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In this project, we investigated how the faults, on which earthquakes and tsunami happen, are
created and how that affects the growing land. We also proposed a new method that contributes to a
hot debate in Earth Sciences over the interpretation of the rock pressure record.

During this project | elucidated some aspects of the mechanics of
accretionary prisms and the formation of plate boundary fault. In Furuichi et al. (2018), we
reavealed that stress patterns in granular media affect the dynamics of thrusting. In Bauville et
al. (2020), we presented analytical solutions and numerical simulations that shed light on the
formation of decollement faults.

The second part of the project, which treats of the dynamics of convergent tectonic zone was
initially planned as a modeling study. However, 1 deviated from this initial goal as new interesting
data became available. Thus, In Bauville and Yamato (2020), we proposed a new method of
pressure-to-depth conversion for metamorphic rocks.

I published two articles as a first-author and three articles as a collaborator. | also presented

the results in national and international conferences (JpGU and EGU general meeting). Thank to the
Kakenhi budget 1 also visited my colleagues at the University of Rennes (France).

Geology

accretionary prism critical taper theory numerical simulations geodynamics metamorphism



¥ X C—-19, F-19—1. Z2—19 (@)

1. IHZERE S D5 (Background at the beginning of the research)

Mechanical processes at the interface between tectonic control the evolution of the Earth through
mountain building and the subduction of lithospheric material down to the mantle. It also affects human
activities because of mineral resource formation, or earthquake hazard. In this project, I explored two
aspects of the mechanics of convergent tectonic margins.

First, I investigated the development of tectonic structures at convergent margins, and in particular the
formation of decollement faults. The decollement is a low angle thrust of relatively low strength that
constitutes the base of the accretionary prism. A large corpus of analytic, analog and numerical models
has investigated the control of the strength and geometry of a pre-existing decollement on the tectonics of
the accretionary prism. However, in the Nankai Trough and Japan Trench, observations suggests that the
decollement formed either as a consequence of the accretionary prism deformation and/or as a
prolongation of the deeper subduction plate interface. The mechanism of formation of such a dynamic
decollement remains incompletely understood. During the 2011 Tohoku earthquake large coseismic
displacement >50m triggered the formation of a devastating tsunami. Unraveling the processes of
formation and evolution of a dynamic decollement may allow us to gain a better insight into tsunamigenic
faulting and the possibility of coseismic slip on the decollement.

The second part was initially planned to focus on simulations of the larger subduction region. However,
this plan was changed to take advantage of newly available data about rocks in convergent margins. In
that project, we tackled the problem of reconstructing the history burial of a rock from the pressure that is
inferred from its mineralogical assemblage. Pressure-to-depth conversion is a crucial step towards
geodynamic reconstruction but remains strongly debated.

2. WHEDHM (Purpose of the research)

The broad objective of this research was to understand the formation of the tectonic structures at
convergent margins. We investigated structures at several scales from whole mountain belt (100 km-
scale) to plate boundary fault, accretionary prisms and tectonic nappes (10 km-scale). Specific objectives
were: (1) to determine the physical factors controlling the formation of plate boundary faults in
homogeneous sediment; (2) to determine the influence of rheology and geometry on the formation of
tectonic folds, faults and larger structures such as nappes and accretionary prisms; (3) to propose new
formulas for pressure-to-depth conversion that take into rock mechanics.

3. D (Research methods)

I used a combination of techniques in this work. First, I used theoretical continuum mechanics to derive
equations and determine the parameters that are likely to affect the specific tectonic structures I studied.
For the application to accretionary prism my work expanded on the “critical taper theory” (Dahlen, 1984).
This theory describes the steady state geometry taken by a piece of frictional/plastic material that is
sheared from the bottom. It has been used extensively in the field of structural geology to investigate the
static of accretionary prism and fold-and-thrust belts.

The second and major aspect of my work was to write simulation code and use that code to investigate
tectonic phenomenon. The software I developed solves the Stokes equation for a non-linear elasto-visco-
plastic material. The numerical algorithm, based on the finite-difference method, is described in detail in
Bauville et al. (2020).

Finally, I used a combination of data analysis and theoretical continuum mechanics to derive and validate
the new pressure-to-depth conversion methods (Bauville and Yamato, 2021).

4. WFFEER (Results of Research)

Bauville et al. (2020) explored the mechanics of underthrusting and the development of plate boundary
faults near the Earth surface. Underthrusting at an active compressional margin is the process by which
incoming rocks are thrusted below other tectonic units. In an orogenic context, the underthrusting of
tectonic units leads to nappe stacking and thus plays an important role in the burial and exhumation of



rocks in mountain belts. In subduction zones, underthrusted sediments may be incorporated at the base of
the accretionary wedge; or they may be dragged with the subducting oceanic plate into the upper mantle
where they are partly recycled through arc-magmatism. In this work, we presented an analytical
description of the problem using continuum mechanics. Since the analytical provided only a static view of
this dynamic process we also performed numerical simulations (Fig. 1). The simulations validated the
findings of the analytical solution and showed that sometimes the analytical solution can predict the
steady state conditions, while in other case a steady state never arises.

The history of pressure that a rock has undergone is one of the main tools with which scientists can
reconstruct the history of mountain belts. The so-called metamorphic pressure, is determined from a rock
mineralogical assemble and, under some assumptions, can be converted to depth to reconstruct the burial
history. Bauville and Yamato (2021) questioned the standard assumptions used pressure-to-depth
conversion. We proposed a new set of formulas for pressure-to-depth conversion based on continuum
mechanics and showed that the model explains pressure data from the literature when using material
properties adequate for rocks (Fig. 2). The prediction of our new model explains the data and suggests a
feasible, yet drastically different geodynamic history for mountain belts around the world. In our new
interpretation, deep subduction (160 km) and rapid exhumation of rocks is replaced with a relatively
shallow burying (<90 km) and slow exhumation.

Thanks to the Kakenhi, I was able to invite R. Spitz from university of Lausanne for a two-week visit
which resulted in the paper by Spitz et al. (2020). In this article, we explored the three-dimensional
variation of tectonic nappe geometry that results from faulting and folding, and their interaction with
strong rock strength contrast. The 3D numerical simulations were applied to the Helvetic Alps of
Switzerland. I contributed to this article by advising the design of the study and simulations and by
writing a code to visualize the results.

Humair et al. (2020) explored the interaction of folding and thrusting in the Canadian cordillera using
numerical simulations. This was a long running project that we were able to finalize thanks to the support
of Kakenbhi. In this project, I helped design the study objectives, simulation setup and I assisted in running
the simulation and extracted the results.

Overall, through this Kakenhi project, I explored several aspects of the dynamics of convergent margins
by combining numerical simulations, analytical solutions and data. My studies revealed novel aspects of
the dynamics of accretionary prisms and tectonic nappe formation; and we proposed a drastically new
view of the kinematics and dynamics of mountain belt and high-pressure metamorphic rock history.
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Fig. 1. Summary of numerical simulation results of Bauville et al. (2020). A* is the normalized fluid
pressure, y is a fault weakening factor. We showed, from the analytical solution that these two non-
dimensional parameters control the statics of the system. The simulations revealed how these
parameters control the dynamics and finite geometry of the system.
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Fig. 2. Summary of the results of Bauville and Yamato (2021). (A) Depth estimated from pressure for
all the samples in the dataset, using several different assumptions. (B-D) Comparison of models (fan
shaped areas) and data, using different parameters and assumptions. Remarkably, some models explain
the entire dataset with reasonable assumptions.
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