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reliable models of seafloor gas generation
and gas flux processes, and the collection
of reliable model input data (sediment
accumulation rates, organic matter concen-
trations, amount of gas present, sediment
shear strength, and so forth) through improved
seafloor measurement and remote sensing
technologies such as underwater acoustics.
Acoustic methods still offer the most
practical means of efficiently surveying
large areas of seabed and estimating sedi-

Gas Migration

The way in which gas migrates to the sea-
bed through apparently impermeable mud
has been a mystery until recently. The buoy-
ancy of typical (less than 1 centimeter
diameter) spherical or ellipsoidal type Iil
gas bubbles is insufficient to overcome the
shear strength of the surrounding mud, and
50 gas bubbles should remain static within
lhe mud where they form. Possible gas

mec i include small bub-

ment gas content. The geoacoustic resp
of a gassy sediment is related to the number
of gas bubbles present, their size and shape,
and the geotechnical properties of the host
sediment (compressibility, shear strength,
and so forth). There is increasing evidence
that gas bubbles in marine sediments reso-
nate in a fashion similar to gas bubbles in
water when subjected to a passing acoustic
wave [Best et al., 2004; Lyons et al., 1996].
This resonance phenomenon leads to strong
shifts in sound speed and attenuation with
measurement frequency that could be
exploited by new acoustic survey tools.
Although there is some theoretical under-
standing of the likely acoustic response
mechanisms, there are few well-constrained
experimental data sets to validate and
improve these models. Ultimately, reliable
theoretical models are needed to interpret
acoustic data in terms of seafloor gas con-
tent. The next step is to relate gas content to
other environmental factors that can be
modeled.

Microbial CH , Generation

Significant progress has been made on
the modeling of microbial CH, generation
[Martens et al., 1998). Geographically refer-
enced data sets such as water column
organic matter from satellite ocean color
observations, hydrodynamic particle trans-
port and settling rates, and water depth vari-
ations, together with knowledge of biogeo-
chemical processes, allows modeling of

gas ge on k ale
grids at sites such as estuaries, deltas, and
embayments. However, finerscale studies
are needed to test biogeochemical models
and controls on bubble growth.

Also, other forms of shallow microbial gas
producuon need to be considered, such as

oxygen ion in sandy
sedlmenls Conventional geoacoustic survey
methods cannot distinguish gas types (only
the presence or absence of gas), but they
could give information on bubble size and
shape that influences the geotechnical
properties of the sediment.

Geotechnical Properties

Bubbles can be classified into three types
(Anderson et al., 1998]: type | bubbles that
form wholly within the void spaces between
mineral grains; type Il bubbles that encom-
pass several adjacent void spaces (i.e., patchy
gas saturation); and type IIl bubbles that
actually deform the surrounding watersatu-
rated sediment as they grow.Type | and Il
bubbles are associated with coarse-grained
sediments such as sands and gravels that
can behave as gas reservoirs, whereas type
1l bubbles are thought to be the dominant
form in muds.

These ideas are supported by recenl

bls moving slowly through the connected
void spaces in the mud, or slow molecular
diffusion of gas dissolved in the water filling
the voids, or rapid gas movements through
existing cracks in the mud.

Recent laboratory simulations of gas bub-
ble growth in gelatin and mud provided
convincing evidence for another gas migra-
tion mechanism called linear elastic-frac-
ture (Boudreau et al., 2005].A bubble will
form and grow as gas is injected into the
mud until a critical pressure is reached that
depends upon the intrinsic strength of the
mud.The mud then fractures, expanding the
crack-like bubble and lowering the gas pres-
sure. This process can repeat as long as
there is a sufficient supply of gas.

Linear elastic-fracture bubbles tend to
form flat, cornflake-shaped voids with their
long axes aligned in the direction of maxi-
mum stress (usually subvertical in seabed
sediments) and migrate upward (see Figure
2).This novel result leads to the prediction
that seabed gassy muds should be riddled
with subvertical fractures,some open and
some closed at any given moment, providing
conduits for gas to escape from the seabed.

Shallow gas in marine sediments to date
has received relatively little attention from
governmental research agencies, although it
is a topic of increasing concern due to its
impact on global climate change and coastal
zones. Once the current high levels of human
organic matter reaching the seabed become
buried by about one meter, possibly within
the next 100 years, there will be a dramatic
increase in seabed CH, production, resulting
in commenlal slope mslabllny and possibly

g in green-
house gas concentrations, lhe latter occur-
ring as CH, is released from the seabed.

The aclivi(les of international experts
need to be coordinated to tackle the key
research questions central to understanding
this phenomenon, and to provide pragmanc
models and technologi ify

Fig. 2. High-resolution X-ray c ized
tomography images of a comflake-shaped

gas bubble (cross-sectional and plan views),
which was injected into a sample of mud from
Cole Harbor, Nova Scotia, Canada. The goliden
yellow false<color represents the gas (air),

red indicates the glass injection capillary, and
silver is a mussel shell. The sediment has been
made transparent, and the base of the core is
indicated by the dark gray circle on the black
square. The bubble is roughly a very eccentric
oblate spheroid; the top diagram offers a view
of the ‘flat side' of the bubble, while the bot-
tom view shows a cross-section. The bubble is
about 20 millimeters across and one millimeter
thick. The golden spike out from the bubble in
the bottom diagram results from gas moving
into a cavity created by a piece of decaying
seagrass. Gaps in the bubble may be real areas
without gas, or simply below the resolution of
the image. Note that the gas goes around the
surface of the shell. (Images provided by Chnis
Algar and Mark Barry at Dalhousie University,
Halifax, Nova Scotia, Canada, and Alan Reed
at Naval Research Laboratory, Stennis Space
Center, Miss.)

B.P. et al. (2005), Bubble growth and

or q y
shallow gas in marine sediments. In addl-
tion to academic researchers, these experts
should involve representatives from industry,
such as hydrocarbon exploration compa-
nies and offshore geotechnical survey com-
panies that have accumulated a large vol-
ume of data useful to seabed gas studies
and are familiar with the challenges posed
by gassy sediments.
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