Seismoacoustic noise below the seafloor
Ralph A. Stephen, Woods Hole Oceanographic Institution, and
Christopher R. Bradley, Scripps Institution for Oceanography

Mean Noise Behavior with Depth: RMS Horizontal Acceleration
One Week Average

PSD dB rel 1 ((mn/s**2)**2/Hz

80
70
60
50

OBS=solid
Seabass 10m=dotted
Seabass 70m=dash
Seabass 100m=dotdash o

40
30
-1

0

10

10

1

10

Mean Noise Behavior with Depth: Vertical Acceleration
One Week Average

80
PSD dB rel 1 ((mn/s**2)**2/Hz

The Seafloor Borehole Array Seismic System (SEABASS) was
developed as a VLF system (2-50Hz) to study ambient noise at
and below the seafloor. The system uses the wireline reentry
system to reenter boreholes on the seafloor [Spiess et al., 1992].
The borehole array on SEABASS is a VLF system (2-50Hz)
consisting of four three-component, individually clamped,
borehole geophones and a borehole hydrophone. On the
deployment at Site 534 in the Blake-Bahama Basin in 1989
[Stephen et al., 1994] the sondes were clamped at depths of
10m, 40m, 70m, and 100m below the seafloor. Acceleration
spectra from SEABASS [Bradley, 1994; Bradley et al., in press]
are valid down to 0.3Hz (see figure) but do not show the noise
notch between 0.1 and 0.2Hz which is seen on the adjacent
Ocean Bottom Seismometer (OBS). SEABASS and the OBS
used 4.5Hz and 1.0Hz geophones respectively and the 4.5Hz
phones roll off considerably below their cutoff frequency. The
noise notch marks the transition from infragravity waves whose
wavelengths are long enough to directly force the crust (less
than 0.05Hz; [Webb et al., 1991]) to the microseism band
(0.01-5.0Hz) where non-linear wave-wave interaction is
acoustically interacting with the crust [Hasselman, 1963;
Kibblewhite and Wu, 1991; Longuet-Higgins, 1950). The
microseism band can be further subdivided into four bands/ At
the microseism peak (0.03-0.04Hz) spectral levels vary by less
than 2 dB over the full length of the array. Just above the peak
(0.4-0.75Hz) the noise levels are much quieter, up to 15dB on
horizontal components, at the deep sensors. The 0.75-2.1Hz
band is characterized by peaks in the OBS spectra near 0.75, 1
and 2Hz. None of the peaks are observed on the horizontal or
vertical channels at 70 or 100m. In the 2.1-5.0Hz band (the Holu
band [McCreery et al., 1993]) the borehole sondes all have
comparable levels which are about 20dB and 10dB lower than
the OBS for horizontal and vertical sensors respectively. At
5.0Hz there is a strong peak on the OBS horizontal components
which we suspect is an instrument resonance. Above 5Hz local
wave breaking, shipping, biologics and industrial sources have
been postulated to control ambient noise levels [Urick, 1983].
Between 5.0 and 20Hz the borehole sensors have uniform
values and are 20 and 10dB quieter than the OBS for horizontal
and vertical components respectively. Most of the improvement
in ambient noise occurs in the upper 10m. Figures like this,
which compare spectral levels for various sensor types, can be
used to determine the best sensor configurations for particular
objectives.
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Comparisons of SEABASS and OBS spectra for horizontal (above)
and vertical (below) components show that borehole sensors are
generally quieter than seafloor sensors from 0.3-20Hz.

References
Bradley, C.R. (1994). Very low frequency seismo-acoustic noise below the sea
floor (0.2-10Hz) Ph.D. Thesis, Massachusetts Institute of Technology and Woods
Hole Oceanographic Institution.
Bradley, C.R., Stephen, R.A., Dorman, L.M., and Orcutt, J.A. (in press). “Very low
frequency (0.2-10Hz) seismo-acoustic noise below the seafloor,” J. Geophys.
Res.
Hasselman, K. (1963). “A statistical analysis of the generation of microseisms,” Rev.
Geophys. 1, 177-210.
Kibblewhite, A.C., and Wu, C.Y. (1991). “The theoretical description of wavewave interactions as a noise source in the ocean,” J. Acoust. Soc. Am. 89, 22412252.
Longuet-Higgins, M.S. (1950). “A theory of the origin of microseisms,”
Philos.Trans.R.Soc.London, Ser.A 243, 1-35.
McCreery, C.S., Duennebier, F.K., and Sutton, G.H. (1993). “Correlation of deep
ocean noise (0.4 to 30 Hz) with wind, and the Holu Spectrum - A worldwide
constant,” J. Acoust. Soc. Am. 93, 2639-2648.
Spiess, F.N., Boegeman, D.E., and Lowenstein, C. (1992). “First ocean-researchship-supported fly-in reentry to a deep ocean drill hole,” Mar. Tech. Soc. J. 26,
3-10.
Stephen, R.A., Koelsch, D., Berteaux, H., Bocconcelli, A., Bolmer, S., Cretin, J.,
Etourmy, N., Fabre, A., Goldsborough, R., Gould, M., Kery, S., Laurent, J.,
Omnes, G., Peal, K., Swift, S., Turpening, R., and Zani, C. (1994). “The seafloor
borehole array seismic system (SEABASS) and VLF ambient noise,” Mar.
Geophys. Res. 16, 243-286.
Urick, R.J. (1983). Principles of underwater sound (McGraw-Hill Book Company,
New York), 3rd ed.
Webb, S.C., Zhang, X., and Crawford, W. (1991). “Infragravity waves in the deep
ocean,” J. Geophys. Res. 96, 2723-2736.

