5. Basins associated with subduction processes

The global subduction system
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Convergent setting — arc-trench system

Forearc basin Backarc basin
Trench-slope basin Intra-arc basin /
\
Forearc \ Backar
Accretionary ‘
complex Marginal basi
{sensu lato

TRE

Trench

the major sites of

sediment accumulation at convergent margins discussed in this paper. T, trench; TSB, trench slope basin; FAB,
fore-arc basin; IAB, intra-arc basin; note that an ensialic setting is shown here, but the terrhinology applies equally to

intra-oceanic convergent margins.

Trenches: situated on the downbent oceanic lithosphere

Slope basins: perched on the accretionary subduction complex
Forearc basins: located between the arc and the subduction complex
Backarc basins: found on the landward side of the arc.
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Three families of arc-systems (Dewey, 1980)

1. Extensional arcs: velocity of roll-back (a) > oceanward velocity of the

overriding plate (b). Producing backarc extensional basins
e.g., Mariana and Tonga arcs, eastern Indonesia.

2. Neutral arcs: (a) = (b)

Producing well-developed subduction complexes, but no backarc extension.
e.g., Alaska-Aleutian and Sumatran arcs.

3. Compressional arcs: (a) < (b)

Causing thrusting in both overriden oceanic and overriding continental crust.
e.g., Canadian — western USA Cordillera, Peruvian Andes.



Erosive versus accretionary margins
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Global compilation of accretionary margins
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Example of an accretionary margin (Ryukyu arc-trench system)
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Global compilation of erosive margins
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Classic example of the erosive margin
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What are characteristics of
erosive plate margins?

Landward retreat of volcanic arc

Subsidence of forearc basin

Arc igneous rocks exposed in inner trench slope
Normal faulting/extension in forearc
Trenchward tilting of forearc

Institute of Geophysics



Dynamics of accretionary/orogenic wedges

Accretionary wedges attain dynamic balance between:

(1) the gravitational forces arising
(2) The horizontal “push” from the
(3) The basal shear force or “tract

from the slope of the wedge;
rear;
ijon”.

A critical taper (Davies et al., 1983) is the shape for which the wedge is on the verge of failure

under horizontal compression everywhere.
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Western central Taiwan (Davies et al., 1983):
Tb — pgh o |+ (1 — /1) Kpgh H The regional surface slope of a =2.9%; =6
/ is well explained by the critical taper theory.
ravit i
Parameters
T , = basal shear stress
o = density

g = gravitational acceleration

h = depth below surface

a = surface slope of wedge

A = ratio of pore-fluid to lithostatic pressure
K = yield strength of the wedge

¢ = angle at the front of the wedge = o +
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Underplating
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Example of an
accretionary prism —
Sunda arc

0 5 10 20km _ :
T Moore & Karig (1976) & Karig et al. (1978)

No vertical exaggeration

Structural geometry based on seismic profiles across the subduction complex of the Sunda
arc. The subduction complex is made of a series of imbricate thrust sheets composed of a
melange of sheared sedimentary rock debris.

On the Nias island the “debris” comprises the following:

* basalt, rare peridotite, dunite, serpentinite derived from the oceanic crust.

* chert, red shale and pelagic limestone derived from the sedimentary cover of the oceanic
crust.

» turbiditic conglomerates, sandstones, and mudstones derived from the adjacent arc and
especially the Bengal Fan through longitudinal sediment supply.
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Bending, sedimentation and accretion near trenches

The bending of the Pacific plate (solid line) BENDING

2
Sea mount Sea
1 mount

as it enters into the Mariana Trench.
Pecked line shows profile according to
flexural theory.
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Simplest possible relationships for lateral
submarine fan input to a subduction margin; a
coarsening-upwards sequence is produced. In
practice, inner slope basins, axial deflections and
runout/reversal behaviour complicate the picture.
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Trench-slope basins

An ideal sequence for

trench-slope basins
Nature of an inner trench slope on an accretionary

prism, with the many slope basins formed by the
intersection of thrust faults with the prism surface.
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Forearc basins

Forearc basins lie between the axes of trench-slope breaks (or trenches)
and the magmatic arcs.
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Subsidence mechanisms

Subduction Forearc  Forearc

L ¥

Trench

Oceanic Crust’~
o0 H=V 2]5
L
Scale in km A B C - D Dickinson (1995)

A. Negative buoyancy of slab of descending cold oceanic lithosphere
B. Loading by subduction complex
C. Loading by sediments

Subsidence patterns for forearc basins are ambiguous as the large uncertainty in estimating the
e e sad@EODAtHYMetry of forearc sediments. 16
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e e Basement of forearc basins
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Basements for many ancient forearc
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a Sag e bas!ns_ are commonly composed of
T T s 2 e, o 2, o ophiolite.
Transform margin-s, efg" 7“7 % Ophiolite complex: Sequence of rock types,
OphIO!IEeh, consisting of deep-sea sediments (e.g. red clay,
sia n . . .
migration chert, etc) lying above basaltic pillow lavas and

forearc

spreading dykes (dolerite or diabase), gabbro, and
peridotite.

Forearc spreading (D)
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Possible origins for ophiolitic basements
1 fOrearc basins  picvinson (1995)
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_ Backarc Phase
Evolution of | e,
Forearc basins in the Luzon
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Facies framework of Sunda forearc basin off Sumatra
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S K O Modern forearc basin
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121°30"

Forearc basin sequence (Taiwan)
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