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ABSTRACT

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 focused 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.

[Caption for first two figures]

The DORISS instrument is divided into three pressure housings (above).  The Electronics Housing holds the laser, power supply, and single-board computer.  The Spectrometer Housing contains the spectrometer, CCD and associated electronics.  These two housing are mounted in the ROV toolsled.  The Probe Head housing contains the optical head and is deployed to the target via ROV manipulator (right).

DORISS Instrument

DORISS (Deep Ocean Raman In Situ Spectrometer) is based on a laboratory model laser Raman spectrometer from Kaiser Optical Systems, Inc.  It consists of a 532 nm Nd:YAG laser, a holgraphic transmissive duplex grating, a 2048 x 512 front-illuminated CCD camera from Andor Technology, and a holographically filtered optical head with interchangeable sampling optics.  The grating covers the 100-4400 cm-1 spectral region and splits the spectrum into two stripes on the face of the CCD, providing  a mapping of ~1 cm-1 per pixel. 

The two sampling optics used are a stand-off optic and an immersion probe.  The stand-off optic is used behind a dome window and has a working distance of 0-10 cm from the dome to the target.  Its focal depth is ~3 mm in water.  The immersion probe consists of a 2 mm focal distance lens at the end of 10 inch long, 0.5 inch diameter metal tube with a plane sapphire end window.  The working distance is water is 1-7 mm from the probe tip and the focal depth is ~1 mm in water.  When using the immersion optic, the dome window of the probe head housing is replaced with a flat titanium endcap with a gland seal (picture at right).  The stand-off optic, with its larger depth of focus provides greater flexibility, but with lower power density.  The immersion optic with its higher power density is preferred when analyzing gases, but its small depth of focus requires precision positioning when used on opaque targets.  Both optics were used during the expedition described here.

The DORISS instrument was calibrated every time the optics were interchanged.  The calibration kit provided by Kaiser includes a neon source for wavelength calibration, a tungsten source for intensity calibration, and a cyclohexane standard for laser wavelength calibration.  A diamond plate was installed in the laser path in the probe head but off focus.  The strong, stable 1332 cm-1 line is superimposed on all spectra providing a calibration reference during deployment.

Instrument details can be found in Brewer et al. [2003].

Gulf of California Expedition

During the Spring of 2003 the R/V Western Flyer and ROV Tiburon traveled to the Gulf of California (the Sea of Cortez).  (Expedition map at left.)  During Leg 5 of this expedition (April 21st-May 11th), we had the opportunity to use DORISS to analyze natural gas seeping from the seafloor along a transform ridge north of Guaymas Basin.  Seeps were located acoustically at this site in 1980 [Merewether et al., 1985], and visited with the submersible Alvin in 1985 [Simoneit et al., 1990].  

We were able to locate a single gas vent 27°35.5’N, 111°28.5’W, 1582 m (at right).  During four ROV dives to this site we attempted to collect in situ Raman spectra of natural gas bubbling from the sea floor, and solid gas hydrates found in the sediment.  We were also able to collect gas samples for GS shore-side analysis to verify the in situ data. 

Gas Collection

Raman Samples

Two experimental set-ups were used to collect gas and hydrate samples for in situ Raman analysis.  One configuration consisted of the Raman probe head with the stand-off optic mounted in an off-loadable frame in a downward looking orientation.  Two specially designed funnels could be positioned below the probe head in the laser beam path – one funnel had a sealed glass top for capturing gas, the other had a mesh top to capture chunks of hydrate while allowing gas to escape.  Unfortunately, the hydrate excavated in this area was too small to be captured by the sampling funnel and thus no spectra of solid hydrate was obtain.  Spectra of gas samples were analyzed in this configuration.  The preferred method of obtaining gas spectra was though use of the immersion optic protruding into an open-bottomed cube (picture A below).  Gas was trapped in the cube forming a gas space around the immersion optic (i.e., no seawater was present in the beam path).  Both configuration were successful for analyzing gas samples.  The one problem was the formation of partially-opaque hydrate skin on the window of the immersion probe and the glass top of the sampling funnel.  This partially blocked both the exiting beam and the backscattered signal, thus greatly reducing the sensitivity.  Once the sample was brought above the hydrate stability zone, clean, high quality spectra could be obtained. 

Gas Samples

Gas samples for shore based analysis were collected into 150 ml stainless steel cylinders.  Three evacuated cylinders were integrated into a sampling funnel with a heating element.  The funnel was placed over the gas vent to collect a sample.  The gas formed a hydrate in the sampling funnel which could clog the lines to the cylinders.  Therefore the heater was used to heat the sample and melt the hydrate.  The gas could then be pulled into an evacuated cylinder by activating a valve.  XXX samples were collected in this manner.  These samples include gas bubble from the vent, gas at various heights above the vent, gas within the sediment, and melted hydrate from within the sediment.

Raman Analysis

Raman spectroscopy is capable of determining the composition of natural gas [Diller and Chang, 1980].  The primary constituent of the vent gas was assumed to be methane with has a strong Raman peak at ~2917 cm-1, and smaller peaks at 1535, 3020, and 3070 cm-1.  Higher hydrocarbons were also assumed to be present in measurably quantities. Raman spectra were obtained of the vent gas at the seafloor (1582 m, ~3.0°C) and at various depths in the water column using both the immersion optic and the stand-off optic.  

Data processing was performed with the GRAMS/AI spectral processing package (from ThermoGalactic).  The GRAMS peak fitting algorithm uses the Levenberg-Marquardt method.  Peaks were fit with Gaussian and Lorentzian curves, the baseline function is calculated and substracted, and peak positions, heights,  widths and areas were calculated.

The primary methane peak (2917 cm-1) is known to experience a downshift in position with increasing pressure [Seitz et al., 1993].  The graph to the left shows the position of the primary hydrate peak with respect to depth (pressure) as measured by DORISS.  Our data show the primary methane peak shifting by ~0.003 cm-1 per meter depth.  While the graph at left is from spectra obtained with the immersion optic on dive 574, spectra collected with the stand-off optic on dive 578 show the same trend. 

The highest quality spectra were collected with the immersion optic after the sample was raised above the hydrate stability zone (such that the hydrate skin formed on the optical window was dissipated).  The spectra at right were collected on dive 582 at a depth of 500 m (after the sample was first raised to 250 m).  There are three main observations to be made from this data:

1) Methane is the only component that can be identified in the spectra.  While this was disappointing at first, GC analysis on shore verified that methane is present at ~97%.

2) Brunsgaard Hansen et al. [2002] observed that the pressure (density) of a methane mixture can be determined by the ratio of the 3020 cm-1 ((3) and 3070 cm-1 (2(2) bands.  These bands can be clearly identified in our spectra and the ratio values are similar to those observed by Brunsgaard Hansen et al. – 0.67 @ ~1582 m (XXX MPa), and 1.75 @ ~250 m (XXX MPa)

3) The quality of the spectra collected is such that not only are the primary methane bands of 2917, 1535, 3020, and 3070 cm-1 clearly visible, but a series of bands due to the coupling of rational modes to the vibrational modes can be seen.  

GC Analysis
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