
1. Abstract
The magnetic measurements made since InSight landed on Mars on November 28, 
2018, reveal diurnal variations of the magnetic field caused by currents in the 
dayside ionosphere and nighttime pulsations centered on midnight, presumably 
associated with moving current systems in the martian magnetic tail. The diurnal 
periods are little affected by the interior conductivity, but at periods less than 
about 1000 sec, the reflection of the magnetic wave energy is strong, and the 
vertical component of the oscillating magnetic field approaches zero as the 
frequency increases. This frequency dependence can be explained by a conducting 
layer of 3.4 km thickness, if it has the electrical conductivity of terrestrial seawater. 
This observation is consistent with Mars having a wet interior at some modest 
depth beneath the surface.
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2. Evidence for a Wet Martian from Magnetic sounding 

Figure 1. North, East and vertically down components of the magnetic field for 
January 21, 2019 at the InSight landing site.

Figure 2. The  spectrum of the magnetic field from frequency 0.8 /Sol to 5 /Sol.

Figure 7. Geothermal pressure-temperature profiles for various 
thermal conductivities and densities, superimposed on the phase 
diagram for water (Mellon and Phillips ,2001).

• Mellon and Phillips (2001) evaluate the possibility for liquid water 
to occur at shallow depths from geothermal energy, based on their 
simple model:
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• The top profile uses a thermal conductivity (k) of 2.4 W m-1 K-1 and a 
density (2) of 2018 kg m-3, consistent with an ice-cemented soil. 
The middle profile uses k of 0.9 W m-1 K-1  and 2 of 2338 kg m-3, 
consistent with a dry sandstone. The bottom profile uses k of 0.045 
W m-1 K-1 and 2 of 1650 kg m-3, consistent with a dry, 
unconsolidated soil. Properties are assumed constant with depth, 
with a surface temperature of 180 K and a geothermal heat flux of 
30 mW m-2.

Figure 6. The dependence of the normalized PSDZ/(PSDX+PSDY+PSDZ) on Mars local time.

3. The dependence of the reflection phenomenon on the Mars season and Mars local time

• We search the InSight Mag data from 2018/11 to 2020/01 and find over 50 pulsation events .
• We normalize the ratio PSDZ/(PSDX+PSDY+PSDZ) by the fitting and then check the dependence of the normalized ratio on the Mars season and Mars local time. 

The results are shown in Figure 5 and Figure 6. It is evidently shown that this reflection phenomenon does not depend on the Mars season or Mars local time, 
which support our hypothesis that it is caused by interior electrical conducting stuff, such as liquid salty water liquefied geotherml heat.

Diurnal Variation 

• InSight has observed ultralow frequency (ULF) waves in the period band 100 
to 1000 seconds, mainly at night.

• These fluctuations have different amplitudes with frequency and different 
relative strengths on the three sensors. The vertical component is virtually 
zero at high frequencies.

• We attribute this to eddy currents flowing in the conducting subsurface that 
oppose the vertical component of waves. 

ULF Pulsation

Figure 3. (Left) Wave in the magnetic records of December 16, 2018.
(Right) Spectrum of oscillating field during this time.
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Figure 4. Ratio of the power spectrum density with the vertical component to the 
sum of power spectrum density in three components.

• We search the InSight Mag data from 2018/11 to 2020/01 and find over 50 pulsation events .
• We can fit this frequency behavior very well with a one parameter fit: PSDZ/(PSDX + PSDY + PSDZ) = ;<=>?@ A. This equation shows the response expected for an 

electrical conducting plane with finite thickness and moderate conductivity. This response is consistent with the control by the skin depth where the skin depth is 2/DEF.
In this case, if it is terrestrial seawater with a electrical conductivity of 4.5 S/m, the estimated minimum thickness (skin depth) of the salty water: h≈ 3.3 km.

Figure 5. The dependence of the normalized PSDZ/(PSDX+PSDY+PSDZ) on Mars season.


