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Introduction:  A variety of data indicate that the 
Moon is differentiated, with a ~240 km radius solid 
inner core surrounded by a ~350 km radius liquid out-
er core [1-4].  During the Apollo era, paleomagnetic 
studies of lunar samples suggested that an ancient core 
dynamo may have existed from ~3.9-3.2 billion years 
ago (Ga).  The core field at 3.2 Ga was thought to be 
present but 1-2 orders of magnitude weaker than the at 
3.8 Ga [5].  Recent analyses of samples 76535, 10020, 
and 10017 confirm that a lunar core dynamo generated 
a long-lived, stable magnetic field from at least 4.2 to 
3.6 billion years (Ga) ago [6-8].  However, when the 
dynamo ultimately decayed remains unclear because 
retrieving high-fidelity paleointensities (i.e., the 
strength of the magnetizing field) for weak fields is 
difficult for the vast majority of lunar samples [9].  
Thus far, no lunar samples from 3.3-3.2 Ga in age 
have been reported to unambiguously record a thermo-
remanence (TRM) acquired while cooling in the pres-
ence of a core dynamo-generated field.  In fact, a re-
cent study of a cataclastic anorthosite proposed an up-
per limit of 5 µT for the lunar field at 3.34 Ga [10]. 

In this study, we studied the natural remanent mag-
netization (NRM) of some of the highest magnetic 
fidelity young mare basalts to investigate the state of 
the lunar dynamo at 3.2-3.3 Ga.  Our preliminary re-
sults indicate that the lunar dynamo likely produced at 
most weak (< 7 µT)  to null  surface fields at those 
dates. 

Samples:  When choosing lunar samples for the 
purpose of investigating the existence of a dynamo, 
several criteria should ideally be met.  Samples should 
not be significantly shocked (< 5 GPa) and should 
have cooled from the Curie point of their magnetic 
carriers (780°C) to ambient surface temperatures slow-
ly relative to the duration of an impact-generated field.  
These conditions will exclude transient impact fields 
as the magnetizing source for any stable magnetiza-
tion.  Impact fields are estimated to last a maximum of 
~1 hour for the largest, basin-forming impacts [11]; at 
~3.3 Ga, any impact fields likely only lasted at most 
seconds since most impacts at this time were much 
smaller.  The samples used in this study meet these 
criteria. 

12022 is a medium-grained ilmenite basalt with an 
40Ar/39Ar plateau age of 3.18 ± 0.04 Ga [12].  Our pe-
trographic study demonstrates that it displays no evi-
dence of shock (peak pressures < 5 GPa) and that it 

expeienced late-stage cooling over ~2 days (following 
ref. [13]). 

15556 is a fine-grained, highly vesicular olivine 
normative basalt.  It has an 40Ar/39Ar age of ~3.4 Ga 
[14].  Our petrographic study indicates the sample is 
unshocked (peak pressures < 5 GPa) and experienced 
late-stage cooling over months.   

15597 is a ~3.3 Ga [14] vitrophyric pigeonite ba-
salt.  Ref. [13] found that its late-stage cooling time-
scale was ~2 hours. Again, the sample displays no 
petrographic evidence of shock above  5 GPa.   

NRM behavior:  From each parent rock, we pre-
pared numerous mutually oriented subsamples which 
were subjected to identical three axis alternating field 
(AF) demagnetization measurements up to 85 or 290 
mT (following refs. [6,7]).  Measures were taken dur-
ing data processing to reduce noise from undesirable 
acquisition of spurious gyroremanent magnetization 
(GRM) and anhysteretic remanence (ARM). 

12022.  Most subsamples from 12022 exhibit a low 
coercivity (LC) magnetization component blocked up 
to ~8 mT and one or two medium coercivity (MC) 
components ranging from the end of the LC compo-
nent up to ~25-85 mT (Fig. 1a).  The LC and MC 
components were roughly unidirectional from subsam-
ples collected from adjacent locations within the parent 
rock, but diverged from those collected from more 
distal areas of the parent rock (Fig. 1b).   

15556.  Subsamples of 15556 generally have two 
poorly defined components: an LC component blocked 
up to ~5 mT, and an MC component ranging from the 
end of the LC component to ~6-23 mT.  All subsam-
ples displayed noisy demagnetization behavior with 
scatter in moment magnitude and direction. The LC 
and MC magnetization directions were largely non-
unidirectional across subsamples.  

15597.  AF demagnetization of 15597 revealed  
two poorly defined components: an LC component 
blocked up to ~5 mT, and a noisy MC component 
ranging between ~5 mT and ~20 mT.  The LC and MC 
magnetization directions were inconsistently oriented 
between subsamples. 

Fidelity of magnetic records:  Since high coerciv-
ity magnetizations  cannot easily be identified in 
12022, 15556, and 15597, surface fields from any ex-
isting lunar dynamo at 3.2-3.3 Ga seem to have been 
too weak to retrieve stable magnetizations from these 
samples. To explore this issue further, following ref. 
[9], we determined that stable TRM records acquired 
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in paleofields ≤ 7 µT are incapable of being success-
fully retrieved by AF methods for 12022, 15556, and 
15597.   

 
Fig. 1. (A) Two-dimensional projection of the NRM vectors 
of 12022,310b during AF demagnetization. Solid (open) 
symbols represent end points of magnetization projected 
onto the horizontal N-E (vertical Z-E) planes. (B) Equal-area 
plot showing directions of MC components identified in 
sample 12022. 
 

Nearly all subsamples of 12022, 15556, and 15597 
lack a stable magnetic component at AF fields above 
25 mT.  To investigate whether magnetization existed  
at higher coercivities, we used the ARM method (see 
refs. [6,7]) to compute paleointensities for the magnet-
ic components in our samples.  At low coercivities, we 
retreived substantial paleointensities (15 to 175 µT for 
the three samples).  Above 25 mT, the slope of the 
NRM lost vs. ARM gained curve flattens, indicating a 
7 ± 2 µT paleofield (Fig. 2).  This value is an upper 
bound because it is within error of the sample’s TRM 
fidelity limit (see ref. [9]).  Other subsamples from 
12022 yielded paleointensities ranging from -7 to 10 
µT at high coercivities.   We also observe this behavior 
in paleointensity plots for all other subsamples of 
12022 as well as most subsamples of 15556 and 
15597. 

Conclusions:  Our results suggest that, by 3.3 Ga, 
the lunar dynamo ceased or at least generated surface 
fields too weak (< 7 µT) to be retrieved by AF-based 
demagnetization and paleointensity methods on our 
samples.  This contrasts strongly with the high paleoin-
tensities (60-70 µT) inferred for the Moon just 300-
400 million years earlier [7,8].  Although Apollo-era 
paleointensity compilations have identified lunar pa-
leofields ranging fom 0.1-10 µT at times ranging from 
3.3 Ga to <200 Ma, we have recently argued that many 
or all of these values may also only be upper limits [9].  
On the other hand, our upper limit of 7 µT  is consis-
tent with models which show that dynamo surface 
fields at 3.3-3.2 Ga may have ranged from 0.3-15 µT 
[15,16].  If a lunar dynamo existed at this time, thermal 
paleointensity techniques may be able to retrieve weak 
paleofields if sample alteration during the experiment 
can be mitigated. 

 
Fig. 2. ARM paleointensity plot for 12022,310b depicting 
NRM lost during AF demagnetization as a function of ARM 
gained during stepwise acquisition (AC field increasing to 85 
mT, DC bias field = 0.2 mT) at an equivalent AC field.  La-
bels note component type, AF levels, and paleointensities. 
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