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Determine the nature and origin of Mars’
crustal remanent magnetization.

Provides knowledge pertinent to:
• The evolution of the crust

– by tectonic, impact, hydrothermal and magmatic processes.

• The evolution of the interior
– i.e. early heat flow, plate tectonics, core/mantle convection.

• The evolution of climate and habitability
– i.e. global magnetic field, atmospheric loss by solar wind 

stripping & liquid water stability.

Objective:

Value ‘in the big picture’:



Q: How do we ‘measure’ the magnetization 
of terrestrial crust?

A: By measuring magnetic fields and using 
inversion methods to estimate magnetization.

• Satellite magnetometers (>~150 km)
• Balloon magnetometers ( ~30 km)
• Airplane/ship magnetic surveys ( 0.5-1 km)
• Field surveys (~meters)
• Laboratory studies (μm - mm)
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Q: How do we ‘measure’ the magnetization 
of Martian crust?

A: By measuring magnetic fields and using 
inversion methods to estimate magnetization.

• Satellite magnetometers (>~150 km)
• Balloon magnetometers ( ~30 km)
• Airplane/ship magnetic surveys ( 0.5-1 km)
• Field surveys (~meters)
• Laboratory studies (μm - mm)
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Meteorites: no geological context

On Mars, we are severely limited by 
our distance from the source.



Current data and Limitations
• MGS MAG: magnetic vector data

– Mostly @ 400 km, very sparsely 100-400 km.
– External fields from SW interaction mask weaker crustal fields.

• MGS ER: scalar-only data at 185 km
– More sensitive to weak fields, but missing ‘closed’ field lines.

• Magnetic field → magnetization inversions suffer 
inherent non-uniqueness, which worsens with altitude.

Need measurements here!



Degradation in Resolution of Magnetic Field 
from Oceanic Stripes in N. Atlantic

150 km elevation ~3 km elevation

Strong evidence for 
Plate Tectonics & 
Geomagnetic reversals

???



Current state of knowledge

• Very strong crustal fields measured from orbit:
– Discovered by MGS: ~10 times stronger than terrestrial fields at

spacecraft altitudes.
– Require huge volumes (>106 km3) of coherently magnetized crust.
– Crustal remnant of an extinct dynamo & global-scale magnetic field.



Current state of knowledge
• Distribution of crustal fields:

– Follows the dichotomy to first-order: strong in South, weak in North.
– Shock demagnetization by (likely) post-dynamo impacts
– Thermal demagnetization by magmatic intrusions (e.g. Tharsis)



Current state of knowledge
• The Martian dynamo:

– Rapid cessation in basin magnetization around 4.1 Gyr ago (H&N).

– End of the Dynamo? Probably, but not the only explanation.
– Excitation mechanisms: initial hot core, inner core formation, impact
– Termination mechanisms: cooling core, giant impact 
– Lack of global field → possibly increased atmospheric loss.
– Within 0-300 Myr of cessation, climate had likely become much drier 

(end of the Phyllosian era).



1. What is/are the major carrier(s) of Martian crustal 
magnetization?

– in what type of environment did they form? 

2. What are the properties of the sources responsible for 
Mars' remarkable crustal magnetic fields?

– What is the distribution of strength, depth, thickness, lateral 
extent, coherence scale, direction and formation age of the 
magnetization of these sources?

3. What were the characteristics of the Martian dynamo?
– i.e. lifetime, secular variability, surface field strength, dipolarity, 

reversal frequency.

4. How do the crustal fields affect atmospheric escape?
• Need accurate representations of the magnetic field down to 

~120 km.

Outstanding questionsImportant outstanding questions



Recommendations

1. Support an extended MAVEN mission of >4 years 
with a low periapsis altitude (150 km).

2. Investigate placing a magnetometer investigation on 
a rover sent to a region of known strong magnetic 
sources. Lander + Rover is better.

3. Investigate placing a magnetometer on an aerial 
platform (aircraft or long-lived balloon) to obtain low-
altitude regional magnetic measurements.

4. Begin planning for the return to Earth of pre-
surveyed, oriented Early Noachian bedrock samples
in magnetically-shielded containers for magnetic 
and radioisotope analysis in terrestrial laboratories.
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Reversal freq. 0 0-1 0-3 0-3

Paleopole location 1-2 3-4 1-3 3-5

Dipole moment 0-1 3-4 0-1 3-5

Strength 3 3 5

Depth/thickness 1-2 3 0

Coherence scale 3 5 0

Formation age 0 0 5
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Constraints: 0 = no improvement, 1 = incremental, 2 = fair, 3 = good, 4 = very good, 5 = excellent

Recommendations directly address outstanding questions



Magnetometers are easy on resources

• Dual MAG system:
– Low mass: 0.7 kg
– Low power: 0.5-3 W
– Small size

ARES Mars Scout Concept



Cost of a planetary magnetometer

• Typical cost of a dual fluxgate magnetometer system is around $1
million in 2006 dollars.

• Cesium vapor & magnetoresistive are also options.
• This is not inclusive of phase E science funding.
• Also does not include the cost of making the spacecraft as 

magnetically clean as possible (e.g. back wiring solar panels)



Measurements are explicitly called out in 
MEPAG 2006 goals document

• Goal II, objective B, investigation 2 (effect of crustal fields on 
atmospheric escape, past and present)

• Goal III, objective A, investigation 10 (determine the nature and 
origin of Mars’ crustal remanent magnetization)

– The magnetization of the Martian crust is poorly understood, but is intimately 
related to the igneous, thermal, tectonic and hydrologic history of the crust. 
Addressing this problem requires high-resolution mapping of the magnetic field 
and knowledge of the mineralogy and magnetization of the surface.

• Goal III, objective B, investigation 2 (determine the origin and history 
of the magnetic field)

– Evidence that Mars had a magnetic field early in its history has important 
implications for its formation and early evolution, as well as for the retention of its 
early atmosphere and for the shielding of the surface from incoming radiation 
and the possible evolution of life. Requires high-precision, high-resolution global, 
regional, and local magnetic measurements, as well as mineralogic, isotopic, 
seismic, gravity and heat flow data bearing on interior structure and processes.



Theoretical Expectation:Theoretical Expectation:
Heterogeneous source  
bodies have larger 
magnetization than in 
uniform magnetization 
source and these situations 
are indistinguishable from 
coalesced anomalies 

ArkaniArkani--Hamed (2001) Source Hamed (2001) Source 
M10M10
matched by several matched by several 
differently magnetized differently magnetized 
source bodies (20 km thick)source bodies (20 km thick)

From S. From S. BiswasBiswas
unpublished results from an unpublished results from an 
M.S. Thesis (2005)M.S. Thesis (2005)

Modeled Magnetizations: 
Discretized sources: 300 A/m
Elliptical source: 25 A/m


	Mars' Ancient Dynamo and Crustal Remanent Magnetism
	Strong community support from 30 co-authors + 12 signatories from 26 institutions in 7 countries
	Determine the nature and origin of Mars’ crustal remanent magnetization.
	Q: How do we ‘measure’ the magnetization of terrestrial crust?
	Q: How do we ‘measure’ the magnetization of Martian crust?
	Current data and Limitations
	Current state of knowledge
	Current state of knowledge
	Current state of knowledge
	Outstanding questions
	Recommendations
	Cost of a planetary magnetometer
	Measurements are explicitly called out in MEPAG 2006 goals document

