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In Short

• Interrelation between seafloor faulting patterns and
magma intrusion along the mid-ocean ridge

• Applications of 3D thermomechanical geodynamic
models to oceanic gravity anomalies and subma-
rine earthquakes

Some of the most prominent morphological features
of the ocean floor are the axial valleys flanked by nor-
mal faults along the global mid-ocean ridge (MOR)
and associated oceanic transform fault (OTF) valleys
formed by strike-slip faulting that offset ridge seg-
ments along small circles of plate motion (Figure 1) .
Despite great advancements made throughout the
sixty years since the discovery of the MOR-OTF sys-
tem [1], there are still gaps in our understanding of
seafloor tectonics and dynamics at ridge-transform
intersections (RTI). This is in part due to an initial
focus of many marine surveys on the spreading axis
itself rather than RTIs as well as transform-fracture
zone transitions. It is also in part due to the three-
dimensional nature of RTIs, which requires explicit in-
tegration of geodynamic processes such as magma
intrusion, seafloor faulting, and hydrothermal circu-
lation that is still beyond the capability of existing
geodynamic tools.

This project will address some of these short-
comings with an innovative approach that integrates

Figure 1: A full 3D view of the oceanic ridge-transform system.
The top seafloor morphology map is based on bathymetric data
from the Kane transform at the Mid-Atlantic Ridge [2].

seafloor observations with novel geodynamic mod-
els, thereby exploiting synergies between geodynam-
ics, geophysics, marine geology, and oceanography.
In particular, the project represents a follow-up work
to a recently published paper [2] by our group, in
which we proposed that OTFs experience exten-
sional tectonics and two-phase crustal growth, as
opposed to the traditional view of conservative pure
strike-slip deformation at OTFs. While that paper
focused on observational evidence in combination
with relatively simple numerical models without mag-
matic accretion, we now plan to explore the physical
mechanisms underlying striking seafloor features by
applying our sophisticated 3-D data-oriented thermo-
hydro-mechanical models.

We use a highly scalable parallel code ASPECT
(Advanced Solver for Problems in Earth’s Convec-
Tion) [3] to construct these comprehensive multi-
scale geodynamic models to decipher the interrela-
tion between seafloor faulting patterns and magma
intrusion along the MOR axis and apply them to
oceanic gravity anomalies and submarine earth-
quakes. This code enables the geodynamic simula-
tion from a few hundred meters to over 3000 km by
using an adaptive mesh refinement approach. The
scalability performance of ASPECT is determined to
be excellent on HLRN.

At the present stage, we have applied our model
to oceanic gravity estimates, namely the residual
mantle Bouguer anomaly (RMBA), which is gen-
erally used to examine the relationships between
seafloor features, spreading rate and thermome-
chanical structures in ridge-transform environments.
We removed the effects of lithospheric cooling, as
predicted from the 3D geodynamic flow model, from
the mantle Bouguer anomaly in order to obtain
RMBA in 11 natural oceanic ridge-transform systems
(Figure 2). All models are data-oriented; that is, the
geometry of the ridge-transform system is extracted
from bathymetric observations and the spreading
rate is inferred from local GPS data.

Results of our gravity analysis indicate a corre-
lation between the spreading rate and the RMBA
value of a spreading segment, with positive anoma-
lies at intermediate- and fast-spreading ridges and
negative anomalies at slow- and ultraslow-spreading
ridges (Figure 2). This feature results in a similar
trend of the observed spreading rate versus RMBA
difference between the transform fault and the asso-
ciated ridge segments [4].

The systematic analysis of the RMBA difference
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Figure 2: Global map of 11 transform faults and their residual mantle Bouguer anomaly. Colors of the ridges represent different
spreading rates (see legend). Dashed black lines: spreading ridge segments; solid black lines: transform faults; diamondsridge-
transform intersects.

between the OTF and associated fracture zones fur-
ther shows that it is positive for almost all studied
transform systems regardless of spreading rate, i.e.,
the RMBA values in the transform domain are sys-
tematically higher relative to the RMBA along the
adjacent fracture zones. Such positive RMBA differ-
ence implies a thinner and warmer crustal structure
beneath the OTF, thus supporting the new concept
that OTFs are not conservative plate boundaries [2].

Next, we will apply optimized 3-D data-oriented
thermo-hydro-mechanical models to marine earth-
quake studies in more ridge-transform systems
across the entire spectrum of spreading rates in
nature. For example, we intend to estimate the ge-
ometry of the seismogenic zone and the degree of
mantle hydration along OTFs, which is the host of
earthquake nucleation in the oceanic lithosphere
due to their strike-slip behavior.

This interdisciplinary collaborative study will ulti-
mately provide the first comprehensive geodynamic
view of seafloor evolution and tectonics at ridge-
transform intersections and transform-fracture zone
transitions and bridge knowledge gaps regarding
these regions. We will also integrate our models
with new geoscientific datasets from the Oceanog-
rapher transform at the Mid-Atlantic Ridge. These
insights are crucial for assessing the role of OTFs
as potential sites of enhanced biogeochemical ex-
change, as well as understanding seismicity patterns
at strike-slip systems—knowledge that can also be
transferred to strike-slip systems on land that often
produce hazardous earthquakes.
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