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Introduction: The Compton-Belkovich region on
the lunar highlands (Fig. 1) was first identified as a
thorium-rich area based on Lunar Prospector Gamma-
Ray Spectrometer data [1]. Subsequent workers sug-
gested that the high thorium anomaly in the Compton-
Belkovich area is associated with silicic volcanism,
possibly caused by KREEP-rich intrusions within the
crust [2,3,4].
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Figure 1. Cylindrical projection of LOLA [5] topography in
km, farside centered. The black box indicates the location of
the Compton-Belkovich region expanded in Fig. 2.
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Figure 2. A) Topography (km), B) free-air gravity (mGal),
C) Bouguer gravity (mGal), and D) Thorium concentrations
(ppm) of the Compton-Belkovich high thorium region. The
black box is the Compton-Belkovich area, the Humboldtia-
num basin is labeled H.
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Compton-Belkovich is observed in Lunar Oribiter
Laser Altimeter (LOLA) data [5] to be characterized by
average topographic relief that is approximately 1.6 km
below its surroundings. Gravity data from the Gravity

Recovery and Interior Laboratory (GRAIL) mission [6]
now reveal a positive Bouguer gravity signature asso-
ciated with the feature that is approximately 155 mGal
greater than the surroundings (Fig. 2c).

Here we use three-dimensional inverse modeling
[7] of the Bouguer gravity to investigate the subsurface
structure of Compton-Belkovich. We test the hypothe-
sis that both the observed gravity and topography are
the results of the loss of pore space in the crust caused
by thermal annealing due to an increase in temperature
from the high concentrations of heat producing ele-
ments present within the crust at this location.

Methods: We used the program GRAV3D [8,9],
which generates a three-dimensional density model
based on the observed gravity data. The model mini-
mizes an objective function that relates the data misfit
and the model smoothness with a regularization param-
eter [7]. As input, we used the Bouguer-corrected
GRAIL gravity data with a low-pass cosine taper ap-
plied between degrees 480 and 500. The model was
used to predict density anomalies to a depth of 60 km,
which is a little deeper than the base of the crust in this
area [10]. The resulting three-dimensional density
model was then interpreted under the assumption that
all the density variations arise purely due to changes in
porosity, assuming an initial bulk density of 2550
kg/m? and an initial porosity of 12% [10].

Results and interpretations: The best-fit density
model predicts a broad diffuse positive density anoma-
ly beneath Compton-Belkovich, with a typical density
excess of ~150 kg m3 (Fig. 3). The diffuse nature and
low magnitude of the predicted density anomalies are
not consistent with the uplift of the crust-mantle inter-
face as might occur beneath an ancient impact basin. In
contrast, the mantle uplift below the nearby Hum-
boldtianum basin is characterized by a sharply defined
positive density anomaly with a magnitude of 320 kg
m=3, consistent with the expected density contrast be-
tween the mantle and crust [10]. Furthermore, crater
counts suggest this area to be Copernican in age [2].
Higher densities could also be the signature of compo-
sitional variations as could arise from magmatic intru-
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sions in the lower crust. KREEP-rich intrusions may
contribute to the gravity, but cannot explain the ob-
served topographic depression.

We now consider the possibility that both the posi-
tive density anomaly and the topography are results of
the thermal annealing of the pore space caused by the
enhanced concentrations of heat-producing elements in
the crust. However, the observed Th concentration may
be a result of a surficial volcanic deposit, and the con-
centration as a function of depth is poorly constrained
[2]. Thus, here we simply test whether loss of porosity
can explain the observed gravity and topography.

We used the density model to calcuate the corre-
sponding changes in porosity (Fig. 3). The model indi-
cates that the gravity can be explained by a decrease in
porosity by about ~6% relative to the surrounding ter-
rain. This porosity decrease is less than typical crustal
porosities determined by GRAIL [10,11], which sup-
ports the plausibility of this interpretation.

From the inversion results, we calculated how much
elevation change would result from the decrease in
porosity. We consider the extreme case in which all of
the porosity decreases resulted in a lowering of the
topography (Fig. 4). The total change in elevation due
to the changes in porosity is approximately -1.7 km.
This is comparable to the observed relief of -1.6 km,
and also matches the shape of the observed depression.
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Figure 3. A) Horizontal cross-sections of the density and
porosity models at 30 km depth, black line indicates where
the vertical cross section is taken. The black box is the loca-
tion of Fig. 4. B) A vertical cross section of the models.

Distance (km)
o

N A O @

We next considered different porosity models
based on previous GRAIL analyses, assuming either
linear or exponential porosity profiles [11]. The linear
porosity profile uses a surface density of 2350 kg m3, a
density gradient of 30 kg m2 km, and a grain density
of 2917 kg m3. The exponential porosity profiles use a
density contrast between fractured surface materials
and unfractured rock of 600 kg m?3, and a density in-
crease depth scale of either 15 or 28 km.
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In the case of the linear porosity profile, integrating
the total loss of porosity throughout the crust would
result in surface subsidence by 1.8 km, which is greater
than the observed relief. The observed 1.6 km depres-
sion could result from the loss of all porosity below 1.4
km depth. For the exponential porosity profiles, the
total elevation change resulting from the loss of all
porosity would be 2.4 or 7.1 km for the two scale
depths. The observed depression could be produced by
the loss of all porosity below 5.2 or 37.3 km depth.
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Figure 4. Total elevation change associated with changes in
porosity, zoomed in on the Compton-Belkovich area.
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Conclusions: The results from the inverse model-
ing show a diffuse broad positive density anomaly un-
der Compton-Belkovich, which we interpret to be at
least in part a result of thermal annealing of the pore
space. The predicted density contrast is equivalent to
the loss of 6% porosity in the lower crust relative to
surroundings. The predicted density anomalies and the
observed topographic relief are consistent with
GRAIL-derived porosity models.  The predicted
changes in porosity are upper bounds, since we have
not included the effects of high density KREEP-rich
intrusions within the crust. Similar annealing of the
pore space has been suggested beneath the Marius Hills
[12]. The magnitude and diffuse nature of the density
anomaly are inconsistent with the mantle uplift beneath
an ancient impact basin. We cannot, however, exclude
the possibility that an ancient impact may have been
responsible for the Th-anomaly in the first place, and
that the basin itself relaxed away. These results may
also have implications for the gravity and topography
of the Procellarum KREEP terrane.
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