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BOREHOLE SEISMIC EXPERIMENTS AND THE STRUCTURE OF

UPPER OCEANIC CRUST
R. A Stephen

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543

INTRODUCTION
Borehole Seismic Experiments

During the past five years it bas been possible to carry out seismic
experiments in the deep sea with clamped borehole geophones. This paper
reviews three borehole seismic experiments in cceanic crust, discusses the
implications of borehole seismology with respect to crustal siructure and
compares borehole results with more conventional ocean bottom receiver data.

A summary of the three borehole seismic experiments or oblique seismic
experiments (OSE) is given in Table 8-3. All the experiments were carried out
from the D/V GLOMAR CHALLENGER with the assistance of 'shooting ships’
which fired small explosive charges out to ranges of 12 km (Figure 6-29). The
first experiment was carried out in the Western Atlantic Ocean south of
Bermuda (Figure 6-30) (Stephen, 1979; Stephen et al., 1979, 1980) Excellent
quality three component data were collected at two depths in the hole from
shots out te 12km range at four azimuths. Traveltime, synthetic seismogram
and particle motion analyses were applied to the data. In the second
experiment in the Gulf of California only vertical component data were obtained
and traveltimes and amplitudes were analyzed (Stephen et al., 1983). The most
recent experiment was carried out in the Costa Rica Rift area (DSDP Hele 504B)
and only traveltime information was obtained for the borehole receiver
(Stephen, 1983a). However, three ocean bottom hydrophones {Koceisch and
Purdy, 1979) were also deployed. Detailed bathymetry within |5km of each site
is given in Appendix A.

The original objectives of the borehole experiments were established on
the assumption of two kilometers penetration inte oceanic crust. The
objectives were 1) to determine the lateral extent of the velocity structure
intersected by the borehole, 2) to analyse the role of fissures and large cracks
(greater than centimeter size) in the velocity structure of oceanic crust, 3) to

. lock for seismic anisotropy in upper oceanic crust and 4} to obtamn
measurement of attenuation The deepest geophone emplacement to date in
cceanic basement has been only 542m. which is slightly greater than the

* seismic wavelengths involved in the experiment. Since techniques for studying
wave propagation through laterally varying media are limited primarily to
traveltime analysis the first objective has not been met The accuracy of
traveltime measurements using f{ree falling explosive shots is not sufficient to
resolve changed in wave velocity over very short distances. However, by
comparing the refraction velocities from the borehole experiment to sonic log
velocities and laboratory sonic measurements on recovered core material. an
estimate of the large-scale porosity can be made (Salisbury et al.. 1978). Seismic
anisotropy can be studied effectively by particle motion analysis of three
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