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SYNOPSI S The paper  dr aws at t ent i on t o t he power  of  seepage er os i on t o cause i nst abi l i t y  i n
nat ur al  sl opes.  A 2 km l engt h of  act i vel y  r et r eat i ng coast al  cl i f f s,  bet ween 55 and 110 m hi gh,  i n 
gent l y  i nc l i ned Lower  Cr et aceous ( Upper  Apt i an and Lower  Al bi an)  st r at a near  Chal e,  I sl e of  Wi ght  i s 
exami ned.  These cl i f f s exhi bi t  a mar ked bench bet ween a l ower ,  sea cl i f f  and an upper ,  r ear  scar p.  
The r ol e of  seepage er osi on i n f or mi ng t hi s bench and t he pr ocesses by whi ch t he r esul t i ng debr i s  i s 
moved acr oss t he bench i nt o t he sea ar e expl or ed.  The di scuss i on cent r es ar ound t he l i t hol ogi cal , 
s t r uct ur al  and hydr ogeol ogi cal  cont r ol s  oper at i ng,  t he hi s t or y  of  coast  er os i on and cl i f f  r ecessi on,  
and t he nat ur e and mechani cs  of  t he mass movement s  t ak i ng pl ace.

I NTRODUCTI ON

The l engt h of  coast  bet ween At her f i el d Poi nt  and 
Bl ackgang Chi ne ( Fi g. l )  suf f er s a hi gh r at e of  
r ecessi on.  Thi s ar i ses par t l y  f r om t he l i t hol -  
ogy and hydr ogeol ogy  of  t hese Lower  Gr eensand 
cl i f f s and par t l y  f r om t hei r  ext r eme exposur e t o 
At l ant i c  st or ms.  When el uc i dat i ng t he s t r at i ­
gr aphy,  Fi t t on ( 1847)  made some per cept i ve 
comment s on t he mor phol ogy  and wast age of  t hese 
cl i f f s but  no subsequent  wor k has been car r i ed 
out .  Thi s paper  r epor t s  t he r esul t s  of  an ex ­
pl or at or y  engi neer i ng geol ogi cal  and geot echni cal  
st udy of  t he SE hal f  of  t he above l engt h,  f r om 
Wal pen Chi ne t o Bl ackgang Chi ne ( Fi gs. 2- 4) ,  
whi ch wi l l  be r ef er r ed t o as Chal e cl i f f s.

GEOLOGI CAL AND HYDROGEOLOGI CAL SETTI NG

Chal e c l i f f s t r end appr ox i mat el y  NW- SE and r i se 
i n hei ght  t owar ds t he SE f r om about  55 m at  
Wal pen Chi ne t o 110 m at  Bl ackgang Chi ne ( Fi g. 3) .  
They const i t ut e essent i al l y  a di p sect i on t hr ough 
t he SE end of  t he Br i x t on ant i c l i nal  dome,  whi ch 
i s s i t uat ed l ar gel y of f shor e ( Whi t e 1921) .  The 
appar ent  di p of  t he st r at a i n t he c l i f f s of  2 t o 
2*  t o t he SE i s t her ef or e c l ose t o t he t r ue di p,  
and t he component  of  di p nor mal  t o t he coast l i ne 
i s i nappr eci abl e.  Apar t  f r om a t hi n cappi ng of  
Quat er nar y  deposi t s,  t he c l i f f s ar e composed 
l ar gel y of  t he upper  t wo- t hi r ds of  t he Lower  
Gr eensand ( Lower  Cr et aceous ) . The l i t hol ogy of  
t hese sedi ment s consi st s  gener al l y  of  al t er nat ­
i ons of  r at her  weak l y  cement ed sands wi t h c l ayey 
sands and cl ays.  Thi s has l ed t o t he devel op­
ment  of  a number  of  per ched wat er  t abl es , 
pr obabl y  sust ai ned by i nf i l t r at i on i nt o t he out ­
cr op of  t he Lower  Gr eensand t o l andwar d,  t he 
pr esence of  whi ch i s i nf er r ed f r om seepage l i nes 
i n t he c l i f f  f ace.  The mor e per s i s t ent  of  t hese 
ar e i ndi cat ed i n Fi g. 3.  The ex i s t ence of  a r es ­
er voi r  of  gr ound- wat er  i n t he Lower  Gr eensand 
her e i s i ndi cat ed by a wel l  i n t hi s f or mat i on at  
Pyl e Far m,  about  2 km N of  t he cl i f f s,  whi ch has 
a r est  wat er  l evel  of  + 43 m O. D.

Fi g. l  Key map:  1.  At her f i el d Poi nt ,  2.  Chal e 
v i l l age,  3.  Bl ackgang Chi ne.

ORI GI N OF THE WALPEN UNDERCLI FF

The mos t  s t r i k i ng f eat ur e of  t he Chal e c l i f f s i s 
t he pr esence of  a debr i s - cover ed bench ( or  " under ­
cl i f f " ,  t o use t he l ocal  t er m)  whi ch separ at es a 
pr ec i pi t ous r ear  scar p f r om a st eep sea cl i f f  
( Fi g. 5) .  Thi s bench,  known as t he " Wal pen Under ­
cl i f f " ,  descends concor dant l y  wi t h t he di p of  t he 
st r at a f r om near  t he c l i f f  t op j ust  SE of  Wal pen 
Chi ne t o about  beach l evel  bel ow Bl ackgang Chi ne 
( Fi g. 3) * .  I t s wi dt h i ncr eases f ai r l y st eadi l y 
f r om a f ew met r es at  i t s NW end t o about  100 m 
at  i t s SE l i mi t  ( Fi g. 4) .  Par t i cul ar l y  i n t he SE 
t hi r d of  t hi s l engt h,  subs i di ar y benches t end t o 
devel op i n t he r ear  scar p.  Cur r ent l y  t he most  
i mpor t ant  of  t hese ext ends f r om j ust  NW of  CS3 
t o about  CS4 ( Fi g. 4) :  i t  i s shown,  par t l y  devel ­
oped,  i n CS3.  Dur i ng t he 19t h cent ur y and t he 
ear l y  par t  of  t he 20t h,  t hi s and ot her  subsi di ar y

* The NW ext ens i on of  t he l engt h of  cl i f f  cons i d­
er ed her e exhi bi t s  s i mi l ar  benches.
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hi gher  benches wer e much mor e ext ens i ve and 
suf f i c i ent l y  st abl e t o be bui l t  upon ( Fi g. 5, CS4) .

Fi g. 2 Vi ew SE t o St  Cat her i ne' s  Poi nt .  I n t he 
f or egr ound Chal e c l i f f s and Bl ackgang 
vi l l age.  Phot ogr aphed 7t h May 1978 ( Cam­
br i dge Uni ver s i t y  Col l ect i on:  copyr i ght  
r eser ved) .

Fi t t on ( 1847)  suggest ed t hat  t he benches i n 
t hese cl i f f s ar e pr oduced by t he pr esence of  
cer t ai n l ess per meabl e beds wi t hi n gener al l y  
mor e per v i ous s t r at a. . . " t he wat er  t hus kept  up 
car r i es of f  a par t  of  t he l ower  mass,  under mi n­
i ng t hat  above*,  and t he r esul t  i s t he pr oduct i on 
of  a shel f  or  t er r ace,  bet ween t wo r anges of  
cl i f f s,  one of  t hem suppor t i ng ' t he Under cl i f f ' ,  
t he second f or mi ng a r emot er  ver t i cal  f ace be ­
hi nd"  . Fi t t on al so obser ved t hat  i n t he Wal pen 
Under c l i f f  t he l ess per meabl e bed was pr ovi ded 
by t he c l ays of  t he Fol i at ed Cl ay and Sand ( Bed 
XI I  ( 40) ) .  Thi s st i l l  appl i es al t hough t he 
si t u bench sur f ace,  beneat h t he debr i s,  i s l o­
cat ed gener al l y  onl y a f ew met r es above t he base 
of  Bed XI I ,  t he upper  hal f  t o t wo- t hi r ds of  t hi s 
hav i ng been er oded away ( Fi gs. 3 & 5) .  I t  i s mor e 
di f f i cul t  t o check t hat  seepage er osi on i s t aki ng 
pl ace at  t he r ear  of  t hi s bench,  back- sappi ng,  
under mi ni ng and br i ngi ng down t he r ear war d c l i f f , 
as t he seat  of  any such pr ocess i s gener al l y  
bur i ed beneat h met r es  of  debr i s  and l ocat ed 
di r ect l y  bel ow an unst abl e cl i f f .  For t unat el y  
t he s t r eam i n Wal ^ an Chi ne has cut  down about  
hal f - way i nt o Bed XI I  ( Fi g. 3) .  At  t hi s poi nt  
seepage er os i on was f ound i n Mar ch 1980 t o be 
act i ve wi t hi n a 60mm t hi ck l ayer  of  f i ne sand 
i n a l ami nat ed c l ay/ sand ser i es.  Thi s l ayer  was 
l ocat ed about  0. 8m above t he t al weg of  t he st r eam,  
j ust  i n f r om t he cl i f f  f ace.  Seepage er osi on was 
t hen conf i ned t o t he up- di p ( NW)  si de of  t he

chi ne-  Thi s i s doubt l ess t he r eason f or  t he 
asymmet r y of  t he chi ne,  i t s NW si de bei ng t he 
l ess st eep.  The f i ne sand bei ng t r anspor t ed 
away by t he out f l owi ng gr oundwat er  and t he r es ­
ul t ant  under mi ni ng of  t he super i ncumbent  st r at a 
ar e shown i n Fi g. 6.  The gr adi ng cur ve f or  t he 
er odi ng sand,  whi ch i s s i mi l ar  t o t he cur ves f or  
ot her  such sands r epor t ed i n t he l i t er at ur e ( e. g.  
War d 1948,  Masannat  1980) ,  i s gi ven i n Fi g. 7.

Fi g. 5 Cr oss sect i ons CS1- 4 wi t h i nf er r ed sl i p
sur f aces and f or mer  c l i f f  pr of i l es.  ( For  
s t r at i gr aphy see Fi g. 3) .

Ot her  f act or s cons i s t ent  wi t h t he occur r ence of  
t hi s mechani sm ar e:
1.  The l i t hol ogy of  t he cl i f f s,  wi t h c l ayey beds 
occur r i ng wi t hi n a gener al l y  sandy sequence,  i s 
pr edi sposed t o such a devel opment .
2.  The bench suppor t i ng t he Wal pen Under c l i f f  i s 
l ocat ed wi t hi n one such cl ayey bed,  t he Fol i at ed 
Cl ay and Sand.
3.  Al ong t he t op of  t he sea cl i f f ,  st r ong seep­
ages of  gr ound- wat er  i ssue f r om beneat h t he 
debr i s  of  t he under c l i f f  al ong i t s cont act  wi t h 
t he under l y i ng,  cl ayey,  bench sur f ace.
4.  A r eser voi r  of  gr ound—wat er  at  a suf f i c i ent  
head i s avai l abl e i nl and.
5.  Much wat er  i s pr esent  t owar ds t he r ear  of  t he
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under cl i f f ,  par t i cul ar l y  i n i t s l ower ,  SE par t s.
6.  Wher e t he under c l i f f s  ar e cut  by deep chi nes,  
t her e i s a t endency f or  a l engt h of  st abl e cl i f f  
t o ex i s t  i mmedi at el y  down- di p f r om t he chi ne,  
af t er  whi ch t he under c l i f f  r ef or ms.  Thi s sugg­
est s t hat  dr ai nage t o t he chi nes suppr esses t he 
seepage er osi on on t hei r  down- di p si des ( Fi t t on 
1847) .  Our  own obser vat i ons i n Wal pen Chi ne,  
descr i bed above,  suppor t  t hi s i nf er ence.
7.  The al t er nat i ve,  and mor e gener al ,  mechani sm 
of  pr oduc i ng an under cl i f f ,  by deep- seat ed,  
usual l y  mul t i pl e r ot at i onal  s l i ppi ng ( Hut chi nson 
1968) ,  r equi r es t he pr esence of  a cap- r ock and a 
t hi ck subs t r at um of  cl ay.  Except  wher e not ed 
bel ow,  t he l at t er  i s gener al l y  absent  i n t he 
Wal pen Under c l i f f  and so t hi s mechani sm i s i n­
hi bi t ed.

Fi g. 6 Er osi on of  f i ne sand i n NW si de of  Wal pen 
Chi ne.  Under mi ni ng 0. 18m,  l engt h of  t ool  
handl e 0. 46m.

PRESENT PROCESSES AFFECTI NG WALPEN UNDERCLI FF

I t  i s conveni ent  t o di scuss t hese pr ocesses 
under  t he f ol l owi ng headi ngs:

Sea Cl i f f

The i n si t u sea cl i f f  decl i nes f r om a hei ght  of  
ar ound 35 m at  A ( Fi g. 3)  t o zer o i n t he v i c i ni t y  
of  C wher e t he bench sur f ace passes bel ow beach 
l evel .  I t  i s f or med by t he mi ddl e par t  of  t he 
Fer r ugi nous Sands.  Fur t her  SE t he sea cl i f f  i s 
composed of  l andsl i de debr i s  whi ch,  as not ed 
l at er ,  i s cons i der abl y  l ess r es i s t ant  t o mar i ne 
er osi on.  Thi s cl i f f  i s at t acked by waves at  
most  hi gh t i des.  The avai l abl e dat a on t he pos ­
i t i ons and r at es of  r ecess i on of  t he sea cl i f f  
s i nce t he mi d- 19t h cent ur y,  der i ved f r om t he 
1: 2500 Or dnance Sur vey maps,  ar e shown i n Fi g. 5.

The measur ement s  f or  t he i n s i t u sea cl i f f  ( CS1 
& 2)  i ndi cat e an aver age r et r eat  of  about  51 m 
i n t he 119 year s f r om 1861- 1980 ( 0. 43 m/ y r ) . The 
cont r ast  bet ween t he r at es of  r ecess i on i n 1861-  
1907 and 1907- 80 i s mar ked,  t hese bei ng r espect ­
i vel y 0. 21 m/ y r  and 0. 57 m/ yr .

100

80

60

0)

40
Q)U
i_
0)
Q_

20

0
mm .002____ .006

f i ne

Fi g. 7 Gr adi ngs of  er odi ng sands f r om Wal pen
Chi ne;  Newhaven,  Sussex ( War d 1948) ;  and 
Benson,  Ar i zona ( Masannat  1980) .

Rear  Scar p

I n i t s NW l engt h,  t he r ear  scar p has a r el at i ve­
l y si mpl e,  pr ec i pi t ous pr of i l e.  I t  r i ses i n 
hei ght  f r om about  15 m near  A t o ar ound 55 m at  
C and consi st s  chi ef l y  of  t he upper  Fer r ugi nous 
Sands and t he l ower  Sandr ock Ser i es ( Fi g. 3) .  I n 
t he r emai ni ng SE l engt h,  t he hei ght  of  t he r ear  
scar p r i ses t o about  90 m,  br i ngi ng i n t he r est  
of  t he Sandr ock Ser i es , t he Car st one and t he 
l owest  par t  of  t he Gaul t .  Thi s r ender s i t s pr o ­
f i l e and modes of  col l apse cor r espondi ngl y  mor e 
compl ex.

As ar gued above,  seepage er os i on and back- sappi ng 
at  about  t he l evel  of  t he under c l i f f  bench ar e 
pr obabl y  t he domi nant  pr ocesses br i ngi ng about  
r ear  scar p col l apse and r et r eat .  The degr ee of  
act i v i t y  of  t hese wi l l  be i nf l uenced by t he r at e 
of  r ecess i on of  t he sea cl i f f ,  r esul t i ng f r om 
mar i ne at t ack.  I f  t hi s i s l ess t han t he cor r es ­
pondi ng r at e of  r et r eat  of  t he r ear  scar p,  t he 
t hi ckness of  sat ur at ed debr i s  at  t he r ear  of  t he 
wi deni ng under c l i f f  wi l l  t end t o bui l d up,  t hus 
r educi ng t he out - of - bal ance por e- pr essur es acr oss 
t he f ace of  t he er odi ng sand s t r at um and event ­
ual l y  i nhi bi t i ng f ur t her  seepage er os i on t her e,  
and vi ce v er s a. Seepage er os i on at  hi gher  hor i ­
zons,  above t he l evel  of  t he r ear  of  t he under ­
c l i f f  and t hus l i t t l e af f ect ed by t he behav i our  
of  t he sea cl i f f ,  al so cont r i but es t o some ext ent  
t o t he r et r eat  of  t he r ear  scar p,  par t i cul ar l y  
i n i t s SE par t s.

I t  i s unl i kel y  t hat  al l  f ai l ur es of  t he r ear  
scar p st em f r om seepage er osi on.  Shal l ow debr i s  
s l i des occur r i ng i n l ess compet ent  above mor e 
compet ent  s t r at a and f al l s of  s l abs of  r ock of  
t he or der  of  a met r e t hi ck whi ch separ at e of f  
f r om t he par ent  mass ar e pr obabl y  t he r esul t  of  
weat her i ng and st r ess r el i ef .  No t oppl i ng f ai l ­
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ur es have been seen i n t he Chal e cl i f f s.  Because 
of  t hei r  gener al l y  weak l y  cement ed nat ur e t he 
masses whi ch f al l  f r om t he r ear  scar p t end t o 
di s i nt egr at e i nt o a r el at i vel y  f i ne scr ee.  Thus,  
wi t h t he except i on of  a st eep r i dge of  al most  
i nt act  r ock c l ose t o t he SE end of  t he under c l i f f  
( Fi g. 4) ,  t her e i s a mar ked absence of  s l i p bl ocks 
i n t he debr i s.  The avai l abl e dat a on t he pos i ­
t i ons of  t he r ear  scar p ar e shown i n Fi g. 5.
These i ndi cat e t hat  over  t he per i od 1861- 1980,  
i t s r ecess i on aver aged 48. 4 m ( 0. 41m/ yr ) .  Agai n,  
t her e i s a mar ked di f f er ence bet ween t he r at e of  
r ecess i on i n t he ear l y  par t  of  t hi s per i od,  ave­
r agi ng 0. 16 m/ yr  bet ween 1861 and 1907,  and t hat  
f r om 1907- 80 whi ch aver aged 0. 57 m/ yr .

Under c l i f f

Ev i dence t hat  t he debr i s  on t he under c l i f f  i s 
mov i ng seawar d i s pr ov i ded by t he pat t er ns of  
scar ps, f i ssur es  and si de shear s ( Fi gs 2 & 4) ;  
t he pos i t i on of  mat er i al ,  now hal f way acr oss 
t he under cl i f f ,  t hat  has f al l en f r om t he houses 
l ost  at  t he end of  Chal e Ter r ace;  and t he spi l l ­
age of  debr i s,  par t i cul ar l y  dur i ng t he wi nt er ,  
over  t he sea cl i f f  ont o t he beach.  Fr om t he 
at t i t ude of  t he bench,  one woul d expect  t he di r ­
ec t i on of  movement  i n t he super i ncumbent  debr i s  
t o be i nc l i ned obl i quel y  t o t he l i ne of  st r i ke 
of  t he bench sur f ace.  That  t hi s i s,  i ndeed,  t he 
case i s i ndi cat ed by t he scar p and f i ssur e pat ­
t er ns i n t he under c l i f f  debr i s  and i s r ef l ec t ed 
i n t he choi ce of  sect i on l i nes,  par t i cul ar l y  f or  
CS1 and 2.  Fur t her  ev i dence f or  t hi s obl i qui t y  
of  movement  i s pr ov i ded by t he t hr ee not ches ( N1 
t o N3,  Fi gs 2 & 4)  whi ch have been cut  i n t he sea 
cl i f f  by l ocal i sed st r eam er osi on.  A met r e or  
t wo of  t he bench sur f ace on t he down- di p s i de of  
t he not ches i s exposed,  pr obabl y  by wave act i on,  
whi l e t hei r  up- di p si des ar e compl et el y  bur i ed 
by debr i s.

On t he Wal pen Under c l i f f  t wo mai n t ypes of  mass 
movement  can be di s t i ngui shed ( Fi g. 5) :
I  -  St r ongl y  non- c i r cul ar ,  compound sl i des wi t h 
a hor i zont al  sol e f ol l owi ng t he bench sur f ace,  
and af f ec t i ng t he whol e wi dt h of  t he under cl i f f .  
I I -  Rot at i onal  sl i des,  t angent i ng t he bench sur ­
f ace,  and af f ect i ng onl y t he seawar d mar gi n of  
t he under cl i f f .
These can be ei t her  s l ope or  base f ai l ur es ( i nd­
i cat ed by t he suf f i xes S or  B) .

Sl i des of  t ypes I S and I I S ar e gener al l y  pr esent  
f r om A t o about  C.  The l engt h f r om C t o D i s a 
t r ans i t i on zone,  whi l e bet ween D and E wor n down,  
back- t i l t ed bl ocks of  dar k cl ay ( pr obabl y par t  of  
s t r at um XI I )  may be seen i n t he beach ( Fi gs 4 &
5) ,  i ndi cat i ng t hat  s l i des of  t ypes I B,  and pr o­
babl y  I I B,  have t aken pl ace t her e.  Thi s SE end 
i s t hus di s t i nc t  f r om t he r est  of  t he under c l i f f  
i n havi ng a st r ong component  of  deep- seat ed l and-  
sl i ppi ng.  Thi s ar i ses l ar gel y because t he st r ess 
l evel s and por e- pr essur es ar e hi gh enough t her e 
t o i nduce such l andsl i ps i n t hi s pr edomi nant l y  
c l ayey st r at um,  despi t e i t s bei ng st r ong enough 
t o r es i s t  such f ai l ur es under  t he l ower  st r esses 
whi ch obt ai n t o t he NW.  Shal l ow muds l i des  may 
devel op i n t he SE par t  of  t he under c l i f f  wher e 
t her e i s bot h mor e wat er  and s t r onger  t oe er os ­
i on.

The degr ee of  s t abi l i t y  of  t he under c l i f f  t ends 
gener al l y  t o decr ease f r om t he veget at ed l engt h,  
A- B,  t owar ds t he SE.  Thi s r ef l ect s t he i ncr ease 
i n hei ght  and i ns t abi l i t y  of  t he r ear  scar p,  t he

gr eat er  amount  of  gr ound and sur f ace wat er  and 
t he s t r onger  er os i on of  t he s l i de t oes espec i al ­
l y bet ween C and E,  wher e t he debr i s  i s no l onger  
pr ot ect ed f r om mar i ne at t ack by  a r es i s t ant  sea 
cl i f f .  The r esul t i ng shal l ow bay cut  i n t he 
s l i de debr i s  t her e i s wel l  seen i n Fi g.  4. '  
Except i ons t o t he above t r end ar e t he deep- seat ed 
base f ai l ur es bet ween D & E.  When seen i n t he 
spr i ng and summer  of  19 80 t hese wer e evi dent l y  
wor n down,  par t l y  by st r eams and mudsl i des and 
par t l y  by mar i ne at t ack,  and cur r ent l y  i nact i ve.

St abi l i t y  anal yses,  us i ng t he met hod of  Mor gen-  
st er n and Pr i ce, have been car r i ed out  on near l y  
al l  t he t ype I  and t ype I I  l andsl i des shown i n 
Fi g. 5,  assumi ng t he sl i p sur f aces t o be at  r es i ­
dual .  The cal cul at i ons wer e made f or  t hr ee 
di f f er ent  assumpt i ons as t o t he val ue of  r u ; 
a)  r u=0 , b)  r u=0. 5 and c)  as f or  b)  except  at  t he 
r ear  of  t he under c l i f f  wher e an undr ai ned l oad­
i ng ( UDL) , wi t h B=1 . 0,  i s t aken.  The back-  
anal ys i s  r esul t s  ar e gi ven i n Fi g. 8 wher e t he 
r esul t s of  dr ai ned r es i dual  r i ng shear  t est s 
car r i ed out  i n a Br omhead appar at us ar e al so 
shown.  The cl ay sampl e used was t aken f r om a 
cl ayey f aci es of  t he Fol i at ed Cl ay & Sand i n 
Wal pen Chi ne.  These r esul t s  conf i r m t hat  s l i de 
t ypes I  and I I  can be expect ed t o be act i ve on 
CS1 t o 3 whenever  r u i n t he debr i s  i s gr eat er  
t han about  0. 25,  even wi t hout  t he f ur t her  ef f ect  
of  undr ai ned l oadi ng.  The r esul t s  f or  CS4 ar e 
consi s t ent  wi t h t he f i el d i ndi cat i ons t hat  t he 
t ype I B & I I B s l i des t her e ar e cur r ent l y  i nact i ve.

On (kPs)

Fi g. 8 St abi l i t y  anal yses of  sect i ons CS1- 4 wi t h 
r i ng shear  r esi dual  dat a ( on cl ay of  d) =25,  
ii)L=63,  u) p=31 , f r act i on <2ym=31%)

An i mpor t ant  f eat ur e of  t he r ear  of  t he under ­
c l i f f  i s an i r r egul ar  l i near  depr ess i on whi ch 
r uns al ong most  of  i t s l engt h.  Thi s i s occupi ed 
by sever al  ponds,  and i s f ol l owed by some of  t he 
st r eams whi ch t r aver se t he under c l i f f  ( Fi gs 4 &
5,  CS2) .  Count er scar ps a f ew dec i met r es hi gh 
r un al ong much of  i t s seawar d mar gi n.  I n v i ew 
of  t he shape of  t he t ype I  sl i des,  t he f eat ur e 
i s pr obabl y  a l andsl i de gr aben.  I t  has been mod ­
i f i ed however  and poss i bl y  deepened i n pl aces by 
st r eam er osi on.  The count er scar ps ar e pr obabl y 
connect ed wi t h t he gr aben,  but  i n some cases 
t hey may r ef l ec t  shal l ow sl i des mov i ng i n a l and­
war d di r ec t i on i nt o t he assoc i at ed st r eams.  By 
t hi s mechani sm,  by di r ect  f l uvi al  er os i on and by 
i r r i gat i ng t he mudsl i des,  t he st r eams ar e pr ob­
abl y r espons i bl e f or  movi ng a s i gni f i cant  vol ume 
of  debr i s  acr oss t he bench i nt o t he sea.

The mor e i nt ense er osi on t hi s cent ur y was accom­
pani ed by t he dest r uc t i on of  sever al  maj or  i nt er ­
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medi at e under cl i f f s.  Thus,  on CS3 ( Fi g. 5) ,  
t her e wer e f our  under c l i f f s  i n 1907,  t he hi ghest  
of  whi ch was bui l t  upon.  The l owest  of  t hese 
under c l i f f s  cor r esponded t o t he hor i zon of  t he 
pr esent  one.  By 19 80 t he i nt er medi at e ones had 
been consumed by t he devel opment  of  t he l owest  
one,  apar t  f r om a smal l  r emnant  of  t he upper most .  
Si mi l ar  t r ends can al so be seen on CS2. Cl i f f  
devel opment  of  t hi s nat ur e i s pr obabl y  char ac t er ­
i st i c of  a s i t uat i on wher e t he domi nant  mass was ­
t i ng pr ocess i s seepage er osi on assoc i at ed wi t h 
t he l owest  under cl i f f .  Fi nal l y  i t  i s not ed 
t hat  t he sea cl i f f  and t he r ear  scar p have gen­
er al l y  been r et r eat i ng at  di f f er ent  r at es,  r at her  
t han i n a st eady st at e f ashi on.  The pr esent  dat a 
do not  al l ow f i r m conc l us i ons t o be dr awn.
Ther e may be a t endency i n t he NW l engt h,  wher e 
t he sea cl i f f  i s i n s i t u and seepage er os i on i s 
t he domi nant  pr ocess i n t he r ear  scar p,  f or  t he 
l at t er  t o have r et r eat ed f ast er  t han t he f or mer ,  
whi l e f ur t her  SE,  wher e t he sea cl i f f  i s cut  i n­
t o sl i de debr i s  and seepage er osi on i s accompan­
i ed by deep- seat ed base f ai l ur es,  t he r ever se 
seems t o appl y.

CONCLUSI ONS

1.  Seepage er os i on i n f i ne sand l ayer s wi t hi n 
t he Fol i at ed Cl ay and Sand s t r at um of  t he 
Fer r ugi nous Sands i s t he mai n f act or  causi ng 
col l apse of  t he super i ncumbent  r ear  scar p and 
hence i n t he f or mat i on of  t he Wal pen Under cl i f f .

2.  The r esul t ant  debr i s  moves,  gener al l y,  obl i ­
quel y,  acr oss t he under c l i f f  bench by  compound 
sl i des embr ac i ng t he whol e wi dt h of  t he under ­
c l i f f  and by r ot at i onal  s l i des i n i t s seawar d 
mar gi n.  Some debr i s  i s al so t r anspor t ed acr oss 
t he under c l i f f  by muds l i des  and by st r eam act i on.

3.  The sol e of  t he compound sl i des i s i nf er r ed_ 
t o f ol l ow a cl ayey l ayer  of  t he Fol i at ed Cl ay 
and Sands.

4.  Anal yses i ndi cat e t hat  t he i nf er r ed sl i di ng 
of  t he debr i s  wi l l  occur  when t he r u val ue ex ­
ceeds about  0. 25.  Undr ai ned l oadi ng,  al t hough 
l i kel y t o be assi s t i ng t he movement s,  i s not  a 
pr e- r equi s i t e f or  t hese.

5.  At  t he SE end of  t he l engt h,  wher e t he c l i f f s 
ar e hi gher  and t he bench sur f ace has di pped 
bel ow sea l evel ,  t he cont i nui t y  of  t he bench i s 
br oken by deep- seat ed base f ai l ur es.

6.  Rat es of  r ecess i on have i ncr eased about  t hr ee­
f ol d f r om t he 19t h t o t he 20t h cent ur y and t he 
sea cl i f f  and t he r ear  scar p gener al l y  r et r eat
at  di f f er ent  r at es.  Wher e seepage er os i on i s 
act i ve i n t he r ear  scar p,  t hi s r et r eat s t he 
f ast er .
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