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Introduction: Mars does not currently possess a global 
dynamo-driven magnetic field but evidence of strong 
crustal magnetization implies that such a field is all but 
certain to have existed in the planet's early history [1, 
2]. The dynamo may have started immediately follow-
ing accretion/differentiation [3] or alternatively may 
have been inhibited past initial crustal formation by 
thermal stratification of the core resulting from colli-
sions with large planetary embryos, a hypothesis sup-
ported by the existence of large nonmagnetic primordi-
al crust in the southern hemisphere [4].   

When heated above and cooled below the Curie 
point, or when sufficiently shocked, magnetic minerals 
in the Martian crust can lose part or all of their previ-
ous magnetization and acquire a new magnetization 
proportional to the strength and direction of the ambi-
ent magnetic field.  Other than meteorite studies which 
suggest a moderate-to-strong dynamo at ~4 Ga [2,6], 
our primary means ofestimating the global magnetic 
field strength at a given point in the past is examining 
magnetic fields measured from orbit over datable geo-
logic features, as discussed below.   
Large craters as magnetic markers.  Notwithstand-
ing that crater retention ages are subject to substantial 
systematic uncertainties [7], geologic features are most 
reliable as dynamo markers when their cratering age 
and magnetization (down to the Curie isotherm depth) 
were reset simultaneously.  On Mars, these criteria are 
poorly met for volcanoes but fulfilled for impact basins 
>400 km in diameter.  Post-impact demagnetization 
within the crater is therefore a proxy for ancient mag-
netic field.   
Demagnetization probability for craters. From or-
bital magnetic field data, the degree of demagnetization 
of a given crater with respect to its surroundings can 
only be determined probabilistically, with increasing 
confidence for larger diameters [8].  Figure 1 shows 
magnetization probability distributions for four exam-
ple craters [8].  Figure 2 shows the application of this 
principle to a set of 38 ancient Martian craters/basins. 
Mars Dynamo Timelines. Figure 2a shows only the 
basins >1000 km in diameter from [10].  The basins 
quite clearly fall into 2 groups: 1) 4 basins with essen-
tially zero probability of containing any substantial 
magnetization: Argyre, Hellas, Utopia and North Polar 
all likely formed when no substantial global magnetic 
field existed and 2) the remainder of the craters, all 

with probability distributions implying that they are at 
least partially magnetized and therefore likely having 
formed in the presence of a global magnetic field.  
These 2 basin populations do not overlap in age by 
more than a small fraction of the typical age uncertain-
ty.  Together they imply that the cessation of the Mar-
tian dynamo may have occurred at a cratering density 
N(300) = ~3 (converted to an absolute model age of  
~4.1 Ga), which was also the conclusion of Lillis et al., 
2008 [10].   

 

 
The timelines constructed using the cratering densities 
and age estimates of Robbins et al. 2013 [8] (figure 2b) 
allow us to examine smaller and in many cases younger 
craters compared to Frey, 2008 [9].  All 6 basins with 
model ages greater than 4.05 Ga (Cassini, “epsilon”, 
“iota”, Tikhonravov, “eta” and Ladon) have zero prob-
ability of being completely demagnetized, whereas all 
basins with model ages younger than 4.05 Ga have 
their probability maxima at zero magnetization. How-
ever, Prometheus, Hellas, Isidis and Argyre, in the 
same model age range, have basically zero probability 
of being magnetized.  Considering these 13 basins to-
gether argues strongly for a single dynamo cessation 
sometime after the oldest 6 basins and before the 
youngest 7.  In terms of absolute model age this dyna-
mo cessation would have occurred 4.0 and 4.1 Ga.   
Problems with early Mars chronology: when did 
the dynamo really die?  The cratering chronology 
used to arrive at the absolute model ages mentioned 
above and shown in figures 1 and 2 assumes a mono-

Figure 1:  probability distributions as a function 
of remaining magnetization fraction are plotted 
for four craters formed on early Mars.  Ages 
shown are absolute model ages [9]. 

1348.pdfEighth International Conference on Mars (2014)



tonically, exponentially decreasing impactor flux with 
time.  However, the largest craters naturally divide into 
two morphologically very different groups, as shown in 
figure 3.  The four youngest basins Utopia, Hellas, 
Isidis, and Argyre, show much more pronounced crus-
tal thickness variations than the older basins, suggest-
ing that substantial amount of time passed between the 
formation of the oldest basins and the four youngest i.e. 
the crust had substantial time to cool and become less 
ductile before these impacts.  
These youngest basins also contain extremely weak or 
nonexistent crustal magnetic fields, implying that they 
were formed in the post-dynamo era.  In contrast, the 
older basins all contain substantial crustal magnetic 
fields, implying formation while the Dynamo was ac-
tive.  Taken together, the topographic pronunciation 
and magnetization differences between these two popu-
lations suggest that there may have been a substantial 
‘lull’ (perhaps up to 300 Ma) in the rate of large im-
pactors and that the dynamo may have ceased at any 
time during this lull up to and including the time of the 
first ‘young’ mega impact Utopia (which was suffi-
ciently large that it may have ‘killed’ off a subcritical 
Dynamo [11, 12]). 

Climate implications: The dynamo’s strength as a 
function of time and when its ultimate cessation oc-
curred, are key ingredients in the puzzle of early cli-
mate change on Mars, due to the very different solar 
wind interaction and atmospheric escape regimes for 
terrestrial planets with and without global, core-driven 
magnetic fields [13]. 
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Figure 3: Basin magnetization vs. N(300) crater reten-
tion age for megabasins on Mars (D>1000 km). Colors 
are coded for crustal thickness ratio (inside ba-
sin/outside basin). The youngest four basins (Isidis, 
Argyre, Hellas, and Utopia) show both greater varia-
tion in topography and lower magnetization than the  
other basins. 

Figure 2: Timelines of mag-
netization probability of 
large craters formed on ear-
ly Mars, adapted from [8]. 
The text symbols are con-
tractions of the full crater 
names listed in [8]. Magnet-
ization probability distribu-
tion curves for each crater 
are shown as colored verti-
cal lines.  The horizontal 
positions of these lines and 
error bars correspond to 
their absolute model ages 
(see [8]) and uncertainties. 
The top and bottom rows 
reflect the crater databases 
and age estimates of Frey 
[2008], Robbins et al. 
[2013].  Note the different 
time scales in the panels.     
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