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volcanic/magmatic structures on the Moon
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Introduction: Lunar gravity anomalies. Positive Bouguer gravity anomalies.
* Four distinctive positive Bouguer gravity anomalies are

identified in Oceanus Procellarum. They are similar in: [ | =
_Diameter (~100-120 km). | . 50|
-Gravitational amplitude (>100 mGal contrast). Southe |
-Shape (approximately circular in planform). _m' 5 :
* Previous work has suggested that these four positive i Arnistarchus
gravity anomalies may be due to: 20 Plateau
-Lava-filled impact craters [1].
-Subsurface volcanic sills [2].

* New, higher-resolution GRAIL data [3] allow for the re-
analysis of these anomalies.

* Understanding the subsurface density structures that
contribute to these anomalies is important in order to 10°
discuss regional impact and volcanic histories, and the
evolution of the lunar crust in Oceanus Procellarum.

1. Constrain subsurface structures that contribute to the
four positive Bouguer gravity anomalies.

2. Discuss the hidden impact and volcanic histories of
the Moon.

Methods. | %0 ST G 0T e
GEOLOGIC ANALYSES. Results: Filled and buried impact craters.

* Six geologic end-member scenarios are explored to
analyze the four observed gravitational anomalies.

e Impact crater parameters [e.g., 4] are estimated to
consider the role of filled and buried impact craters.

* Analyses of the generation, ascent, and eruption of
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magma [5-6] are used to guide both the modeling Mare fill | v Mare filf 01 diraco topography -
of subsurface magmatic structures and also the ST e SRR N e [ :if;: ;"d Crust "
interpretation of surface volcanic features. % - g - Vante
FORWARD GRAVITATIONAL MODELING. S e
GRAIL Density Contrast = Residual CASES 1 & 2: NOT FAVORED. CASE 3: FAVORED.
R AR ' | s W * Does not provide enough density contrast. * Provides enough density contrast.
e Uplift caused by inflation and concentric fractures [8] are not observed. e Consistent with postulated buried craters [1].
 Anomalies are high magnitude and concentrated, in contrast to the e 2.8-3.5 km of mare fill + 5-7 km of mantle uplift.
gravitational signatures that are associated with FFCs [9]. * Requires crustal thickness of 18-28 km.
L | L Results: Volcanic and magmatic intrusions.
 We obtain Bouguer anomalies from GRAIL gravity data EN Sill Infruded in Crust “omem vamwsriis || [ Radial Dike Complex [A Verfical Dike Swarm *{Northern Marius Fills |

[3] by removing the surface topography attraction,

assuming a crustal density of 2800 kg/m? [7]. GRAIL
» We use a bulk density of 3150 kg/m? for the maria, as W I Gravityfmmm
was suggested for basalt of intermediate Ti-content [2]. "1 fomai mpe

* We remove the longest wavelength variations in
crustal structure, windowing the anomalies to spherical
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* The density contrasts for each geologic scenario are 05 Lowgtude() st 2L i
modeled as a series of cylinders with finite thicknesses,
with a range of infill and)i,ntrusion density contrasts CASES 4 & 5=N°T FAVORED' CAS 6: FAVORED. :
between 150 and 600 kg/m? to model the anomalies. . Doe_s not provide enougl:n density contrast. _ _ _ _ * Provides enough density contrast.
» The total modeled gravity anomaly is the sum of the . qulzontal, subsur_face sills beneath the Marius H|II_s anomalies require a e Consistent with ascent and eruption of maria [6].
gravity from different subsurface load scenarios. thickness >10 km in order to match the observed signal. * Feeds the Marius Hills complex with 10+ dikes.
e Surface tectonic effects, radial fractures, or graben [6, 10] are not observed. e Crust occupied by 25% dikes [11], fed by mantle.
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