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‘ELECTRICAL PROPERTIES AND WATER IN LUNAR SOIL. G.R. Olhoeft,
D.W. Strangway and A.P. Annan Departments of Geology and Physics, University
of Toronto, Toronto.

Samples from Apollo 15, 16, and 17 had quite low loss tangents while
samples from prior missions had significantly larger loss tangents (1) which
we attribute to water contamination.

The effects of water on electrical properties have been discussed by
several authors (2,3, and .others). We have (4,5) previously shown the
large effect of water on soil sample 14163,131. Cadenhead et al (6) and
Holmes et al (7) have shown that the specific area of lunar samples has a
large irreversible increase by a factor of 2 to 5 when the soil samples are
exposed to water vapor. Olhoeft (8) has shown that the electrical properties
of a fully outgassed basalt have the character shown in fig. 1. The
dielectric constant and loss tangent are not modified until a monolayer of
water (in this case 0.008 wt. %) has been added to the sampie. More water
than this can participate in dielectric response since the next layers are
not so tightly bonded. The D.C. resistivity changes however at even lower
water contents, since charge transfer can take place in bonded water molecules
The large loss tangent for samples from the Apollo 11, 12 and 14 missions
may be related to the increase in surface area, but the exact mechanism is
unknown.

Lunar soil 15301,38 which has been previously studied (9) without ex-
posure to air, has subsequently been exposed to atmosphere for 30 months and
remeasured. Table 1 lists the dielectric constant and loss tangent as a
function of frequency at several stages in the sample history at 25 C.
Measurement A at 0.025 torr is immediately after dry nitrogen transfer and
the beginning of vacuum system pumpdown. Measurement B is after 24 hours
at 1 x 10-7 torr and after some solar wind gases were lost. Measurement Cis
after several days at 1 x 10-7 Torr or lower and outgasing at 500°C. D is
taken immediately upon exposure to air at 1 atm. and E is 19 hours after
exposure. In both cases the difference is remarkable.

Measurements F through H are after 30 months exposure to air and on a
separate unheated aliquot of 15301 from the same 10 gm. vial (note also the
density difference between A-E and F-H). Measurement H is after 24 hours at
107 torr. This shows a 22% increase in dielectric constant and a 33%
increase in loss tangent (corrected for density difference) when compared to
measurement C. This increase may be due to a chemical surface alteration of
the sample such as oxidation or due to the presence of islands of several
layers of surface water which can not be removed from the sample except at
elevated temperature in vacuum.

These results show several things, 1) the original measurement, C, was
on an uncontaminated sample and hence is representative of virgin lunar soil,
2) electrical properties have large irreversible changes when the sample is
exposed to moisture contamination, and 3) measurements from missions prior to
Apollo 15 (when sample handling procedures were changed to prevent sample
contaminat ion) are probably unreliable. '

Utilizirg information of this type and of the density dependence of
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the dielectric constant and loss tangent, it has been possible to predict
the properties of the lunar regolith and the underlying rock as a function of
depth (10). This information has been combined with results from the Surface
Electrical Properties experiment carried on Apollo 17 to derive a model. To
a first approximation the lunar surface layer to a depth of 7 meters has
a dielectric constant of 3,8. This implies a surface layer density of

1.8 gm/c.c. It is also considerably higher than the value determined by
radar studies. This implies that the low dielectric constant, low density
surface layer is very thin perhaps a meter or less. The loss tangent is
.008 much like that found in the virgin samples and implies that there is
less than a monolayer of water present (.02 wt. %). Beneath this a layer
composed largely of rock of dielectric constant 7.5 and loss tangent .035
is present. '
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