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SYNOPSI S:  Th e  Ar c h e o l o g i c a l  s i t e  of  Si bar i ,  l oc a t ed  a t  t he  n o r t h e r n  end of  
Ca l ab r i a  ( I t a l y ) ,  has  b e e n  a f f ec t ed  s i nc e  t he  a nc i en t  t i me  by  a c o mp l e x  and 
wi de  s ubs i denc e .  Th r e e  l ev el s ,  da t e d  f r om VI  c e n t u r y  B. C.  t o  I  c e n t u r y  B. C.  
hav e  be e n  d i s c o v e r e d  be t we e n  3. 50 and 7 . 00 m be l o w t o d a y ' s  f i e l d  l ev el .  The 
s t ud i es  c a r r i e d  ou t  a l l o w us  t o s uppos e  t he pos s i b l e  c au s e s  r e s p o n s i b l e  f or  
t he  phenomenon .  Th e y  c an  be a s c r i bed  t o  neo t ec t on i c s ,  g l a c i o e u s t a t i c  c hanges  
of  t he  s ea  l ev el ,  p r i ma r y  and  s e c onda r y  c o n s o l i d a t i o n  and  r e d u c e d  por e 
p r e s s u r e  r e s u l t i n g  f r om u n d e r g r o u n d  wa t e r  wi t hd r awa l s .  A l a r ge  nu mb e r  of  

b o r eho l es  h a s  be e n  s u n k  and  a p i e z o c o n e  t es t  was  c a r r i e d  ou t  i n a t o o l e d  one.
A f i r s t  c l a s s i f i c a t i o n  of  s o i l s  has  been  made  by  u p  t o  da t e  c l a s s i f i c a t i o n  

pape r  a n d  by  l a b o r a t o r y  t es t  r es ul t s .
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1.  FOREWORD

Ar c h e o l o g i c a l  e x c a v a t i o n  at  s ev er a l  s i t es  
i n t h e  Pl a i n  of  Si ba r i  has  p r o v i d e d  i r r e f u t ab l e  
e v i d e n c e  o f  an  i mpo r t an t  s o i l  s ubs i denc e  
p h e n o me n o n  wh i c h  has  c e r t a i n l y  c on t i n u e d  t o 
ev o l v e  u n t i l  t h e s e  day s  s i nc e  t he  ea r l i es t  

h i s t o r i c a l l y  r e c o g n i z e d  s e t t l e men t s . The  
c o n s t i t u e n t  e l e me n t s  of  t he  s u b s i denc e  p r oc es s  
we r e  i n v e s t i g a t e d  i n a f i r s t  s e r i es  of  
i n t e r d i s c i p l i n a r y  s ur v ey s ,  i n an a t t e mp t  t o  
u n d e r s t a n d  t h e  na t u r e  of  t he  p h e nomena  t ha t  

r e f l e c t  t h e  mo s t  c o n s p i c u o u s  und e r l y i n g  c aus es .  
Th i s  p a p e r  d e s c r i b e s  t he f ea t u r es  of  t he  s i t es  
wi t h  r e s p e c t  t o  s t r uc t u r a l  geol ogy ,  
s t r a t i g r a p h i c  c har ac t e r s ,  g l ac i o e u s t a t i c  
ev ent s ,  h y d r o g e o l o g y  and  t ec hn i c a l  b e hav i ou r  of  
s o i l s  i n t h e  p l a i n  s i nc e  a l l  t hes e  f ac t o r s  

c on t r i bu t e ,  t o  s ome  ex t ent ,  t o  t he  s t i l l  
on g o i n g  s l o w s u s i d e n c e  pr oc es s .  The  a t t e mp t  t o  
i n t eg r a t e  t h i s  bo d y  of  i n f o r ma t i on  i n t o  an 
o r g a n i c  f r ame,  wh i l e  no t  f u l l y  ex haus t i v e , i s ,  

i f  any t h i ng ,  i ns t r umen t a l  i n p r o v i d i n g  
g u i d e l i n e s  f o r  s u r v e y s  bas ed  on  a mu c h  wi d e r  
and  we l l - f o u n d e d  k n o wl e d g e  t han  was  h i t h e r t o  
a v a i l a b l e  i n c o n n e c t i o n  wi t h  t he  ar ea.

Ou r  i n v e s t i g a t i o n s  s howed  ev i denc e  t ha t  
t he  c a u s e s  of  s ub s i d e n c e  c an  be a s c r i bed  
e s s e n t i a l l y  t o  f ou r  c on c o mi t a n t  c i r c ums t anc es :
-  n e o t e c t o n i c s
-  g l a c i o e u s t a t i c  c h a n g e s  of  s ea l ev el
-  p r i ma r y  an d  s e c o n d a r y  c ons o l i d a t i o n  of  r ec en t  
s e d i men t s

r e d u c e d  p o r e  p r e s s u r e  r es u l t i n g  f r om 
u n d e r g r o u n d  wa t e r  wi t hd r awa l s .

2.  THE ARCHEOL OGI CAL  SI TE

Se v e r a l  a r c h e o l o g i c a l  s eas ons  c a r r i ed  out  
s i nc e  1879 wi t h  t h e  a i m t o  l oc a t e  anc i en t  
Sy b a r i s , y i e l d e d  e v i d e n c e  of  t h r ee  s upe r i mp o s e d  
l ev e l s  of  s e t t l emen t s ,  i nd i c a t i ng  c o n t i nu i ng

l i f e  b e t we e n  t he  VI  and  t he  l as t  I  c en t u r y  
B. C. :  t h e  t h r e e  l ev e l s  a r e  l oc a t ed  b e t ween  7 
and  3. 5 m b e l o w t od a y ' s  f i e l d  l ev el  ( Fi g.  1)  . 
Th e  mo s t  e x t e n s i v e  f i nds  ar e  c o n c en t r a t ed  i n 
t wo  ar eas ,  Pa r c o  de l  Cav a l l o  and  St ombi ,  
e x t e n d i n g  b e t we e n  wh a t  was  i den t i f i ed  as  t he  
f o r me r  be d s  of  t he  Cr a t i  and  Cos c i l e  r i v er s ,  
no w f l o wi n g  as  a s i ng l e  mo u t h  i n t o t he  J on i a n  
Sea.  Mo r eov e r ,  h i s t o r i c a l ,  a r c h e o l og i c a l  and 

ae r i a l  p h o t o g r a mme t r i c  e v i denc e  i nd i c a t e  t ha t  
t h e  a n c i e n t  c i t y  bo r d e r e d  t he  s ea c l os e  t o  t he 
p r e s e n t  c o n f l u e n c e  of  t he  t wo  r i v e r s  and t ha t  
t h e i r  c o mmo n  de l t a  has  s i nc e  t hen  p r o g r e s s e d  by  
ab o u t  t wo  Km t o wa r d  t he  J o n i a n  Sea.

3.  GEOMORPHOL OGY

Sy b a r i s  a r c h e o l o g i c a l  s i t e  i s  l oc a t ed  at  
t h e  n o r t h e r n  end  of  Ca l ab r i a  r egi on,  l y i ng  i n 
an a l l u v i a l  p l a i n  wi t h  t he l ower  v a l l e y  of  t he 
Cr a t i  r i v e r  an d  i t s  t r i b u t a r i e s  r unn i ng  ac r os s  

i t .  To  t h e  Nor t h ,  t he  p l a i n  i s  i n c o n t a c t  wi t h  
t he  me s o z o i c  c a l c a r e o u s  do l o mi t i c  ma s s i f s  of  
Mo u n t  Po l l i no ,  t o  t he  Sou t h  i t  bo r de r s  t he  Si l a  
c r y s t a l l i n e  mas s i f s .

Th e  s i t e  i s  a dep r e s s i o n  t r end i ng  
a p p r o x i ma t e l y  ENE- HSW.  Th e  upper  pa r t  o f  t he  
b a s i n  i s  f i l l e d  by  an  a l l uv i a l  p l a i n  wh o s e  
d e p t h  i nc r eas es ,  as  one p r oc eeds  f r om N t o  SE,  
f r om 103 m t o  478 m s ou t h  of  t he  Cr a t i  r i v er ;  

me a s u r e me n t s  we r e  t ak en  f r om a l ar ge number  of  
b o r e h o l e s  s u n k  on  beha l f  of  t he  I t a l i an  
Na t i o n a l  Re s e a r c h  Counc i l  ( C. N. R. )  f or  t h i s  
p a r t i c u l a r  s t udy ,  and  e s p ec i a l l y  by  deep  
d r i l l i n g  i n t h e  1 9 5 0 ' s t o de t ec t  p r e s e n c e  of  
h y d r o c a r b o n - b e a r i n g  s t r at a.  ( Fi g.  2) .

Th e  a r ea  wh e r e  t he  Cr a t i  and  Cos c i l e  
r i v e r s  f l o w i n t o  eac h  o t he r  i s  s c a t t e r ed  Wi t h  
ma r i n e  a n d  f l uv i a l  t e r r ac es  c o n s i s t i ng  of  
c o a r s e  s and,  wi t h  p o l y g e n e t i c  g r av e l  l ens es .  
Th e  t e r r a c e s  a r e  v e r y  l i k e l y  t o be as s oc i a t ed  

wi t h  u p l i f t  p h a s e s  t h a t  oc c u r r e d  be t we e n  t he
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Pl i o c e n e  a n d  t he  Pl e i s t oc ene.
Th e  s ed i me n t s  ma k i n g  up  t he p l a i n  ar e 

a l l u v i a  c o n s i s t i n g  of  a l t e r na t i ons  of  sands ,  
c l a y e y  s ands ,  s i l t y  c l ay s  and gr av e l s .  At  
v a r i o u s  dept h ,  pe a t  l ev el  i n t e r c a l a t i ons  ar e 
enc oun t e r ed .

4.  TECTONI C SETUP

Th e  Sy b a r i s  p l a i n  f or ms  a g r aben  enc l os ed  
by  s ev e r a l  d i f f e r e n t l y  o r i en t ed  f au l t  s y s t ems :  
t he  mo s t  i mpo r t an t  one,  t r end i ng  NE- SW,  i s  

r e p r e s e n t e d  by  San g i n e t o  l i ne t ha t  s epa r a t es  i t  
f r om t h e  Po l l i n o  mas s i f s  ( Amodi o Mor e l l i  e t  
al . ,  1976) .  An o t h e r  f au l t  z one enc l os es  t he 
p l a i n  f r o m t he  Sou t h  a l ong  t he  J on i a n  c oas t  of

Si  l a.  Th e  San g i n e t o  l i ne,  wh i c h  was  i n t e r p r e t ed  

as  a l e f t  s t r i k e - s l i p  f aul t ,  p l ay ed  an 
ex t r e me l y  i mpo r t an t  r ol e:  i n f ac t ,  t he 
s u b s i d i n g  e f f e c t  of  t he  pl ai n,  i s  due t o  t he 
d i s j i u n c t i v e  t e c t o n i c  phas e  wh i c h  has  been 
a f f e c t i n g  t he  en t i r e  Ca l ab r i an  ar c  s i nc e  t he 
To r t o n i a n  t o  d a t e  and  i s  c ha r ac t e r i z ed  by  t he  
o p e n i n g  up  of  s ub s i d i n g  t r enc hes  g r adua l l y  

f i l l e d  wi t h  mo r e  and  mo r e  r ec en t  s ed i men t s  
( Gh i s e t t i  a n d  Vez z an i ,  1981) .

Th e  Pl e i s t o c e n i c  and  r ec en t  a c t i v i t y  of  
t he  ab o v e  d e s c r i b e d  f au l t  s y s t ems  c an  be s ummed 

up  ( Fi g.  3)  by  d i s t i n g u i s h i n g  s t eadi l y ,  or  

p r edomi n a n t l y ,  u p l i f t i n g  z ones  s i nc e  t he 
Pl i oc ene ,  and  z ones  s howi ng  c omp l ex  mo v emen t s  

and  s u b j e c t  t o d a y  t o  d o wn war p i ng  and / o r  
u p l i f t i n g  ( Tor t or i c i ,  1983) .

Mo r e  p r ec i s e l y ,  a r eas  c h a r a c t e r i z ed  by  
d ownwar p i ng ,  l i k e  t he  Si bar i  p l a i n,  i n f ac t  
s h o w a t e n d e n c y  t o  up l i f t  a t  mu c h  l ower  r a t es  
t h a n  t h e  s u r r o u n d i n g  a r eas  t ha t  s ome wor k e r s  
b e l i e v e  t o  be  l i f t i ng  up  t o 3 mm/ y ear :  howev er ,  
t h i s  da t a  c a n n o t  be  ob j e c t i v e l y  c o n f i r med  s i nc e  

i t  wo u l d  be ha r d  t o  qua n t i f y  t he  amoun t  of  
t e c t o n i c  u p l i f t i n g  and / o r  down wa r p i n g  d u e  t o 
l ac k  of  p r e c i s e  g e o d e t i c  meas ur ement s .

I ns t ead,  t h e  eas t e r n mo s t  po r t i o n  of  t he  

Si ba r i  p l a i n  d i d  s ubs i de  du r i ng  t he  Ho l oc ene  as  
a r e s u l t  o f  t i l t i n g  wi t h  an ax i s  t ak i ng  r ough l y  
t he  N- S d i r ec t i on .

5.  GL ACI OEUSTATI C CHANGES OF THE SEA LEVEL

Th e  c o a s t l i n e  t r e n d  a l ong  t he J o n i a n  ar c  
h as  u n d e r g o n e  c o n s i d e r a b l e  c hanges  du r i ng  t he  
Qu a t e r n a r y  ( Cot ec c h i a  and Magr i ,  1967 ; 

Co t e c c h i a  e t  a l . 1969 ) . The  end  of  t he  Th y r r e n i a n  
wa s  c h a r a c t e r i z e d  by  a r eg r e s s i o n  wh i c h  l ower ed  
t he  s ea  l ev e l  t o  abou t  100 m be l o w t oday ' s
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Fig.l - Main events in the Sybaris plain

l ev e l  t o  r o u g h l y  c o r r e s p o n d  t o  t he  c u r r en t  100 
m d e p t h  c on t our .  Suc h a c ons p i c uous  and  s udden  
d r o p  of  t h e  s ea  l ev el  b r ough t  abou t  t he 
be g i n n i n g  of  a v e r y  i n t ens i v e  r eg r es s i v e  
e r o s i o n  phas e,  due  t o  r emar k ab l e  d e p r es s i on  of  
t he  s u r f a c e  d r a i n a g e  s y s t em al l  a r ound  t he  

I on i an  c oas t .
Su b s e q u e n t l y  an equa l l y  qu i c k

t r a n s g r e s s i o n  ag a i n  r a i s ed  t he  s ea l ev el  abou t  
6000 y e a r s  ago  a l mos t  t o  i t s  p r es en t  v al ue.  
La t e r  on,  me a n  s ea l ev el  c o n t i nued  t o  r i s e,  
wi t h  mi n o r  f l uc t ua t i ons  du r i ng  t he l as t  
mi l l enn i a ,  un t i l  t he  p r es en t  s t a t e  was  r eac hed.

Fi n d i n g  pe a t  s t r a t a  l ed t o  v e r y  i mpor t an t  

c o n c l u s i o n s  i n c on n e c t i o n  wi t h  t hes e  phenomena.  

Th e  t h i c k e s t  p e a t  l ay er s  wer e  f ound  i n a 
b o r e h o l e  at  St ombi ,  wh e r e  t h r ee  l ev el s ,  f ound 
r e s p e c t i v e l y  a t  8 . 50 - 9 . 00  m,  41 . 00—44. 00  m and 
60 . 80 - 6 1. 0 0  m be l o w f i e l d  l ev el ,  ma d e  i t  

p o s s i b l e  t o  us e  r a d i oac t i v e  c a r bon  dat i ng.
Ab s o l u t e  age  wi t h  r es pec t  t o  t he  p r es en t  

( 1950 wa s  t a k e n  as  t he  r e f e r enc e  y ear )  we r e  
f ound  t o  be  4685+69  a t  t he  s ha l l owes t  l evel ,  
8410±  90 a t  t h e  i n t e r med i a t e  l ev el  and  9895f l 42  

a t  t h e  d e e p e s t  l ev e l  ( Fi g.  4) .
Ab s o l u t e  ages  c o r r es pond  t o  t he  p o s t ­

g l a c i a l  Ho l oc ene .  Mo r e  pr ec i s e l y ,  t he  d eepes t  
l ev e l  c a n  b e  a s c r i b e d  t o  t he  Pr ebor ea l  pe r i od  
and  t h e  mo s t  s u p e r f i c i a l  one t o  t he  At l an t i c -  
Subbor ea l ,  p r a t i c a l l y  mar k i n g  t he t r a ns i t i on  
f r o m t h e  Me s o l i t h i c  t o  t he  Neo l i t h i c  wh e n  t he  
wh o l e  a r ea  wa s  i nv o l v ed  i n t he  Fl and r i an  

t r ans g r es s i on .
Be a r i n g  i n mi n d  t ha t  pea t s  ar e  t he  p r o d u c t  

of  s e d i me n t a t i o n  i n a t r ans i t i ona l  env i r onmen t  
of  a s wa mp y  t y pe,  we  ma y  as s ume t ha t  t ney  wer e  
f o r med  a t  s ea  l ev el :  f r om t he  d i a g r a m i n t he  
f i g u r e  s h o wi n g  g l a c i o e u s t a t i c  c hanges  of  t he  
s ea l ev el ,  we  ma y  i n f e r  t hat ,  a t  t he  t i me  wh e n

J 2 d ] 3 E I ] 4

Fi g . 2 -  Th i c k n e s s  of  a l l uv i a l  d e pos i t s  
e s t a b l i s h e d  by  d e e p  b o r eho l es  s unk  i n t he  
Sy b a r i s  p l a i n :  1)  Cr y s t a l l i n e  r oc k s .  Pa l eoz o i c -  
Mes o z o i c ;  2)  Ca r b o n a t e  r oc k s .  Mes oz o i c ;  3)  
Pl i o - p l e i s t o c e n i c  s ed i ment s ;  4)  Al l uv i a l  

s ed i men t s .  Ho l oc ene .
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Fi g . 3-  A s y n t h e s i s  of  t he n e o t ec t on i c  * a p ! l )  

p r e v a i n g l y  u p l i f t i n g  a r e ^ ^ )

mo v e me n t s  f o l l o we d  by  up l i f t ;  4)  a r e a ® 
c omp l e x  mo v e me n t s  f o l l owed  by  downwar p i ng ,  5)  

t i l t  ax es ;  6)  f au l t s .

t he  t h r e e  h o r i z o n s  we r e  depos i t ed ,  t he  s ea 
l ev e l  wa s  l owe r  t h a n  i t  i s  now by  abou t  5 m,  20 
m and  37 m r es pec t i v e l y .

On e  c a n  t h e n  c on c l u d e  t hat ,  s i nc e  t he 
de e p e s t  p e a t  l ev e l  n o w l i es  at  60 . 80 - 61 . 00  
be l ow f i e l d  l ev el ,  i t s  a bs o l u t e  s e t t l emen t  
s i nc e  d e p o s i t i o n  wa s  abou t  24 m,  wi t h  a 
s u b s i d e n c e  r a t e  ( t he t ec t on i c  and  t he 

g e o t e c h n i c a l  c o mp o n e n t  t a k e n  t oget her )  of  abou t  
2. 4 nun/ year ,  wh i l e  t he  av e r age  annua l  
s e t t l e me n t  i n t he  up p e r  l ev e l s  was  l ower .  
I ns t ead,  t h e  t o t a l  r a t e  of  s ubs i denc e,  
i n c l ud i ng  a p p a r e n t  s ubs i denc e  due  t o  

g l ac i oeus t a t i s m,  s hows  v a l ues  of  6. 1 mm/ y r  and

2 mm/ y r .  I n  a p r e v i o u s  s t udy  ( Guer r i c c h i o  and 
Me l i do r o ,  1975) ,  s ub s i d e n c e  r a t e  was  e s t i ma t ed  
at  4. 3 mm/ y r .  Th i s  i nd i c a t es  a s l ower  
s u b s i d e n c e  r a t e  i n t he  up p e r  pa r t  of  t he  p l ai n.

Ou r  f i n d i n g s  a l s o  s how t ha t  d e p o s i t i o n  of  
t he  l as t  a l l u v i a l  s e d i men t s  was  e s p ec i a l l y  f as t  
be t we e n  9000  and  4000 y ea r s  ago ( 8. 5 mm/ y r )  
wh e r e a s  l a t e r  on  t he  r a t e  of  d e p o s i t i o n  i n 

t e r ms  of  s e d i me n t  t h i c k n e s s  was  mu c h  s l ower  ( 2 
mm/ y r ) .

6 . HYDROGEOLOGY

p a p e r ) , r a n g e  f r om a ma x i mu m v a l ue  of  abou t  
1 0 ~ 3 c m/ s e c  t o  a mi n i mu m of  abou t  10 - 7c m/ s ec .  
Co n s e quen t l y ,  t he  v a r i a b i l i t y  of  h y d r au l i c  

c o n d u c t i v i t y  f r om one  s t r a t u m t o  t he  nex t  was  
f ound  t o  b e  q u i t e  i mpor t ant .

Th e  p o t e n t i a l l y  v e r y  r i c h  s upe r f i c i a l  
g r o u n d wa t e r  r u n n i n g  v e r y  c l os e  t o  t he  
a r c h e o l o g i c a l  f i nds  c a n  be e n c o un t e r ed  at  0. 50 
m b e l o w f i e l d  l ev el :  i t  i s  ba r r ed  s eawar ds  by  

t he  s e a wa t e r  i n t r u s i o n  we d g e  and  i s  c u r r en t l y  
d r a i n e d  b y  a s y s t e m of  we l l - p o i n t s  at  a r ound  
Pa r c o  de l  Ca v a l l o  mo r e  or  l es s  down  t o  0 l evel ,  
bu t  do e s  no t  l e t  i n b r a c k i s h  wa t e r  i n t r us i on  
a l t h o u g h  i t  i s  t he  s ame of  me a n  s ea l evel .

Ha t e r  e x t r a c t e d  f r om e x c a v a t i ons  i s  

c o mp a r a t i v e l y  s a l t - f r ee ,  i t s  s a l t  c on t en t  be i ng  
0 . 6  g / 1  wh i l e  c h l o r i n e  c on t en t  i s  e x t r eme l y  
l ow.  Me a s u r e me n t s  t a k e n  i n t he  t wo 
e l e c t r o p n e u ma t i c  p i e z o me t e r s  i n s ummer  1992 
ma d e  i t  p o s s i b l e  t o  i den t i f y  t he  p r es enc e  of  
t wo  mo r e  c o n f i n e d  a q u i f e r s  at  abou t  50 . 00  and
70 . 00  m b e l o w f i e l d  l ev el .

Dr i n k i n g  a n d  i r r i ga t i on  wa t e r  f or  t he 
p l a i n  i s  p u mp e d  f r om t h e s e  deepe r  aqui f er s .  
Pr e s e n c e  of  s u l f u r i z e d  hy d r o g e n  and me t h a n e  was  
o b s e r v e d  i n b o r e h o l e s  d r i l l e d  s i nc e  t he  1950' s :  

i n f ac t  i t  i s  i n d i c a t i v e  of  r e ac t i ons  and 
r e d u c t i o n  p h e n o me n a  be t we e n  ex i s t i n g  o r gan i c  
ma t t e r  a n d  f os s i l e  s a l i ne  wa t e r  c on f i ned  i n t he  
d e e p e r  s t r a t a  t h a t  a r e  be l i e v e d  no t  t o  be 
n a t u r a l l y  r e c h a r g e d  and t hat ,  i f  ex t r ac t ed ,  
c o u l d  be  t he  s t a r t i n g  c aus e  f or  ac c e l e r a t e d  

s ubs i denc e .  By  ma k i n g  r e f e r enc e  t o  t he  
t r i g o n o me t r i c a l  l e v e l l i ng  p l o t  d r a wn  be t ween  
t he  s ea  and  t h e  e x c a v a t i o n  s i t e,  i t  was  f ound 
t h a t  t h e  I GM d a t u m po i n t  mar k e d  on  t he  Cr a t i  
r i v e r  b r i d g e  i n t he  1971 has  s i nc e  t hen  s unk  by  
a t  l eas t  20 c m i n ab s o l u t e  t er ms .  Al l  t he  abov e  

me n t i o n e d  dat a,  howev er ,  r equ i r e  v e r i f i c a t i o n  
wi t h i n  t h e  f r a me wo r k  of  mo r e  e x t ens i v e  c hec k i ng  

p r o g r a ms .

De e p  b o r e h o l e s  s unk  at  t he  Wr i t e r s '  
r eques t  c o n t r i b u t e d  t o  s hed  mor e  l i gh t  a l s o  on 

p r ob l ems  of  hy d r ogeo l ogy .  Spec i a l  b o r eho l es  
we r e  us e d  t o  p l ac e  2 e l ec t r o p n e u ma t i c  
p i e z o me t e r s  i n g r a v e l l y  s t r a t a  and a Ca s ag r ande  
p i e z o me t e r  d e s i g n e d  t o  mea s u r e  t he  s upe r f i c i a l  
g r oundwa t e r .  Th e  c oe f f i c i e n t s  of  pe r me a b i l i t y  
wh i c h  c a n  be de r i v e d  i n s i t u  

p s e u d o q u a n t i t a t i v e l y  by  means  of  d i s s i p a t i o n  
t es t s  c a r r i e d  ou t  wi t h  t he  p i ez oc one  ( t o be 

d i s c u s s e d  i n de t a i l  f u r t he r  do wn  i n t h i s

7.  GENERAL  GEOTECHNI CAL  CHARACTERI STI CS

So me  u n d i s t u r b e d  c o r es  t a k e n  f r om b o r eho l e  
n. l ,  d e l i b e r a t e l y  l oc a t ed  c l os e  t o  t he  one  wi t h  
t he  p i ez oc one ,  we r e  us ed  f or  c l as s i f i c a t i o n  

t e s t s  i n t h e  l abor a t o r y .  Geo t e c h n i c a l  da t a  on 
s o i l s  i n t h e  Pl a i n  we r e  no t  k n o wn  ex c ep t  f or  
t h o s e  r e p o r t e d  i n a wo r k  by  Ke r i s e l  and 
Ma t t e o t t i  ( 1975)  d e s c r i b i n g  s i mi l a r  s o i l s  f r om 
a r e a  l o c a t e d  s l i g h t l y  mo r e  t o  t he  s ou t h  ( Por t

Fi g . 4 -  Gl a c i o e u s t a t i c  c hanges  of  J o n i a n  s ea 

l ev e l  a n d  t h e  t h r e e  pe a t  h o r i z ons  f ound  i n t he  
St o mb i  bo r eho l e .  The  t h r ee  pea t  l ev e l s  we r e  
r a d i o c a r b o n  da t ed ;  a t  p r e s e n t  t hey  oc c u r  at  - 3 

m,  - 38 m,  and  - 55 m be l ow m. s . l . .

HaOCENE , • »

u l

♦6m m.s.L

Peat
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of  Si bar i )  . A s y n t h e s i s  of  ou r  f i nd i ngs  i s  
g i v e n  i n f i gu r e  5.  I t  i s  c l ea r l y  s een t ha t  al l  
t he  i n v e s t i g a t e d  s o i l s  hav e  a r a t he r  v a r i e d  
g r a i n  s i z e  d i s t r i bu t i on ,  r ang i ng  f r om s i l t y  
c l a y s  an d  s i l t s  wi t h  s i g n i f i c an t  p e r c en t ages  of  
c l a y s  an d / o r  s ands ,  t o  s ands . ( Fi g .  5)  Pl a s t i c  
p r o p e r t i e s  s how a s i mi l a r  v ar i ab i l i t y :
WL  mi n  = 30%,  WL  ma x  = 58%,  PI  mi n  =10%,  PI  ma x  

= 38%.
Na t u r a l  un i t  we i g h t s  a r e  r a t he r  l ow,  

a r o u n d  1 6 . 0 - 17 . 0  KN/ c u . m.  Th e s e  l a t t e r  v a l ues  

wi l l  p r o v e  us e f u l  t o  i n t e r p r e t  t he  r es u l t s  
o b t a i n e d  f r o m t h e  p i e z o c o n e  f or  our  ev a l u a t i o n  
of  u n d e r d r a i n e d  s t r e n g t h  and  c ompr es s i b i l i t y .

8.  RESUL TS OF PI EZOCONE TESTS

As  me n t i o n e d  e a r l i e r  on,  a c on t i nuous  

p i e z o c o n e  t e s t  wa s  c a r r i e d  ou t  at  St omb i  down  

t o  a d e p t h  of  appr ox .  100 m.  ( Fi g . 6)
Se l e c t i n g  t h e  i ns t r umen t  on  wh i c h  we  c o u l d  

r e l y  f o r  d e t a i l e d  i n f o r ma t i on  on t he  s o i l s  
f o r mi n g  t he  Cr a t i  r i v e r  a l l uv i a l  
c o n d i t i o n e d  by  s ev e r a l  f ac t or s ,  
a l . , 1986) :
-  t he  p o s s i b i l i t y  t o  ge t  t he  mos t  
o b t a i n a b l e  me a s u r e me n t s ;

t h e  p o s s i b i l i t y  t o  meas u r e  
p a r a me t e r s  a l o n g  wi t h  t he  me c han i c a l  p a r a me t e r s  

of  s ed i men t s ;
t h e  p o s s i b i l i t y  of  us i n g  c l a s s i f i c a t i on  

s y s t e ms  c a p a b l e  t o o f f e r  a s u f f i c i en t l y  
r e l i a b l e  r e f e r e n c e  f r ame.

Th e  t e s t  ena b l e d  us  t o  e v a l ua t e  c hang i ng  
s o i l  s t r e n g t h s  a r o u n d  t he  c one  t i p  and  ex c es s  

p o r e  p r e s s u r e s  wi t h  i n c r eas i ng  dept h.  Tes t  
d i a g r a ms  a r e  s h o wn  i n t he  f i gur es .  No t e  t ha t  i n 
a f i r s t  p o r t i o n  e x t e n d i n g  f r om app r o x i ma t e l y  44 
t o  50 m a n d  d o wn  a s ho r t  t r ac t  j us t  be f o r e  t he  

70 m d e p t h  we  ha d  t o  s end  do wn  a c as i nq  as  we  
we r e  p r o c e e d i n g  t h r o u g h  c oa r s e  ma t e r i a l s  
( gr av e l  a n d  p e b b l e s ) .

A f i r s t  a n a l y s i s  s hows  t ha t  t he  s ec t i ons  
p a s s i n g  t h r o u g h  r a t h e r  f i ne- gr a i ned,  and t hus  
c o mp r es s i b l e ,  ma t e r i a l s  ar e  e s s e n t i a l l y  l oc at ed 
at  v a r y i n g  d e p t h s  b e t ween  22 and  43 m.

p l a i n  was  
( Bal di  et

cor t t i nuous

hydr - aul i c

Th i n n e r  l ev e l s  a r e  p r e s e n t  a t  g r e a t e r  

dep t hs .  By  wa y  of  i nd i c a t i on ,  t he  ov e r a l l  
p e r c e n t a g e  of  f i ne  ma t e r i a l s  ( c l ay s  and / o r  
s ands )  o c c u r r i n g  d o wn  t he  en t i r e  ex p l o r e d  de p t h  
i s  ab o u t  40- 45%.  Es t i ma t es  of  t h i s  k i nd,  
howev er ,  a r e  a c o mp l i c a t e d  p r o c e d u r e  g i v e n  t he 
f ac t  t h a t  ( At k i ns ons  and  Sal l f or s ,  1991)  t he 

s o i l  v o l u me  a c t u a l l y  i nv o l v ed  i n t he  
me a s u r e me n t  c a n n o t  be  c l e a r l y  de f i ned.

I t  i s  f u r t h e r mo r e  a k n o wn  f ac t  t h a t  da t a  
o b t a i n e d  f r o m a p e n e t r o me t e r  t es t ,  un l es s  
p r o p e r l y  d e a l t  wi t h,  ma y  h i g h l i g h t  

" d i s t u r b a n c e s "  c a p a b l e  of  d i s g u i s i n g  t he  t r ends  
and  i n d i c a t i o n s  t h a t  a t e s t  of  t h i s  k i nd  wo u l d  

n o r ma l l y  y i e l d .  Ther e f o r e ,  da t a  f i l t e r i ng  
p r o c e d u r e s  we r e  u s e d  a l t hough  t h e y  a r e  no t  
d e s c r i b e d  h e r e  f or  l ac k  of  s pac e.  St i l l ,  i t  i s  
p o s s i b l e  t o  wo r k  ou t  a c l a s s i f i c a t i o n  of  
p e n e t r a t e d  ma t e r i a l s  by  means  of  s pec i a l  
c har t s .  I n  t h e  c h a r t  us ed  i n t h i s  s t udy  
( Rober t s on,  1990) ,  ( Fi g . 7)  t i p  r es i s t a n c e  

c o r r e c t e d  ( qt )  a n d  nor ma l i z ed ,  i . e. ( qf  -  <7V0) ^° vo 
i s  p l o t t e d  as  o r d i n a t e  and  t he  pa r a me t e r  Bq

eq u a l  t o
Bn

<l t _ a vo

i s  p l o t t e d  i n t h e  abs c i s s a .
A f a i r l y  t h i c k  c l o u d  of  do t s  i s  o bs e r v ed  

i n z one  3 i d e n t i f y i n g  c l a y e y  s o i l s  and  s i l t  
c l ay s ,  e s p e c i a l l y  wh e r e  t he  Bq  r a t i o  i s  i n t he  
o r d e r  o f  0 . 6- 0 . 8 ,  i nd i c a t i ng  e s s e n t i a l l y  
n o r ma l l y  c o n s o l i d a t e d  s oi l s .  Mo d e r a t e  c r o wd i n g  
of  do t s  i s  a l s o  obs e r v e d  i n z ones  4- 5- 6  

c o r r e s p o n d i n g  t o  s o i l s  wi t h  a g r a i n  s i z e

I IC tAY  

• »1

GfUUHSZE LMTO

0 50% 100 0 40% BO

I

Fi g . 5 - Gr a i n  s i z e  
d i s t r i b u t i o n  and 

p l as t i c  p r ope r t i es  
of  s ome s amp l e  c o r es  
t ak en  at  d i f f e r en t  

d e p t h s .

Fi g.  6b -  Ex c e s s  p o r e  p r e s s u r e  ( U)  me a s u r e d  
wi t h  t h e  p i e z o c o n e  a t  d i f f e r e n t  dept hs .

Fi g.  6a -  So i l  s t r e n g t h  a r ound  t he  p i ez oc one  

t i p  wi t h  c h a n g i n g  dept h.
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PORE PRESSURE RAT» Bq = Au

<H-°vc
Fi g . 7 -  Ro b e r t s o n ' s  c l a s s i f i c a t i o n  c har t .

d i s t r i b u t i o n  r a n g i n g  f r om c l ay  s i l t s  t o  s ands ,  
e s p e c i a l l y  i n  t h o s e  z ones  wh e r e  Bq  i s  r a t he r  

c l o s e  t o  z er o.
Th e  g r e a t  s c a t t e r  of  po i n t s  i s  c e r t a i n l y  

r e l a t e d  t o  t h e  p e c u l i a r  na t u r e  of  t he 
depos i t i on ,  wi t h  a no t  qu i t e  neg l i g i b l e  
c o n t r i b u t i o n  f r o m s ev er a l  f ac t o r s  v a r i o u s l y  
a f f e c t i n g  t h e  r e s u l t s  of  t he  t e s t  i n v a r i ous  

d e g r e e s .
Be t we e n  22 an d  43 m,  wh e r e  a s i gn i f i c a n t l y  

l a r ge r  ma s s  o f  s o f t  c l a y e y  and / o r  c l a y - s i l t y  

ma t e r i a l  wa s  i den t i f i ed ,  u n d r a i n e d  s hear  
s t r e n g t h  Su wa s  e q u a l l y  ev a l u a t e d  f r om t he  da t a  

p r o v i d e d  by  t h e  p i ez oc one .
We  k n o w t h a t  ( Ba l i gh , 1975)  Su c an  be 

e s t i ma t e d  b y  a p p l y i n g  t h e  f o l l owi ng  r e l a t i on :  
qc - o vo

Su ­
n k

wh e r e  Nk  =1 5  + 3 wh e r e  <*vo i s  t o t a l  p r e s s u r e  
a t  t h e  s i t e  an d  qc  i s  t he  t i p  r es i s t anc e .

Th e  l a t t e r  f ac t o r  ( Nk)  i s  g r eat er ,  t he  

h i g h e r  t h e  r i g i d i t y  i ndex  I R c o n s i d e r e d  as  t he  

r a t i o  b e t we e n  t h e  u n d r a i n e d  s hear  mo d u l u s  G and 
t he  r e l a t i v e  s h e a r  s t r e n g t h  Su,  namel y :
I R = G/ Su

<*vo c a n  be  i n d i f f e r e n t l y  ev a l u a t e d  e i t h e r  as  
t o t a l  v e r t i c a l  s t r e s s  at  t he  s i t e,  or  as  t o t a l  
h o r i z o n t a l  s t r e s s  at  t he  s i t e,  o r  s t i l l  as  
o c t a h e d r a l  s t r es s .  I n ou r  c as e  Nk  wa s  a s s umed  
t o  be  e o u a l  t o  15 i n t he  a v e r age  and  ov0 
t o  be  e q u a l  t o  t o t a l  v e r t i c a l  s t r es s .

Th e  r e s u l t s  o b t a i n e d  by  app l y i n g  t he  abov e  
f o r mu l a  i n d i c a t e  a c l e a r c u t  i nc r ement  of  Su 
wi t h  e f f e c t i v e  s t r es s :  t h i s  c o n f i r ms  t ha t  we  
ar e  d e a l i n g  h e r e  e s s e n t i a l l y  wi t h  ma t e r i a l s  
t h a t  a r e  c e r t a i n l y  no t  ov e r c ons o l i da t ed .  A UU 
t es t  c a r r i e d  ou t  on  c l ay  c o r e  t a k e n  at  a dep t h  
o f  a b o u t  30 m s h o we d  a Su  v a l u e  of  40 KPa,  i n 
e x c e l l e n t  a g r e e me n t  wi t h  t he  v a l u e  de r i v e d  by  

p r o c e s s i n g  t h e  p i e z o c o n e  r es u l t s .  I t  ma y  be of  
s ome  i n t e r e s t  t o  c omp a r e  Su as  c a l c u l a t e d  abov e  
and  t h e  on e  t h a t  c an  be  ev a l ua t ed ,  by  me a n s  of  
e mp i r i c a l  r e l a t i ons ,  on  t he  bas i s  of  t he

p l a s t i c i t y  i ndex  and  l i qu i d  l i mi t .
Su c h  r e l a t i o n s  a r e  app l i ed  ha v i n g  i n mi nd  

t h e  mi n i ma l  and  ma x i mu m v a l ues  f ound i n 
c o n n e c t i o n  wi t h  PI  and  WL  i ndex es .

I t  i s  he r e  wo r t h  men t i o n i n g  t ha t  
p r e v i o u s l y  me n t i o n e d  wo r k  by  Ker i s e l  
Ma t t e o t t i  c o n f i r me d  t he a p p l i c ab i l i t y  
Sk e mp t o n ' s  we l l - k n o wn  ex p r e s s i o n  ( 1957)  f or  NC 

c l a y s  wh i c h  r e l a t e s  u n d r a i ned  s t r eng t h  Su,  
e f f e c t i v e  s t r e s s  and t he  p l a s t i c i t y  i ndex ,  i . e.  
( f or  PI  = 20 an d  a ’yo = 0. 77h)

t he
and

of

Su /  o\vo = 0. 18 h

Th e  d a t a  we r e  a l s o  v e r i f i ed  aga i ns t  t he  
r e l a t i o n s  of  Bj e r r u m and  Si mons  ( 1960)  and 
Ka r l s s o n  a n d  Vi b e r g  ( 1971) .
Su  /  <7'vo = 0 . 45 ( PI )  PI  5%

= 0 . 0 0 5  ( WL)  WL  20%
By  a s s u mi n g  t he  a l r eady  me n t i o n e d  ma x i mu m 

an d  mi n i mu m v a l u e s  of  t he  p l a s t i c  p r oper t i es ,  
t h e  a b o v e  r e l a t i o n s  gi v e:
Su  /  a' Vo mi n  = 0. 14 

ma x  = 0. 29
Th e s e  v a l u e s  c o mp a r e  we l l  wi t h  t he  Su 

t r e n d  r e s u l t i n g  f r o m t he  p i e z o c o n e  t es t ,  g i v e n  

t h e  f ac t  t h a t  t h e  l a t t e r  e v a l ua t i on  s hows  
v a l u e s  s i mi l a r  t o,  o r  j us t  s l i gh t l y  h i g h e r  
t han,  t h o s e  f ound  by  Ke r i s e l  and  Mat t eo t t i .  

No t e  t h a t  t h e  Su  /  a Vo r a t i os  ar e  b e t ween  0. 15 
and  0 . 40  f o r  o t h e r  I t a l i an  s of t  s o i l s  and ar e 
t h e r e f o r e  i n g o o d  ag r e e me n t  wi t h  t he  f i ne s of t  
s o i l s  i n  t h e  Si ba r i  p l a i n.

So me  d i s s i p a t i o n  t es t s  pe r f o r me d  wh i l e  t he  
p i e z o c o n e  t r i a l  was  i n pr ogr es s ,  a l s o  ma d e  i t  

p o s s i b l e  t o  c h e c k  t he  pe r me a b i l i t y  of  t he 

p e n e t r a t e d  ma t e r i a l s .
Fo l l o wi n g  t h e  i n d i c a t i ons  by  La r s s o n  and 

Mu l a b d i c  ( 1991) ,  we  a r e  p r e s e n t i n g  he r e  t ab l e
8,  wh i c h  s h o ws  r e ma i n i n g  ex c es s  po r e  p r es s u r es  
obs er v ed ,  i n  r e l a t i o n  t o  dept h,  5 and  10 

mi n u t e s  a f t e r  t h e  b e g i n n i n g  of  t he  d i s s i p a t i o n  
t es t .

So i l  e x h i b i t i n g  Rema i n i n g  Ex c es s  Por e  
Pr e s s u r e  v a l u e s  l ower  t han  0. 2 ( af t er  5 and/ or

10 mi n)  a r e  c o n s i d e r e d  t o  be  f r ee- dr a i n i ng .  
Se mi - d r a i n i n g  s o i l s  a r e  s o i l s  t ha t  s how v a l ues  
b e t we e n  0. 2 an d  0. 4 a f t e r  10 mi n u t e s  and 
b e t we e n  0. 2 a n d  0. 6 a f t e r  5 mi nu t es .  The  t h i r d  
r a n g e  or  R. E. P. P.  wi t h  v a l ues  up  t o  1 app l i es  
t o  s o i l s  d e f i n e d  as  no t  dr a i n i ng .  The  r es u l t s  

s h o wn  i n t h e  Ta b l e  s i mp l y  c on f i r m t he  abov e  
r e p o r t e d  d a t a  and  c l e a r l y  s h o w t ha t  t he 
v a r i a b i l i t y  o f  t he  c har ac t er s ,  g r a i n  s i z e

RCM M IN G EXCESS PORE PRESSU K

DEPTH

I AF

5 Min

rER I

10 mn

4.99 • 0.52 0.43

7.39 Q.54 0.45

10.25 0.08 0.03

14,19 - 0 0

11.41 9.41

MOO 0 32 0.29

» .7 0 •  73 044

» S I 0.04 0.03

53.43 0.04 0.03

5 7 J0 0.1« 0.09

•9.91 9.9) 0.02

Fi a.  8 -  Pi e z o c o n e  d i s s i p a t i o n  t es t s  of  P° r e 
o v e r p r e s s u r e s  a t  d i f f e r e n t  dept hs :  Re ma i n i n g  

Ex c e s s  Po r e  Pr e s s u r e  a f t e r  5 and  10 mi nu t es .
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d i s t r i b u t i o n  and  p l as t i c i t y ,  ar e  a l s o  r e f l ec t ed  

i n t h e  p e r me a b i l i t y  c har ac t e r s .

9.  CONCL USI VE REMARKS

He r o d o t u s  ( 484- 425 B. C. )  r e l a t es  t ha t  t he  
Cr o t on i a t es ,  t he  Sy bar i t es '  c h i e f  r i v al s ,  
d e f e a t e d  t h e m i n 510 B. C. :  be f o r e  r az i ng  t he  

a r c h a i c  c i t y  of  Sy bar i s ,  t hey  dev i a t e d  t he  

c ou r s e  of  t he  Sy ba r i s  r i v e r  ( now c a l l ed  
Cos c i l e )  s o t h a t  t he  wh o l e  c i t y  was  s ubmer ged.  
I t  i s  v e r y  l i k e l y  t h a t  t h i s  c i r c u ms t a n c e s  had  
been  ma d e  p o s s i b l e  by  one of  t he  s t r ong  f l oods  
t hat ,  wi t h  h e a v y  ma s s e s  of  t r a n s po r t ed  
mat e r i a l ,  h a d  a g a i n  and  aga i n  d e v a s t a t e d  t he  
Sy b a r i s  p l a i n  and  t hus  de v i a t e d  t he  a r ea ' s  
s t r e a m s y s t e m f r om i t s  c our s e.  Th i s  r e s u l t ed  

i n t o  an  e x c e p t i o n a l l y  f as t  a c c u mu l a t i o n  of  
t h o s e  s e d i me n t s  t ha t  ar e  s t i l l  s ub j ec t  t o  t he  
g r a v i t a t i o n a l  s e t t l i n g  phe n o me n a  we  hav e  

d i s c u s s e d  a t  t he  b e g i n n i n g  of  t h i s  paper .
A h i s t o r y  of  ma r k e d  n e o t e c t on i c s  

e v e n t u a l l y  l ed t o  a mo r p h o l o g y  c h a r a c t e r i z e d  by  
s t r o n g  r e l i e f  ener g i es .  Tog e t h e r  wi t h  t he 
p r i ma r y  a n d  s e c o n d a r y  c o n s o l i d a t i o n  ph a s e s  of  
t he  f i ne^ .  f r a c t i o n  i n t he  d epos i t s  t ha t  
a c c u mu l a t e d  g r a d u a l l y  be f o r e  and  a f t e r  t he'  
f o u n d a t i o n  of  t he  Ac h e a n  c ol ony ,  t h i s  p r oc es s  

c o n t r i b u t e d  t o  t he  u n r e l e n t i n g  s o i l  s ubs i denc e,  

h e n c e  t o  t he  p r e s e n t  p o s i t i o n  of  t he  a nc i en t  
s e t t l e me n t  l ev e l s  n o w l y i ng  s ev er a l  me t e r s  

b e l o w s ea  l ev el .
Al s o  t h e  s o u t h wa r d  de v i a t i o n  of  t he  

Sy b a r i s  r i v er ,  r e p o r t e d  by  Her odot us ,  c an  
s o me h o w be e x p l a i n e d  by  t he  n a t u r a l  c aus es  
wh i c h  a r e  at  t he  o r i g i n  of  t he  Co s c i l e  r i v e r  

f l o wi n g  i n t o  t h e  Cr a t i  r i v er ,  t he  t wo  r i v e r s  
t h a t  h a d  we l l - d i f f e r e n t i a t e d  mo u t h s  and  de l t a s  
f l o wi n g  i n t o  t h e  J o n i a n  s ea wh i l e  a r c ha i c  
Sy b a r i s  wa s  s t and i ng .  Si nc e  t hen,  t he  Cr a t i  

r i v e r  mo u t h  mo v e d  e a s t wa r d  by  abou t  2 Km f r om 
t h e  c o a s t a l  s t r e t c h  wh i c h  t he  c i t y  of  Sy bar i s  
o v e r l o o k e d  i n t he  6 t h  c e n t u r y  B. C. .

Th e  s t r a t i g r a p h i c  and  geo t e c h n i c a l  

a n a l y s i s  of  t h e  q u a t e r n a r y  a l l uv i a l  dep o s i t i o n  

s t r a t a ,  s p e c i f i c a l l y  d r i l l e d  f or  t h i s  r es ea r c h  
d o wn  t o  a d e p t h  of  ov e r  100 m,  t he  r ap i d  
d e v e l o p me n t  of  e s t a b l i s h e d  s e d i men t a t i on  
p r oc es s es ,  a n d  t he  n o r ma l l y  c ons o l i d a t e d  -  i f  
no t  u n d e r c o n s o l i d a t e d  s t a t e -  of  t he  f i ne 

ma t e r i a l s  o c c u r r i n g  do wn  t o  a v e r y  g r e a t  dep t h  
j u s t i f y  t h e  s t i l l  o n g o i n g  na t u r a l  s u b s i denc e  
wh i c h  wa s  t h e  r ea l  c aus e  wh y  t he a r c ha i c  c i t y  
e v e n t u a l l y  d i s appea r ed .

I n add i t i on ,  a l oc a l  ac c e l e r a t e d  

s u b s i d e n c e  c o u l d  be  demons t r a t ed .  Wh i l e  s t i l l  
l i mi t e d  t o  a f ew do z e n  c en t i met er s ,  i t  has  
c e r t a i n l y  be e n  c a u s e d  by  ma n  t h r o u g h  t he  
wi t h d r a wa l  of  wa t e r  f r om d e e p  a qu i f e r s  du r i ng  
t h e  l as t  t we n t y  y ear s .

Re s e a r c h  wo r k  i s  t o  be c on t i n u e d  a l o n g  t he  
f o l l o wi n g  l i nes :  i n add i t i o n  t o  t he  
g e o t e c h n i c a l  a n a l y s i s  of  c l ay - s i l t  c o r e  s amp l es  

t o  be  e x t r a c t e d  f r o m n e w bor eho l es ,  ac c u r a t e  
and  a d v a n c e d  g e o d e t i c  me a s u r e me n t s  h a v e  been  
p l a n n e d  f o r  wh i c h  G. P. S.  ( Gl obal  Po s i t i o n i n g  
Sy s t em)  s t a t i o n s  wi l l  be pos i t i o n e d  a l ong  l i nes  

r u n n i n g  f r o m t h e  r e l i e f  f l ank i ng  t he  g r a b e n  i n 

t h e  Cr a t i  r i v e r  v a l l e y  do wn  t o  t he  
a r c h e o l o g i c a l  a r ea  a n d  t o  t he  p r e s e n t  
c oas t l i ne .  By  s o  c h e c k i n g  t he  en t i r e  ar ea,  i t  

wi l l  b e c o me  p o s s i b l e  t o  q u a n t i t a t e  t he  
d i f f e r e n t  c o mp o n e n t s  ( neot ec t on i c s ,  " s l ow"  
geo t e c h n i c s ,  a c c e l e r a t e d  geo t e c h n i c s  t h r o u g h  
ma n - ma d e  d e r a n g e me n t  of  g r o u n d wa t e r ,

g l a c i o e u s t a t i c  c ha n g e s  of  s ea l evel )  of  t he  
s u b s i d e n c e  n o w o c c u r r i n g  i n t he  pl ai n.
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