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Abstract: With the wealth of data from the Clementine mission, it is now possible to investigate the 
compensation states and sub-surface structure of the lunar basins. Unfortunately, considerations of 
the relationship between the lunar gravity and topography for mare basins are hindered by the lack of 
understanding of mare thicknesses. By re-evaluating the depth-diameter relationship for large lunar 
basins using the Clementine topography data set, it has been found that the depths of the lunar basins 
measured do not exceed 4.9 km. Subtracting the depth from the rim-crest to the mare surface from the 
maximum depth found for non-mare basins, mare thicknesses have been calculated for the lunar mare 
basins. These new thicknesses can now be used in investigations of the sub-surface structure of lunar 
basins and their compensation states. 

Introduction: In order to use geophysical data to investigate characteristics of large impact basins on 
the Moon which depend on the relationship between gravity and topography, it is necessary to know 
the thickness of the mare material in the basin. After removing the effects of topography from the 
gravity field, the remaining Bouguer signal should only be due to density variations in the crust or 
topography at the lunar Moho. However, for mare basins, the Bouguer gravity also shows the signal 
due to the high density mare fill material, so the thickness of the mare must be known so that its gravity 
signal can be removed. 

Previous values for mare thickness have come from measurements of flooded craters in the mare [I] 
and from setting the thickness as a free parameter in gravity investigations and solving for the required 
amount of mare to result in the observed gravity anomaly [2]. However, the former method contains 
inaccuracies due to the assumption that the flooded craters formed on the basin floors before any mare 
was erupted and due to the fact that crater rims have been degraded by subsequent impacts [3]. The 
latter method assumed pre-mare isostacy, but not all of the basins are locally compensated [4], so it too 
contains inaccuracies. Since previous thickness estimates range from hundreds of meters [I] to almost 
10 km [2] and contain inaccuracies, it is highly desirable to use an alternative method for finding the 
mare thicknesses. Therefore, the Clementine topography has been used to measure the rim-crest to 
floor depths of non-mare filled basins. It has been found that large lunar basins appear to have a 
maximum depth of 4.9 km. By subtracting the depth to the mare surface from this value, the mare 
thicknesses in the mare basins have been calculated. 

Data: Prior to the Apollo program, the most accurate depth-diameter relation for lunar craters was 
compiled from Earth-based shadow measurements made in the 19th century [5] and from more recent 
telescopic measurements [6]. Apollo data added measurements from the 1:250,000 Lunar 
Topographic Orthophotomaps, and topographic profiles and contour maps compiled from Apollo 
photographs to Earth-based measurements of shadow lengths, and all were used to get a more 
accurate depth-diameter relation for fresh lunar craters 161. The data were plotted for 204 lunar craters 
with diameters ranging from 60 m to 275 km, and the kink in the plot signifying the transition from simple 
to complex crater morphology occurred at a diameter of about 10-15 km. The dimensions of 280 craters 
were compiled with the 204 and were published along with a list of dimensions for 22 Earth craters [7]. 
Now the Clementine mission has provided topographic data that can be used to measure the depths 
and diameters of lunar craters and compare the results to those previously found. Because the 
Clementine coverage of the large lunar basins is more complete than the Apollo data, a radial average of 
the regional topography can be used to determine better rim-crest to crater floor depths for the basins. 

Procedure: In order to re-examine the depth-diameter relation for large lunar craters, the Clementine 
data was first used to measure four non-mare basins with diameters greater than 275 km which were not 
included in the Apollo data sets. It was found that the depths of the basins ranged from 4.0-4.3 km over 
a range in diameters from 365-630 km. The dimensions of craters included in the Apollo data with 
diameters greater than 50 km are now being re-measured using Clementine data to plot the curve of 
depth versus diameter. Because mare fill decreases the depth of a crater, craters with mare are not 
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included. Although the diameters of the basins in this study range from 50 to 630 km, the depths only 
range from 3.3 to about 4.9 km. 

For diameters above 100 km, the depth-diameter curve appears to flatten out. While the observed 
depths actually vary over a range of about 1 km, there is no simple relation with diameter that can be 
assigned with confidence because of the spread in the data points. Instead, a depth of 4.9 km is 
assigned as the maximum depth for impact basins over 100 km in diameter. By assuming the pre-mare 
topography of a basin is similar to the topography of the non-mare basins in this study, the end-member 
value for depth can be used to estimate a mare thickness for lunar basins where mare fill is present. 

Using radially-averaged topography profiles of eight mascon basins from Clementine data, the depths 
from rim-crest to mare surface were measured. By subtracting this distance from the assumed maximum 
depth of 4.9 km, mare thicknesses at the centers of the basins were calculated and are listed and 
compared to published values in Table 1. Thicknesses could vary slightly from calculated values due to 
deviation from the assumed maximum depth, however, the values from this study do give a lower limit of 
mare thickness when considering the effects of crater rim degradation and possible viscous relaxation 
of the basins. Mare thicknesses measured in this study are generally less than calculated thicknesses 
required to produce the gravity signal measured by Apollo spacecraft [2] except in two cases (Grimaldi 
and Humorum) where the mare thickness estimates reported here are about equal to or greater than the 
previously published values. 

Discussion: It has been previously noted that large complex craters on the Moon may have a maximum 
depth of about 4.5 km [8]. By re-examining the depth-diameter curve for lunar craters using Clementine 
data, the depths of craters greater than 100 km in diameter have been found to vary between 4 and 4.9 
km over a range in diameter of about 550 km. Assuming a maximum depth of 4.9 km for large impact 
basins, mare thicknesses have been calculated for eight major mascon basins. These new thicknesses 
are now being used together with the gravity and topography data sets from the Clementine mission to 
investigate the deep structure and resulting gravity signals of lunar mascon basins. 

Table 1. Revised Mare Thicknesses. 
Basin Name Diameter, km [9] Thickness,km, This study 

Crisium 1060 2.23 
Grimaldi 430 
Humorum 820 
lmbrium 1160 
Nectaris 860 
Orientale 930 
Serenitatis 740 
Smythii 840 

De Hon Solomon and Head [2] 
3-4 111 7.4 
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