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The U nited  States nuclear subm arine Thresher,  SSN 593, w as last 
heard from  in  the course o f test dive at about 0915 in  the m orning on  
10 April 1963. D uring the tw o w eeks fo llow in g the loss o f Thresher,  m ore 
than 23 ships m ade various, and often  som ew hat unrelatable, observations 
in  the area. B y 24 April, the U. S. Navy O ceanographic Office Thresher  
A nalyses Group w as established  at W oods Hole, M assachusetts, and careful 
analyses of all inform ation  relating to the last know n position  o f Thresher  
w as made. It w as decided that the search should  be centered at a position  
41°45 'N  and 6 5 °0 0 'W . Four sh ips w ere assigned  to m ake a h igh  precision  
system atic echo sounding survey of a ten m ile square area centered on th is 
position . The vesse ls em ployed  were USNS Mission Capistrano,  an ex-T-2 
tanker, USS A llegheny,  a sm all seagoing tug, USS R ockville ,  a converted  
patrol craft, and USS P revail,  a converted m inesw eeper. A ll sh ip s w ere  
equipped w ith  Edo A N/UQ N1 or T.H. Gift & A ssociates, Inc., echo sounders, 
and at least tw o PD R ’s (P recision  Depth Recorders) or PGR’s (Precision  
Graphic Recorders). E lectronic navigation equipm ent for th e  survey w as 
provided each ship for reception of the best available navigation  system s, 
Loran C and Decca. F igure 1 show s the approxim ate relationsh ip  of the
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F ig . 1. —• T h e  r e la t iv e  a n g le s  o f  in te r s e c t io n  of th e  a v a i la b le  
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four available navigation lines in the area. SO-Y and Decca Green were 
preferred for quality of reception and angle of intersection. P lotting w as  
done sim ultaneously  w ith  ship operations on a scale of 3" to the m ile. The 
survey was conducted principally  betw een 5 and 16 May, 1963. Figure 2 
show s the locations o f the survey lines that were obtained. The m ajority  
of the line spacing is about 250 yards. This is doubtless one o f the m ost 
precise and detailed bottom  surveys of the sea floor beyond the continental 
sh elf that has becom e available. In that the im m ediate objective of the

F ig . 2. —  T ra c k s  o f  th e  su rv e y  lin e s .
T h e  h e a v y  b o u n d a r y  l in e s  a re  10 m ile s  lo n g .

effort w as to find the hull o f Thresher,  the records obtained w ere first 
exam ined prim arily for sm all features of roughly appropriate size. D epend­
ing upon the exam iner, a w ide variety of possible points could be selected. 
In fact, at one tim e, several hundreds of points were regarded as possible. 
In order to establish  one form  of priority, early efforts were directed towards 
understanding the general geography, to establish, if  possible, m any of the



points under consideration  as being more likely  topographic features than  
Thresher.

W hile the principles o f interpreting such sounding profiles of the sea  
floor have long been established  and discussed  ( H o f f m a n , 1957, K r a u s e , 
1962) dealing w ith  such  an  abundance o f rather precisely controlled  data 
has rarely been the problem . In addition, despite the efforts for precision, 
a variety of errors rem ained. Table 1 is an abbreviated list o f som e of the  
errors. The first tw o are com paratively obvious, only the latter tw o w ill 
be d iscussed  briefly.

T he A N /U Q N  echo sounder is a wide beam  device. It has a total beam  
w idth  o f som e 40° (A nonym ous, 1951). As a consequence, the echoes re­
corded m ay be com ing from  a large area o f sea floor. In fact, the circular  
area illum inated  w ith  sound is of the order of 3 /4  the depth of water, in  
diam eter. Considering now  only irregularities in  the vertical plane of the 
sh ip’s track for sim plicity , the echo from a feature ahead o f the ship  
arrives relatively late because of the increased slant range (F igure 3). As

F ig . 3. —  S c h e m a tic  d ia g ra m  sh o w in g  th e  r e la t io n s h ip  o f  th e  s e a f lo o r  p ro f i le  
a n d  th e  r e s u l t in g  e c h o g ra m .

T h e  v e r t ic a l  sc a le  o f  t h e  p ro f i le  is  g r e a t ly  c o m p re sse d .

the ship crosses over the feature a m in im um  depth is recorded, follow ed  
by an apparent increase in  depth. T his apparent decrease then  increase of 
depth describes a hyperbola, or a so-called  side echo. F igure 4 show s 
qualitative com parisons o f sea floor profile, and the resu ltin g  echogram . 
Note particularly the sketch  labeled “ 3 ” in  F igure 4, as th is  is  a  feature  
of som e im portance in  the Thresher  area. In F igure 5, are diagram m atic  
representations of three adjacent echogram s very sim ilar to several from  
the Thresher  area. T he tick  m arks on the upper profile m igh t represent 
the places w here depth readings are m ade at say, 6-m inute intervals.



A reading w ould also be m ade at the deepest place in  the valley  at the left 
as shown by the arrow. O rdinarily, the second or deeper echo w ould  be 
ignored, attributing it to a reflector off to one or the other side of the 
sh ip ’s track as are frequently seen. However, here, having w ell located and  
closely  spaced profiles, m in im um  depths were read on these later arrivals 
and it w as found that they indicated an evenly descending valley floor. 
Rem em bering that the m axim um  depth read on the first arrival, as indicated

F ig. 4. —  Q u a l i ta t iv e  c o m p a r is o n  o f  p ro f i le s  o f s e a f lo o r  p ro f i le  a n d  th e  e ch o g ra m s .

in the upper profile in  F igure 5 by the arrow, is greatly dependent, am ong  
other th ings, on the w idth  of th e  top of the valley; it is  easy  to see how  
a valley m ight easily  be contoured as an irregular area o f basin  depressions 
looking perhaps alm ost like Karst topography. F igures 6 and 7 are 
exam ples o f th is problem . In F igure 6 is shown a sm all region in  the south­
w estern  part o f th e search  area. T hese are very carefully  draw n contours 
based on depths read at the first arrival. It is a peculiar topography and 
difficult to relate to any sed im entological or geological process that m ight 
be expected here. A lso notice the corrugations indicated  near the w estern  
edge of the area. In F igure 7 is show n contours of the sam e area using  
valley  bottom  depths read as ind icated  above, and ignoring the hyperbolic 
side echoes from the valley  edges. T his chart indicates a som ew hat sinuous, 
steep-sided channel, w ith  pronounced levees, that becom es deeper to the 
south and east.
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F ig . 5. —  D ia g ra m m a tic  r e p re s e n ta t io n s  o f  th r e e  a d ja c e n t  e c h o g ra m s .

The w ashboard corrugations on the le ft side of the F igure 6 are absent 
in  Figure 7. T hese corrugations are the consequence o f another error, a 
navigation error. At first glance, these ripples are su sp iciou s in  that they  
are parallel to the sounding lines, and further in that th ey  have a w ave  
length about equal to the line spacing. In  that m ost lin es w ere run in  
alternate d irections, a sim ple tim e delay in  reading depth or position  w ould  
produce such  corrugations. However, in  carefu lly  exam ining the directions 
of the lines, it seem s that the depths are recorded 0.1 to 0.3 m iles too early  
rather than too late. T he cause of these errors is unknow n but m ay be 
related to d ifficu lties in  certain  o f the navigation  equipm ent, particularly  
the Loran C in  that it w as used to obtain cross fixes as the sh ips steam ed  
along D ecca lines. C onfirm ation that the sea floor has no such  corrugations 
is obtained from exam in in g  the cross lines. It w as concluded  that the best 
results can be obtained from  sm ooth contours drawn through the averaged  
locations of the depth o f adjacent lines. A variety o f oth er navigation  
errors, m any m ore subtle and more difficu lt to understand  and resolve, 
occurred and w ere treated sim ilarly to th ose d iscussed, by com parison of 
side echoes or adjacent lines and checking the apparent topography w ith  
the cross lines. A fter all o f th is, the resu ltin g  chart is probably precise to 
no better than  1 /4  m ile and certain local areas are doubtless considerably  
worse. T his is not really very precise, being at least 2 or 3 orders o f m ag­
nitude w orse than a routine air photo su rvey  on land.

The region o f T h resh er’s  loss is on th e continental slope and con ti­
nental rise at depths betw een  1 100 and 1 400 fathom s. In fact, the area



Fio. 6. — Contours based on first arrival sounding echoes and without any
navigation corrections.

F i g . 7. — Same area as Fig. 6, contoured using corrected navigation 
and interpreted depths.



straddles the boundary betw een continental slope and continental rise, 
defined by H e e z e n  et al. (1959, p. 19 et seq.) as a slope o f 1 in  40 (25 parts 
per thousand  or about 25 fm s. per nautical m ile). Average slopes are m ostly  
greater than  th is in  th e w est and less in  the eastern part o f the T hresher  
area.

If w e now  consider the current h ypothesis on the nature o f the  
continental slope and rise in  the light of th is recently obtained detailed  
topographic inform ation , it  is  possible to m ake a test of th is hypothesis.

T he continental slope is  the structural boundary of the continents. 
It is a com paratively steep slope and it is very  frequently  cu t by subm arine  
canyons. T hese canyons have been show n, particu larly  on  the P acific  Coast

F ig . 8. —  F in a l  c o n to u r s  o f T h r e s h e r  s e a rc h  a r e a  b a se d  o n  p re c is io n  su rv e y .

often  to be associated  w ith  deep-sea fans ( M e n a r d , 1955, H u r l e y , 1959). 
There is  abundant evidence that m any continental slopes, particularly in  
their upper parts, are o f rock covered by very  little  or no sed im ent ( S h e p a r d , 
1948).

T he m ore gently  sloping continental rise, has, off ou r east coast, been  
described by H e e z e n  et al. (ib id ., p. 53) as being underla in  by “ truly  
geosynclinal th ick ness of sedim ent ”. W e m ay th en  v isua lize th e continental 
rise as a w edge or apron of largely, continent-derived sed im ent accum ulated  
at the foot of a steeper, and largely rock supported continental slope. It is  
probable that the su ccession  of adjacent and  locally  coa lesc ing  fans that 
have been described in  the Northeast P acific  ( H u r l e y , 1959), are a younger  
stage o f the developm ent of a continental rise. W ith  further grow th, the



pronounced effect of ind ividual canyons as sedim ent sources "will be largely 
m asked by the lateral m igration of the lower canyons or channels and by 
the accum ulation of sedim ent not transported in these large canyons. The 
result w ill be an even apron o f sedim ent as found here in the Northwest 
A tlantic. The topography in the region of the upper rise w ill probably 
resem ble som ew hat that found on subaerial fans, perhaps having valleys 
or gullies and lacking undrained depressions. Figure 8 show s the resulting  
chart o f the Thresher  area. In general, it is of better quality in the w estern  
tw o-th irds than near the eastern edge. This area is ten nautical m iles on 
a side and is centered at the estim ated loss position of Thresher.  Point 
Delta, a contact picked early in the search by W oods Hole O ceanographic  
Institu tion  scientist in  A tlan tis  II, and still at th is tim e a very possible  
location of Thresher, is also show n. Incidently, if Thresher  is in  the vicin ity

F ig . 9. —  C h a r t  sh o w in g  to p o g ra p h y  in  th e  v ic in i ty  o f  th e  T h r e s h e r  s e a rc h  a re a  
a n d  th e  a d ja c e n t  c o n tin e n ta l  sh e lf  edge.

of point Delta, the subm arine certain ly landed in a fortunate location. There 
are m any places, particularly in  the channel a few  m iles to the w est, where  
several hundred ships could be put, w ith  little likelihood of their ever 
being found by echo sounding techniques.

An exam ination o f available inform ation, prim arily collections of 
unpublished soundings by the U.S. Coast & Geodetic Survey, indicates that 
m any sm all canyons cut into the upper part of the nearby continental 
slope (Figure 9). In the w estern  part of the Thresher  area there is a narrow, 
steep-sided channel. It has, at least where surveyed, a graded axial slope. 
D oubtless th is leveed channel is the seaward continuation of one or m ore 
of these canyons, however, there is far too little inform ation to dem onstrate 
the connection. There are a large num ber of small gullies in the Thresher  
search area that can only be suggested in the chart. T his is because they



have apparent relief o f only a few fathom s and the p osition  errors are 
frequently as large or larger than the gu llies them selves. A lso, of course, 
the side echo effects conceal the true shape of the features. As a conse­
quence, all efforts to analyze these gullies in m ore detail are quite fru itless. 
The im pression  gained is, however, that the sm all scale drainage continues  
in sm aller sizes to and probably beyond the lim itations of the equipm ent.

Earlier versions o f th is  chart have indicated  a num ber of closed  basin  
depressions. All w ere found to be explainable by applying the analysis  
techniques described earlier. W hile the actual occurrence of sm all basins 
is still possible, closures of more than 10 fathom s are extrem ely  unlikely.

In sum m ary, a  survey of a ten m ile square area o f continental rise 
and slope w as m ade u sing  the best available techniques. T hese techniques 
of m apping in  great detail even a sm all area of deep-sea floor are found to 
have considerable im perfections. The echogram s have been analyzed to 
correct, insofar as possible, for these lim itations, or at least to remove 
topographic artifacts produced by them . T he resulting chart show s one 
large leveed channel and m any sm aller gu llies. B asin  depressions are, at 
m ost, only sm all and are probably absent. In general, the appearance of 
the sea floor in  th is area suggests a confirm ation  of the hypotheses that 
the continental rise  is  a w edge-shaped apron of continentally  derived  
sedim ent at the foot o f the continental slope.

Acknowledgem ent

The w riter extends h is thanks to the very m any people w ho were 
involved in th is effort and to the Office o f Naval R esearch for perm ission  
to present th is m aterial and for support of these studies under contract 
Nonr 4008(02).

T a b l e  1 

Sounding errors

1) Recording tim ing errors :
—  at different occasions w ith  sam e m achine —  m inor
—  betw een different m achines in the sam e or different sh ips —  m ay  

be larger, but uncom m on.
2) Errors in estim ate of sound velocity :

—  all assum ed to be 4 800 ft ./sec .
—  areal and tem poral variations in  a sm all area, probably are quite 

sm all
—  not sign ificant here in com paring topography
—  corrected depths w ere not generally required.

3) Geometric errors (as, side echo effects) :
—  cause considerable distortion o f topographic features
—  quantitative correction not w orthw hile w ith  w id e beam  sounding  

equipm ent.
4) Navigation errors :

—  com paratively quite large and by far, the m ajor problem .
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