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Introduction:  The gravity field of the Moon 

reflects the distribution of its mass.  Although it is not 

possible to uniquely determine the mass distribution 

from gravity alone, the vertical component of gravity 

can provide information on the variation in density 

contrast with depth as a function of spherical harmonic 

degree. Further, a direct relationship between spherical 

harmonic degree and physical depth (km) using a simple 

point mass can provide an approximate (and relative) 

constraint on the depth distribution of density 

anomalies. Here we describe the structure under the 

Orientale basin from latitude 8o-32 o S along longitude 

266 o E and show similar structures are present under the 

Imbrium and Smythii basins. 

Approach:  The gravity field at a point on the surface 

of a planet can be expressed as a series of spherical 

harmonics which describes the distribution of gravity as 

a function of spherical harmonic degree. The vertical 

component of gravity shows how gravity is distributed 

with depth where in general high degrees reflect mass 

variations that are close to the surface and lower degrees 

represent the mass distribution deeper in the crust or 

mantle.  We show how the gravity varies with degree 

under large basins compared to areas between basins 

and those locations where the gravity field is near zero 

at the surface. We use the Bouguer gravity model 1200B 

[1] (Fig.1) derived from the free air gravity from GRAIL 

[2], and the topography from LRO/LOLA [3] 

 

 
Fig. 1 Lunar Bouguer gravity model 1200B [1] for 

degrees 6-600. 

 

To provide context for the structure seen in the radial 

gravity spectra we use a spherical harmonic degree to 

km relationship based upon a simple point mass model 

(pm-km) [4, 5] to indicate a possible depth range for a 

structure. However, we do not suggest that any observed 

structure can be fully represented as a point mass but 

can provide an indication of where a structure lies with 

respect to the lunar surface. No other data or model are 

employed in this investigation. 

Basin Analysis:  Figs. 2 & 3 collectively typify the 

gravity structure seen under all large impact basins. The 

figures show the Orientale basin Bouguer gravity field 

and 15 gravity spectra through the basin. 

 

 
Fig. 2 Bouguer gravity field of Orientale basin, degrees 

6-600. Dashed vertical line, longitude 266 o from 8 o S 

to 32 o S, extends from the northern edge to the southern 

edge of the moat and analyzed in Fig. 3. 

 

 
Fig. 3 Gravity spectra spaced every 2 degrees across 

Orientale (dashed line, Fig. 2). Top, from the northern 
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edge (8 o S) of the moat to the center of the basin (20 o 

S); lower, from the center of the basin (20 o S) to the 

southern edge (32 o S) of the moat. Each spectrum has a 

width of 400 mGal with the center value identified.  

Nomenclature: lat_m8 = 8 o S. 

 

The spectra show how the gravity structure changes 

under Orientale as the latitude changes from the 

northern edge of the moat, where the signal increases in 

magnitude, toward the central high (lat 20 o S), and to 

the southern moat, where the signal again decreases. 

The depth as related to in pm-km of the maximum in 

any spectrum decreases to a minimum at the central 

high; for Orientale this is L~40, equal to 42 pm-km. The 

change from moat to central region is clearly shown in 

profiles 12 o S and 14 o S for L~40 where the magnitude 

changes from increasing to decreasing with depth. This 

variation of structure with location is seen under all 

large basins. Fig. 4 shows the gravity variations under 

Imbrium and Smythii on a single chart for each 

anomaly. Note: the moat is on the left in each figure and 

the central high is on the right. 

 

 
Fig. 4 Gravity spectra under Imbrium and Smythii. The 

colored profiles are spaced at 1 degree of latitude and  

show how the magnitude of gravity in the basin varies 

with both latitude and spherical harmonic degree, L, 

and point-mass depth. Imbrium reaches a maximum at 

L~20 (~80 pm-km, and Smythii at L~35 (~48 pm-km). 

Orientale (Fig. 3) reached a maximum at L~40 (~42 

pm-km). 

 

The three  examples of the structure under major 

impact basins all have similar characteristics with a 

region of stable gravity from L~700-100 (2.5-17 pm-

km) and a significant increase in magnitude at greater 

depth, L~40-20 (~42-80 pm-km).  The upper stable 

region probably represents the upper crust that has 

been homogenized by impacts over billions of years 

[2].  The central region of larger gravity signal likely 

indicates an excess mass concentration as a result of 

melting, rebound and readjustment of the crust and 

mantle after the impact [6].  At the lowest level, L=20-

10 (80-150 pm-km) all the profiles converge indicating 

the approximate depth at which the gravity field of the 

basin merges with the deeper interior at these degrees 

of L and pm-km. 

Conclusion:  The analysis of three prominent 

impact basins, Orientale, Imbrium and Smythii, shows 

how the vertical component of gravity under each basin 

varies systematically with location.  The spherical 

harmonic degree, L, of the gravity maximum is an 

indication of the depth of the mass anomaly and a 

comparison with the depth of a point mass (pm-km) 

suggests the mass anomalies are within ~200 km of the 

surface. 
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