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Introduction: Paleomagnetic studies of lunar samples 

have suggested that the Moon had a global magnetic 

field from at least ~4.25 to 3.56 Ga, with an intensity 

of tens of microteslas [1]. However, several details of 

this story are still unknown.  For example, most previ-

ous paleomagnetic studies were carried out on samples 

younger than ~3.8 Ga, leaving a large part of the 

Moon’s magnetic history poorly constrained. The early 

stage of lunar paleomagnetic history is of crucial inter-

est to determine how and when the dynamo initiated. 

In particular, a thermally driven dynamo is most plau-

sible early in lunar history, while delayed-onset ther-

mal convection dynamos [2], compositionally driven 

dynamos [3], or tidally-driven dynamos [4] may be 

required to explain paleomagnetic data later in lunar 

history.  

Presently, the oldest lunar paleomagnetic meas-

urement is from the unshocked troctolite 76535, which 

suggests tens of microtesla fields at 4.25 Ga [5, 6]. 

Additional measurements near this time would help 

better determine the intensity and strength of the early 

lunar dynamo. For this purpose, we investigated one of 

the oldest Apollo samples, 78235. 

Sample: Unlike 76535, 78235 is a coarse-grained 

heavily shocked norite that may have endured peak 

shock pressures up to 50 GPa [7]. Its surface is coated 

in black glass that also permeates the rock as veins.  

Interior crystalline pieces of 78235 yield a well-

defined 40Ar/39Ar plateau age of 4.19 Ga [8].  Howev-

er, the glass has not been successfully dated, and there 

is some evidence that the rock was disturbed at times 

younger than 3.9 Ga [9, 10]. Thermochronology calcu-

lations by [9] suggest that a late shock event that pro-

duced the petrologically inferred 800°C temperatures, 

would have reset its 40Ar/39Ar age after only a few 

weeks – implying burial less than a few meters.  We 

note that the exposure age of the rock is only ~300 My 

[11], implying burial depths greater than a few meters 

for most of its history. At any rate, until we can per-

form more thermochronology calculations, we tenta-

tively assume, along with [9] and [12], that the rock 

may have experienced only one major shock heating 

event, upon its excavation at ~4.2 Ga. 

Petrographic studies showed the presence of fine 

oriented rods of metallic iron (width-length ratios of < 

0.1) in plagioclases and maskelynite [13]. Hysteresis 

measurements have evidenced the presence of a mix-

ture of grain sizes (from SD to MD) [14]. A previous 

paleomagnetic study of 78235 indicated a stable rema-

nence in some subsamples [14]. However, these stud-

ies did not use the best methods available for room 

temperature demagnetization (for example, they did 

not correct for gyroremanent magnetization, GRM). 

Methods:  A single piece was split using a low-

speed saw into two mutually-oriented sub-samples 

(named 78235-1 and 78235-2 in the following, with 

masses 70.5 and 82.4 mg respectively). All paleomag-

netic measurements were performed in the UC Santa 

Cruz Paleomagnetism laboratory. Samples were stored 

in a magnetically shielded room for several years prior 

to any measurement. The magnetization was measured 

using a cryogenic magnetometer (2G Enterprise) and a 

sample holder was designed to minimize holder inten-

sity (~6 × 10-9Am²). The natural remanent magnetiza-

tion (NRM) of both sub-samples was measured and 

AF demagnetized using a Schonstedt tumbling demag-

netizer up to 100 mT to reduce the effects of GRM [5]. 

Each AF level was repeated multiple times. Then, AF 

demagnetization was performed up to 180 mT using a 

single-axis SAFFIRE automated inline demagnetiza-

tion system and finally, from 200 to 500 mT with a 

new high field system demagnetization system [15]. 

From 100 to 500 mT, GRM correction was done fol-

lowing [16] and repeated 4 times. Several ARM (DC 

of 20, 100 and 200 µT and AC of 400 mT) and IRM 

(at 100 and 200 mT) were applied, measured and sub-

sequently AF demagnetized to be compared with 

NRM. Paleointensities were estimated using normali-

zation methods [17, 18]. Anisotropy of ARM and IRM 

were also measured using a three position scheme [19]. 

78235-2 has a very low NRM (three times lower 

than 78235-1) and an erratic behavior upon AF. There-

fore in the following we will focus on the results ob-

tained from sample 78235-1.  

Results and Discussion:  The NRM intensity of 

sample 78235-1 is 1.5 × 10-5 Am².kg-1. Two stable 

components of magnetization were tentatively identi-

fied (Figure 1). A low coercivity (LC) component was 

computed between 2 and 21 mT using principal com-

ponent analysis (PCA) [20], without anchoring to the 

origin. The direction obtained and its related error 

(α95) are reported on the stereographic projection plot 

(Figure 2). A high coercivity component (HC) was 

defined from 37 to 180 mT. Unfortunately its magneti-

zation does not clearly trend toward the origin but its 
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direction is relatively stable (Figure 1). As such, we 

calculated the mean direction for HC (Figure 2). It is 

worth mentioning that the HC is close to the magneti-

zation easy axis (K1) (Figure 2).  

 
Figure 1: Top: Orthographic projection of stepwise 

alternating field demagnetization for sample 78235-1. Open 

and solid symbols represent projections on two perpendicular 

planes whose intersection is the horizontal axis. Blue arrow 

indicates the LC component direction. Bottom: Equal-area 

projection of the remanence directions shown above. 

 
Figure 2: Equal-area projection of the directions of the two 

components isolated for sample 78235-1, the magnetization 

easy axis (K1) for anisotropy of ARM and IRM, and the 

directions of the ARM along Y and Z axes (circles), and 

PCA unanchored fit to the Y and Z ARMs (0-180mT) (stars). 

To check the reliability of the HC component, 

stepwise AF demagnetization of an ARM applied 

along the Y and Z axes was performed (AC of mT and 

DC of 50µT). Results show that the direction (PCA 

unanchored) for both ARMs are consistent (MAD<7°) 

(Figure 2) and there is no drift toward the easy axis 

(K1). This confirms that HC is not an artifact and that 

sample 78235 may record a primordial lunar field. 

Nature of the NRM: The nature of the NRM was 

further evaluated by comparing its behavior upon AF 

with other artificial magnetizations (ARM and IRM) 

(Figure 3). It appears that ARM best mimics the NRM 

behavior, which may indicate that the NRM is a ther-

mal remanent magnetization (TRM) [21]. 

 
Figure 3: Normalized intensities of NRM (black line), ARM 

(dashed lines) and of IRM (continuous gray lines) versus 

demagnetizing field. 

Conclusions and future work: While these de-

magnetization results are not ideal, the similar direc-

tional stability compared with previous studies [14] 

suggests that the rock carries a stable remanence.  

Presently, a set of mutually oriented subsamples is 

being studied, each with masses >4 times greater than 

in previous work.  We expect that this will reduce the 

scatter during demagnetization and improve our confi-

dence in the  rock’s paleomagnetic history. 
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