T r i a s s i c  m u J s t o n e  and f i n e -  

g r a i n e d  s a n d s t o n e  d i s i n t e g r a t e  z n t o  s a n d y  mass  s u s c e p t -  

i b l e  to  s u d d e n  f a l l s  ,vhen s u b j e c t e d  to  e a r t h q u a k e :  s h o c k s  

( F i g .  5 ) .  

I t  i s  t h e  a u t h o r ' s  o p i n i o n  t h a t  t h e  c o l l a p s e s  o f  

r o c k s  c a n n o t  be a t t r i b u t e d  to  t h e  e a r t h q u a k e  s h o c k s  o n l y  

and t h a t  a c o n s i d e r a b l e  f r a c t u r i n g  o f  r o c k z  duc to  s t r e s s  

relief zs a contributing factor. The relatively good 

stability of the strlkingiy high walls of the canyons 

cut into the thlck mass'Of fluvioglacial deposlts (Fig.6) 

of the earthquake area can be given as an indirect proof. 

The ,naterial of terraces also proved to be stable alth- 

ough they are often deposited on steer rock slopes. 

While the rock masses of unstable character are 

widesoread throughout the mountalns, it is interesting 

to observe how auch the slope failures of the deposits 

fllling the Santa valley are limlted to the llnes of 

recent faults. An important fault borders the western 

toe of the Cordillera Blanca. In reallty it is a few 

kllometers wlde zone (Fig.8) in which the system of 

several faults developed. An assumptlon of the mechan- 

ism of the fault zone development is presented in Fig.7. 

Although it is an attempt only, it may throw some 

light on the as yet unexplalned ( W~LSON et al 1967 , 

p.74) relatlve greater upheaval of the Cordlllera Blanca 

as compared wlth that of the western reglon. It may 

also be helpful in explalning the deep stress relief of 

the rocks of the COrdlllera Blanca. 

F i g .  6 - View o f  a s m a l l  p a r t  o f  a l a r g e  c o m p l e x  o f  
c a n y o n s  c u t  i n t o  t he  £ 1 u v z o g l a c i a l  d e p o s i t s  
more t h a n  t h r e e  h u n d r e d  m e t r e s  t h i c k .  The 
p h o t o g r a p h  shows  t h e  o n l y  p l a c e  where  t h e  
b o r d e r s  o f  t h e  c a n y o n s  s u f f e r e d  by e a r t h -  
quake  [ c r a c k s  on t h e  l e f t ) .  S o u t h  o f  H u a r a z ,  
P e r u .  



12 

• 15 3Q4S 80 ~ I m K M  N E E  

DE tJAtt PAOPIC OCEAN ~ C O W ~ L 4 . 1 g ~ A  BLANCA 
- glS~ -,NI~4 - l i b  £ 

- - [  ' I 
: s a m  . s .  ~ ; -  

Fig. 7 - A u t o r  s c o n c e p t i o n  o f  t h e  l , i echan l sm o£ t h e  
d e v e l o p i . e n t  o f  t h e  f a u l t  z o n e  accompany2ng  
t h e  S a n t a  v a l l e y  i n  P e r u .  The r e l a t i v e  o v e r -  
t h r u s t  0 o f  t h e  c o n t i n e n t a l  c r u s t  Ion t h e  
r i g h t  on t h e  o c e a n i c  c r u s t  p r o m o t e s  g r a v i t y  
s u b s i d e n c e  V o f  t h e  l a t t e r .  I n  r e a l i t y  t h e  
o c e a n i c  c r u s t  i s  u n d e r t h r u s t  b e n e a t h  t h e  
c o n t i n e n t a l  c r u s t  ( s e e  e . g .  DEWEy and HORS- 
FIELD, 1 9 7 0 ) ,  b u t  o n l y  t h e  r e l a t i v e  d i s -  
p l a c e m e n t  i s  o f  i m p o r t a n c e  i n  t h i s  c a s e .  
S u b s i d e n c e  p r o m o t e s  s l i p  movement  S w h i c h  
g i v e s  r i s e  to  t h e  f a u l t  z o n e ;  E, H - t h e  
e p i c e n t e r  and  h y p o c e n t e r  o£ t h e  May 3 1 , 1 9 7 0 ,  
e a r t h q u a k e .  

F i g .  8 - R e c e n t  e a s t e r n  f a u l t  l i n e  m a n i f e s t e d  by a 
d a r k  s c a r p  w a l l  w h i c h  r u n s  many t e a s  o£ 
k i l o m e t r e s  a l o n g  t h e  m o u n t a i n s  and i s  a c -  
c o m p a n i e d  by a s e t  of .  f a n  s c a r p s .  

F i g .  9 - An e x a m p l e  o f  many l a n d s l i d e s  d e v e l o p i n g  i n  
t h e  o u t w a s h  m a t e r i a l .  P h o t o g r a p h  i s  t a k e n  
f r o m  t h e  f r o n t  o£ t h e  f l a t t e n e d  t e r m i n a l  
m o r a i n e .  The o v e r g r o w n  a r e a  c o i n c i d e s  w i t h  
t h e  w e s t e r n  r e c e n t  f a u l t .  The h i l l  b e h i n d  
i s  o f  v o l c a n i c  m a t e r i a l  b e l o n g i n g  to  t h e  
C o r d i l l e r a  N e g r a .  
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F i g .  10  - The e a s t e r n  r e c e n t  f a u l t  c u t t i n g  t h e  l a t e r a l  
moraines at the mouth of t h e  valley de P a r ~ a  
near Huaraz. The width of the sunken belt 
bordered by the outward and bakward scarps 
is about 40 metres. 

Fig. ii - The "graben" of the fault zone situated op - 
posite to Recuay, 140 m high above the right 
bank of the Santa river." The plain has been 
irrigated which contributed to the poor stab- 
ility of the slope above the river whlch lies 
to the r i g h t  o f  the photograph. 

The  l a c k  o f  s t a b i l i t y  o f  t h e  s l o p e s  a l o n g  t h e  two 

r e c e n t  p a r t i a l  f a u l t s  may t h e r e f o r e  be a t t r i b u t e d  n o t  

o n l y  t o  t h e  r a t h e r  s t e e p  i n c l i n a t i o n  o f  t h e  t e r r a i n  and  

to  t h e  p r e s e n c e  o£ w a t e r ,  e s p e c i a l l y  i n  t h e  w e s t e r n  f a u l t  

b u t  a l s o  t o  t h e  s o f t e n i n g  o f  t h e  s o i l s  o w i n g  to  t h e  e x -  

t e n s i o n  occurring normal to the fault direction (Figs.9, 

I0). The presence of hot springs speaks for the tens- 

lonal pull across the fault zone, too. 

Very impressive are the two areas where the fault 

zone enters the Santa valley. The upstream of Huaraz has 

been characterlzed by the old large landsllde at Recuay. 

The "graben" of the fault zone lies 140 m above the 

rlght bank of the Santa flyer (F~g.ll). The bank itself 

is formed of pyroclastic rocks. Durlng the 1970 earth- 

q u a k e  t h e  s l o p e  a b o v e  t h e  r i g h t  b a n k  o f  t h e  r i v e r  c o l  - 

l a p s e d .  The  h e a d  s c a r p  o f  t h e  r e c e n t  s l i d e  r e a c h e d  100m 

a b o v e  t h e  r i v e r .  T h e  s l i d e  e x t e n d s  a c r o s s  t h e  f l y e r  and  

t h e  r i v e r  f l o o r  was h e a v e d  u p w a r d  t h u s  f o r m i n g  a s m a l l  

hill (Fig. 12) and blocking the river. 

A rather slmilar sltuation developed at Palmira, 

downstream of Huaraz. The toe of a large landsllde 

situated on the fault zone IS formed here by an andeslte 

block belonglng to the volcanic rocks of the Cordillera 

Negra. As seen from Fig. 13, the resistance of the block 

has been reduced by river erosion. The movement of the 

slope was promoted b~ intensive irrlgatlon using the rear 

scarps of the landslide as water channels. 
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Fig~ 12 - The toe of the landslide at Recuay. The heaved 
toe consisting of pyroclastic rock blocked the 
river. 

F i g .  13 - I h e  r i v e r  l e a v i n g  t h e  v o l c a n i c  r o c k s  b e f o r e  
e n k e r i n g  t h e  C r e t a c e o u s  c o m p l e x  n e a r  P a l m i r a .  
The a n d e s i t e  b l o c k  f o r m e d  t h e  a b u t m e n t  o f  a 
l a r g e  l a n d s l i d e  o f  t h e  g l a c i o f l u v l a l  m a t e r i a l  
f i l l i n g  t h e  f a u l t  z o n e ,  w h i c h  i s  s i t u a t e d  
b e h i n d  t h e  b l o c k .  Due t o  g r a d u a l  r i v e r  e r o s -  
i o n ,  t h e  b l o c k  moves  s l o w l y  i n t o  t h e  r i v e r .  
The r o a d w a y  c o l l a p s e d  and  was  r e c o n s t r u c t e d  
a t  l e a s t  two t i m e s .  
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