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PREFACE 

The c o n s t r u c t i v e  s tudy  of f a i l u r e s  i s  a n  e s s e n t i a l  
p a r t  of r e sea rch  work. Such i n v e s t i g a t i o n s  a r e  of s p e c i a l  
value i n  t h e  f i e l d  of s o i l  mechanics s i n c e  t h e r e  i s  s t i l l  
s o  much -to be done i n  t h e  c o r r e l a t i o n  of l a b o r a t o r y  t e s t s  
of s o i l  samples and t h e  performance of s o i l s  i n  s i t u .  

This  r e p o r t  i s  a  progress  s ta tement  of such a  s tudy  
t o  which t h e  w r i t e r  had long  looked forward.  He was con- 
s u l t e d  about  t h i s  f a i l u r e  by M r .  F. E. Lathe even before  
t h e  Div is ion  of Bui ld ing  Research was formed and had kep t  
i n  mind t h e  value t o  be der ived  from a  s t u d y  of t h e  unusual 
s l i d e s  a t  t h e  B e a t t i e  Mine. 

Accordingly,  it was a  p leasure  t o  a r r ange  f o r  t h e  
a u t h o r  of t h i s  r e p o r t ,  who i s  a  r e s e a r c h  o f f i c e r  i n  t h e  
S o i l  Mechanics Sec t ion  of DBR, t o  v i s i t  t h e  B e a t t i e  Mine 
wi th  an  a s s o c i a t e  f o r  a  pre l iminary  s t u d y  i n  t h e  f i e l d  of 
t h e  e a r t h  f a i l u r e s .  This r e p o r t  r e p r e s e n t s  a  summary of 
information then  obtained and a l l  t h e  subsequent l a b o r a t o r y  
i n v e s t i g a t i o n s .  The a s s i s t a n c e  of t h e  mine a u t h o r i t i e s  i n  
t h i s  s t u d y  was g r e a t l y  apprec ia t ed  and i n  p a r t i c u l a r  t h e  
i n t e r e s t  of M r .  W .  R. S a l t e r ,  P r e s i d e n t ,  B e a t t i e  Duquesne 
Mines Limited. 

A s  soon a s  s t a f f  a r e  a v a i l a b l e ,  f u r t h e r  s t u d i e s  
w i l l  be c a r r i e d  ou t  a s  suggested i n  t h e  body of t h e  r e p o r t .  
A complete paper on t h e  p r o j e c t  w i l l  t hen  be prepared and 
published i f  t h e  necessary  a u t h o r i t y  f o r  t h i s  can be g ran ted ,  
t h e  i n t e n t i o n  of both t h i s  r e p o r t  and any subsequent paper 
being t o  make a v a i l a b l e  t o  t h e  engineer ing  p ro fes s ion  
s i g n i f i c a n t  information which w i l l  a s s i s t  wi th  f u r t h e r  
e a r t h  works of t h e  type involved.. 

Ottawa 
May 1961 

R. F. Legget, 
D i rec to r .  



EARTHFLOWS AT THE BEATTIE M I N E  - A CASE RECORD 

by 

W. J.  Eden 

I n  June 1943, a n  ear thf low involv ing  1,000,000 cub ic  
yards  occurred a t  t he  B e a t t i e  Mine, Duparquet, P. &. , f i l l i n g  
t h e  open p i t  and underground workings a t  t h e  mine. Attempts 
were made t o  r e h a b i l i t a t e  t h e  mine, b u t  t hese  were f r u s t r a t e d  
by o t h e r  l a r g e  e a r t h  f lows  i n  1945 and 1946. m e s e  n o t e s  
o u t l i n e  t h e  sequence of even t s  l e a d i n g  u p  t o  t h e  ea r th f lows ,  
descr ibe  the  ea r th f lows ,  and  g ive  t h e  r e s u l t s  o f  a two-day 
f i e l d  s tudy undertaken i n  May 1960. 

H i s to ry  of t h e  Mine 

The B e a t t i e  Mine began product ion i n  1933, t h e  gold-  
bear ing  o r e  being won from a l a r g e  r e l a t i v e l y  low-grade ore  
body. The ore  body l a y  a long  t h e  n o r t h  flanlc of a rock 
r i d g e  o r i e n t e d  i n  an  east-west  d i r e c t i o n .  A t  t h e  west end, 
t h e  o re  body came t o  su r face  and plunged under overburden 
towards t h e  e a s t .  Ore w a s  mined by a combination of "glory 
ho le"  and underground s t o p i n g  methods. T u t t l e  (1939) g i v e s  
a d e t a i l e d  d e s c r i p t i o n  of t h e  workings. The "glory hole"  
was an open p i t  w i t h  very s t e e p  s i d e s  and s l o p i n g  ends. The 
hanging w a l l  of p i t  was supported by t h e  f o o t w a l l  by means of 
f o u r  p i l l a r s  l e f t  a c r o s s  t h e  p i t  a t  f r equen t  i n t e r v a l s .  The 
ends of t h e  p i t  s loped  a t  about  40 degrees .  Ore was mined 
from t h e  ends of t h e  p i t  and r o l l e d  down t h e  s l o p e s  i n t o  t h e  
underground system. By 1943, t h e  "g lory  hole"  w a s  about  
1 ,000 f t  i n  l e n g t h ,  about  40 f t  wide a t  t he  e a s t  end and over  
200 f t  pride a t  t h e  west  end. The deepes t  p o i n t  of t h e  p i t  
w a s  abou t  300 f t  below t h e  su r face .  

The production a t  t h e  mine w a s  scheduled so t h a t  t h e  
g l o r y  h o l e  o r  p i t  w a s  worked during t h e  summer months; t h e  
more expensive underground development and mining were conducted 
during t h e  win ter .  

A s  product ion proceeded, t h e  p i t  w a s  g r a d u a l l y  
lengthened,  r e q u i r i n g  t h e  s t r i p p i n g  of g r e a t e r  and g r e a t e r  
depths  of overburden from t h e  e a s t  end and n o r t h  s i d e  of t h e  
p i t .  In i t s  e a r l y  s t a g e s ,  t h e  s t r i p p i n g  was accomplished by 
horse  and scrappers .  A s  t h e  amounts of s t r i p p i n g  grew l a r g e r  
a tower d r a g l i n e  system and mechanical equipment were used. 



I n  a l l  c a s e s ,  t h e  s t r i p p e d  m a t e r i a l  w a s  depos i ted  n e a r  t h e  
t o p  of s lopes  c u t  i n  t h e  overburden. The s l o g e s  were c u t  
t o  a s lope  of 4 : l  with a  berm border ing  t h e  o re  body. The 
maximum depth  of overburden was about 100 f t ,  c o n s i s t i n g  of 
8 5  f t  of c l a y  under la in  by 15 f t  of sand. Figure 1 i s  a  
photograph showing t h e  s l o p e s  i n  1943. The overburden con- 
s i s t e d  of varved c l a y  ove r ly ing  a  few f e e t  of sand over  t h e  
bedrock. The varved c l a y  was deposi ted i n  l a t e  g l a c i a l  
t imes i n  Lake Barlow-Ojibway (Antevs 1925) and was found t o  
be n e a r l y  normally consol ida ted .  The mine was loca ted  about  
one mile n o r t h  of Lake Duparquet and t h e  r i m  of t h e  p i t  on 
t h e  west end was about 60 f t  below t h e  l ake  l e v e l .  Seismic 
surveys showed t h e r e  was no ledge of bedrock between t h e  r i m  
of t h e  p i t  and t h e  shores  of t h e  l ake .  The t a i l i n g s  d i s p o s a l  
s i t e  was l o c a t e d  i n  swampy land  n e a r  t h e  southwest co rne r  of 
t h e  p i t .  It was noted t h a t  cons iderable  seepage i s sued  from 
t h e  sand under ly ing  t h e  c l a y ,  p a r t i c u l a r l y  a t  t h e  west end of 
t h e  p i t ,  c l o s e s t  t o  t h e  l ake  s h o r e ,  and t h e  t a i l i n g s  d i s p o s a l  
a r e a .  

By t h e  n a t u r e  of t h e  s t r i p p i n g  o p e r a t i o n s ,  a s lope  
f a i l u r e  could be expected. The magnitude of t h e  even tua l  
f a i l u r e ,  however, i s  somewhat s u r p r i s i n g  i n  view of t h e  
varved c l a y s  be ing  f r e s h  wa te r  depos i t s .  ! h e  f i r s t  s l i d e  
recorded i n  t h e  a v a i l a b l e  r e c o r d s  w a s  on 19 June 1937. It 
occurred a t  t h e  n o r t h e a s t  co rne r  of t h e  g l o r y  h o l e ,  had t h e  
c h a r a c t e r i s t i c  shape of an ea r th f low,  and involved a few 
thousand ya rds  of  m a t e r i a l .  

The second s l i d e  recorded ,  i n  1942, was abou t  midway 
a long  t h e  no r th  s i d e  of t h e  g l o r y  h o l e .  Again, t h i s  s l i d e  
d i d  n o t  s e r i o u s l y  a f f e c t  o p e r a t i o n s  i n  t h e  mine. 

In June,  1943, a  tremendous ear thf low occurred which 
involved a  m i l l i o n  cub ic  yards  of c l ay .  This s l i d e  completely 
f i l l e d  t h e  g l o r y  ho le  and p e n e t r a t e d  t h e  underground workings. 
Some c l a y  r a n  n e a r l y  h a l f  a mile  a long  t h e  s i x t h  l e v e l  d r i f t  
towards t h e  Donchester Mine which was connected t o  t h e  B e a t t i e  
Mine underground. !The main p i l l a r  suppor t ing  t h e  hanging 
w a l l  of t h e  p i t  co l l apsed ,  a l lowing  t h e  hanging w a l l  a t  t h e  
e a s t  end of t h e  p i t  t o  f a l l  i n t o  t h e  p i t .  According t o  
informat ion  r ece ived  from M r .  P.E. Pa t ton  i n  correspondence,  
t h e  main p i l l a r  co l l apsed  during t h e  n i g h t  of 15-16 June,  1943, 
p r i o r  t o  t h e  s o i l  movement. The e x t e n t  of t h i s  l a n d s l i d e  is 
shown i n  F igure  2,  a long  wi th  t h e  sma l l e r  f a i l u r e s  recorded 
i n  1937 and 1942. Figure  3  i s  a  photograph taken from t h e  
west  end of t h e  g lo ry  h o l e  on 16 June ,  1943, showing p a r t  of 



t h e  ear thf low.  

While the  neighbouring Donchester mine remained i n  
ope ra t ion ,  s t e p s  were taken t o  r e h a b i l i t a t e  t h e  B e a t t i e  Mine, 
In  the  underground workings, t h e  c l a y  was s l u i c e d  by h igh  
pressure  water  j e t s  and t h e  r e s u l t i n g  s l u r r y  was pumped t o  
t h e  su r face .  Small hydr.?ulic dredges were s e t  up i n  t h e  g l o r y  
ho le  and i n  t h e  s l i d e  c r a t e r  t o  remove t h e  c l a y  from t h e  
p i t  a r e a .  By June 1946, about  1& m i l l i o n  cubic  ya rds  of c l a y  
had been removed from t h e  p i t  a r e a  and t h e  underground 
workings. It was es t imated  t h a t  a f u r t h e r  one m i l l i o n  cubic  
ya rds  had t o  be removed be fo re  any production could s t a r t  i n  
t h e  mine. 

I n  1945, a few smal l  s l i d e s  occurred i n  t h e  c r a t e r ,  
undoing some of t h e  work of t h e  dredges.  !I!he s l i d e s  continued 
i n  1946, t h e  l a r g e s t  one occurr ing  on 25 June,  involv ing  about  
250,000 cubic  yards .  Figure  4  is  a panorama view from t h e  
west  end of t h e  mine taken  i n  J u l y  1946. S l i d e s  cont inued 
throughout the  summer, t h e  l a s t  ones recorded being on 1 3  
and 28 September. A s  Figure 2 shows, Vnese s l i d e s  occurred 
towards t h e  west  end o f  t h e  p i t .  I n  t h e  f a l l  of 1946, 
go ld  market p r i c e s  were f a l l i n g ,  and s o  f a r  as  is known, a l l  
s e r i o u s  e f f o r t s  t o  r e h a b i l i t a t e  t h e  mine ceased,  except  f o r  
t h e  s ink ing  of a shallow s h a f t  t o  r each  a l ode  of r i c h  o re  
a t  t h e  west  end of t h e  p i t .  

F i e l d  I n v e s t i g a t i o n  

I n  May 1960, a three-day v i s i t  w a s  paid t o  t h e  B e a t t i e  
proper ty  t o  ob ta in  more information on t h e  s o i l  p r o p e r t i e s .  
Figure  5 shows the  s i t e  cond i t ions  i n  1960. !Phe l ake  shown 
occupies  t h e  c r a t e r  formed by t h e  ear thf lows .  The foo twa l l  
of t h e  g l o r y  h o l e  appears  a t  t h e  r i g h t  of t h e  p i c t u r e .  The 
rock po in t  j u t t i n g  o u t  a t  t h e  l a k e  wa te r  i s  t h e  t o p  of t h e  
former hanging w a l l  of the  p i t .  !I!he photograph looks  i n  t h e  
n o r t h e a s t  d i r e c t i o n .  !I!he s i t e  chosen f o r  sampling w a s  a l o n g  
t h e  no r th  shore  of t h e  c r a t e r  s l i g h t l y  l e f t  of c e n t r e  of t h e  
photograph. 

It was found t h a t  t h e  walls of t h e  c r a t e r  were formed 
of v a n e d  c l ay .  A r e t r o g r e s s i v e  type o f  f a i l u r e  w a s  i n d i c a t e d  
by t h e  slump b locks  which could be observed around t h e  c r a t e r .  
During t h e  sampling work, l a y e r s  of sand o r  s i l t  were encountered 
i n  t h e  v a n e d  clay.  With t h e  hand equipment, it was n o t  poss ib l e  
t o  pene t ra t e  t h e  sandy l a y e r s ,  so  tha t  t h e  p r o f i l e  of samples 
obtained were taken  i n  t h r e e  bo r ings  spaced dovm t h e  f a c e  of 
t h e  c r a t e r .  From t h e  t h r e e  bo r ings ,  a p r o f i l e  o f  samples 
r e p r e s e n t i n g  30 f t  of varved c l a y  was obtained.  The sampler 



used w a s  t h e  N G I  p i s t o n  sampler (Bjerrum 1954) .  It; i s  
be l i eved  t h a t  t h e  bottom of t h e  f a i l u r e  su r face  w a s  10 o r  
15  f t  below t h e  bottom sample, so  t h a t  t h e  r e s u l t s  ob ta ined  
cannot be a p p l i e d  t o  a s t a b i l i t y  a n a l y s i s .  It i s  hoped, 
however, t h a t  a g e n e r a l  impression of geo techn ica l  p r o p e r t i e s  
of t h e  varved c l a y  of t h e  s i t e  may be gained.  

E leva t ions  of t h e  bo r ings  were taken i n  r e l a t i o n  t o  
t h e  c o l l a r  of development s h a f t  l o c a t e d  a t  t h e  wes t  end of 
t h e  g l o r y  ho le .  From t h e  mine r e c o r d s ,  it i s  i n f e r r e d  t h a t  
t h e  e l e v a t i o n  of the  c l a y  p l a i n  w a s  abou t  930. Thus t h e  l e v e l  
of t h e  wa te r  i n  t h e  c r a t e r  i n  May 1960 w a s  a b o u t  e l e v a t i o n  900. 
No p r e c i s e  bench mark could be found i n  t h e  mine r e c o r d s  t o  
se rve  as a datum f o r  t h e  f i e l d  i n v e s t i g a t i o n .  

Laboratory Work 

The n i n e  tube samples were t e s t e d  t o  determine t h e  
undrained s t r e n g t h ,  t h e  p reconso l ida t ion  p r e s s u r e ,  and 
c l a s s i f i c a t i o n  p r o p e r t i e s .  Whenever it w a s  p o s s i b l e ,  
c l a s s i f i c a t i o n  and  s e n s i t i v i t y  t e s t s  were performed on 
sepa ra t ed  samples of dark and l i g h t  l a y e r s  of t h e  varved c l ay ,  

!&e r e s u l t s  of t e s t s  a r e  p resen ted  i n  Figure  6; l i n e  
A-A i s  t h e  e f f e c t i v e  overburden p r e s s u r e ,  t a k i n g  t h e  s u r f a c e  
of t h e  c l a y  t o  be abou t  e l e v a t i o n  930 wi th  t h e  wa te r  t a b l e  
c l o s e  t o  t h e  su r face .  The r e s u l t s  of t h e  conso l ida t ion  t e s t s  
i n d i c a t e  t h a t  t he  c l a y  i s  s l i g h t l y  overconsol ida ted  and 
i n d i c a t e s  t h a t  a drying  c r u s t  h a s  developed a t  t h e  s u r f a c e .  
The undrained s t r e n g t h  de te rmina t ions  made i n d i c a t e  t h a t  t h e  
undrained s h e a r  s t r e n g t h  was abou t  500 p s f ,  i n c r e a s i n g  s l i g h t l y  
w i t h  depth.  

C l a s s i f i c a t i o n  t e s t  r e s u l t s  a r e  presented  i n  t h e  form 
of s o l i d  l i n e s  f o r  t e s t s  conducted on mixed l i g h t  and dark 
l a y e r s  of t h e  c l a y  and by broken l i n e s  f o r  t h e s e  t e s t s  
conducted on samples made up  of s e p a r a t e d  dark and l i g h t  
l a y e r s .  It w i l l  be noted  that  d i f f e r e n c e  i n  p r o p e r t i e s  
between t h e  dark and l i g h t  l a y e r s  w a s  g r e a t .  

S e n s i t i v i t y  w a s  determined f o r  t h e  mixed samples 
by means of a l a b o r a t o r y  vane a p p a r a t u s  and a r e  p l o t t e d  on 
Figure  6. An a t t empt  w a s  made t o  determine t h e  s e n s i t i v i t y  of 
t h e  i n d i v i d u a l  l a y e r s  of  dark and l i g h t  m a t e r i a l  by means of 
a f a l l  cone device.  These r e s u l t s  a r e  t a b l e d  i n  Figure  6 and 
i n d i c a t e  t h a t  the l ight  l a y e r s  were g e n e r a l l y  more s e n s i t i v e  
than t h e  dark l a y e r s ,  !be o v e r - a l l  s e n s i t i v i t y  a p p e a r s  t o  
be above 1 5  which i s  unusual  f o r  f r e s h  wa te r  c l a y s  i n  view of 
t h e  f i n d i n g s  of Skempton and  Northey (1952) and B jerrum and 



Rosenqvist (1956).  

To i nd i ca t e  t h e  v a r i a t i o n  i n  p rope r t i e s  between 
the  dark and l i g h t  l a y e r s ,  Figure 7 presen t s  the p r o f i l e  of 
sample No. 99-5 along with the va r i a t i on  i n  n a t u r a l  water  
content,  me v a r i a t i o n  ia water  content  between the dark and 
l ight  l a y e r s  is  similar t o  that found f o r  t h e  varved c l a y s  a t  
Steep Rock (Eden 1955).  

Figure 8 i s  a Casagrande c l a s s i f i c a t i o n  c h a r t  showing 
t he  At terberg  determinat ions on the  separa te  laminae of the  
varved c lay  from the  Bea t t i e  Mine, along with r e s u l t s  from 
o ther  s i t e s  (Mil l igan 1960).  It  can be seen t h a t  the  Bea t t i e  
Mine c lay  i s  comparable t o  varved c l ays  from o t5er  s i t e s  i n  
Northern Ontario. 

Undrained s t reng th  determinat ions were made by th ree  
methods: the  l abora to ry  vane, t he  unconfined compression 
t e s t  and the  unconsolidated, undrained t r i a x i a l  t e s t  w i t h  
l a t e r a l  pressure approximately equal  t o  t h e  e f f e c t i v e  over- 
burden s t r e s s .  !he r e s n l t s  of the  t h r e e  t e s t  methods a r e  
presented and i n  general  appear t o  have given comparable 
r e s u l t s .  If t he  l abora to ry  vane t e s t s  appear t o  be s l i g h t l y  
lower, it is because the  vane determinat ions were made on 
the  first specimen ex t rac ted  from each tube and hence t he  
t e s t s  were conducted on specimens which may have suf fe red  
more dis turbance than the  remaining samples. 

In the  unconfined compression t e s t s  on specimens 
wi th  t h e  varving near ly  ho r i zon t a l ,  f a i l u r e  occurred by 
spreading i n  t h e  l i g h t  l a y e r s  and v e r t i c a l  c racks  i n  t he  
more b r i t t l e  dark l aye r s ,  similar t o  t h a t  repor ted  f o r  t h e  
Steep Rock c l ays  (Eden 1955).  

Conclusions 

1. %is i nves t i ga t i on  ha s  shown that t h e  v a n e d  c lay  a t  
t h e  B e a t t i e  MLne i s  nea r ly  normally consol ida ted  and very 
s ens i t i ve .  A sliallow drying c r u s t  appears  t o  have developed 
a t  the  surface .  In  t h e  30 f t  of c lay  inves t iga ted ,  the  
undrained shear  s t reng th  w a s  found t o  be about  500 p s f ,  
showing a very s l i g h t  increase  i n  s t r eng th  with depth. 

m e r e  w a s  considerable d i f fe rence  i n  p rope r t i e s  
between t h e  l i g h t  and dark l a y e r s  of t h e  c lay  comparable t o  
tha t  found f o r  o the r  s i t e s  i n  varved clay.  The l i g h t  l a y e r s  
appear t o  be s l i g h t l y  more s e n s i t i v e  than the  dark l ayers .  

2. It i s  believed t h a t  the  f a i l u r e  was pr imar i ly  due t o  



t h e  method of s t r i p p i n g ,  and n o t  t o  seepage p r e s s u r e s  i n  
t h e  under ly ing  sand al though the  seepage p r e s s u r e s  may have 
c o n t r i b u t e d  somewliat t o  o v e r - a l l  i n s t a b i l i t y .  By t h e  p rocess  
of g r a d u a l l y  deepening t h e  excavat ion and p i l i n g  t h e  s p o i l  
on t o p  of  t h e  s l o p e ,  a f a i l u r e  was i n e v i t a b l e  whether o r  n o t  
t h e r e  w a s  high  wa te r  p res su re  i n  t h e  sand. The important  
f e a t u r e  of t h e  f a i l u r e  w a s  t h e  l i q u e f a c t i o n  t h a t  occur red  i n  
d i s tu rbed  m a t e r i a l ,  i n d i c a t i n g  t h a t  varve d  c l a y s  a r e  prone 
t o  t h e  flow type  of l a n d s l i d e .  

3. Because of t h e  l a c k  of p r e c i s e  informat ion  on t h e  
dimensions of  t h e  s lope  and t h e  l a c k  of deeper samples,  only 
a very crude s t a b i l i t y  a n a l y s i s  was at tempted.  By Tay lo r ' s  
method (1937) a s h e a r  s t r e n g t h  of abou t  700 psf i s  r e q u i r e d  
f o r  80  f t  s lope  c u t  a t  4 .1  i n  c l ay .  The B e a t t i e  Mine 
f a i l u r e  i n  f a c t  i s  a f u l l - s c a l e  s h e a r  s t r e n g t h  t e s t  on varved 
c l a y ,  and t h e  w r i t e r  would sugges t  t h a t  f u r t h e r  work i s  t o  
be commended. A s  a f i r s t  s t e p ,  wi th  t h e  co-operat ion of 
B e a t t i e  Duquesne Mines Limited,  t h e  p r e s e n t  owners, a thorough 
search  should be made of tine mine r e c o r d s  a t  Duparquet t o  
ob ta in  more p r e c i s e  informat ion  on t h e  dimensions of t h e  
s lopes .  Secondly, r e spons ib le  o f f i c i a l s  of t h e  mine a t  t h e  
time of t h e  f a i l u r e  should be in te rv iewed i n  an  e f f o r t  t o  
o b t a i n  a c l e a r e r  p i c t u r e  o f  t h e  sequence of  events .  Th i rd ly ,  
samples should be obtained throughout  t h e  c l a y  p r o f i l e .  This 
w i l l  mean equipment capable  of  d r i v i n g  a cased bor ing  t o  a 
depth of 100 f t  o r  more. From t h e  w r i t e r 1  s experience,  t h e  
presence of sandy s i l t  seems t o  make an uncased h o l e  wi th  
l i g h t  hand equipment imprac t icable .  
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Figure 1: Clay s lopes  a t  northwest s i d e  of  B e a t t i e  
Mine - June 15 ,  1943. 

(Photograph courtesy of M r .  F.E. P a t t o n )  





Figure 3: View from west end of p i t  a f t e r  l a n d s l i d e  

of June 16 ,  1943. 

(Photograph courtesy of  M r .  F.E. F a t t o n )  



Figure  4: Panoramic v i e w  t aken  from wes t  end of  p i t  
showing e a r t h f l o w s  i n  1945. 

(Photograph c o u r t e s y  of Mr.  F.E. P a t t o n )  



Figure 5: Panoramic view from west end of p i t  showing 
present s i t e  condi t ions  - May 1960. 
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VARIATION IN WATER CONTENT FOR SAMPLE 9 9 - 5  VARVED CLAY- 
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