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Project Description:
In order to investigate the processes by which methane hydrate deposits form and evolve, we propose a two-year effort to develop a new technique for high-resolution seismic refraction imaging of shallow sub-seafloor compressional seismic velocity structure. Using the Mapping AUV, we currently map seafloor topography and image subsurface acoustic reflectivity structure with sub-meter resolution. However, when independent knowledge of the seismic velocity structure is lacking, subbottom profiler images are inherently ambiguous. This difficulty is particularly pronounced when significant lateral variations of seismic velocity are suspected, as is the case at the methane hydrate sites in Santa Monica Basin and Barkley Canyon mapped by MBARI during 2006.

Conventional marine seismic refraction methods use low frequency (1-100 Hz) shallow towed sources (e.g., airguns) and widely spaced seafloor receivers (e.g., ocean bottom seismometers (OBSs)) to image crustal-scale structure at resolutions no better than hundreds of meters. Images of subsurface structure at resolutions on the order of a few meters will require closely spaced, near-seafloor sources and receivers using high-frequency signals (~3kHz). A capability to image fine-scale subsurface structure will augment ongoing MBARI research on hydrate deposits by Brewer and Paull. Methane and the other hydrocarbon gases trapped in hydrates are climate-impacting greenhouse gases as well as potential energy sources. Therefore, research regarding the formation, stability, volume, and structure of these globally common deposits has considerable societal relevance. High-resolution subsurface imaging will impact important marine geological topics such as submarine faults, hydrothermal venting, and submarine volcanism (e.g., near-axial evolution of oceanic layer 2A).

The proposed development combines ROV-mounted transmission of chirp acoustic signals with a roughly 1-6 kHz sweep combined with an array of high-frequency ocean bottom hydrophone (OBH) receivers deployed from the ROV. By having closely spaced receivers and a highly repeatable source, it will be possible to pick refracted arrival times and model the shallow seismic velocity structure using 2D or 3D tomographic inversion. The target experimental scale ranges from subsurface sections 100 m across and 20 m deep to 1 km across and 200 m deep. Given the ~3 kHz center frequency and a sub-meter shot spacing, the best achievable resolution of subsurface structure will be about 1 m, though this will be limited by the actual receiver spacing used. 

Although the combination of chirp sonar technology, high frequency OBHs, ROV operational capabilities, and tomographic inversion algorithms is novel, all of the relevant technologies are mature and minimize the technical risks associated with this project. Moreover, this capability will be readily exportable to other oceanographic institutions operating ROVs. 

During year one, we will design and construct the source system and a single OBH then test the performance in terms of achieved range and signal quality. During year two, we will construct a set of OBHs and conduct the first full-scale seismic refraction tomography experiment at either the northern Santa Monica Basin gas hydrate mound or the Barkley Canyon hydrate outcrops. 
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