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Introduction: The crust of the Moon possesses mag-
netic anomalies, which are thought to have been ac-
quired as natural remanent magnetization in an ancient 
global magnetic field. This field may have formed by a 
dynamo of a liquid core in the early lunar history [1], 
and gradually decayed to a halt as the core cooled. The 
current crustal anomalies therefore may be used to con-
strain the timing and duration of an active lunar dynamo 
[2]. The difficulty in measuring surface ages on a global 
scale leads us to link between other surface properties 
as proxies for age. Previous studies linked the surface 
ages with the crater cumulative number in the maria [3, 
4, 5] but absolute ages are difficult to determine in the 
highlands [6]. Here we use surface crater density as a 
proxy of relative surface age. We present a correlation 
between magnetic anomalies and surface crater density, 
and present an indication that the ancient dynamo may 
have been active during distinct episodes. 

Methods: For the magnetic field anomaly, we use mod-
eled surface magnetic field values based on measure-
ments from orbit observed by Kaguya and Lunar Pro-
spector magnetometers [7]. For the crater density, we 
use a recent database of lunar impact craters [8]. In this 
database, 1.3 million craters larger than 1 km in diame-
ter were identified and measured. This database has 
more craters with diameters ≤10 km than any other past 
databases by an order of magnitude, yet compares well 
with previous databases. With this database, we com-
pute a crater density map with the same resolution of the 
magnetic anomaly (0.2º) by counting the number of cra-
ters in caps of a prescribed diameter (3º) centered at 
each grid point. 
 

 
 
Figure 1: a) Lunar crater density normalized by global average based on data from [8]. b) Lunar magnetic anomaly derived 
from [7]. c) 2D histogram of relative area on the Moon as a function of crater density and magnetic anomaly. 
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Results: Our results indicate that as was previously 
known, while the majority of the strong magnetic anom-
alies reside in the heavily cratered highlands, some 
anomalies are apparent also in the younger lunar maria, 
where the crater density is lower (Figure 1).  

Figure 1 (c) examines the global histogram of areas 
as a function of both crater density and magnetic anom-
aly. The largest peak around crater density 0.03 km-2 in-
dicates a concentration of areas with this density possess 
high magnetic magnetic field values, and may be inter-
preted as the high-field epoch of the dynamo during 
which the lunar highlands acquired magnetization. An-
other peak at a lower crater density of ~0.005 km-2 is 
seen. By examining the locations on the Moon of this 
small crater density and high field (>20 nT) peak, we 
find it is associated with the known magnetic anomaly 
at Reiner Gamma, with some additional areas in Mare 
Crisium, Mare Tranquillitatis, Oceanus Procellarum 
and Tsiolkovskiy crater. 

We verified the peak in the histogram is statistically 
significant by resampling statistics.  We randomly shuf-
fled the relative locations of magnetization and crater 
density maps 100 times while keeping the distribution 
of the magnetic anomalies constant and recomputed the 
histogram averaged over the trials. In this test no com-
parable peak of high field occurred at this crater density, 
indicating the correlation is not a statistical artifact. 

Additional weaker peaks are seen in the histogram 
at crater densities greater than 0.03 km-2, centered near 
0.076 km-2 and 0.105 km-2. If these crustal anomalies 
are likewise interpreted as having been acquired from a 
past dynamo, they may indicate additional epochs of 
acitivity of that dynamo separated by periods of low 
field generation occurring at earlier times than that im-
plied by the main peak.  

In Figure 2 we separate the low field (<20 nT) and 
high field (>20 nT) areas on the Moon and plot histo-
grams of crater density for each. Similar peaks to the 
ones outlined above are seen for the high field regions, 
reconfirming the previous result. At the crater density 
around 0.005 km-2 a smaller relative peak is seen in the 
low field areas. This peak indicates the existence of a 
mare surface unit of a distinct age, independent of mag-
netic properties. 
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Figure 2: histogram of areas with high magnetic intensity  
(>20 nT) and low magnetic intensity (<20 nT). 
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