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USING SONOBUOY SEISMIC-REFRACTION DATA
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Abstract: Sonobuoy seismic data from the Ross Sea commonly have the following characteristics: (1) Linear
refraction arrivals originating from the upper sedimentary layers and from basement rock; (2) Curved refraction
arrivals originating from lower sedimentary layers (in places providing a means of distinguishing “acoustic”
basement from basement); (3) Wide-angle reflections originating from sedimentary and intra-basement layers. Linear
refraction arrivals from shallow (less than 1 km depth) sedimentary layers indicate nearly uniform velocities in
relatively thin layers that are probably separated by unconformities of glacial origins. The shallow variable velocity
layers are above a regional unconformity of early Miocene age and may be related to the advances of grounded ice
sheets across the Ross Sea. Layers within the shallow section have anomalously high velocities compared to low-
latitude sandstones and shales at comparable burial depths, suggesting erosion of low-velocity sedimentary units and
overconsolidation of sediment near the seafloor due to ice loading. Curved refraction arrivals from deep sedimentary
layers indicate an increase in velocity with depth that is probably due principally to sediment compaction and few
unconformities. The deeper section is interpreted to represent a period of mostly open water and few if any grounded
ice sheets on the shelf. At this time sediment physical properties were primarily influenced by ocean waves, currents

and compaction due to sediment overburden.
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Introduction

During the 1988/89 and 1989/90 austral field seasons,
sonobuoy seismic data were acquired at 67 locations
throughout the Ross Sea to obtain detailed information on
the velocity of Cenozoic glacial strata and older pre-glacial
rocks that fill the major sedimentary basins (Fig. 1). The
sonobuoy data were recorded during geophysical surveys
conducted cooperatively with the Bundesanstalt fiir
Geowissenschaften und Rohstoffe (BGR, Germany) and the
Osservatorio Geofisico Sperimentale (OGS, Italy). Most
sonobuoy data were recorded along OGS multichannel
seismic reflection (MCS) tracklines that crossed major
sedimentary basins and structural highs beneath the Ross
Sea. Sonobuoy seismic arrivals were recorded for distances
of up to 35 km giving information on rock velocities and
structural discontinuities up to depths of approximately 10
km below the seafloor.

Sonobuoys are expendable, floating radio-transmitters
with a single hydrophone that hangs directly below the
buoy. The sonobuoy seismic signals, commonly referred to
as wide-angle reflections and refractions or simply reflec-
tions and refractions; were recorded on analog magnetic
tape and analog line-scan recorders (LSR) aboard ship. The
interpretation of the BGR data has been done using data
digitized from the analog tapes whereas the OGS data have,
to date, been interpreted using the analog LSR data. The
procedures used to record the sonobuoy seismic signals and
to do one-dimensional analysis of the sonobuoy data are
further described by Childs and Cooper (1978). Initial
interpretations for the 1988/1989 data are in Cochrane ez al.
(1992).

We used two-dimensional ray-trace modeling (éerven;’r

et al., 1977) to construct velocity depth models from
sonobuoy reflection and refraction arrivals. Such models
improve estimates of the geological structure and rock
velocities beneath the sonobuoys in areas where there are
changes in travel time caused by two-dimensionally varying
structure, stratigraphy, and rock physical-properties. In the
ray-trace method, an initial geologic (velocity-depth) model
is designed using geometries from the MCS data and ve-
locities from one-dimensional analysis of the sonobuoy
data. The geologic model is modified until the computed
seismic arrival times match the observed times in the
sonobuoy data. Linear velocity gradients within model
layers are used to match the curvature of the observed
seismic arrivals, and velocity discontinuities between layers
are used to match exact times of seismic arrivals.

Sonobuoy Data

Analysis of the data shows that velocity discontinuities
are common within the upper 1 km of the sedimentary
section. These discontinuities probably occur at
unconformities between near surface units, some of which
have been identified in previous studies (Hinz and Block,
1984; Cooper et al., 1991a). The near-surface units have
nearly uniform velocities. The refraction arrivals from these
units are linear. In contrast, underlying units have large
velocity gradients, and refraction arrivals from these units
are curved as also noted by Houtz and Davey (1973) and
Davey et al. (1983). We suppose that the change from
uniform velocity to velocity gradient occurs regionally and
signifies an important change in depositional regime during
glacial times on the Ross Sea continental shelf.

Two sonobuoys were selected for ray-tracing to illustrate
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Fig. 1. Map showing locations of 1989-1990 sonobuoys (circles) and DSDP drill sites (filled triangles) in the Ross
Sea. The locations of drill sites and sonobuoys discussed in the text are numbered. Dashed lines represent the
boundaries of major Cenozoic sedimentary basins separated by basement highs: VLB = Victoria Land Basin, CLH =
Coulman High, CT = Central Trough, CH = Central High, and EB = Eastern Basin.

the transition in depositional regime. Sonobuoy 75 is lo-
cated directly over Deep Sea Drilling Project (DSDP) Site
270 on the western flank of the Eastern Basin (Fig. 1).
Sonobuoy 72 is located approximately 100 km farther sea-
ward on the continental shelf (Fig. 1). Acoustic stratigraphy
models based on MCS data (Cooper et al., 1991a) and the
results of DSDP drill core studies (Hayes, Frakesetal., 1975)
show that at DSDP Site 270 rocks of early Miocene age are
located near the seafloor whereas farther seaward on the
shelf younger sediments are preserved (Fig. 2). The older
units (type IIA, Fig. 2) have aggraded the continental shelf
at times of less extensive ice whereas the younger deposits
(type TA) have prograded and aggraded the shelf when
grounded ice sheets moved across an over-deepened shelf
and eroded the shelf deposits producing unconformities
(Cooper et al., 1991a).

Sonobuoy 75 was deployed directly above DSDP Site
270. At Site 270, a 20 m thick layer of Pliocene to recent
glacial sediments unconformably overlies 365 m of upper
Oligocene to lower Miocene silty claystone with scattered
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drop stones. Approximately 30 m of additional well indu-
rated sedimentary rock overlie an acoustic basement com-
posed of calc-silicate gneiss (Hayes, Frakes et al., 1975).

Sonobuoy 75 data show two refractions (Fig. 3A); a
curved, rapidly attenuating refraction from a near surface
layer (gradient layer, Fig. 3B) and a straight non-rapidly
attenuating refraction from a deeper layer (basement layer,
Fig. 3B). A ray-tracing model at this location was based on
layer thickness from the drilling results (Hayes and Frakes,
1975), interval velocities from our slope-intercept analysis
ofthe sonobuoy data and, for the curved refraction, a vertical
velocity gradient of 0.60 km/s/km from Houtz and Davey
(1973).

The final model for sonobuoy 75 (Fig. 3B) shows that
seismic energy passing through the lower Miocene sedi-
mentary section (i.e. below unconformity US, Fig. 2) forms
the curved refraction. The straight, little attenuated refrac-
tion is produced by seismic energy passing through acoustic
basement. The velocity-depth profile (Fig. 3B) shows that
the lower Miocene sedimentary rocks have velocities in-


















