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Introduction: Previous work has found evidence 
that the largest concentrations of strong lunar crustal 
magnetic fields are in regions antipodal (diametrically 
opposite) to four young large lunar basins: Orientale, 
Imbrium, Crisium, and Serenitatis (e.g., ref. 1).  In at 
least two cases (Orientale and Imbrium), unusual 
``grooved and mounded’’ or ``hilly and furrowed’’ 
terrain is found on imagery and geologic maps in the 
same regions.  This terrain has been interpreted as an 
antipodal consequence of these young basin-forming 
impacts: i.e., shocking by converging ejecta impacts 
(2) or converging seismic waves (3).  A model has also 
been proposed for the production of the antipodal 
magnetization signatures involving shock remanent 
magnetization (SRM) of impacting basin ejecta in the 
presence of a transient magnetic field amplified by the 
expanding ionized vapor-melt cloud (4).  Current evi-
dence indicates that the ambient magnetic field during 
the lunar basin-forming epoch was produced by a core 
dynamo (5,6). 

Here, we investigate further the existence of mag-
netization signatures and landform modification an-
tipodal to young lunar basins by (a) producing more 
detailed regional crustal magnetic field maps at low 
altitudes using Lunar Prospector (LP) magnetometer 
data; and (b) examining Lunar Reconnaissance Orbiter 
Wide Angle Camera imagery.  In addition, we address 
recent suggestions that the anomalies antipodal to Im-
brium and Serenitatis may actually be associated with 
the South Pole-Aitken (SPA) basin (7,8). 

Magnetic Anomalies on the South-Central Far 
Side: We first consider a large area on the south-
central far side extending from 140oE to 210oE and 
from 50oS to 10oS.  This area includes part of the SPA 
basin and adjacent highland terrain and contains the 
largest group of strong anomalies on the Moon.  Most 
of the latter can be interpreted as concentrated near the 
antipodes of the Imbrium and Serenitatis basins but 
they can also be described as concentrated along the 
northwest topographic rim of the SPA basin.  

Figure 1 shows a contour map of the 2D filtered 
scalar field magnitude at ~ 25 km altitude (produced 
using a direct mapping method described in ref. 6) 
superposed onto a partial geologic map of the region.  
As seen in the figure, the strong anomalies are concen-
trated along the northern topographic rim of SPA (lo-
cation indicated by the heavy dashed line).  One hy-
pothesis for their origin is therefore that they are asso-

ciated in some way with SPA.  For example, it has 
been proposed that they are a consequence of deposi-
tion of iron-rich ejecta from the SPA impactor (7) or 
that they are a consequence of subsurface dike swarms 
that fed mare basalt patches within the basin rim (8).   

However, as indicated by the partial geologic map, 
an alternate hypothesis is that these anomalies are a 
consequence of antipodal effects of the Imbrium and 
Serenitatis impacts.  The blue shaded unit represents 
unusual ``grooved and mounded’’ terrain that has been 
interpreted by most analysts to be a probable antipodal 
consequence of these basin-forming impacts. The ten-
dency for these strong anomalies to be concentrated 
near the unusual terrain leads to the alternate hypothe-
sis that the magnetic anomaly sources formed at the 
times of the Imbrium and Serenitatis impacts (4). 

 
                                 Figure 1 
To distinguish between these two very different 

hypotheses, it is necessary to test further the antipodal 
magnetization mechanism by examining the antipodal 
regions of other young large basins as well as some 
isolated anomalies that are not antipodal to basins. 

Basin Results: We consider here the eight young-
est lunar basins according to Wilhelms (9).  Of these, 
three do not show antipodal magnetic field or surface 
terrain signatures.  However, the antipodal regions of 
two of these latter basins (Hertzsprung and Bailly) 
have been heavily modified by later events while the 
third (Sikorsky-Rittenhouse) is not clearly recognized 
as a basin.  The remaining three basins (Orientale, 
Schrödinger, and Crisium) all have concentrations of 
strong anomalies near their antipodes.  One of these 
(Orientale) has an extensive unit of ``furrowed and 
pitted’’ terrain on geologic maps of the region that has 
been interpreted as being an antipodal consequence of 
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the Orientale impact.  A large concentration of strong 
anomalies is in the same area centered just southeast of 
the largest unit of unusual terrain.   

The region around the Crisium antipode is marked 
by a large concentration of anomalies with relatively 
large amplitudes.  The area is mostly overlain with 
ejecta from the Orientale basin, which is centered 
about 800 km to the east.  Although examinations of 
LROC WAC imagery suggest that several craters may 
retain some evidence for grooved terrain in their walls, 
it is generally not possible to investigate whether any 
unusual (e.g., hilly and furrowed) terrain is present.   

Schrödinger is one of the three youngest lunar ba-
sins but is smaller (310 km in diameter) than the other 
four basins with antipodal magnetic signatures.  
Mainly because of its south polar location, it has not 
previously been considered in this context.  We have 
produced a contour map of the magnetic field at ~ 25 
km altitude over the north polar region during the last 
year.  This map shows only one large concentration of 
anomalies centered near 294oE, 79oN, or approxi-
mately 8o of arc from the Schrödinger antipode.  Ex-
aminations of LROC WAC imagery also yield evi-
dence for possible antipodal landform modification in 
the same area where the magnetic anomalies are con-
centrated.  In particular, possible grooved terrain is 
present in the walls of Froelich, which is located about 
7o of arc from the center of the group of strong mag-
netic anomalies.  

Descartes Region:   Although not antipodal to any 
lunar basin, the Descartes region near the Apollo 16 
landing site is of special interest for two reasons: (a) It 
is the site of the strongest isolated magnetic anomaly 
on the Moon; and (b) it is characterized by unusual 
terrain (the Descartes Formation) that is similar to that 
present near the Orientale antipode.  Crustal magnetic 
field maps of the region show that the isolated anomaly 
is centered over an area of higher albedo in the Des-
cartes terrain just southeast of the landing site.   

Previous (mainly photogeologic) investigations 
have established that the Descartes Formation consists 
primarily of basin ejecta materials from either the Im-
brium event (e.g., ref. 13) or the Nectaris event (e.g., 
ref. 14).  Examinations of LROC WAC imagery sup-
port this view.  One recent study of radiometric ages 
and trace element compositions of Descartes breccias 
returned from the landing site has concluded that the 
Descartes terrain consists of Imbrium basin ejecta (12).  
Their trace element studies also indicated that ferroan 
anorthositic and KREEP-bearing rocks contributed to 
producing the breccia clasts, consistent with an origin 
in the Procellarum-KREEP terrane (PKT). 

Conclusions and Discussion:  Overall, the group 
of strong anomalies centered near the Schrödinger an-

tipode and the unusual terrain in the same area provide 
further evidence of another antipodal magnetic and 
landform signature of a young lunar basin.  This in-
creases to five the number of young basins with prob-
able antipodal signatures.  While none of the five posi-
tive cases is individually convincing, the combination 
represents fairly compelling evidence that most strong 
lunar magnetic anomalies, including those near the 
northwest rim of SPA, originated as a consequence of 
antipodal effects of relatively young lunar basin-
forming impacts.  In view of evidence that other lunar 
anomalies (including the Descartes anomaly) have 
probable sources consisting of basin ejecta, the most 
probable mechanism for producing the antipodal 
anomalies is the deposition of converging ejecta, ac-
quiring SRM in the presence of a magnetic field.  It is 
possible that the antipodally converging ejecta was 
especially susceptible to strong magnetization because 
of shock-induced production of more single domain 
Fe-Ni remanence carriers, for example. 

The numerical simulations of ref. 6 show that most 
ejecta impacting in the antipodal zone originate from 
the lower crust beneath the basin.  The antipodal re-
gions of young lunar basins should therefore show 
compositional anomalies as well as unusual terrain 
resulting from shock effects on the impacting ejecta.  
This expectation may be consistent with enhanced tho-
rium abundances near the Imbrium antipode, as argued 
by Haskin (13), since the lower crust and upper mantle 
beneath Imbrium (the PKT) are known to be enriched 
in KREEP. 
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