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Abstract. The data of three-times repeated magnetic survey of the section of Lunokhod-2 route
1.5 km long are analyzed. The linear size of the regions of magnetic field anomalies disclosed is
200-300 m. The results of magnetic survey near the tectonic break of Straight Rille and near the south
rim of crater Le Monnier were used for estimation of rock magnetization in situ. It is shown that mare
basalts in south-east region of crater Le Monnier have oblique magnetization (at the angle ~ 30° to
horizon). The magnitude of magnetization is ~ 5 x 10~5 G cm g _1 . The south-east slope of the crater
Le Monnier is magnetized roughly vertically, the upper limit of magnetization of the rocks of the rim
is ~ l x l 0 ~ 5 G cm 3 g - 1 . The results of an analysis of 160 magnetic field variations recorded by
Lunokhod-2 indicate that the horizontal components of variations have nearly linear polarization.
The principal axes of hodographs stretch in the direction north-west-south-east. Such a polarization
of variations may be due to an increase of the thickness of the upper isolated layer under Mare
Serenitatis.

1. Typical Size of Magnetic Anomalies in the Bay Le Monnier
It was reported before (Dolginov et al., 1975) that the magnetic survey of Lunokhod-2
revealed magnetic field anomalies connected with craters 50 m in size. The section of
three-times repeated route survey was used for exposure of other field peculiarities.
This section 1.5 km long is located in the southern region of the Bay Le Monnier and
directly adjoined the slightly raised hilly depression plain, which is a variety of the
continental zone.
The magnetic survey in this region was performed when the Moon was exposed to
the solar wind. The sections 20 m long between stationary positions of the Lunokhod
were analyzed to eliminate the deviation errors. The average values of horizontal and
vertical components on these sections are shown in Figure 1. There are two significant
magnetic anomalies 200-300 m long. At the anomalies, the magnitude of the horizontal component increases up to 20-25 y. The vertical component is 25 y over all
these sections.
The horizontal component is directed approximately to the south in the northern
part of this route and changes the direction to west-south-west in the southern part.
The direction of the horizontal component is in agreement with measurements obtained in the meridional section of Lunokhod-2 route during the second operation
day (see Figure 1 in Dolginov et al., 1975).
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Fig. 1. The results of the magnetic survey on the section of Lunokhod-2 route repeated three times.

The routes located very closely to each other on the southern section (Figure 1) and
the magnitude of components coincides on the repeated routes. The repeated traverses
are 50-100 m apart on the northern section. The levels of components differ one from
the other, the linear gradient in the field components was not revealed. The increased
levels are connected with the same sections of the repeated routes and testify to the
reality of anomalies in spite of the fact that these measurements were performed in
solar wind. The photography shows that the section of three-times repeated route
located on the shore of a terrace adjoining to the mare plain of the Bay Le Monnier.
If we assume that the regions with correlated magnetic field data are equally magnetized due to the same geological formations, then the southern section of the second
lunar day route is located also on the shore terrace.
The magnetic anomalies observed on the route repeated three-times may possibly
be explained by effects of the indistinctly marked craters which were near the Lunokhod-2 route. The sizes of these craters are 300-400 m, according to the estimates
by geomorphologists.
2. Crater Le Monnier: Determination of the Rock Magnetization in Situ
As is well known, the samples returned by the Apollo missions were investigated to
determine the magnetic properties of these samples and, particularly, the rock manetization (Nagata et ai, 1970). However, most samples returned consisted of the
fragmentary material and not of bedrock; thus the detection of such an important
feature as the direction of magnetization was impossible.
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Fig. 2. The vertical profile of the tectonic break Straight Rille.

There were no special instruments for detection of rock magnetization in situ on
board of Lunokhod-2. However, the results of magnetic survey may under certain
conditions be used for this purpose. It is well known that features of magnetized
geological structures cause the specific variations of the magnetic field, which may be
used for the estimation of magnitude and direction of rock magnetization in the case
of uniform magnetization. There were two objects for such estimation in the region of
Lunokhod-2 operation: tectonic break Straight Rille and southern region of crater
Le Monnier slope. It may be considered on the basis of summary analyses of the
results of chemical composition (Kocharov and Victorov, 1974), morphology, and
optical properties of the crater Le Monnier surface, that the slope of this crater consists
of continental breccias of anorthosite-norite-tractolite composition, and the floor of
the Bay Le Monnier is filled with mare basalts. The Straight Rille crosses the eastern
region of the crater Le Monnier in meridional direction. This break splits the mare
basalts, and the thickness of these basalts is apparently hundreds of meters in the
region of the Lunokhod route. The assumed geological section of Straight Rille, obtained according to the geomorphological analysis of the surface photographs, is
shown on Figure 2.
Two repeated approaches were performed on the western and eastern boarders of
Straight Rille for investigations of the magnetic characteristics of this break. As it is
seen on plots of Figure 3a the horizontal components change their signs when crossing
the Straight Rille, and the magnitude of this change reaches the value of 30-35 y.
The theoretical curve obtained under approximation of the cross-profile of the Rille
by two oblique ledges (the slope angle 60°) is shown on Figure 3b. The character of
the theoretical curve is in agreement with measured field. It offers a possibility to
estimate the magnetization of the basalts split up by the break. The magnitude of the
magnetization is ~ 5 x l 0 ~ 5 G cm 3 g ~ \ and it coincides with the average value of
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Fig. 3. The determination of the basalt magnetization in situ in the vicinity of the break nea
Straight Rille.
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magnetization of the lunar basalts obtained under the laboratory conditions for returned samples (Nagata et ah, 1970).
It may be possible to determine the magnetization of rocks composing the rim of
the crater Le Monnier by use of the effect of the removal of the Lunokhod from the
southern slope of the crater. The schematic section of this slope, the record of the
magnetic field during a removal of the apparatus from the slope, and the theoretical
curves are shown on Figure 4. The calculation of theoretical curves was made by use
of known formulae for an oblique ledge. According to the estimates of heights in
this region, the crater slope was approximated by an oblique ledge sloping by 12° to
the horizon.
The experimental data disclose that the magnetization of crater walls influences
only the horizontal component and the vertical component is practically constant. As
it is seen from Figure 4, such a character of field variation corresponds to the theoretical curve for the case of vertical magnetization. The amplitude of the variation on

Fig. 4. The determination of rock magnetization of the rim of the crater Le Monnier.
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experimental curve is about 10 y. The estimated upper limit of the rock magnetization
of the rim of crater Le Monnier is 10" 5 G cm 3 g" 1 - i.e., significantly lower than the
average magnetization of breccias determined for returned samples (Nagata et ah 1970).
The low value of breccia magnetization in comparison with basalt magnetization
may be explained by a higher iron abundance of mare basalts (8%) than that of the
breccias of the rim of the crater (4%) (Kocharov and Victorov, 1974). However these
estimates refer to the total abundance of all forms of iron because the concentration of
the main carrier of lunar magnetism in the basalts and breccias of this region is unknown.
The rim of the crater Le Monnier was formed during the early Imbrian epoch according to the morphological features of this rim - i.e., 3.7-3.9 x 109 yr ago. The
basalts which filled the floor of the crater Le Monnier are related with subsequent
Eratosthenian formations, as follows from the distribution and morphological features
of small craters of the Bay Le Monnier (Bazilevsky, 1974) - i.e., the age of the mare
basalts of this region is 2.5-3.0 x 109 yr. It is considered that the hypothetical piechanism of generation of the lunar field ceased to operate 3.0 x 109 yr ago (Fuller, 1974).
This fact introduces difficulties to explain the nature of basalt magnetization. The
basalt magnetization can be explained neither by the magnetization of the crater rim,
since the magnetization of breccias is lower than of the basalts. Thus it may be concluded that either the global mechanism operated after the time of 3.0 x 109 yr, or the
magnetization of basalts of the crater Le Monnier is due to the local source of magnetic
field which operated at least during the epoch of basalt crystallization.
3. The Preliminary Results of Studies of the Anomaly of the Abyssal
Electrical Conductivity in the Region of Mare Serenitatis
There were some records of the magnetic field variations during the Lunokhod-2
stationary state in the period January-May, 1973. The more intensive variations were
observed when the Moon crossed the magnetosheath and plasma sheet in the geomagnetic tail. The intensity of the horizontal component variation reached 10-20 y,
and is significantly higher than that of the vertical component owing to the amplification by the currents which are induced in the conductive interior of the Moon. The
variations of the vertical component reflect the external field and will not be com
sidered here.
There is a part of the recorded variation which is processed at present (see Table I).
TABLE I
Date

UT

19.01.73
13.02.73
20.02.73
21.02.73
22.03.73

18.49-19.10
17.52-18.08
20.08-20.17
23.17-23.55
23.53-00.50
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There were 160 variations of the magnetic field analyzed altogether for which the
hodographs were obtained. The typical hodograph is shown on Figure 5; and it is
seen that the principal axis is stretched in the direction north-west-south-east. The
average ratio of the axes is approximately 3. The histograms defined the distribution
of the principal axes of the hodographs are shown on Figure 6. Note that a similar
result was obtained by Sonett et al on the basis of the results of Apollo 15 in the
eastern region of Mare Imbrium (Sonett et al, 1974).
In principle, three causes may be discussed of almost linear polarization of the
magnetic variations:
(1) The polarization of the external field.
(2) The generation of the polarized fluctuations as a result of solar-wind interaction
with the slightly magnetized Moon.
(3) The inhomogeneous distribution of the electrical conductivity.
The analysis of the first cause would be very easy if there were simultaneous records
of the external field. Unfortunately, we do not have such data for the periods indicated
in Table I. As to the statistical lows investigated by Mariani et al. (1970) and Fairfield
and Ness (1970), the general results indicate that the fluctuations of the magnetic
field are polarized mainly vertically in the magnetosheath near the plane of the ecliptic.
It corresponds to the meridional direction in the selenographic coordinates. Thus the
regular turn of the primary direction of magnetic vector to the west is observed. It
may be assumed that such a conclusion can be made more precise on the basis of
simultaneous records of Lunokhod-2 and Apollo-16.
Estimates of the extent of connection of the primary polarization of the magnetic
fluctuation with the modulation of the lunar field by variations of the solar wind
parameters can be made. Consider a plain lunar surface on which the cold solar
plasma impinges with the velocity v directed along the normal to the surface. The
measurements of Apollo-12 showed that charged particles of the solar wind were
neutralized at the lunar surface; moreover, the proton velocity was practically undisturbed. It follows from the condition of the quasi-neutrality that electrons move
along the normal to the boundary with the same velocity as the protons. However,
under the influence of the electric field E generated under the moving in lunar magnetic field the electrons displace with the velocity v parallel to the surface forming the
current layer.
The equation for the electron motion in a coordinate system moving with velocity
v is
m(dv/dt) = eE(t).
Hence, it follows that the Fourier components of the current density and electric
field are connected by the equation
j = - (ne2/iwn) E
for the low-frequency approximation, when the displacement currents may be neglect-
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Fig. 5. The typical magnetic hodograph.

Fig. 6. The magnetic variation distribution according to the directions
of the principal hodograph axes.
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ed. The latter formula discloses that solar wind plasma is characterized in this case by
the dielectric constant
E/E0 =

-ca20/(D2,

where co0 in the plasma frequency.
The corresponding wave constant is
K = a>yjEfi0 = ico0yJE0iLL0 « 1.85 x I0~*jn

cm-3.

Our problem thus reduces to this: magnetic field H0 in the upper isolated layer of the
Moon (k = 0 for the low-frequency approximation) is confined by the half-space with
K=i(D0^/E0fi0. It is required to define the magnetic field of the currents induced in
plasma. Let the axis Z be directed along the normal to lunar surface, and for the sake
of simplicity consider the axi-symmetrical case when the vector potential of magnetic
field may be represented by
A(r,z) =

a(z)J0(mr).

The value m determining the scale of the size of the magnetic field follows from
L/2«2.4//w.
Under the accepted assumptions the equations for a{z) are
d2a
2
2
—2 — (m — k ) a = 0
dz
d2a
2
—-z — m a = 0
dz

in the plasma;
on the Moon.

It follows from known solutions of these one-dimensional equations that there is an
intrinsic magnetic field at the surface as well as the field deflected by plasma with
coefficient of deflection
Q=

Jm2 — k2 — m
,
=
=
y/m2 -k2 + m

__ ^ 2 . 3 x 10" 5 L" 2 - 3.5 x 10" 8 n - 4.8 x 10~ 3 L" 1
7 2 . 3 x 10" 5 L" 2 + 3.5 x 10" 8 n + 4.8 x 1 0 ~ 3 L _ 1
An analysis of the deflection coefficient permits to conclude that:
(1) in the model under discussion, the compression of the lunar magnetic field
depends on the solar-wind density, but not on its velocity.
(2) the value of the induced magnetic field depends strongly on the scale-size of
lunar magnetic anomaly through the product L ^Jn. This dependence is shown on
Figure 7. The influence of plasma is practically negligible for L ^Jn < 10. If L ^Jn> 600
the horizontal component of the magnetic field is doubled, as in the case of an ideal
conductor. As it is seen from Figure 7 the theoretical curve is in good agreement with
experimental data obtained by Dyal et al. (1972).
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Fig. 7. The dependence of the induced magnetic field and its variations (by An/n=50%) on solar
wind density and size of lunar magnetic anomaly.

By using the plot of magnetic field increasing we may easily define the dependence
of the magnitude of variations induced by solar wind density fluctuations on the product L ^Jn. This plot shown on Figure 7 for the magnitude of solar wind density
fluctuations An/n = 50%, indicated that the corresponding fluctuations (AH/H0) < 10%
(maximum is observed by 1 ^ * 4 0 ) . If H0~20y then AH/H<2y. Furthermore, it
should account for the different direction of the lunar surface field at the places of
observation. All these facts support the conclusion that the cause of the almost-linear
polarization of magnetic fluctuations is not modulation of lunar field under influence
of the solar wind.
Thus we conclude that the primary cause of the almost-linear polarization is the
unhomogeneity of the electrical conductivity. Since the variations with periods of tens
of seconds were considered, the depth of the field penetration for typical lunar conditions is a few hundreds kilometers; so we are concerned with anomalies of abyssal
electrical conductivity.
For the purpose of further analysis consider the typical two-layer model of upper
lunar interior, where G1K 10 ~7 mho m - 1 , owlx 10~3 mho m _1 ,rf«200 km. For variations with periods of 25 s the thickness of the skin-layer in the upper stratum is
104 km. This implies that magnetic field does not practically attenuate within the
upper layer, so that the latter may be considered as a dielectric with a1 =0 where the
low-frequency magneticfieldsatisfies the Laplace equation. On the contrary, the depth
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of the penetration into the lower (isolated) layer does not exceed 60 km - i.e., it is
several times less than the upper-layer thickness. This permits us to consider a simplified model in which the upper layer of the lunar interior is confined by two ideal conductors (from above the solar wind and from below the conducting layers). Magnetic
field in the upper layer is compressed by its conducting walls and the both horizontal
components (north and east) are increased in equal degree. However, this equality
will be disturbed if the surface of the conducting layer is nonhorizontal. The magnetic
field lines will flow round the well conducting protuberance, and on the contrary
draw into an isolated hollow. In the first case, the component tangent to the protuberance has a maximum increase; and in second - the radial component, so the

Fig. 8. The theoretical schema of magnetic hodographs near the circular region with increased (1)
and decreased (2) thickness of upper isolated layer.

principal axes of hodographs will be directed to the center of the hollow (Figure 8).
Thus the north-west directions of the principal axes of magnetic hodographs obtained
by Lunokhod-2 may be connected with the direction to Mare Serenitatis. This lends
weight to a suggestion that the local zone of low electric conductivity exists below
Mare Serenitatis. Note that the analogous conclusion was made first for Mare Imbrium by Sonett et al (1974).
For the quantitative estimates, let us introduce some additional simplifications of
our model. Since the horizontal components change insignificantly along the vertical
within the isolated layer, we substitute for it a plain with integral magnetic permeability M—md. The parameter M is homogeneous over the all plain in this model
except for some region characterized by increased value of M. According to the configuration of Mare Serenitatis we chose this region as a circle of radius a. A known
solution of the two-dimensional Laplace equation permits us to find a ratio of meridional field component A from
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It is seen that A approaches 1 as the distance from the center of the low conductivity
zone is increased. At the boundary of the inhomogeneity (r = a), A = M/M1=d/d1.
Since the observations were performed at the crater Le Monnier located on the eastern
shore of Mare Serenitatis, the ratio of hodograph axes indicates a 2-3 fold increase
of the thickness of the low-conducting layer below Mare Serenitatis are compared
with the surrounding continent. The size of the unhomogeneity is apparently some
hundreds of kilometers, as shown by the practically equal ratio of hodograph axes at
points 10 km a art.
The anomaly of the abyssal electrical conductivity denned in this work, as well as
the analogous anomaly below Mare Imbrium, seems a characteristic peculiarity of the
circular maria basins requiring a combined geological and geophysical interpretation.
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