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Subduction erosion (Miller, 1970; Murauchi, 1971) factors:

* thinner trench sediments (<1 km),

» faster plate convergence rate (>60 mm/yr),

* steeper inner-trench wall,

* high-relief topography on the subducting plate

* subduction of submarine relief (e.g., seamounts and ridges)
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small frontal prism and the forearc crust is
positioned very close to the trench axis
bending stresses are accommodated by
normal faults, and horst and graben =>
when enter the subduction zone they

Liu et al., 2024. Geomorphology and mechanisms of subduction erosion in the erode the accretionary wedge and base

sediment-starved Mariana convergent margin. Geomorphology 454 (2024) 109161 of the overriding p|ate 3
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fluids rising with serpentinite mudflows and melting flux are derived from dehydration of subducting oceanic
lithosphere => fluids (mainly water) might substantially affect the subduction erosion of the Mariana margin

Dewatering elevates the pore pressure in the interplate interval, and allows a large volume of fluid into the
bottom of the overriding plate, eventually triggering a special type of basal erosion known as hydrofracturing
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Liu et al., 2024. Geomorphology and mechanisms of subduction erosion in the
sediment-starved Mariana convergent margin. Geomorphology 454 (2024) 109161 4



p ng\% UNlVERSlTA - ‘ :js‘ti(t)uto Naz‘\o?‘ale
% . . . 1 Qceanograria
_. _f_‘_’E*fi’ DEGLI STUDI T Corso di Geologia Marina 2026-27 @ OGS & di Geofisica

94.‘\_
§‘
€ geoscienze Sperimentale

The thrust geometry and evidence of large-scale slumping of surficial sediments show that the fault is active and
that the activity has evolved toward the landward direction with time, contrary to the usual seaward progression
of accretionary thrusts.

The megasplay fault has progressively steepened, substantially increasing the potential for vertical uplift of the
sea floor with slip
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Moore et al., 2007, Three-dimensional splay fault geometry and implications for tsunami generation: Science, v. 318, p. 1128-1131.
DOI: 10.1126/science.1147195
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Fig. 4. (A to C) Summary diagram showing the development of the Nankai accretionary prism in
the Kumano Basin area. After “normal” in-sequence thrusting and building of an accretionary
prism, an out-of-sequence (splay) fault system broke through at the back of the prism. a, b, and ¢
refer to sequential sedimentary sequences.

Moore et al., 2007, Three-
dimensional splay fault
geometry and implications for
tsunami generation: Science,
v. 318, p. 1128-1131. DOI:
10.1126/science.1147195
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Strasser et al., 2009. Origin and evolution of a splay fault in the Nankai accretionary wedge.
Nature Geoscience,
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the splay fault cutting this wedge initiated 1:95 Million years (Myr) ago
the fault resumed about 1.55 Myr ago.

A [Since 155 Myr

- Megasplay fault activation, uplift and
formation of forearc-high

- Alternating pericds of high and low activity

- Backwards branching likely since -1.24 Myr

C0004 A-D + |ODP Exp. 316 age constraints
(biostratigraphy and magnetostratigraphy)

MTC mass transport complex

1.55 Myr
- Continuously decreasing displacement along |
the initial OOST between 1.8 and 1.55 Myr
- In-sequence forward imbrication
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- Start of OOST at -1.95 Myr -

- High initial activity phase and mass-wasting
- B.6m kyr™ horizontal displacement
- Reduced forward imbrication

- 2.2 Myr
- Sedimentation in an emerging slope basin
- I-sequence Torward imbrication

Strasser et al., 2009. Origin and evolution of a splay fault in the Nankai accretionary wedge.
Nature Geoscience, 9
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Ranero and VonHuenen, 2000. Subduction erosion along the Middle 10

America convergent margin. Nature 404
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high-amplitude reflections define the plate
interface of the Costa Rica-Nicaragua margin at
depths corresponding to calculated temperatures of
60—-150° and are due to free water along the
decollement

plate-boundary reflections bifurcate and
surround a rock megalens

Ranero and VonHuenen, 2000. Subduction erosion along the Middle
America convergent margin. Nature 404
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Bangs et al., 2016. A recent phase of accretion along the southern Costa Rican subduction zone 12
Earth and Planetary Science Letters, 443, 204-215
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Bangs et al., 2016. A recent phase of accretion along the southern Costa Rican subduction zone 13

Earth and Planetary Science Letters, 443, 204-215
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potential fluid flow
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HRZ: high-amplitude interface
reflectivity are interpreted to be
the result of fluid-rich sediments
that have been entrained with
subducting seamounts

Bell et al., 2010Seismic reflection character of the Hikurangi subduction interface New Zealand, in the region of repeated Gisborne slow slip events
14

Geophys. J. Int. 180, 34—48
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RESEARCH IN RIFTS & RIFTED MARGINS
EVOLUTION OF CONCEPTS

[ INITIAL POINT OF VIEW |70's-80’s

Sediments, Pillow lavas and massive basalt

flows, basalt dikes, layers of gabbros ( solid
magma chambers), Rgsidual mantle ] pre-rift tilted blocks & half grabens
. peri dotites syn-rift growth struciurt_es
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Most present-day rifted margins were built S D e s
upon earlier continental collision zones puroshear ¥ simple shear
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At magma-poor margins key issues relate to
the role of different rheologies (brittle vs. \/
ductile)

ductile deformatlon
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Peron-Pinvidic et al., 2019. Rifted Margins: State of the Art and Future 15
Challenges. Front. Earth Sci. 7:218.
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Rifted margins classification based on mechanical behavior and magmatic production

SE
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Sapin et al., 2021. Rifted margins classification and forcing parameters. Scientific Reports, 8199. 6
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Figure 2. Location of the examples and case studies. The examples shown in Fig. 1 are located on the world
map with the oceanic floor age from Miiller et al.'**. The main case studies are emphasized with stars. The main
transform margins'** and continental flood basalts provinces/volcanic rifted margins ( modified from Bryan and

Ferrari'*®) are also shown.
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Yang et al., 2021. Tectonic-sedimentary evolution of a continental rift basin: A case study of the Early Cretaceous Changling and
Lishu fault depressions, southern Songliao Basin, China. Marine and Petroleum Geology, Volume 128, 105068
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The Moho is a seismic boundary marking the base of the crust (seismic velocity ca. 8 km/s

LITHOSPHERIC STRUCTURE INDICATORS

Structure from seismic reflections/refraction
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Minshull, 2002. The break-up of continents and the formation of new ocean basins. Phil. Trans. R. Soc.

Lond. A 2002 360, 2839-2852
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Minshull, 2002. The break-up of continents and the formation of new ocean basins. Phil. Trans. R. Soc.
Lond. A 2002 360, 2839-2852
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LITHOSPHERIC STRUCTURE INDICATORS

Magnetic anomalies

Certain minerals in the magma (e.g., magnetite) are sensitive to the Earth's magnetic
field. As the magma cools, magnetic domains in these minerals will align with the Earth's
magnetic field locking in the orientation (dip relative to horizontal) and polarity (field
lines pointing out or field lines pointing in) of the magnetic field at that location.
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Geomagnetic Polarity
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Instruments to measured the
earth magnetic field in the ocean:

- Magnetometer

- gradiometer composed by two
magnetometers to filter time
variation in the magnetic field

25
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Large regions without such anomalies are present in the Bay of Biscay,
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Minshull, 2002. The break-up of continents and the formation of new ocean basins. Phil. Trans. R. Soc.
Lond. A 2002 360, 2839-2852
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LITHOSPHERIC STRUCTURE INDICATORS

Magnetic anomalies

Age (million years)

0-2 m.y. 5-24 m.y. 37-58 m.y. 66-84 m.y.
2-5m.y. | 24-37 myy. 58-66 m.y. 84-117 m.y.

117-144 m.y.
144-208 m.y.

© 2011 Pearson Education, Inc.

© 2011 Pearson Education, Inc.
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Watts, 2012. Models for the evolution of passive margins. In Phanerozoic Rift Systems and
Sedimentary Basins DOI:10.1016/B978-0-444-56356-9.00002-X
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Goutorbe et al. (2011)
Global heat flow trends resolved from Mean heat flow (mW/m?-)
multiple geological and geophysical

proxies. Geophysical Journal . -
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Flusso di calore q = K *At/Az (mWxm-2)

K = conducibilita termica
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Poort et al., 2020. Heat flow in the Western Mediterranean: Thermal anomalies on the margins,
the seafloor and the transfer zones. Marine Geology, Volume 419, 106064
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LITHOSPHERIC STRUCTURE INDICATORS
Age versus depth
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