
surface cracks and into open slits between the
steep rock face and the so i l ,  and poss ib ly
water-main leakage, all of which could lead
to seepage roward the unprotqcted submarine
slope.

However ,  i t  i s  impor tant  to  s t ress that
stability analyses showed that the beach slope
had a low margin of safety, perhaps less than
l07a  ( i . e . ,  F  <  l . l 0 ) .  Thus  any  man-made
activity, or nature-induced cause, amounting
to  a  l '07a safety  reduct ion cou ld  have
rriggered the initial slides.

T h i s  f i t s  n e a r l y  i n t o  a l m o s t  a l l  c a s e
records of quick-clay sl ides and submarine
slope fai lures. They usually starr without a

Bonom topography
(aner  20.  june)  1

Fig.2 Key sketch to illustrate the stiding mechanism

i n r t r a l  s l r d e s  ( b e f o r e  m t d n t g n t

SuOmar ine s lope -
(b€foro June 20,)
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p r i o r i  wa rn ing ,  due  t o  m ino r  causes ,  and
develop gradual ly  ro  begin  wi th ,  unt i l  the
"main event" happens quickly, and often very
dramatically.

The Finneidf jord landsl ide can just ly be
cal led a submarine sl ide-f low, as well  as a
submarine quick-clay sl ide.

N .  JANBU
Dept. of Geotechnical
Engineering
Norwegian University of
Science and Technology
Trondheim,  NORWAY
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several serr lemenrs to the city of Simferopol.
The most dangerous is the landsl ide shown in
Figs. 3 and 4, rhe largest and longesr-exist ing
one.  In  i ts  s t ructure,  severa l  generat ions o f
movement  can be separated.  Th is  lands l ide
has a spec i f ic  g lac ier - l ike  shape.  I ts  length
f rom the  r i p  t o  t he  c rown  (we  a re  us ing
nomenclarure for landslides recommended by
IAEG Commission on Landsl ides (1990)) is
about 800 m, with a maximum width of 190
m.  The  mos t  d i sas t rous  even t  t ook  p lace
during the spring of 1980, after a very snowy
winter  and rap id  snow mel t ing resu l ted in
d e s t r u c t i o n  o f  t h e  h i g h w a y .  P a r t s  o f  t h e
highway were driven downslope for several
tens of meters. This landsl ide has a complex
s t ruc tu re  and  cons i s t s  o f  t h ree  ma in  pa r t s
(Figs.3, 4).

The major parr is the landslide foot (area
C), which makes up abour 40Vo of the total
l a n d s l i d e  a r e a .  T h i s  i s  a  s t a b l e  p o r t i o n
c o n s i s t i n g  o f  s e v e r a l  m o s r l y  a n c i e n t
lands l ides,  panly  over ly ing each orher .  The
boundanes between these ancient landsl ides
coincide with bars several merers high, built
of clays protruded from rhe frontal part of
each succeeding generation of the landslide at
the final stage of its movement. Mobile pans
of the landslide consisr of the rwo pans A and
B .

The head (A)  occupies an orchard area
and i ts crown is located only a few meters
f r o m  t h e  n e w  h i g h w a y .  T h e  s i t u a t i o n  i s
critical because rwo minor, mobile landslides
have recently appeared on both sides of the
road here. A cross section of the landsl ide
head was studied by excavation of a pit about
2  m  d e e p ;  t h e  s e c t i o n  w a s  c o m p o s e d  o f
b rown  and  b rown-g ray  c l ays .  Sma l l  ha l f -
rounded fragments of marl debris from Late
Cre taceous  rocks  f ound  i n  t hese  depos r r s
p rov ided  ev idence  o f  t he i r  d i l uv i a l  o r i s i n .

Fig. 1 Geographic location of the Crime
Peninsula and the discussd
landslide area.

dctive Landsli{eg on Slopes of selbukhra Mountain,
Southwestern Crimea, Ukraine

Geologic and Geomorphologic Sett ing
Selbukhra Mountain (elevarion, 638.8 m),

one of the highest mountains of the second
Crimean ridge, is located in the southw'esrern
part of the Crimea Peninsula, about 20 km
nor theast  o f  Sevastopol  (F ig . l  ) .  Lands l ides
are found on the lower pan of the nonhern 7-
12" slope of the mounrain. The upper stable
slope segment consists of Cenomanian-Early
Turonian marls, which are 40 m thick, and are
underlain by a l0-m-thlck layer of srrong Late
Albian sandstones. Al l  strata have a gentle
incl ination of l0- 12' to the northwest and
a r e  o v e r l a i n  b y  s u b - h o r i z o n t a l  E a r l y
Cretaceous marine clays. The total thickness
of these clays is about 3Q .,  and rhey are
underlain by folded and tectonically fissured
Early Mesozoic (T3-Jl) f lysch. The slope is
c o v e r e d  b y  l a t e  P l e i s t o c e n e - H o l o c e n e
di luv ium up to  2  m th ick .  I t  has a  concave
form and gentle contours.

The c l imate here is  comparat ive ly  dry ,

E.A.  VOZNESENSKY,  N .V .  KUMACHYOVA
E . N .  S A M A R I N ,  M . Y u .  N l K t T t N

with an average precipitat ion of about 500
mm/year, but its disrribution is non-uniform.
Short heavy rains (30-40 mm in I -2 hours)
occur  dur ing hot ,  dry  summers,  and snowy
winters are rare. These climatic characteristics
infl uence Iandslide development.

Morphological ly, the slope represenrs a
broad ancient concave flow surface, conical in
shape, widening toward the top of Selbukhra
M o u n t a i n .  T h i s  s h a p e  c a p t u r e s  a l l  p r e -
c ip i ta t ion a long the nor thern s lope of  the
mountain. Both margins of this surface are
c o n f i n e d  b y  a n c i e n t  ( L a t e  P l e i s t o c e n e )
landslides, partly cur by erosion and thus not
d is t inc t  in  present  re l ie f  under  a  cover  o f
Holocene diluvium. These are relarively large
b locks ,  qu i t e  s tab le  now ,  bu t  w i t h  m ino r
active flow slides on their surface (area D of
F ig ,  2) .
Act ive Lands l ide

Three very acrive landslides threaten the
s t a b i l i t y  o f  a  s i n g l e  h i g h w a y ,  c o n n e c r i n g

- 29-



I O0 .10.

U P v t l

al ll

p o

L E G E N D

Ftb; , ; l  ouaternaryMobi teLandst ide

t  , l po r l  La te  P le i s tocene  S tab le  Lands l i de

Fig. 2 Schematic landslide map of the
area:  dpQl l l  -  Late  P le is tocene
stable landslide, dpQlV - mobile
landslides

Care fu l  s t udy  revea led  t ha t  t he  zone  o f
displacement at a depth of 0.8 m from the
sur face cons is ted of  a  layer  o f  ye l low-red
femrginous clay with numerous wide cracks.
These cracks increased the permeability of the
soil and allowed iron oxides and hydroxides
to precipitate from the ground water. Clays
capping this zone are cur by opened vertical
tension cracks 3-5 cm wide, oriented along
and across the slope. In general this situation
has  been  i n te rp re ted  as  a  resu l t  o f  c reep
rupture of clays at a depth of about 0.8- 1 m.

B u t  t h e  m o s r  a c t i v e  p o r t i o n  o f  t h e
lands l ide,  that  respons ib le  for  the h ighway
damage, is part B. As can be seen from Fig.
4b this is a rerogressive slide. Rigid blocks of
L a t e  A l b i a n  s a n d s t o n e s  a r e  m o v i n g
downslope, squeezing the underlying Aptian
clays. The roof of these clays is moistened by
g r o u n d  w a t e r ,  d r a i n i n g  a t  t h e  b a s e  o f
relat ively permeable sandstones. Thus, the
m a i n  s c a r p  i s  c o n s t a n t l y  " r e t r e a t i n g "
backward toward the new highway. Rows of
t hese  t i l t ed  b locks  a re  sepa ra ted  by  t he
concentric minor scarps shown in Fig. 2. This
retrogressive part of the landslide moves at a
sharp angle to the direct ion of head creep
(shown in Fig. 2by an arrow).
Conclusion and Hazard Assessment

The described landslide is a complex one,
including two different active parts that move
downs lope  i n  d i f f e ren r  d i r ec t i ons .  C reep

Fig. 3 Aerial view of the landslide area.
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Fig. 4 Cross sections through mobile parts A and B of the tandstide. a) Longitudinat
section of parts A-C, b) Transverse section of parts B-C.
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rupture of clays is the mechanism control l ing

the slide development as a whole; however,

r a t e s  o f  d e f o r m a t i o n  a n d  r o c k  s l i d i n g

volumes differ substantially between the two

parts.
To evaluate the hazard and recommend

means of mitigation, the following problems

should  be so lved:  1)  ident i f ica t ion o f  the

depth of the rupture zone (we believe this is

not a dist inct surface) under the retrogressive
sl ide along i ts axis, and 2) evaluation of the
probabil i ty of the stable pan activation as a
result of the accumulation of overlying mass.
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Loess Landslides Triggered by lrr igation on the
Slopes of the Terrace Edge in Heifangtai of
Yongjing County, Gansu Province, China

lntroduction
Heifangtai telrace in Yongling County is

located 70 km west of Lanzhou, the capital of

Gansu hovince, China Gig. l) .  I t  belongs to

the fourth telrac€ of the Yellow River valley.

Fo r  cons t ruc t i on  o f  t he  L iu j i ax i a  Hyd ro -

Power Station, nearly 2,000 inhabitants in the

reservoii area were moved to Heifangtai. In

1961, the government began to irr igate the

te r race  a rea  f o r  t he  new  immig ran ts  ' by

pumping water from the Yellow River to 740

ha of arid land. However, this flood irrigation

caused the ground-water level to rise sharply.

As  a  resu l t ,  a  l a rge  a rea  o f  t he  t e r race

subsided. By 1993, the maximum subsidence

had reached 6m;  the average was 1.86m.

Landslides occurred frequently on the slopes

of the terrace edge; by 1987, more than 20

Iandsl ide events had occurred. On l3 May,

1992, a disastrous landslide, with a volume of

1x td m3, took place in Jiaoj ia vi l lage @ig'
2) ;  two people  were k i l led and two were

seriously wounded; l0 ha of farmland and 65

m of ditch were buried; National Highway

No. l09 was b locked.  The d i rect  economic

l o s s  r e a c h e d  2 6 0 , 0 0 0  C h i n e s e  y u a n  '  A t

present, one factory, one power station, eight

vi l lages, three schools and 10 km of highway

,  3Okgr r

D. MA
S.  ZHAO
H .  L I

are threatened. Heifangtai consists of Heitai

and Fangtai,  two dif ferent terraces, with a

total area of 13.M km2; the irrigated farmland

consists of 7 40 ha., ht the elevation of 1,710-

1,760 m above sea level. The terraces are 150

m above the river. The average precipitatibn

is 316.3 mm/year, and the mean temperature
is 8.4oC. This region is sited in the Qilianshan
F o l d  B e l t  a n d  t h e  L o n g x i  T e c t o n i c  B e l t .
Tectonic and seismic acrivi ty is strong; six

terraces have been developed along the valley

s ince the Quaternary .  The main s t ra ta  are

I o e s s ;  s e c o n d a r y  a r e  l o e s s ,  g r a v e l ,  a n d

Cretaceous sandstone and mudstone (Fig. 3).
Distr ibution of Landsl ides on the Terrace

Edge
There are 40 var ious-s ized lands l ides

a long the l0  km- long ter race edge,  These

S t r r t l y

n r c ; r o
L a n z l l o u

Fig. 1 lndex map showing location of the
Heifangtai landslides in Gansu
Province, China.

'<z

Y a n g u o j  i

Fig. 2 Distributtion map of landslides at Haltangtai. Legend : 1. Landslide, 2. f issure,

3. Ditch on terrace, 4. Ditch at foot of terrace, 5. Spring, 6. Gully, 7, Divide of

terrace, 8. HighwaY, 9. Village.

landsl ides are connected to each other, and
form a large-scale landslide group. Based on
landform. the landslides can be divided into
three zones from east to west (Fig. 2):

Jiaoj ia Landsl ide Zone
Landslides have frequently occuned in

this zone. There are l8 landslides along 3

k m - l o n g  t e r r a c e  e d g e .  M o s t  r e c e n t

lands l ides in  th is  zone have been of  the

high-speed avalanche type. On l5 March,
1989, one 6x ld m3 landsl ide sl id from a

150-m-high steep slope in several minutes.

The slide destroyed 50 m of irrigation ditch

and 50 m of  h ighway foundat ion,  Af ter

t h a t ,  t h e  s l i d i n g  m a s s  m o v e d  i n t o  t h e
Y e l l o w  R i v e r  a n d  c a u s e d  h u g e  w a v e s ,

which submerged 2 ha of farmland on the

opposite shore (Fig. 2). During 1992 and

1993, f ive landsl ides occuned in this zone
(Fie. a).
Huangci Landsl ide Zone

The re  a re  12  l ands l i des  i n  t h i s  zone ,

most of which are old landslides. However
in recent years, irr igation on the terrace
sur face,  cut t ing by humans,  and seepage

from irrigation ditches have reactivated the
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