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Introduction:  Magnetic fields generated by dy-
namos in the metallic cores of planets are common 
phenomena in our solar system. Mercury, Earth, and 
the icy satellite Ganymede have core dynamos that 
operate today, and magnetic field observations of Mars 
suggest that it might have once have possessed a dy-
namo in its past. Somewhat surprisingly, magnetic 
field measurements made from both the surface and 
orbit show that portions of the Moon’s crust are strong-
ly magnetized [1-3], and paleomagnetic measurements 
of lunar samples suggest that a dynamo might have 
lasted for over a billion years [4]. 

Regardless, the origin of the strong crustal anom-
alies on the Moon remains enigmatic.  The vast majori-
ty of lunar magnetic anomalies have no clear correla-
tion with known geologic structures. The sources of 
lunar magnetic anomalies likely lie below the surface, 
but it is not known whether these sources are related to 
basin ejecta, basin impact-melt sheets, ancient lava 
flows, magmatic intrusions, or magnetized highland 
materials [5-9].  

If there is no clear correlation between the majority 
of magnetic anomalies and geologic structure, it might 
be expected that the magnetic field would correlate 
with gravity given that the primary magnetic carrier in 
lunar rocks is metallic iron, which is considerably 
denser than the silicate minerals that make up the crust. 
If the magnetic anomalies were formed by magmatic 
intrusions, or basin ejecta, it might be expected that 
there would also be a correlation between surface 
topography and magnetic field strength.   
     

!  
Figure 1. Total intensity of the lunar magnetic field at the surface as 
derived from Kaguya and Lunar Prospector magnetometer data [10]. 
Data are presented in two Lambert azimuthal equal-area projections 
centered over the near- (left) and farside (right) hemispheres. Each 
image covers 75% of the lunar surface, and grid lines are spaced at 
30° intervals. 

Here we test whether such correlations exist by 
using magnetic field maps derived from the Kaguya 
and Lunar Prospector missions (as shown in Figure 1) 
[10], gravity data derived from the Gravity Recovery 
and Interior Laboratory (GRAIL) mission [11] and 
topography data derived from the laser altimeter on the 
Lunar Reconnaissance Orbiter mission [12]. We search 
for correlations in both the spatial and spectral do-
mains, and quantify the probability that such correla-
tions could have occurred by chance. 

Space Correlations:  We first search for correla-
tions in the space domain by using a moving window 
with an angular radius of 6°. By taking all the data 
within the window, we calculate the correlation be-
tween the total magnetic field intensity and either the 
total gravity anomaly or surface relief. For the gravity 
field, we consider both the total free-air and Bouguer 
anomalies. For each location where the analysis is per-
formed on the surface, a single value of the correlation 
is obtained, which we show in Figure 2. 

Considering that the correlation could have oc-
curred by chance, we quantify the probability distribu-
tion of the correlation by means of Monte Carlo simu-
lations. Treating the lunar magnetic field as a random 
stochastic process, 1000 synthetic magnetic fields were 
generated that satisfied the global power spectrum of 
the lunar magnetic field. The correlations between total 
synthetic magnetic field intensity and the other fields 
were then calculated, from which we computed the 
probability distribution of the correlation function. We 
performed Monte Carlo simulations in 7 different re-
gions, and all regions show that 95% of the correla-
tions with either the total gravity anomaly or surface 
relief are in the range [-0.4, 0.4]. Any observed value 
greater than 0.4 would hence indicate that the correla-
tion is statistically significant.  

As shown in Figure 2, although the correlations 
between total magnetic field intensity and both gravity 
and topography are in the range [-0.4, 0.4], there are 
some regions that possess a relatively high correlation 
(plotted in black and white), and most of these regions 
are within or near impact basins. Such examples in-
clude Mendel-Rydberg, Criusim, Humboldtianum, 
Imbrium, and Orientale. In contrast to the magnetic 
intensity map of Figure 1, there is no obvious nearside-
farside asymmetry in the observed correlations. !!!

2290.pdf47th Lunar and Planetary Science Conference (2016)

mailto:sxgong@shao.ac.cn


!
Figure 2. Correlations between total lunar magnetic field intensity 
and topography (upper), total free-air gravity (middle), and total 
Bouguer gravity (bottom). The correlation was calculated within 
circles of angular radius 6° (180 km diameter) at each point on a grid 
of 60 km spacing. Image format is the same as for Figure 1.   !

Spectral Correlations:  In the previous section, 
the correlations calculated in the spatial domain pro-
vide a single value for each analysis region. Further-
more, this value will be heavily biased by the largest 
amplitude features in the region. Here, we calculate 
correlations in the spectral domain using the multitaper 
spectral analysis approach developed by Wieczorek 
and Simons [13]. With this technique, a wavelength 
dependent spectrum of correlations is obtained for each 
analysis regions. 

For our initial attempt, we use windows that are 
localized within an angular radius of 8°, and which 
possess a spectral bandwidth of 65 degrees. For these 
parameters, we have 8 orthogonal windows that pos-
sess concentration factors that are greater than 0.99.  

As an example, we show the localized correlation 
spectrum for one point on the lunar farside in Figure 3. 
Given the 65 degree spectral bandwidth of the window, 
and the 450 degree bandwidth of the magnetic field, 
we plot the correlation from spherical harmonic degree 
65 to 385. Using a Monte Carlo modelling technique, 
we also calculated the 1 and 2-𝜎 confidence intervals 
of the correlation, under the assumption that the mag-
netic field is a random stochastic process uncorrelated 
with both gravity and topography. As shown in the 
figure, the free-air gravity and topography are largely 
uncorrelated with the magnetic field at the 1-𝜎 confi-
dence limit. Nevertheless, the Bouguer anomaly is 
found to be correlated at the 95% level with the mag-
netic potential over a restricted wavelength range be-
tween 220 and 350. !

             !  
Figure 3. Correlation spectra for a representative region on the far-
side hemisphere of the Moon (15°S 165°W). Colored lines show the 
correlation spectra between the magnetic potential and topography 
(blue), free-air gravity (red), and Bouguer gravity (green). Data are 
localized using 8 windows of angular radius 8° (240 km), each with 
a spherical harmonic bandwidth of 65 degrees. The black solid and 
dash lines represent respectively the 68% and 95% confidence inter-
vals of the correlations obtained from Monte Carlo simulations. !

Conclusion:  In order to place constraints on the 
origin of lunar magnetic anomalies, we have used both 
space and spectral domain approaches to quantify the 
correlation between the lunar magnetic field and other 
geophysical quantities, such as topography, free-air 
gravity, and Bouguer gravity. Though our results are 
preliminary, they demonstrate the feasibility of the 
technique and highlight regions where the correlation 
is statistically significant. We are currently developing 
techniques to display the spectral correlation data in 
map form and to link the regions of high correlation to 
lunar geologic processes. !
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