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���:H�GHPRQVWUDWH�WKDW�WKH�IRXU�SRVLWLYH�%RXJXHU�JUDYLW\�DQRPDOLHV�LQ�2FHDQXV�3URFHOODUXP����
UHTXLUH�D�GHHS�GHQVLW\�FRQWUDVW�LQ�RUGHU�WR�FRUUHVSRQG�WR�WKH�PDJQLWXGH�RI�WKH�VLJQDO�
���7KLV�GHQVLW\�FRQWUDVW�LV�FRQVLVWHQW�ZLWK�HLWKHU�LPSDFW�UHERXQG��&$6(��:�S. AP and N. Flamsteed��
RU�D�PDQWOH�VRXUFH�UHJLRQ�VXSSO\LQJ�D�YHUWLFDO�GLNH�VZDUP��&$6(��:�N. and S. Marius Hills).
���7KHVH�DQRPDOLHV�DUH�LPSRUWDQW�LQ�XQGHUVWDQGLQJ�WKH�LPSDFW�DQG�YROFDQLF�SOXWRQLF�KLVWRU\�RI�
WKH�0RRQ��VSHFLÀFDOO\�LQ�D�UHJLRQ�RI�WKLQ�FUXVW�DQG�HOHYDWHG�WHPSHUDWXUHV�

Conclusions.

Results: Filled and buried impact craters.

• Provides enough density contrast.
• Consistent with postulated buried craters [1].
• ��������NP�RI�PDUH�¿OO�������NP�RI�PDQWOH�XSOLIW�
• Requires crustal thickness of 18-28 km.

�&$6(6���	����127�)$925('�
• Does not provide enough density contrast.
• 8SOLIW�FDXVHG�E\�LQÀDWLRQ�DQG�FRQFHQWULF�IUDFWXUHV�>�@�DUH�QRW�REVHUYHG�
• Anomalies are high magnitude and concentrated, in contrast to the      

gravitational signatures that are associated with FFCs [9].

�&$6(����)$925('�

Results: Volcanic and magmatic intrusions.

�&$6(6���	����127�)$925('�
• Does not provide enough density contrast.
• Horizontal, subsurface sills beneath the Marius Hills anomalies require a 

thickness >10 km in order to match the observed signal.
• 6XUIDFH�WHFWRQLF�HႇHFWV��UDGLDO�IUDFWXUHV��RU�JUDEHQ�>�����@�DUH�QRW�REVHUYHG�

�&$6(����)$925('�
• Provides enough density contrast.
• &RQVLVWHQW�ZLWK�DVFHQW�DQG�HUXSWLRQ�RI�PDULD�>�@�
• )HHGV�WKH�0DULXV�+LOOV�FRPSOH[�ZLWK�����GLNHV�
• Crust occupied by 25% dikes [11], fed by mantle.
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RESULTS: MANTLE UPWELLING
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2. 1.  Filled and Buried Impact

Highland crust

0DUH�¿�OO

C
BA

MAGMATIC INTRUSION SCENARIOS

Positive Bouguer gravity anomalies.
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 Introduction: Lunar gravity anomalies.

 Objectives.

 Methods.

 References.

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

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

*(2/2*,&�$1$/<6(6�
• Six geologic end-member scenarios are explored to    

analyze the four observed gravitational anomalies.
• Impact crater parameters [e.g., 4] are estimated to    
FRQVLGHU�WKH�UROH�RI�¿OOHG�DQG�EXULHG�LPSDFW�FUDWHUV�

• Analyses of the generation, ascent, and eruption of 
PDJPD�>���@�DUH�XVHG�WR�JXLGH�ERWK�WKH�PRGHOLQJ�
of subsurface magmatic structures and also the     .      
interpretation of surface volcanic features. 

)25:$5'�*5$9,7$7,21$/�02'(/,1*�

• We obtain Bouguer anomalies from GRAIL gravity data 
[3] by removing the surface topography attraction,       
assuming a crustal density of 2800 kg/m3�>�@�

• We use a bulk density of 3150 kg/m3 for the maria, as 
was suggested for basalt of intermediate Ti-content [2].

• We remove the longest wavelength variations in      
crustal structure, windowing the anomalies to spherical 
KDUPRQLF�GHJUHHV�������

• The density contrasts for each geologic scenario are 
PRGHOHG�DV�D�VHULHV�RI�F\OLQGHUV�ZLWK�¿QLWH�WKLFNQHVVHV��
ZLWK�D�UDQJH�RI�LQ¿OO�DQG�LQWUXVLRQ�GHQVLW\�FRQWUDVWV�b    m     
EHWZHHQ�����DQG�����NJ�P3 to model the anomalies.

• The total modeled gravity anomaly is the sum of the  
JUDYLW\�IURP�GLႇHUHQW�VXEVXUIDFH�ORDG�VFHQDULRV�
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• Four distinctive positive Bouguer gravity anomalies are 
LGHQWL¿HG�LQ�2FHDQXV�3URFHOODUXP��7KH\�DUH�VLPLODU�LQ�
� � �'LDPHWHU��a��������NP��
� � �*UDYLWDWLRQDO�DPSOLWXGH��!����P*DO�FRQWUDVW��
� � �6KDSH��DSSUR[LPDWHO\�FLUFXODU�LQ�SODQIRUP��
• Previous work has suggested that these four positive 

gravity anomalies may be due to:
� � �/DYD�¿OOHG�LPSDFW�FUDWHUV�>�@�
  -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 
discuss regional impact and volcanic histories, and the 
evolution of the lunar crust in Oceanus Procellarum.
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