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Introduction: The Moon and Mars are similar in 

that they both have remanent crustal magnetic fields, 
but internal core magnetic fields have not been de-
tected. In general, the distribution of magnetic anoma-
lies on the Moon is somewhat sparse and the intensity 
is somewhat weak when compared with Mars [1-4]. 
Lunar crustal magnetism is dominated by individual, 
isolated anomalies with the exception of the regions 
that are antipodal to the major impact basins where 
anomaly clusters are present. The source of the lunar 
crustal magnetization is uncertain. Proposed sources of 
the inducing field include the solar wind or the geo-
magnetic field, transient fields produced by impacts, or 
a lunar dynamo. It is unclear if the Moon had an inter-
nal core dynamo. 

In this study we do a least squares inversion of the 
gravity and magnetic field data, and numerically ana-
lyze the correlations of the resultant density and mag-
netization anomalies. The interpretation of the results 
are guided by the topography and geology to test the 
hypothesis that the processes that created or modified 
the magnetic field anomalies also altered the density 
structure. For example, a magmatic intrusion that de-
magnetized the lunar crust would result in a (negative) 
correlation between gravity and magnetic anomalies. A 
positive correlation would result if the intrusion instead 
magnetized the crust. This approach has already been 
used to study the observed correlations between grav-
ity and magnetic field data along Mars' eastern dichot-
omy boundary [5-8]. We will analyze the magnetic and 
gravity anomalies for regions on the Moon where cor-
relations of gravity and magnetic field anomalies are 
similar to those found on Mars by [7-8] (see Table 1). 

Previous Studies: Lunar magnetic field anomalies 
have been mapped by the Electron Reflectometer 
[1,4,8-9] and Magnetometer [2-3, 10-11] instruments 
on board the Lunar Prospector (LP) spacecraft. Earlier 
measurements of the lunar magnetic field were made 
by similar instruments on the Apollo subsatellites [12-
13]. These studies find that the principal concentra-
tions of magnetic field anomalies with the strongest 
magnitudes are on the far side of the Moon antipodal 
to the Crisium, Serenitatis, Imbrium, and Orientale 
impact basins. Isolated magnetic anomalies have been 
mapped at Reiner Gamma [2,14], Rima Sirsalis [2], 
Descartes [9, 15] and Airy [16]. Richmond and Hood 
[3] have mapped previously unidentified magnetic 
anomalies near the Abel, Hartwig and Stöfler craters, 
the Crisium and Moscoviense basins, and the Snellius 
and Rheito crater chains. 

 

The presence of the large-scale magnetic anomalies 
antipodal to the major impact basins has been found 
statistically unlikely to be a coincidence [4]. One ex-
planation for the observed distribution is that the 
anomalies became magnetized by transient magnetic 
fields generated by the major basin-forming impacts 
[17-19]. In this model a basin-forming impact pro-
duces a massive, hot, partially ionized cloud of vapor 
and melt that expands thermally around the Moon. 
Because of its high electrical conductivity and rela-
tively high energy density, a lunar impact vapor–melt 
cloud interacts strongly with any ambient plasmas and 
magnetic fields (arising from the solar wind, geomag-
netic field, or an internal dynamo) leading to transient 
magnetic field amplification. Magnetic field lines are 
compressed and intensified as the cloud converges on 
the antipodal region and magnetizes the materials 
there. Moore et al. [20] showed that impact ejecta 
could be deposited at the antipode, which may further 
contribute to the magnetic anomaly. Seismic waves 
generated by the impact that converge at the antipode 
may induce shock remanent magnetization [21]. Hood 
et al. [2] noted that the anomalies associated with the 
Reiner Gamma Formation and Rima Sirsalis rille are 
aligned approximately radially from the center of the 
Imbrium basin and suggest that they are ejecta materi-
als from the impact. The albedo swirls that are ob-
served in association with Reiner Gamma are sug-
gested by many authors to be due to shielding from the 
solar wind [2, 14, 16, 22-23]. Richmond and Hood [3] 
noted that identification of source materials is difficult 
for the previously unmapped Abel crater, and that an 
albedo feature has not been mapped in this region. This 
raises questions about the association between mag-
netization and albedo. 

lat (ºN) lon (ºE) lat (ºN) lon (ºE)

Reiner Gamma 5 300 10 305

Rima Sirsalis -15 300 -20 290

Hartwig Crater -10 280 -5 280

Airy Crater -20 5 -15 5

Descartes Crater -10 15 -10 15

Stöfler Crater -40 5 -40 5

Mare Crisium 10 60 15 60

Mare Moscoviense 25 150 25 150

Abel Crater -35 90 -35 85

Vallis Snellius

Vallis Rheito

Orientale Antipode

Imbrium Antipode

Serenitatis Antipode

Crisium Antipode

Lunar Feature

Table 1. Approximate locations of lunar radial magnetic field 

anomalies [27] and gravity anomalies [28] to be studied.
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Another hypothesis is that the crust became mag-
netized during cooling through the Curie temperature 
in the presence of an internal core dynamo field. It is 
thought that the dynamo had two distinct activity peri-
ods, one driven by initial cooling and one by mantle 
overturn [24] or core formation [25]. Halekas et al. [9] 
suggested the existence of a magnetic era by surveying 
basin magnetization. They note that magnetization 
associated with small basins manifests as magnetic 
lows implying shock demagnetization, and that large 
impact basins have central anomalies implying TRM 
or shock remanent magnetization. Another line of evi-
dence comes from the Apollo lunar samples [13]. 
Collinson [26] reviewed these data and considered the 
dynamo versus the transient impact field generation 
hypotheses. The study concluded that the most reason-
able explanation of lunar crustal magnetization is that 
the crust was magnetized by cooling in the presence of 
a dynamo-generated lunar magnetic field. Many of the 
previously cited papers concluded that the relevance of 
the transient impact field generation model is estab-
lished by the observation that the strongest anomalies 
are antipodal to the major impact basins and the weak-
est anomalies are within the basins themselves. Impact 
demagnetization of the basins means that the crust was 
at one time magnetized by a core dynamo. The effect 
of impact demagnetization is seen most clearly in the 
global Electron Reflectometer maps presented by [3]. 

 
This Study: We find many regions exhibiting simi-

lar correlations, although not all are shown here in the 
interest of space and are instead summarized in Table 
1. Figure 1 shows the magnetic field [27] data with the 
gravity [28] superimposed on top, for a selected region 
on the Moon. The magnetic field anomalies may be 
offset slightly from the gravity anomalies due to dif-
ferences in inclination and declination of the magnetiz-
ing field. The other regions in Table 1 exhibit similar 
correlations and we intend to investigate all areas. 

We will use a least squares inversion of the gravity 
and magnetic field data described above to carry out 

the analysis. We will first invert the gravity data to 
obtain crustal density structure by assuming the 
anomalies are located in layers of various thicknesses 
at different depths. We will then use the best fit depth 
and thickness to invert the magnetic field data for an 
array of paleopole positions to find the best fit paleo-
pole position. For each region we will consider the 
geologic and topographic information that is available 
to guide the interpretation of the results. Additional 
details are provided in [7-8]. 

The above analyses will provide insight into the 
crustal magnetization and density structure and the 
formation history of the magnetic and gravity anoma-
lies for the studied regions of the Moon. It will provide 
constraints on the mechanisms that formed the anoma-
lies and estimates of magnetic paleopole positions and 
timing of dynamo activity. This will improve our 
knowledge of the interior structure and thermal evolu-
tion of the early Moon. 
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