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The fundamental questions in lunar magnetism research
remain much the same as they have since the Apollo days.
What is the origin of the strong fields antipodal to young large
impact basins? How were non-antipodal fields created? Was
there ever an active lunar dynamo? How can paleointensity ev-
idence from returned samples be reconciled with orbital mag-
netometer and electron reflectometer measurements? With the
new data from Lunar Prospector (LP), we find ourselves in a
better position to address these questions. However, many of
the answers remain unclear.

Data from the Apollo subsatellites showed that the largest
regions of strong fields surveyed (Apollo data covers a band
of about

�����
degrees about the equator) lay antipodal to the

Orientale, Imbrium, Serenitatis, and Crisium basins [1]. The
completely global LP data set has confirmed this association,
showing that the largest strongly magnetized regions on the
Moon are centered antipodal to these four young large basins
and roughly fill the antipodes. Furthermore, there is a slight
magnetic enhancement antipodal to Nectaris, a basin just older
than the other four. This fits with an overall decline in average
antipodal field with increasing age. Monte Carlo simulations
show that the probability of achieving such high average an-
tipodal fields (10-40 nT) for the youngest large impact basins
by chance is on the order of � ���	� . It is unclear how the antipo-
dal magnetic enhancements were produced, though the theory
of Hood and Huang [2], which states that the antipodal fields
were generated by shock remanent magnetization (SRM) asso-
ciated with transient antipodal amplification of ambient mag-
netic fields and antipodal focussing of seismic energy and/or
solid ejecta, is currently the best option.

The rest of the Moon is covered by randomly jumbled
magnetic fields which are, on average, an order of magni-
tude weaker than the average antipodal fields. These magnetic
fields have proven difficult to associate with geologic features.
Many impact craters and basins have been shown to correlate
with regions of low fields (extending to several crater or basin
radii, suggesting impact demagnetization) [3], but local mag-
netic field maxima are in general more difficult to associate
with specific geologic terranes [4,5]. Statistical studies have,
however, proven somewhat successful in distinguishing the
average magnetic properties of different terranes [4].

New statistical results for the entire Moon (excluding the
magnetized antipodal regions) show consistent patterns. Im-
pact craters and basins are weakly magnetic compared to other
terranes of the same age, though the distinction is greatest for
younger craters and basins. Crater and basin ejecta materials
are some of the more strongly magnetic terranes in each age
range. Light plains and terra materials, probably containing
a large component of primary and/or secondary basin ejecta,
are also relatively strongly magnetic. An overall average age
history is seen, which also holds for most individual types of
terranes. Average fields are weak over Copernican and Eratos-

thenian terranes (ranging from 1.4-2.6 nT). Imbrian terranes
also show weak fields (0.5-3.2 nT), but the spread between
the most weakly magnetic and the most strongly magnetic
terranes is greater than for other age ranges. Nectarian and
pre-Nectarian terranes are more strongly magnetic (2.5-4.0
nT).

At first glance, these various results seem contradictory.
Strongly magnetic antipodal regions show a decline in field
with increasing age (over a small age range), while non-
antipodal terranes show an increase in average fields. To make
matters worse, we must also reconcile these data with pale-
ontensity results from returned lunar samples [6], which show
evidence of a "magnetic era" in Nectarian and early Imbrian
times, possibly due to a lunar dynamo. One can argue that the
decline in antipodal fields with age also shows the early edge
of this "magnetic era", but the observed age profile of non-
antipodal magnetism seems to contradict the sample results.

One solution to this conundrum is to postulate that the pale-
ontensity decline from Imbrian times to the present is real, but
the decline in pre-Nectarian times is not. The lack of strong
antipodal signatures for older basins, and the weak paleon-
tensities found for older samples, may be the result of impact
demagnetization. Samples which show petrographic evidence
of high shock pressuresgenerally give very low paleontensities
[6], and shock pressures lower than those necessary to visibly
affect rocks can affect their magnetic remanence [7,8]. Mean-
while, depending on the depth to which antipodal magnetiza-
tion extends, the cumulative effect of impact demagnetization
could be responsible for erasing older antipodal signatures.

Another solution is to hypothesize that there was no "mag-
netic era" at all. Instead, the strongly magnetic antipodes and
the peak in paleointensity estimates could both be due to im-
pact magnetization effects related to the end of the late heavy
bombardment. Meanwhile, the cumulative effects of impact
demagnetization could again be responsible for any apparent
decline in fields before this time. This theory has the problem
that, while transient magnetic field amplifications due to im-
pacts may explain the antipodal fields, it is difficult to explain
the remanence seen in lunar simples solely by SRM.

Whatever the resolution of this puzzle, we must recon-
cile the magnetic field age histories implied by the antipodal
fields and the non-antipodal fields, and the paleontensity his-
tory implied by returned samples, if we hope to answer the
fundamental questions of lunar magnetism.
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