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INTRODUCTION

The possibility of installing a multisensor station to monitor a gas hydrate mound on the sea floor of the 
northern Gulf of Mexico has been discussed for some years.  In addition to providing more-or-less 
continuous monitoring over an extended period of time, the station will initiate collection of a data base 
for assessing sea floor stability and environmental health.  This data base will then be available for 
planning hydrate exploration and, eventually, for analyzing the impact of mining hydrates from the ocean 
floor. 

In the Gulf of Mexico, gas hydrate mounds form along the intersections of faults with the sea floor.  They 
are edifices constructed largely of water from the sea and hydrocarbon gases that have migrated up the 
faults from buried reservoirs.  In addition to gas hydrates, they also contain various minerals deposited by 
bacteria feeding on the hydrocarbons.  The mounds are ephemeral, capable of changing greatly within a 
matter of days.  Many geoscientists familiar with Recent geologic processes in the Gulf of Mexico think 
that events which produce changes in the hydrate mounds also trigger episodes of sea-floor instability.

A comprehensive monitoring station should be capable of measuring all parameters that are relevant to 
the formation and dissociation of gas hydrates as well as indicators of sediment stability.  Moreover, it 
should be designed to minimize entanglement by activities such as trawl fishing. 



Optical Spectroscopy  Using a technique similar to that employed by the Mars Rover, an optical 
spectrometer will be used to identify and quantify hydrocarbon gases present in the seawater.  Samples 
will be illuminated by laser light shining through an optic fiber and the back scattered light collected by 
other optic fibers.  Spectral analysis of the back scattered light will provide information concerning the 
chemical composition of the gas in each sample.

Underwater Vehicles  A variety of underwater vehicles will be used at various stages of the project: 
deep-tow and bottom-tow devices, tethered remotely operated vehicles (ROVs) and autonomous 
underwater vehicles (AUVs).  They will carry sensors that are more effective if they are moved about, i.e. 
cameras, sidescan sonars, very-high-resolution subbottom profilers, conductivity-temperature-density 
(CTD) probes, pore-water samplers, pH meters, dissolved oxygen (O2) probes and the optical 
spectrometer.  These will provide close-up images of the sea floor and measurements to identify hydrate 
outcrops, hydrocarbon seeps and chemosynthetic communities.  The locations of all underwater vehicle 
observations will be determined by the long baseline navigation system.
	 The AUV will be guided by genetic algorithms and other software to search designated sectors for 
targets.  It will operate from a docking facility near the monitoring station where data can be downloaded, 
instructions received and batteries recharged.  The dock will be connected by optic fiber to a site, 
probably an oil platform, where the images and spectral datacan be transmitted ashore and instructions 
received.  Electric power for recharging batteries will be obtained from that site.

Data Recovery  The station will produce many channels of data on a more-or-less continuous basis.  
Recovering these data is a nontrivial problem.  Present plans are to digitize each channel onsite and 
transmit the digital signals via optic-fiber cable to a structure, such as an oil platform, from whence they 
can be telemetered to an onshore processing facility. 

Thermal Studies  Transects of heat flow measurements in the vicinity of the monitoring station will provide 
information about the background level of heat flow and its local variability.  The interaction of temperature 
transients and hydrate formation/dissociation will be addressed by deploying an array of thermistors that spans 
a near-bottom interval from the water column into the subbottom sediments.  Based on thermal 
conductivity/diffusivity determined by the heat probe measurements, the rate of propagation of oceanographic 
warming transients will provide valuable information about the dynamics of hydrate destabilization.
	 The subbottom thermal measurements will be accompanied by pore-fluid pressure measurements to 
provide information about the effects of hydrate dissociation on the physical/mechanical properties of the 
sediments.  The effects will be described in terms of both absolute pressure (and how it changes due to a small 
amount of gas release) and load partitioning between sediment matrix and pore fluid during tidal cycles and 
meteorological events.

Gas Bubble Observations  The sound of gas bubbles seeping from the sea floor will be recorded and 
analyzed.  Since each bubble resonates at a characteristic frequency depending on its size and shape, it may be 
possible to infer the rate of seepage from the sound.  The sound will be recorded by a broadband ambient noise 
measuring system placed near an area of known gas emissions.  

Pore Water Chemistry  Pore water and sea water sampling will be done to elucidate parameters affecting gas 
hydrate stability.  Analyses of pore waters will include analysis of gases, broad based chemical analysis of 
major ions, and selective isotropic analysis on porewater and solid phase substrates, including delta-13 carbon, 
radium and radon.  It will provide ground truth for the remote sensing and acoustic data collection and serve to 
calibrate observations that pertain to sea floor stability and ecosystem health.

Horizontal Seismic Array  A horizontal seismic array (HSA) of four-component (4-C) sensors will be 
installed on the sea floor.  Each 4-C sensor will consist of a hydrophone and a three-component 
seismometer or accelerometer.  The hydrophone components of the HSA will augment the VLAs by 
improving the azimuthal resolution of the VLA tracking capability.  The other three components will 
allow the identification of S waves and measurement of their amplitudes, thereby providing subbottom 
information not available from P waves alone. During site calibration, S-wave speeds immediately below 
the sea floor will be measured by recording signals from an S-wave generator towed on the sea floor and 
PS waves converted at deeper reflecting horizons will be generated by sources deployed on the sea 
surface.  Between calibrations, the three-component instruments will monitor seismic activity and the 
noise of passing ships.  The complete set of HSA data will be useful for studying the evolution in time of 
the gas hydrate stability zone associated with the hydrate mound and the configuration of pathways 
through which gases and liquids migrate. 

Geoelectric Systems  The electrical resistivity of sediments in the vicinity of a gas hydrate mound is 
expected to be elevated due to the effects of free gas, hydrates and particularly fresh pore waters and 
authigenic carbonates.  During site calibration, a bottom-towed electromagnetic profiler will be used to 
determine the electrical resistivity in the upper 10-20m of sediment.  The station will incorporate a 
number of remote probes to monitor the resistivity profile within the upper meter of sediment.  These data 
will indicate changes in the sea floor resistivity with time and be particularly useful for characterizing 
sediments near the sea floor when combined with acoustic and geochemical data.

Hydrates in direct contact with a relatively large volume of sea water are stable only marginally.  Variations in 
the pressure, the distribution of temperature in the water column, the chemical composition of the gas and the 
rate of gas flow combine to determine whether hydrates within the mounds accumulate or dissociate.  Major 
influences are the warm eddies of water that separate from the Loop Current and raise bottom temperatures in 
the northern Gulf of Mexico by as much as 2-3o C.  The result is a quasi-cyclicity of sea floor hydrate 
formation that is driven largely by these current-induced temperature variations of bottom waters. Changes in 
pressure, gas composition and flow rate that can also contribute are not well understood but probably are due 
partially to tectonic activity associated with salt movement.
	 	 	
Hydrates contained in sediments are stable when the sediments are within the hydrate stability zone (HSZ) as 
defined by pressure, temperature and chemical composition.  If hydrocarbon gases  migrating up faults 
encounter sediments of sufficient permeability that lie within the HSZ, hydrates can form within the pore 
spaces and act to cement the sediment grains.  This increases the sediment’s shear modulus and thereby its 
bearing capacity.  The location of the lower boundary of the HSZ is determined by the geothermal gradient.  
As continuing sedimentation increases their depth of burial, hydrated sediments within the HSZ are subjected 
to successively higher temperatures and pressures until they eventually lie below the HSZ.  When this occurs, 
the hydrates cementing them dissociate, their bearing capacity decreases and a potential for sea floor instability 
is created.  The same result can be produced by distortions of the geothermal gradient such as those caused by 
proximity to salt bodies or drilling activities.  Common indicators of such instability are the speeds at which 
compressional (P) and shear (S) waves propagate below the sea floor and the efficiency of P-to-S conversion 
(PS) at reflecting horizons. 

STATION SYSTEMS
	 	 	 	 	
Vertical Line Arrays  The primary sensory system of the station will be a net of vertical line arrays (VLAs) 
moored to the sea floor.  Each VLA will consist of a number of hydrophones spaced at selected intervals.  The 
signal from each hydrophone will be digitized and recorded individually.  The set of signals will be processed 
by phasing techniques and Matched Field Processing (MFP) to provide estimates of:
	 - the distribution of temperature in the water column (by travel-time tomography),
	 - speeds of P-wave propagation in sea floor sediment/hydrate (by MFP) and
	 - 3-D images of geological structure beneath the sea floor (by MFP).
These estimates will be used to detect changes in the sea floor due to a triggering event and to provide an 
image of the subbottom geological structure after an event is detected.  
	 Acoustic “pingers” will be placed at fixed locations on the sea floor so that the positions of individual 
hydrophones can be determined by triangulation.  This will allow corrections to be made during data analysis 
for variations in the geometry of the VLA net.  
	 After the station has been deployed, the site will be calibrated by determining an acoustic model of the 
station’s environment using shipboard sources fired at known locations and times.  The noise of passing ships, 
i.e. sources of opportunity, will then be tracked and employed to monitor changes to that model on a more-or-
less continuous basis.  The site will be recalibrated as necessary.  

Current Measurements  A string of current meters spanning the lower portion of the water column will be 
moored at a strategic location near the VLA net.  The string will not onlymonitor water currents, data from it 
will augment the determination of VLA receiver geometry.
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