
The target gravity rate pattern has been determined via finite
element modelling (Regorda et al., 2023) that numerically
integrates the balance equations for an incompressible
medium and viscoplastic rheology within a 3D domain of
dimension 1200 km x 1200 km x 600 km with specific
boundary conditions.

The gravity rate of change due only to the density
heterogeneities induced by oceanization in the Gulf of Aden
is estimated as:
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where 𝐺𝐺 is the universal gravitational constant, r is the
distance between the observation point P and the centre of
the grid element 𝑒𝑒. 𝑁𝑁𝑒𝑒 is the total number of grid elements,
each of them with volume Ω𝑒𝑒 and density rate ̇𝜌𝜌𝑒𝑒 at time 𝑡𝑡𝑓𝑓.

Rifting Detectability in the Gulf of Aden
from MAGIC Simulated Data

L. Rossi1, A. Regorda2 , M. Reguzzoni1, C.I. De Gaetani1, R. Barzaghi1, R. Sabadini2 , A.M. Marotta2

References
Leroy, S. et al. (2013). From rifting to oceanic spreading in the Gulf of Aden: a synthesis. Lithosphere dynamics and sedimentary basins: The Arabian plate and analogues (pp. 385-427). Springer Berlin Heidelberg.
Nonn, C. et al. (2019). Central Gulf of Aden conjugate margins (Yemen-Somalia): Tectono-sedimentary and magmatism evolution in hybrid-type margins. Marine and Petroleum Geology, 105, 100-123.
Marotta, A. M. et al. (2023). The gravitational signature of the dynamics of oceanization in the Gulf of Aden. Tectonophysics, 869, 230110.
Regorda, A. et al. (2023). Rifting Venus: Insights from numerical modeling. Journal of Geophysical Research: Planets, 128(3), e2022JE007588.

Funding: This work has been financed by the Italian Space Agency (ASI) under the contract/agreement: 2023-22.HH.0 ASI-UNIMI, entitled «NGGM-MAGIC: A breakthrough 
in the understanding of the dynamics of the Earth»

Contacts
1 Politecnico di Milano – Department of Civil and Environmental Engineering

Piazza Leonardo da Vinci 22, 20133 Milan, Italy
2 Università degli Studi di Milano – Department of Earth Sciences

Via Sandro Botticelli 23, 20133 Milan, Italy
Correspondence: mirko.reguzzoni@polimi.it

Background, Aims and Scope
The MAGIC mission is promising to significantly improve the knowledge of a large variety of Solid
Earth processes in terms of both spatial and time resolution. Among them, the opening of the Gulf of
Aden is of great geophysical interest, being one of the most active extensional tectonic processes in
the Earth. In particular, the ongoing extension at the northern and southern borders of the Gulf of
Aden is responsible for the displacement of the contact between the oceanic crust and the
continental crust at a rate of about 1.25 cm/y. The gravity signal produced by this tectonic process is
expected to be linearly increasing over the lifetime of the MAGIC mission at a rate having a well-
defined spatial pattern, fostering the investigation of its detection with a high accurate satellite
gravity mission as MAGIC is expected to be.

Conclusions and Perspectives
By comparing the reference grids with the estimated ones, it is confirmed that the rate of change can be well detected around harmonic degree 60-70, corresponding to a spatial resolution of about
300 km. In this case, the different stripes over the southern and northern margins of the rifted gulf merge into a unique elongated blob parallel to them, with a maximum value of about 6 nGal/y, which
is significantly smaller than the corresponding value at full resolution. At degree 80 the original stripes in the reference signal starts becoming visible, although smoothed, but their detectability is
questionable and requires further investigation through statistical tests.

MAGIC simulation
In this framework a simulation of the MAGIC mission was
performed considering a mission lifetime of seven years,
with the hypothesis of isolating the gravity signal of this
tectonic process. The resulting observations are first split
into seven subsets of one year each and then used to
estimate seven solutions in terms of spherical harmonic
coefficients by least-squares adjustment, thus closing the
loop of the simulation.

The error is evaluated by means of Monte Carlo samples,
considering the accuracy in retrieving the signal in terms
of gravity disturbance on a regular grid at 5 km altitude,
as a function of the spherical harmonic degree.

The gravity rate of change resulting from the
numerical model mainly extends from 8°N to
18°N in latitude and from 43°E to 52°E in
longitude. It is characterized by a specific spatial
pattern, showing different stripes over the
southern and northern margins of the rifted gulf,
with peak values of about ±40 nGal/y, when
evaluating the gravity disturbance at 5 km height.

The modelled gravity rate signal is analysed in
spherical harmonics up to degree and order 900.

The Gulf of Aden
The tectonic setting of the Gulf of Aden and
the surrounding area, including plate motion
direction (black arrows) can be found, e.g., in
Leroy et al. (2013), Nonn et al. (2019) and
Marotta et al. (2023).

Fracture zones legend: SSFZ (Shukra-el-Sheik),
XAMFZ (Al Mukalla), AFFZ (Alula-Fartak),
SHFZ (Socotra-Hadbeen), OFZ (Owen).

Trend estimation
Having the estimated spherical harmonic coefficients
of each solution, the values of the gravity
disturbances at 5 km altitude over the Gulf of Aden is
computed over a grid along with the corresponding
error variances. For each knot of the grid, the gravity
rate of change is estimated by least squares
adjustment. This procedure is repeated for an
increasing maximum harmonic degree, up to 120,
and the estimated rates of change are compared
with the “true” ones evaluated at the same
maximum harmonic degree. It is quite evident that
the quality of the gravity rate estimates starts
degrading from degree 60.

In the context of this simulation, this is considered as the true signal to be retrieved. By
exploiting the spherical harmonic expansion, this signal is upward continued at the satellite
level in terms of gravitational difference along the line-of-sight of each pair of satellites.

This observable is then corrupted by a noise realization simulated according to the MAGIC
instrumental accuracy.

Numerical modelling approach

Since the studied rifting process is quite slow, its
temporal aliasing induced into the solutions is small,
allowing its detectability at low spatial resolution. This
is not true anymore when taking into account other
time-varying gravity effects, e.g. from hydrology, that
can significantly decrease the accuracy of the gravity
rate estimation.
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