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Abstract A hydrate layer is an ideal capillary seal, beneath which free gas is trapped. Gas
overpressure increases as gas accumulates and gas column grows. Capillary seals have the
property that they fail completely when gas pressure reaches the point that they are invaded by
gas, and thereafter they offer little resistance to gas venting. After the seepage is triggered, the

venting gas will push the overlying water upward at increasingly higher velocities as the gas
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“piston” approaches the seafloor. Numerical model shows that as the water velocity increases,

the near surface sediments will become quick at a depth that the resistance of water flow exceeds

the hydrostatic pressure of the sediment hosting the water flow. These quick sediments can then

be removed by bottom ocean currents, leaving a hollow pockmark on the seafloor. Thereafter, a

free gas pathway is formed below the pockmarks and the reservoir gas drains quickly. The

pockmark depth is a function of thickness of free gas column beneath the hydrate and depth of the

hydrate seal (bottom of hydrate layer). Interestingly, pockmark depth does not depend on

sediment permeability. Pockmark depth implies the resource amount of free gas beneath hydrate

layer. The model shows that a 22-m-thick free gas layer at least is needed to form a 4-m-deep

pockmark on the rise of Blake Ridge.
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Fig. 1

Schematic depiction of conceptual model for venting process of {ree
gas beneath gas hydrate zonel?”

Z is the depth below seafloor, h is the thickness of hydrate stability zone. Dark shaded band is the capillary seal; grey shade indicates areas

where the sediment pores are filled with gas. (a) Free gas accumulates below hydrate, (b) and begins to vent after the sealing is failed. (¢)

Rising gas pipe displaces water with increasing rapidity. (d) and a hollow pockmark forms at seafloor. (e) Gas pocket drains soon after

the pockmark formation and the gas pipe disappears . ( { ) Gas chimneys form beneath the pockmark , new hydrates form in the venting

channel, and free gas accumulates again because of the healing of hydrate capillary seal.
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(a) Reflection strength shows the gas hydrate zone. free gas accumulation. and {luids seepage at seafloor above

the crest of Blake diapir'?*); (b) BSR depth at site 99722],
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Fig. 3 Intersections of the resistance of the fluid flow and
the lithostatic pressure of the sediments containing the
water flow point pockmark depths
Gas pipe grows and water pipe shortens in hydrate stability
zone, and water resistance and lithostatic pressure decreases
accordingly. A failure happens when water resistance exceeds
the lithostatic. Intersections of the curves indicate the
pockmark depths. The pockmark depth is 40 m for a gas
column of 100 m thick and 4 m for a gas column of 22 m thick
at Blake Ridge (rightmost gray shadow).
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Fig.4 Relation between pockmark depth, depth of
hydrate seal and thickness of free gas column

Pockmark depth is in direct proportion to free gas thickness and
inverse proportion to depth of hydrate seal. A free gas layer of
27 m thick is needed to form a pockmark of 4 m deep if the
hydrate seal is 700 mbsf, but the calculated gas thickness is 22 m if

the hydrate seal is 440 mbsf and 11 m if the hydrate seal is 100 mbsf.
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Fig. 5 Hydrate saturation and thickness of
free gas sealed at Blake Ridge

The free gas thickness increases with hydrate saturation at base

of hydrate stability zone. The horizontal dashed line shows the

critical thickness of free gas for hydraulic fractures at site

ODP997 predicted by Flemings et al. [26],

thickness of free gas at the Blake Ridge is ~ 30 m (round

The practical

point) , free gas of 24 m thick can be sealed by the hydrate of
6% average saturation (triangle) and free gas of 33 m thick can

be sealed by the hydrate of 24 % saturation (diamond).
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