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SYNOPSIS Debris flows, mudflows, landslides and rockfalls are a frequent occurrence in the Karakoram
region of Northern Pakistan. Periodically these have been of such major proportions that they have dammed the river 
Indus or its tributaries. Sometimes when the dam has burst subsequently there has been serious flooding downstream.
In July 1980 a catastrophic debris flow blocked the Ghizar river near Gupis, about 130 km west of Gilgit. Over a 
period of 30 hours waves of mud up to 5 metres high periodically surged down a side valley at estimated speeds of 
100 km/hr, and formed a natural dam about 30 metres high. A lake quickly built up extending 5 km up-stream. The 
causes and nature of the debris flow are described together with the behaviour of the dam during the period following 
overtopping.

INTRODUCTION

In recent years there has been increasing attention to 
the causes and behaviour of debris flows so that their 
occurrence can be predicted and steps taken to prevent 
them or ameliorate their effects, (e.g. Johnson, 1970). 
Debris flows, landslides and rockfalls are a common 
occurrence in the remote high and mountainous terrain of 
the Karakoram region of Northern Pakistan, and a study of 
the geomorphological activity in the Hunza Valley was 
undertaken as part of the International Karakoram 
Project 1980 organised by the Royal Geographical Society 
(Goudie et al 1983). By chance a major debris flow was 
observed in the Ghizar Valley elsewhere in the region and 
this event is described here.

THE GHIZAR VALLEY

The Ghizar Valley (2000-2500m) is a deep steep-sided 
sediment-floored glaciated valley situated in the west of 
the Karakoram region (see Fig. la). On either side the 
barren mountains rise to 4500-5500m with some of the 
highest peaks snow covered even in summer. Near Gupis 
the valley floor consists of low angle fans which formed 
from outwash and debris flow deposits through which the 
river has cut a broad flood plain. In many places glac­
ia l deposits and scree slopes have formed above the fans. 
The valley floor is arid with a mean annual rain fa l l  
recorded at Gupis of only 117mm, and with diurnal temp­
eratures ranging from +18°C to +32°C in July and August, 
and -5° to +5°C in January and February.

2The Ghizar river drains a catchment of 4000 km , part of 
the Upper Indus Basin. Near its  confluence with the 
Yasin river at Gupis i t  is about 50 metres wide and is a 
pale turquoise blue indicating a low concentration of 
suspended sediment, in contrast to the dirty grey of the 
Yasin river. As much of the flow is derived from snow 
and glacier melting, the discharge shows a minimum in 
winter and a maximum in July and August. Based on the 
records for the Gilgit river i t  is estimated that the 
summer discharge averages 170 cumec, and the annual dis­
charge averages 70 cumec (equivalent to 550 mm annual 
precipitation).

PREVIOUS DEBRIS FLOWS IN THE REGION

The area is extremely arid, and storm generated precipi­
tation falling on the steep poorly vegetated slopes 
results in rapid run off. As there is a plentiful supply 
of non-lithified superficial debris produced by weather­
ing, slope degradation, and glacial and aeolian processes, 
thiire is a widespread occurrence of debris flows. These 
range in size from short narrow runnels on scree slopes 
to catastrophic events produced by flash flooding in 
storms or by sudden release of glacial melt-water (e.g. 
at Sheeshkat, Hunza 1976 (Goudie et al, 1983) and Gupis 
(this paper)). Such debris flows pose a major hazard to 
the local people, as they frequently destroy roads, 
housing, animals and agricultural land, and occasionally 
form natural dams.

Two types of natural dam are of relatively frequent 
occurrence in the Upper Indus Basin -  landslide dams, 
and ice dams formed by the rapid advance of glaciers 
(Hewitt, 1982 ). Bursting of natural dams has often 
resulted in catastrophic flooding downstream. The prin­
cipal landslide dams which have been recorded in 
historic times are shown in Table 1 but there is field 
evidence of the remains of many others.

TABLE 1

Some Landslide Dams in the Upper Indus Basin 
_ (Hewitt, 1982, Goudie et al, 1983)

Date River Cause Details

1841 Indus landslide/ 300m high 55km long lake
rockslide drained in 24 hrs on over­

topping. Major floods.
1858 Hunza landslide/ ? 100m high 45km long lake

rockslide drained suddenly on over­
topping. Major floods.

1931 Indus landslide Drained slowly.
1976 Hunza debris 20m high 12km long lake

flow persisted despite attempts
to breach dam.

1980 Ghizar debris 30m high 5km long lake
flow persisted.

1981 Gilgit debris 5m high 0.5km long lake
flow drained.
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Fig 1: a) Location Plan. b) A sketch plan made before the overflow of the lake had taken place.

c) Detailed survey of the lower track, lobe and lake overflow, measured on 6th August 1980.
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DESCRIPTION

The debris flow occurred about 5 km west of the conflu­
ence of the Yasin and Ghizar rivers, at a point where 
the Ghizar river flows through a narrow rocky cataract 
(see Fig. lb). Upstream and downstream from the gorge 
the river crossed alluvial plains bounded by low angle 
fans to the south and rocky slopes to the north. Emerg­
ing from a side valley to the south, the Jandorote Nala 
joined the river just upstream of the cataract. With a 
normal summer flow similar to a mountain stream, the 
Nala flowed down a deep channel cut through the fan, 
approximately 80 metres wide at its base. Local people 
had constructed a dozen channels to tap the water for 
irrigation purposes. The road from Gilgit to Chittral 
crossed the Nala where i t  emerged into the main valley. 
At the time of the debris flow the weather was fine and 
there had been no significant rainfall in the area for 
some weeks previously. There were no earthquakes fe l t  
or recorded in the area that day.

At approximately 1630 hrs on 27 July 1980 a wave of mud 
and boulders swept down the Nala destroying crops, 
houses and livestock as well as the road, flowed across 
the alluvial plain and blocked the Ghizar river. Eye­
witnesses said there was no warning and that thereafter 
waves of debris emerged very frequently so that the flow 
was almost continuous. By next morning (1100 hrs) when 
two authors (DN and REH) arrived the waves were arriving 
about four times per hour. The f i r s t  indication of an 
approaching wave was aural giving 1| to 2 minutes warn­
ing (the source was about 3 km away). Soon the wave

Figs 2a), 2b): General views of landslide dam 
and debris track.

could be seen slewing from side to side of the channel as 
i t  went round bends until with a deafening roar i t  reach­
ed the bottom of the Nala. At this point the wave was the 
fu l l  80 metres width of the channel, up to 5 metres high 
and travelling at speeds of perhaps 100 km/hr, throwing 
up debris and boulders as i t  passed (see photos Figs. 2, 
3). The wave then spread out when i t  reached the surface 
of the landslide dam which rose and fe l l  like je lly*
The scene closely resembled a breaking wave passing 
through the narrow entrance to a tidal inlet. When a l l  
the movement had ceased the surface of the fresh debris 
was firm enough for people to cross the Nala, and the 
debris had the consistency of a freshly mixed concrete.

By that evening the frequency and size of the waves had 
diminished and a flow of water and mud had started, 
eroding the surface of the debris track. At this time 
the dam was about 30 metres high, 200 metres along its 
axis with the downstream toe right through the rocky 
gorge. The maximum slopes of the dam were determined 
with an Abney level as 3.5 to 4° while the average slope 
of the debris track was 11.7°. A lake had formed which 
extended upstream about 5 km covering two villages and 
rendering 500 people homeless. At about midnight the 
dam was overtopped, but the level only dropped gradually 
at the dam eroded. There was no flooding downstream.

Over the following three days the river cut down the 
surface of the dam and the lake dropped by about 1 metre. 
During this time the topography of the dam changed 
significantly and the crest slope increased to 10° near 
the river. Standing water appeared on the surface of the

Figs 3a), 3b): Views of debris waves emerging from Nala 
and spreading across dam.
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dam and in  p la c e s t h e r e  w ere numerous sand  b o i l s .  The 

su r f a c e  o f  t he dam and t he lo w er  p a r t  o f  t he d e b r is 

t r a c k  w as su rv eyed  d u r in g  t he p e r io d  A t o  6 August  and 

t h is  su r v ey  i s  shown in  F ig .  l c .

The day a f t e r  t he dam o ver t o p p ed  a r e co n n a issan ce  was 

made up t he s id e  v a l l e y  ( see  F ig .  l b ) .  The lo w er  p a r t  

o f  t he v a l l e y  w as in a c c e ss ib le  as a 30m deep go rge had 

been eroded  in  t he m o rain e w h ich  f o rm ed t he v a l l e y  f lo o r . 

A t  t h i s  g o in t  t he averag e slo p e  o f  t h e v a l l e y  f l o o r  w as 

abo ut  20 , Fu r t h e r  up t he s id e  v a l l e y  t he m o rain e w as 

co vered  by sc r e e  and b o u ld e r s and t h e r e  had  been l i t t l e  

e r o s io n . A t  t h e head o f  t he v a l l e y  t h e r e  w as a d e b r is 

co vered  r e l i c  g l a c ie r  w i t h in  w h ich  w as a la k e  e st im at ed  

t o  be 80 m et res in  d iam e t e r . Th ere  w ere c le a r  sig n s 

t h a t  t he la k e  l e v e l  had  r e c e n t l y  been 20 m et res h ig h e r , 

a t  a l e v e l  above t he lo w est  p a r t  o f  i t s  r im , su g g e st in g  

t he p resen ce  o f  a lak e  a lo n g sid e  t he g l a c i e r .  Shepherds 

who had been in  t he lo w er  p a r t  o f  t he s id e  v a l l e y  a t  t he 

t im e spoke o f  a sudden f lo o d  w h ich  b u i l t  up so  q u ic k ly  

t h a t  p eo p le  f le d  f o r  t h e i r  l i v e s .  They w ere o n ly  ab le  

t o  c r o ss o v er  ag a in  a f t e r  24 h o u r s. By t he t im e o f  t he 

r e co n n a issan ce  t h e N ala w as b ack  t o  i t s  no rm al f lo w , 

w h ich  m o st ly  came f rom  m e lt in g  o f  t h e g l a c i e r .

PROPERTIES OF DEBRIS

The d e b r is w as d e r iv e d  f ro m  t he m o rain e t h a t  l in e d  t he 

b ase o f  t he s id e  v a l l e y .  The g eo lo g y o f  t he area 

c o n s is t s  o f  two m ain u n i t s  -  t he Rak ap o sh i v o lc a n ic  

com plex  f o rm in g  t he s id e s o f  t he Gh iz a r  v a l l e y ,  and t he 

g r a n o d io r i t e  o f  t he Lad akh I n t r u s iv e s  up t he s id e  v a l l e y  

t o  t he so u t h  ( T a h i r k h e l i ,  19 8 2) . The m o rain e was 

d e r iv e d  m o st ly  f ro m  t he Lad akh  g r a n o d io r i t e s , and 

a lt h o u g h  t he f lo w  moved o ver  t he Rakap o sh i v o l c a r . ic s ,  

t h ey w ere g e n e r a l ly  no t  in co r p o r a t e d .

The d e b r is c o n sist e d  o f  b o u ld e r s co b b les and g r a v e l  in  a 

s i l t y  m icaceo u s sand  m a t r ix . The m a jo r i t y  o f  t he 

b o u ld e r s w ere l e s s  t h an  0 .5m  in  d iam et e r  b u t  t h e r e  w ere 

o c c a sio n a l  b o u ld e r s o f  at  l e a s t  3m d iam e t e r . P a r t i c l e  

s i z e  d is t r ib u t io n  an a ly se s o f  sam p les o f  t h e m a t r ix  

show ed t y p i c a l l y  c la y  1% s i l t  4 -6 %, sand  4 7-70 %, g r a v e l  

(<32nzm) 25 -4 7%. 100mm sh e ar  box t e s t s  on t he f in e  

f r a c t io n  o f  t he m a t r ix  (<6mm) p lace d  w et  show ed a 

r e s id u a l  an g le  o f  sh e ar in g  r e s is t a n c e  a t  co n st an t  

vo lum e o f  3 7 °.  U n f o r t u n a t e ly  i t  w as no t  p o ss ib le  to 

d et erm in e  t he m o ist u r e  co n t en t  o f  t he i n -s i t u  m a t e r ia l ,  

b u t  f rom  la b o r a t o r y  t e s t s  i t  may be in f e r r e d  t h a t  t he 

m o ist u r e  co n t en t  o f  t he m a t r ix  la y  in  t he range 15 -20 %.

DISCUSSION

Th is v a l l e y  co n f in e d  d e b r is f lo w  i s  s im i l a r  t o  even t s 

d e scr ib e d  in  many o t h e r  a r id  m o un t ain  r e g io n s. F u l l  

sum m aries ar e  g iv e n  b y Jo hnso n (19 70 )  and Brunsden  (19 79 ) . 

The g l a c i a l  la k e  a t  t h e head  o f  t he s id e  v a l l e y  ap p ears 

t o  have b u r st  q u it e  su d d en ly  w it h  no o b v io u s cau se , t he 

la k e  p a r t i a l l y  d r a in e d  and t hen t he b u r st  c lo se d  ag a in . 

Known in  Ic e la n d  as a Jo k u lh lau p  t h is  phenomenon i s  

t ho ugh t  t o  be caused  b y h y d r a u l ic  f r a c t u r e  o f  t he ic e .  

A lt h o u g h  t h e r e  w as no in d ic a t io n  t h a t  i t  had happened 

b e f o r e  h e r e , g l a c i a l  lak e  b u r st s have r e c u r r e d  e lsew h ere  

cau sin g  su c c e ssiv e  d e b r is f lo w s. D u r in g  t he d e b r is f lo w  

eyew it n esses in d ic a t e d  t h a t  t he w at er  f lo w  in  t he s id e - 

v a l l e y  w as co n t in u o u s f o r  24 h o u r s, b u t  t h e r e  w as no 

f lo w  o f  w at er  in  t he lo w er  p a r t  o f  t h e N ala bet w een t he 

d e b r is w aves u n t i l  t h e m ain f lo o d  h ig h e r  up ab at ed . I t  

w as n o t  p o ss ib le  t o  o b serv e  t he f o r m at io n  o f  t he d e b r is 

w aves b u t  a t  low  m o ist u r e  co n t en t s t he d e b r is i s  h ig h ly  

d i l a t e n t ,  and o n ly  when i t  reach ed  a c r i t i c a l  m o ist u r e

co n t en t  w ould  i t  be s u f f i c i e n t l y  m o b ile  t o  f lo w  down t he 

20 ° ch an n e l. The p ro no unced  p u ls in g  i s  a c h a r a c t e r is t i c  

o f  d e b r is f lo w s w it h  h ig h  sed im en t  co n ce n t r a t io n . I t  

can be caused  b y t h e m o b ile  d e b r is su d d en ly b u r st in g  

t h ro ug h  a b o u ld e r y  sn o u t  o f  a d e b r is m ass. D u r in g  t he 

p e r io d  o f  o b se r v a t io n  each p u lse  p assed  in  a few  seco nds 

w it h  a p ro no unced  b r e ak in g  w ave a t  t he f r o n t ,  le a v in g  

t he ch an n e l f i r m  and m o t io n le ss b eh in d  i t .  Th is 

co n t r a st s w it h  t he ex t end ed  lam in a r  f lo w  t h a t  has been 

o b served  i n  d e b r is  f lo w s e lse w h e r e , e .g .  a t  Wright w ood 

(Jo h n so n , 19 70 ) .

I t  i s  c le a r  t h at  h ig h  p o re p r e ssu r e s w ere p r e se n t  in  

t he la n d s l id e  dam. The l im i t i n g  slo p e  o f  t he dam d u r in g  

d e p o sit io n  w as around  4 ° w h ich  im p l ie s an r u v a lu e  o f

0 .9  i f  an i n f i n i t e  slo p e  a n a l y s is  i s  a p p l ie d . Once t he 

dam w as o ver t o p p ed  t he r i v e r  s t a r t e d  t o  cu t  a ch an n el 

down t h ro ug h  i t ,  b u t  w it h  h ig h  p o re p r e ssu r e s s t i l l  

p r e se n t  t he d e b r is f lo w ed  in  t o  t he ch an n el t o  choke 

t he f lo w . T h is  l im i t e d  t he r a t e  at  w h ich  t he ch an n el 

co u ld  be cu t  down, t h u s a v o id in g  c a t a st r o p h ic  f lo o d in g  

dow nst ream . A f t e r  t h r e e  d ays t he p o re p r e ssu r e s had 

d iss ip a t e d  s u f f i c i e n t l y  t h a t  t he l im i t i n g  slo p e  had 

in c r e ase d  t o  10 °,  b u t  t he r i v e r  s t i l l  d id  no t  deepen i t s  

ch an n e l r a p id l y ,  p resu m ab ly due t o t he p resen ce o f  

b o u ld e r s f ro m  t he d e b r is in  t he ch an n e l b ed . Recent  

r e p o r t s (19 8 4)  in d ic a t e  t h a t  t he dam and lak e  s t i l l  

p e r s i s t , in  c o n t r a st  t o  t he l a n d s l id e  dams o f  18 4 1 and 

18 58 .

CONCLUSIONS

T h is v a l l e y  co n f in e d  d e b r is f lo w  i s  s i m i l a r  t o  even t s 

d e scr ib e d  in  many o t h e r  a r id  m o un t ain  r e g io n s , a lt h o u g h  

few  have been a t t r ib u t e d  t o  g l a c i a l  la k e  b u r s t s .  The 

se r io u s co nseq uences o f  such  f lo w s p o in t  t he need f o r  

im p ro ved  w arn in g  and co n t r o l  m easu res. A r e cu r r e n ce  o f  

d e b r is f lo w s a t  Gu p is i s  p o ss ib le ,  and w arn in g  co u ld  be 

g iv e n  by m o n it o r in g  t he l e v e l  o f  t he g l a c i a l  la k e . 

D r ain ag e  co u ld  be in s t a l l e d  t o l im i t  any f u t u r e  r i s e  o f  

la k e  l e v e l .  In  t he Karako ram  r e g io n  a rem ot e se n sin g  

su r v ey  co u ld  be u n d er t aken  t o  id e n t i f y  p o t e n t ia l l y  

h azard o u s a r e a s, f o llo w e d  b y f i e l d  g eo m o rp h o lo g ical 

su r v e y s and t he p r e p a r a t io n  o f  h azard  m aps. These co u ld  

t hen  be used  as p a r t  o f  t he in p u t  t o  f u t u r e  developm ent  

programmes in  t he r e g io n .
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