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Introduction: Models of lunar magnetism need to 
account for the signatures observed in apparent asso-
ciation with many impact craters. Until now most 
models start from the premise that the moon (and 
Mars) may have had an early, short-lived dynamo, 
which left a global magnetic signature. The magnetic 
signatures now seen around craters are interpreted as 
the result of impact demagnetization [1].  

We show that terrestrial igneous rocks, when sub-
jected to deviatoric stress, can generate large electric 
currents. The charge carriers are associated with oxy-
gen anions that have changed their valence from 2- to 
1- (peroxy). An O- in the O2- sublattice represents a 
defect electron, known as positive hole or phole for 
short. In unstressed rocks the O- exist in a dormant, 
electrically inactive form as O- pairs, chemically 
equivalent to peroxy links, O3X-OO-XO3 with X = 
Si4+, Al3+ etc. Stresses cause the peroxy links to break, 
turning the stressed rock volume into a battery from 
where electric currents can flow out. In the case of a 
gabbro, changing the stress rates over six orders of 
magnitude, from 2x10-4 to 102 MPa/sec, causes sus-
tained currents as shown in Figure 1. They increase 
continuously during stress application and level out at 
about 30,000 A/km3 for the slowest rate and at about 
50,000 A/km3 for the fastes rate.  

 
Fig. 1: Electric currents flowing out of gabbro when subjected to 

deviatoric stresses at different stress rates. 
In addition we observe an initial current spike, 

which increases in intensity the faster we apply stress. 
At the highest stress rate achieved, 102 MPa/sec, the 
initial current spike exceeds 300,000 A/km3, followed 
by a sustained, long-lasting current of the order of 

50,000 A/km3. Extrapolation the even higher stress 
rates, equivalent to impact scenarios, suggests current 
pulses up to 1,000,000 A/km3.  

Large volumes of rocks are shock-loaded during 
impacts. We have to consider the possibility of power-
ful electric currents flowing out concentrically from 
impact craters. These currents will flow for long time, 
at least days, if not longer. During this time shock-
heated rocks surrounding the crater will cool. Those 
that cool through the Curie temperature of ferromag-
netic minerals, for instance magnetite, will freeze in 
the transient magnetic field generated by the currents, 
leaving a ring of increased remanent magnetization.     

This idea is well supported by measurements of 
stress-activated currents in laboratory experiments 
using gabbro. Our model suggests that the observed 
magnetic signatures around lunar impact craters may 
not be due to demagnetization but generated by the 
cratering events themselves.  
Magnetic Signatures of Lunar Impact Craters: A 
detailed analysis of the magnetic signatures associated 
with lunar craters has been carried out by Halekas 
[3,4].  Figure 2 shows one example, a wide ring of 
elevated remanent magnetic field values surrounding 
the Geminus crater. They peak between 2-3 crater ra-
dii, reaching  values that are significantly higher than 
the average magnetization. Such a pattern, in particular 
values higher than the surrounding, is hardly consistent 
with the idea of  pre-existing global magnization which 
would be locally demagnetized by the impact event.   

 
Fig. 2: Sample crater magnetic profile after Fig. 5.1 in [4]. 

Fig. 3 shows another example, that of the pre-
nectarian Ptolemeus crater, which seems to represent a 
less frequent type where the maximum magnetization 



lies within 1 crater radius. It can be argued that such a 
tightly confined maximum of the remanent magnetiza-
tion would be difficult to explain on the basis of de-
magnetization mechanism. 

 
Fig. 3: Sample crater magnetic profile after Fig. 5.1 in [4]. 

 
Impact Model: We start from a cold lunar crust under-
lain by a warm to hot mantle.  We have reasons to be-
lieve that the cold crust will be p-type conductive, 
while the hot mantle is n-type conductive. We assume 
an impact that penetrates the cold crust, leaving a col-
umn of hot rock that establishes an electrical contact 
with the underlying mantle. 

Under these conditions a current system can de-
velop. In the cold upper portion of the crust the current 
is carried by positive hole charge carriers, stress-
activated in a given (large) volume of rock surrounding 
the column of (n-type conductive) hot rock generated 
by the impact (the “source”). The positive hole current 
flowing concentrically outward corresponds to a con-
centric inward flow of electrons. The electrons use the 
central hot rock column to connect to the hot n-type 
lower crust/upper mantle, thereby closing the circuit.  

 
Fig. 4: Concept drawing of an impact event with the postulated cur-

rents flowing concentrically in and out of the activated volume. 
Using the concept depicted in Fig. 4 we model the 

current system and derive the magnetic field generated. 
Our objective is to translate the model at the surface of, 
say, the Moon, into the distribution magnitude Bm(x, y, 
15km). The Moon’s bulk relative permeability, is µr = 
1.008 ± 0.005, a value close to vacuum, µ = 1.008·µo = 
1.27µH/m. We assume a uniform and continuous cur-
rent of I = 100 kA through a cylinder of length L = 30 
km, normal to a = 10 km2 as shown in Fig. 5. 

  
Fig. 5: Model of the current system 

Applying the range [-50 km, 50 km] to x and y 
leads to the vector field diagram and magnitude plot 
shown in Fig. 6a and Fig. 6b, respectively. 

  
Fig. 6a: Distribution of B on the surface (z = 15 km) as 

given by a magnetostatic model. Fig. 6b: Plot of Bm along x- 
or y-axis at the surface in units of µT.  
Conclusions: Though the prevailing opinion is that the 
moon (and Mars) probably had active dynamos during 
a brief period in their early history and, hence, would 
have been pervasively magnetized, we propose an al-
ternative concept that is based on the discovery of 
stress-activated electric currents in rocks [2]. We pro-
pose that each impact of sufficiently large size would 
tend to generate very large instant current pulses fol-
lowed by sustained currents of somewhat less but still 
impressive magnitude. If the extrapolation from our 
laboratory data is correct, these currents must lead to a 
concentric magnetic signature similar to the signatures 
around lunar craters reported by Halekas [4]. 

Our model has testable features such as the mag-
netic field vectors, which are predicted to have x and y 
components that wrap around the impact point.  
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