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INTR ODUCT I ON AND SUMMARY

A c t i v i t y  d u r i n g  t h i s  q u a r t e r  i n c l u d e d  bo th  program develop-
ment  an d  a d d i t i o n a l  d a t a  p r o c e s s i n g .  The A n d r e a n o f  I s l a n d s
even t  ( 1 1 / 2 2 / 6 5 )  was  p r o c e s s e d  t h r o u g h the  sci  smic  source  d e p t h
d e t e r m i n a t i o n  p r o~~ra m , w i t h  a se r i e s  c f  runs  be ing  m ade  u s i n g
v a r i o u s  c o m b i n a t i o n s  of  t he  14 s t a t i o n s  a v a i l a b l e . A l t h o u g h
fo ur di  f f c r e n t  d e p t h  l) l ot  p e a k s  w e r e  obse rved  c o n s i s t e n t l y
d u r i n g  these  runs , f u r t h e r  a n al ys i s ci in i n a  ted  t hr ee o f t h e m ,
r cs u l t i ng i n a d e p t h  es t  i in a t e  of 25 km f o r  t h e  e v e n t .

In t h e  a re a of  p r o g r a m  d e v e l o p m e n t , two t e c h n iques  fo r
e l i m i n a t i n g  c e p st r u m  p e ak s  due to  t h e  s t r u c t u r e  of the  source
sp e c t r u m  were  t r i e d .  Both  m e t h o d s  a t t e m p t e d  to f l a t t e n  t h e
sou rce  s p e c t r u m  by i n ve r s e  f i l t e r i n g ,  h u t  n e i t h e r  was su cces s-
ful . F i n a l l y ,  c o d i n g  was  s t a r ted on a n ew v e r s i o n o f t h e  d ep th

d e t e r m i n a t i o n  p r o g r a m  to he i m p l e m e n t e d  at  the  S e i s m i c  D a t a
Analysis Center (Sl)AC) . in a d d i t i o n  to a l l o w i n g  eas i e r access

to larger amounts of d a t a , t i-ic SPA C sy s t e m  w i l l  p r o v i d e  g r e a t ly
increaced output flex ihi I its’ , des igncd to s i m p i i f y  t h e a n a l y s t ’ s
task  of d c c i  d i n g  on t h e  c o r r e c t  s o u r c e  d e p t h .
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A n d r e a n o f  I s l a n d __Even t

Da ta  f o r  t hc  A n d r e an o f  I s l a n d  e v e n t  ( 1 1 / 2 2 / 6 5 )  c o ns i s t s
o f sei sm o g r a m s  f r o m  14 s t a t  i on s , w i t h  ~ ‘ s r a n g i n g  f rom 6 4 0  to
7 30  ; t hese  s e i s m o g ram s  a r e  shown in Fi gu res  1 and 2 .  B e c a u s e
of the  l a r g e  n u m b e r  o f  s t a t i o n s  a v a i l a b l e , t h e  de p t h det c rm in-
at  i on prog rain cold d he run  us i n g  s e v e r a l  di f f c  r en t  g i’~~up s  of

s t a t i o n s , an ( l the  r e s u l t i n g  d e p t h  p l o t s  c o u l d  he compared  to
a id  in d e c i d i n g  on the  c o r r e c t  e v e n t  d e p t h .  T h i s  t e c h n i q u e
pr oved to  be q u i t e  u sef u l , s i n c e  s e v e r a l  of t h e  d a t a  roups ,
i n c l u d i n g  the  one  h a v i n g  t he  l a r g e s t  n u m b e r  o f  s t a t i o n s  ( 1 0 )
y iel d ed fo ur di  s t iu c t  d e p t h  p l o t  p e a k s .  Th e a v a i l a b i  lit)’ of
r e s u l t s  f rom a ] d i t i o n a l  s t a t i o n  g r o u p i n g s  m a d e  i t  p o s s i b l e  to
r e so lve  t h i s  a r i l - i g u i ty  and come up w i t h  a s i n g l e  dep th  es t i -
mate for the e v e n t .

Twelve runs of the d e p t h  d e t e r m i n a t i o n  p r o g r a m  w e r e  m a d e
using different station group ings and input parameters. Coin-

posite depth plots from the most informative of these runs

are sh own in Fi gures 3-18; results for cepstrum computation

windows of 25.6 and 51.2 seconds are  shown for each data set.

C h a r a c t e r i s t i c s  of the  s t a t i o n  group ings  used to o b t a i n  these
depth ilots are:

1. 5 stations , di st ribu ted over ent ire avail able
ran ge of s’s.

2. 10 stations , di st ribu ted over ent ire avail able
rang e of A ’ s.

2

L~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ . —~~~~~~~~~ .- - . ~~~~~~~~~~~~ — -A



- ‘ 
_

~~~~~~

_ _
~~~~~~~~~~~~~

L/,

.
~ 

- 
~~~~~ 

- ~~~~~ - 
:- •

I - . s
3 - ~~~. - - - -

- ~~~~~~~ - - -

:~~~~~~~~~~~~~~~~~~~
T

~~
T 

i~

’

~
’:J 

~~~~~ Lf) N- ~~ \~~ ~ -3 LfF ~~ t-) Lt)
L/) %O l’~ %O .O -r .C’ ~O L/) ~C) N ‘o

II I! II II II H II II II II II H H
< ~~I .c~ . ,  .~~~ i-I .

~3
NJ NI NI NI NJ NJ

0 1- 0 -~
-~~ Z

I I I I I I I

o Z Z
U

3 

- _- - - -~~~~~~~~~~~~ - -  - - - _ - , — —_ --- -



- -  _ . — - -
~~~~~~~~~

- ‘ ‘ “
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -
~~~~~~

-

LI)

- . “ - -- . I - -

2 -  --
~ 

- - -
~~~~ 

- - -
- .-~ - : : ;-

- -
_ 

~
.

- - - 
- - -

- 
~— : -- -

~~
-‘ : ..

‘
~~ : 

~~
-

- - -‘ ‘
~~ — .- ~- .-~

= : ~~ -. : - -
~ : —~~~

- - .-
.- 

- - - -
- -~ :-

~~- “ -
- -..._~~

. 
- - : : :

- Lr
F’)

- : ~~~~- : I

— 
—~T -_ ._ — 

VF’)
— -. C CT

- ‘- -
~~ : - ~

-
~~--  - - ~

- -• -=-> - - I-.
- / - — S -—- ,---‘

0
L/) 

~~~ E
C—I LI) U)

- C, -_ - H
— 

— C)
(.1)

-_ — -_ 

~~~~~
— - - - = - 

~~~
‘ : - ;  C—I

c’-I C)

- ~~
“ “_ _

~~- 
- ‘_—. - ,. -.- -- - - — -_ - - - 1.-i

— ~~ U)
-‘ - — t.t ~~

— ~~~- ,—i H
- -~~

_
- 

- - •-
= - - ~~-

- - - - .-, 
_ 

- - - . 
_

‘I)
— - 

— 
_
, — — — — — 

.- - — — — — - - — .v , — c-. - -

- - - - 

_- -

- - .- --_ 
-~ 0

- - — ‘~z __
- - 

-
- - - C)

- 
__l__ _ _ I-.

-_ _ _  ‘
~~~ ‘ L/)

o 0 0 0 0 0 0 0 0 0 0 0 0 0
I’) ~~ ~~ C-4 C--I C) ~~ — 00 00 F’)

~~~ If 0) i-fl F’) F’) ~~~ ,-4 00 0)
LI) ‘.0 1/, LI) f ‘.0 1’) ‘.0 F’) C--a 00 N-
H H II II II H H II II II II II H II
-1 ~~~ - ~~~ - - -

F—I NI NI NJ I--I NI F—I
.
~~ 

.
~~~ 

.
~~~

U Z U I—.
U) 0 (I) Z Z

I I I I I I

Z Z
Z

4

_ _ _ _ _ _ _ _  _ _ _  - -. , -_ ‘~~~~~--- --,- . -- - - -



- 
- -  _______

E

LI) C)
C) 00

I -

U) — c-

I I 
~~~~~~~~~~~~~~~~~ 

- -

LI) I I
• I

C--I I
I , .

I —
z i i I . —--

i .  4—i
_i~~~~~ 

-~ I C)
F- - 1/)

H----- -
~o ; ~ 

-
- 

-

4 )
I ‘ -~~

/ 
-
-~~~~~~ ,

~~ — I’) 4~J
0,- - - - .  0 —

- ~-i C,L

F- 
- — — - - -

IU C -- - - - - - -- - •H 4—) 
~~~

I  / C)
- _

C)

I - - - - - -
U)

I I - ---~~~~ — 0

I I . — -
~~~~~~~ 

E
- - ‘ ~_ 0

I ~~~
- • • - - - 

,- U
- 

1 

---4- ---- ---—r-—~ 
—-- 

:

-

- -- -—- - -—- I-

LI) F - -~~~ O.-~ 
. .

Z Z~~~ U)~~~ u-
0 i i i I

U)

S



— - - -~
-

~ ——~ ———- — — - - -- — - - 

- -

F-

I’) 
1.U

0) 00

I I

U I

I .h .- - - --
I I ~Th 

-

• U_-i

i-fl 
.

I I

I -~~~ - /

—

I 
U)

I - 
~~~~~~

- -
~~~~~ - -

~~~ —J 
—

I 
- -~~~~~~~ :

- :
I - 

/
_ _ _ _

U) —S

I ! -- . -H 4-~
U H  I~~

_--- --~~~

_

- I — -- - i- - - 
- - C) 

- - - - ‘I . ~~~

C)

- I
-

~

I ~~~~~ 

_

I I - - /
- - - - 0 —

I 

— U

I - - 
- :-

I .:~~- 

- L
• 

-

Z Z~~~ U)~~~ —
0 I I I I I
p—.

I-.
C))

6 

--- -_—-—---—-—----_-- --_——---_ ---—— ----_--- -—-- - - - ---



- - --
_ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

pm

I—L/) C)
0) 00 I-U

I ~~- /~i

U I
I .- I-

‘.0 I -_ - -

i

I I I /

Cl) U F -~~— H ~~~z 00.i~~~—~~~~ U)
0 I I I I I
I—I L~~0~~~~~~—~~~~H
F-
C/)

7

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -- ---- ---  —--- -—



- -  - -  - - —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - ---

~~~~~~~~~
- .-- -

~~~~~~

H
LI) C) f-UC) 00

U I 1
i-U
C/-i I - :  

-
-

‘ U
f-U -
LI) I • - - -i f) I C.

I 
I ~~~~~ 

- 
C-I

- - 
:— • 4.~)

= I - - . 

-

H• ‘—~ 
-

~ 
U)

(2 1 I ~~~~~ I-
II I — -

- 
~~~ c-i

I I _~~~~~~~ _ - ~

I 
~

-- -
~~~~~~~~~~ ~

—

I ~~~~ — : ~

I . 0
C I ._ —--——

~~ - =. --4 4—i

I I .- -

H ~~~ I — 0
C

1 
- 

- t  :- -  

~~. 4~)
- I -H

I I ~~
- -—

-~ 0
I ~~~~_ r 1 U

- --1 

- — I - 

- - I

—H —
~~~~~~

oz :~~~~I I I I I

~~~~~~U .

U)
Z UH~~- F - C
0 ~~~~~~ Z~~~~ LO

I / I I /

I--i U 0-1 --. - --. (2
~~H
U) —

8

- - -- --- - ---- —-- - - - - —-- - - - -  - - - ------ - - -



—- - -___ -
~~~~~

-
~~~~~~

-;- - -_
~~~~

_ - -—- —- - - — -
~~~~~

H
0..
LU
0

C)
0) 00 

—. 
I

_
i.

- -
U I ~~~~~~~

— — 
~~- -

I_u 
— — - - -U) ~~~~ - - - - 

0- I J 
~

‘.0 Li 
.- ---, 

—• f- - I —---— 
~

_
- )  4::I’) Cl) —~:.~~ _ —

I 
~~~~~~~~~~~~~. 

- 
I --- - -------•--- -——--

~ 
-:—-C--I I 

~~~~ c_i
I- - -  

— ./ 
-

(—-III 

I

I ~--- 4 j
— N-I I •t=T~_~ 
~~~~~~~ - -

~ c-i
C

I ~~~~~~~~~~ 
-
~~I 

- 
~~~_--- 

~~~~
- 3]C I _ 2 — —- 0

0-.U) - - 
-e~ H I ~~~~~~~ - —i-U C; I 

~__~~-_-——-—- -~~
Li H I ~~~

C

- 2 )
I ~~~~~~

I I .
I —~r-~

-

I j -

I I I / I

(I)
:•—: U f — - . E-—. C
0 ~~~~~~~~~~~~~~~

I I I I I

H
.
~It 0~~~-)7~~~~~~~

9 
r I



__________ — - - -
~
-- ---------

~~~~~
- - - - - -

em

E

H
0-1

LI) C) I-U
C) 00 0

I — 61

I - - - - 
- - - - -----

~~~~U -~~ 0-
U_f - 

- - - -.
Cl) I C C

/ _ . -

C-J U _---- 4—’
U-I I .
(/) -- -- - ------  - - — - - — - - 

~~~
i-fl I

I - -• ~~~~
- -—— -I — - - - — - - - :

= C, .~~H
I ~~~~~~~~~~ 

-

II — -~~~~

— r - - - —

f—I - - - - -
- 0

(2 —. .
~~~~ 

—-—— 4 1
03

I - - . - - . 0
F— I I — - C— C~I ~~~~~~~~~~~~~~~ C

H I ~~~~~~
- - - - -- —

I 
- 

IT
- - — I----- - i- -. -i—

‘ I ~~~~~ - 
- 0

H —2 -_~ 
- — - - - - —

~~ 
- C 

- 
— _ . -. - 0-.

I 

- 

.~~

-- ———-———— —---—----—— — - - —---—-.---------- — - - - C,
C

I 
~__ L_ _ -~~—~~~~~~~~~~~ -, o

- 4—i

(p
I ..,~;::L2:~_ -, o
I ~- -  0-.

I ~~~~~~j 3  U

I i

I I
I ~~~~~~~~~

—

Z 03 0 0  U-Io — ~~~~~~I I I I I

~~ c~ U .—‘ 7’

Cl)
Z U H . — H 0
0 03-1~~ - .~~~~ U)
1. —I I I I I I

H C-30 -~~V L~
H
U)

10

I-- -- - - - -  —-- --—-- -- - -—  -



— - - -  - - - - - - - - ~~~~~~~-.-- . .~~~~~ -- —

em

E

H
LI) C)
C) CO LU

C

U

Lr) If I ::~~
— -

C--I I - —
- - 

— I’)

II • -- •
-

(—I I —> C)
I -~~~H r 4 I

(2 I -~~ 
I :- c-i

I .   
--I - CI

— X — 
— 

C
F- 

~~~~~~~~~ 
1 -

(21 . 
- -

~~~ -
0 Z I _ L - - C) 4 1

I - 0
0 r—’

I—I I Li i _~ - I-. CT-,

I ~~~~~~~~~~~~~
- -- 

- -

H - - 
bf) 41I - - -  . 4-)

I - - - -  1-1, 0-.I - -- - - -

I ‘ C
Cl) -

~~ I
0-. F- I  - C)
f-I-f Q - . 

- -- -— - I   - -i--i
U H _~~I--—-  I T

EI —---- - - .~~. , - 0

I _~~~~~~~ --  f- U 

I

I -

— - C ~~~~~~~~~~ 
I 

-

—i-
~~~ ~~~~~~~~~~~~~~ 

I - ~~~---~~~--
t~~- - 1

U)
Z ~~~-> E- - 0 ZC
0 ~~~~~~~~~C/ ) 0LI )

I I I I I I
I—. - Z Z L ~~~<Z
I--.
Cl)

11

- - . -



- 
em

E

H
0-.
I-Uc/i 

CC)
03

I 
-- - - -

-

~

U I ~~--~~
- - 

-

LU 

I 
- --- .- - . - ~~~ 

- - -

U) 

I

F’)

I 
- - _ 

-

I 
I 

,
- 4--i

- -I - 
- 

~~~~~~~~~~~~~~~~~~~~~~ ~~- - / C)
II 1 — 

- , 
- U)I 

-
-- - 

CI

~~ C) I 
- 1_~~~~~

• — 4—)I 
- - ---- - 

Ci

(2 

- ---- —- 

C
I 

-- — - - - -
LU 

- - 

- --
~~ C) -

I 
~~~~~~~~ —

c-_ I 
, 

— 
- - 

- - -  

0

(2 

—1—  
F: 

0 —

0 
~~~ 

I~~~~~:i1  
- ::~

C C 

I - 

~~

—-_ 
Li

z 
I 

-

-
~~~~~ •H ~~

I 

~~~~~
-
~~~~~

- a
H 

I 
C 

C)

~~ — 

--—--- - - -- 

C

C 
II I 

~~ - 
j - C)

H 

-r 
/

I 
_

~~~~

_ _ 

- - -  -H

C)-. H 
— -: 

I -  
U)

U-I 0 
- -- - - --- - - - - -  

-

~~ 0

U F—’ 
1 

I

EI 
- - - - - -— - - . - - - - -  

0

I 
-

. - 
LT ~~~~~~~ U

I — —
— 

— 

— I

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~

I I I I I I

12



_ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _  - - - ___

em
E

H
0-i

i-fl C)
C) CII)

U I
LU .

U) I ~~~~
- - - ---- - -- - - - ( 2

‘ . O U  I
LU - - -- - -~~~~

i-fl U) C - -

- I - - 
- -

I -

I 
- _~ 

- — - 
:. - -~

C C )  I ~~
- C)

I ~~— U)

z ii I —
~-= 

- 
- - -

LU ~~-~~~~~~~  
-

I_-i x I ~~~~~ 
-

F I  - -
~ (2 I0 z  I -~~~~~~~ ~ -- 

• -  —
C f - U  - - — 4-’

I I / - - 0
I—I - - -- . - .. C) —

I I _—---
~~~~~~~ 

- C--~
H — C ~~

I ~‘D .~C

~~ 
c-— --- I- - - --_ _ _ 

- ~~~~~~~~~ 
. ,-4 ~~ 

1 - -~~ - 
- -  U-.

I -
,

—  , .  C
0-i H I I

- —~~~~~ 
- - C)

U E--i • I ~~~~~~~ 
4-I

I ~~~~~ - . -
-

• - - - - - . 
- - - U)I t — r  ,: 

- - 0
- - - - —_ 2 0-.I I E

0
I I : I U

I 
~~~~~~ 

Ti )

I ~~~~~~~~ - - 

-I 
- 

_j~~-_ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - 

~~

— 
--i

-

I 
- 

( — I:

U)

Z 0 30 0C
0 ~~~~~~- I I I I

H III~~U ZZ
.
~f U i -~~i-u
I-
U)

13

_ _ _ _  _ _ _ _ _ _ _ _



___  ___  ___  

- -~~~~~

LI)

I-
0..
LU

I C

U 7
LU I

C-J U 
L -

I -- /

- --- - I  Li
LI)

II I -f

C--I I —i :  I - - -
I - - .~~~ - - 

C)

I H
II 

-
- -- . - - ~~

- - - 1 ~
- 

-

—
~~~~~~ I .. - -

~~ (2 j -.;: - . 
- - -- .

~ 
-

I - - .~~~~~~~

— I r ~
— 1-’ 0-.

— — I -
~~I ~~~~~~ .0-

C I  -
- 

- -  -H 4-
U— 0-.I I - -a - - C)

- - r :. C
C H I ~~~

- - -- - -  --

LU 0 1 
;

- C)
U

U)
Z 0 3 0 0 i - U
0 z~~~~z :-:
_ I I I I

1--. ~~~U~ —~-U i-.~ -u CI--’
U) -

14



em

H
0-.
LU

LI) C) C
C) CO

Z I-’ U E--’ —~0 z~~~~z
i—I I I I I

I- CL] C~-
~~F-’
U)

is

_ _ _ _  - - - - -



—-- --- -

em

E
--I’

‘— I

F-
c/ i  //i 0-.LI) C) LU0) 00 0

- - :  

-
-
I

U) I r ~ I

I I

- 
- -

- :- - - / 
C)I I- - ----- 

-
U H - - - -— — -— LI 

- r
- 0I ~. - C

-~ 
- - 1.TT E

I 
I - -  0

I - • -
~~ U

I I

I I . —-- -- - - 
— 

- — I- ;-

I - :

I 
~~1

- .~~~~_L- --—- - 
- - - 

i - i 
- - - - - ---- L~~ 

I
- 

-
- 

I I - - .

U)
Z H U H ~~~0 Z 0 3
I-I I I I I
I-’ C ( 2 C~~~ T.-

I-’
U)

16

_ _ _ _ _ _  
. .  . . .

~~~~~~~~~~~~~ . 



pm

E

H
C

c/i -
~~ LUif)  C) CC) 03

U I
LU I —I
C/) I - - -

i-fl u) I - -C--I I -- - - -~~~ 
/ 

‘0r
H — I I i—

— — -— - 
- — -I—-’C--I I — -- -

- - - - - -1 6)C C) I -
~~~~- -

_ U)
f—-i — I T

II I -$
~~

-- 

- -U
- -  - -

. 
4--i

I .~~~~~~ 
- -

--I 
I -- - - -LiII I I-- C

(2 I - - --L . _ 
- - 

- - - - LI) •-
0 Z I - - -- 

/ .: — ~~) U-I ~~~ ;_ C)
e•T~ r

_ 
_ -

-
- - I -  C) —

I - -I ~~ 
- -  C

H _ _
;• I::

I I - - - - -
.~~~ C ~ r _; _ -. u- 0--. 

_ _ _ _ _ _ I - _ C)I .~i--~
- -- - 

- - CC n <  /
C H --------- --

_

Z f--i U f--. C~~~~C 0 3 0
0 ~- C O~~~~U ) O U ) /~~~1—4 I I I I I I I I

F-’ 0- Lb C U fI~

I-’
U)

17

_ -



- - —————-—--- - —_ _—_—

em

.~~

C
H

LI) C) C
C) LU

C

i I — — - -

U
LU I I ~-

-
-~~

--i- —
U) -

---—-- --- - -- - - I :

C--I (U I I -~~ :
I I 

— 

- 

-

~~~~~ ‘0

II - I J - - . 4—i
C--)  - - C)

C C) I  2 U)
F—’ — I -- 

(2 ‘— -- -  
- )

7 1 1  7 I - -
- - C - -

I-U I 
~~~~ , -

I—-i C c— ~- — ~~~~~~~~~~~~~~~~~~~~~~ C T C
F— ’ I -- (2 -
(2 - --     ‘0 -

0 7  1 —==: H — 4-’
C C  I (2 - 0
7 ~-l  -  C) —
— i I ~~ 

C).
-2 ~~

-

H -~ - -I I _ 
~~~~~~~~ -H 4-)

C C ;  LU C
I I  - r

-
- 

C
I - -

-
- -

C H I —---- - -- C .  - - C)
LU 0 -- --

~~~~~~~ - 4—’
U H —:- !~~~~~~f I -H

I - U)
I - - - - 0 

-- -~-__ _ 0-

I - - : ~

— 
_ IJJTi~~ 1~

I ~~~~~~~~
- 

- -- - 

—

I —____ __

U)
7
0 Z 0 3~~~~U ) 0 U )~~~~~1— . 4 I I I I I I I I

F- 0.. L~~C U ~~~~~~~~~~Z
.1~ Z C~~~~~ 0~~~~U L U
7—
C/)

18

_ _ _ _ _ _ _ _ _ _ _  
-_---_-



- -

em
E

C
7--.
C

L/) C) C
C) cc

I j --- 
- -- -

C_i 1- -
LU - -U) I - -~.f ~~~~

- - -

- L U  - -. - - -LI) Cl) I - .T I - -  N-
C--I I -

- 

-- - -- - - - - - 4-)
I I -  I I ~~~ - C)

C--) - - U)C C )  I 1
- HI  - - 4-)

~~ ~ — -~~~ 
- c-i

C - - - C
H ~~~~

-- - - . - 
- 

- -
— — - - -

- - -/ - N- 4~)0 7  ‘ —~ — 0C C  -
‘ 

- 
—I C I . . C) C

— r
_ 

I 
- -

I I - - .0-
H I - - - - ~c 4—’

I - - -  Li- --  -H C
C C  I I - ~-~~~~~~--  LU C)

- 
-

- - -- C7--i .— I I /U) < I C 2 
-C H - - - - C -

C O  I •~~~~~
- - - -I CU H - - 

~~T U)I - - I T 0
- -

I - 
~~~

-----~~ - -;

I - - 0
I ~~~~~~~~~- U

I 1
/ 

-2

I 
——  ~~~~ 

- ---- -- -- -

- 
- --~~~~-J~~~~~~~ I

I 
~~~_1:~~

2:- -- I- -  C

~~::I~~~ I V 
-

~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

I - - I-~ - - 
-

-  T~~~~~~~~~~ - C

~~~~~~~~~~~~~~~~~ 
-F~~ —~ —-—- - -—

U)
Z H < > H 0 3
O Z C Z C Z
— I I I I I
I- C>7 7~~~
~~H
(I) - -

19 

- -- - - - - - - — -~~~~~~- - - - - - - - - -



— -- - --- -—------- —----- ------ -- —- — -—- -- —----  — - -  - --- - ---- ---—- —

em
E

H
C
LU
C

LI) C)
C) 03

I I ~~~ : -

U ‘7
--

LU I I

I

7
O Z~~~ Z C Z
— I I I I I
F--. C~~. Z 7 C z~-i: ~~~~~~~~~~~~F-
U)

20 

—--



-- ~~~~~~ - -- -_~~~~~~~~~~~~~~~~~~~~
-
~~~~~~~~~~~~~~~~~~~~~~~~~~

3. 6 s t a t i on s , A I S w i t h i n  50 of A = 48° ( m i d d l e
range  A ’ s ) .

4 .  4 s t a t i o n s , A ’ s w i t h i n  50 of  A = 61 ° ( l o n g
r a n g e  A ’ s ) .

5. 4 s t a t i o n s , A ’ s w i t h i n 50 of A = 39 ° ( c l o s e
range  A t s ) .

6.  8 s t a t i o n s , a r r i v a l  v i s i b l e  7 seconds  a f t e r  P .

7 .  5 s t a t i o n s , a r r i v a l  v i s i b l e  10 seconds  a f t e r  P .

Al l  of t h e  runs  i l l u s t r a t e d  were  done u s i n g  the  f i r s t  102 4
seconds of each  se 1 sn i og ram.

It  is  e v i d e n t  fi -om a quick e x a m i n a t i o n  of t h e  p l o t s  in
F i g u r e s  3- 18 t h a t  t h e  c o r r e c t  sou rce  d e p t h  fo r  t h i s  event  is
f a r  f rom o b v i o u s .  Four  d i f f e r e n t  p e a k s  r e a p p e a r  cons i s t e n t l v ,
at a p p r o x i m a t e  de p ths  of 7 , 13 , 25 , and  41 k m .  The sources  of
each of t h e s e  pe aks  can he i d c n t i f i  ed , howeve r , by a more  de-
tailed a n a l y s i s  of the results.

The peak at 7 km , present w i t h  an amplitude above  t h e  9 5/-i
significance level on almost all of ti-ic d e p t h  p l o t s , a p p e a r s
to he a product of the cepstrun f processing. A peak corres-

ponding to t h i s  d e l a y  t ime  ( a p p r o x i m a t e l y  1.8 second)  h a s
been present on most of the previous events , a l t h o u g h u s u a l l y
not w i t h  such hi gh amplitude , and is i n d e p e n d e n t  of the  cep-

s t r u m  c o m p u t a t i o n  w i n d o w  len gt h us ed - 
- This  f e a t u r e  a p p a r e n t l y

arises from the truncation of the central peak of each cepstrum

at a time of L6 second; techni ques are being investi gated for

r e m o v i n g  the  c e n t r a l  peak of the raw ccpstrums w i t h o u t  in t ro-
du c in g  t h i s  s p u r i o u s  peak i l - i to  the  d e p t h  plots.
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01 ti-ic rema in ing t hree dept h plot peaks , tie one at 25 km

occurs m o s t  f r e q u e n t  l v  above ti-ic 93~ le v el , and p r o v i d e s  the
best estimate of the source depth. This conclusion is supported

by t h e o bse rv a t i o n o f  p o s s i b l e p P a r r i v a l s  at  a d e l a y  t i m e  of

abo u t 7 s e c o n d s  on m a ny of  t h e se i s m o g r a m s .

The P eak  a t  41 km a l s o  appears  to r e p r e s e n t  a rea l  seismo-
gram f e a t u r e , s i n ce s e v e r a l  s e i s m o g r a m s  sh ow p o s s i b l e  a rr i v a l s

at  a b o u t  10 s econds  a f t e - P . A 4 1 km pea k r e p r e s e n t s  a d e l a y
t i m e  of a b o u t  11 3 s e c o n d s , w h i c h i s  1 second l o n g e r  t i - i an  the
e x p e c t e d  d e l a y  f o r  sP f rom a 2 5 km event  - T h i s  peak i s  mos t

s t r a i g h t f o r w a r d ly  e~~p 1 a i n e d  as  a sP a r r i v a l  f r o m  a source

reg ion w i t Ii ah n o  rmn  11 y I ow S v e l o c  i t  i es . An a l  t e r n at  i ye iii —

t e rp r e t a t i o n  is t h a t  t h e r e  a r e  two good reflectors above the

source , such as w a t e r  bottom and water surface , with a two -

w a y  t r a v e l  t i m e  of  abou t  4 seconds  b e t w e e n  ti - i c two boundaries.

Then , t he 25 km peak  w o u l d  he t h e  r e s u l t  of an echo o f f  t i i e
bot tom r e f l e c t o r , and t he  4~ km peak would  come f rom an echo
of f the  top r e f l e c t o r .

The 13 km peak , representing a delay t ime of about  4 sec-
onds , c o r r e s p o n d s  to the  e x p e c t e d  d i f f e r e n c e  peak f rom t h e
25 km and 41 km p e a k s .

S u m m a r i z i n g ,  t he  f o l l o w i n g  c o n c l u s i o n s  abou t  ti - ic four
dep th  P l o t  p e a k s  have been  r eached :

• The 7 km peak  is a p r o d u c t  of t he  p r o c e s s in g .

• The 13 km peak  i s  a d i f f e r e n c e  peak  a r i s in g
from t h e  25 km and 4 1 km p e a k s .

• Two interpretations for the 25 km and 41 km
peaks  are  p o s s i b l e :

1. The 25 km peak represents a p arrival
(and thus the event d e p t h )  , and the
41 km peak represents a slow sP a r r i v a l .
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2.  There  a r e  two r e f l e c t o r s  above  ti -i c
source , w i t h  t I e  25 km peak c o m i n g

- f r o m  an echo o f f  t h e  d e e p e r  0110,
and the  41 km peak c c m i n g  f rom an
echo o f f  t h e  s h a l l o w e r  one .

This  event  is a good one f o r  i l l u s t r a t i n g  how many f a c t o r s
can be involved in obtaining a d e p t h  e s t i m a t e .  S e i s m o g r a m

p l o t s , d e l ay  t i m e  i n f o r m a t i o n , and  depth p l o t s  f rom s e v e r a l
d i f f e r e n t  s t a t i o n  g r o u p s  w e r e  a l l  u sed  in  t u e  i n t e r p r e t a t i o n
o f t h i s  e v e n t .  A l l  t h i s  i n I o r i ~c a t i o n  s h o u l d  be e a s i ly  a va i l -
a b l e  to an a n a l y s t  d o i n g  rou t  i i e  d e p t h  d e t e rm i r a t i o n s  , and
each of t h e s e  f e a t u r e s  i s  p l a n n e d  to be i n c l u d e d  in f u t u r e
p r o g r a m  i m p l e m e n t a t i o n s .

R emova l  o f  Soui -ce Sp c c t - i - u m  S t r u c t u r e  —

M any of t h e  even t s  that have been proces sed  t h r o u g h  the
source  d e p t h  d c - t e r m i  n a t i o n  p r o g r a m  h a v e  g i v e n  d e p t h  p l o t s  w i t h
s p u r i o u s  p e a k s  at  shallow ( < 1 5  km )  d e p t h s  - These  peaks  cou ld
be r e s u l t s  of s t r u c t u r e  in the  source  w a v e l e t  spec t rum , and
thus  would  be e l i m i n a t e d  i f  p ower  spec t r a  were  i nve r se  f i l t e r e d
with the source  wavelet he - fo re  c e p s t r u m  c o m p u t a t i o n . The

depth  d e t er m i n a t  ion  p r o g r a m  was  mo d i  l ied to do t h i s  i n v e r s e
f i l t e r i n g ,  and two me thods  fo r  e s t i m a t i n g  the  source s p e c t r u m
were t r i e d .  The f i r s t  of t h e s e  me thods  ave raged  the spec t r a
from each cepstrum computation window to obtain one soui-ce

spectrum per station , an d  the second method calculated a sep-

arate estimate for each window by smoothing the actual spectrum

for that window -

These  t e c h n i ques  were  tested on bo th  r e a l  and s y n t h e t i c
data. On synthetic data , neither method worked as well as

conventional processing, and , on real data , neither method

w o r k e d  at  a l l .  Th i s  n e g a t i v e  r e s u l t  is due to the  i n a d e q u a c y
of the source spec t rum e s t i m a t e s ;  i f  a t e c h n i q u e  fo r  o b t a i n i n g
accurate source spectrum estimates could be found , i n v e r s e
fi ltering would probably have the desired effect.
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S 1) A C !‘r O / ’  r am 1mJ ) l e m e n t a  t i o n

In  o rde r  to p r o v i d e  e a s i e r  access  to S e i s m i c  R e s e a r c h
O b s e r v a t o r  da t  a , the source d e p t h  d e t e r m i n a t i o n  p r o g r am  is
b e i n g  i m p leme n t e d  on the  IBM TS/ -i 4 s y s t e m  at  the  S e i s m i c
l) at a A n a l y s i s  Ce n t e r .  S i n c e  t h i s  i m p l e n i e n t a t  i O f l  a l r e a d y  i n —

vol ~‘es CO IlS I do m b  Ic  p r o g r a m  mod i f i  cat ion , i t wa s decided to

r ewr i t e much  of  t he p r o g r a m  as a p re l  ~ 1:1 i n a r y  vers  i on of t he
ana lvs is p a c k a g e  ti -ia t w i l l  e v en t u a  11 y be used  for  rou t  in c
s o u rc e  d e p t h  d e t e r m i n a t i o n  by an a n a l y s t .  C u r r e n t l y , sy s t e m
f I o w c h a  r t  ing h a s  bee n comp l  e ted and cod i n g  has b c-en s t a r  te d
en this new progr am vers ioi .

Ti-i c m o s t  si gni f i c a nt  d i f f e r e n ce be t w ee n t he S1).-\C imp i e —

m e n t a t i o n  of t h e  d ep t k i  determination program and p r e v i o u s

v e r s i o n s  is t h e  i n c r e a s e d  f l e x i h i  I i  t v  for speci f i c a t  on of
s t a t i o n g r o u p i n r s  , s e i s m o g r a m  t i m e  I U n i t s , and  o u t p u t  d i s p la y s

av a i l a b l e  to t i - ic  analyst i n  t i - I c  new SPA C svs t e rn . The gene  r a l
s y s t e m  f l o w c h a r t  (F i g u re  19) i l l u s t r a t e s  how this i s  accom-
p 1 i s h e d .  B a s i c a l l y ,  t h e  d e p t h d e t e r m i n a t i o n  ;vs t e i i i  c o n s i s t s
o f two S t e p s :  one t h a t  computes  a l l  the  n e c e s s a r y  ce p s t  r u m s
from t h e  seismogram i n pu t , a nd one that p i c k s  t h e s e  c e p st  ru in s
to g e n e r a t e  d e p t h  p l o t s .  C e p s t r u m s  c o m p u t e d  in  t h e  f i r s t
Ste p a re  w r i t t e n  on ti -Ic c e p s t ru m  f i l e , w h i c h  is  re ad  by the

second s t e p .  The second s t e p  may  a l s o  he run  as a s e p a r a t e
p r o g r a m ;  a f t c r  v i e w i n g  the  f i r s t  b a t c h  of dep th  p l o t s  gener-
a ted  by t h e  s y s t e m , the  a n a l y s t  may go back tc the sam e cep-
s t r u m  f i l e  and g e n e r a t e  new d e p t h  p l o t s  u s i n g  any d e s i r e d
c o m b i n a t i o n  of s t a t i o n s , w i n d o w  i en c ’t h , a nd t o t a l  d a t a  l e n g t h .
I t  is p l a n n e d  that t h i s  g e n e r a t i o n  of new d e p t h  p l o t s  w i l l
e v e n t u a l l y  he done on an i n t e r a c t i v e  b a s i s , w i t h o u t  a c t u a l l y
c u b m i t t i n g  a new pro g rani r u n .

Several  o t h e r  new f e a t u r e s  h a v e  a l s o  been i n c o r p o r a t e d
i1ito t i - I c SDAC dep th  d e t e r m i n a t i o n  sys t em . These i n c l u d e  01) -
t i o n a l  p l o t s  of  i n d i v i d u a l  cepstr um s , and o p t i o n a l  ceps t r u m
edi t i . ig based on the p h a s e  of each ccps t rum p o i n t .
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