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Abstract: In marine seismic wideŠangle profiling the recorded wave field is dominated by
waves propagating in the water. These strong direct and multiple water waves are generally
treated as noise, and considerable processing efforts are employed in order minimize their
influences. In this paper we demonstrate how the water arrivals can be used to determine the
water velocity beneath the seismic wideŠangle profile acquired in the Northern Atlantic.
The pattern of water multiples generated by airŠguns and recorded by Ocean Bottom SeisŠ
mometers (OBS) changes with ocean depth and allows determination of 2D model of velocŠ
ity. Along the profile, the water velocity is found to change from about 1450 to approxiŠ
mately 1490 m/s. In the uppermost 400 m the velocities are in the range of 1455…1475 m/s,
corresponding to the oceanic thermocline. In the deep ocean there is a velocity decrease
with depth, and a minimum velocity of about 1450 m/s is reached at about 1.5 km depth. BeŠ
low that, the velocity increases to about 1495 m/s at approximately 2.5 km depth. Our
model compares well with estimates from CTD (Conductivity, Temperature, Depth) data
collected nearby, suggesting that the modelling of water multiples from OBS data might beŠ
come an important oceanographic tool.

Key words: Arctic, Atlantic Ocean, controlled source seismology, ocean bottom seisŠ
mometers, wave propagation, seafloor multiples.

Introduction

Seismic wideŠangle profiling with use of airŠguns and ocean bottom seismomŠ
eters (OBS) is one of the most effective techniques in investigations of the crustal
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structure beneath oceans (e.g.Mjeldeet al.2008). In August 2008, the seismic reŠ
fraction profile BISŠ2008 (Bear Island … South) was acquired within the 4th InterŠ
national Polar Year (IPY) project •The Dynamic Continental Margin Between the
MidŠAtlanticŠRidge (Mohns Ridge, Knipovich Ridge) and the Bear Island ReŠ
gionŽ (Fig. 1; Schweitzeret al. 2008a, b). The 410 km long SWŠNE striking profile
crosses the boundary between the oceanic crust of the North Atlantic and the contiŠ
nental crust of the Barents Sea platform, and the crustal structure derived from this
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Fig. 1. Location map of the BISŠ2008 seismic profile (Mohns RidgeŠBear Island) on the background
of a topography/bathymetry map (Jakobssonet al.2000) and simplified tectonic elements of the area
(Gabrielsenet al. 1990; Faleideet al. 2008). Main fault zones and basins: BB, Bjørnøya Basin; BFC,
Bjørnøyarenna Fault Complex; FP, Finnmark Platform; HB, Hammerfest Basin; HFZ, Hornsund
Fault Zone; KF, Knølegga Fault; LDF, Leirdjupet Fault; LH, Loppa High; SB, Sørvestsnaget Basin;
SH, Stappen High; VH, Veslemøy High; VVP, Vestbakken Volcanic Province. Blue open triangles
are OBSs with their numbers (102…115). Small red circles show locations of 104 TNT shots with avŠ
erage distance intervals of 2 km, and black line shows 1914 airŠgun shots with distance intervals of

~200�m. The red frame in insert is the area for which details are shown in the main map.
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Fig. 2. Example of amplitudeŠnormalized, verticalŠcomponent seismic section of TNT shots recorded
by OBS110; location of the OBS is shown by black triangle. Note characteristic strong phases
recorded in the oceanic part of the profile … water waves (direct and multiples), which contain most
of the energy, relatively weak PŠwaves in the crust and uppermost mantle, multiples and SŠphases.
BandŠpass filtration is 3…17 Hz and reduction velocity is 8 km/s. The amplitude scaling factor

(ampl = 6.05) is trace normalized and corresponds to 6.05 km of the distance scale.



profile were presented by Czubaet al. (2011). The main task for deep seismic
soundings by use of the refraction technique is recognition of the sedimentary
cover structure including hydrocarbon reservoirs, crystalline basement and the
crustŠmantle transition (Moho).

In addition to sedimentary and crustal arrivals, the seismic wave field reŠ
corded offŠshore contains highŠenergy waves that have propagated in the water
layer only. During processing of multichannel seismic data, much effort is generŠ
ally used in order to reduce such strong water reverberations. It has been shown,
however, that processing of the data aiming at imaging the water layer itself can
provide useful oceanographic information (e.g.Holbrooket al.2009). The direct
downŠgoing wave and seafloor multiples have very high amplitude in OBS data
(Fig. 2), but since the crustal arrivals of interest generally arrives earlier, the diŠ
rect wave is usually not considered in further processing and modelling of the
data. In this paper we will show, as a feasibility study, that modelling of the
seafloor multiples can provide a detailed estimate of the sound velocity in the
water layer. This new approach of handling OBS data might become an imporŠ
tant oceanographic tool.

Data acquisition

The seismic refraction experiment along the North Atlantic BISŠ2008 profile
was performed in August 2008 with use of two ships: NorwegianR/V Håkon
Mosbyand PolishR/V Horyzont II. The geographical coordinates of BISŠ2008 proŠ
file terminations are:� 0 = 72.114� N, � 0 = 9.600� E (southwesternmost airŠgun
shot), � end = 74.460� N, � end = 19.263� E (Bear Island in northeast; Fig.�1). The
sources of seismic waves were airŠgun and chemical shots performed in the sea.
OffŠshore airŠgun shooting along the whole profile length was done byR/V Håkon
Mosbywith use of a system of four airŠguns of volume 1200 in3 each (total volume
of 4800 in3 or 78.66�l). Altogether 1914 airŠgun shots were performed with disŠ
tance intervals of 200 m (corresponding to about 1 minute time interval), at a water
depth of 10…12 m. A total of 104 chemical shots (25 kg of TNT each) were fired in
the water byR/V Horyzont IIalong the northeastern part of the profile (distance
along profile 176.4…385.5 km), with average distance intervals of 2 km. The firing
depth of the chemical explosions was approximately 30 m.

All shots were recorded by 15 shortŠperiod, threeŠcomponent ocean bottom
seismometers (OBS; station numbers 102…115) deployed byR/V Håkon Mosby.
Location determination and synchronization of all shots and seismic receivers
were obtained using the GPS satellite system. All OBSs recorded continuously
during the experiment with a sampling rate of 4 ms (256 Hz). After resampling to
10 ms (100 Hz) records of 60 s length (with zero time corresponding to original
shot time) were tied to the navigation.
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