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What is subsurface sediment remobilisation?
— Types of structures
— Processes involved

Worldwide distribution
— Key localities
Multiple scales: from cm- to km-scale
Fast geology — but how fast?
Zoom-in on sandstone intrusions in the Danish North Sea




Subsurface sediment remobilisation

Remobilisation of sediment in the subsurface
Sand intrusions
— Typical burial depths of source sand: 10-500 m
Mud volcano system
— Typical burial depth of source mud >1 km
Similar processes, both involving
— overpressure build-up
— liquefaction and fluidisation
Can directly influence human life if reaching the land surface
Critical for oil and gas exploration
Contributors to the global emissions of methane from the surface

Anthropogenic time Ancient time
(1 ka to present)

Kopf, 2003

Subsurface sand remobilisation

e Requirements sand remobilisation:

— Non-lithified source sand (parent bed)
¢ Typical burial depth of 10 — 500 m
— Overpressure development in sealed source sand
¢ Disequilibrium compaction
— Rapid sedimentation
¢ Differential loading
— Channel avulsion, slumps and slides, clinoform progradation, storm waves
— Lateral transfer of pressure
e Migration of deep thermogenic fluids (hydrocarbons)
¢ Seismicity-induced liquefaction
— Earthquakes and seismic shocking
— Seal failure
¢ Pressure gradient established
* Hydrofracturing facilitated by overpressure
¢ Polygonal faults
¢ Tectonic stress
— Fluidization, sand remobilisation and injection into host rock to establish
pressure equilibrium

Key papers: Jolly & Lonergan, Hurst et al., 2011
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Architecture of sand injectites

Hurst & Cartwright, 2007

Conical sand intrusions




Saucer-shaped sand intrusions

I length (m)
Kms wide

dip (°) .
N 100s meters high
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Jackson et al., 2011

Worldwide distribution of sand intrusions
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Newsom, 1903

Core examples

Lonergan et al., 2000

Szarawarska et al., 2010
Alba Field

Volund Field

Outcrop examples

Santa Cruz, California, USA
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Santa Cruz, California, U

Jolly & Lonergan, 2002

Vigorito et al., 2008 Panoche Hills
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Seismic examples

Szarawarska et al., 2010, Volund Field
Shoulders et al., 2007, Faroe-Shetland Basin

Huuse & Mickelson, 2004, Tampen Spur

Sand extrusions (sand volcanoes)

5.3x10” m3

Hurst et al., 2006, Extrudite schematic

Pringle et al., 2007, Western Ireland



17-03-2016

Architecture of mud volcano systems

Stewart & Davi

Worldwide distribution— mud volcano systems

Kopf, 2002



1 Lokbatan
2 Bakhar
3 Dashgil
4 Koturdag

39"

Planke et al., 2003

Planke et al., 2003, Lokbatan

Azerbaijan

Caspian Sea

# >10 recorded eruptions
0 <10 recorded eruptions

50 50 km
Yuisfov & Rabinowitz, 2004

17-03-2016



17-03-2016

Hovland et al., 1997, Dashgil
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Seismic examples

Van Rensbergen et al., 2005, Gulf of Cadiz
Yuisfov & Rabinowitz, 2004, Caspian Sea

Calves et al., 2010,
Indus Fan, offshore Pakistan

Hansen et al., 2005, Vgring Basin, offshore mid-Norway
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Lusi mud volcano

Largest active mud volcano on the
surface of the Earth
Eruption began May 29 2006
Covers 7 km?
Longevity estimated to 25-30 years
(Davies et al., 2011)
Max eruption rates 180.000 m? per day
13000 families have lost their home
Dispute on trigger:
* Man-made: hazardous drilling 150 m
from main vent
* Natural: Earthquake on May 27 2006

Davies et al., 2011

Mazzini et al., 2009
Davies et al., 2008
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Zoom-in on sandstone intrusions in
the Danish North Sea

Sand intrusions in the Danish North Sea
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Sand intrusions in the Danish North Sea

Sand intrusions in the Danish North Sea
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Andresen & Clausen, 2014

15



17-03-2016

Top Host

Outer sill

Outersill
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Andresen & Clausen, 2014
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Model of formation
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How fast?

Top Host ca. 28 Ma

NTO ca. 25 Ma

Max duration 3 Myr

Min duration: could be significantly shorter!

Max 1.8 km3 of sediment in total

How fast?

5.3x10” m3

Andresen et al., 2009:
Mid Miocene sediment mound above the Siri Canyon

Duration
Max 2 Myr (interfingering scenario): 40 m /Myr
Max 200 kyr (onlapping scenario): 4 m/ 1000 yr
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Thank you for your attention
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