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Abstract. Magnetic fluctuations measured by the Lunokhod 2 magnetometer in the Bay Le Monnier 
are distinctly anisotropic when compared to simultaneous Apollo 16 magnetometer data measured 
1100 km away in the Descartes highlands. This anisotropy can be explained by an anomalous electrical 
conductivity of the upper mantle beneath Mare Serenitatis. A model is presented of anomalously 
lower electrical conductivity beneath Serenitatis and the simultaneous magnetic data from the 
Lunokhod 2 site at the mare edge and the Apollo 16 site are compared to the numerically calculated 
model solutions. This comparison indicates that the anisotropic fluctuations can be modeled by a 
nonconducting layer in the lunar lithosphere which is 150 km thick beneath the highlands and 300 km 
thick beneath Mare Serenitatis. A decreased electrical conductivity in the upper mantle beneath the 
mare may be due to a lower temperature resulting from heat carried out the magma source regions to 
the surface during mare flooding. 

1. Introduction 

Analysis of Lunokhod 2 surface magnetometer data has revealed the presence of strong 
linear polarization in the magnetic field between 6.7 x 10~3 and 0.2 Hz. The Lunokhod 2 
magnetometer is located at the eastern margin of Mare Serenitatis within the Bay Le 
Monnier. The polarization direction is aligned with the mare center in the northwest-
southwest direction (Dolginov et at., 1976). A similar polarization of magnetic fluctu
ations measured by the Apollo 15 magnetometer at the edge of Mare Imbrium was 
reported by Schubert et al. (1974) and Sonett<?r al. (1974) with theoretical modelling of 
the phenomenon by Schubert and Schwartz (1975). This polarization at the Apollo 15 
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Fig. 1. Azimuthal distribution of horizontal magnetic variations. The solid line represents Lunokhod 
2 data and the dashed line represents Apollo 16 data. The percentage of intervals in which the fluctu
ations were predominately within a given azimuthal direction is plotted as a function of the azimutM 

angle measured from north, 

site was interpreted by Schubert et al. (1974) to imply a region of anomalously low con
ductivity at a depth of about 200 km beneath Mare Imbrium. 

2. Data 

In this paper we analyze fifty data records showing wave-like variations in the magnetic 
field measured by the Lunokhod 2 and Apollo 16 magnetometers recorded on 13 February 
1973 when the Moon was in themagnetosheath. The Lunokhod 2 magnetometer is located 
at 26c North and 31° East on the Eastern margin of Mare Serenitatis within the Bayjj 
Monnier and is 300 km from the mare center. The Apollo 16 instrument is located in the 
Descartes highlands at 8.9° South and 15.5° East about 1100 km south of the center of 
Serenitatis. Figure 1 shows a histogram of the horizontal fluctuations at the two sites. The 
Lunokhod 2 data show a sharp maximum at 45° azimuth west of north with about 65$ 
of all fluctuations between 30° and 60° azimuth. In contrast, as shown also in Figure 1, 
the Apollo 16 magnetometer data does not show any significant anisotropy. We note that 
the 327 gamma remanent magnetic field at the Apollo 16 site is modulated by changes in 
the solar wind plasma density (Dyal and Daily, 1978). This interaction makes direct com-' 
parison of fluctuations at the two sites less reliable but will not affect the validity of our 
conclusions. 

3. Analysis 

A possible explanation for the polarization of magnetic fluctuations observed at the 
Lunokhod site is that a region of either anomalously low or high electrical conductivity 
exists in the lunar crust near the Le Monnier crater. It is unlikely that the observed 
polarization results from the conductivity anomaly of Mare Imbrium because the Apollo 
12 site is the same distance as Lunokhod from this basin (see Figure 2). There is so 
anisotropy observed in the Apollo 12 data which could be caused by the Imbrium 
anomaly. 
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Fjg. 2. Locations of magnetometers placed on the Moon. Arrows at the Lunokhod 2 and Apollo 15 
sites indicate the preferential direction of fluctuations in the horizontal vector magnetic field 

at these sites. 

; A regional conductivity anomaly beneath Serenitatis will account for the Lunokhod 2 
Observations. The Apollo 16 magnetometer is 1100 km from Serenitatis and Lunokhod is 
300km from the mare center. Since the polarization effect decreases as the square of the 
distance from the mare center, the proposed anomaly beneath Serenitatis would result in 
the Apollo 16 instrument observing only about 7% of the polarization measured at the 
Lunokhod site. 
* We model the electrical conductivity distribution beneath Serenitatis as shown in 
Figure3(a). In the highlands a dielectric layer of conductivity less than 10"6mhosm_1 

,md thickness 150 km, lies on a layer of conductivity 10"3mhosm~1. Beneath Mare 
.Serenitatis the dielectric layer is thicker by an additional 150krn. Magnetic variations 
,with periods of a few tens of seconds propagate most readily in the low conducting 
region. We neglect field perturbations which are attenuated in the higher conducting solar 
wind plasma and lunar mantle beneath the dielectric layer. Therefore, the magnetic lines 
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DIELECTRIC 

Fig. 3. Types of conductivity anomaly models. Electrically conducting material is shaded while 
dielectric material is not. The magnetic and electric fields are denoted by B and E respectively, (a) 
The area under Serenitatis is modeled by a thickening of a dielectric layer between the highly conduct
ing solar plasma above and lunar mantle below, (b) Model used by Schubert etal. (1974) in which a 
current sheet with a hole lies between the solar plasma above and a current layer below, (c) A terres
trial conductivity anomaly in which highly conducting sediments lie between the lower conducting 

atmosphere and crust. 

of force are concentrated in the area of lower conductivity beneath the mare surface as 
shown in Figure 3(a). Our model is similar to that used by Schubert etal. (1974) for the 
Mare Imbrium anomaly. They modeled this anomaly by a hole in a current layer (Figure 
3(b)). 

The behavior of the magnetic field in the insulating lunar shell is similar to the behavior 
of telluric currents in highly conducting terrestrial sediments between air and a low con
ducting basement as shown in Figure 3(c). Figure 4 illustrates an example found at the 
southeast Caspian coast (Ashirov, 1975). Polarization of the electric field is represented 
by the arrows which are radial to the anomaly. 

4. Mathematical Mode) 

The subsurface low conductivity region is modeled by a dielectric layer of thickness f. 
The horizontal magnetic induction integrated over the thickness is 
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Fig.4. Terrestrial electrical conductivity anomaly on the southeastern eoast of the Caspian Sea. 
Preferential directions of electric field polarization are shown by arrows. Contour lines indicate 

measured conductivity of the sediments (after Ashirov, 1975). 

P = fdB,dz~rV. (1) 
Jo 

The two-dimensional divergence of p is 

V-p = Bro-BTd, (2) 

where Bro is the radial magnetic component at the lunar surface and Brd is the radial 
component at the lower boundary of the dielectric layer. In our model Bro = 0 and 

fV-p + p.(W) = Bro. (3) 

This equation suggests two contributions to the horizontal field in the shell; one is the 
undisturbed field external to the Moon and the other is the compression of that field in 
the region where At £ 0. Equation (3) is solved by a finite-difference method for the 
model shown in Figure 5 in which the dielectric layer thickness increased from 150 km 
beneath the highlands to 300 km at the centers of the two basins. The isotropic magnetic 
^nations measured at the Apollo 16 site suggest that the external field can be represented 
by a circularly polarized solar wind magnetic field, A magnetic fluctuation of this polariz
ation can be considered as the sum of two orthogonal oscillating field components with a 
phase difference of TT/2. Solutions of the differential equations for both horizontal com
ponents of the external field are superimposed to obtain the solutions shown in Figure 6. 
Ellipses are shown for several locations near the maria boundaries and represent the 
elliptically polarized field which would be measured for the distribution of dielectric and 
conducting material shown in the figure. The large axes of the ellipses are radial to the 
tnaria centers, along the gradient of dielectric thickness. The anisotropy of the magnetic 
field fluctuation is represented by ellipse eccentricity. The dielectric thickness was adjusted 
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Fig. 5. Model of lunar conductivity anomalies at Mare Imbrium and Mare Serenitatis. Contours indi
cate thickness t in kilometers of the uppermost dielectric layer. Ellipses show the calculated anisetropy 
in horizontal magnetic fluctuations at various locations near the basins. We assume circularly polarized 

horizontal fields external to the Moon. 
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Fig. 6. Proposed structure of electrical conductivity beneath lunar maria. 

so that the anisotropy observed by Lunokhod 2 matched the anisotropy calculated from 
the mode]. We conclude that the magnetic anisotropy measured at both the Lunokhod2 
and Apollo 15 sites may be due to anomalously low conductivity beneath Maria Serenitatis 
and Imbrium compared to the conductivity beneath adjacent highlands. This interpret
ation of the field anisotropy is not unique. Schubert et at. (1974) have shown that both 
an anomalously high and an anomalously low conductivity beneath a mare basin results in 
identical magnetic polarization at the mare edge. Based on current knowledge of basin 
formation and evolution we consider a conductivity depression beneath the mare more 
likely and now discuss one possible explanation for such an anomaly. Low conductivity 
in the lunar lithosphere associated with these two large maria is probably related to the 



ELECTRICAL CONDUCTIVITY ANOMALY BENEATH MARE SERENITATIS 191 

geophysical processes of maria formation. The regional electrical conductivity may be 
altered by the basin excavation or by its filling. 

During basin excavation the subsurface material was fractured and heated. Below 
20Okm the lithospheric pressure exceeds the strength of the rocks allowing only closed 
fracturing at temperatures occurring at these depths(800-I200°C,Toks6zera/., 1973). 
These fractures will be sealed by diffusion between the time of their formation and the 
present. Heat generated during basin excavation, if not dissipated by now, would lead to 
an increase and not a decrease in electrical conductivity. It appears, therefore, that impact 
processes of basin formation are not directly responsible for the conductivity anomaly, 

Filling of the frontside basins to produce the lunar maria was accomplished by volcam 
ism of basaltic magma to the surface. In this process the magma carried large quantities of 
heat from deep within the Moon to the surface where the heat was dissipated by radiation. 
Mantle regions beneath the highlands were cooled by the less efficient process of conduc
tion through the crust. Therefore the mantle adjacent to the maria remained at a higher 
temperature. In addition to the intrinsic thermal energy, the magma extruded into the 
maria seas were enriched in the heat source radioactives potassium, uranium, and thorium. 
The magma generating zones beneath the maria would then be depleted of these heat 
sources. Therefore, removal of thermal energy and the selective depletion of radioactive 
heat sources, resulted in a cooling of the submaria magma source regions at a more rapid 
rate than the subhighland mantle. The cooler material beneath the maria would have a 
decreased electrical conductivity because of the direct relation between conductivity and 
temperature in geologic materials. 

We note that the magma generation zones for maria basalts are estimated to be at 100 
to 450km depth. This estimate is based on petrology of returned basalt samples and 
thermal history calculations (e.g., Toksoz et al.t 1973; Solomon, 1975; Hubbard and 
Minear, 1975) and is in general agreement with our estimates for the depth of the conduc
tivity anomaly. The above scenario for the formation of decreased conductivity zones in 
the lunar upper mantle leads us to propose a temperature structure beneath lunar maria 
illustrated in Figure 6. The model, which relates lunar electrical conductivity anomalies 
and mare volcanism, has two consequences which are verifiable by future selenophysical 
experiments: (1) anomalously low electrical conductivity beneath all circular lunar maria 
with (2) the magnitude of the anomaly directly related to the volume of erupted magma. 
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