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The Moon does not presently possess a dynamo 

field, but signatures of a past dynamo can be found in 

the magnetic anomalies in the Moon’s crust. The origin 

and age of these anomalies can provide key constraints 

on the nature of the Moon’s ancient dynamo. 

The Moon’s anomalies can generally be 

categorized in four ways: strong isolated anomalies 

(e.g. swirls [1]), anomalies within large lunar basins 

(e.g. Mare Crisium [2 - 4]), demagnetized basins (e.g. 

[5]), and demagnetized craters (<300-km-diameter [1]). 

In this study, we focus on demagnetized craters. 

Demagnetized craters are important in the study of 

lunar magnetism because they can constrain whether 

crustal rock was demagnetized by: i) shock waves 

peripheral to the crater, or ii) simply by the destruction 

of magnetized rock inside the crater. Determining 

whether (i) or (ii) is correct may provide insight into 

the depth and geometry of the magnetic material. 

Demagnetized lunar craters have only been studied 

once before [6]. In their study, Lunar Prospector (LP) 

electron reflectometer data was used, but in this study, 

Kaguya Surface Vector Mapping (SVM) data is used. 

In the 20 years since [6] was published, other 

important supporting data sets have become available, 

such as high-resolution global topography. 

Additionally, we have developed a new statistical 

method to determine if a crater is associated with a low 

magnetic field by chance. Finally, new studies of 

shock magnetization can help interpret our results [7]. 

Methods: The highly variable magnetic field 

pattern across the Moon makes it difficult to 

distinguish if some local lows in the magnetic field 

were truly caused by a crater. To determine if a crater 

is associated with a low magnetic field by chance, we 

calculated the regional background ratio between fields 

exterior to a circular region of radius R, and fields 

interior to this circular region (Fig. 1). We calculated 

this ratio for three different exterior distances: 1.4R, 

2.0R, and 3.0R. The regional mean ratio of the 

exterior/interior field is usually close to 1, as expected 

for a large number of observations (Tables 1-3). 

However, the standard deviation of the ratio, σ, gives 

an important measure of the local variability of the 

ratio. Craters with exterior/interior ratios that are 2-3 

standard deviations away from the mean are 

considered highly likely to be a result of 

demagnetization of the rock by the impact event.  

We used topography data with 8 pixels-per-degree 

(PPD) resolution  [8]  and the SVM magnetic field data 

of 20 km altitude sampled at the same 8 PPD 

resolution [9]. 

 

 
Fig. 1. Cartoon of the three different exterior radius 

values used to compute the exterior (light gray)/interior 

(dark gray) ratio of the magnetic field. (a) exterior 

radius: 1.4R, (b) exterior radius: 2.0R, and (c) exterior 

radius: 3.0R. The central blue/red circles represent the 

actual crater while the gray circles represent the 

background ratios. 

Summary of key values: 

     �̅� = regional mean exterior/interior field ratio 

     σ = standard deviation of regional exterior/interior 

field ratio 

     x = exterior/interior ratio of crater  

     dx = distance of x from �̅� in units of σ 

To compute �̅� and σ we used 441 measurements over a 

10° × 10°- grid centered on each crater.  

Results: To find the demagnetization state of lunar 

craters, we examined craters with a diameter between 

100 km and 300 km. In particular, we find that Gauss 

crater (Fig. 2), Fermi crater (Fig. 3) and Keeler crater 

(not shown here, originally studied by [6]) have strong 

demagnetization signatures, with exterior/interior 

ratios (x) more than two standard deviations from the 

mean. Hence, we conclude that these craters are highly 

likely to have demagnetized the local rock.  

We also found that the crater Pasteur visually 

appears to be associated with a local low magnetic 

field (Fig. 4). However, its exterior/interior ratio (x) is 

only ~1 standard deviation away from the mean, at 

most (Table 3). Therefore, we cannot confidently 
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conclude that Pasteur crater has demagnetized the local 

rock. Pasteur crater illustrates the usefulness of our 

new statistical method to identify craters that may be 

associated with local magnetic lows by chance alone. 

 

 
Fig. 2. Gauss crater is associated with a strong 

magnetic low, at least 2.5 standard deviations greater 

than typical regional values (Table 1). The diameter is 

177 km, and the latitude and longitude are 36.0°N, 

79.2°E. The window size of the graph is 20°×20°. 
 

Table 1. Regional ratio of exterior and interior 

magnetic-fields (�̅�, σ) compared to the ratio at Gauss 

crater (x) and its distance from �̅� in units of σ (dx). 

Exterior 

radius 
�̅� σ  x    dx 

1.4R 0.9863 0.2183 1.7748 3.6120 

2.0R 0.9717 0.2338 1.6842 3.0475 

3.0R 0.9383 0.2234 1.5042 2.5331 

 

 
Fig. 3. Fermi crater is associated with a strong 

magnetic low, at least 2.6 standard deviations greater 

than typical regional values (Table 2). The diameter is 

236 km, and the latitude and longitude are 19.7°S, 

123.4°E. The window size of the graph is 20°×20°. 
 

Table 2. Regional ratio of exterior and interior 

magnetic-fields (�̅�, σ) compared to the ratio at Fermi 

crater (x) and its distance from �̅� in units of σ (dx). 

Exterior 

radius 
�̅�  σ  x    dx 

1.4R 1.0478 0.2465 1.8127 3.1030 

2.0R 1.0617 0.2609 1.7736 2.7286 

3.0R 1.0799 0.2581 1.7629 2.6463 

 

 
Fig. 4. Pasteur crater appears to be visually associated 

with a weak magnetic low but is only 0.16-1.07 

standard deviations greater than typical regional values 

(Table 3). The diameter is 224 km, and the latitude and 

longitude are 11.8°S, 104.9°E. The window size of the 

graph is 20°×20°.  

 

Table 3. Regional ratio of exterior and interior 

magnetic-fields (�̅�, σ) compared to the ratio at Pasteur 

crater (x) and its distance from �̅� in units of σ (dx). 

Exterior 
radius �̅�  σ  x dx 

1.4R 1.0513 0.1876 1.2526 1.0730 

2.0R 1.0731 0.2260 1.2186 0.6438 

3.0R 1.1131 0.2439 1.1531 0.1640 

 

Summary: Gauss and Fermi craters show strong 

demagnetization states, with weak magnetic fields in 

the interior of the crater that are at least two standard 

deviations from the regional value. Gauss crater is 

located near the antipode of the Orientale basin, and 

Fermi crater is close to the western edge of the South 

Pole-Aitken (SPA) basin. This suggests that these 

craters may have disrupted magnetized surface 

deposits from the Orientale and SPA impacts. 

We expect further detailed studies of these craters 

to contribute to basic models to help test different 

hypotheses for the magnetization in the craters. 
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