Analysis and Comparison of Earth and Mars Surface Magnetic Data
to Understand Internal Electrical Conductivity
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Motivations & Objectives Objectives:

~KNYon Earth (b) InSight on Mars e Compare Earth and Mars magnetic field data to
i TN iR : - reveal fundamental differences in planetary surface
magnetic signatures.

Planetary interior conductivity provides a key way to study ("’,‘ -
subsurface water content and partial melt. Since =&
high-conductivity regions correspond to fluids or partial
melting, analyzing these structures gives important w:
insights into planetary evolution and internal dynamics &
over geological time.

e Develop C-response methodology for electrical
conductivity modeling from continuous magnetic
data.

e Investigate Mars' subsurface electrical structure
through forward modeling

Using continuous surface magnetic field data recorded at VN
planetary surfaces (Figure 1, KNY station on Earth and ===
InSight lander data on Mars), we can analyze and Figure 1. Locations of magnetic field monitoring stations: KNY station on Earth
understand the planets' interior conductivity structures. (left) and InSight lander on Mars (right). Mars image credit: NASA/JPL.

e Assess temporal robustness across different data
lengths despite Mars observational gaps (Figure 2a)

Magnetic Data: Time vs. Frequency Domain Mars Apparent Resistivity & Forward Modeling
We process raw magnetic measurements by dividing continuous time series into multiple We compare InSight apparent resistivity we We then propose 3 models (Figure 5b):
windows and transforming them into the frequency domain (Figure 2). got with 3 existing Mars studies (Figure 5a): - the shallow-variation model,

() KNY on Earth o - Grimm (2002) - Theoretical modeling predictions - the deep-variation model, and

E o I (s - Ruedas & Breuer (2021) - Geodynamic models (we - the low-conductivity model.

forward AR from their conductivity structure) |
- Civet & Tarits (2014) - Satellite-derived models (we ~ We forward-modeled the theoretical

forward AR from their conductivity structure) AR values from these models as shown
in Figure 5a. The deep-variation model

best fits our calculated AR values.
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InSight observations at short periods (<3000s) fall

[
=
.

10 10! 1w 10* 10° 10f 107

& p Period [sec.] between earlier model predictions, enabling
o B 0N Mars e — constraints on InSight's subsurface electrical structure.
o S Period [ sol ]
i i | i | 5 - (a) 02 100 100 (b)
. . . - . . +— . . .| 23 ff.'_} 10 4 1 W i D-h__‘__l_ :_
mwwm Mﬂ MW W 5" 10% 3> e | T
50 . . " 10 31"3 102 10°  10° 105 106 107 — i \\‘s = S[I?:tislel.‘il:t:ndTarits.Eﬂld} E 100 ] -LL i
& & & & Period [sec.] € 103 - O shatoversepn || — ' Y E
Figure 2. (a) Magnetic field time series (2020, Sol 390-746) showing Bx, Bz, and total field (Bf), with grey boxes E} _;fﬁ{_:\& o é’d‘?hg £ 200 ""-Ll "‘:
marking time gaps. (b) Power Spectral Density (PSD) of Bx and Bz. Black: Earth (KNY); Blue: Mars (InSight). s 102 - R ! = A
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We calculate the total field intensity (Bf) from three magnetic components. Bx (north) and Bz 8 101. i a [ ez Y
(down) are specifically used in our data analysis. Earth's Bf values are ~23 times larger than Mars < Dl [t I !
values, reflecting Earth's self-generated magnetic field versus Mars' lack of a global field. In the 100 4 i 0 | = b
. . . . . . LA IO I -7 -5 -3 -1 1
frequen.cy dc?m.am, InSight shows higher PSD values than KNY, indicating stronger temporal X% A0 A QP 107 107 107 107 10
magnetic variations.. Period [s] Conductivity [S m™! ]
<V 2 2 71 . Figure 5.(a) Mars apparent resistivity vs. period. Black dots: InSight data. Dashed lines: existing models.
Derl\" ng Ap pa rent RESIStIVIty' Ea rth VS. Ma 'S Solid lines: our three proposed models. (b) Conductivity profiles vs. depth.

Since direct measurements of the Martian electric field are difficult to obtain, we make use of the
close relationship between electric and magnetic phenomena. By applying the Geomagnetic
Depth Sounding (GDS) method to magnetic field observations, we calculated the TemPOral RObUStnESS Assessment

period-dependent C-response and converted it into the apparent resistivity (AR) and phase to Sol 390-746 1 year
infer the planet’s internal structure. We evaluated three InSight magnetic

field datasets from 2020 (Sol 390-746) i 44”“1“,15 st WM M . ' I‘M’
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C-response is affecteql by planetalry radlus.(R) Co (@) = Ry, tan@ B,(w) with varying durations: one year, first e
f'"”d transter _fU”Ct'O”' Earth > e.qua.tlo.n EarthA™"7 ) B () two months, first two weeks assess “I% ol 390-403 2 weeks
:Clnclléjdeshcio-lahtude (0) c;l]ue to T; |(rj1trf|n5|c R, B.(®) C-response consistency across different £5 }wwmwwqwmwmwm{
leld, while Mars uses the simplified form — ars : : : L
, h’ " ot P Crtars(@) = — > ' B.(@) observation periods (Figure 6) Figure 6. InSight magnetic field datasets of different
without this geometric factor. x durations. Sol 1 = first mission day. Time axis not to scale.
Results show that (Figure 7) while Period [sols] Period [sols]
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" Induced current Bz (Figure 3a); conductive layers remains robust with only two weeks of 2 ™% % s It
Figure 3. Electromagnetic induction concepts: (a) amplify Bz through enhanced observations € _200- g-zooa
resistive layer - no secondary field, (b) conductive induction (Figure 3b). . . IO - 300
layer - induced currents generate secondary field. Figure 7. C-response functions RS 10" X% X%
from different InSight data lengths. Period [s] Period [s]

C-response values in real and imaginary form are converted to magnitude and phase, providing
apparent resistivity (AR) and phase measurements for conductivity analysis.

Key Points & Future Perspectives

(a) KNY on Earth (b)  InSight on Mars > Successfully applied Geomagnetic Depth Sounding (GDS) to Earth and Mars

Period [day] Period [Sols] . oo . .
=g AR e 0 X KNY station (Figure  4a)  shows magnetic data, deriving period-dependent C-response functions and
S | e, - = apparent resistivity decreasing with calculating apparent resistivity for subsurface electrical characterization.
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