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Conversion of passive margins

Subduction initiation in passive margins: insights from numerical models

M. Baes(1,2) , A. Hampel(1), (1) IInstitut für Geolo-
gie, Leibniz Universität Hannover, (2) GFZ Potsdam

In Short

• The aim of this study is to investigate conversion
of passive margins into active ones.

• Finite element models are used to study the effect
of suction flow in subduction initiation.

• The role of STEP faults in destabilisation of pas-
sive margins is evaluated.

Passive margins are the transition between
oceanic and continental lithosphere. As their name
indicates there are not much tectonic activities along
these margins. These localities have been pro-
posed as candidate locations for subduction initi-
ation. Some of previous studies (e.g., [1,2]) noted
the difficulty of conversion of passive margins into
active ones due to the large force, which is needed to
break and bend the old lithosphere. They suggested
that the favourable locations for subduction initiation
are pre-existing weakness zones in the lithosphere
such as mid-oceanic transform faults/fracture zones.
However, modelling studies have proposed some
weakening mechanisms such as water weakening
[3], weakening due to grain damage [4] and man-
tle suction flow [5] facilitating subduction initiation in
passive margins. Mantle suction induced subduction
initiation was investigated previously using 2d numer-
ical models ([5]). In this study, we aim to expand our
previous work by using 3d numerical models. We in-
vestigate the possibility of destabilising of a passive
margin by mantle suction force. We also evaluate
the possible role of STEP ((Subduction-Transform
Edge Propagator) faults on conversion of passive
margins into subduction zones.

The study of [5] was based on 2d numerical mod-
els. In 2d models it is not possible to investigate
whether tearing of lithosphere inherited from adja-
cent subduction zones can propagate towards the
passive margins and facilitate subduction initiation
process. Moreover, we expect that considering three-
dimensionality of the earth makes the rupturing of
the lithosphere more difficult. Therefore, 3d numer-
ical models may lead to different conclusions. [6]
using numerical models showed that in the horizontal
edges of slab continual tearing of the lithosphere re-
sults in the formation of a transform-like fault, which
they called it STEP fault. They argued that there

are STEP faults along the north and south ends of
the both existing mature subduction zones of Atlantic
Ocean (the Lesser-Antilles and South Sandwich sub-
duction zones). One of the objectives of this project
is to investigate whether these STEP faults in Atlantic
Ocean can propagate northward along the passive
margins to trigger subduction initiation. In this sce-
nario, propagation of tearing is facilitated by negative
buoyancy of old oceanic lithosphere. Numerical mod-
elling of effect of STEP faults on subduction propaga-
tion using 2d models are impossible. Therefore, we
establish 3d numerical models in which STEP faults
are located next to an old passive margin. We use
available geological, geophysical and seismological
data to set-up our models as close to the tectonic
setting of Atlantic subduction zones and passive mar-
gins as possible. Here, our goal is to explore the
possibility of conversion of Atlantic type of passive
margins into active converging plate boundaries us-
ing more sophisticated 3d numerical models. We
aim to answer to the following questions:

- Can mantle flow coming from past and present
subduction zones trigger conversion of an Atlantic
type of passive margin into active one?

- Can STEP faults -which are strike-slip like faults
located at the horizontal edges of subduction zones-
facilitate conversion of passive margins into subduc-
tion zones?

To this aim, we first set up models in which a
passive margin is under mantle suction force. We
will investigate how big these mantle suction forces
should be to trigger subduction initiation. In the
next step, we will study effect of STEP faults on
subduction propagation. We will setup models in
which a passive margin is separated from subduc-
tion zone by STEP faults. To better verify the effect of
STEP faults we setup similar models with and with-
out STEP faults. The combination of STEP faults
and suction flow forces will be studied in the next
step.

We use ASPECT code to model subduction initi-
ation in passive margins. This code was originally
developed to solve the equations for Earth mantle
convection ([7,8]). Since then, due to further devel-
opments of the code, it has been used in various
geodynamic problems such as modeling of subduc-
tion (e.g., [9,10]) and rifting (e.g.,[11,12]). In this
project we setup two series of 3d models. In the
first set of experiments, we examine whether suction
force alone is able to break the lithosphere and ini-
tiate a new subduction zone.Our 3d model setups
are shown in Figure 1. The model consists of an old
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Figure 1: Model setup. (a) Initial model setup of the first set of
experiments. (b) Initial model setup of the second set of experi-
ments. In (a) and (b) the upper panels show the compositional
field (the color codes are shown in the right side of figure) and
lower panels illustrate temperature field of a cross-section cutting
through the middel of model.

oceanic lithosphere, a continental plate and astheno-
sphere till depth of 400 km (Fig. 1a). The model
domain is a cuboid of 2000*1000*400 km3. The tem-
perature in the oceanic and continental lithosphere
is calculated based on cooling half space model and
steady state thermal field, respectively. All the side
boundaries of the model are free-slip boundaries.
The top boundary is a free surface boundary and
we apply some velocities/tractions at the bottom of
model to simulate suction force. In the second set
of models we include a STEP fault to the midel of
model to investigate its effect on subduction initia-
tion (Fig. 1b). The STEP fault is defined by a weak
low-viscosity zone in the middle of model.
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