41st Lunar and Planetary Science Conference (2010)

1694.pdf

DEEP VS. SHALLOW ORIGIN OF GRAVITY ANOMALIES AND TOPOGRAPHY ON THE MOON. B.
Steinberger'*’ , S. C. Werner® and T. Kohout*, 'GFZ-Potsdam, Germany (bstein@gfz-potsdam.de), *PGP-Univer-
sity of Oslo, Norway (Stephanie.Werner @fys.uio.no), °NGU, Trondheim, Norway, ‘Division of Geophysics, Uni-

versity of Helsinki, Finland (tomas.kohout@helsinki.fi).

Introduction: Recent release of the new Kaguya
(SELENE) lunar gravity [1] and topography [2] data
motivates us to analyze lunar gravity and topography
spectra, in order to investigate which part of the spec-
tra may possibly be due to density variations in the
deep interior of the moon, and what they can tell us
about the moon's internal density structure. The new
gravity data provide improved information for the lu-
nar far-side, overcoming the earlier lack of tracking
data due to the Moon’s synchronous rotation.

Method: We follow here a strategy that we have
previously in a similar fashion successfully applied to
the Earth, Venus and Mars [3],[4]: we assume that
both in the mantle and in the lithosphere density
anomalies can be modelled as random, with a white
noise spectral distribution. We then use a combination
of elastic lithosphere and viscous mantle beneath with
approximately constant viscosity to compute the "ex-
pected" geoid (or more appropriately "selenoid", but
we will use here the term "geoid" also for the moon)
and topography spectra, as well as their expected ra-
tios and correlations for (i) density anomalies within
the lithosphere (ii) density anomalies within the man-
tle, and (iii) a combination of both.

Results: Our model explains the gravity spectrum
for degrees 2-5 as mainly caused by mantle density
anomalies (dashed line higher than dotted line in the
top panel of Fig. 1), with the combination matching
observations well. We note that the gravity spectrum
also includes the large degree two - order zero term
(flattening), which is, to its largest part non-equilib-
rium, as the moon is rotating very slowly. This devia-
tion previously has been suggested to represent a fossil
shape frozen into the lithosphere early in its orbital
evolution [e.g. 5, 6]. Hence it appears that the excess
flattening is merely a consequence of mantle density
anomalies, and the fact that any planetary body always
orients itself relative to its spin axis such that geoid
highs are close to its equator. (The minimum energy
configuration for a synchronously rotating satellite
[e.g. 7]). However, the geoid-topography ratio is un-
der-predicted for degrees 2-5, thus indicating that
long-wavelength (1=2-5) topography has a large com-
ponent that is compensated at shallow depth, thus
yielding a small geoid signal that is highly correlated
with the topography itself. Such an additional topogra-

phy component would also explain that the observed
correlation at low degrees is substantially higher than
predicted from the mantle density model, while obser-
vation and model of the correlation show the same
spectral shape. Low correlations around degrees 10-11
are usually related to the presence of ‘mascon’ impact
basins [e.g. 8]. Our model under-predicts gravity
power in the mid-degree range 6-13, likely due to
crustal thickness variations, which can hence be mod-
elled from gravity and topography data [e.g. 8].

Above degree 30, gravity can be explained as
caused by essentially uncompensated topography
loaded on an elastic lithosphere: Under this assump-
tion, residual gravity (green in Fig. 1, top) is substan-
tially smaller, than both actual (purple line) and mod-
elled (brown) gravity, which are very similar to each
other. Also, the observed geoid-topography ratio fol-
lows the model very closely above degree 30 and
geoid-topography correlation is high, as expected. We
find large lateral variations in both geoid-topography
correlation and ratio (Fig.2; Fig. 1, red and blue
curves). In particular, the near side shows much higher
geoid/topography ratios and much lower correlations,
likely related to the positive gravity anomalv over low
elevation of the ‘mascon’ impact basins found only at
the near-side.

Discussion: The difference is largest in the degree
range from about 9 to 30. The smaller differences for
lower degrees could again be an indication that gravity
sources in the mantle become dominant, and the man-
tle shows less of a distinction between near and far
side, which is largely a "shallow" feature. Our model
can be used to infer tentative depth-averaged density
anomalies of the lunar mantle. Like for the Earth and
Mars, it appears to be dominated by a strong degree-
two signal.
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Figure 1: Geoid spectrum (top), geoid-topography
ratio (middle) and correlation (bottom). Purple line
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Figure 2: Geoid (top right; flattening excluded) For each, the top panel is for the degree range 13-31,

and topography (bottom right) of the moon, and their the bottom panel for 2-12. Near side of the moon on

correlations and ratios, averaged over 30-degree caps. right, far side on left.



