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Introduction: The InSight mission landed on Mars on
November, 26, 2018 [1]. The Seismic Experiment for
Interior Structure (SEIS) [2] started continuous moni-
toring with  VBBs and SPs on February, 14th, 2019.
Only a few 10s of sols are missing since then for
VBBs, with monitoring interruptions made only during
the first conjunction and during lander safe mode peri-
od, and the VBBs are now close from 1000 sols of data
acquisitions. We review here the main finding of SEIS
in terms of Mars seismology performed in 2021.

Mission goals achievements: The achievement of
SEIS with respect to the InSight mission goals are
summarized in the Table below. All mission objectives
have been addressed successfully and SEIS has been
able to provide the first model of the interior of Mars
down to the core-mantle boundary of Mars as well as
the determination of Mars seismicity.

pre-launch knowledge

Mission Objec- | SEIS achievements References

tives

Crustal Thick- | 20-35 km below InSight [3,4,5,6]

ness

Crustal Stratifi- | Altered crust in the first | [3,5,6,7,8,9]

cation 10 km, possible second

layer between 20 and 35
km

Mantle seismic | 7.8 £0.2 km/s [10,11,12,13]

velocity

Liquid/core Liquid at the core/mantle | [14,12]

state boundary

Core radius 1830+40 km [14,12,15]

Core density 6000300 kg/m3 [14,12,15]

Heat flow 14-29 mW/m? [10,12]

Seismic activity | Between Earth and Moon | [16,17,18,
19]

Location of | Larger activity in Cer- | [20,21,22,

seismic zone berus 23]

Meteorite flux Improvement by 2 of the | [24]

Deep interior: More in detail, the first interior of Mars
inverted from the analysis of SEIS data suggest from
the top to the bottom:

- a 10 km low velocity zone with a significant seismic
anisotropy [8], likely related to a highly porous zone
of the planet, possibly related to cracks associated to
impact cratering history [9] and in which alteration
occurred in the past. This zone is however today rela-
tively dry, and is characterized with highly scattered
waves and low intrinsic attenuation [3,17,25,26],

- A Martian crust/mantle discontinuity either at 20+5

km or 3848 km, the first model being characterized

by a larger porosity and smaller densities (<2700
kg/m?) as the second one (< 3100 kg/m®) [3,4,5,6],

A Martian mantle, with a thick thermal lithosphere

of 500+100 km generating a low Shear velocity zone

at the base of that lithosphere but relatively constant

P velocities [10,12] and with a broad transition zone

between 800-1100 km [13],

A relatively large liquid core of 1830+40 km, making

the mantle transition from spinel to dominated

bridgmanite impossible [14,12]. Due to its size and
the geodetic constrains this core is furthermore asso-
ciated to low densities, confirming a volatile rich ac-

cretion scenario [15].

Crustal inversions were made by using Receiver func-

tion analysis of Marsquakes or auto-correlation of

seismic noise, while the mantle and core analysis were
made with travel time analysis.

Subsurface: The subsurface below the landing site has
been constrained either by compliance measurements,
from the joint inversion of ground deformation meas-
ured by SEIS and pressure loading measured by APSS
[27,28], by the measurement of the HP3 signal by
SEIS [29] or by the H/V inversion of a seismic signal
resonance located at 2.4 Hz [30]. The models obtained
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from the two first approaches are however not compat-
ible with those obtained from the last one and further
works will be necessary to unify them. Climatic varia-
tion in autocorrelation have nevertheless been ob-
served, likely related with the temperature variation of
the ground [31].

Seismic noise: Despite all efforts in the installation of
SEIS by InSight, the noise remains controlled by the
wind. Wind sensitivity has been therefore modeled
fairly well by comodulation techniques [32,33] or by
monitoring lander resonances [34]. In addition, thermal
glitches remain an importance source of noise, with
non-stochastic character [35] generating potential pit-
falls in autocorrelation techniques [36] or a large ther-
mal noise masking Phobos tide signal [37]. Further
noise studies have been able to correct for artefact as-
sociated to the temperature acquisition [38], to better
constrain the SEIS sensor assembly resonances [39], to
monitor the ground tilt [40] and quantify orientation
errors of SEIS [41].

Seismic activity and Meteor detections: By January
Ist, 2022, the current Mars Quake catalog [16,18]
comprises almost 1000 distant marsquakes [19], in-
cluding High Frequency events [17] with significant
climatic variability in the occurrence rate [45] and
more than 1000 events likely associated with thermal
cracking. Cerberus is confirmed as a very active area
of Mars and the source mechanism has been con-
strained for several quakes [21,22], providing new
seismo-tectonics constraints [22,23,24] and a re-
calibration of the prelanding Magnitude estimation
[46]. None of the recent landing have generated seis-
mic or acoustic signals strong enough to be detected
[42,43,44]. The search for natural impacts continue
[47], as well as for events related to infrasounds
[47,48] and impact modeling [50,51].

Education and Data access: SEIS data continue to be
distributed to about 100 middle and high schools in 15
countries. All SEIS data and MQS activity catalogues
until January, Ist, 2022, are available at the SEIS web-
site (http://seis-insight.eu) as well as IRIS and NASA-
PDS depository. An access to most of the reference
cited in this abstract can also be found in the SEIS
website and [52] list SEIS publications made in 2020.
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