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Integrating academic and industry techniques for looking beneath basalt.
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Scattering loss impacts seismic propagation through stacked basalt flows characterised by high impedance contrasts and/or rough interfaces. Such losses, together with related challenges from strong multiples and geometrical spreading, have hindered progress in imaging geology beneath magmatic overburdens. Building upon experience from previous seismic surveys in volcanic areas, and borehole observations of basalt characteristics which impact wave propagation, the integrated Seismic Imaging and Modelling of Margins (iSIMM) project has combined academic and industrial seismic techniques for looking beneath basalt. 

Analysis of geophysical log and Vertical Seismic Profile data from the Lopra borehole has driven the design of low-frequency seismic sources for coincident Ocean Bottom Seismometer (OBS) and long-offset, towed-hydrophone streamer surveys in a profile which extends from the basalt-free, hydrocarbon province West of Shetlands, across the stretched continental crust of the Faroes-Shetland Trough, over the Faroes basalt escarpment, through the Continent-Ocean Transition and out over oceanic crust in the Norwegian Sea. Eighty-five OBS were deployed along the 380 km profile, which was also shot using 12 km single-sensor streamers, recording data at 3.125 m trace spacing. Large, deep-towed airgun arrays were used as seismic sources and two tuning modes were tested for their ability to generate low-frequency bandwidth. Far-field signature estimation from near-gun recordings was critical in deconvolving the towed-streamer field signatures. 

The resulting compressional-wave seismic images have benefited from the low-frequency bandwidth, careful demultiple, long offsets and the integration of the velocity models from the two types of acquisition. The very long offsets used in the OBS survey have brought confidence to the deeper parts of the velocity model and step-backs visible from the OBS records, outside the aperture of the streamer data, have constrained the depth of the velocity inversions below the interpreted base of the stacked basalt flows. We show results from intersecting streamer profiles which cross the margin north-east of the Faroes and discuss the factors which have contributed to the successful imaging.

The convergence of academic objectives in understanding magmatic margin evolution with industry goals in improving structural imaging beneath volcanic overburdens has motivated a research partnership whereby the sum of each partner’s contributions is greater than their separate parts and motivates further acquisition at a time of renewed interest in unconventional hydrocarbon prospects.
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