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Introduction:  The lunar-wide magnetic anomaly 

map derived from Lunar Prospector (LP) magnetome-
ter (MAG) data [1] now allows for interpreting the 
anomalies in terms of structure, composition and direc-
tion of magnetization. The lunar crustal thickness 
model, paleomagnetic measurements from the Apollo 
samples [2] and the geologic map of the nearside of 
the Moon [3] are combined together on a Geographic 
Information System (GIS) to compute a lunar crustal 
magnetization model. Magnetic anomaly map is calcu-
lated and compared with the corresponding observed 
magnetic anomaly map. The source distribution caus-
ing the observed anomalies over the nearside lunar 
mare basins are interpreted in terms of thicknesses of 
the underlying mare basalts.  

New magnetic map:  The mare basalts have been 
sampled and returned by Apollo and Soviet Luna mis-
sions. They have been sampled from widely separated 
locations on the lunar nearside (Apollo 11, 12, 15, 17 
and Luna 16). Eruptions of these mare basalts are con-
temporaneous with extensive mare volcanism that 
filled the great basins [4, 5, 6]. The Clementine and LP 
missions provided compositional and magnetometer 
data that is used to identify mare basalts composition 
on the Moon and their associated magnetic signatures. 
The magnetic anomaly map derived from low-altitude 
period of the LP mission extends up to spherical har-
monic degree 150 and is now available for interpreta-
tion (Fig. 1a). The resolution of MAG data is 0.5 de-
gree in latitude and 1.0 degree in longitude. 

The radial component (Br) of the MAG model 
show weak anomalies over the lunar mare basins and 
strong anomalies over the regions diametrically oppo-
site to the largest basin-forming impact craters (Fig. 
1a).. Conversely, the spectrometer data over the Lunar 
mare regions show a high concentration of FeO by 
weight [7], suggesting iron could mostly be present in 
the form of ilmenites and other high Titanium oxide 
not producing magnetic anomalies observable at satel-
lite altitude of 30 km. Among the mare basins, Crisium 
and Marginis show amplitudes > 4 nT at 30 km alti-
tude while Serenitatis, Fecundiatis, Nectaris, Australe 
and Moscoviense basins show strength < 4 nT. Large 
mare basins Imbrium and Orientale show the weakest 
features < 1.5 nT within the basin, but often the 
strength exceeds > 2.0 nT southwest of the basin.    

Magnetic field modeling: The geological map 
showing distribution of mare filled basins on the near-
side is modeled by assuming an average composition 
of natural remanent magnetization (NRM) of the 
Apollo samples. The top 20-30 m of regolith soils are 
underlain by varying thickness of 1-2 km thick of mare 
basalts. Much of the upper crust is considered noritic 
with thickness of 10-15 km while mid to lower crust is 
assumed to non-magnetic anorthosite. Rest of the 
lower crust  is considered to be basalts whose thick-
nesses could be varying significantly based on the 
thickness of crust within mare basins. The derived 
vertically integrated magnetization (VIM) model is 
shown in Figure 1b. VIM model for lunar highland is 
computed using the 2-layered crustal thickness model 
of Wieczorek et al. [8] obtained from inversion of LP 
gravity data. The direction of magnetization is as-
sumed to follow a paleo-magnetic field computed us-
ing the intensity of the magnetic field obtained from 
Apollo samples [2]. Changes in magnetization direc-
tion due to the impact of small and large projectiles 
has not been modeled here and hence are not used to 
interpret observed anomaly features. The calculated 
magnetic anomalies for the Br component is calculated 
from this VIM model and is shown over the nearside 
lunar mare basins (Fig. 1c). The calculated anomaly is 
predicted at 30 km altitude and and extends up to 
spherical harmonic degree 150.  

Discussion: The match between the field predicted 
from lunar surface geology and the observed field is in 
agreement in terms of amplitude of anomaly features 
over the nearside lunar mare basins. Anomalies over 
the central Mare Imbrium, Mare Crisium, Mare Mar-
ginis and lunar highland regions between Mare Nu-
bium and Mare Nectaris are however poorly-defined in 
the predicted map (Fig. 1). The moderately high over 
the Mare Serenitatis and Mare Nectaris is not repro-
duced in the calculated field. Some of the weak anom-
aly features over the Mare Humboldtianum, Mare 
Symthii, Mare Humorum and west of Mare Cognitum 
agree well with observations although spatial distribu-
tion of anomalies do not match completely.  

The results from the preliminary magnetic field 
modeling suggest that the 1-2 km thickness of the 
Mare basalts are possible sources contributing to the 
observed magnetic anomalies within the lunar crust. 
However constrains from LP and Clementine spectral 
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maps can be used to adjust the spatial distribtution of 
the inferred rock types in the VIM model. In addition, 
the magnetization direction modified due to shock 
imparted by large impact should be included to model 
the modified source distribution within the impact ba-
sins [9]. Forward modeling approach such as imple-
mented above offers greater flexibility in designing 
crustal magnetization models based on rock type in-
formation, rock magnetic properties and crustal struc-
ture within a lunar geologic regime. Such forward 
models lead to predicted magnetic field models which 
can be modified with ease based on information ob-
tained from other geophysical experiments.        
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Figure 1. a) Br component of  of magnetic field 
measured by Magnetometer (MAG) after [1] 
shown over Lunar Mare basins. The numbers de-
note the large impact basins: 1. Mare Imbrium, 2. 
Mare Cognitum, 3. Mare Humorum, 4. Mare 
Nubium, 5. Mare Frigoris, 6. Mare Vaporum, 7. 
Mare Serenitatis, 8. Mare Tranquilitatis, 9. Mare 
Nectaris, 10. Mare Fecunditatis, 11. Mare Crisium, 
12. Mare Oceanus Procellarum, 13. Mare Smythii, 
14. Mare Marginis, 15. Mare Humboldtianum, 16. 
Mare Orientale, 17. Mare Australe. b) Vertically 
integrated magnetization model of the nearside 
Lunar Mare basins.  c) Br component of the calcu-
lated magnetic anomaly from VIM model shown in 
(a).  
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