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Abstract:

The field of laser Raman spectroscopy has been expanded to include operations taking place in the deep ocean [1].  While this technique has proved to be successful for transparent targets, difficultly exists in positioning and controlling the laser spot with respect to opaque sample of interest.  Scientists and engineers at the Monterey Bay Aquarium Research Institute (MBARI) have developed, tested, and successfully deployed a laser Raman spectrometer and a precision underwater positioner deployable by ROV to perform geochemical measurements in the deep ocean. 

The Precision Underwater Positioner (PUP) is capable of translating the Deep Ocean Raman In Situ Spectrometer (DORISS) probe head with a precision of 0.1 mm over a range of 15 cm.  This capability has allowed us to acquire quality Raman spectra of targets such as rocks, shells, and gas hydrate on the seafloor, including the ability to scan across a rock surface in sub-millimeter increments.  The PUP will greatly enhance our ability to perform in situ Raman analysis on the seafloor.

Introduction:

Exploration of the oceans has progressed from large-scale bulk measurements to smaller-scale measurements that illuminate the heterogeneity of the ocean environment.  Early studies of the ocean floor used dredges dropped from surface ships to pull up seafloor material to provide scientists with a general idea of the make-up of the ocean floor.  As technology progressed submersibles, both manned and unmanned, allowed scientists to actually view the ocean floor and observe the changes from sedimented abyssal plains to rocky mid-ocean ridges.  Today imaging systems such as high definition video provide the most detailed images to date of the ocean floor and its various biological communities.  

The next step in the progression is the ability to make microscopic measurements on the seafloor.  Instruments such as laser Raman spectrometers have the ability to perform this measurements, however they are limited by the ability of deep submergence vehicles to position them  precisely.  This liability has led us to develop a precision positioning system deployable by ROV for use with a deep-ocean laser Raman spectrometer.  In this paper we will discuss MBARI’s Deep Ocean Raman In Situ Spectrometer (DORISS) and the development of the Precision Underwater Positioner (PUP) for the acquisition of quality Raman spectra on the seafloor.

Background: 

[What laser Raman spectrometry is and why it is important for deep ocean work.  Overview of MBARI’s DORISS system and it’s success in the deep ocean.]

Technology – Science Drivers and Requirements:

[DORISS’s limitations/positioning requirements for analyzing opaque materials.  Attempts to collect spectra from opaque solids and hydrate.  Functional requirements for PUP.]

Technology - Design and Configuration:

[Concept design chosen to meet requirements.  Details of subsystem components.  Phase I construction of PUP, and prioritized future steps for completing the full-up PUP.]

Testing:

[Subsystem component testing: flexure, incremental motion, etc.   PUP testing: in air, in test tank, in cold room.  Spectra collected in the lab: calcite, dolomite, silicon wafer.]

Field Results: 

[Deployments of PUP: functioning of all components (solving various problems?), spectra collected at depth: calcite, dolomite, granite, methane hydrate, shell fragment.  Spectra scanning granite in 0.2mm? increments.]

Conclusions: 

The PUP greatly enhances the ability for DORISS to obtain in situ Raman spectra in the deep ocean.  PUP provides the ability to move in sub-millimeter increments and to scan over the surface of a target in order to perform analyses on the scale of mineral grains.  This capability is unique and will lead to new analyses that will further our understanding of various environments in the deep ocean.  

While PUP was developed for the DORISS system, it is capable of being used for any deep ocean sensor with similar positioning requirements.  This technology will continue to impact the study of the ocean and the understanding of environments such as natural gas vents, hydrothermal venting sites, geologic formations, hydrate studies, and microbial communities.   
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