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CREEP
Slow intergranular
frictional sliding
with quasi-static
grain contacts

SLIDE
Translational (as shown)
or rotational;
coherent mass
with minor
internal deformation

SLUMP
Coherent mass
with considerable
internal deformation
(discrete, non-pervasive

e shear)
Possibly with
entrained turbidity FLOW
(with plastic
behaviour)

Remoulded mass.
Non-turbulent but possibly
with transient, large-scale

turbulent churning

Avalanches

FLOW
(with fluidal
behaviour)

Fully turbulent

FALL
Solitary grains or loose
grain assemblages
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Pt

Figure 1 The likely mode of formation of a megaturbidite deposit, such as that described by Rothwell
et al’, Unstable sediment accumulations collapse when perturbed, maybe with associated release of
methane, resulting in a submarine landslide and flow of dense currents of sediment (turbidity
currents) down a continental slope. The end result is turbidite sequences on the abyssal plain.
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Event Age |ka]
Min Max Best Published

Agadir basin A3 35.00 45.00 40.00

AS 54.00 84.00 59.00

AT 75.00 85.00 R0.00

A10 95.00 115,00 105.00

All 105.00 125,00 115,00

Al12 120,00 130,00 125,00

Al3 120,00 140,00 130.00
Amazon Shallow W 12.35 2138

Deep E 35.00 37.00 36,00

Deep W 41.00 45.00 4350
Baleanic abyssal plain 2032 2358 21,95
BIG95® 11,60 1557 12.39 >11.00
Black Shell 18.65
Cape Blanc 135.00 175.00

w

Flemush Pass (Ca) ] 128.50 143.80 136.00

2 81.70 118.10 102.00

3 78.50 115.10 99.00

4 59.10 116.80 83.70

5 56.10 117.00 7400
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Fig. 3. Locations of cast coast submarine landshides discussed in the text (after Twichell et a1, 2008-this issue). Deposit thicknesses shown for several of the large landslides,
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Development: Ormen
Langeis a gas field located
in the More Basin in the
southern part of the Nor-
wegian Sea. The water
depth in the area varies
from 800 to in excess of 1
100 metres. The deep water
and the seabed conditions
have made the develop-
ment very challenging and
have triggered develop-
ment of new technology.
The field is being developed in several phases. The plans for development
of Ormen Lange call for 24 deepwater wells. In 2007 two subsea templates
were located in the central area of the field. In 2009 the third template was
installed in the southern part of the field. The fourth template was installed
in the northern part of the field in 2011.

Reservoir: The main reservoir consists of sandstones of Paleocene age in the
“Egga” Formation, about 2 700 - 2 900 metres below sea level.

Recovery strategy: The field is recovered by pressure depletion and, at a later
stage, gas compression.

Transport: The , which cont and c is transported
intwo multi-phase pipelines to the onshore facility at Nyhamna, where gas is
dried and compressed before it is sent in the gas export pipeline, Langeled,
via Sleipner R, to the UK.

Status: Thefield is producing at plateau with 15 wells. Reserve estimates were
reduced considerably in 2011. During 2011, the licence changed its base case
for future gas c 1 to a combination of onshore comp from
2016together with an infield compression solution from 2021,
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Fig. 5. Plot showing the distribution of ages of landslides younger than 20 ky and listed
in Table 1. For comparison with glacial cycles, sea level versus time (according to
corrected '“C dating of samples from Barbados and elsewhere; Fairbanks, 1992) are also
plotted. The figures shows a reduced occurrence of landslides during the last 5 ky, an
interglacial time with elevated sea level.
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Fig. 1. Approximate impact of time on several factors that influence the stability of
submarine slopes.
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Figure 1| Tsunami reports across Haiti and Gonave microplate. The 12 January epicentre is denoted by the yellow US Geological Survey moment tenso
solution. Circles indicate locations of reported tsunami. Inset: The location of the Gonave microplate with respect to the North American and Caribbean
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J:T: ), T e ﬂ: —)ﬁ R ( - Fig.4 Schematic illustration of a continental margin illustrating contrasting ‘end member” initiation

Yo S mechanisms for giant landslides. Landslide thickness is exaggerated to improve presentation. (a)

1§JE L’—Cﬂb’j-/\ ) E j(/”:' Landslide initiated on the upper slope due to rapid sedimentation. (b) Landslide initiated on the
lower slope due to lateral advection of high pore pressure from thicker sediment accumulation
beneath the upper slope. In both (a) and (b), development of the landslide beyond the initial failure
is controlled by weak layers within the parallel bedded slope sediment sequence
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Fig. 20. Sketch illustrating the probable scenario of the 1979 Nice slope failure: (a) The high permeability sand layer represents a fresh water conduit
inducing the increase of the sensitivity of the surrounding clay by leaching. (b) The embankment generates the softening of the mechanical properties

of the sensitive clay layer and an increase in creeping. (¢) Afier a period of rainfall, the pore pressure possibly increases and induces the decrease of
the effective stress which conducts to failure.
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Fig. 1. Location of submarine telecommunication cables and cable
breaks offshore SW Taiwan. EQI and EQ2 are the two major Pingtung
carthquakes of magnitude 7.0. The yellow continuous line underlines
the channel of the Kaoping canyon and Manila trench. Red stars cor-
respond to the locations of cable breaks. Numbered stars are used in
Fig. 3. Five submarine landslides are identified. Cable break times and
locations are given in Table 1.
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CH-US SegW2 Break 2

CH-US SegS1 Break 14

Fig. 2. Broken cables recovered during cable repair operations. Upper
piture: break of an armoured type cable recovered during break 2 repair
(located in Fig. 1). Lower picture: break of a lightweight type cable re-
covered during break 14 repair (located in Fig. 1).

AFP (2007; http://www.afpbb.com/articles/-
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Figure 2. Interpretation
of the 22 December 2018
European Space Agency
satellite Sentinel-1A SAR
image, showing two dis-
crete failure planes: plane
A, which enabled com-
plete loss of the hanging
wall material, and plane B,
which resulted in a rota-
tional slide of the linear
block between the failure
planes, with an undefined
magnitude of slip.

Pre-failure topography

Historic topographies & bathymetries
Inferred internal architecture
Sea Level

Failure (dashed where inferred)
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Figure 3. A west-east
cross section through
Anak Krakatau, Indonesia
(2 x vertical exaggeration)
showing the pre-failure
topography (black outline)
and the reconstructed
internal architecture of the
volcano (gray lines). Con-
structed using data from
Decker and Hadikusumo

(1961), Deplus et al. (1995), Giachetti et al. (2012), and the Badan Informasi Geospasial digi-
tal elevation model (http:/tides.big.go.id/DEMNAS)/). Failure plane A (solid red line) and the
inferred submarine failure plane (dashed red line) for the tsunami-generating flank failure is
shown, as used for the volume calculations. The proposed failure plane B and rotated block

is not shown, as it was not removed during the flank failure event.



PHASE 1: June - Dec 22nd 2018
Strombolian eruption

PHASE 2: Dec 22nd 2018
Flank failure,
tsunami generation &

eruption

C  PHASE 3: Dec 23rd - 27th 2018
Vent migration to west,

r‘zmuon of c:t':

Jan 10th 2019

Figure 4. Schematic time line of eruptive activ-
ity and tsunami generation at Anak Krakatau,
Indonesia. Splayed magmatic plumbing in
panel A represents an assumed migration of
the vent prior to A.D. 2018, as interpreted from
Figure 3.The eruption plumes and tsunami are
representative only, and not to scale.
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Figure 1. Satellite imag-
ery showing the evolving
geomorphology of Anak
Krakatau (Indonesia) as
a result of the December
2018 through January
2019 eruptive activity and
the 22 December 2018
tsunami. (A,B) Island mor-
phology before the flank
failure. Image in panel
C was captured only 8 h
after the tsunami, and
shows the western flank
failure and collapse of the
summit. (D) The destruc-
tion of the summit. (E) The
subsequent regrowth of
the island. (F) Changes
in island surface area
through this period. A
and F are European Space
Agency satellite Sentinel-
2A true-color images,
and panels B-E are Sen-
tinel-1A and Sentinel-1B
SAR backscatter images.
Arrows show the radar
look direction.
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