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Introduction:  InSight – Interior Exploration using 

Seismic Exploration, Geodesy and Heat Transport – 
landed on Mars in November 2018 [1]. Since then a 
suite of instruments has been collecting data aiming at 
characterization of the Martian interior [1,2]. The In-
Sight Fluxgate magnetometer (IFG) constitutes part of 
the Auxiliary Payload Sensor Suite, that collectively 
monitors environmental conditions for the primary pur-
pose of assisting in processing and interpretation of In-
Sight seismic data [3].  As the first surface-based mag-
netometer on Mars, IFG affords unique opportunities 
for probing the martian magnetic field environment [4].  
Time-varying fields measured by IFG include diurnal 
variations, likely driven by ionospheric currents [4,5], 
as well as shorter period (~100s to ~1000s) signals [6] 
known as continuous pulsations.  These time-varying 
fields can induce currents in the subsurface, the result-
ing induced fields in turn provide information on sub-
surface electrical conductivity structure [4].  Here we 
discuss the diurnal variations recorded by InSight over 
the first 299 sols of the mission, and investigate their 
potential for sounding the electrical conductivity struc-
ture of the martian mantle.  High water content or high 
ferric iron content of the martian mantle could result in 
an electrical conductivity approximately an order of 
magnitude greater than for the Earth [2, 7]. Furthermore, 
electrical conductivity is likely a good proxy for mantle 
temperature for depths less than ~1000 km.  Thus, elec-
trical conductivity could provide constraints on the in-
terior thermal state complementary to those offered by 
SEIS [3] or HP3 [8].   

 
Diurnal Variations: IFG data processing is de-

scribed in [9].  The resulting calibrated IFG data exhibit 
daily variations with typical peak amplitudes of 10-30 
nT (Fig. 1). The occurrence of peak fields in the morn-
ing hours and the overall decrease in the peak field from 
earlier to later in the mission (Fig. 1) is broadly con-
sistent with a recent model for local time and the sea-
sonal dependence of ionospheric fields on Mars [5].  
Spectral analysis clearly shows the daily variations and 
their harmonics (Fig. 2).  

  

Methods:  Investigating mantle electrical conduc-
tivity comprises two main steps: first the calculation of 
C-responses (or frequency-dependent effective penetra-
tion depth) and the associated apparent resistivity and 
phase at various periods of interest followed by inver-
sion for conductivity or resistivity structure.   
 

 
Figure 1: Timeseries (top) of two distinct time intervals 
from (left) sols 32-92 and (right) sols 232-269 with (bot-
tom) the corresponding average daily signal. BN (red), 
BE (green), BZ (blue) are the North, East and Vertical 
(Down) components of the magnetic field in the InSight 
lander level (LL) frame.   
 

 
Figure 2: Power spectral density (PSD) for sols 232-
269.  Diurnal harmonics denoted by solid black circles. 
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We follow the classical Geomagnetic Depth Sound-
ing (GDS) approach [e.g., 10, 11] and compute the 
transfer functions between the vertical and horizontal 
field components, as well as the associated magnitude-
squared coherence at the harmonics of the daily period. 
The next step, requires knowledge or a priori assump-
tions regarding the geometry of the inducing field to 
compute the C-responses from the transfer functions.  
The Martian induced magnetosphere results in fields 
that are fixed in the Mars Solar Orbit (MSO) frames.  At 
the InSight landing site the diurnal variations and their 
harmonics correspond to spherical harmonic terms with 
spherical harmonic order m = 1 (1 sol), 2 (0.5 sols), 3 
(0.33 sols) etc, i.e., the longitudinal structure in the in-
ducing field is known from the planetary rotation.  The 
latitudinal structure, however is not known.  For our in-
itial investigations we focus on sectoral harmonics (i.e. 
n = m).  A spherical harmonic expansion of Mars At-
mosphere and Volatile Evolution (MAVEN) magnetic 
field data in the MSO frame indicates that this is a rea-
sonable starting assumption, because most of the power 
in the field is carried by the n = 1, m = 1 term.  The C-
responses are then given by CZN = an m cotq TZN and CZE 
= - an m i / sinq   TZE.  CZN, CZE, TZN, and TZE are the 
complex C-responses and transfer functions between 
the vertical (Z) and horizontal (N or E) components of 
the field respectively. q is the colatitude of the InSight 
landing site and an = a/(n(n+1)), where n is the harmonic 
degree relevant at order m and a is the radius of Mars.   
 

 
Figure 3: Apparent resistivity (top) and phase (bottom) 
inferred at the daily period and harmonics for (left) sols 
32-92 and (right) sols 232-269. 45° phase highlighted in 
magenta.  
 

Results:  We show initial results focusing on CZE. 
The apparent resistivity is given by 2 p f µ0 |CZE|2 and 
the phase by arg(C)/2.  The transfer functions were com-
puted using the Single Input Single Output approach, 
i.e., TZN is computed via the ratio of the cross spectrum 
of BZ and BN to the power spectrum of BN, and similarly 
for TZE.   The apparent resistivity is seen to be ~10-20 
W-m at the higher harmonics, and the penetration depths 

(not shown) are ~100 – 200 km. The resistivity values 
are lower (i.e., higher conductivity) than the corre-
sponding upper mantle values on Earth of ~50 W-m 
[11], suggestive of higher Fe3+ and/or water content 
[7].  

Lower harmonics should penetrate more deeply and 
because of the temperature-dependence of electrical 
conductivity would be expected to reveal lower appar-
ent resistivities. Results to date do not show this (Fig. 
3), suggesting that  the data at these lowest harmonics 
should not be interpreted as induction.  Although IFG 
data processing includes steps to mitigate contamination 
of data by spacecraft fields [9], it is possible that signals 
from solar array currents and other lander activities re-
main. We are currently working to investigate and deal 
with these as presented in [9]. Future work will also in-
clude the use of  Multiple Input Single Output [12] 
transfer functions, consideration of other inducing field 
geometries related to orbital and solar periods and in-
versions for conductivity structure as a function of 
depth. This will require spatial analysis of the external 
field for such periods building on earlier work using 
Mars Global Surveyor data [13, 14] and including 
MAVEN data.  
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