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A h s t r a c t  - - - -- - - 

A f o u r  ,!ay s e i s m i c  s ~ r v c y  ;as c o n d u c t e d  a c r o s s  t h e  L l e x e l l y n  

C l s c i e r ,  3 r i t i s h  C o l u n b i a ,  Sacada .  The s t u d y  x a s  s i g n i f i c a n t  because  

t h e  s e a s o n a l  neve l i n e  x a s  nuch f u r t h e r  down t h e  L lewe l lyn  G l a c i e r  

t h a n  it had been  i n  r e c e n t  y e a r s .  I n  t h e  p a s t , , s t u d i e s  i n  t h e  a r e a  

u e r e  d i f f i c u l t  d ~ e  t o  t h e  p r e s e n c e  o f  large c r i s s - c r o s s i n g  c r e v a s s e s  
I 

t h r o u g h o u t  t h e  a r e a .  

';he s e i s n a ~ r a r n s  # e r e  a ~ a l y z e d  a n d  t h e  approximate g l a c i a l  ice 

t h i c k n e s s  K a s  c a l c u l a t e d .  The s h a l l o w e s t  d e p t h  t h a t  was d e t e r m i n e d  

was 893 f e e t  a t  s t a t i o n  ,;7. The t h i c k e s t  p o r t i o n  of t h e  g l a c i e r  

x a s  f u r t h e s t  from :ax?-26. T h i s  was S e i s m i c  S t a t i o n  J6 and t h e  

t h i c k n e s s  c a l c u l a t e d  u a s  1460. The  r o c k - i c e  i n t e r f a c e  had r e l a t i v e l y  

s n a l l o u  d i p s  r a n g i n g  f rom 0- t o  20'. I n  some i n s t a n c e s  a second  

r e f l e c t i o n  was found  t h a t  showed a n o t h e r  r o c k  l a y e r  a t  a b o u t  1600 

fee t  i n  d e p t h .  The  g l a c i a l  ice t h i c k n e s s  was much t h i c k e r  t h a n  had 

been  t h o u g h t  b e f o r e  t h e  p r o j e c t  was c o n d u c t e d .  - 



I n t r o d u c t i o n  - 

The t h e o r y  o f  s e i s m o l o g y  is used  t o  h e l p  i n v e s t i g a t e  and d e t e r -  

mine t h e  c o m p o s i t i o n  and s t a te  of p l a n e t a r y  i n t e r i o r s .  ! ,xplosion 

se i s rno logy  i n v o l v e s  t h e  a r t i f i c i a l  p r o d u c t i o n  a n d  r e c o r d i n g  of  s e i s m i c  

waves ,  t o  r e v e a l  t h e  g e o l o g i c  s t r u c t u r e  i m m e d i a t e l y  below t h e  s u r f a c e .  

T h i s  t e c h n i q u e  t o  measure  glacial ice t h i c k n e s s  h a s  been  used  s i n c e  t h e  
I 

1930 's .  I n  1930, S o r g e  and Loewe measured  t h i c k n e s s e s  of t h e  Green land  

i c e - c a p .  S i n c e  t h a t  t i m e  e x t e n s i v e  ice t h i c k n e s s  measurements  have  

been  made i n  b o t h  t h e  A r c t i c  and  A n t a r c t i c .  ( ~ u l l e n  1965). The 

p r e s e n t  s e i s m i c  s u r v e y  was c o n d u c t e d  t o  d e t e r m i n e  t h e  glacial  t k i c k n e s ~  

a c r o s s  t h e  i l e w e l l y n  , T l a c i e r ,  B r i t i s h  Columbia .  T h i s  y e a r ' s  s t u d y  

(summer 1985) was s i g n i f i c a n t  b e c a u s e  t h e  s e a s o n a l  n & e  l i n e  w a s  

much f u r t h e r  down t h e  Llewwllyn  Glacier t h a n  i& had been  i n  r e c e n t  

y e a r s .  I n  t h e  p a s t  s t u d i e s  i n  t h e  area were d i f f i c u l t  i f  n o t  im- 

p s s i b l e  d u e  t o  t h e  p r e s e n c e  o f  l a r g e  c r i s s - c r o s s i n g  c r e v a s s e s  t h r o u g h -  

o u t  t h e  a r e a .  - 



Location of  the  Seismic Survey 

The se i smic  survey was conducted i n  a c r o s s - s e c t i o n a l  pattern 

across t h e  Llewellyn Glac i e r  i n  B r i t i s h  Columbia, Canada (south  of  ~ t l i n ) .  

T e s t s  were conducted a t  e i g h t  s t a t i o n s  a c r o s s  t h e  g l a c i e r .  ( ~ i ~ u r e  1). 

f 
The l o c a t i o n  of  t h e  survey was chosen because t h e  seasonal  neve l i n e  

was much f u r t h e r  down the  g l a c i e r  than i t  had been i n  prev ious  years .  

F a s t  geophys ica l  s t u d i e s  were very d i f f i c u l t  and dangerous t o  conduct 

due t o  t h e  numerous and ex tens ive  c revasses  i n  t h e  a r e a .  

Theory of Explosion Seismology 

I c e  and snow have e l a s t i c  p r o p e r t i e s  t h e r e f o r e  a r t i f i c i a l  explos ives  can 

be used t o  propzgate  Naves. i h e s e  waves can be recorded and analyzed 

by t h e  use of a  seismograph. There a r e  two b a s i c  methods used i n  ex- 

p los ion  seismology. i'hese a r e  t h e  r e f r a c t i o n  and r e f l e c t i o n  methods. 

f i e f r ac t ion  shoo t ing  is designed t o  determine se i smic  speeds and s t r u c t u r e  

of l a y e r s  i n  r e g i o n s  where speed does not  dec rease  ~ i t h  depth.  ( 3 u l l e n  1965). 

'Ihe waves a r e  r e f r a c t e d  a s  they come i n  c o n t a c t  with l a y e r s  which 

have d i i f  e r e n t  v e l o c i t i e s .  ( ~ i ~ u r e  2 ) .  

F igu re  2. Theory behind r e f r a c t i o n  seismology. ?'he s h o t  is r e f  ractea 
a s  it comes i n  con tac t  with l a y e r s  with d i f f e r e n t  v e l o c i t i e s .  



R e f l e c t i o n  s h o o t i n g  a t t e m p t s  t o  r e c o r d  n e a r  v e r t i c a l  r e f l e c t i o n s  

f m m  t h e  boundar ies  o f  t h e  l a y e r  i n v e s t i g a t e d .  ( ~ u l l e n  1965). R e f l e c t i o n  

s h o o t i n g  is p r i n c i p a l l y  used when making d e t e r m i n a t i o n s  f o r  i c e  

t h i c k n e s s  i n  a g i v e n  p l a c e .  R e f l e c t i o n  se ismology was t h e  method 

used i n  t h e  p r e s e n t  s t u d y .  I n  s e e k i n g  r e f l e c t i o n s  f o r  t h e  i c e - r o c k  

i n t e r f a c e  s p e c i a l  a t t e n t i o n  m u s t  be g i v e n  t o  backround e f f e c t s  s u c h  

as s u r f a c e  waves and s c a t t e r e d  waves. 

Compl ica t ions  d u e  t o  s u r f a c e  waves a r e  reduced be f i r i n g  s h o t s  

i n  d e e p  bore  h o l e s .  According t o  B u l l e n  (1969 ,  it can be p o s s i b l e  t o  

d e t e r m i n e  i c e  t h i c k n e s s e s  t o  w i t h i n  2% accuracy .  I n  t h e  p r e s e n t  

s t u d y  t h e  bore  h o l e s  c o u l d  o n l y  be augered as deep  as t h e  a v a i l a b l e  

equipment would a l l o w .  The h o l e s  were g e n e r a l l y  f i v e - t e n  f e e t  deep .  

It  is p o s s i b l e  t h a t  t h e r e  is some e r r o r  i n  o u r  f i n d i n g s  d u e  t o  t h e  

f a c t  t h a t  t h e  b r e  h o l e s  used were n o t  v e r y  deep.  

Two methods o f  s e t t i n g  up  t h e  geophones were employed t o  o v e r -  

cone t h e  zbove mentiohed backround e f f e c t s .  The geophones were s e t  

up i n  a n  "L" shaped p a t t e r n .  T h i s  p a t t e r n  h e l p s  t o  show more a c c u r a t e l y  

t h e  d i f f e r e n c e  i n  t h e  " r e a l "  r e f l e c t i o n  and s c a t t e r e d  r e f l e c t i o n s .  

.{hen p o s s i b l e  t h e  a r r a y  was s e t  up o v e r  a n  open c r e v a s s e .  T h i s  w a s  

done t o  redxce  c o m p l i c a t i o n s  by b r e a k i n g  up t h e  s u r f a c e  wave. C r e v a s s e s  

h e l p  t o  r e s t r i c t  s u r f a c e  wave r e a d i n g s .  

S e i s m o l o g i c a l  Equipment 

Ccophones a r e  t h e  r e c o r d e r s  o f  t h e  v a r i o u s  waves as t h e y  a r e  

pmpz(;ated o v e r  t h e  area. T h e r e  a r e  two t y p e s  of gcophones. One type 

n e a s u r c s  h o r i z o n t a l  ground novenent and t h e  o t h e r  measures v e r t i c a l  

~ ~ o u n d  novernent.. :he geophones t h a t  mezsure h o r i z o n t a l  d i s p l a c e n c n t  



were used i n  t h l s  s t u d y .  A geophone is similar i n  t h e o r y  and c o r ~ s t r - u c t i o n  

t o  a pendulum. The ~ e o p h o n e  ( r e c o r d e r )  is p l a c e d  i n  t h e  ground o r  i c e  

and when t h e  e a r t h  moves a pendulum t y p e  d e v i c e  swings back and f o r t h .  

The amount of  swinging motion i n s i d e  t h e  geoyhone is reco ided  on 

magnet ic  t a p e  and a n  a m p l i f i e d  image o f  t h e  movement is shown on a 

seismograph.  Adjustments ( e a i n  f o r  example) c a n  be made t o  enhance 

t h e  image and any r e f l e c t i o n s  t h a t  may be  p r e s e n t .  The paper  r e -  

p r o d u c t i o n  of  t h e  image is c a l l e d  a seismogram. The r e s u l t s  o f  t h e  

seismogram a r e  ana lyzed  and t h e  d a t a  is used  i n  geophys ica l  fo rmulas  

t o  d e t e r m i n e  ( i n  t h i s  c a s e )  g l a c i a l  i c e  t h i c k n e s s .  

C a l c u l a t i o n  of Depth and  Dip of t h e  Ice-Rock I n t e r f a c e  

'Ahen a r e f l e c t i o n  is d e t e c t e d  i n  t h e  se ismogram,  t h e  t h e s  o f  t h e  

r e f l e c t e d  waves f o r  each p a r t i c u l a r  geophone are no ted .  ( ? igure  3). Only 

t h e  geophones which a r e  i n  l i n e  w i t h  t h e  s h o t  l o c a t i o n  a r e  t a k e n  i n t o  

c o n s i d e r a t i o n .  

1 F i g u r e  3. An example of a seismogram showing two r e f l e c t i o n s  

5 



For the  exarnple i n  F igure  3 only €cophones 6-12 a r e  of i : ~ t e r e s t .  

r h i s  xas the  limb of the a r r a y  in  l i n e  with the  s h o t .  The t;eophone n2nSers 

a r e  l i s t e d  along t h e  l e f t  hand s i d e  of  t h e  seislnograp, :he se i s -  

mogram is record td  i n  incre.7r.eni.s of 5 m s .  'Lo f i n d  the  r e f l e c t i o n  

a r r i v a l  t ime count t he  m s  over  t o  t he  peak of t he  r e f l e c t i o n .  ;he 

a r r i v a l  of t he  r e f l e c t e d  wave t o  ~ e o p h o n e  7 occurred .208 s a f t e r  
I 

the s h o t  uas s e t  o f f .  The t i n e  t o  geophone 12 xas .216 s. Ihe d i f -  

f e r ence  Det.;een t h e  a r r i v a l  t i n e s d t  = .008 s. The v a r i a b l e s  ~ e e d e d  

t o  p r f o r m  t h e  depth  c a l c u l a t i o n s  a r e  A t ,  A x ,  R and R p .  The d i s t a n c e  
1 

A x  betueen t h e  two ~ e o p h o r ~ e s  is 2 9  f t .  R is equal  t o  t he  v e l o c i t y  

of t h e  i c e  x u l t i p l i e d  by t h e  r e s p e c t i v e  va lues  of  t .  Figure  4 . is a  

s t e p  by s t e ?  c h a r t  showing t h e  procedure i n  c a l c u l a t i n g  the  g l a c i a l  i c e  

t h i ckness .  

Frocedure For  C a l c u l a t i n g  Depth 

) ;e lsure p r r i v a l  t i - e s  t and t2. ( s e e  :'igure 3) .  
1. 

The ve loc i€~+ac t  which sound waves t r a v e l  through t h e  i c e  
i; 12,503 f t / s .  It is assuned that t h e  ice is honogeneous. 

'The 2 i ~ t z n c e  A X  between t h e  two geophones under inspec t ion  
is  recorded.  

cos 0 = v ~ \ t  - -  

2.x 
- 1 0 = C O S  

R = v t  
1 1 : R 2  

= v t  
2  

D r a w  a ho r i zon ta l  l i n e  p l ac ing  t h e  s h o t  and geophones i n  
ques t ion  a t  appropr i a t e  d i s t a n c e s  from one another .  (See F igure  5 )  
Const ruc t  t h e q e o f f  of  t h e  last  geophone. 

r'rom t h i s  Pt draw R2. Draw R coming from t h e  f i r s t  geophone 
sor t h a t  i t  i n t e r s e c t s  R 1 

2 ' 
Construct  t h e  l i n e  S I .  

Construct  t h e  perpendicular  b i s e c t o r  l o f  SI .  

12. The  depth  beneath t h e  s h o t  is measured from S t o  t h e L b i s e c t o r .  

, d b i ~ u r e  4. Procedure f o r  c a l c u l a t i n g  depth.  



T i g u r e  5. Geometry invo lved  i n  c a l c u l a t i n g  t h e  d e p t h .  

7 



P a i l y  Account o f  t h e  i xperi;-icl~lt _ ______ 

T~ay 1-, 'riday August 2 ,  1 3 ~ 5  

.'oday was a p r a c t i c e  day t o  become f a m i l i a r  wi th  t h e  equipnent .  

An "L" shaped a r r a y  uas  s e t  up. (? igure  1 ) .  3y s e t t i n g  t h e  ~ a o p h o r , c s  

i n  d i f f e r e n t  c o n f i g u r a t i o n s  p o s s i b l e  n o i s e  can be r u l e d  o u t  and d a t a  

can be conf i rmtd  i f  two r e f l e c t i o n s  a r e  o b t a i n e d .  The geophones a r e  
a 

s e t  up by f i r s t  s e t t i n g  o u t  a s e i s m i c  c a b l e  i n  t h e  p a t t e r n  d e s i r e d .  

The geophones a r e  a t t a c h c d  t o  t h e  c a b l e s  and bur ied  every  f i f t y  f e e t  

i n  t n e  snow. I t  is  b e s t  t o  pack t h e  sriow down hard a f t e r  t h e  geophones 

a r e  b u r i e d .  

A f t e r  t h e  f i r s t  a r r a y  xas  s e t  a n  a i r  s h o t  was s e t  o f f .  The 

b l a s t i n g  w i r e s  were a t t a c h e d  t o  two s t a k e s  and t h e  b l a s t i n g  c a p  was 

p u t  i n  a b o o s t e r .  The equipnent  seemed t o  work f i n e .  

l i e x t ,  a n  e x p l o s i v e  by t h e  brand name Tovex was t e s t e d .  It 

d i d  n o t  work. T h i s  p a r t i c u l a r  e x p l o s i v e  was nianufactured i n  Canada. 

it  u a s  found l a t e r  i n  Che week t h a t  t h i s  t y p e  o f  Tovex would no t  explode 

a t  a l l .  Perhaps  it  was t o o  o l d  o r  it had been f r o z e n  t o o  o f t e n  and 

t h e  e x p l o s i v e  power had been a f f e c t e d .  The Tovex that had been man- 

u f a c t u r e d  i n  t h e  U S A  v a s  t e s t e d  and i t  worked s a t i s f a c t o r i l y .  A r e -  

f l e c t i o n  uas observed on t h i s  s h o t .  One t h i r d  a s t i c k  o f  t h e  e x p l o s i v e  

seemed t o  g i v e  t h e  r i g h t  avount  o f  energy  t o  o b t a i n  d e t e c t a b l e  r e -  

f l e c t i o n s .  

T h i s  first day  a few t i p s  f o r  u s i n g  t h e  equipment were l e a r n e d :  

1. Always nake s u r e  t h a t  t h e  memory o n  t h e  machine is c l e a r  
b e f o r e  rr.aking a reading. I f  t h e  memory is n o t  c l e a r  th: 
seism3gram w i l l  c o n t a i n  a l l - r e c o r d i n g s  from p r e s e n t  a n d d  
p r e i i o u s  s h o t s .  



2. Af te r  t h e  b l a s t  a luays  make s u r e  t h a t  t h e  end wires t h a t  
connect t h e  c i r c u i t  t o  t h e  f i r i n g  dev ice  a re  shunted.  
r h i s  s h o r t s  t h e  c i r c u i t  and ?revents  poss ib l e  acc iden t s  
while wir ing the  explosive.  

3. Be as s t i l l  as pcs s ib l e  while the  seismograph is record ing ,  
whether i n  t h e  vehic le  o r  i n  t h e  .b.mediate a r ea .  

Day 2- Saturday August 3, 1985 

i e n t  back t o  Seismic S t a t i o n  $1. THO s h o t s  were s e t  a t  e i t h e r  

end of  t h e  l i n e .  Severa l  r e f l e c t i o n s  e r e  obta ined .  There were t h r e e  

s h o t s  i n  which r e f l e c t i o n s  could be obta ined .  These a r e  shown i n  t h e  

s e c t i o n  on t h e  Data and Analysis.  

Af t e r  a  s u f f i c i e n t  amount of  d a t a  was c o l l e c t e d  a new se ismic  

s t a t i o n  was s e t  up f u r t h e r  up t h e  g l a c i e r ,  towards Camp F-10. This  

new l o c a t i o n  was des igna ted  Seismic S t a t i o n  $2. ' ihe  a r r a y  was s e t  

up with one limb perpendicular  t o  a crevasse .  Two s h o t s  were f i r e d .  

Both were 400 f e e t  o f f  of  e i t h e r  l imb of  t h e  a r r a y .  The first s h o t  

d i d  not  work very wel l .  There d i d  not seem t o  be enough energy-in - 
t h e  explosion.  Th i s  could have been caused by s e v e r a l  reasons.  It  

is p o s s i b l e  t h a t  t h e  shot was not  s e t  deep enough and t h e  snow damped 

t h e  waves. I t  is a l s o  poss ib l e  t h a t  t h e  charge was not packed t i g h t l y  

enough i n t o  t h e  hole  with enough snow packed down over  t o p  of it. 

Another s h o t  was s e t  which d id  r e v e a l  a  r e f l e c t i o n .  The s h o t  l o c a t i o n  

on t h i s  a r r a y  was c l o s e r  t o  an i c e  l a y e r  and t h e  record ing  seemed s t ronge r .  

A s  it turned  ou t  both s h o t s  revea led  dep ths  t h a t  were f a i r l y  c l o s e  

toge the r .  ( s e e  s e c t i o n  on Cata and Analysis)  

Day 3- 3anday August 4. 1985 

A new a r r a y  was s e t  up which l a y  between se ismic  s t a t i o n s  tl 

and # 2 .  Thi s  new a r r a y  was des igna ted  Seismic S t a t i o n  #3. Seve ra l  

s h o t s  were at tempted but  no d e f i n i t e  r e f l e c t i o n s  could be found. 



Two s h o t s  a t  f o u r  f o o t  and s i x  root  depths r e r e  t e s t e d .  A t h r e e  

foot  a i r s h o t  and a  s h o t  60 '  dosn i n  a  c revasse  xcre t e s t e d  a l s o .  

i b s s i b l e  r e f l e c t i o n s  were found i n  t h e  two cround sho t s .  dhen t h e  

depths  a t  t hese  two s h o t s  x e r c  analyzed they r e s u l t e d  i n  f a i r l y  c l o s e  

values.  

Iwo new a r r a y s  were s e t  up l a t e r  i n  t he  day. 'These neu a r r a y s  
I 

uere se i smic  s t a t i o n s  #4 and $ 5 .  Frominent r e f l e c t i o n s  ue re  obta ined  

from each s t a t i o n  a f t e r  only one s h o t .  The sho t  a t  s t a t i o n  $4 r e -  

vealed t h r e e  r e f l e c t i o n s .  

Day- August 6 ,  1985 

S e i s n i c  S t a t i o n s  $6,  ,;7 and $8 were s e t  up. i i e f l ec t ions  were 

obta ined  from each s t a t i o n .  This  was the  l a s t  day t h a t  t h e  geophysics  

p r o j e c t  was conducted. 



Data and A ~ a l y s i s  ---- 

The seismo:;~-aphs f o r  each o f  t h e  e i g h t  seismic s t a t i o n s  of t he  

e j ; h t  se i smic  s t a t i o n s  uerz analyzed.  ;he a r r i v a l  t i ~ e s  of the  r e f l e c t i o n s  

uere d e t e r ~ i r ~ e d  and t h e  degths  belox the  sho t  were ca l cu la t ed  a s  i n  

r ' igure 4. i he  st-is~i~ograrns and t h e  ~ e o i : l e t r i c a l  ana lyses  of t he  d a t a  

a r e  shown i n  :. i ~ u r e s  ( 0 - 3 6 ) .  ihe  fo l lowing  is a sc:nr;,ary of t h e  depths  
s 

found f o r  each seisrcic  s t a t i o n .  

I c e  Thickness Eelow t h e  Seismic S t a t i o n s  

S t a t i o n  # l -  
Shot 1 -Ai rb l a s t ,  depth  = 1265, d i p  = 5: 
5hot 1- rounds shot, depth  = 1235, d i p  = 3' 
3hot 2-Croundshot, r e f l e c t i o n  1  depth  = 1253, d i p  = 6 

r e f l e c t i o n  2  depth  = 1600, d i p  = 10' 

S t a t i o n  ;#2- 
Shot 1- dep th  = 1060, d i p  = 1 0 '  
Shot 2- depth  = 1015, d i p  = 16 

S t a t i o n  #3- 
Shot 1- dep th  =~.1110,  d i p  = 5 - 
Shot 2- dep th  = 1175, d i p  = 13. 

S t a t i o n  P4- 
Shot 1- r e f l e c t i o n  1, depth  = 1180, d i p  = 2  

8 
r e f l e c t i o n l 2 ,  dep th  = 1170, d i p  = 13 
r e f l e c t i o n  3, depth  = 1 4 3 ,  d i p  = 0 '  

S t a t i o n  25- 
Shot 1- depth  = 1070, d i p  = 7  

S t a t i o n  $6- 
Shot 1- dep th  = 600, d i p  = 9 
Shot 2- dep th  = 1460, d i p  = 11 
.;hot 3- de2 th  = 1300, d i p  = 7 

S t a t i o n  #7- 
Shot 1- dep th  = 860, d i p  = 7 ' 
Shot 2- d e p t h  = 390, d i p  = 25 '  

S t a t i o n  :78- 
Shot 1- dep th  = 1575, d i p  .= 4 ' 

Figure  39. Summary of  t he  g l a c i a l  i c e  t h i c h e s s e s  beneath t h e  
se i smic  s t a t i o n s .  
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Figure 10. 
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Figu re  12 
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Figu re  13. 
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Figure 20 



Seismic S t a t i o n  ,74 
s h o t  1 
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Figure 21. 



Seismic s t a t i o n  if4 
Shot  1 
S e f l e c t i o n  2 

Figu re  22. 



Figure 23. 





Seismic S t a t i o n  # 5  
Shot  1 

Figure  25. 
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Figu re  27. 



F i g u r e  28. 



Seismic S t a t i o n  #6 
S h o t  2 

F i g u r e  29. 





Seismic S t a t i o n  ,t6 
Shot  3 

F igu re  31. 
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Seismic S t a t i o n  X7 
S h o t  1 
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Seismic S t a t i o n  X7 
Shot :Y2 





Seismic S t a t i o n  #8 
Shot  1 





Ara lys i s  o f  t h e  9 a t z  

The  fol lowing is a  d i s c ~ ~ s s i o n  of t h e  f ind ings  i n  t h e  seismic 

survey.  The s t a t i o n s  w i l l  be d i scuss& s t a r t i n g  with S t a t i o n  4'5 

uhich is c l o s c s t  t o  C-26 and moving a c r o s s  t h e  g l a c i e r  t o  S t a t i o n  

25, t h e  f i n a l  s t a t i o n .  

A t  Seismic S t a t i o n  # 5 ,  t he  depth  beLou t h e  sho t  w a s  detcrrnined t o  

be 1070 f e e t  deep. The d i p  of  t h e  ice- rock  i n t e r f a c e  M a s  7*. ( r i p r e  40) .  

Only one s h o t  uas f i r e d  but it  seened t o  produce a  s t r o n g  r e f l e c t i o n .  

'Three s h o t s  taken a t  S t a t i o n  $1 were analyzed.  A l l  of t h e  

c a l c u l a t t d  depths seem t o  occur around t h e  mid 1200's.  Gne s h o t  

revea led  two r e f l e c t i o n s .  The depth  of t h e  f i r s t  r e f l e c t i o n  was 1250 

f e e t ,  while t h e  de2th  of the  second r e f l e c t i o n  was 1600 f e e t .  

The next s t a t i o n  ( se i smic  S t a t i o n  X8) revea led  a depth of 1575 

f e e t .  The seisnogram was very d i f f i c u l t  t o  read .  There a r e  no 

d e f i n i t e  r e f l e c t i o n s .  I t  is q u i t e  poss ib l e  t h a t  t h e  depth found was 

r e a l l y  a  second r e f l e c t i o n .  This  would match p e r f e c t l y  with t h e  r e s u l t s  

found f o r  t h e  s t a t i o n s  loca ted  on e i t h e r  s i d e .  

For  Seismic S t a t i o n  54 t h r e e  r e f l e c t i o n s  were found. The f i r s t  

depth  c a l c u l a t e d  was 1180 f e e t .  The second r e f l e c t i o n  revealed a 

depth  o f  1170 f e e t .  This  is l e s s  deep than  t h e  f i r s t  r e f l e c t i o n .  

4 e f l e c t i o n s  1 and 3 had d ips  of nea r ly  oSwhile  t h e  second r e f l e c t i o n  

had a d i p  of  13.= The depth of t h e  jd r e f l e c t i o n  was 149 .  This  is 

a b u t  t h e  sane  depth  as those found a t  s t a t i o n s  1 and 8. S ince  

r e f l e c t i o n  2 had a d i f f e r e n t  d i p  and w a s  a t  nea r ly  t h e  same depth  as 

r e f l e c t i o n  1, r e f l e c t i o n  2 w a s  d i s regarded .  

Two seismograms were analyzed f o r  Seismic S t a t i o n  nunber 3. The 

depths  revea led  were 1110 and 1175. These dep ths  were s i m i l a r  t o  

o t h e r s  found f o r  t h e  depth  of t h e  ice-rock i n t e r f a c e .  

4 5 



S t a t i o n  number 7 revealed two depths .  T h e s e  depths  were i560 and 

390. The seisnogram from which the  depth  of 390 was c a l c l ~ l a t ~ d  xas 

extremely hard t o  analyze.  A d i s t i n c t  r e f l e c t i o n  could not be found 

t h e r e f o r e  t h e  depth  of 390 was d i s r e g a r d i d .  

S e i s n i c  S t a t i o n  nl.~nber 2 s h o ~ e d  depths  of 1060 and 1315. The 

f i n a l  s t a t i o n  #6 shozed one depth of 600afeet  and two ove r  1300 f e e t  

deep. The d e p t h  of  600 f e e t  was d i s r ega rded .  



A! tLr c ~ : ; ~ ~ ~ : ~ ~ ; ,  2 cocr  da;~ 5~ i , : , y i ~  7 , :  ,- .- ,?c;: acre:;: t!:e ilcrc:li ,. 

. . . , l zn :  L ~ e r ,  the a2,>roxii i iate cl~?i..- LC,. ::~ick-.c:,. KL.: ~~:~r;,l::t::.. A:. 

ar.alyzatiori  r e v e a l e d  t h a t  t i , i  . . r ~ a i l a ~ ~ ~ : .  L 6 t ; ; t . ; .  uh., S? j fee-, a! ~ C ; ~ S L . L L '  ' ' . 

-r '.'b # 5 ta t io : :  ;i?. A he deepcs; imrtis;! .<d., 1 .. ., !';1~.: a;  sta: i o z  . . 

r o c ~ -  i c e  i n t c r f a c c  ha:: r e i a t  i~ii;: ~ i - . a l i c x  ci i,id rancin j fro.: 13- ic; 2, .  

In some ir,stancc: a scc0r.i r e f l ~ z t i o : :  ua:. f o u n d  t h a t  shiiui.d a : l o~ f . c r  

rock l aye r  h'l a5;;t l.;?j . ' e c b :  i ~ .   ti-^. . .i~ r j l ac ia l  i c r .  A - . . A ' , . L . +  - i -b l -e . . -  .>- 

was much t h i c k e r  ~ h a : ~  ha: been thought before t h e  p r a j e c t  xas c~nd:c:~*?. 
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