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Suhdugction initiation is eniymate...

At least fourteen hypotheses of subduction initiation :

(1) Plate rupture within an oceanic plate or at a passive margin (e.g. McKenzie, 1977).

(2) Reversal of the polarity of an existing subduction zone (e.g. Mitchell, 1984).

(3) Change of transform faults into trenches (e.g. Uyeda and Ben-Avraham, 1972).

(4) Sediment or other topographic loading at continental/arc margins (e.g. Dewey, 1969).

(5) Forced convergence at oceanic fracture zones (e.g. Mueller and Phillips, 1991).

(6) Spontaneous initiation of retreating subduction due to a lateral thermal buoyancy contrast at
oceanic fracture zones separating oceanic plates of contrasting ages (e.g. Gerya et al., 2008).

(7) Tensile decoupling of the continental and oceanic lithosphere due to rifting (Kemp and
Stevenson, 1996).

(8) Rayleigh-Taylor instability due to a lateral thermal/compositional buoyancy contrast within
the lithosphere (e.g., Matsumoto and Tomoda, 1983).

(9) Addition of water into the lithosphere (e.g., Regenauer-Lieb et al., 2001).

(10) Spontaneous thrusting of the buoyant continental/arc crust over the oceanic plate (e.g., Mart
et al., 2005).

(11) Small-scale convection in the sub-lithospheric mantle (Solomatov, 2004).

(12) Interaction of thermal-chemical plumes with the lithosphere (e.g., Ueda et al., 2008).

(13) Large asteroid impacts (Hansen, 2007).

(14) Shear[ heating induced localization along spontaneously forming lithospheric-scale fracture
zones (Crameri and Kaus, 2010).
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Subduetion initiation typnes
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Time = (1.9 Ma, Strain = 8.4 %
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Time = 0.26406 Myrs
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Time = 0.53292 Myrs
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Time = 1.0713 Myrs
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Time = 2.874 Myrs
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Time = 3.4135 Myrs
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Time =4.7621 Myrs
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Time = 6.3708 Myrs
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No Peierls deformation and no shear heating — no subduction

Time = 5.2769 Myrs
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Spontaneous iniuation at a passive margin
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Nikolaeva et al.(in revision)
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Straight Margin
thickness lithosphere 20km
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Straight Margin
thickness lithosphere 90km
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decompression melting
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decompression melting

Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




Straight Margin
thickness lithosphere 90km




ht Margin

rai

£
&
3
£
Q
@
O
=
i
w
b7
O
S
9
=

St




Straight Margin
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Review: Future directions in subduction modeling
Journal of Geodynamics
Gerya (2011)
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Common view:
transform faults are plate fragmentation structures
forming by fracturing of “fresh” plates as “connectors” between
pre-existing ridge offsets that remain constant through time

1934 Encyelopaedia Britannica, Inc
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Fige. 1. Ridge segments and other ridge-parallel structures can release thermal stress in the ridge-nor ction, wh ng e-parallel resicdual stresses. Arrow: .

represent the direction and the magnitude of components of ther stresses aligned along ridge-perpendicular and ridge-parallel directions. (a) Before ridge segments are ‘ h 1 t 1 2 O O 8
created, thermal stress is isotropic and its horizont al components are equal in ude. The future location of ridge segments are marked by the pairs of gray dashed lines. 0 e a .

(b The ridge-parallel comp becomes dominant when the ridge-normal principal stress is released by the formation of ridge segments (pairs of solid lines). A possible

e of 2 structure connecting the ridge segments is denoted by a dased cur

\

(e) 10.2Kyrs f) 15 Kyrs

Fig. 3. (a) Fy, force required to extend the domain at the applied velocity in the x-direction as a function of time. (b) Depth profiles of temperature and viscosity are taken at
the point P marked in (a) and compared at different time steps (0, 3, 7, 10.2, and 15 kyears). The rise in Fy at -7 kyears coincides with the cooling and significant increase in
viscosity of the subsurface (1-2 km deep) layer. 3D rendering of the second invariant of plastic strain at the same set of time steps: (c) 3 kyears, (d) 7 kyears, {e) 10.2 kyears,
and () 15 kyears.
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Are transiorin faults altways lnbented ¢
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However, other observations support the hypothesis that the

orthogonal ridge-transform system 1s emergent and not solely due

to preexisting conditions:

(1) that single straight ridges can develop into an orthogonal pattern,

(2) the existence of zero offset fracture zones, and

(3) a positive correlation between ridge segment length and spreading rate

(4) transform faults are not inherited from transverse rift structures and
nucleate while or after spreading starts




Vramsiorm faulis can be emergent J
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Fig. 5. Two possible modes for adjustment of a ridge to a change in

spreading direction. 4, The ridge readjusts as a unit taking on a new

direction by time ¢, after 3N km of spreading has occurred. B, Theridge

breaks into segments, each piece becoming realigned by time f, after
N km of spreading.
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Oldenbburg and Brne (1972)
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New material

/ added here

Fig. 3. Evolution of asymmetric spreading.

Oldenbburg and Brune (1972)

Separating the plates at rates sig-
nificantly slower than the medium rate
resulted in asymmetric spreading and
occasional multiple breakup. The multi-
ple breakup is evidently caused by the
fact that the ridge crest freezes to a
strength sufficient to cause the spread-
ing center to jump, creating new fis-
sures in one or more locations. Asym-
metric spreading is characterized by an
irregular ridge axis divided into a num-
ber of segments of random length, each
spreading asymmetrically in an alter-
nate direction. In each segment the
ridge remains stationary with respect
to either the moving or fixed plate. In
this process the slow separation allows
the wax to repeatedlv freeze and break
across the spreading center. For some

unknown reason the solidified wax is

bound less strongly to one side and,
as separation continues, the solid ma-
terial preferentially breaks away from
this side, attaching itself entirely to
other plate which therefore grows at a
rate equal to the velocity of the mov-
ing stick. A schematic example of this
evolution of asymmetric spreading is
given in Fig. 3. The ridge segments
labeled a do not move relative to the
bottom of the diagram, and those la-
beled » do not move relative to the
stick. A type of transform fault which
continually increases in length is pro-
duced,



30, higib-resolution, and long-tem
fli-ocean rdge modeling reguired

~300 experiments with I3ELVIS code were performed:

resolution up to 405x405x69 nodes (0.5x0.5x0.5 km)
and up to 100 million randomly distributed markers
viscous-Dbrittle/plastic model with strain weakening
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Model without gravitation
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Inactive fracture zones and ridge jumps
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Fig. 1. The southern Mid-Atlantic Ridge (heavy line) and magnetic anomalies. Transform A’ reaches zero offset at anomaly 4 and 4’ time,
and again at anomaly 2 and 2’ time. Offset along A’ is 15 km at anomaly 5b, 10 km at anomaly 3, and 20 km at present. 35% asymmetry in
spreading is required to reach zero-offset (after Brozena, 1986).
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Figure 1. A: Simrad multibeam bathymetry collected on CD99. Depths are in meters below sea
level. Black east-west lines mark tracks of deep-towed magnetic illustrated in Figure 3. Letter
indicates line name. B: Towed ocean-bottom instrument sidescan sonar mosaic showing in-
terpretation of sidescan sonar data and magnetic field data. Light tones represent strong
acoustic backscatter, e.g., rock outcrops. Outer green dashed lines mark edge of neovolcanic
zone. Central yellow dashed line marks position of axial volcanic ridge. Red dashed lines
mark edge of Bruhnes anomaly. Blue dashed lines mark top of scarp of large fault that forms
western boundary of half graben at inside comer of this segment. C: Interpretation of side-
scan sonar mosaic illustrating areas described in text. Ze and Zw are neovolcanic zone on
eastern and western sides of axial volcanic ridge, respectively. Be and Bw are areas of old,
sedimented Brunhes age crust formed at current axis. Br is old, sedimented Brunhes age
crust formed at relict axis at inside corner. M is older, Matuyama age crust. F is major inside-
comner fault scarp. AVR is Axial Voleanic Ridge.
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Crustal formation time (Myr)
|

(km)

stance

Di




How de djt@s @w@m‘@tfﬂ@m gﬂémg@s

Ol (deg.)
o

0.6 | 1.0 | 1.4 | 1.8 | 2.2
time (Myr)



Whiat aloeur zero offisel racture Zomesy)

PAUL R. STODDARD AND SETH STEIN

346 347 348 348 350

Fig. 1. The southern Mid-Atlantic Ridge (heavy line) and magnetic anomalies. Transform A’ reaches zero offset at anomaly 4 and 4’ time,
and again at anomaly 2 and 2’ time. Offset along A’ is 15 km at anomaly 5b, 10 km at anomaly 3, and 20 km at present. 35% asymmetry in
spreading is required to reach zero-offset (after Brozena, 1986).

Stoddard and Stein (1987)
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Fig. 1. The southern Mid-Atlantic Ridge (heavy line) and magnetic anomalies. Transform A’ reaches zero offset at anomaly 4 and 4’ time,
and again at anomaly 2 and 2’ time. Offset along A’ is 15 km at anomaly 5b, 10 km at anomaly 3, and 20 km at present. 35% asymmetry in
spreading is required to reach zero-offset (after Brozena, 1986).

Stoddard and Stein (1987)
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1. Transform are plate-growth structures and not plate-fragmentation structures:

the difference is as in between snowflakes and fragments of broken glass.

2. Asymmetric plate accretion can spontaneously start in alternative directions
along a single straight ridge

3. This causes dynamical instability of straight mid-ocean ridges promoting
development of their curvature and finally leading to emergence of transform
faults on the timescale of few millions years.
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Review: Origin and models of oceanic transform faults

Tectonophysics
Gerya (2011)
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