Seismic investigation of Arctic seafloor seepage
systems aided by tectonic modelling
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Widespread methane seepage can be an important component of the
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Model description
1- We modeled the stresses exclusively due to oblique spreading at Molloy and Knipovich ridges as a consequence of
NW-SE drift of the North American and Eurasian Plates (Fig. 1).
2- We use the analytical formulations of Okada (1985) for a finite rectangular dislocation source in elastic homogeneous
isotropic half-space (Fig. 2)
3- The deformation of the source can be defined as either lateral shear (strike-slip for faults), vertical shear (dip-slip
at faults) or tensile opening.
4- The upper boundary of the dislocation source must be located at the depth of the brittle-ductile transition zone. The
lower boundary of the source is set to some arbitrary large depth to avoid boundary effects.
5- Stress is calculated from the modelled strain as:
𝜎𝜎𝑖𝑖𝑖𝑖 = 𝜆𝜆𝛿𝛿𝑖𝑖𝑖𝑖 𝜀𝜀𝑘𝑘𝑘𝑘 + 2𝜇𝜇𝜀𝜀𝑖𝑖𝑖𝑖

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝜀𝜀𝑖𝑖𝑖𝑖 =

1
𝑢𝑢 + 𝑢𝑢𝑗𝑗,𝑖𝑖
2 𝑖𝑖,𝑗𝑗

where δij if the Kronecker delta, λ is Lamé’s first parameter, and µ is the shear modulus. Lamé’s first parameter does not have a physical meaning but is
related to the shear modulus and Poisson’s ratio (ν) as 𝜆𝜆 =

2𝜇𝜇𝜇𝜇
.
1−2𝜈𝜈

Back to front slide

4

Fig 1: Bathymetry map with schematic representation of
the oblique spreading projected.
Fig 2: Extract of model showing the location of the dislocation
sources (light green) for Molloy and Knipovich ridges. Note that the
model is an infinite half-space, i.e. it has no lateral or lower
boundary.
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Model parameters
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The tectonic model predicts a change in stress regime from strike slip at non-seeping sites to
tensile at the active seepage zone
Earthquakes focal
mechanisms match
well the predictions
Inactive
pockmarks
Active
pockmarks
Extensional
faults

Pockmarks and faults
south of the Molloy
Transform Fault (MTF)
are also inactive and
under a strike-slip
regime at present
(Waghorn et al., in
review)
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Sensitivity tests suggest that the tensile stress zone covering the eastern
VR is a robust feature of the model
Variation of the spreading direction by > 10°
Preferred model

Decrease of depth to upper boundary by up to 5 km
Variation of the Poisson’s ratio by ca. -/+ 0.1
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P-Cable seismic ~1200 m
water depth
6.25 m bin size
> 3 m vertical resolution

500 m

50 m
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Seepage occurs in periods of stress relaxation where the opening of new or
existing tensile fractures is favored
Period of stress relaxation

Period of «compression»

σv > σH2 > σH1

σH1 > σv > σH2

σH1´ = σH1 – pf < 0

Shear failure
(modified from Grauls and
Baleix, 1994)
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Summary
1- Despite seismic evidences for shallow methane along the entire Vestnesa Ridge and morphological expressions for
past seepage, seepage is restricted to a zone of near-vertical faults on the eastern ridge segment.

2- We hypothesize that spatial and temporal variations in the stress filed controls seepage activity.
3- A simple analytical model of the stress regime due to oblique spreading at Knipovich and Molloy ridges
supports our working hypothesis.

4- The model predicts a zone of tensile stress that extends northward from the Knipovich ridge and comprises the
active seepage zone at Vestnesa ridge while the non-seepage zone is under a strike-slip regime.
5- Seepage is promoted in the tensile stress regime where pore-fluid pressure wins over horizontal stresses.
6- Next step: go numerical to calculate actual principal stresses and include glacial related stresses.
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Relationships between elastic moduli
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http://solidmechanics.org/text/Chapter3_2/Chapter3_2.htm
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