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Introduction: Venus is the only major planet with 

no known evidence for an internally generated mag-
netic field either today or in the past. Pioneer Venus 
Orbiter constrained the intrinsic dipole moment of 
Venus to less than 10-5 times that of Earth [1]. Crustal 
remanent magnetism—as already observed on Mercu-
ry, Mars, Earth, and Moon [2]—may still await detec-
tion because the surface temperature is currently below 
the Curie points of common magnetic carriers such as 
magnetite and hematite [3]. However, no magnetome-
ter measurements have been made below the iono-
sphere—let alone a global search for magnetic signa-
tures. Detecting crustal remanent magnetism would 
provide strong evidence that Venus and Earth both 
suffered energetic impacts during accretion, which 
formed metallic cores that were initially liquid and 
chemically homogenous. A non-detection would indi-
cate formation under cold conditions, and thus that 
Venus and Earth always evolved along different paths. 

Motivational Modeling: Previous presentations 
described numerical simulations that assessed the pro-
spects for a dynamo in Venus over time [3]. Atmos-
phere/interior coupling was implemented to account 
for feedbacks between atmospheric evolution and 
mantle convection, including atmospheric escape and 
changes in mantle convective regime with surface 
temperature [4,5]. Core/mantle heat flow governs the 
thermal and chemical evolution of the core.  

The key result with implications for Venus explo-
ration is that dynamo activity within the surface age 
(~1 Gyr) is predicted even in simulations with no dy-
namo at present day, assuming that Venus has an 
“Earth-like” (chemically homogenous and at least par-
tially liquid) core. An alternative scenario—chemical 
stratification in the core (Si & O abundances increas-
ing with radius) that persists after accretion [6]—

predicts no dynamo activity at any time. Completely 
solidifying the core of Venus [7] requires initial tem-
peratures so low that stratification would also exist. 

Searching for Crustal Remanence: Designing a 
magnetic survey requires estimating the magnitude of 
potentially observable fields and defining the associat-
ed requirements on instrument performance and mis-
sion design. Previous simulations yield estimates for 
the cumulative volume of magnetized crust—obtained 
by counting the volume of extrusive volcanism during 
periods of dynamo activity. Terrestrial basalt is an 
analogous carrier for thermoremanent magnetism. 
Crust that is buried below the depth where temperature 
equals the Curie point will have demagnetized. The 
lateral extent of individual lava flows and temporal 
pace of resurfacing remain critical unknowns [8].  

Aerial platforms are ideal for a magnetic survey 
because of the possibility of covering long distances. 
Low altitudes are ideal because magnetic fields decay 
sharply with distance. Magnetometer performance 
requirements are defined assuming that the mission is 
focused on a search for remanent magnetism (unlikely) 
and also assuming that the platform primarily resides 
at altitudes convenient for achieving other science 
goals like EM sounding [9] and atmospheric studies. 
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Observable Instrument Performance 
Requirements 

Mission Requirements 

Understand 
potentially 
habitable 
environments 
on Venus 
over time for 
comparison 
to Earth and 
exoplanets 

What pro-
cesses and 
conditions 
defined 
the diver-
gent evo-
lutions of 
Venus and 
Earth? 

Remanent 
magnetic 
field 

Magnetic 
flux density 

Magnetometer: 
- Sensitivity 
- Accuracy 
- Precision 
- Range 

Measurements below the 
ionosphere of Venus: 

- Altitude 
- Distance covered 

Observing geometry: 
- Multiple sensors 

separated by ~1 m 
Estimated data volume 
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