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~~ ACOUSTIC PROPERTIES OF SHELVE: : ~0UTH ATLANTIC MARGINS

IzI~roduction )
/ i J~~-~J

Acoustic inf ormation has been compiled from 5 regions of the South 
/

~~1~3 ~~~~~~~~~~~~~

Atlantic as part of .o~r continuing program of shelf studies . Resul ts ~,
‘ ..- •, ‘ -‘i

from each region are presented in a set of 3 maps , comprising the 15 / 
maps shown as Figures la, lb , and ic through Figures 5a , 5b , and Sc. . Di~ ;’~. - .

The first map ~,n each regional series shows the locations of sono— - -

buoys that were used to compile the velocity information, and the / 7 / 1 7:
outl ines of regions where velocity functions have been computed . The

velocity functions are tabulated in Table 1 and keyed to the regions

with a circled letter in the figures. The second map of the series

shows approximate sediment isopachs contoured in units of kilometers.

The third map shows approximate seafloor sound velocities contoured in

km/sec. Wherever possible , previously published material, was used.

Computation Methods

Owing to the poor acoustic penetration that is normally achieved

with single—channel reflection profiling on shelves , sediment isopache •

,

in this work have been based largely on sonobuoy solutions. These

solutions are obtained either by use of critical refraction data or

variable—angle reflection data. Both kinds of solution are based on the

assumption of constant layer velocities, and are therefore directly

comparable at the mid—points of the layers. This is borne out by

statistical studies that show no significant difference between the two

methods when the refraction velocity is taken as being in the middle of

th. layer. In some areas the reflection profiling provided reflection

times to igneous basement • These times were converted to thickness by

use of the appropriat, velocity functions in Table 1.

I
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In thick accumulations of sediment 05 km) , the basal sediment sound

velocity may be indistinguishable from that of igneous basement • If

the sediment thickness is variable, basement velocities can be identified

by their independence of depth, as shown by Bryan and Simpson’s (1971)

sonobuoy data from the Orange Basin . In addition, basement roughness can

introduce perturbations in the refraction data that are not usuaUy

present in refractions from sediment. However, in some areas basement

has been arbitrarily defined as a horizon whose refraction velocity is

greater than 5 km/sec. Along the northern margin of Brazil , the deepest

consistent refraction velocity is 4.5 km/sec , arid this number is used

as the basis for a conservative estimate of total. sediment thickness.

Seafloor sound velocities were determined principall y from critical

rafractions that were observed at or slightly below seafloor. A sig—

nificant portion (iv 1OZ ?) yielded refraction lines that were .10 sec

or more below seafloor ; hence the seafloor sound velocity in these cases

is not measurable with critical refractiona. In a few cases the best

estimate of seafloor sound velocity was obtained from interval velocity

solutions (based on variable angle reflection data) , but most of the

measurements obtained when critical refractions were not available , were

based on estimates of the critical angle of reflection. This method is

outlined by Houtz (in press), who shows tha t the group velocity formed by the

traili ng edge of seafloor reflections is well—observed in many sonobuoy records.

Th. seafloor velocity is computed simply by dividing the square of the

water velocity by the group velocity.

Shelf sediments are sometimes too thin to develop velocity functions,

and these areas are not included in the regional velocity functions

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
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tabulated in Table 1. For the most part, sediment velocity in sediments

thinner than about 1 km can be estimated by using seafloor velocities. In

a few other areas , discussed below, the results are too scattered to be

useful; this has come about chiefly as the result of unusually rough sub—

bottom topography .

Practically all the sonobuoy measurements were recorded with a pass—

band between 5 .and 40 Hz , in order to capitalize on the dom inant bubble—

pulse frequency of 18 Hz generated by the airguns .

South African Martin

Velocity functions were developed for the thick sediments of the

Orange and the Outeniqua Basins. Functions obtained by Bryan and Simpson

(1971) in the Orange Basin were based on refraction velocities that had

not been corrected to the mid—points of the layers . The statistical

information they derived is not suited for converting reflection times to

thicknesses. Consequently it was necessary to re—pick all the Orange River

sonobuoys to develop a useful velocity—depth function. The tabulated

solutions of Layden et al (1971) were used verbatim to develop the

Outeniqua Basin velocity function.

The isopach map in the Orange Basin was compiled mainly from the work

of Bryan and Simpson. Additional data was obtained from Rabinowitz (1916.)

Results from Leyden et al were used to contour the Outeniqua Basin, which

were modified in the eastern part of the basin with several unpublished

sonobuoys and the 2—ship refraction results of Ludwig at al (1968) . Th.

general outline to the Agu.lhas arch was taken from Seisser et al (1974) .

The contouring from just north of Capetown to the southern edge of

Agu.lhas shelf i~ comprised of rnpu blish.d sonobuoy data arid from Leyden at

- - .-~~-~ --.-.- - - :~. - 
~~ 
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al. No previous isopach contours have been made from the South African

margin. The bathymetry of this margin is from Uchupi and Emery (1972) .

Argentine Margin

The velocity functions in this study area (Figs . 2 and 3) were taken

without modification from Houtz (1977), and the isopach. were traced

without modification from Ludwig at al (1976). First layer velocities

from Ludwig at al were used occasionally for seafloor velocities but most

of them were determined by re—picking the original records. The critical

reflection method was used extensively in the area west of the Fslklands

where the sediments are thin and the first refraction line is generally

recorded below the seafloor. The very thick sediments to the south of

this area provided a velocity function (Area C) but the velocity data

from relatively thick sediments bounding area C yielded very scattered

results a~~ could not be used (standard error of estimate—500 rn /eec) .

Except for the Rio Colorado Basin (Area D) ,  the balance of the Argentine

shelf is covered by sediments that are too thin to provide reliable

velocity—depth data. No measurements are available in the San Jorge

Basin at latitude 46°S on the Argent ine coast. Note that a large number

of 2—ship refraction solutions are available from the Argentine Margin .

These solutions were used to estimate sediment thickness, but not the

seafloor sound velocity.

Brazil Margin

This study area is shown in Figures 4 and 5. The velocity functions

are t aken from Houtz (op. cit.). The region east of area F yields very

scattered results due to the widespread intrusion of sal t diapirs . The
• isopacha wer~ traced from V~umar et *1 (in press) with some modifications to

the contours near the mouth of the Amazon River , based on the sonobuoy

• - .
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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are based on the depth to a layer with a refraction velocity of about

4.5 km/sac, which is the deepest consistent refraction event that is

measured in this area. However , it may not be igneous basement, arid the

contours therefore represent a conservative estimate of total sediment

thickness.

Discussion

• The seafloor sound velocity determined from the observation of critical

• reflections seems to give somewhat lower values than the observation of

critical refractions . This discrepancy has not been studied in detail,

although if it is real , more study would be appropriate. The discrepancy

• (based on only 8 comparisons) is in the expected direction, because thin

layers of unconsolidated sediment Lying atop high—speed refracting materials

can be too thin to delay the head wave arrivals enough to be observable. On

the other hand , the thin cover may be reflective. Hence the least—time path

of head waves will sample the high—speed materials and their refraction line

viii. appear to be tangent to the seafloor reflection curve .

A comparison of the seafloor sound velocity maps and the isopach maps

reveal a tendency for thick sediment bodies to produce lover seafloor sound

velocities. This seems to be related to the dc—watering of slowly accumu—

t lating sediments , a process that lowers porosity and increases sound

velocity. De—vatering is hindered if additional overburden accumulates and

blocks the outward flow of water.
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P1
TABLE 1

V . V + K t  (km/s)

• Area (See Figures)

no. of Std. dcv . Correlation
K points Velocity Coeff icient

A 1.57 2.64 53 .24 .96

B 1.73 2.73 27 .19 .98

C 1.48 1.41 87 .26 .88

D 1.51 2.18 8]. .19 .95

E 1.49 1.21 95 .20 .92

F 1.60 1.93 83 .26 .92

G 2.57 1.54 29 .27 .68

H 1.39 2.34 36 .22 .96

V0 — velocity at t — 0

K — regression coefficient (km/eec 2)

t - one—way vertical travel t ime

• . • •_7• _ _•__ _ _ _ _ _ • _ _ _ _ • _
~~~~
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FIGURE CAPTIONS
• 

-
• 1. South African Margin

a. Sonobuoy locations and statistically studied sound velocity regions

(letters coded in Table 1).

b. Sediment isopach map contoured in km. Hatching indicates areas

with less than 100 in of sediment.

c. Seafloor sound velocity in km/s. Hatching indicates areas where

velocity is > 5 km/s.

2. Southern Argentine margin

a. Sonobuoy locations and statistically studied sound velocity

regions (letters coded in Table 1).

b. Sediment isopach map contoured in km. Hatching indicates areas

with less than 100 m of sediment .

c. Seafloor sound velocity in Ian/s. Hatching indicates areas where

velocity is ) 5 km/s.

3. Northern Argentine margin

a. Sonobuoy locations and statistically studied sound velocity

regions (letters coded in Table 1).

b. Sediment isopach map contoured in km. Hatching indicates areas

with less t han 100 m of sediment.

c. Seafloor sound velocity in 1 /s . Hatching indicates areas where

velocity is )‘ 5 km/s .

_____ - ji ____~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Y 4. Southern Brazilian margin.

I a. Sonobuoy locations and statistically studied sound velocity

regions (letters coded in Table 1)~

b. Sediment isopach map contoured in km. Hatching indicates areas

with less than 100 in of sediment.

c. Seafloor sound velocity in kin/s. Hatching indicates areas

where velocity is > 5 km/s.

5. Northern Brazilian margii

- a. Sonobuoy locations and statistically studied sound velocity

regions (letters coded in Table 1).

b Sediment isopach map contoured in km. Hatching indicates

areas with less than 100 m of sediment.

c. Seafloor sound velocity in lan/s. Hatching indicates areas

where velocity is > 4.5 km/s.
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