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DATA REPORT OF OBLIQUE REFLECTION-REFRACTION RADIO-

SONOBUOY

PROFILES ON THE AFRICAN ATIANTIC CONTINENTAL MARGIN

(R/V ATLANTIS II CRUISES 67 AND 75)

Hartley Hoskins, Carolyn U. Rogers, and Aileen O. Woo

Woods Hole

ABSTRACT:
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Oceanographic Institution, Woods Hole, Massachusetts 02543

Two hundred sixty-four unreversed oblique reflection-
profiles using expendable radio-sonobuoys were obtained
geophysical cruisesbto the Atlantic continental margin
This data report gives the profile locations, a

the data collection and analysis, and 780 interval

and refraction velocities and thicknesses that were
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Figure 1. Geographic distribution of oblique reflection-refraction .
sonobuoy profile stations, R/V ATLANTIS II Cruises 67 & 75.
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INTRODUCTION

Two hundred sixty-four oblique reflection-refraction profiles
using expendable radio-sonobuoys were taken during the Eastern
Atlantic Continental Margin program sponsored by the International
Decade of Ocean Exploration (Fig. 1l). The program covering
95,800 line kilometers, was carried out during cruises 67 (1972)
and 75 (1973) of R/V ATLANTIS II of the Woods ﬁole Oceanographic
Institution. About a third of the sonobuoy profiles were processed
at sea.

The sonobuoys, modified military type AN/SSQ-41, were purchased
from Oceanology International of College Station, Texas. Each
broadcasted at one of 16 frequency allocations in the 162 MHz band
and had a hydrophone suspended on a compliant cable at either 19
meters (60 feet) or 91 meters (300 feet) below the buoy. 1In nearly
ali deployments the 1l9-meter depth was used to keep the hydrophone
within the wave~mixed, uniform temperature, surface layer enabling
better detection of the direct water wave arrival.

The ship steamed away from the buoys at 7 to 9 km/hour and the
source repetition rate was between 10 and 13 seconds -- 20 to
30 m travel between shots. The slow ship speed was chosen to
keep the travel time step-out of the reflected wavetrains between
successive shots small enough to maintain good visual coherence

on the recording.



.

The sources wére a 2.0 liter (120 cu., in.) and/or a 4.9
liter (300 cu. in.) Bolt PAR airgun operated at a pressure of
about 1.2 x 10’ N/m2 (1700 psi). The reflected and refracted
returns were displayed on a graphic recording using a 7.5 or
8.0 second sweep commencing shortly before‘the onset of the sea-
floor reflection. The useful range of the reflection traces was
generally limited to three times the normal-incidence travel time
because of the convergence of the returns and the decrease in-
intensity of the returns from buried horizons. Radio range of the
buoy was about 20 seconds water wave travel time (30 km).

The data were concurrently recorded on a 4-track Tandberg
, Series 100 FM tape recorder. The channel allocations were:

1) normal incidence reflection profile detected with the towed
streamer, 2) tape speed compensation signal, 3) oblique reflection-
refraction return detected by the sonobuoy, and 4) voicé announce-
ments and shot instant. At 1 7/8 inches per second recording

speed the bandpass is 0.1-313 Hz.

A bandpass filter of 15 to 35 Hz provided the most discernible
display of the reflection data. The direct water wave arrival was
oftén difficult to follow at range. Thus, determination of the
travel time from the ship-towed source to the sonobuoy hydrophone'
was the poorest part of the measurement. At times, a replay of
the tape at a higher filter bandpass was effective in better

detection of the direct water wave travel time.

o
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PROCEDURE

Terrains of flat or uniformly sloping horizons are best suited
for oblique reflection-refraction profile determinations because
the computation used is based on rectilinear propagation of rays
through layers of constant velocity separated by planar interfaces.
In a majority of launchings, we were successful in anticipating
a favorable attitude of the reflecting horizons over which the
ship subsequently passed. Compressional wave velocities were
only determined where the reflecting interfaces had a lateral
extent of a few kilometers and a slope of less than 5 degrees as
measured on the normal-incidence profile.

The velocity determination is very sensitive to accurate
travel time measurements. Our practice was to trace the most
continuous‘cycle réther than the leading edge of the reflection
wavelet. The minimum increment in normal-incidence travel time
between layers was chosen to be at least 0.2 seconds because of:
1) the duration of the airgun pulse (0.2 sec.), and 2) the
deviations of the picks from the best fitted line having to be
smaller than the thickness of the layer.

A data sheet (Fig. 2) detailing pertinent information about
~éach sonobuoy was prepared. Since the determination of range to
the buoy from the ship-towed source could vary as much as 5%,
redundancy was sought by comparing two or more measurements of

the shallow water temperature and the ship's speed. Because all
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Location and Recording

Vert TT and Velocity

Velocity

Slopes

Scaling

Cruise SB# Type Chn.

Date Time Buoy hydrophone depth: 60 ft; 300 ft;
Local/GMT

Tape # Cue # Recorder : Tape Speed ip;
Seismic Source Repetition period of source sec.

and size :
Position at launch: Lat. Long. (raw or finalized)

Physiographic locale

Sea state Traffic
Course Speed, knots (Navigational) (EM Log, shaft- rpm)

knots (Direct arrival)

P

Water depth (E/S Recording) fm (800 fm/sec)

Normal-incidence two-way travel time (from E/S) (1) sec
(2) sec (typically minus .006 sec)
3)___ _~_ sec (either minus .0l2 sec = 60 ft.

or minus .060 sec = 300 ft.)

Normal incidence travel time for sonobuoy sec {sum of (1) and (3) above)

Water depth km (uncorrected, 1500 m/sec, from (1) above)

Matthews' Table area ,

Average vertical velocity (Matthews, Table I) (Vv) kn/sec

Surface Temperature °c

Source: BT Bucket (Best sources)
Other: H.0.225; Engine Room intake; STD;

Estimated Surface Layer Veloéity \% km/sec
(from average water temperaturé for 5-19 meter depth), Matthews Tables 3 & 5.

Seafloor slope
Down (=) or up (+) from buoy

Buried horizon slopes - estimates

(corrected for est. velocity of overburden)
Down (-) or up (+) from buocy

Check individual recordings!
Recording sweep periods (resolution)?®

sec inches/sec

Comments:

Sonobuoy data sheet: Rev. 6/74

Figure 2. Sample Data Sheet
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of the profiles are unréversed, the slopes of the horizons were
estimated from the concurrent normal-incidence recording. The
slopes were corrected for the vertical exaggeration of the
recording due to ship's speed, recorder sweep period and advance,
and source repetition rate (Fig. 3), and for the compressional
wave velocity of the overburden (Fig. 4).

Those reflecting horizons that were prominent and extensive
on the concurrent normal-incidence recording were selected, where
possible,on the sonobuoy profiles. These reflection sequences
and refractions arrivals were traced on a transparent overlay
with a muted grid of 10 divisions to the inch. The useable range
of the reflection trace is limited by the significant deviation
that occurs in water from straight-line propagation of rays at
angles greater than 45° from the normal at the sea surface. The
direct, reflection, and refraction arrivals were read at equal
travel time intervals. A range-travel time plot based on the
information from the data sheet and the digitized data was made
using programrPORP (Plot Oblique Reflection Profiles) (Fig. 5).
Edits were made where necessary. The best line was fitted to
the squares of the ranges and travel times for the reflections,
and to the ranges and travel times for the refractions using
program LINFT (LINear FiT) (Fig. 6). The tracing and the accuracy
of the digitization was checked by the deviations from the best

fitting lines. Then the reflection data were processed by
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Figure 7. Sample 1isting of SLOWI computations
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program SLOWI (SLOping WIde angle reflection profiles) (Fig. 7)
(Le Pichon, et al., 1968, Houtz, et al., 1968) which: 1) adjusts
the direct water wave arrival times to match one predicted from
the seafloor reflection based on the normal-incidence travel time,
the seafloor slope, and good estimates of horizontal and mean
vertical sound velocities, 2) fits the oﬁlique reflection trace
with a fourth-order polynomial which when differentiated determines
the emergent angle of the wavefront at the sea surface as a
function of range, 3) computes the reduced ranges and trével times
for each layer knowing the emergent angle, the normal-incidence
travel time for the water and successive layers, and the slopes
of the horizons, and 4) fits a straight line to the squares of
the reduced ranges and travel times for each layer to determine
the velocity and thickness.

Where possible, each refraction was matched to its corre-
sponding oblique refiection. A simple modeling program which
computes and plots expected travel times versus ranges helped
verify some of the interpretations.

Four examples of the sonobuoy profiles obtained from
different physiographic areas are shown in Figs. 8, 9, 10, and
11. Each figure shows the sonobuoy profile, its tracing, and
the concurrent normal incidence reflection profile with its

interpretation. Thé symbols used in the figures are: D, the

direct water wave arrival, and V, the computed velocity.
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Figure 8. Sonobuoy and concurrent normal-incidence profile obtained
from the southwest Agulhas Basin, north of the Atlantic -
Indian Ridge. This profile shows a thin sediment layer over
shallow oceanic basement. The velocity in the sediments
was computed using the oblique reflections. Deeper velocities
were determined from the refractions.
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Figure 9. Sonobuoy and concurrent normal incidence profiles obtained
from the continental rise west of Cape Town. These profiles
show strong discrete horizons. The velocity in the shallow
sediments were computed from the oblique reflections and
that the deeper sedimentary horizon and basement from the
refraction returns.
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Figure 10.

Sonobuoy and concurrent normal incidence profile obtained
from the continental shelf off Spanish Sahara and Mauritania.
Only refraction returns were analyzed due to the shallowness
of the water and the strong interference of the multiple
water-column arrivals with the reflections from deeper
interfaces. These velocity and depth determinations were
used to identify horizons on the normal-incidence profile.
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Figure 11. Sonobuoy and concurrent normal-incidence profile from the
southeast Canary Basin, southwest of the Canary Islands.
This profile shows a thick sedimentary Tayer over the
basement typical of an abyssal plain. Oblique reflections
were used to compute horizons within the sediments while
the basement velocity was determined from the refractions.
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A more complete description of the data collection and
analytical procedures may be found in Knott and Hoskins, A Guide
for the Collection and Analysis of Seismic Refraction and Oblique

Reflection Data Received by Sonobuoys, in preparation.

RESULTS

The folloﬁing’chronological tabulation was prepared from a
card file of layer determinations made for each oblique reflec-
tion-refraction sonobuoy profile. Symbols used in this tabula-
tion are:

+ layer Qelocity determined from refractions

C layer velocity determined from critical seafloor reflection

* estimated velocity

? quéstionabie determination

1 basement
A positive dip indicates that the horizon is shoaling in respect

to the sea surface along the course from the sonobuoy.
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