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Concept of Operations:

Laser Raman Spectrometer and Precision Underwater Positioner

Background

The Laser Raman Spectrometer (LRS) can be used to identify various solids, liquids and gases by illuminating the specimen with a focussed 532 nm Nd:YAG laser and analyzing the spectrum of the collected, backscattered light.  The spot size of the exciting laser is on the order of 10s of microns, and the depth of focus in water is ~0.2-3 mm (slightly longer than in air).  Due to the very small focal volume, precise positioning is required – especially for opaque samples, or small samples such as mineral grains.  At present, the LRS is deployed by the MBARI ROVs and positioning is accomplished with the ROV manipulators.  While this allows spectra to be collected from large, transparent targets (such as blobs of liquid CO2 on the seafloor), it is not precise enough to collect good quality spectra from more opaque solids such as gas hydrates.  

The two approaches to precision positioning are: 1) present the target to a stationary probe head, or 2) present the probe head to the stationary target.  A key advantage of the LRS over other techniques is the ability to non-destructively analyze a specimen in situ without any sample preparation.  In order to maintain the experimental flexibility that the LRS provides, the positioning-the-probe-head approach is favored.  Ideally, the positioner would be generic enough to support the LRS in various configurations.  Also, it would be able to serve the needs of other types of instrumentation that may require precision positioning.  

Concept of Operations

The LRS is capable of identifying a variety of targets in the deep-ocean: liquid CO2 deposited on the seafloor, gas hydrates, hydrothermal vent fluids, rocks/minerals, sediment pore waters, etc.  Each type of target has requirements for positioning, optics, and orientation of the probe head.

Transparent objects

Transparent objects can be analyzed with either the 2.5” stand-off optic, or the immersion probe.  Because of the transparent nature of the target, positioning is not as critical – as long as the focal point is somewhere inside of the object, a spectrum can be obtained.  Positioning can be accomplished by holding the probe head in the ROV manipulator (if the manipulator can be held steady), or by setting the probe head on the seafloor with the laser penetrating the object of interest.  The probe head may be positioned either horizontally or vertically.

Gas hydrates/Minerals

For opaque objects such as gas hydrates or minerals, the focal point must be precisely at the surface being analyzed.  In many cases there is an optimum plane to which the beam should be close to normal.  Fine-scale movement in the Z-axis (along the laser beam) is required for focussing.  [Note:  Some Z-axis focussing will be accomplished by a motorized stage inside the probe head pressure case (only for the 2.5” stand-off optic)].  In addition, fine-scale X- and Y-axes positioning is required because these types of targets tend to be very heterogeneous and thus the laser must be able to be moved in fine increments over the surface of the target.  Either the  stand-off or immersion optic may be used for gas hydrate and mineral targets. The probe head may be positioned either horizontally or vertically.

Sediment pore waters

The immersion probe will be used to analyze sediment pore waters.  In this case, the probe head will be positioned vertically and driven into the sediment in small increments.  A tip will be placed on the end of the immersion probe to clear a void space for the fluid (some minerals or organics in the sediment may have large fluorescence which would overtake the signal from the pore water).  Z-axis positioning is required to move the probe into the sediment in given increments.  X- and Y-axes positioning is needed to repeat the measurements over a given, undisturbed area of seafloor.

Hydrothermal vent fluids
Depending on what part of a hydrothermal chimney is being looked at, either the immersion probe or the 2.5” stand-off optic can be used.  The high temperature of hydrothermal fluids and the fragility of sulfide structures require the probe head to be decoupled from the ROV, which may be subject to sudden movements.  Positioning is required to place the focal point of the LRS at different locations in the exiting fluid (e.g., scanning across the chimney exit, or moving the insertion probe into a drill hole in the side of the chimney).  In most cases, the probe head will be in a horizontal position.  The terrain in vent fields is often quite rough.  Thus, the positioner may have to accommodate uneven footing. 

At present, positioning is accomplished by moving the probe head with the ROV manipulator and observing its location with the ROV cameras.  Eventually, a through-the-lens visualization system will be implemented.  This, in combination with precision positioning, will allow the LRS to be used to identify objects such as small hydrate or mineral grains.  (This improvement will also add weight and increase the size of the probe head).  The plan is to add functionality to the LRS in incremental steps (i.e., internal probe head focussing, immersion probe adaptation, precision positioning, through-the-lens visualization) to move from a basic, proof-of-concept design to a fully functional instrument which is easy to use and capable of high-resolution spectral analysis of a variety of ocean targets.
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