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In Short

• Numerical modeling of plume-slab interaction

• Investigation of key factors controlling the possi-
ble deformation responses caused by plume-slab
interaction

• Explore the effect of rising plumes on subducting
and trench retreating rates

Plume-lithosphere interaction has been investigated
in various studies from different perspectives includ-
ing observations (e.g.,[1–3]) and modeling (e.g., [4–
9]). Mantle plumes are able to produce linear vol-
canic chains, plateaus, large igneous provinces and
continental flood basalts on the Earth. Impingement
of a mantle plume on an oceanic or continental litho-
sphere have been subject of several previous stud-
ies (e.g., [4–12]. However, interaction of mantle
plumes with subducting slabs has recieved less at-
tention, specially from modelling point of view. [13] in-
vestigated the geological and geophysical evidence
of Yellowstone plume. They indicated that plume
which has produced the Yellowstone hotspot track
initiated to rise from at least 1,000 km depth at 17
Ma. Interaction of this plume with lithosphere led to
the widespread volcanism, with eruptions of flood
basalts and rhyolite. Before reaching lithosphere,
the rising plume head interacted the east-dipping
Juan de Fuca slab and was deflected 250 km to the
west. This resulted in slab break-off and the rapid
hotspot movement of 62 km/Myr from 17 to 10 Ma.
Figure 1a shows the scenario of [13] for Yellowstone
plume schematically.

[14], using 3d anisotropic tomography images and
3d numerical models, studied the effect of Samoan
plume on Tonga slab in Southwestern Pacific. They
indicated that the interaction of Tonga slab with the
Samoan plume led to the slab stagnation at 660
km and fast trench retreat. According to this study,
Samoan plume originated from a mega ULVZ (Ultra
Low Velocity Zone) at the core-mantle boundary and
rose towards surface through the whole mantle (Fig-
ure 1b1). The plume, in its way towards the surface,
interacted with the Tonga slab at the transition zone
(Figure 1b2). This collision led to slab stagnation
and buckling at transition zone which was followed
by fast slab retreat and migration of plume materials
into the mantle wedge (Figure 1b3).
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Figure 1: Two different scenarios proposed for plume-slab inter-
action for (b) Yellowstone region (figure adapted from [13]) and
(c) Tonga subduction (figure adapted from [14]).

As explained above, different interpretations and
scenarios have been proposed for collision of a
plume with a subducting slab. In this study, we aim to
investigate the possible responses of slab and plume
to their interaction under different conditions like dif-
ferent slab ages, slab lengths and plume buoyancies.
To this aim, we use I3ELVIS finite difference code
to setup 3d numerical models. Our preliminary 3d
model setup is shown in Figure 2. The model has the
dimensions of 1230 km* 592 km* 684 km which in-
cludes a 20 km sticky-air, an old oceanic lithosphere,
a younger oceanic lithosphere, a weak zone separat-
ing two oceanic plates and asthenosphere till depth
of 684 km (Figure 2). The model contains more than
10 million nodes and 505 million markers. Here, our
goal is to investigate plume-slab interaction using 3d
numerical models to address the following questions:
- How a rising plume can affect the subducting slab?
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Figure 2: Fig. 2: Initial setup of 3d numerical model. The upper
panel shows the temperature field and the lower panel illustrates
the different layers of the model along a cross-section cutting the
middle of model.

Whether interaction of a mantle plume with a sub-
ducting slab leads to slab break-off or subduction
continues? Are the trench-retreat and/or subducting
rates affected by slab-plume interaction?

Answering these questions will advance our knowl-
edge about mantle plumes and their roles in plate
tectonics.
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