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S. 1 Datafit of the inversion of individual data sets

Figures S1.1 and S1.2 show the data fit estimates of the inversion of the individ-
ual data sets, for the non-BML and BML sets, respectively.

S. 2 Individual inversion of electrical conductivity data: Output tem-
perature and electrical conductivity profiles

Figures S2.1 and S2.2 show, in green, the output temperature and electrical con-
ductivity profiles obtained from the inversion using electrical conductivity data only, for
the non-BML and BML sets, respectively. The output models from the joint inversion
are also indicated: in red (F1 models) and black (F2 models) for the non-BML set, and
in black for the BML set. These profiles correspond to those shown in Figures 5 and 6
in the main text.

S. 3 Datafit of the P-wave signals diffracted along the solid—liquid bound-
ary

Figure S3.1 shows the data fit for several differential travel times of core-sensitive
seismic phases obtained from the joint inversion results. These include two seismic phases
that traverse the core (SKS), recorded on sols 976 and 1000 (a sol corresponds to a Mar-
tian day, with sol 0 marking the InSight landing), and one seismic phase diffracted along
the solid-liquid boundary of the core recorded on sol 1000. For non-BML models, this
diffracted phase is interpreted as a P wave traveling along the core-mantle boundary,
analogous to Earth’s Pdiff. For BML models, however, this seismic wave is considered
to diffract along the base of the mantle just above the BML, then propagate downward
through the BML and reflect at the core-mantle boundary before returning to the sur-
face (Samuel et al., 2023). While non-BML models provide a reasonable fit to the SKS
arrival on sol 976 (Figure S3.1d-f), BML models, especially with EH45 and TA man-
tle compositions, show improved fits for SKS arrivals on both sols (Figure S3.11-m). As
previously shown by Samuel et al. (2019) using the EH45 mantle composition with a fixed
Mg#, the fit to the P diffracted wave recorded on sol 1000 is significantly improved in
BML models (Figure S3.1i-k) compared to non-BML models (Figure S3.1a—c).

S. 4 Distributions of epicentral distances

The output distributions of epicentral distances from the joint inversion are shown
in Figure S4.1. The two peaks at 58.5 and 126.09 degrees correspond to the confirmed
meteorite impacts S1094b and S1000a, whose locations were validated by orbital imag-
ing (Kim et al., 2022; Posiolova et al., 2022). The highest concentration of events, around
~30 degrees, corresponds to the Cerberus Fossae cluster (e.g., Drilleau et al., 2022). For
non-BML models, epicentral distances show minimal variation across mantle composi-
tions, differing by no more than 1 degree. In BML models, the differences between EH45
and TA remain under 1 degree, but can increase up to 3 degrees when the YM compo-
sition is considered. Between BML and non-BML models, the maximum difference in
event locations is about 1.5 degrees for EH45 and TA compositions, and up to 3.5 de-
grees for YM.



S. 5 Attenuation structure and tidal dissipation

Our inversion output can be used to deduce shear attenuation, Q),,, along the planet
radius, r. Similar to viscosity, the attenuation 1/Q,, depends on temperature (7") and
pressure (P), and is a function of frequency (w) (Jackson et al., 2002; Efroimsky & Lainey,
2007; Smrekar et al., 2019; Samuel et al., 2019):

* * Qgq
Qutr)= Qo [weso (E T (55.1)
where R is the gas constant, and the power-law exponent a, modulates the frequency
dependence of the attenuation. Qg is a constant adjusted for each output model to match
constraints on Mars’ global degree-two shear attenuation, ()2, at the frequency of the
main Phobos tide (5 h 55 min): @2 = 95+10 (Bills et al., 2005; Khan et al., 2018; Pou
et al., 2022). @, is computed from @, following the approach used in Samuel et al. (2019);
Khan et al. (2004). Qo implicitly contains information on parameters determining the
rheology of the mantle (i.e., reference grain size and exponent or relaxation time scales).
While more explicit models could be considered for @, (r,w) (e.g., Andrade, Burgers (Jack-
son & Faul, 2010; Renaud & Henning, 2018)) they would display dependencies on P, T
and w as Equation (S5.1) does (Smrekar et al., 2019; Pou et al., 2022; Guinard et al.,
2025). All the parameters in Equation (S5.1) are known for each model, except for a.
The latter was varied within bounds considered in the literature: a, ~ 0.1 and 0.3 (Jack-
son & Faul, 2010; Khan et al., 2018; Smrekar et al., 2019; Pou et al., 2022; Samuel et al.,
2023).

Figure S5.1 shows the resulting quality factor profiles in the solid silicate envelope,
above a planetary radius higher than 1850 km. This corresponds to similar apparent core
radii (i.e., the radius of the metallic core plus the thickness of the molten BML, when
present) at 1 Hz for the 100 non-BML and BML output models with the lowest misfit
to the data, and for the three compositions considered. Because non-BML models are
associated with hotter temperatures than BML models (Table 3), they exhibit higher
seismic attenuation (lower Q). This is further amplified by smaller frequency depen-
dence of @ (lower «, values). Consequently, non-BML models with low frequency de-
pendence of attenuation (i.e., oy < 0.2) systematically exhibit stronger seismic atten-
uation beyond minimum bounds recently inferred for Mars’ solid mantle at seismic fre-
quency (Li et al., 2025) (panels a,c,e in Figure S5.1), while BML models remain above
this minimum bound (panels b,d,f in Figure S5.1).

S. 6 Influence of the thermodynamical database

Figures S6.1 and S6.2 show the data fit estimate for the joint inversion consider-
ing non-BML and BML models, using the thermodynamical database of Stixrude & Lithgow-
Bertelloni (2011).
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Figure S1.1. Data fit estimates of the individual inversion of the different data sets, for the
non-BML set. The first three columns show 7}, as a function of Mg# for the three composi-
tions. In panels (al-a3), (b1-b3), and (c1-c3), the color refers to the misfit value estimated for

k2, the body wave arrival times, the electrical conductivity, and all three data sets, respectively.
Red and blue colours are small and large misfit values, respectively. (a4) shows the ko distribu-
tion. The black dashed lines show the 20 uncertainty around the value of Konopliv et al. (2020)
(k2 = 0.174 + 0.016). Panels (b4, c4) display the misfit distributions of body wave arrival times
and electrical conductivity, respectively. In panels (a4, b4, c4), the distributions considering

EH45, TA, and YM compositions are displayed in red, green, and blue, respectively.



EEe
Ol
25w o = =
% 1900 % 1900 ¥ 1900 - 25 | Ovm |
o [ Iy | |
2OW 51800 5 1800 1800 20 | |
® ] =
215 5 1700 5 1700 1700 - 8159 | |
S H | |
@ & £ 1600 £ 1600 1600 - 2 104 | |
£10 s = g
5 1500 § 1500 1500 - 1] 54 | |
g ‘ £ ' & !
05 1400 ” 1400 1400 8
g (a1) b (a2) (a3) =
& 1300 L+ ] @ 1300 L L 1300 L 0.15 0.16 0.17 018 0.19 020
00 0.720.740.76 0.78 0.80 0.82 0.84 0.86 0.720.740.76 0.78 0.80 0.82 0.84 0.86 0.72/0.74 0.76 0.78 0.80 0.82 0.84 0.86 K
Mg# Mg# Mg# 2
nog _ = — s S — 201
— 105 ’-:; 1900 . ¥ 1900 ¥ 1900 ¢ . 3
»n o 3 ~ £ it 245
g g0 3 1800 1800 o 1800 - % ) ‘;15
® b 2
S| g g 1700 ) 1700 1700 - 2
3|3 3 <* ! S 104
>| & 1 Ewoo . 1600 L 1600 - b - >
S| 2l 8 ) 3 S 5
o | % T 1500 1 1500 3 1500 - 2 e iy
M| = s - > g E wly 23 E - ) (b4)
B g 1400 ] 1400 X 1400 - - p
» I % 1500 (b1) oo (b2) 100 (b3) %% "8 s 10 10 o
0 0.72 0.74 0.76 0.78 0.80 0.82 0.84 0.86 0.72 0.74 0.76 0.78 0.80 0.82 0.84 0.86 0.72 0.74 0.76 0.78 0.80 0.82 0.84 0.86 Misfit body waves
J— Mg#
> ECRN = s _
E 2 % 1900 T 000 % 1000 gg
- o 5704
= | 208 ¢ e
Sl % 3 1800 2 1800 ” 1800 60
3 ] >504
-g £25 5 1700 ] 1700 1700 - ‘” Q 50
c| 3 2 @ 40
S| In g 1600 1 1600 100 g 2304
= K 5 1500 i 1500 1500 - E 204
o Pl 1400 £ 1400 1400 - 107](c4)
E| & £ (c1) & (c2) (c3) -
8| =M el e samomon & snoosar omotos & P 0 a7 0 078 ak 07 0t L N i
o R g O g 2O e - Misfit electrical conductivity

Figure S1.2. Data fit estimates of the individual inversion of the different data sets, for the
BML set. The first three columns show 7}, as a function of Mg# for the three compositions.

In panels (al-a3), (b1-b3), and (c1-c3), the color refers to the misfit value estimated for ks,

the body wave arrival times, the electrical conductivity, and all three data sets, respectively.

Red and blue colours are small and large misfit values, respectively. (a4) shows the ko distribu-
tion. The black dashed lines show the 20 uncertainty around the value of Konopliv et al. (2020)
(k2 = 0.174 + 0.016). Panels (b4, c4) display the misfit distributions of body wave arrival times
and electrical conductivity, respectively. In panels (a4, b4, c4), the distributions considering

EH45, TA, and YM compositions are displayed in red, green, and blue, respectively.
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Figure S2.1. Temperature and electrical conductivity output profiles for the non-BML set.
Panels (a, b, ¢) display the output temperature profiles, while panels (d, e, f) show the output
electrical conductivity profiles for the three compositions. In panels (a, b, c), the solidus from
Duncan et al. (2018) estimated for Mg#=0.75 is shown in purple. In panels (d, e, f), the elec-
trical conductivity profile from Civet & Tarits (2014) is shown in khaki, with its uncertainties
represented in yellow. The continuous version of the Civet & Tarits (2014) conductivity profile
(see Section 2), to which the synthetic conductivity profiles are compared in the inversion, is de-
picted in cyan. The output profiles for families F1 and F2 (joint inversion) are represented in red
and black, respectively. The output profiles of the inversion of electrical data only are shown in
green. The output electrical conductivity profiles are shown only between 400 and 900 km depth,
as this is the range over which they are compared with the continuous version of the conductivity
profile from Civet & Tarits (2014).
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Figure S2.2.
(a, b, c) display the output temperature profiles, while panels (d, e, f) show the output electrical

Temperature and electrical conductivity output profiles for the BML set. Panels

conductivity profiles for the three compositions. In panels (a, b, c), the solidus from Duncan et
al. (2018) estimated for Mg#=0.75 is shown in purple. In panels (d, e, f), the electrical conduc-
tivity profile from Civet & Tarits (2014) is shown in khaki, with its uncertainties represented in
yellow. The continuous version of the Civet & Tarits (2014) conductivity profile (see Section 2),
to which the synthetic conductivity profiles are compared in the inversion, is depicted in cyan.
The output profiles are represented in black. The output profiles of the inversion of electrical
data only are shown in green. The output electrical conductivity profiles are shown only between
400 and 900 km depth, as this is the range over which they are compared with the continuous

version of the conductivity profile from Civet & Tarits (2014).
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Figure S3.1. Data fit for the differential travel times recorded on sols 1000 and 976 of the
InSight mission, comparing models without (a—f) and with (i-n) a BML. Results are presented
as probability density functions (PDFs), with blue indicating low probability and red indicat-
ing high probability. The right, middle, and left columns correspond to the EH45, TA, and YM
mantle compositions, respectively. For models without a BML, panels (a—c) show the differential
travel times on sol 1000 between PP and Pdiff as a function of the differential travel time be-
tween SS and PP. The same analysis is shown for models including a BML in panels (i—j), where
Pdiff is interpreted as PbdiffPcP. Observed differential times are indicated with black lines, and
uncertainties are marked with pink bands. Panels (d—f) and (I-n) present differential times be-
tween SKS and PP versus the differential travel time between SS and PP for sols 1000 and 976.

Observed arrival times and uncertainties are shown as markers with error bars.
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Q, at 1Hz (non-BML) Q, at 1Hz (BML)

Attenuation at seismic frequency deduced from the 100 best non-BML and

BML models, for the three compositions considered. Present-day shear quality profiles (Q,) at

1 Hz for the inversion set without a BML (left) and with a BML (right) for various frequency

dependence (o) of the shear quality factor. The minimum bounds at seismic frequency derived

from constraints on the P-wave quality factor, Qp, in Li et al. (2025) are displayed in red, where

we have assumed that Q,

~

(4/9)Qp. The obtained profiles match constraints on Mars’ global

degree-two shear attenuation, Q2, at the frequency of the main Phobos tide: Q2 = 95 =+ 10.
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Figure S6.1. Data fit estimates of the joint inversion for the non-BML set, considering the
thermodynamical database of Stixrude & Lithgow-Bertelloni (2011). The first three columns
show T}, as a function of Mg# for the three compositions. In panels (al-a3), (b1-b3), (c1-c3),

and (d1-d3), the color refers to the misfit value estimated for k2, the body wave arrival times,

the electrical conductivity, and all three data sets, respectively. Red and blue colours are small
and large misfit values, respectively. (ad) shows the ks distribution. The black dashed lines show
the 20 uncertainty around the value of Konopliv et al. (2020) (k2 = 0.174 £ 0.016). Panels (b4,
c4) display the misfit distributions of body wave arrival times and electrical conductivity, respec-
tively. (d4) shows the distribution of the total misfit value of the three data sets. In panels (a4,
b4, c4, d4), the distributions considering EH45, TA, and YM compositions are displayed in red,

green, and blue, respectively.
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Figure S6.2.
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Data fit estimates of the joint inversion for the BML set, considering the ther-

modynamical database of Stixrude & Lithgow-Bertelloni (2011). The first three columns show T,
as a function of Mg# for the three compositions. In panels (al-a3), (b1-b3), (c1-c3), and (d1-d3),

the color refers to the misfit value estimated for k2, the body wave arrival times, the electrical

conductivity, and all three data sets, respectively. Red and blue colours are small and large misfit

values, respectively. (a4) shows the ko distribution. The black dashed lines show the 20 uncer-
0.174 + 0.016). Panels (b4, c4) display
the misfit distributions of body wave arrival times and electrical conductivity, respectively. (d4)
shows the distribution of the total misfit value of the three data sets. In panels (a4, b4, c4, d4),
the distributions considering EH45, TA, and YM compositions are displayed in red, green, and

tainty around the value of Konopliv et al. (2020) (k2

blue, respectively.
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