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The pr imary scientific goal of leg 10 of Mariana Expedition was to make a set
of measurements in the thick sedimentary section of the Bengal Fan that would
make it possible to calculate the attenuation of sound as a function of depth
in the sediments. The Bengal Fan was chosen as the location for the study
because it contains the thickest section of fan sediments in the ocean, and
previous studies by Curray and Raitt have shown that the sedimentary section
has few sharp velocity discontiriuities. The types of measurements required ., - (
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Abstract — continued

were of two types: multichannel seismic reflection measurements and ~diving
wave# studies of waves continuously refracted through the sedimentary column
from deep sources to receivers located at the sea floor. Additional observa-
tions taken to provide environmental data and to make use of the available
ship time on the transit to and from the primary working area including
sonobucy/airgun refraction work, XBT measurements , a few gravity cores at
the study area, continuous 12 kHz and 3.5 kHz echo—sounding, magnetometer
measurements along all portions of the track of adequate water depth , and
gravity measurements in the first portion of the leg. Single—channel airgun
measurements were taken along much of the track , and in selected locations
were digitized for later playback.
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c J I J  P ’ T , ’ r, i’ ,’ 7 9 — ( ~

i:iu t~~t l’li” l’oR’l : ~hd ’l 1. \N. \ 1.EC 1 ( 1

.~~~ i r , Jr.

. \ N d  J R  Hh ’.U I l 5

r ’ ’ ’ ~~~~•. ’ i lI t i : i e  poa l  01 ~~~ I II of ~l;o’ i . i i . i  E x p e d i t i o n  was to make a s i t  of
.‘ . I ~~o r . c ’~ ’i l i s  i l l  l i e  t J i • ’k l i l ’ s ’ l  ia r v  ~~~‘ t ion o f  I l ,  . : u . i l  Fan t h a t  w o u l d  make i t  p o s s i b l i

I . ‘. I ‘uO. i t  ion of  so i in .1  .1’ . a f i inct  ton of  d e p t h  In t i c  seil iments . The Benga l
LIII 51.. . . .~ -. i i I  IS ~ is 1i~ II 100 101 t l s  S t I o i V  h, ’ .iii. ,t it  c o n ta i n s  t he t h i c k e s t  s e ct i o n  of
: , t i -~~d t  —

~~~~~, t  in  ¶ 0 .  ii , l U l l  r i v i I I I .  s t u d i e s  1w ( ‘n i r r I ,  j u l  R a i t t  have sho~~ that t i l e
‘ ( i l t a r - . . . ‘ r. l ’il i l l s ~w sh~~r i - i i i i .’ i t V  d i s o n t i n u i t i ’ . . i l i e  t v p s of  measurements

r I l i r e a  ‘ - -r ~ of t ’ .’ t . u - , :  n u l  I i e i i , i n n e l  s ’ i s m l c  r e f i l l  t i o n  m e a s u r e me nt s  and ‘d iv ing  wave ’
c f  W iV e s  c o i l  i l l i l u o l y  r i  r I ,  ted t h  i’ gl i  th e  s e d l m e i i t a r v  column I rom deep sources to

r o e  . L i I i t  F i R ’  s e t  f l oor  . .\d l I i  l u l l ]  s r . .  t ions t i ’l  en to  p r o v i d e  e n v i r o n m e n t a l
i, I .  L I I I F f l i K .  u se f I I ’  I V I L  j i d l e  s~ i ~‘ t i:~~~~ .nl t i l e  t r a l i s  i t  to  and f r o m  the p r i m a ry
w , r ~ i n n  r u t  i nc l u ded  so n o h i e :  .1 r ici r ’ T ’ r. ct  ion ~.‘ r h  • XBT m e a su r e m e n t s , a few g r a v i t y

I i . . 1 t I i ~ s r u d y  a rca , l i t  I u R i s  I k i lz  and 3 . k i iz  ci hosound ing ,  magne tome te r
‘ . i su r - c iu t s . i l ’ ’ ’. l ,  i l l  i t  I i - of  t h  t r i .  k of  . i ’ l ~~q i , t e  wa t e r  d e p t h , and g r a v i ty

“ : ‘ . i . s l l r r S n i  .s in  t i n  f i r s t  p o r t i o n  i t h e  l eg .  ~; i n l e — ~~~, i i ine i  a i r g u n  measuremen t s  were
t ak en  a l .~~u~ n u i c l i  of t h e  t r a c k , and In . I ’  t e d  1c c - u t  i on s  w or e  d1~~i ti ’.ed for  l a t e r  p l ayback .

1 V

k y  H o m e . .  ~~iTh i n 1j t o i u  i r r i v . ui In J a k a r t a , J o i n s i t , on 11 Februa ry  1979 a t  the
corn l o t i o n  i f  i 0 r o gr , i r n  i f  r e f l e c t  i o n  p r o f  i 1 in g  and ro il  t i c h a n n e l  r i f icc t ion work in the
Mo] a I and h i l , i  5 ,is t ind e r t h e  I d r - l i z  p ‘i’ F Si l~’er. Onco m ing  members of t he
Sci n t  t f i c  p a r r \  a r r i v e d  on Pe r i l  ir ’  1.! ii i ! 1 3 .  A c o n f e r e n c e  was h e l d  between Indones i an

i c l a l s  and rov e r-  of b o t h  s c i e n t i f i c  p z i r t i e s  a t  t i e  Bure au  o f  Fore ign  Coope ra t ion ,
‘ I t u ’ i s t r .  o f ‘ I L . ’ a t i t i  P o rn ’. , on Feb . 1 1~~ t o  So lv e  r l i ’ i r [ n c e  problems and exped i t e  work.
• 

~ui i pm ent  I or t h e  c t  n t  I ’  i p r l ’ l r rn was r e c e i ved  and ‘l ar d t h r o u g h c us toms
‘so. l i t  l o s  l v ;  H u e  sl i t  p • o ]  d and  r ,‘ ‘o  i i  .-;t or e -  and  s p i r e  p a r t s .  A t ou r  of the  s h i p ,
or  r . ’ l : I ’ l  of t h e  t .  F~~ h i - a s s  and of t h e  I n l a n e s l a n  I n s t  i t u t e  f OceanologY , was

on the  a f t e r n o o n  of t h e  l ’ l t h .  The s h i p d e p a r t e d  p o r t  i t  160(1 local  t ime  on Feb.
I n . \ co mp l e t e  list of s c i e n t i f i c  p a r t y  and crew Is  g i v e n  as A ppend ix  1.

N sc i e n t  if  i w o r k  had hoe ii p l a n n e d  fo r  l I z .  s l i i l l o w — w a t  . ‘r r u n  f rom J a k a r t a  n o r t h  to
‘ .1 s t r u t .  Fhe t i m e  was t h e r e f o r e  s pent  in s i t  t i n g  lip and c h e c k i n g  out  equ ipmen t

i c r  t i n  a p l easan t  run  in ex c e l  le n t  w u a t h e r  and  c a l m  seas among  the  i s lands  of t he
] n l u i e s  i an  a r ch  a id a p i  (and  among t i e  un l  I ph t I  h a t s  01’ t h e  f i s h i n g  f l e e t ) .  The t r a c k  i~n o r t h  was east of Bangka and west of Bill iton I s li n i , joining the m a i n  s h i p p i n g  route  lus t
west ‘f Sin 1 ipz r St ra  i t  • is shown in F I t i r e  1. 

4
19— 1 F l  r u t  rv 

—~~ I
A t  sLIP ). (0740 1 i i i  m i - i  1Q F e b r u a ry , In  l ia lacca  S t r a i t  • we Set an underway

j e n t  j f i ~’ wa tch  an . s t a r t e d  s t a n d a r d  u n d er w ay  o b s e r v a t i o n s . A 3 .5  kHz
( l o t  t r i — J i e n u t r a t  Lng l ech osounder  was r ‘ o r  i i i  on a R a y t h e o n  I C R  recorder ;  a l2 — k H z

c l i so i in i er  was recorded  on a Hy dro  P r o d u c t s  (m R r e c o r d e r .  The s h i p ’s g r a v i m e t e r  had been
k ep t  t u r n e d  on f r o m  the  previous  c r u i s e  l e g .  h u t  the  q u a l  i t v  of da ta  f rom i t  is dubious.
Since  t he  sh ip  never  t i e d  up to  a p i er , t h e r e  was  no o p p o r t u n i ty  to  make  a g r av i ty  t i e  at t

J , u k , i r t a  . In a d d i t i o n , t i le  a u t o ma t i c  1 i g i  I i i  l ogg ing  d c v i  cc , wh ich  n o r m a l l y  logs the =
c r i v i r r e t r d i r c t l v  i n t o  t he  s h i p boa rd IBM lBO0 c o mp u t e r , had been occas ional l y s l i p p i n g

i l l  f — t  u r n s  of t h e  scr ew , c a us in g  l a rge  ( h u t  d e t e c t a b l e )  er r o r s  in logged readings . The
gravimete r  was , however , kep t  l eve l led  u n t i l  M a r d i 3 , when one of the  cont ro l  ampl i f i e r s
f a i l e d ;  t h e r e  may t h e r e f o r e  he u s e f u l  r i l ; i t  l v i ’  g r a v i t y  r ead ings  between crossings of
previous l in es .  The 3 . 5  kHz  OCR was 00, - r i l e d  c o n t i n u o u s ly  f r o m  here t o  tile end of the
c r u i se ;  t h e  12—k Hz GI) R was  ope rat ed  most  of l i l t  t i m e , s t a r t i n g  at  025 57 . /19  February .  The

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ - .
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magn e t om e t e r  was .1  re.iu ’ie I ~~i (((112/111 Feb., and Was ope ra t ed  for  ma st of the remainder of
the c r u i s e , the  e xc ep t  i , a iuz  h 1 in g some p e r t  Is of  miil t i c han n e l  seismic opera t ions , s ta t ion
t ime , and t i m e  In a r - i c  of sh all o w wa iter.

At 2 2 0 . 7 / 1 1 Ft ’l r i a . i r y . s i  ui i ] e — u ’ J i , i nn u l s e i s m i c  r e f l e c t i o n  ( a i rgun)  p r o f i l i n g  was
s t a r t e d .  \ si a r v , -v  w i -  .‘ ir r  l a d  o a i t  .1 r n-a s t h1-  Andaman Sea on a p a t t e r n  involving a small
amount of i u v i a t  Ion  f rom t h e  most al tr . c ’ t  coo rs, , c o n c l u d i n g  at  l9 40Z/ 2 l  Feb . ,  at Ten Degree
Channel , between t h e  And am an iii ] N i c , l i , i r  i s land  g roups .  On t h i s  survey f i f t e e n  sonobuoys
were deployed  t o  n h t .t l n  VI. I ’  i t ~~ dat .i~ l o t  a l l  of t i l e  so no hu ov s  worked (many were ex t remely
old u n i t s) .  ‘a fu l l  l i s t  of  iaon T aov s t a t i o n s  I s  in Table 1.

2 1 — 2 4  February
Ar 2000Z/21 F e b r u a r y  (( 120 ( 1 2 2  F u h r i i a r y  local  t ime) ,  the streamer for  the

m u l t ich a n n el  s e i s m i c  r e f l e c t  lou  sy s t em  was deployed , on the  Andanian—Nicoba r Ridge ,
southwest  of l . i t t  Ic Ai id.im an l s l . i n i .  One’ nt ’uston los was t aken  d u r i n g  dep loyment .  On the
previous c r u i s e  leg ,  S .‘. u ’ t Iiiii. of the m o l t  ich , inne l  St r eame r had become inopera t ive .  The
streame r , w h i ch  was or i g ina 11~- b u i l t  f o r  Exxon as an experimental unit , is oddly
configur ed. Un like mos t 23—channel st r t’ ,lmcrs , not ill of th e active sections are of equal
leng th;  dead se ct ions are  p r o v i d e d  tha t make. i t poss ib l e , however , to come close to a
standard uniform spacing. Ar. pr esentI ~’ configured , i t has 22 active sections that are 300
feet between centers; the rem aining two j u t  L y e ’ sec t ions , numbers 2 and 4 from the shipboard
end , are l ocat ed  r e sp e c t i ve l y  h a l f  way be tween channels 1 and 3, and be tween 3 and S. The
sec tions that were out of oper a tion we re’ numbers 1, 3, 12 , 13 and 14; the last 3 put a
ra the r  large gap in the spacing. Repairs or changes can only he made when the streamer is
being launch ed or recovered , so no re p a irs could he made in port. During the launching of
the Streamer for m i i l t lc h a nn ei r u n  ~1 . t i i e r e fc ,r e , we took the t ime’ to remove sections 12 , 13
and 14, and to put in tI ’e one s p ar e  sect Ion. However , when the work was completed and the
streamer out , we found that  t i~t t r ou b l e  had merely moved down the l ine —— the sections that
now occupied those  sam, ’ p h y s i c a l  pos i t  ions wer e no t  re turn ing  s ignals , indica t ing  th at the

‘ T ’ ~ -- I , . - ~~~ ‘ a -~~~~~~~o~~~ • -



- -

SlO R c i ’ i’r e i t c & ’  79—8

i ’ABl .F I

Sonobuov Runs

( a ’ :  ‘u I l u  / la • - a t  it ju t ,- I.ongi t uder Conmaents

a 1 2 3 12  l ’ t / ! /  ‘9 (l~~0(I . 7’ N , 98 ’26. 4 ’ E
2 i l d a l  2 ( 1 / 2 /  Ha 1i 4 . s ’ N , 98’ 14 . 3 ’ E Bet te r  s ignal  t h a n  Ju l
1 (( 1 3 2 0 / 2 / 7 9  1u 111.8 N, 98° 06 . 8 ’ E
I, t IM 211/2 /79 7~~29 .9 ’ N , 97° l8 8’ E
5 i n t l 2 0 / 2 / 7 11 7~~~ . i . 3 ’ N , 97~~08. l ’ E No si gnal

11 1)11 2 0 / 2 / 1 1  7~~44 . I ’ N , 97° 0 7 . 3 ’ E Noisy
7 1105 2 0 / 2 / 7 4  Wi(2.6’N , 96° 53.8 ’E Noisy
5 I d  2 0 / 2 / 7 1  M ’l 2 . I l ’ N , 9614 6 . 9 ’E No d a t a
-i 14 1.5 2 0 / 2 / 7 9  M ° i l . l’ N , 96~ 4 6 . 6 ’ E

1 2 1 5 7  2 ( 1/ 2 / 7 9  91 17. S ’ N , 965 31 .9 ’ E
11 ( ( 1 1 1  . 1/ 2 / 7 9  Y ’ , l O ’ N 95° 17 . S ’ E
12 O~~33 2 1 / 2 / 7 9  at~~ ,3 .6’N, 94126 .8’ E
13 1 ~2 ., 2 1/ 1 /7 1  9~~3l, . I N , 92° 4 2 . 6 ’ E
14 l l 5 2  2 1 / 2 / 7 9  9 ° 4 6 . S ’ N , 92°28.6’E Died about 1615Z
IS 1h 17 21/2/79 9°S0.3’N , 92°23.O ’E
] t  19 5 2  2 1 / 2 / 7 9  101l4.4 ’ N , 91°55.l’E Microseismicity study
I . ’ o I L  2 2 / 2 / 7 9  i O ’ 45 .l ’ N , 9l°30.2’E Fad.-ud rap i d l y ,  lo st signal . 

-

approximately 09551
Is 11 0 3 2 2 / 2 / 7 1  1( i °49 .9 ’ N , 91 °28.O ’E Good
I I  1 559 2 2 / 2 / 7 9  1l’l5.7’N , 91°00.4 ’E

L

I I I  I T ’ l l  2 2 / 2 / 7 9  ll~ 22.2’N , 90°52.7’E Exce l l en t
21 2 1 . 1  2 2 / 2 / 7 9  1l °41 .h ’ N , 90° 32.3 ’E Los t , clipped by tail buoy
22 2 2 d b  2 . 1 / 2 / 7 9  11143.b ’N , 901 30.5 ’E Not di gitized
2 ]  (I s  2 2 1 / 2 / 7 9  12°38.S’ N , 89° 41.O ’E
24 1337 23/2/79 12’57 .J ’ N , 89°26.3’E Lost , clip ped by tail buoy
2 5  L352 23/2/79 12°58.S’N, 89125.3’E Lost, clipped by tail buoy

- - 26 1414 23/2/79 13~ OO.1’N, 89°23.8’E Excellen t
27 0212 26/2/79 13~ 55.1’N, 88~ 33 .3’E Poor buoy, noisy, no useful data
28 0349 26/2/79 14°06.3’N , 88133.3’E - - ‘29 0808 26 / 2 / 79 l3~ 5O.7’N, 88°43.7’E
30 2048 26/2/79 13°52.O’N, 88° 34.l’E Rang ing for seismic station #2 “.4

• 31 2048 26/2/79 l3~ 52.0’N , 88~ 34.1’E Rang ing for  seismic s ta tion #2
32 2019 28/2/79 8~ 3O.2’N, 88°05.4’E
33 2151 28/2/79 8’26.6’N, 88°15.4’E Lost, clipped by tail buoy
34 2202 28/2/79 8°25.9’N, 88°17.2’E
35 0009 1 /3 /79  8~ 20.5’N , 88*30.8~E Bad
36 0023 1/3/79 8°19.9’N , 88°32.3’E
37 0210 1/3/79 8° l5.1’N, 88°44.5’E Excellent
38 0430 1/3/79 8~08.6’N, 88°59.8’E Lost at approximately 0553Z
39 0755 1/3/79 7°59.3’N, 89~ 21.2’E Lost, clipped by tail  buoy
40 0810 1/3/79 7°58.6’N, 89~ 22.8’E Lost , clipped by tail buoy
41 0831 1/3/79 7°57.7’N, 89~ 25.1’E Bad
42 0844 1/3/79 7° 57.1’N, 89~ 26.6’E
43 1606 1/3/79 7°42.l’N, 90° ll.O’ E
44 0030 2 /3 /79  7° lS.4’N , 91°32.3’F.
45 0317 2/3/79 7° 09.O’N, 92°02.4’E Weak
46 0337 2/3/79 7~O8.3’N, 92~ 06.0’E Noisy
47 0815 3/3/79 6105.3’N , 96°23.7’E Pre tty Good
48 0942 3/3/79 6°03.2’N, 96~ 33.1’E Weak
49 1027 3/3/79 6° D2.2’N, 96~ 37.9’E (‘,ood
50 1923 3/3/79 5°56.5’N, 97~ 39.3’E Excellen t
51 0744 8/3/79 6°26.5’N, ll4~ 04.7’E52 1002 8/3/7 9 6° 37.3’N, 1l4°16.O’ E
53 1003 8/3/79 6~ 37.3’N , 1l4°16.O’E
54 1112 8/3/79 6~ 43 .4 ’ N, 114°21.6’E Bad
55 1237 8/3/79 6°51.O’N, 114°27.8’F.
56 1240 8/3/79 6°51.4’N, 114028.2’E
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end of the s t r e a m e r ;  on the next  dep loymen t  a good s t r e t a - h  sac lion from the t a i l  of tia c-
streamer was inserted in I t s  p l ace .  N e u st o n  tow no. 2 was . i t t empt ed  at 1246 2 /24  d u r i i a g
t h i s  work; the net was l o s t .

The m u l t i ch a n ne l  st reame r was aboard a t  14 342 /24  F eb r u a r y .  The sin gia ’-u -l,,a nn .-i
s tr eame r was dep loyed , and a, very s h o r t  sa arv , -y  maale ’ to  tt aak ,-  sear , ’ t he re  was rio s i g n i f ic a n t
subbottom topography in the  zone s o u t h  of the m u l t i —  channel  l i n e  where  the ’  n u e u l l m e n n t
a t t e n u a t i o n  s t a t i o n  was to be carried out; a s h o r t  run southeast , f o l l o w ed by a run north
to the multichannel line w a s sufficient. All underway gear was aboard at 19481/24
February.

24—25 February : Station Work
The s t a t i o n  pos i t i on  wan chose’ta on n e g a t i v e  evidence ’ : t h e r e  was no e v i d e t u c a ’  f r o m

the ~~ n it o r  records  of h u e  m u l t i c h a nn e l  r e f l e c t i o n  l i n e  or th e ’  b r i e f  s l n g l c — c l a a n n e n l
reflection survey tha t there was any significant structure’ within the sedimentary nea t ion ,
that any strong reflectors were present within the first 4 seconds of the sediments , th at
there were any basement hills protruding up into t)aa’ sea-thin , or any distributary channels
of the fan system at the  s u r f a c e . ‘I’la,’re had been some u-c uncer n in advance about t h e
sediment  th ickness , s ince  t I , ’  i sopach i  map b y ( T u r r a y  had shown a smal l  aren a of t h i n n e d
sediments  close to the station site; if it were more ,- ‘x t e n s iv , ’  than  a,’ had i n t e r p r e t e d , i t
would have made the station site unsuitabl e . WI’ f o u n d  no ev idence’  f o r  a t ov  t h i n n i ng  (or
basement hills , which would cause it), and suspect that the hurled h i l l  or ridge in
question is either nonexistant or small. The station location was tluere’fore placed on the
rmiltichannel reflection line at l4100’ N , 88° 30’ F:.

A moored buoy (unit Donna) was set i t  2 2 4 u ’/ . / 2 4 , w i t h  1 ( 0 , 1)00 f e e t  of mooring l ine in
1597 fathoms of water. The satellite position at launch was l3 156.14’N , 088°32.63’E. A
second buoy , unit Jo, was set at 0036Z/25, with 10,000 feet of mooring li ne In 1598
fa thoms, at l3°55.00’N, 088’33.03’E (bracketed by two satellite ’ f i x e s 36 minutes apart).
“Launch” positions are probably good to a few tenths of a mile or better , but the actual
equilibrium position .assume d by each buoy may he farther off of the designated position.

The moored buoy s have been iii use a t MPL fo r  several years .  S i t ac e  they have been
built from items “on hand” , with modifications almost every year , they have never been
adequately documented ; a brief description is therefore attached as Appendix 11.

A recording system was set up to use the 3.5 kHz echosounder signal , transmitted
from a hull—mounted transducer , detected acousticall y at the buoy, and telemetered back to
the ship,  as a ranging system for dropping shots. Unfortunately , buoy Donna had a very
weak radio transmitter tha t did not carry the few miles needed ; buoy Jo started aiut with a
strong signal , bea t during the run the audio modulation becar.e very weak despite a strong
car r ie r .

Ship drift was fairly steady at 0.8 knots to the south; we therefore planned to
deploy the instruments and shots with the ship ly ing  to , drif ting away from the buoys . The
plan was to  set th ree  f r e e — f a l l  “Sea Floor Ilydrop hones ” at 250—meter  spacing,  and then  drop
deep charges every 250 meters starting 1000 meters beyond the third instrument. (A
description of the SFH units is included as Appendix II). A fourth instrument was aboard ,
but sti l l  had some or iginal construction bugs in it , which have not yet been found and
correc ted. The audio signal from buoy Jø abruptly became weak and noisy, just as SF11 1 was
being dropped; SF11 1 was dropped at 03302/25 on an extrapolation of the drift rate , at an
estimated range of 800 meters from buoy Jo. We returned to a location near the buoy again ,
picked up the acoustic ranging signal , and drif ted off to drop SF112 at 0459Z/25 at 1.2 km.
We then returned to the buoy, brough t it aboard to check it and replaced the hydrophone
and drop cable , which improved the audio signal. Unfortunately, the buoy mooring line
broke while the buoy was on deck , so that we could not deploy at the same location. SF11 3
was launched at 0816Z, and then buoy Jo was set on a new mooring, which p laced the buoy
south of its original position.

Shots were dropped as the ship drifted south from the buoy. First , a 1/2—lb shot
was fired both as a warning and an equipment test; then 16 large deep shots and one more
small shallow ranging shot were fired , for a total of 18 shots. Two of the deep shots
were apparen tly duds; five more were either partial detonations or only SOS charge
detonations. Each of the deep charges fired on this run consisted of 4 boxes of M034 8—lb
TNT demolition blocks , a total  of 256 lb of TNT , banded and wired together , wi th a SOS Mk
94 Mod 0 tied , taped (and on the later shots also wired) to the top of the hox,-s. Five of
the shots were fired with 8000 foot SOS, 11 with 6000—foot SUS. The 8000—foot shots took
30 to 32 minutes to sink to detonating depth; five of the 6000—foot shots took 23 to 25
minutes to sink , as expec ted; 2 were duds , 2 took 31—32 minutes and detonated at E000 feet ,
one took 18 minu tes , and one 13 minu tes; the scatter was rather surprising compared with
earlier experienc e.
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Shot

TAB 1.F II

(.ravit ‘.‘ i cr , - ,,

N-, . Time / Dat e . . , t  Rude . t a u a y i  l u a u t , - I ‘ ‘tuci ( u  I)esu t I ;- t Ion

lb 151 10 T:’2 , 1 3 — 5 1 . 10 8 8 — 1 1 .  iF t ,  cm h . , r u h  g r u ’ -.’ c l ay  —

17 2 u o~ UZ/ 2’u 13— 02. 70 .85 — ) 3 . S F  1,0 cm ‘lop 0, 7 -u ’ , ! u r , u w u ~ a a t l u ’O n —
s a u l  a,h ,a re d c i i, ui, ”’ an ,

. 0 1, t t u t u  71 cm nt Ia ‘
~~~

e r a - v  c h a t s .

I s  0 17. - . ’ 7 ’  1 4— ’uO .’(\ 8M—b.7 7E 2 ( 0  cm Top is brown u a u u , ’o u u —
s u , I l u l a i t , ’ d  t a u t , , - . B o t t a u t a ,
is vi’ ri u t a u  r 1 

~ r~- ’.’ c I t  v -

In each cas e , excep t  t u u r  t he  c . i r h l e s t  detona t i on , the  shot and several  s u r f a c e  and
bottom reulec t taitun. we -t a- r ,‘u u ’  r,la’d on the ship both from a shallow hydrophone trailed behind
the ship (0.2 to 00 . ~a miles from a point directly above the shot) and from the hydrophone at - —
buoy Jo, providin g the ,i,-ce’n .s,arv data to make it possible to calculate shot depth and
orig in time . -

‘
The shooting rein was relativel y short (from 0944Z to l4l3Z) because the SF11

turn—on , turn—off , and release t imes had been preset before the delay to service’ the moored
buoy .

A t release time , SF111 did not surface. SFH2 came up on t ime , and was recovered at
1602Z/25; SF113 was recovered at 16312. While waiting for SF111 to return on its i-u

magnesium—link backup release , we took 3 gravi ty cores at the approximate locations of the
SF11 drops ; these are gravity cores CG—l6 , CC~—l7 , and CG—18 (prel iminary descri pt ions given
in Table It). The radio signal from SF)(l was beard (indicating that it had surfaced)
while core 17 was being taken. As soon as the core was aboard , we maneuvered to pick up
SF111, recovering it at 22302, 19 hours after it was dropped.

Af ter the th ird core was aboard , airguns were streamed to start airgun refraction
runs to the moored buoys and to sonobuoys. The first run was made on course 0001 f rom the
moored buoys, recording signals from buoy Jo and from sonobuoy 27, which was dropped next
to buoy Donna. The run was made at 8.5 knots , to about 14 miles distance. i~e then
reversed course, dropped sonobuoy 28 , and steamed back to the moored buoys. The next run
was made on co urse 090 f rom buoy Jo , this time at 4 knots out to a distance of about 9
miles , at which point course was reversed again and another sonobooy (29) dropped for a
reverse run back in. Strong refracted signals were received , wi th the bes t records f r o m
the moored buoy (Fig. 3); refracted arrivals show Curvature indicating the presence of
strong velocity gradients.

Dur ing  the a i rgun/sonobu oy r uns , the sea f l o o r  hydrophones were checked and da ta
tapes were removed and checked with a “quick—look” pr ogram which  uses one ins trumen t as a
playback to put the contents on the screen of a Tektronix 4051 terminal. The resolution of
this technique , which uses only a single gain get ting, is l imi ted , bu t i t appeared tha t
SF111 and SF112 had taken records of all shots fired. SF113 had not recorded properly. The
tape had only two events in it: a third event was stored in the digi tal memory, and was
later extracted and pu t on the tape cassette. A vol tage regula tor in the Tandberg tape
deck had failed, prior to the recording of the third event. Subsequently —— after
comple t ion of the en t ire sta t ion work , when full p laybacks were made of all data through
the ship ’s IBM 1800 comp u ter , it was found that unit SFH1 had a peculiar arrangement of
surface and bottom reflections on ~t , Indi cating that it had never reached the seafloor,
but had either sunk very slowly or had reached an equilibrium depth In the water. Because
of problems with the original gel—cell rechargeable batteries In the units , li thium ba tt ery
packs (which are considerably lig hter) had been put in Instead; one sma l l  glass f l o a t  had
been removed to cotnvensate for this , but apparently the compensation had not been adequate.
This uni t , therefore , being above the seafloor , had receiv ed reflected arrivals hut no
refrac ted arrivals. Shot time s, dep ths , and ranges from bo th shooting runs are listed in
Table III .
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SLO Reference 79—8

SHOT NO . 2

r-~.. 
8000 f t

- - 
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~ 
SHOT NO. 3

1 8000 ft .

0 T NO. 4 ‘ -

‘

F ig .  4. Indi vidual record f rom Seafloor Hy drophone system #2, run #1.
Dominant freque ncy of  52 h ’z in the ref ra cted waves is as pre —
di cted from th~ “ubble-pulse equation .

Examples of individual record p lay backs (at high gain) are shown in Fig. 4. A
record section, with rough water delay correction and only rough correction for charge size
and Instrument sensitivity, is Fig. 5.

MA R I A I i A LEG 0 
.‘

RIaNG E (Im)

Fi g. 5. Rough record section , combined da ta from runs I and 2 , all
instruments. Sho ts at depths of 6000 feet and 8000 feet , in
waterdepth uf 9600 feet. Approsimate corrections have been
made for variations in shot depth. Gain settings have not
been compensated fully for calibration of the hydrophones or
for partial detonations of shots,
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Shor

I F,’ l , t  a a . a r v
W t— ra ’ t , a  ,a , i I,’ It, ‘ u ’,’ 0,, , ~~ ‘ t  a l l  I I i i, ’ ,’ - ( - ‘ ( I  a.. - u I, i u u g  ian i s ,u ’ .a , I v . ( I n  I a we’re ,t i ’~ ’j ’ i ’ i - al

In  q u i c k  s a a , - ,- a - s’ , ho n ( i v  h a g  I - ‘ r  0 1 0 ( 1  m e t  , - t  to ; ’ .,, l i l a: I ’ ’ ,’ u e. a u g  (~~,~ I . S O u l I . ’ to1g ~a .i 1 r e ’la i v e a l  Iu ,,,-k
f rom ,t,a , 8 , - l u r e  tli ~’ I a o l  ,‘, im , ’ n t  t a t  a - i a  I i n a , ’ , u i - u , ’ , i Ii.- t ,-i. a v , ’ ,l 1. ‘‘—kl17 si gn., ! l’ei ’a me’
extr em ity wa il . . A t  t e r  ( I a , ’ l . a  • i t ( 7 - 0 ? - - I , a l  ( 0 , , - u u .’ , 1 1 , u I u I , a a a -  ‘ r a n , ; ’  ‘,‘, u l  t ag ’ ’  had dropped ,

~a, Ui_a t th ,’ s i g a a . a l  a.- u s t t ’ t f ,  i t  a l :  t a t  T a ,  r a a , I  i - u , a l t  I a u ’ a a u ’ I i  I,,’ t i , a u o-,, ’,u i t I - - i  Ri wait . u t  r u ng. Wa- 
—

s ho t t l i , ’ ( h a , ’ , v i l l a o a t  v a.’ . a b  1 . ‘“k I l,u t . a a i g l u a g  s i g n a l . a i - l u , - -a l w  1 / 2 — I l ’  a - l a rge- s l a u
ra ng ing Ill’ t il e ’ f . i t i b a, ’i ~ I, u a a ‘.. .‘a g, a b u t  a.’ , ,l r af t , 3 na .1 - 4 - a l  , ‘t  , a I ’ , - a , a (0 .8 knots) (lilting t h e
shot ‘‘run ’’. I’~ h a a g  combtn ~~t i o u —u 0 0  a u U u ’ -  - iu i . ( ( 0 0 0 a i a i  1 , 1  ‘1k-I. ’, M n u (  1) - i l lS  u -I a airge ’s wi ll , •‘411 Ii ’  ol
M791 HBX b u ,i v a ’r ’ u ,i ,k a ’I u.iI a o’ ,-’ ., ,,

~~ _ ‘ O t u  Il , -a  I u , ’>a a ’’ , , , ‘ , a , ’ I a  S hh~- k’ ,‘t 8 Ib) of i’N’t. The .01,—lb

TNT worked we’ I 1; t li e ’ ‘ - , o i  Il’ (l ive’ - u i , , u I o , a i  g, , - - a.’ - u , - .iw kw., rd I a’ j ’ , i t  0 ‘g, ’ I (a, ’i , .uui , l  aonie ’wliai t
1,,os,’ - Fl a , - t - a ’ we ’r e’ ,u ,u  ia. - l a a , l n u  .a , a ,l a~ - i ~ ’ - in ‘a l i t - .~ ua  Dig a.’? au -i - ,’ wa , a , , i l a l u a  ‘ I ga’( ( l it’ _‘4 0— l l ’
a’l i a i rg t ’s  fluli l le’ a,~’, i n  t ( iii, - - ,  t a , ’ a a,’ a - a ’ I u s l , a u  a - a.- ’ a ’  - u a ll a ,, ui al nae (a -l u;’ au I u p .  uS t 8 kin
r . a a t g , -  f r o m  I I , , - I aii’ tl ie’ ua t Sill , we’ r u t  a i m ed I at I u i a , u v  0, - , a , a ,l a l t - I t t a - I  —n it lu ag~ i n  I ,nr l ou t ’  I in a l
sla ,u( ‘a , I t i l l  h it t a, ~~~~~ I l i e ’ a o i l  u ,., w a - . a , , ! , , ‘ , , a .1 -4 ‘ta I 1 , ..’ sl,otI,r,-ak ‘ a t  r oa ste r.

Il pa tat ra ’t , a t i a lug a , ’ I ‘, a ’s I , , ., aa. ’ .a i t ,  .1 t I , - - I ‘ a , a -I t I,, ’ OFII - . . lost rtime ’nts ii aiitd

111 ,‘,ime- up aal t e ’ve ’iat I a u Iv; NFl! I at j a b  a u -  t - t a ,  ( . 0 , , ‘ a l to , - iu ’d,a I a’ . W, ’ t lion p ia ’ka ’at up buoy I
( l k n na )  , , i iad i t  ai u ’iue ’al I , ’  ‘l a w I I  a . ,  .aa. ,a a t  t I,. r,-l ‘ - a- .,- ,,i ’:l’ii I u~~ i t~0 . 4 — h ou r tnagnesiunr
link. I-tool Iv , a t  181 ( 11 1 1 , 1 )  11 t e l ’  - , u., - p 1 - 2,-i  aip ( ‘i i , ’~’ I t  ( . t , u 3 • , , t i d  s i t I  I, ,~ I ( b i t ’ . , i t a - l a a ’ r
I in,’ t a’ (Ia, - l a v u l a -a. ’ b a a  Ii t - ‘ t I ‘,‘ t a ’ I ’ ’ , l l  I t  In t , a - ., ’ e ’ i t  411  a. , aa, o :li t al i t  (lii’ liii,’ , Tliau
p a u l v p i ’ a ’ ; u v l , - u a a  1 i a a , ’ l , t a a k , ’ a,- ? a - - i a ’ u ( u , - i l t t , i l a t  u - - a aaa , ’, l l , ’aa (.iniuie- al I ,  t ha , ’  I a v , I i ’ a’r ’ Ia , ’ . ivt ’ . S it t e , ’
t il e ’ me’ w.i-o a, ’ s i g n  a, I S t O I ; a.,- , . , ~~ - I -uu , - .1  I t  - - ‘- I a u ‘~ i l ’ . i i  t ,‘ i al a -p lo , vnie ’ta t t I me’, .anul (ue ’,iul, - ,l soot It

t,a 8— ION -a . —i aoI( - - I , ’ 011 - am t a I , , , ,  u t  tona l t a , a . a a , u a , - I I i a a ,

II,’tl a 51 112 a ,a, ? ‘i’ll I p- p a i . - a a t  l v  t n , ’ .- u~ l~ - I  a l l  ‘,l a, ’t - - , I ,ta - l t i , l t a i a :  l / . ’— l l’ r . i t a g i t t p  s h o t s .  -~
(Ou r ‘i ,i i _ k  — I - - ‘k ‘ t a ’  ,-. t a n - a.’.,- . 5 .’  t 0’ ~~, a- .,- I - I ll ut. t Ia , ’ p 1 .av la .,a ’k al a a t  , w itt , ‘ ‘na , l a , u I  I t  — I_ n
i ts ij I  I i - at t a ’aa ,-a I la _ it -, _ , - ,  ‘ - ita ti i~a I I,, - -I 5, -i u i - - i  t , , n i ,  o a t - - — nu ,, i t t ’, .  ( - - u k  a t  t I l e  i a ’a ’,’r,in Ia,, ,I i , ,

wail t I a t  nu.’,l I t I~ i t  I ’’ aa a a t ,,lie a a t  I l a , ’ , ?  I t .  a I l a - - a  r u - - i a - a l - -

Wia,’ti i’l. iv l ’ ia ~ a,,’ , a -  a ’ ai t f l ju l , - t e ’al , i i ,  - ‘ I  o’.~ ( I i  (Ia , - ~
u a i u  2 j , a . ’k  ; u i - - a ’, t .at :u a n a l t I te ’tt w a t h a  t a i l  I

;t l, i vl ~.iu - k a’aa t ( u ,  I l l ’ ?  - - ‘ - , i t  a.’.a - I , ‘ ‘ u u a , l  , . ,  a , i a a  a t  i-u I’ll. n a - I “II 0 u t  It la ,i ,l aamj ’le ’ta_’ a - a ’
‘a t ’ ., b ait t I u , a  I t a.’ I ‘ - - t a t — u  u i ,  am a t i a.’ . , ‘ - , a . 7 a - n ’ \  I n i a t  e l  V I I  ,bl, ,b,,a.’a, t a t si u~ a a . a  I l e v e l ; due ’ t a ~ 1’

( h u e ’ l i t - ga ’ Iv  la .anu a ’ 0 a l a ’ , 
~‘l ( lii ’  t~~~, , ’ ’  t a u i . ~ s ’a .T, ’i’ t I i , ’, a,’ , ’ I  , I a ’ , ‘ 1 , 0  il ’ 1 ’ ‘~~~~~~~~~~tu e — a i e ’ pl o v tn. ’, t (

,‘ .a l t b i ’.a t ta u t i,,,I i , i r a - I  t h a t  t l a ,’ i. - , u a , I i aa r ‘-I, - . t , ’ t t l , ’s ao l’ a’ n,’ tuu , . a l , Stat t l a , - ia a (,’r ituil
re— ai s l e a- - ,- ,’ I h a ,- l av l,’ u ;’ II . ’aa, - h a. ’. ,  l i - ’;’;’.-l  t’r ,’m rn,-, ’ a It .i aa I . 0 ‘0 ‘ - la’ , , t a t  a l ’ , ’ a , t  l , ’S ,u a a o  a’httus ,
indi a - .1, I atg u ’ - , ! ? ! ‘. a l t w . it  - I ‘-a l ’ - a , ’  .

I n  h r  t a t  t i l e ’ f i t - - t , ,t~ , , - , i ,  - - . o 
~~

. - . , I , , a , , i t . , I ’ I , - a l - . 0 ~~ t u t i l t  ‘ I - I l ~~; ,,ti,
r ‘ - a ’ ’’ r b o t  .1 ‘- I r t l , a I  - I ~‘ l - ’ ’~i a l a - u i  ‘ - - ‘u  S?’l’ — ‘ ‘‘ u ,’ ’- ~~~~ , -  - ‘ ‘ I ’ . w i t ° ua ’ a a t i - I ’,,, I I , ’a n, t t ’ ,tni ‘ : t I I I .
Riot .7 ; ‘ t - ’ h a u  n I gu t a t  - i i  I , t , a I , a . la . , .  I I’ra ’Iat ‘;t- ’I t _ ’. eel at, , a l  j ? - t ~ i t  i l - I , ’ t , ’ , ‘a ’t  a l t . t rain, SPIl t .

alt h e r  I l a s t r t i ae ’ I l I  ; u, u l u  I ‘ ‘ ‘ , , a ~~. - , ’,, ’ - I a -( w , - t a ’ ’, ,u ’~~’ I i t  I - t ‘‘ ?~ I _ u k l i i , - ’’ ‘t a ( lie d l , . ’ ,
W , i t  ,‘t’W,Ii’ ,’ (lit ala ’- ’ I I a ’ t t .  : a ’ t i 0 i  a ( I to ’ , , l , , . t l  le a ’) , ‘at  I ?  a, ’ a l l , .  - I w it  , . t ’t,’ i v,  , ‘at ta , - i u - l  0’ i i i
sli e~t t o , . iui a l a u a a  ( l i e ’ t t i ’ a l  i i  t -u I ( a l i t  ,, l a  - ‘ ‘ - i ,  s l , , ’t  ,, , rh, ‘, a h a a ’ - i . a a a , ’ I aa ~_ - a t  a i r  ,, ,, t I t ,, ’ ‘o’,’st  ,ttt
a ’,’,ve ’ i ’ ’  i-al,) cli , , , , t a u I  t O , ,  a - a u al a ,: it I - (, ‘iu 72  t I ’  a t  - i  t ‘i .11 a ’ ?  1 0 .’ , l ! u  , ‘ t ’ , ’ , i t  ‘I  alvtt.imi (’
r~in ge’ was, Id I-,,’ a , , ,i ,  - 1  t h u l l I .1 , 1 l i v  -. ‘ - 

‘ I a ’ 1 ,  ‘ S I a - i -  ‘ .1 - , ‘it, - a . -?. a ’t ‘. u u , u , I  t i n  Is,’ I
w,ite ’ rW,lve ’ I rita I . iI ’g, ’ ’ul aa t Is i t  I km a , , ’ , - .

2 1  Pa ’I ’r a i . i r v — I l - t . a , - , Ii
Wi ha m l  I s - i t  h a o , i  w i l t  2 romp l e a ,  - - i a n ?  o t i l  ~- u I  I S ‘ i ’ a ’ \ I ’  1 , 1  va t, I ,‘I ’( ) W e ’ i ’roce ’eeleul

,~ot ,tlu , it b a i l  I s h i p ‘ ‘ u - - I , r , i u a n i i , , - . 1 0  I , - u a u i - ’ • ‘a I aia ll a ’—’,-I a , a , a ii, -l oil r,- .lm,’r . nulu~’.it , ’l , tm i ’ ( , — r ,
gravltne’ e’r • I .  ‘—k II. ’ t’ a :I? on at ~a t  , ‘~I ; t - ‘ a t  a a u u a - . - ‘t  I ’ ,  I atm I ‘ a  at t i t  . u a a a l  I ‘— I ti , (IUR on , ,‘ l a I  Ineious
Sw e’t’p for scat t e’i ’iilg l a - a ’ i  t , t u a i ’ u  - , ‘? .a u a ’ , ‘ ‘ I , u n , t I I t - u i - I  - a I a’ ’ , .  I t t  ~t ’ ’  I I sh~~b we’re’ s, ’ a ’ t t  Ott
the’ l , ’ — k I L ’  r , ‘ - ,u  r ,l . 0 1 1’’ ’ ’ - ’ - ,‘I(~ a., .t u ; ~ u- I I i  l , a a a i a ,  Ia  t I , ,  m i i i  I l , - t a u u a a a , - i  - a l t  ‘or - ‘ i ’  . Al 1’~ 0 , 7
we ’ a t  .u r t e t l  mu I t  a - l a n a , , ,  I - ‘, l - - ,u ,  , ‘ u  I , I t a u t t  I I a ,, ’ u( ,’ _ ia  I au I, l , ’ ,l a I ,t ata ac, I - a’ot na I lie’
t i n , ,it . i  1 ’oh t t  a - I  a u ’ u a  a to a t - ,’ ,‘. a ,  a - a t - I l ,  Iii ,,- I v  t t i 1 ~ Ol atn,.a t a ’h.a I l , ’,,~ ,’r , ,i li nuns t
p erpe—tid  t~ a l i t  I , ’ I I I ’ - N i , , , - !  u I a ’ - a R I _ I , ’ , , . u a a a i  a.’ I’ , , ? ’ ’ a n a, - ’l t a, a - ar,, up a ’a ~ t a , t I i , ’ t h a I  p. ’ s l o p e’ is
l~~ u’ u t. t l u e ’ r . ’  w, ’ t ,  t I l t  .~ - I  n u n ’ , ! , ,  - ( O , i - ., ’fla , ’ a , i  k,’ , a - 5’~ i a .  u , t  , ‘a a t l i i ’ mu I l , ’ l a ~i t t t t e ’t  nv t o l  ( o r  l air
m u c h  o f  ( l i e ’ r a t i o ;  t ( l , ’o a  I t t t , , ’ ii ( , ;  h e r e ’ a t , ’  t l a i t u a t , ’ t  ( l u a u  a t  l i t , ’ s t a t  i , ’ru  ;‘a,’a I t  hur t, Sa ’it a ’l ’i i , ’ ’,’’a
Were d r opp e d I u t  ,a i t  , u , i o /  u . u I - u a , ,u a t  i a , - t ‘aI , a l . a a t l  I I t , - (ta t , — , ii’’ . 0 .’ a l i t  ‘ u i , ’ ? ,  -a ,’ ; ,tf ’ l lt e ’~~e’ It
w o r k e ’ al , ( l i t - , ’ . ’ wa - a , - - - a , a , ’ ? a t  I v  t I , ,  i o u , , !  I a -  a i , , ’ - - 1  - a t  I , , l f l i , ’ l  • , i l t t h t ( ~(~ a,’,’, ,

,‘ar (It , ’ ,’ oa a i a , t  t l a , - , , n o , t I , a ’ I ’ , a . , ’, ’o , ’ I t  au ’ s -  a a p  - -- u u i a ’,’ ilil ’ ,’ ta ’a.’.aI,I tha i ’ l ’ t a ’_ ik O u t s l i u p e ’ a u
li e’ s, ’ a f I oor ; - a It I - Ii,?. , I a’ I i- a ’ t .1  t iv ,’ I v t I l i i  - - ‘ a r - u  I I ; u ,  - I , u , ’ j ,  ‘0 , . , - , I a  t a ,  ~0~ t u ’ ,‘‘,‘, - t , ’a I I lit’ t ’ Iahg. ’

i t s e ’ l  I a t  t h i s  u - a . ’- . - . i a 1 , 5’, ’ p u t  a a a a , i a t w a y  a n  ,- .,a, ’aa i n  I l a ,  n t u t l t  h a - I a a n i u ’I  a t  ,- ina, -i ’ vat. .uI ’ o . i r a h .
‘h oe’ .i i rg i iu i ia  we ’r , ’ i , ’~ ’,i  I i s - I ,i aa al (lie—n t h at ’ - - l a b ;’ ‘a l  - ‘a., ’u ?  I, ’ Si l oam ( l i e ’  to hngia ’—,’laaui itel svsI u ’nt ,
wi t  Ii - i ’ul a, ,t’ t p a ; ’  I n  i’ - I I ‘ a t ‘ia -va - , .a~’, . ‘lIt, ’ $ iugl a ’ — , ’I , . u a , a i a ’ I  i a - u i  Is w,’t , ’ ~l l 1’I t I i’ e’al on ( li e ’
Ph)P8 a ompiuta’r , .a I , - ia p w I ll a ‘ ‘ia , ’? u aa ’vI. a- - t Ia, ’v ac , ’ o a ’ a l t ’ ,’ i~t~t ’a l .  1- , u a a i  tm ’t’ e ’ o a ’ i i , ’ I ’ a aa ’vua 0 , 0  t , ’ -.1’)
Were ’ u s a — al a l t i r l u i g I I , , - ’, t i t a ’ l , ’ - , - I a . a r a i a , ’ I r a i n  s - a - o n - u  t ho ’ N ( ’~ - ’ t  v— l i st  I i h I a ’ a ’ , t a, S I ,ctl ’ .tt ’ F.-on , .ttta l
( l i e I i a ’r t  It , ‘ a u a l  o I’ a I , ,  - 4 u , i a , I , a  I’ , , -  ii. I , .
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3 March — 5 March
Our track came up the tr ,-aa , - Ia slop e’ to a point just south of Great Nicobar Island ,

(lien to a point just north ,ab the nurt la ti p of Suniatra , entering the North Sumatra Basin.
As we crossed the approximat e a,I’f oii aau r e ex tens ion  of the Great Sa,miatran Fault , we found a
deep narrow graben , par tially filled witi, sediments. At Oll4Z/3 Manch , we stopped and pu t
out the m ult i c h a n ne l  s t r eamer  aga in  for  MCS l ine  3~ and s ta r ted  the run at 0324Z• The
a t tempted  o p e r a t i n g  speed was 7 knots , wi th  re p e t i t i o n  r a te  on the airguns set to 13.0
seconds to ini a tc ia .  D u r i n g  t l a e  run , t h e  i n d i c a t e d  speed on the  Doppler  Log f l uc tua t ed
f r e q u e n t l y ,  going down to as h a .  as 6 kno t s , and up to 8. The brid ge reported the
existence of lines of discoloration in the water (“t ide ri ps , ”) a l though  exact time s were
not logged, The 1 2 — k U z  e ’cho sounder , which was be ing  opera ted  on con t inuous  sweep to see

• the s c a t t e r i n g  layers , had v i s i b l e  sha l low d i s c re te s c a t t e r i n g  layers 40 to 60 fathoms
below the s u r f a c e ;  in p laces (especially between t imes 0330Z and 0900Z) , f luctuations in
dep th  to one or more of these  l aye r s  was v i s i b l e  wi t la  an amp l i t u d e  (peak—to—peak)  of 10 to
15 f a t h o m s , and a w a v e l e n g t l a  of 0 .5 to 0.8 miles  (4 to 7 m i n u t e s  of ship t r ave l )  (Fig.  6 ) .

The multic laannel lii ’, ,- showed d e t ai l e d  s t r u c t u r e  of the  Nor th  Sumatra Basin , a
i nc lud ing  numerous sm a l l  f a u l t s , the  bur ied  Mergue Ridge , and possible diap irs ;
co r r e l a t ab l e  r e f l e c t i o n s  cou ld  he fo l l owed  up the c o n t i n e n t a l  slope , where the line was
concluded at  5° Sh ’N , 97° -’a u ’’ E.

At t h is p o i n t  t l , a ’ n a u a l t h c h a n n e l  s t r ,nana e’r was p u l l e d  in , and a l l  underway equipment
secured except the 1.5 kHz o,- l a a u -u , -u,a i u ?n r and  the  magnetometer , for passage throug h Malacca
S t r a i t .  The m a g ne t o m e t e r  W a - - p u l l a - ub al t 1 3 2 1 7/ 4 , when the wa te r  became too shoal.

Fi g.  6 .  F luc tua t ions  in dept h of  shal low su.n a t t ”r u ’.rs on the ‘I
12 k/Is (WE echosounder record in rho -  ‘;orth S umatra
Basin. Scale lines are at 20 Fm spacing; ship speed
is 7 knots, These fl uctuations were accompanied bW
1 knot ,nsriations itt the speed readings of the
shi ps Doppler log , wi th no change in engine rpm.

a S March — 11 March
A f t e r  we l e f t  Singapore S t r a i t , the 12—kllz echosounder was turned back on , on 100

fathom sweep, for shallow bottom penetration. The 3.5—kHz was put on a 200 fathom sweep,
and adjusted for best definition of shallow layers. Numerous filled stream channels were
found (Fig. 7); in some locations one could identify as many as 3 stages of erosion and
resedimentation within the first 40 fathoms below the sea floor. The magnetometer was
streamed again after we passed Natuna Besar Island and the water deepened slightly.
Airguns were streamed again at the southwest end of Palawan Trough, for the run down into
the trough and along the trough axis, at 2039Z/7. We used an old streamer because
explosives use was planned to supplement airguns on sonobuoy runs. The records were poor;
checking disclosed that the 300 cubic Inch gun had cracked , and that there was a broken
lead in the streamer. While these were being repaired , we crossed over an uncharted ridge,
780 fathoms at shoalest point , crossing the axis of the Palawan Trough , separating a
sedimented area with a depth of about 1400 fathoms to the southwest from an area with a
depth of about 1500 fathoms to the northeast; the shoalest point was at 06°16’N, 113°53’E.
Sonobuoy 51 was launched at 0744Zf8, and the airgun run frost It was first recorded on PSR,
then we changed to shots for sources for station 10—3. Sonobuoys 52 and 53 were launched
at lOO2Z and l003Z; a basemen t hill just penetrating through the sediments was crossed
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.“i g .  7. Shal low so.bk~~ ttor ’a topogr a p haj  on the S unda S h e lf , , ‘,a s l ,  of Na t a,,na I s l and ,
as shown on t a O, . .1.5 k Hs  aschosounder . ‘,‘ot ” repeated c u t tin g  and f i l l i n g
,a~ chann els . Scale l ine  spacin”i is 10 Fm; vertica l lines are at a~~’
proximats’III one mile intervals .

iranedia te ly  a f t e r  l aunch .  Air gun / sh o t  rI m 10—4 was shot from these 2 buoys. Buoy 54
failed. Buoys 55 and 56 were launched at 1237Z and 1240Z , and airgun / sho t  run 10— 5 made
from them , conc lud ing  at 142 1Z wi th  all explosives expended. At 1456Z airgun operations
were secured and we found yet another cracked airgun . Underway 3.5—kllz and l2—kHz
echosounding and magnetometer operations continued until 1600Z (2400 local) 10 March , when
they were secured preparatory to entering Subic Bay .
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Append ix  I—A
Sa’ientific Party Aboard R / V  Thoma s W a s h i n gt o n

- 1 M A R I A N A  Leg, 10 16 Feb. — 11 Mara-h , l97~

NAME lOB TITLE DUT IES

ur (Oe ’ a ; . Si a c a r , h r .  P r o f .  of Mar ine  Geop h ys ics  C hie f  S c ie n t i s t ;
Shoo te r ;  w a t c l a s t a n d e r ;
XBT 5

I . Ly nn  A b b o t t  P r in .  I)evel .  Eng ineer  In charge , sba ip board
co mp u t e r and multi—
channel  se i smic  re—

“ cording system

A rt :i om r Saarkha lte ’r [level. Engineer Shipboard computer &
m u l t i ch a n n e l  s e i smic
r e c o r d i n g  sys tem

Perry Crampton Senior l)evel. Engineer In charge : airgun re—
f l e c t i o n  sy s tem & m u l t i —
channe l  seismic wetware

F r a n k  ( l o i b e - n k . a  P r .  E l e c t r o n i c s  Tech A i r g , t m n  single—channel
r e f l e c t i o n  sys tem & m u l t i —
channel seismic wetware;
echos ounder

Ronald b u r n e r  Marine Tech Resident Marine Tech;
corin g; underway data
h a n d l i n g ;  stowage & r igging;
forms 6 repor ts

M a r t in  Benson Ass t .  Devel. Engineer  Seaf loor  hydrop hone sys tem;
r e f r a c t i o n  cons t ruc t ion
& ma in t enance

Paul O ’ N e i l l  S t a f f  Research Ass-ic.  II Seaf loor  hy drophone system ;
r e f r ac t i on  construct ion
& m a i n t e n a n c e

Randall Jacobson Research Assis tant  Graduate  s tuden t ;  a t t e n u a —  ~
‘ 

-I I tion program; refraction 
‘ 

-

record ing;  underwa y watch— - -

stander; sonobuoy program

Robert Kieckhefer Research Assistant Graduate student; recording/
t e l em e t e r i n g  moored buoys &
sonohuoy pr og ram , shooter,
underway watchs t ande r

Del pha McGowan S t a f f  Research Assoc . II  R e f r a c t i o n  record ing ;
underway wa tchs tander

Elizabeth Shor Senior Writer Volunteer watchstantder;
biolog Ical sampl ing
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A p p e n d i x  I — B
S l a I p ’ s ( ‘ r u - a .  .\ 1 - a a . a  r , i  K / V  Thomas W a s hin 1t on

~ A R I . \ \ ’ , I e a~ 1 1 0 , I~ Feb .—11 Mare-ta , 1979

SAN E JOB TI  TEE a l T  I ES

o u a rt is ,f~’hnSofl 0 a / t a b  Master

Alb ue r t l~e I ,~ F i r s t  Mat e  F i r s t  m a t e ;  04— 08 w a t c h

A l V in  a ; ,.- t t i e r  Secaand E a a t  a- Second m a t e ;  ( ( 0 — 1 ) 4  wa t c

: , a v i 2  K e n d a l l  T h i r d  So a t u - T h i r d  m a t e ;  ( ( 8 — 12  w a t c h

Larki n ()D,It~~v) Gaarn ,’r Boatswain [layman; mainte nance 0

r i g g i n g

Lamber t (Bambu) Halsema All Seaman Seaman 0—4 watch

Samuel Devlin AR Seaman Seaman , 04—0 8 wa tch 
I -

~

Theodore Fa lagan  AR Seaman Seaman , 08—12 watch

J u l i o  C a t u di o  Cook Cook

A l e j a n d r o  ~‘elasc ,~ Cook Cook

Donald Lin gle Radio  O f f icer  Rad io  opera tor

Crai g thodge r t  C h ie l  Eng ineer  Ch ie f  eng ineer ;  in charge

Anastacio (Tony) Dy F I r s t  Eng ineer  F i r s t  engineer ;  04—08 w a t c h
& aux. maintenance

Michae l  D o r t h al i n a  Thi rd  Eng ineer Ac t ing second eng inee r ;
0— 4 w a t c h  & oi l  k ing

Bryan Dunlop Oi le r  A c t i n g  t h i r d  eng ineer ;
8— 1 2  wa tch

Rober t Shahi Oiler IIil er , 0—4 watch

Ronald E l l i s  Oi le r  O I le r , 4—8 wa tch

Terry  Hoopes 0—in—C , f l o a t .  i n s t .  p l at f .  A c t i n g  o i l e r , 8—1 2 wa tch  ‘a

Walter Hallfar th Ships Electrician Electrician , 4—8 watch
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Appendix II

MPL Seismic Refraction Recording/Telemeteririg Moored Buoys
The SRRT buoys were b u i l t  to provide a simple , easily deployed and relatively

inexpensive moored buoy for single—ship seismic refraction work, and replaced the
relatively awkward “balloon telemetry” system used earlier. A good quiet hydrophone
provides much better signal/noise ratio than standare~ sonobuoys. Mooring reduces
ambiguities in data interpretation In areas of rough topography or rapidly changing
s t r u c t u r e. Telemetry in the 80 MHz band provides real—time data to permit adjustments of
shot s ize over the l eng th  of most seismic r e f r a c t i o n  runs , and internal  tape recording
provides a backup in cases where radio range is inadequate or radio interference wipes out
te lemetry .

The major components are: an expendable anchor weight, a light—weight (and cheap)
expendable mooring line , a surface instrument case / f loa t , a hydrophone on a decoupled
suspension, a hydroph one su r f ace  buoy,  crys tal clock, audio amp lifier , slow—speed cassette
tape deck , radio transmitter , marker flag, and two flashing lights (one on the hydrophone
f loa t , one on the instrument float).

The anchor weight  is normally SO to 100 pounds of scrap anchor chain , to which the
mooring line is t ied .

The mooring line is 1/4—inch hollow—core braided polypropylene line. It comes in
1000—foot reels , and is end—spliced quickly while the anchor is falling (units are always
set “anchor f i r s t ” ) .  Moorings are abandoned. In deep water , the leng th  of the mooring
line is usually 101 more than the depth of water , unless the mooring slacks before that
much is paid out.

The instrument  case , i t se l f  posi t ively buoyant  (unless f looded) ,  is a 4—foo t
section of 8—inch PVC sewer pipe , with one pipe collar glued on the outside, and another
slip—on collar clamped on with set screws , a flat PVC bottom glued and screwed to the
bottom, and a top plate sealed with an 0—ring and trunk latches. It is fastened through
the center of a square foam float which has plywood top and bottom boards. There are four
penetrations at the top of the instrument case: a plug for the hydrophone , a ground
terminal for a seawater ground , an antenna socket, and a shor t ing plug to turn on
transmitter power . On older versions , the transmi tter case i tself protrudes through the
top, r a the r  than an antenna plug .

The hydrophone is a Brush Electronics A—58C unit (made in the l950s), on a
decoupled suspension of the type developed by Raiti . It is on a 50—foot leader n e u t r a l l y
balanced with alternating floats and weights , and a 100—foot drop cable , from a “string of
beads” float that acts as a f1e~cible spare buoy; a 100-foot surface cable leads to the
instrument buoy. A recovery line (a section of 3/8—inch hollow—core polypropylene) is
taped lightly to the surface cable.

The in terna l time base is a crys tal clock, which is set to WWV before launching,
and produces a 100 Hz time code that gives hours , minutes, and seconds in “reverse BCD”
once per second.

There is an impedance—matching preamplifier  in the hydrop hone case , powered from
the instrumant buoy , and another filter/amplifier in the buoy, which amplifies the signal
for the recorder.

The radio t r ansmi t t e r  is the transmitter section from a Select International 80 MHz
sonobuoy. The recorder is a Katsuj ima 4—track  slow—speed Al-I cassette recorder, of the type
used in the ocean bottom seismographs designed by Asada. It records at 0.8 sal/sec (slowed
down by a factor of 60 from normal speed of 1 7/8 ips). The 4 tracks have on them a
low—frequency high—gain signal, a low—frequency low-gain signal, a high—frequency rectified
signal, and the BCII time code: the time code is modulated on the 100 Hz carrier.

The instrument is powered by three battery systems: a set of dry cells for the
clock, another set of dry cells for the recorder and amplifier , and either rechargeable
gel—cells or disposable lithium cells for the transmitter and hydrophone preamp . This
combination caused problems on the present cruise, since excessive current drain by the
transmitter could drop the voltage to the hydrophone preamplifier and eliminate the seismic
signal even when there was still adequate RF output from the radio; in the future the power
sources will be separated.

Playb1”~k of the signals was formerly done by playing back at normal speed (60 times
recording Speed) on a TEAC four—track tape deck, re—recording on a PT FM tape recorder, and
then playing back the P1 tape at lower speed , approximately 4 times recording speed. In
the future we plan to transcribe tapes by playing them into a P13P8 digitization system at
high speed, with the digitization controlled by the (speeded up) 100 Hz timing signal.

These buoys were originally built by Bruce Rosendahi and Paul O’Neill, supported by
an NSF grant for refraction studies of the Canton Trough. They have since been modified
and operated by Bob Kieckhefer, who has completely redesigned the instrument package (with
Dale Bibee) and written the sof tware for digitization.
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e a r l _ O i l ) t i n  ; i t  i s  tto , -r t o u t ’  u l i u o u ’ -.a a ’ V I - - a i a t — t r i a t ( O a - r u u (  u l t o i g ,  r a t h e r t h a a t

iat a ,- — wj t r o l a a w  r u - u i  ( ( b  - oa t o u r  a * 5 0 0  I t  l u a u  a i l s  1 0 11  La l i v  sa,’I 1.- u - r u -  I ( o a t  t a o -  u i !  t a j ’-u ’ a j a r es sa ir e ’
o a i p a a , a l r a t  u t  th ,at i l i - a p i .  i o o 1 0 0 u ’ll t o u r Sc baa - i t  v and (u , .  a - , ( a c r t  a l i t a a i a u  a l u o a i ’ u (bo a ’ seafloor , in
u u rob ,.r ’ t i ,  a - i - lo b aa o u i — o - o r  T a t r .a ;a pu - (  - — i a  a t ’ a , . a a ,  - - i t t  t hu uatap,- r ;a .ar’ t o af t h e  (al’aa -l a I i aa o a , and
((sat t i - - u i / u ’ u l u - u ’] ~ b a a a  opu.r.1(, o h a i rit tg tha i ’ t o o - t b a a i  ( b o o  s i a ’ n a l  a,’ . a -  . a -  t a o - a ] l v  ;a r r i v i n g ,  in
o’roh, -r l i i  as - o a i o h  ta u u i - a u o a a u a ; ’ h o a i  r i o -a t h a t ’  b a , . ( o , a b i i o — ail t. a ta u d r i v e - h o 0  Ia ia l(a t h u  i O u i i ” i u I .

n e  ro ’~~a a lt ,atat p . o - k a a ’ a - f i t t i n g  t b a u ’s a - ru - . (a a ! ru -001i - i ts is a dip it aa ll v—r e’ cordit ag,

. . a i o a — r . a o a - , - i a i ”  - u . - t in w j t l a  n b a  o - a t , r o a  u~~~~u u r , u u i a l  r i b , w l a i a - b u  r u - u  ‘ r o b ; th a i’ si gn,ii from an
o atitnt— u h j ru - u ’ t Iaur a,a l ~a ru ,saar u o i l / u  ii - - a t  u - of ( a _ u b r u t u i a , u l l u

I op a l St .a g u - - .
Tha i, b a ’ u h r o u / ba au a au 15 a l i - - . a o a r a ’~ a o b r a l i , ’l i ’ ; u i t u  a f  a 0 -r . a b - b ( c  a a a l i t  a,- i t a a  an i n t e r n a l

pre a o r u - -— r u ’ l I u ’t  - ( i t o - a b u t  o t t  I — t ’j l  l u _ a l  a n a l  a c i i i i u o t o - I t l a r u u a a g l a  a s n a i l  o a r i f i u u  toa olin u -s t u - r r i , a h  o i l
r o -a- ., - r v a j r  t b a a  t I - - u  u l o l i u  - t o ~~ I t o ,  0 0 , 0  p r a - s - a a a r i ’  liv a 1 1 . 5  ihle dl u ’ip har ul pltt. l it , ’ lavdrop hone is
m au tato- ol a l t  t ha i’ - a t  a l ’ I ll  b o a i t i  - f - - i o n - a ’. a o -  b ( v a ( r o a j a b i o u i i a - uou a t pa at si gnnls go to a EEl
pro - tr I p ! if i,’r , the  - o a t  o a t  11’ w l a Io - b ot o u u ’’ - ho tb a t o ’ a SOO—l (ta aaa ((~ b a n ol pa s s  ( i i  ( u t  and t o ’  an
.an ti— ,al i ,ia-u I i l t u  r .  00 h . .a i i I~u ,a , - ;- _ f i l t , - r  1 S  i I l u 1 tu ’ i- b o a r -  the-i t only a., at o-r—waveo sig na l s
capeo r o a t e - t I a~’~~- ‘u u ! i t  a bo t o - to u r - - I i  au to ; l’h~’ 0111 p oll  o( ~ t ie-- b aa l aa l l u .a aa u. I I t , -r  g o at -- ’ to  an ana log
i- v en t — O c t  ‘ u  t o a r , who i~~- ( a  o ’ u l a r a l u . a  n o - -. t h a t ’ sh e-art —l ~‘ rm (0 .1 ‘-au - a - a  oi ~b )  . a ’ ’ o - a . a a ’ u . - t o  th a i -  l o n g — t e r m  (10
oao ’ o ’ o~t i a l )  ( v u - r e - I a  , , a it 2 ‘,o f l a I . - ‘ o a t  0 sp Ike’ t o o  tb ,  c I o i u k a ’ ( f l a i l  a u l a ,  i i  t b0 s h a r t  — t e r m  average is
10 08 ahu ,v , ,- t h a i ’ I o u b i a ’, — t a non .

Tlae a l i t  i — a l  i. o ’ - ia a 1 ’ , I i  l a o -i ( : 0  . 0  p l u i : o — i ii a , n i t ,  w h a i o ’ ba mus t  ( a , ’ - ( o a ia o ’ ,, - uI f o r  , a t av  c}aange in
the  di g i t  L i t  i i i  t a t , . - , \a ’ , a i  h a l - h o ’  b i l t u r s  , i l u  ‘ u ) , 0O • SO a nal 20( 1 ( t a , ( 0 - a r u s a ’  w i t l a  50 , 100 ,
21(a), and 500 II . ’ a ( I ( ’ , b (  i o u  j i b

Thai- oa f gr t : t  I (r em t h a i ’  a~~t i — i l I a s  i i i ’ I i i  t u - r s  g a o -s  to  l i e ’ p a  I a—ranging amp lifiers.
Five non— i a t v e - r t  l i i i -. o r g  I i t  io-r s  • 

, - . a - - h v i  ( I i  a V u ’  I t  - a g o ’ g a i n  o a f  u g i v o - a poa s I a l e  t a a aximum gain
of 1024 (~~h u o a a a t  liii a b I i  I ( a , ’ ( i r a ’ t hi- io i gtaua  1 i i~ d L~ ’, t i.: u ’ oL Wh o - i a  - a ab’ i ~ i i ’ i s  l u  ( a , ’  t ak en , the
u n a m p l i f f o - ol s f g n . o I  (a. o ’ou mp ; a r u ’d v i  t l a a r c ’ t ’ o r u - a t c , ’ S o i l t ago ’ I h a t  i~- 1 / 4  oh’ the’ f u l l — s c a l a ,’
voltage of t I t c u a a a a l o ag _ t o a _ i h ( a o ( t . i I  a o a o i v , ’r t o n s  . A vers st r o n g  sign al w i l l  exceed the
ri- f , - ru -no - ,.- v o l t  ago ’ , t o o l  h, - oh ( p i t  i u ’ (  u aa i  i - a  - I f  t h a i ’ signal is sm oal I c r  t loan t ha i -  r e f e r e n ce
voltage , the  o u t p a a t  a (  t he f i r s t  amp !  ( ( ( o r  w i l l  hu e - compared w i t h  the - -  r , - f , ’ro ’no ’e’. This
c o n t i n ue s  u n t  i i  one- of  tb ,  asp] i f  h r  o i a t p a a t  s is  foa,nol t la :a t u s  a ’ , ’ ,- u ls  t he  ri - f e -r ence- level , or
until that ’ output of tha i- l i s t  aspi ((I u-r is ru ’ . au ) a a u (  . TIn s gait i—r ang laig schema,- adds 60 dB to
the dynamic  r i l i g o ’ of t h a i ’ i ia ; r a o r a o ’ a i  t - On Mar i nca i a )  t l a o ’  svsteott t  norma l lv  i-api- r a t e d  a t  f u l l
gain he tWa’ u~n s h o u t  a , l u ( t  1 , 0  ~~~ I I  too l se sign at I p rta sent

D i g i t a l  ( ‘ i r o ’a a i i rv
The SEl l d ig it a l o’j r a a o a t r v  c a u a r s i s t s  of  t h e  t r l  ( c e n t r a l p r o c e s s I n g  u n i t ) ,  the

memory , and 1/0 ( i n put /outpait ) ohi ’v i o 0 ’s I f s  t ed he low:

ADC (analog—to—di gi ta l  conver ter )  lEn T
CLOCK tN b ’ t ’ T

TAP E DECK lNtO ’r + OUTPUT
RS232 CO?~-fUN ICA T I0 NS INTERFACE INP U T + OUTPUT
POWER REGULATORS 0i ’ Tpl b l
DATA BUS BUFFERS OUTPUT

All c i r c u i t s  except  thaose asseaslat,- oI with thu - tape - deck are h u i l t  w i t h a  COSMOS i n t eg ra t ed
circuits for low power consump t ion.

The CPU is b u i l t around  the RC01 (a ) S~liL 1802 511 o -ropruact-ssor ,-ind lao pa tt erned a f t e r
the CPU c i r c u i t  of t h a i ’ RCA ( ‘a ) SM ,-\ (’ EVALUATION K I T .  T h e  ( ‘OSMAC 1802 is an 8—hi t  device,
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,Iu, -rat ion’, on one (1—h it I- ’; to . 01 I Ii t I o i m a l t  ion o at  a t ime . A crystal oscillator clocks the
nai cr oi p roao - u ’oc-~or t h r o a u g h i t s  s t , a l o a s int O p r i a v i d e u s  t i m i n g  s igna l s  fo r  t h e -  a - l r i c k  and ADC . 1024
b a t e - s of RUM (r i - i d — o n l y  o o . o - l - . a ’ r - .’) on t h e’ CII ’ board ar ,- uao c- d for program storage. Thea
- l u i t d t~~tk 1 f l g  u rau gr . an. Ol a ul .1 it t i i i  t Y  b a r u u I ’ , r . a l f l  r u - a - i d e -  ba e r a - . A ‘ ( 2 — b y t e  RAM (random access
nat-mo r’. a s t o r e - a - alo pl -“~‘bla o - Ia  t p a  r ;aob u a- t e’r s . a l a , I  eVe-n t  in formoa t iou ( t i m e  of event , event number ,
e’t a - . a . Au 8 — h i t  d a t a  baa ’ -, c a a r r  it-s ilal a ir b o a ,O t ion h u - t w e e n  the  CPU , memory , ADC , c lock and ta ap e-

‘ ,b , - 0 - k .

Me’moorv- 
Iloc a l , i t, a ‘0,-riot na- u i  t ( o a ’ S~ ’hi i s  H I  ‘LI b r v t o ’S of Co SMO S RAN on a s ing le  board.  There is  a

sp ace- in thi- - a u - a  t a - t a  t’a u r  t i - r i -u’ ma: t o ’ (LtoE laua .ara l ou , wh ich could be instal led for longer r u - a  o rd
li- I n g t f a s , m u l t  i — b i ’ u ( r o p b ao t t e  n i ’ u u u  r u (  b i b ; ’ , , air maintaining long record le-np th s with faster
- l i g i t i z i n g  r a t e - s .

a : l o i -k 
- -T h e  c io cac c n r i , u a , t  is d r i v e n  b a a t h e  CPU os illator. I t  keeps  t r a c k  of seconds and

mi l l i s e c o n ds  in r e - 0 ’ , I - a r oars t b a a a t  can be- m o - a l  by the - I ’l ’ b ’ . Every m i n u t e  t he  r e g i s t e r s  reset  to
:e’reu m ob s ignal  the  CPI’ t ( o , a t  a m i n a i t - has eloaps ed . The CPU then keeps t r a c k  of m i n u t e s  and
h ours  when art  a p p r o p r i a t e  p r o g r am  is r o a n n i n g .  A s w i t ch— s e l e c t a b l e  samp l i n g  f r e q u e n c y  of 50

a , ’ , 100 h i , 20( ( II,’., or 501) Hi is g e-n e- ra t e- d by t he  c lock  and sent  to the ADC to i n i t i a t e  the
, ‘ , a i l l — r a t t g i n g  ari d d i g i t a l  co nw °r c f on  sequences .  The clock l a tches  t he
s, ’ o o a n d s— t o — m i l l i s e c o n d s  cooa t l t, wha,- n ( b i t -  event  d e t co -t or  o u t p u t  goes “ t rue ” and s igna ls  the ‘ -
cpu that an eveOt has o c c u r r e d .

‘Ihie ADC converts tb a u - o u t p a i t  of t h o  gain r a n g i n g  a m p l i f i e r  to a 12—bit  number .  A
i—hit noumber spe-~ f l y i n g  w h i c h  s t a g e  of the gain—range amp l i f ier is bein g di gi t ized is
ta~ck~ d ott to ti ae se-  1 2 — h i t s , T h e  CPU rent als 2 b y t e s  f rom the ADC fo r  every sample and stores
titer; in  2 memory  l o c a t ion s .  la- n - - u - tlo ~- 819,1 byte- memory board holds 4096 da ta  samples. The
12—hit ccinve’rr,i’r and , o i r a  “ a i t c i n g  amp lifier gives the SFH a dynamic range of 132 dB. The
to t o l rei -o rd s t o r a g e  is 52 , 41 , 2 ( 1 . ‘a , or ~~2 seconds depending on the d i g i t i z a t i o n  r a t e .

Tapc- Deck
The dig i t i z e d  da t a  is record ,-a l or, a TANDBERG Tl)C—3000 digital tape deck. This is a

— t r a c k , 30 ips , 1600 bpi , phase encoded deck record ing  on SCOTCH DC—300A tape cartridges.
It  was ch osen fo r  i ts  high data  d e n s i ty  and p hy s i c a l  s ize , which would f i t  (ba re ly )  in to  a
6—1/2 inch cyl inder.

Read/write , control anti servo electronics are all on printed circuit boards
supplied by IANDBERC . These circuits make extensive use of TTL in tegra ted  c i r c u i t s  and
hence are intrinsically power—hnungrv compared with the COSMOS circuitry used elsewhere in
the SFH. The T.\NDBER C f o r m a t t e r  and i n t e r f a c e  p r i n t e d  c i r c u i t  boards would not f i t  in a
6— 1/2 inch  cy l i n d e r .  These TANDB E R C c i r c u i t s  were copied  on wi re wrap boards by tfl’L;
again using TTL ic ’s to avoid a lengthy redesign in COSMOS . Power is supp l ied to the deck ,
deck e l e c t r o n i c s  and f o r m, a t te r  o n l y  when i t  is be ing  used.

The CPU cannot  supp ly  d a t a  to t he  tape deck f a s t  enough at  30 ips , so the deck was
slowed to 15 ips .  At t h i s  speed it  take ’ s 4 seconds to record the 8192 by tes stored in the
d a t a  memo ry and the  32 b y t e s  of  l o p  in f o r m a t i o n  on the (‘PU hoard . One tape wi l l  hold 260
of these records .

Tape Deck Power
The TANDBERG electronics required + IOV and +20V . A regula tor  which can be turned

a on and o f f  by the  CPU s u p p l i e s  these  v o l t a g e s .

Data Bus B u f f e r s  -‘

The COSMO S c i r c u i t ry  of t h e  SF11 has v i r t u a l l y  zero power drain when it is in a
s ta t i c  (DC) s t a t e .  AC power d r a i n  resul t ing  from stray capacitances being charged and
discharged w h i l e  the circuits are switching states is the major power drain.

The 8—bi t  data bus and most timing signals are driven by buffers that can be turned —~
on and o f f  by the  CPI’ . They are a r r a n g e d  such t h a t  when o f f  only the CPU and clock are
ac t ive , with the memory and all other I/O devices in a Static state. The SF11 is launched
in this “NOT ACTIVE” mode and r e t u r n s  to i t  a f t e r  shoot ing  ends to conserve power. Between
pre—programmed turn—on and turn—off times the buffers are turned on and the instrument is
“ACTIVE ” .

RS232 Communications Interface 4
The bit—serial communications interface enables the CPU to communicate with data

terminal equipment in the “outside world” . The RS—232 Interface, in conjunction with the
utility program stored on the CPU board , enable the user to deposit numbers in the SFH’s
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‘au - r io - m v , lii o ’~- a ’  a~~o e- 1 1 0 0  c a a a a t e a a t  :. o a l  t hai - b oo b b i o o n v , aua a oi t o t  1 o a r t  u S a  o at h o o t ,  - i t  ,a ]a r o gr o im n o - - , I d i i a ~
i l l  aa , s o u r ’ ,- -

, u W o  I Saqap l v  
- i -a  s tu ~o 1t l  a l  b o o ’ e’ i a ’ , b a t / . ‘a a b ’ - ( ’ J a u a b , b u  ‘ : u r  ‘ a a 1 ’ 1 , ’ l b  a - l I ,  ( ‘ it ti - I  L i - . - v i r a l - a s  a

° -
- - u s t i p ] O I V  . . \ o ’.’ r u - . . , a l - a t u a r  and ,a ‘F I ‘a ’ t’ o ’ a ’ o a . a t a ’ r 0 1 0 - 0 0  I t  o ’ ( t a a t  i a i a i a ’aoua ~l~’ a t o ( a 1 a l \ - i I O )  a l , ’

a l ’ , ”t t 5  f~~,’ i  a l  c it - : o i t r - .- an d  ,aac ,  I a ~ ’ to i meta l t n-a ’, r u t - - u  I l ’, ’a ’ I a’ - 11 aa ’ u i I / OFI” no - a -, a o l a t a u r
niba,- l u i - u ’ ,’ a a i W u  n-a i a ’ I us’ oh -a ’ k .  T h I n s — a - i n  l ao ’ ai r ’ ob o’plu u ’,’r au i- aIIa ar t ’  a a a ’ - ’~ o h l o ’  w i t h  t h a i s  

k - l’ ’-,o , ‘ I l i t  ha u nt o ’ ,’ I l s  l a _ a s  h a t - i - a t  t a’ i e ’ih , , a l a o h  o ’aan ‘-i t ho , faa , ra- .a so ’ - la-p b ,a vn t ta .’nt  ( i lia c ’

au to - a ’ .- l i i  n o ”,, a ut  v Igi l , or l u - h i ,  lt also ( i a - n o - a - a - s t h ai - o a a s l  pu -r di-p lo-a~~a ’na t .

O . a m u lv . a n -
-n- s s a o r a  0 , 1  C is a a, : a — i n a ’l a ,oI ’a: o;inuirt t oOt,’ ut ‘-—I/- i o ra l, f a t - h u l a ’ a b l , a i ’ a a ’ t a n  ~ at a1 3/4

i ’ 0 ~ ’ b a  -- - a  I I t b o ( t ’ k b l u ’ ’- ’a . ~~ I a S :  p r e o ~a a o n o u  - a g  Ii. o- , a - , I t t g h a  I ,-,l —t Iara i - ‘n nnto tt ttt hug t lao ’
I; : ; ~ ‘~~u - l o u - a a l i b i  u a a ’’ a a n o -  ~‘ - a l a  b a ; i ’ - u  a smaa 11 ( i r a ’ ’  uar lu~,I t ,‘ob lot it - sb t i  0 1 1 1 1 0 0 ’ ,  t h u

ian ~~- — r , - 1 i - ,a so ’ , I o - o ’ I r a - i ,  0~ b’
l ao t i t o t u  mu - lu - a ’ ,, i - a  thai br aan ::— t.’ir, ’ sa - -at a-s oh -v. - l oopa - a l h i ’’ hl au,- geno,ati aan d I’av l  j o - c-k ate-I

0 ‘ o , I  a : , t  u i - - l u , ’ , l v  lay I-i’l l b en t t a b ,  ,ii u b :i, r du ’p l otvmu rn t -a . I t  h o-i 1 , 1  a l l ’ -’ ln ale-pe’noh’ant oaf that’ 5]0((,

I t i m e ’ i t  a l n a ’p’ - t h u  ‘
a 

~ o f  l o l a ’ (a na u ( i  a- I a - I l , -  1 liii ’ tlaaa t te - t ho, ’rs th at’ SF1) to i t s  oan cha or
(I 11’ lit m l’ -ac rap i r O O t  I -

I b o u t  a t  f a i l  , a t t d  no ’ u ea’ u n’. d ab s la os’,- baa - i-ti h o a r a a a w a ’ a h f r om t Ire Dat - i  t l o l l o - c t i o n  ,and
a ° n a ’ , o : , - . i o u ’ a , l ’ u uoja - t o , I o : . j nd I r a - t b a o  s t a a i n o b _ i r o h  r e -cove-r v  55- stem of  ( l i i ’ I)CPl e-aurre °nt m u - t e - r s
w i t l  t ii’ adthi t l a o ,  a a f  i - S t  n , a  ((‘-t , a t i - a b a  t o  no u ’ u a r a ao u l . t t  o - ( h a , ’  la e-avi , - r i n s t  r t a m en t  package.  Tha i-

,a t ’ t h is say t .-m i a le -ng t ha of toylori lint ’. A
:oo,a~,t, ’

~ l o p :  n ,o , l i o ’’l ’l ,a. -a lu , ’r /fl ot a t i , a ai .a ’ -- ’ - e mh l v  is ‘,,‘u ’O o no- uI 10 1  t ht , ’ t op  o f ( l o t -  l j t t o - , C lass
o u t  -; a o f t  j o  i - at t  : i a l a ’ ’ .’ a b i ,  y  a n , ’ a t  I , aa l a i ’ d  t o )  ( l i e ’ m i d p o i n t .  T h r o ’ SF11 is interfaced to t h is

‘-a’~~t a -ta b v a o~ ri-b y b’e’ndiiig ( b o o ’ l a n t t i o m  o a t  t h a i ’ l i i , , - t o ’ th e  h a i l  a u n  tla t’ top oaf the SEll . ‘

el ( a c  n - a t  ion
I’Iae SEll is p r i ’ — p r o ~gr atnrrte -ob f u n  - t al e~a b o t a ’ m u ’ t t t  i _ i di a ‘FE KT RP ,N I X  !0 O h l  (IRAJ’IIIl’S TF:RNIN0\L.

TIt i s t , - rr-,i l .a 1 (l . a - ol e’ or amta t )  i 0 ’ , a t  i a ~ ,l ’~ 1,11 , -nt - a ~ at i i ’ll wh a i a’h a e’ontie’cts to the SF11 ’ s R S—232
itn t i-n a, ,ao o ’ - ‘ i — l u g  th u o a t  I I  itv nt’oa gr,ari tile ’ ‘‘lao ’,’’ , or ) , 1 — ( ’ v t coo of RAN on t h e  ( ‘P1’ hoard , o n ’
lo’aadeoi wi th a 1 ,uo o lacla pa rame- t o ’ no ; . i h a ’ Se ’ uanc ! aide : t Ii,- co rn- nt t ira,- of d ay , s t a t  ion 11) , SF11 ID ,
l o vd r aap b t o a l a . ’ I I ) , 2 m o o - I  a.’u a a ’ a ’ di ’ l ;av  (st-a ho Io aw ’( ;atld ‘‘ A o l  l y E ’’ anoh ‘‘ N o b ’  ACT 1\ ’E ’’ t imes ( t u r n — o n
an d t i a r n n — o i  I t i rn0 - - -~ - ‘he’ l i t  II itv p r i o r i -  is t h i -t n aiseol I ,“ in itiate- e-xe- cootiean out th~
aia t i’ —ta k iotg pro gram , I),\Ta\ I - II I - I Ia ; d I S a  O ” l t i l m ,  I ‘‘oh - I baa’ SF11 j o  sa ,’a le’d in its pressure-
i’ Zl oO i ’ . a ta f te - r se ’ e’a o n i t a a ’, , a l ra ’ b o a a r  I l l , ,  and na -a - u ’ ’ , t ’  I I b l u  I t  I ‘ - r, -a aol v I ,~ l a a t t n c b n .

DA’I’A 1 m i t  h a i l lv  doe ’s t t a ’ t  ( i t i : ’ ,  1 , 1 1  k u - o ’ b ’  t r a i l-, o af Ill, ’ t i rate ~f ohaa v and compare’ it with

‘ ac (aim —on ( i S le’ . i’ai r n—on  t ime’ h i-u ( : o a a s e ’n  soucbn  I o t t  t i,- 5 ( ’ ( )  w i l l  h ave’ reached t ha ,- ho t  torn ,
to avo n Id f a l s e  t r i gge’r s I nor ; tnt ” I — u ’ d o o r !  b l O t  o f  c - -n - i - I t  . Wbae -i a ( ( ann—oat  time is reached (lie
d a t a — b i a s  ha i l  ( i -ms  are t u r n e d  -or , ac t  ( v . a  a in g  the SI-’ll , and DATA I it t-g i n s  d i g i t  I r i n g  the
(uv drop bi a -rne  s i gnal  and w a i t  ing f o r  an e”oa e t a t  . balaa ’ I l  t h e  direct—waiv e from a shot t r i g g e ’r s the-
e v c n t — d e ’ t o -e - t a r r ,  t h e  c l o c k  laa t cl,m ’s t bae c o ur n , ’nt i-oo- o’oa’ads and ~ i 1 li s e c ~ nohs and s ignal s  the CPU.
The CPU ne- ,aols t i l e  ,secoanahs a t e -h  m i l l  iseo’otids and oo t o r eo o  t l a m- m an lo n g  w i t h  it s  count  of h ours
and m i n u t e s  in t h o u ’  log.  Event  i- , Tapo - F I b -  oi and Tape T r a c k  (u are a l so  ad d ed to the  log.
bli p i (  j z t n g  c o n t  I t n o i e s  a f t e r  ( l i i ’ t nigge-r f o r  a t irate -api - a’I f i e e h  baa- t I n e  “d i r e c t — w a v e  de lay ” , a
When t h a t ’  direct—wave- do - l a y  ba, ’aao o - l apse d  d I g i t i z i n g  stops , t he  t ape  deck is toarne’d on and tine
log and d at , a  meaalorv an ,- dumped to tap i ’ . D u r i n g  t a p e - dumping  an e r ro r  r o u t i n e  m o n i t o r s  t ape
o p e r a t ion .  I f  t h e  r -a d— ,-i f t e ° r — w r i t e - c i r c u i t  d o t e - e m s  an error t h e  record is  repea ted .  I f
( It , ’ end o a t ’ that ’ tape is ro tc  (, ~‘~l , t hou - t ape ’ is rewo-, o in eh and record I np Is a ’on t I anue d on the next
track. Wbai ~tn all data u are - ru -c o i r a h a - a l  (hoe t api - deck ia-u toarn ed  o f f ,  di g i t i z I n g  resumes and the
CPU wai ts for thlc ° clock to signal anothit,-r  event .

It, should be not a,- d t h a t  (hoe n a p e  deck  is never  on w h i l e  d a t a  is being digi tized .
Thi s avoids the ~oaisaao n p r o b l e m  in r e c o r d i n g  I n s t r i a m e a n t s  oI l  ; a c o l o s t i c  and elec t r ical  no ise
from t he  t ,ap t ° r i ’ i’oar de ’r sho owing up In  t I n e  d a t a .  However because- oo f  thi s record length is
s t r ic t l y l i m i t e d  bu y memory s ize ’ . Other  s i m i l a r  i n st r u m e n t s  h ave t i se o l  memory o n l y  for
pre—trigger dat,a and t b,t -ta record post— tr lgge- r data ian r e a l — t i m e  on t h e  tape deck,  Ian t he
SF11 all data is f i r s t  s to red  in memory , t ha i -n recorde ’d . This  scheme and tine “direct—wave
delay” provides g r o r o a t  f l e x i b i l i ty .  The’ w a t e’r wave t h n a t  t r i g g e r e d  the SF11 can he a t  the
beginning of the ro-o ’, n r o h , at the  end of t h a i - n, - o’a n r o l , or ;anvwlovr e In he’tw eea at .

When t u r n — o f f  t ime  is r ,- o u c b I , -ah th e dat,a—bia s huffers ar ,’ t i t r a t e d  c a l f  o~ n d DATA 1 ito
longer  looks f o r  o’vi ° a a t  s . I t  - m I t  i r a a a , -au i t s  t ime of  oh,iv a- oaan t  o n ly .  When ret -ave-red the  SFH 1 -

is reconn i-eteol  to t h e  4051 t t - r m i n a l  * 
, ‘xi ’ o’ t I t  fan  cal DATA I iou ao t onpp i ’oi .ind t hat ’ Ut  i ll  tv program

is r u n .  The log and In t e r n a l  CNI registers ire - examined. An inspec tion of these numbers
gives a good indicat ion of tine sala’c,’ss of (hit’ deployment ,‘and I f  t h e r e  wias a failure can
poin t  t o  t h a i ’ ca use .
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1-
u e i l t W . a r i

( ‘ o ar t r uj o n  pn o g n a t ro s e x i s t  fai n t h e  SFH ’ s.

L (‘toe u t i l i t y  n , u a o n . a r : :  and t b . -  DATA 1 h a v e ’ been d e s c r i b e d .
li t is lE b .  a q — o l -  b a l a  t a  p I , a ’ ,’ l a , a o  Ia p r o g r a m  w h a i c b a  reads the SF11 tape data on (hi ’  SF11

~~~~~~ 
2.-oa k ia _ l a k in to  t b , -  SF11 ; r s - i - a , a r v  what-re  i t  s t a r t e d  f rom.  It then truncates (lie samp les ,

• .a r a d  d raws  an , a , a , a  1oi ~ r m - c o i n u h u , f  t (a,- In,’tnaanv c o n t en t s  on t he  4051 GRAPHICS TERMINAL. Hence ,
tlio S E t h  cab f O l i o  t i o a i  as it s  own p l i v b a a c k  sys tem . Records  drawn by QLOOK have very l i m i t e d  a
at v,i ,a o - oo c m a  0 :1 0  ,and e , a t u o o u t  be u s o - u h  L u :  ra - d t a o ’ e’ the d a t a .  They do give a qu ick  p i c t u r e  of the
‘ ( : 0 0 1  i t s ’  ,u aad c h a r - a ,  ( e r  of t h o u - h a l o .

. X( ’II I I IEI  sfnaIl,a r flv r, ,o als SF11 d a t a  bo,ai -Ia i n t o  SFH memory. It then sends the
an al  t o  r , - , l s;antples out the’ R52 32 i i o i , ’ n f a i o - e- , The Shipboard Computer Group of SlO has

a :l a ,’oi saa f twa ri- f o r  l i i i  r s e - a — g o i n g  IBM 180(1 compute rs  t h a t  receives th i s  data over the
l s i b b ( ’ s RS 2 1 , ’ l t t t m - n i ’, a c e  a nal g i ’n e r a t m -s 9 — t r a c k  m a g n e t i c  tapes .  These tapes are in the same

‘ r i - o a t  as tbao r s, ’ a t - a l a  n - a l a - oh ha- (b e PDPM/E computer commonly used at t’WL to digitize se i smic
n~- I r a -  t io tn  and  na-fl o’ a t l o a n S t o at l ul lS . O t h e r  1800 s o f t w a r e  exists  for  p l o t t i n g  record
5o ’ c t  h o r ns fm,aa’i tbae-e -- tapes .

I n,- ,Iits IW i l l i a m  W(ol t ar u ’v did t b t e  bas ic  desi gn of the  SF11 system. Paul O ’Ne i l l  carried Out
- l , - t a i l e ’ ol a t a - i p i t , - - - a n s i  mata ’tloans , and much of the software development. Randall Jacobson

‘.om ; ’t e t b a e  DAT,\ I i-ou t t so , i m , - . Development  of tlo e syt em was soapported by a cont rac t  from
N a ( k i i ,’a .
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