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Introduction:  We report new mapping and inter-

pretation of magnetic anomalies within three Nectarian 
aged lunar basins:  Crisium, Mendel-Rydberg, and 
Moscoviense.  These anomalies are likely to have 
sources consisting of impact melt enriched in metallic 
iron from the impactors that created the basins [1,2]. 
Comparisons of the new maps are made with previous 
numerical simulations of the impact of iron-rich plane-
tesimals [1] to assess the likely trajectories of the im-
pactors that created the basins.  Inversions of the 
anomalies to estimate paleomagnetic pole positions are 
described in a related abstract by J. Oliveira et al. 

Mapping Methods:  While valuable global maps 
of the lunar crustal magnetic field have been construct-
ed by several groups [e.g., 3,4], maps of improved ac-
curacy and resolution over the three basins considered 
here can be constructed by selecting only the best or-
bital magnetometer measurements (lowest altitude and 
least amount of external field contamination) over  
these particular basins.  Further improvements are ob-
tained through careful editing and high-pass filtering of 
the selected measurements from either Lunar Prospec-
tor or Kaguya to minimize any remaining short- and 
long-wavelength external field contributions to the 
final maps.  We consider only the observed radial field 
component, which is least affected by short-
wavelength external fields, and apply a classical 
equivalent source dipole (ESD) technique [e.g., 5] to 
map the vector field components and field magnitude 
on a constant altitude surface. The ESD model dipoles 
are oriented radially inward or outward and are spaced 
at intervals of 2/3 degrees in latitude and longitude.  
The depth of the dipole array and all model dipole 
moments are chosen to minimize the RMS deviation of 
the model radial field component from the observed 
radial field component at the spacecraft altitude.  Once 
the dipole moments and their orientations are deter-
mined, the vector field can be calculated on any con-
stant altitude surface.  However, the altitude should not 
be too far below the measurement altitudes to avoid 
downward continuation errors. 

Mapping Results:  Figure 1 shows maps of the 
field magnitude at 25 km altitude over the three basins 
superposed on LOLA topography.  The contour inter-
val is 1 nT starting at 2 nT.  The depth of the dipole ar-  
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ray (determined by repeating the analysis at 5 km in-
tervals and calculating the RMS deviation) was 10 km 
for all three basins.  The model field was smoothed 
two-dimensionally to a resolution of ~ 1.2 degrees.  
The peak field intensities at this altitude within 
Crisium, Mendel-Rydberg, and Moscoviense are 9.5, 
7, and 5 nT, respectively. 
    Impact Simulation Results:  Wieczorek et al. [1] 
have reported modeling of the formation of a large 
lunar basin (SPA) via the impact of iron-rich planetes-
imals using a CTH shock physics code in three dimen-
sions with self-gravity.  For example, they investigated 
the impact of a 100 km radius differentiated impactor 
with a 55 km radius iron core impacting at 15 km/s.  
Although smaller basins should give similar results, 
the details may be slightly different.  Briefly, it was 
found that for impact angles within ~ 50o of vertical, 
most of the impactor iron was mixed into impact melt 
that was retained within the basin.  For moderately 
oblique impacts (e.g., 30o to 45o from vertical), most of 
the iron-enriched melt was deposited on the downrange 
side of the basin interior.  For very oblique impacts 
(e.g., 60o from vertical), nearly all of the iron was 
mixed into ejecta that was deposited outside of the 
basin in the downrange direction.    

Trajectory Implications: In the following, we first 
assume that the magnetic anomaly sources consist of 
iron-enriched impact melt beneath the visible mare 
basalt surface within the basin interiors.  We then 
compare the implied iron distribution to the numerical 
simulations summarized above to infer probable trajec-
tories of the impactors that created the basins.  We note 
that all three basins have prominent central Bouguer 
gravity anomalies.  However, the gravity anomalies are 
likely a consequence of mantle uplift following the 
impact and therefore do not provide direct information 
on the distribution of impactor iron. 

Crisium: As shown in Figure 1a, the two strongest 
anomalies are located on the northern and southern 
sides of the basin interior.  But the new mapping shows 
that these anomalies are connected by a band of weak-
er anomalies on the western side of the basin.  If the 
sources are iron-enriched impact melt, the trajectory of 
the impactor that would be most consistent with the 
impact simulations is east-northeast to west-southwest 
at an angle of less than 60o from vertical.  This differs 
from previous suggestions of a west to east trajectory 
[e.g., 6], which were based partly on the interpretation 
of the elongated extension on the east side of the basin 
as being a result of a west to east oblique impact.  
However, an alternate interpretation of the eastward 
extension is that it represents a second smaller basin 
(“Crisium East”) [7,8; see Fig. S10 of ref. 8].  The tra-

jectory inferred here would support the latter interpre-
tation. 

Mendel-Rydberg:  As shown in Figure 1b, the 
anomalies in this basin are concentrated on the south-
western side of the basin interior.  The inferred im-
pactor trajectory is therefore from northeast to south-
west at an angle from the vertical of less than 60o. 

Moscoviense:  Previous work suggests that this ba-
sin (with main ring diameter of 421 km centered at 
26oN, 147oE) is the result of an impact onto a pre-
existing larger basin [8,9].  The pre-existing basin (re-
ferred to as “Moscoviense North”) has a main ring 
diameter of 640 km offset about 80 km to the north-
west of Moscoviense itself.  An inner 192-km diameter 
partial peak ring is nearly concentric with the 421-km 
diameter outer ring of the basin (see Fig. S16 of ref. 8).   

As seen in Figure 1c, the main Moscoviense mag-
netic anomaly is centered on the east-northeast side of 
the inner peak ring and follows approximately the cur-
vature of the ring.  It is consistent with an oblique im-
pact along a trajectory from west-southwest to east-
northeast. No magnetic signature in the interior of the 
pre-existing Moscoviense North basin would remain 
because the later Moscoviense impact would have 
thermally erased it.   

New mapping of magnetic anomalies in other lunar 
basins is underway. 
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