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Introduction: The onset of impact basins on the Moon 

and other planetary bodies occurs with the appearance of two 

concentric topographic rings, forming peak-ring basins [1]. 

Recent lunar gravity measurements by the Gravity Recovery 

and Interior Laboratory (GRAIL) mission [2] now provide the 

opportunity to analyze the gravity and crustal structure of cra-

ters near the onset of impact basins in greater detail. We use 

these gravity measurements, combined with our morphometric 

observations [3-5] to investigate the evolution of the 

crust/mantle structure in the transition from complex craters to 

peak-ring basins on the Moon. 

Methods: We measured the topography (LOLA), free-air 

and Bouguer gravity anomalies (GRAIL JGGRAIL_660C6A), 

and Moho relief (Model 1 of [6]) for peak-ring basins, protoba-

sins, and complex craters ≥100 km in the catalogs of [3,5]. 

Datasets were expanded from spherical harmonic degrees 16 to 

310 and in 4ppd grids. For each dataset, azimuthally averaged 

radial profiles were measured from the basin center to three 

crater/basin radii. The gravitational effects of mare fill were not 

removed here; however, our estimates indicate that mare does 

not substantially affect the overall trends. 

 Free-air gravity anomalies (FAAs): Lunar mascon ba-

sins [7] are characterized by positive central FAAs. Eleven 

peak-ring basins (250-580 km in diameter) show positive cen-

tral FAAs. Positive central FAAs are generally absent in com-

plex craters and protobasins, suggesting that the mascon-

forming processes begin to dominate over lithospherically-

supported topographic effects following the onset of peak-ring 

basins (~200 km). 

 Bouguer gravity anomalies (BAs): All peak-ring basins 

show a positive, central BA that is ringed by an annulus of 

negative BAs. The radius of the positive BA correlates well 

with the radius of the interior peak ring. The negative BA an-

nulus reaches a minimum midway between the peak ring and 

rim crest and extends outward to near the rim crest. Protobasins 

and most complex craters do not exhibit this regular BA pat-

tern. Instead, BAs are more irregular and not clearly tied to 

surface morphology [8]. The absolute magnitudes of the max-

imum central BA and minimum annular BA increase propor-

tionally for peak-ring basins, with complex craters and proto-

basins following a different trend (Fig. 1) 

 Moho relief and crustal thickness: From the models of 

[6], we interpret the central positive BAs in peak-ring basins to 

represent central uplifts of the crust-mantle boundary and 

thinned crust confined within the peak ring. This mantle uplift 

is bounded by an annulus of thickened crust, producing the 

observed ring of negative BAs. Since strongly circular, central, 

positive BAs are generally absent in complex craters and pro-

tobasins, we suggest that mantle uplift is relatively minor or 

absent at these crater sizes. 

 Implications for the crater to basin transition: Our 

observations show that the formation of central positive 

Bouguer anomalies and associated negative BA annuli are 

fundamental characteristics of all basins (peak-ring basin to 

multi-ring basin [9]) on the Moon. Further, mascons occur 

down to diameters of at least 250 km, indicating that mascon-

forming processes [10,11] are effective for small basins. The 

transition from complex craters to peak-ring basins not only 

involves a change in interior landforms (central peak to peak 

ring) but also a strong change in character of crustal and mantle 

structure. The coincidence of the onset of substantial mantle 

uplifts and crustal thickening with the onset of peak rings and 

the correlation of the radius of the central mantle uplift with the 

radius of the peak ring is highly suggestive that these features 

are intimately linked. These gravity observations and recent 

morphometric observations have important implications for 

models of the formation of peak rings and should together act 

as an observational framework for understanding impact basin 

formation on the Moon and other planetary bodies. 

 References: [1] Hartmann, W.K., Kuiper, G.P. (1962) 

Commun. Lunar Planet. Lab, Univ. Arizona 1, 51–66. [2] 

Zuber, M.T. et al. (2013) Science, 339, 668–671. [3] Baker, 

D.M.H. et al. (2011) Icarus 214, 377–393. [4] Baker, D.M.H. 

et al. (2012) J. Geophys. Res. 117, E00H16. [5] Baker et al. 

(2013) Planet Space Sci., in review. [6] Wieczorek et al. (2013) 

Science 339, 671–675. [7] Muller, P.M., Sjogren, W.L. (1968) 

Science 161, 680–684. [8] Phillips, R.J. et al. (2012) AGU Fall 

Meeting, no. G32A-07. [9] Neumann, G.A. et al. (1996) J. 

Geophy. Res. 101(E7), 16,841–16,843. [10] Andrews-Hanna, 

J.C. (2013) Icarus 222, 159–168. [11] Freed et al. (2013) Lu-

nar Planet Sci. 44, no. 2037. 

 

 

Fig. 1. Trends of the minimum Bouguer gravity anomaly (BA) 

within 1R (where R is crater/basin radius) versus the maximum 

BA within 0.5R for peak-ring basins, protobasins, and complex 

craters. For peak-ring basins, this plot shows the trend in the 

minimum value of the negative BA annulus versus the central 

BA maximum (both have linear trends with rim-crest diameter 

for peak-ring basins). 
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