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Introduction: Results from different combinations 

of vector and vector gradients (along-track differences) 
from Lunar Prospector (LP) and SELENE/Kaguya 
(S/K) spacecrafts suggest that the use of LP vector 
gradients data alone leads to the best quality crustal 
magnetic field models at the surface of the Moon using 
global and local sets of equivalent sources (monopoles) 
[1, 2]. We use the scheme of iteratively reweighted 
least squares to account for non-Gaussian data errors. 
 The amplitudes of the monopoles are determined by 
minimizing the misfit to the components together with 
the average of |Br| at the ellipsoid surface (i.e. applying 
a L1 model regularization of |Br|). When vector fields 
are used, external field contamination leads to spurious 
N-S features in the downward continued field models 
even with stringent data selection criteria and ad-hoc 
noise removal techniques (e.g., selection criteria of 
satellite’s position in the Moon’s wake w.r.t. the solar 
wind and in the Earth’s magnetotail, internal/external 
dipoles fields removal, and ad-hoc low-order polyno-
mial removal, equivalent source based cross-validation 
of nearby passes, and visual removal of remaining 
anomalous segments).  

In our present effort, we excluded S/K spacecraft 
data because orbital positioning of the extended mis-
sion (low-altitude) suffers from positioning inaccura-
cies of several meters to kilometers [3]. When better 
extended mission S/K orbits are available, we will at-
tempt to improve models in and near the South Pole – 
Aitken (SPA) basin where low altitude S/K data are 
available. 

In the region of Von Kármán crater in the SPA ba-
sin, the landing site of Chang’E-4, our high resolution 
local models show greater detail than global models of 
the magnetic field of the Moon. 

Global Models: We derived global models using 
only LP along-track gradients with 35000 1° equal-
area-spacing monopoles in a single subset and 100000 
monopoles (0.66° spacing) in 84 overlapping subsets 
(Figure 1). Regularization parameters were derived 
based on visual stable appearance of the fields at the 
surface of the ellipsoid representing the Moon. In gen-
eral, the optimum regularization parameter depends on 
the level of noise in the data as well as the monopole 
spacing. In regions of high amplitude, high S/N ratio 
magnetic fields such as Reiner Gamma swirl, we can 
obtain localized models with higher resolution. 

 

 
Figure 1. Total field model at the surface of the Moon 
from monopoles model constrained with L1 regulariza-
tion (0.66° or 20 km spacing and equivalent mono-
poles placed at 20 km depth). Note the logarithmic 
scale of the anomalies to emphasize small amplitude 
features. The map shows extensive strong magnetic 
fields in the SPA basin (central part of the map) and 
localized anomaly features associated with melt sheets 
within impact craters, other near-surface to deep geo-
logic sources and possibly large impact ejecta formed 
during the epoch of a strong core field dynamo.  
 

High Resolution Magnetic Field Over Von Ká-
rmán Region: To examine in detail the region of Von 
Kármán crater in the SPA basin – the site of China’s 
Chang’E-4 lander (45.5°S, 177.6°E), we attempted 
several combinations of monopoles with different 
spacing and depths. Our highest resolution stable L1 
regularized magnetic field model for the region is de-
rived from the low altitude LP gradient data with 6 km 
spaced monopoles at 5 km depth.  We compare this 
model to the previous high resolution model derived 
from the method of Surface Vector Mapping (SVM) 
using Cauchy boundary conditions [4]. 

Figure 2 shows the comparison of total field and Br 
component fields at the surface of the Moon from 
SVM [4] and the L1 approach of this study. L1 regu-
larization leads to sparse solutions (where information 
is concentrated in fewer model parameters). The mon-
opole distribution (black dots) shows that the isolated 
features on the L1 model fields overlie multiple mono-
poles and thus are not caused by single point artifacts. 
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On the other hand, the SVM total field is more spread 
out (as a result of L2 norm regularization). The Br 
component of the SVM model has criss-cross pattern 
and the total field has a few N-S appearing features 
that may have been caused by external field biases in 
the vector fields along orbits. Because of these issues, 
it is worth looking into the characteristics of the data 
and the different models considered. The range of the 
downward continued Br field in our high resolution L1 
model is <-205, +173> nT, and the range of the SVM 
Br is <-67, +102> nT.  Thus, the LP gradients alone L1 
model has greater amplitudes in this local region. 
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Figure 2. Comparison of total field and Br component 
fields at the surface of the Moon from the SVM [4] 
(left) and L1 approach of this study (right) in the re-
gion of Von Kármán crater (large depression in shaded 
relief). Equivalent source locations used in the L1 
model are shown by black dots to emphasize that iso-
lated anomaly features are formed over several mono-
poles and are not associated with instabilities.  
 

Figure 3 shows that along-track differences of the 
Br component from S/K and LP are consistent with 
each other. The altitude distribution is however differ-
ent between the two (see Figure 3 caption). S/K subset 
has many doublets of very low and high altitude orbits 
close to each other.  It is difficult to deduce the validity 
of Br components at the surface from gradients at ob-
servation altitudes, but the fields appear consistent in 
their appearance. Although the Br gradients have NW-
SE and NE-SW trending features, the criss-cross pat-
tern in the downward continued SVM Br component 
(Figure 2 left panels) is not obvious in the Br compo-
nent observed gradients (Figure 3). 
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Figure 3. Along-track differences of Br component 
from SELENE/Kaguya (S/K) (left) and LP (right).  
Both data show similar features. S/K data in the region 
have altitude range from 8.7 to 44 km (but have dou-
blets of very low and very high altitude orbits side by 
side), and their mean altitude and standard deviation 
are 33 and 11.5 km, respectively. LP data have more 
uniform altitude range from 20 to 31 km, with the 
mean and standard deviation of 28 and 3.1 km, respec-
tively.  
 

The Results:  We derived global and local high 
resolution magnetic field models using monopoles [1] 
with L1 regularization [2]. These models are mathe-
matically sparse, but  because the Moon’s magnetic 
field is patchy or localized, they are appropriate for 
many regions of the Moon.  Our highest resolution 
stable model over the Von Kármán crater in the SPA 
basin has features consistent with the observed LP 
along-track gradients and a greater dynamic range than 
previous high resolution models. Because the surface 
fields normally have high wavenumber information 
from shallow sources, which is lost at 20-30 km obser-
vation altitude, the fields we observed at satellite alti-
tudes are likely from deeper sources. In particular, the 
magnetic features do not have a characteristic melt 
sheet edge effect signature and thus if the melt sheet 
exists in the crater, the crater was likely formed during 
a weaker or extinct core field dynamo episode. It 
would be worthwhile comparing previous space-borne 
geologic inferences and observations from Chang’E-4 
lander/rover [5] with the features observed in the mag-
netic field of the area and understand the origin of the 
magnetic fields, especially the NW-SE and NE-SW 
trending magnetic anomaly features in the region and 
their absence in the eastern part of Von Kármán crater 
where Chang’E-4 has landed. 
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