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INTRO DUC TIO N

Geoacoustic properties of the upper tens of metres 
of ocean bo ttom  sediments can significantly influence 
low-frequency acoustic propagation in the ocean. There
fore, knowledge of these properties is required for reli
able propagation modelling and matched-field process
ing. To date, however, few measurements of geoacoustic 
properties have been reported for the high Arctic a t  suf
ficient resolution for underw ater acoustic applications. 
This paper describes a high-resolution seismic experi
m ent designed to  measure ocean-bottom  compressional 
and shear properties on the continental shelf of the Lin
coln Sea, north  of Ellesmere Island, Canada.

EXPERIM ENT

The seismic experim ent was carried out a t a  research 
camp located on a multi-year ice floe in the polar ice 
pack. The geometry of the experiment is shown in Fig. 1. 
A specially-designed three-component ocean bottom  seis
mometer (OBS) was deployed by melting a hole through 
the sea ice with a hot-w ater drill, and lowering the unit 
by cable to the sea floor. T he OBS signals were trans
m itted  to the  surface via the cable and recorded on a 
multi-channel digital seismograph a t a sampling ra te  of 
4 kHz. Sources consisted of explosive charges detonated 
on the sea-floor. A to ta l of 17 sources of a variety of 
sizes (0.5-27 kg) were deployed through nine holes in 
the ice a t ranges of 35 to 900 m from the OBS. Fig. 1 
also shows the acoustic and seismic waves of principal 
interest: the direct and  reflected waterborne waves, the 
head wave (refracted compressional wave), and seismic 
interface (Scholte) wave.

Fig. 1. Experim ent geometry.

ANALYSIS

Fig. 2 shows the recorded vertical-component seis- 
mograms plotted in the form at of a seismic section. Re
fracted, direct, and first and second surface-reflected ar
rivals are evident on all seismograms (labelled P, D, R 
and R R  respectively), and good examples of Scholte 
waves appear as the low-frequency arrivals on seismo
grams recorded for ranges less th an  400 m. First-break 
arrival time picks were m ade for all seismograms. These 
fell on two well-defined line segments indicating th a t the 
refracted arrivals can be interpreted as head waves, and 
th a t the d a ta  set is well suited to  in terpretation by the 
classical slope-intercept m ethod [1]. Fig. 3 shows the 
two-layer compressional-speed model determ ined by this 
analysis, with the envelope of the model param eter un
certainties indicated by dotted  lines.

Shear properties of ocean sediments are perhaps most 
readily determined from the propagation characteristics 
of Scholte waves [2,3]. The Scholte-wave speed is closely 
related to the shear speed over a dep th  o f one to  two 
wavelengths into the sea-bed, bu t is relatively insensitive 
to the compressional properties. Since long-wavelength 
components of the Scholte wave penetrate  a greater depth 
into the bo ttom  than  short wavelengths, the dispersion 
characteristics of this wave provide inform ation about 
the shear-speed profile of the upper sediments. Fig. 4 
illustrates the dispersion of vertical and  horizontal seis
mograms for a source a t  82-m range in term s of Ga
bor diagrams, which show contours of energy, in arbi
tra ry  decibels (maximum level: 99 dB), as a function of

Range (km)

Fig. 2. Seismic section.
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Fig. 3. Shear (c ,)  and compressional (cp) speed models  
(note the 1000-m /s discontinuity in the wave-speed axis 
at 500 m /s ) .

group speed and frequency. The dispersion properties 
shown in these diagrams are representative o f  all the 
recorded seismograms. The Gabor diagram for the hori
zontal (y) seismogram indicates that the energy is prop
agating in three discrete modes: Mo, the fundam ental 
(Scholte) mode, and M i and M 2 , the first and second  
shear modes. Shear m odes appeared m ost strongly on 
the horizontal seismograms and were evident only for 
short-range shots ( <  140 m ). T he z-com ponent Gabor 
diagram shows only Mo and M i. At all ranges it was 
found that the Scholte m ode was more clearly defined 
for z  than y.

A shear-speed m odel for the b ottom  sediments was 
constructed by m atching the observed dispersion char
acteristics o f  the Scholte and shear m odes [2,3], The  
solid white lines superimposed on the energy contours in 
Fig. 4 represent m odal dispersion curves com puted for

the shear-speed profile shown in Fig. 3 using the full- 
wave numerical propagation m odel SAFARI [4]. This 
profile was determined by system atically varying the pa
rameters o f  a layered m odel until good  agreement was 
achieved between the com puted dispersion curves and 
the measured Gabor diagrams. Considerable care was 
taken to ensure that the shear-speed m odel correctly 
reproduced the dispersion characteristics o f  the seismo
grams recorded at all ranges.

The (volume-average) attenuation o f  bottom  sedi
ments was estim ated from an analysis o f  the exponential 
decay o f  signal am plitude A  with range r:

A(r) =  >1(0) S(r) exp[—a  r], (1)

where a  is the attenuation coefficient and S (r )  repre
sents the geometrical spreading appropriate to  the par
ticular wave type. According to (1), the attenuation  
coefficient can be determined as the slope o f  a plot of  
loge[A (r ) /S (r )]  as a function o f  r; by transforming to 
the frequency domain, this procedure can be carried 
out at a number o f  frequencies to investigate the fre
quency dependence o f  the attenuation. This procedure 
was used to estim ate frequency-dependent compressional 
and shear attenuation coefficients, a p =  0.1 d B /k m /H z  
and Gcg — 5 d B /k m /H z , using head-wave and Scholte- 
wave arrivals respectively

SUMM ARY

A  high-resolution seismic experiment was carried out 
in the Canadian high Arctic to  measure ocean-bottom  
geoacoustic properties. Compressional- and shear-speed 
m odels and (frequency-dependent) compressional and 
shear attenuation coefficients were determined. All o f  
the geoacoustic parameters are in good agreement with 
accepted values [5].
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(y) seismograms recorded for a source at 82-m range.
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