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MBARI’s in situ laser Raman spectrometer (DORISS – Deep Ocean Raman In Situ Spectrometer) was deployed at gas vents in Guaymas Basin, Gulf of California in April 2003.  The first in situ Raman spectra of natural gas venting from the seafloor were obtained.  These spectra will be compared to GC analyses of samples collected at the same vent and Raman analyses of pure methane deployed as a standard for at-sea testing.  

Laser Raman spectroscopy is a powerful geochemical technique for analyzing the chemical composition and molecular structure of solids, liquids, and gases.  The prototype deep-ocean Raman instrument is based on an off-the-shelf laboratory model from Kaiser Optical Systems, Inc.  Engineering test deployments conducted over the past 1.5 years have proved that Raman spectra of high quality can be obtained in the deep ocean.  We have acquired spectra from solid, liquid and gaseous standards deployed as deep as 3600 m in the ocean.  We are currently in the next phase of development which consists of using DORISS for exploratory measurements of natural targets in the deep ocean.

During an expedition to the Gulf of California on the R/V Western Flyer in April 2003, DORISS was deployed successfully by the ROV Tiburon at natural gas vents on the seafloor (~1700 m depth).  The laser probe head was focussed into a small volume of gas trapped in a sampling funnel.  Spectra were collected of gas samples at the vent site and at depths above the hydrate stability zone.  Bands for methane dominate the spectra.  Attempts to collect spectra of natural gas hydrates at the vent were difficult due to the stringent positioning requirements of the probe head when analyzing solid, opaque targets.  This problem has been addressed by the development of a precision underwater positioner that provides a stable platform for analyses and movement of the DORISS probe head with a precision of 0.1 mm.
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Development of a precision underwater positioner for in situ spectrographic applications

William J. Kirkwood, Sheri N. White (sheri@mbari.org), Mark O. Brown, Scott Jensen, Rich Henthorn, Karen A. Salamy, Peter G. Brewer, Edward T. Peltzer

MBARI, 7700 Sandholdt Rd., Moss Landing, CA 95039, United States

MBARI has developed and deployed a precision underwater positioner for use with its laser Raman spectrometer (DORISS – Deep Ocean Raman In Situ Spectrometer).  The DORISS instrument is capable of obtaining chemical and structural information in situ from gaseous, liquid or solid targets in the deep ocean.  However, when analyzing solid, opaque objects, the instrument probe head must be positioned with a precision of ~0.1 mm.  Additionally, the probe head must be free of vibration and other motions induced by the ROV, and stable for tens of minutes for data acquisition.  

The Precision Underwater Positioner (PUP) was developed as an off-loadable platform to meet the stringent positioning requirements of the DORISS instrument.  The functional requirements call for a positioner that can be carried and deployed by an ROV; is off-loadable onto the seafloor to decouple the sensor head from ROV-induced motion or vibration; is stable on various types of seafloor terrain; incorporates a camera, lights, and crossing lasers to help with proper positioning; is controllable by a shipboard scientist via a GUI which provides position feedback; has variable speeds; and has a full range of 15 cm in each direction with a precision of 0.1 mm.  While the PUP was designed to meet the needs of the DORISS instrument, it is a stand-alone system that can also be used with other sensors that require similar positioning requirements.

The Precision Underwater Positioner is 5 degree of freedom positioner on a tripod platform – Z, R, (, and pan and tilt at the sensor head.  Adjustable legs allow it to accommodate uneven seafloor.  Phase I of the PUP consists of only 2 degrees of freedom (Z and R), and has rigid legs.  It has been built, tank tested, and deployed on the seafloor (~175 m depth) for at-sea tests.  This testing has verified that the PUP meets the stipulated requirements and is capable of providing the stability and positioning necessary to collect quality Raman spectra of solid and opaque targets on the seafloor (to depths as great as 4000 m).

