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S U M M A R Y
Pre-existing weakness zones in the lithosphere such as transform faults/fracture zones and
extinct mid-oceanic ridges have been suggested to facilitate subduction initiation in an intra-
oceanic environment. Here, we propose that the additional forcing coming from the mantle
suction flow is required to trigger the conversion of a fracture zone/transform fault into a
converging plate boundary. This suction flow can be induced either from the slab remnants
of former converging plate boundaries or/and from slabs of neighbouring active subduction
zones. Using 2-D coupled thermo-mechanical models, we show that a sufficiently strong
mantle flow is able to convert a fracture zone/transform fault into a subduction zone. However,
this process is feasible only if the fracture zone/transform fault is very close to the mid-
oceanic ridge. Our numerical model results indicate that time of subduction initiation depends
on the velocity, domain size and location of mantle suction flow and age of the oceanic
plate.

Key words: Numerical modelling;; Subduction zone processes; oceanic transform and frac-
ture zone processes.

I N T RO D U C T I O N

Despite considerable studies on subduction initiation (McKenzie
1977; Cloetingh et al. 1982, 1984, 1989; Casey & Dewey 1984;
Mueller & Phillips 1991; Kemp & Stevenson 1996; Toth & Gurnis
1998; Regenauer-Lieb et al. 2001; Hall et al. 2003; Gurnis et al.
2004; Stern 2004; Nikolaeva et al. 2010; Marques et al. 2014;
Stern & Gerya 2017; Crameri et al. 2018) the mechanism of for-
mation of new subduction zones is still poorly understood. Two
general scenarios have been proposed for the physical mechanism
of subduction initiation: spontaneous and induced (or forced; Gur-
nis et al. 2004; Stern 2004; Stern & Gerya 2017). In spontaneous
view, subduction is initiated as a result of gravitational instability
of the oceanic plate, which is a direct consequence of cooling of
the lithosphere. Alternatively, in the forced subduction initiation, an
external tectonic force such as ridge push force or forces extracting
from adjacent subduction zones in the region are required to drive
the oceanic plate into the mantle.

Most of previous theoretical and numerical modelling studies
failed to simulate spontaneous subduction initiation using realistic
model parameters (Mueller & Phillips 1991; Hall et al. 2003; Niko-
laeva et al. 2010). Mueller & Phillips (1991) conducted a theoretical
modelling study to investigate the possibility of subduction initia-
tion along passive margins, transform faults/fracture zones and ex-
tinct mid-oceanic ridges. They concluded that oceanic plates cannot
founder into the mantle spontaneously. They proposed that the com-
pressional forces associated with congestion of buoyant material at
a mature trench could provide a necessary extra force for subduction

nucleation. They also suggested that transform faults and fracture
zones represent favoured sites of trench formation. Nikolaeva et al.
(2010), using numerical modelling, showed that spontaneous sub-
duction initiation along passive margins is possible only if either the
continental lithosphere is thinner than 75 km or continental crust is
thicker than 40 km. Both of these conditions are fulfilled very rarely
on the Earth, as the typical thickness of the continental crust and
lithosphere along most passive margins are 35 km and more than
100 km, respectively. However, there are also some previous studies
(e.g. Gerya et al. 2008; Dymkova & Gerya 2013), indicating that
subduction can be initiated spontaneously. Gerya et al. (2008) car-
ried out 2-D numerical models to investigate the cause of one-sided
subduction zone on the Earth. Their model, which simulated tec-
tonic setting of a cross-section cutting through and perpendicular to
a mid-oceanic fracture zone, showed that one-sided subduction can
be initiated spontaneously if the slab interface is a weak-hydrated
interface with null-effective coefficient of friction and slab has a
relatively high strength. Dymkova & Gerya (2013) using 2-D nu-
merical models showed that spontaneous subduction initiation is
possible as a result of porous fluid flow inside oceanic crust and
along slab interface with initial high porosity and low permeability.
The effective friction coefficient (yield stress/pressure) in the thrust
zones in this study was almost null, that is, less than 0.01 as it is
inferred from their Figs 2(a) and (b).

Alternative physical mechanism involved in subduction initia-
tion, which is induced subduction nucleation, has been subject of
several numerical studies (Toth & Gurnis 1998; Hall et al. 2003;
Gurnis et al. 2004; Baes et al. 2011; Leng & Gurnis 2011; Lu et al.
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2015). Toth & Gurnis (1998) explored nucleation of subduction
along a dipping fault in an intra-oceanic environment. They con-
cluded that if the shear stress along the fault is as low as a few MPa,
the ridge push force alone is sufficient to form a new trench. Hall
et al. (2003) studied possibility of formation of a new subduction
zone along a fracture zone and they argued that 100 km of conver-
gence is required to achieve a self-sustaining subduction. Gurnis
et al. (2004) carried out similar work as Hall et al. (2003) and con-
cluded that a fracture zone under compression can be converted into
a self-sustaining subduction zone after approximately 100–150 km
of convergence. They also claimed that an extinct mid-ocean ridge
under compression can evolve into a new trench. Leng & Gur-
nis (2011) showed that the amount of convergence required for
self-sustaining subduction initiation depends on the friction, plas-
tic weakening and nature of boundary conditions—kinematic or
dynamic boundary conditions. Baes et al. (2011) explored subduc-
tion initiation along newly identified weakness zones that are STEP
(Subduction-Transform Edge Propagator) faults. Using numerical
models they showed that STEP fault-perpendicular convergence re-
sults in a dipping shear zone along which a new subduction can
evolve. They concluded that incipient subduction along a STEP
fault is eased if the shear zone dips at about 45◦. Lu et al. (2015)
showed that mantle flow can cause subduction initiation on a stag-
nant lid. They argued that the Earth-like asymmetric subduction
mode occurs for lids with friction angles of larger than 15◦ and
moderate thermal ages. Baes & Sobolev (2017) proposed mantle
suction flow as a triggering factor for subduction initiation on the
present-day Earth. Using 2-D numerical models, they showed that
a new subduction zone can be initiated along a passive margin or
fracture zone/transform fault if a suction flow exists below or near
these localities. The main focus of Baes & Sobolev (2017) was to
investigate the possibility of conversion of Atlantic type of pas-
sive margins into active ones triggered by mantle flow. Extending
this work, here, we aim to study factors, which help or hamper the
subduction initiation process induced by mantle suction flow along
transform faults/fracture zones. We explore the effect of different
parameters such as age of oceanic lithosphere on both sides of
transform faults/fracture zones and suction flow’s velocity, domain
width and location.

N U M E R I C A L M O D E L S E T - U P

We performed 281 experiments using 2-D version of SLIM3D code
(Popov & Sobolev 2008) to investigate the conditions leading to for-
mation of a subduction zone in mid-oceanic environment induced
by mantle suction flow. The experiments in this study are coupled
elasto-visco-plastic thermo-mechanical models in which the do-
mains of elastic, viscous and plastic deformation are determined by
the state of stress, strain rate and temperature.

Here, we established two sets of models. In the first set of ex-
periments, the model has a 2600 km width and a 400 km depth
(models M1–M255). In these models, the suction flow is simulated
by imposing kinematic conditions (velocities) at the model bottom
boundary (Fig. 1a). In the second series, the model domain is larger
(3600 km × 1000 km; models M256–M281). In these models suc-
tion flow is induced from a sinking slab within the mantle which
is initially located at the depth of 400 km (Fig. 1b). The main rea-
son for setting up of the second series of experiments is to show
that kinematic boundary conditions at the bottom boundary of the
first set of experiments can simulate mantle suction flow reasonably
well.

The model domain in both sets of experiments is divided into ho-
mogenous rectangular elements with the resolution of 2 km × 2 km.
In the reference models of both series of experiments (models M231
and M267 in Supporting Information Table S1), an oceanic plate
consisting of a 7 km crust and a 63 km lithospheric mantle is placed
on the right side of the model (Figs 1a and b). On the left side
of the model and below the oceanic plate lies the asthenosphere,
extending to the depth of 400 km in the first and 1000 km in the
second set of experiments. Mantle material on the left side of model
is separated from the oceanic lithosphere by a vertical 10 km wide
weakness zone, simulating a fracture zone, with a depth of 70 km,
a constant viscosity of 1019 Pa s, which is the minimum viscosity in
our models and zero friction coefficient. The choice of zero friction
coefficient and low constant viscosity makes the fracture zone the
weakest zone in the model. We have varied the width of fracture
zone in some models (M252-M255 in Supporting Information Ta-
ble S1) in order to investigate its effect on the results. In our models,
an oceanic lithosphere is formed on the left side of the model as a
result of plate cooling in time. We only considered the thermal ef-
fect of cooling of the plate and ignored the chemical changes in this
process. These models simulate a fracture zone in mid-oceanic en-
vironment, which is located very close to the mid-oceanic ridge. In
some models (M248–M255 in Supporting Information Table S1),
the mantle material in the upper most portion of the left side of
model is replaced by a young oceanic lithosphere. These models
represent cross-sections in which fracture zones are located fur-
ther away from the mid-oceanic ridge, compared to the reference
models.

Table 1 lists the thermo-mechanical material properties used in
our experiments. The oceanic lithospheric mantle and the astheno-
sphere are modelled as wet olivine (Hirth & Kohlstedt 2003). For
the oceanic crust, we set a very low effective friction coefficient of
0.02. The reason is that we consider upper oceanic crust as a layer
of sediments containing fluids where the high (almost lithostatic)
pressure is built during deformation. Such a friction is typical for
the subduction channels (Sobolev & Babeyko 2005; Osei Tutu et al.
2018). For the same reason we also use the material properties of a
wet quartzite rheology (Ranalli 1995) for the oceanic crust. Note,
however that ductile deformation in reality is not activated in the
oceanic crust because of its low temperature, and therefore the entire
deformation is controlled by low-friction brittle deformation mech-
anism. The friction coefficient of other parts of model is 0.4 (Baes &
Sobolev 2017). The thermal structure of oceanic lithosphere in the
reference model is based on cooling half-space model (Turcotte &
Schubert 2002) for an oceanic lithosphere of 80 Myr. The tempera-
ture in the mantle is 1340 ◦C. In the reference model M267, a cold
sinking slab is located at the depth of 400 km below the fracture
zone. The temperature in the sinking slab in this model is 1000 ◦C.
We vary the slab’s temperature and slab’s distance from the fracture
zone in some models to explore their effects on the model outcomes
(M256–M281 in Supporting Information Table S1).

The top boundary of the model is a free surface with zero stress. In
the reference model of the first set of experiments, the model bottom
is a free-slip boundary, except the 600 km in the middle, where we
impose an average sinking velocity of 2 cm yr−1 (with maximum
of 4 cm yr−1 in the centre decreasing to zero linearly towards the
side boundaries, see Fig. 1a). In the second set of experiments, the
bottom boundary is open except the first and last 500 km from both
sides of the bottom boundary which are free-slip boundaries. In
both sets of experiments the upper 50 km of the right boundary is
a free-slip boundary. Below the first 50 km of the right boundary
and the entire left boundary are open, allowing the net inflow and
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Subduction initiation induced by mantle suction flow 1517

Figure 1. Initial model set-up of reference model M231 (a) and M267 (b). The colour bars indicate the temperature field.

Table 1. Material properties used in numerical experiments. ρ is density, K
is bulk modulus, G is shear modulus, log(BDiff ) is pre-exponential constant
for diffusion creep, EDiff is activation energy for diffusion creep, VDiff is
activation volume for diffusion creep, log(BDisloc) is pre-exponential con-
stant for dislocation creep, EDisloc is activation energy for dislocation creep,
VDisloc is activation volume for dislocation creep, n is power-law exponent
for dislocation creep, μ is friction coefficient, c is cohesion, α is thermal
expansivity, CP is heat capacity, κ is heat conductivity and A is radiogenic
heat production.

Parameter Oceanic crust Mantle

ρ (kg m−3) 2900 3300
K (GPa) 650 1290
G (GPa) 400 740
log(BDiff ) (Pa−1 s−1) - −8.78
EDiff (kJ mol−1) - 375
VDiff (cm−3 mol−1) - 2
log(BDisloc) (Pa−1 s−1) −15.4 −16.602
EDisloc (kJ mol−1) 356 532
VDisloc (cm−3 mol−1) 0 14
n 3.0 3.5
μ 0.02 0.4
c (MPa) 3.0 3.0
α (10−5 K−1) 2.7 3.0
CP (J kg−1 K−1) 1200 1200
κ (W K−1 m−1) 2.5 3.2
A (μW m−3) 0.2 0

outflow to balance. Time steps of 5 kyr are used in our experiments
and models evolve for 90 Myr. We vary the velocity, width and
location of imposed sinking velocity, age of oceanic lithosphere

and width of fracture zone to evaluate their impacts on the model
results (Supporting Information Table S1).

M O D E L R E S U LT S

Before exploring the ability of mantle flow to trigger subduction
initiation we examined the possibility of spontaneous subduction
initiation along a fracture zone (models M1 in Supporting Infor-
mation Table S1—Supporting Information Fig. S1). The model is
similar to the reference model of the first set of experiments except
that here oceanic lithosphere is 40 Myr old and the entire bottom
boundary is a free-slip boundary. Therefore, the only governing
force in this model is gravitational force. Results of this model even
after 90 Myr show almost no deformation except formation of a
weak convection cell below the fracture zone. Increasing the age
of the lithosphere (model M2 in Supporting Information Table S1)
does not change the deformation pattern. This implies that sponta-
neous subduction initiation along a fracture zone is very unlikely.

The outcomes of the reference model of the first set of experi-
ments (model M231) are shown in Fig. 2. Results show that mantle
material starts to flow from left side of model towards the oceanic
plate, resulting in a compressional regime near the fracture zone
(Figs 2a and d). Due to this compression the young and hence weak
oceanic lithosphere, which forms as a result of cooling of the man-
tle material on the left side of model, overthrusts the older one. In
response to compression and load from the overthrusting of young
oceanic lithosphere, the old oceanic lithosphere on the right side
of model starts to sink into the asthenosphere (Figs 2b and e). Our
criterion for subduction initiation is the time when the oceanic crust
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Figure 2. Results of reference model M231. In (a)–(c), upper and lower panels illustrate exaggerated surface topography and viscosity field along with velocity
vectors and temperature isolines, respectively. Thick red arrows indicate location of trench. The panels in (d)–(f) show material phase field of the upper 90 km of
model (upper panel) and logarithm of strain rate field (lower panel). In the upper panel of (d)–(f), the red, light-blue and dark-blue coloured regions correspond
to asthenosphere, oceanic crust and lithospheric mantle, respectively.

reaches the depth of 85 km. At this moment more than 130 km of
oceanic plate has been subducted into the mantle which is sufficient
to form a stable subduction zone (Hall et al. 2003). In the reference
model M231 subduction is initiated at t = 6.2 Myr (Figs 2c and f).
During subduction of old oceanic lithosphere, parts of oceanic crust
resist foundering into the mantle and overthrust on the overriding
plate (upper panels in Figs 2d–f). The surface topography (upper
panels in Figs 2a–c) shows that a depression develops as the old
oceanic lithosphere starts to founder into the mantle and moves to-
wards the right in time to allow the slab to hinge and sink into the
greater depth. The rightward motion of this depression on the sur-
face topography, which indicates the location of the future trench,
implies that the early stage of subduction initiation is accompanied
by trench retreating. During the formation of the new subduction
zone the forearc area is subject to subsidence. This is due to the
predicted extensional regime on the overriding plate as the oceanic
plate sinks into the mantle and slab retreats. The localized depres-
sion which is formed in the forearc is vertically aligned with the tip
of the slab (upper panels of Figs 2a and b) and tip of oceanic crust
which is thrust on the overriding plate (upper panel of Fig. 2c) in
the early and late stages of subduction initiation, respectively.

Fig. 3 shows the results of reference model M267. In this model,
mantle flow induced from the sinking slab results in subduction ini-
tiation after 3.0 Myr. Comparing the results of this model with those
of reference model M231, we find that the pattern of deformation in
both models is very similar. This indicates that kinematic boundary
conditions can simulate suction flow reasonably well.

Models simulating a fracture zone far away from the ridge
(M248–M255 in Supporting Information Table S1) do not result
in subduction initiation. In these models, similar to the models for
exploring spontaneous subduction initiation, there is not much de-
formation at the lithospheric level, even after 90 Myr. Older oceanic
lithosphere (M250–M251) and wider weakness zone (M252–M255)
do not change the deformation pattern. This indicates that mantle
suction flow is not able to trigger subduction initiation along fracture
zones which are located far from the ridges.

D I S C U S S I O N

Using numerical models, we have shown that mantle flow can be
an effective triggering factor to initiate a subduction zone along
a fracture zone located very close to a mid-oceanic ridge. Fig. 4
illustrates the results of models with different velocities, locations
and widths of mantle flow for oceanic lithospheres of 20, 30, 40
and 80 Myr. It shows that if mantle suction flow acts on a narrow
region, the subduction is initiated only if the vertical suction ve-
locity is high. Location of such a narrow suction flow to trigger
subduction initiation depends on the age of oceanic lithosphere. For
young oceanic lithospheres (e.g. 20 Myr—Fig. 4a) subduction can
be induced by a narrow mantle suction flow if it is located below the
future overriding plate or fracture zone. In contrast, suction flow trig-
gers subduction of old oceanic lithosphere (80 Myr—Fig. 4d) more
efficiently if it is located below the future subducting plate. This
is due to the bending resistance of the lithosphere which increases
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Figure 3. Results of reference model M267. The description of panels is similar to Fig. 2.

with its ageing. This resistive force can be overcome effectively if
suction flow exists below the future subducting plate.

Model results of our experiments with no mantle suction flow
(models M1 and M2 in Supporting Information Table S1) show that
spontaneous subduction initiation is unlikely and some external
forces are needed to trigger the formation of a new subduction
zone. This is in good agreement with the previous studies (e.g.
Mueller & Phillips 1991; Hall et al. 2003), but it is seemingly in
contradict with modelling results of Gerya et al. (2008). We infer
that the reason for success of Gerya et al. (2008) in modelling
of spontaneous subduction initiation was the assumption of zero
friction coefficient for the hydrated slab interface. In our models,
the slab interface is lubricated by the oceanic crust with the low
(0.02) but non-zero friction coefficient, which is more realistic. So,
based on previous modelling results and results of this study, it

is clear that spontaneous subduction initiation at oceanic fracture
zones/transform faults is controversial, even in 2-D settings. We
note, however, that all new subduction zones are located close to the
location of the older subduction zones (Collins 2003), indicating the
highly possibility of subduction initiation induced by mantle suction
flow, while spontaneous initiation setting is likely rather unrealistic.

In all successful models, subduction initiation is preceded by
overthrusting of younger oceanic lithosphere and extension near
the future plate boundary. This is in accordance with previous stud-
ies (Kemp & Stevenson 1996; Stern 2004; Nikolaeva et al. 2010),
indicating that subduction initiation is accompanied by a tensile
regime near the plate interface. A direct consequence of this ex-
tensional regime is the subsidence of the forearc area, which can
be inferred from surface topography (Buiter et al. 2001; De Franco
et al. 2007).

D
ow

nloaded from
 https://academ

ic.oup.com
/gji/article-abstract/215/3/1515/5071954 by Bibliothek des W

issenschaftsparks Albert Einstein user on 05 O
ctober 2018



1520 M. Baes, S.V. Sobolev and J. Quinteros

200

400

600

800

1000

1200

1400

1600

1000 1200 1400 1600 1800 2000

v=3

v=2

200

400

600

800

1000

1200

1400

1600
W

id
th

 o
f 

m
an

tl
e 

fl
o

w
 (

km
)

1000 1200 1400 1600 1800 2000

v=3

v=2

200

400

600

800

1000

1200

1400

1600

1000 1200 1400 1600 1800 2000
Location of mantle flow (km)

v=2

v=1

200

400

600

800

1000

1200

1400

1600

W
id

th
 o

f 
m

an
tl

e 
fl

o
w

 (
km

)

1000 1200 1400 1600 1800 2000
Location of mantle flow (km)

v=3

v=2

Age of older oceanic plate = 20 Myr

Age of older oceanic plate= 30 Myr Age of older oceanic plate= 80 Myr

Age of older oceanic plate = 40 Myr

Subduction

Subduction

Subduction

Subduction

(a)

(b)

(c)

(d)

Figure 4. Sensitivity of model results to velocity, location and width of mantle suction flow for oceanic lithospheres of 20 (a), 30 (b), 40 (c) and 80 (d) Myr.
Blue, red and green circles stand for average velocity of 3, 2 and 1 cm yr−1, respectively. The dashed circles refer to the models with unstable results (see
Supporting Information Table S1), while ‘+’ means no subduction initiation. The fracture zone in all models is located at 1400 km.

During the early stage of the formation of a new subduction zone
parts of oceanic crust do not descend into the mantle and are thrust
over the overriding plate (Figs 2 and 3). This can be interpreted as the
origin of ophiolites in the forearc area. It is in accordance with Stern
(2004) and Dymkova & Gerya (2013) indicating that subduction
initiation along a transform fault/fracture zone in the mid-ocean
can originate ophiolites. Stern (2004) and Dymkova & Gerya (2013)
proposed that subduction nucleation results in seafloor spreading in
the forearc, which creates ophiolites. In this study, we suggest that
congestion of oceanic crust at the trench and eventually thrusting
of unsubducted oceanic crust on the overriding plate during the
early stage of subduction initiation may be also responsible for the
formation of ophiolites in forearc area.

Time of subduction initiation depends on several parameters such
as age of oceanic lithosphere and width, location and velocity of
mantle suction flow. Fig. 5 shows the relationship between location
and width of mantle flow and time of subduction initiation for
oceanic lithospheres of 20, 30, 40 and 80 Myr. This figure shows
that an older oceanic lithosphere accelerates subduction nucleation
process. This is in accordance with previous studies (e.g. Mckenzie
1977; Mueller & Phillips 1991; Hall et al. 2003; Gurnis et al.
2004) indicating that negative buoyancy of an oceanic plate, which
increases with ageing, facilitates subduction initiation. Compared
to younger lithospheres, lower velocity and narrower mantle flows
are able to trigger subduction initiation of old oceanic lithospheres.
Fig. 5 also shows that subduction nucleation is speeded up by a wider
mantle flow. It becomes even faster when a wide mantle suction
flow is centred exactly below the fracture zone (orange curves in
Fig. 5). Time of subduction initiation increases by increasing of
distance between suction flow and mid-oceanic fracture zone. Note
that our experiments are the 2-D cross-sections. We speculate that
subduction initiation may take much longer in real 3-D situation. It

may also need a higher velocity and wider mantle flow in order to
bend an oceanic plate and initiate subduction.

Models simulating cross-sections far away from the mid-oceanic
ridge (M248–M255 in Supporting Information Table S1) failed to
form a new subduction zone. We conclude that mantle flow can act as
a triggering factor in subduction initiation along a fracture zone only
if it is located close to the mid-oceanic ridge. Other compressional
forces resulting from interaction with other plates (Hall et al. 2003;
Gurnis et al. 2004) or crustal heterogeneities at neighbouring old
subduction zones (Mueller & Phillips 1991) can play an efficient
role in the conversion of fracture zones into subduction zones far
away from ridges.

We believe that there are at least two localities on the Earth where
the mantle flow triggered subduction nucleation in an intra-oceanic
environment. Below, we briefly explain the geological evolution
of these converging boundaries, which are the Sandwich and the
Tonga–Kermadec subduction zones.

The Sandwich trench, located at the plate boundary between the
South America and Antarctic, is an intra-oceanic trench in the south-
ernmost Atlantic Ocean. The oceanic part of the South American
plate subducts under the South Sandwich arc in an east–west direc-
tion. Barker (2001) indicated that the acceleration of the westward
motion of the South American plate relative to the African plate re-
sulted in the onset of convergence between the South America and
the Antarctic Peninsula in the mid-Cretaceous. This led to the clo-
sure of the Rocas Verdes Basin and the formation of the Magallanes
Basin and fold-thrust belt of Tierra del Fuego. Continued conver-
gence and availability of oceanic lithosphere in the southernmost
part of the South American plate resulted in the formation of the
South Sandwich subduction zone along a transform fault/spreading
centre at 45 Ma. At that time, the Phoenix plate was subducting
beneath the Antarctic plate in the west of the Sandwich trench. We
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suggest that mantle flow induced from the east-dipping subduction
of the Phoenix plate, which was an active-mature subduction zone
located very close to the Sandwich trench, facilitated subduction
initiation. Remnants of the Phoenix subduction zone can be evi-
denced in the upper part of lower mantle in mantle tomographic
images (e.g. Bijwaard et al. 1998).

The Tonga–Kermadec subduction zone, located between Aus-
tralian and Pacific plates, is a self-sustaining subduction zone, which
formed at approximately 45 Ma (Bloomer et al. 1995). It is pro-
posed that subduction was initiated along an intra-Pacific fracture
zone (Todd et al. 2012)/spreading centre (Eissen et al. 1998). Gaina
et al. (1998) argued that Pacific motion was approximately parallel
to the Norfolk ridge prior to 45 Ma while it became perpendicular
afterwards. Despite loss of considerable geological record of the
Pacific plate since 45 Ma, the magnetic anomalies show that the
present orientation of spreading centres and magnetic lineations on
the Pacific plate are perpendicular to the strike of the trench (Gurnis
et al. 2004 and references therein), indicating the formation of sub-
duction in an intra-oceanic weakness zone. Some of previous studies
suggested that a short-lived east verging subduction zone was ac-
tive in the region, very close to the location of the future Tonga
trench, from 50 to 45 Ma before the formation of the oppositely
dipping Tonga–Kermadec subduction zone (Kroenke 1984, Eissen
et al. 1998). We think that the triggering factor in the formation of
the Tonga–Kermadec subduction zone was the suction mantle flow
coming from either the Vitiaz subduction zone, which was active in
the north of the (future) Tonga–Kermadec trench or the east-dipping
short-lived subduction zone. Evidence of former subduction zones
in the region can be inferred from mantle tomographic images.
Chen & Brudzinski (2001), using mantle tomography, showed ev-
idence for a large-scale remnant of subducted lithosphere beneath

Fiji, which they attributed to the detached slab of past subduc-
tion of the Pacific plate along the Vitiaz trench. Moreover, P-wave
tomographic images from the southwest Pacific region show high-
velocity anomalies in both upper and lower mantle (Schellart &
Spakman 2012), which indicate that large amounts of old and cold
slab have been subducting in the past 50–100 Myr.

C O N C LU S I O N S

In this study, we have shown that a transform fault/fracture zone can
convert into a converging plate boundary provided that a mantle suc-
tion flow is located below it. Our numerical model results indicate
that the early stage of subduction nucleation is accompanied by
trench retreat and extension of the overriding plate. Resistance of
portions of oceanic crust to subduction, which eventually results
in thrusting of unsubducted oceanic crust on the overriding plate
during the early stage of subduction initiation leads to formation of
ophiolites in forearc area. Subduction initiation induced by mantle
suction flow can be speeded up by the increase of extent and inten-
sity of mantle flow. Mantle flow below oceanic lithosphere is more
efficient in triggering subduction initiation if the oceanic lithosphere
is old (≥80 Myr). In contrast, flow below the overriding plate plays
a key role when the oceanic lithosphere is young. The results show
that our scenario of conversion of transform faults/fracture zones
into subduction zones induced by mantle suction flow is valid only
if suction flow is below a fracture zone/transform fault which is
located very close to the mid-oceanic ridge.
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