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"Floor-fractured" craters are distinguished by their 
generally shallow interior relief compared to fresh impact 
craters and by the patterns of fractures (concentric, radial, 
and/or polygonal) on their floors. They are generally clustered 
around the maria, and a large number are located in the regions 
adjacent to north-western Oceanus Procellarum, around Mare 
Nectaris, and along the southern border of Mare Smythii. The 
most extensive study of floor-fractured craters was that of 
Schultz [I]. 

This study is an attempt to model formally and to assess the 
relative importance of the processes which could lead to the 
formation of lunar floor-fractured craters from unmodified, so- 
called "fresh" craters. The two processes which have been most 
often proposed are isostatic relaxation of the crater topography 
[2,3], and uplift and fracture of the crater floor due to 
volcanic intrusion [1, 4-81. For both hypotheses, the anomalous 
characteristics of most floor fractured craters are related to 
their proximity to thermal anomalies or magma sources near mare 
units . 

The data which are used to test the theoretical models are 
topographic profiles of both fractured and fresh craters, taken 
from lunar topographic orthophotomaps (LTO's) and in a few cases 
from earth-based radar topographic (ERT) measurements. Profiles 
of floor-fractured and fresh craters of approximately the same 
diameters are compared by superimposing the crater rims and 
subtracting elevations (Figure 1). The resulting differences 
represent an estimate of the vertical displacement as a function 
of radial distance for each floor-fractured crater. 

The shape of this displacement curve is important in 
distinguishing between different models of formation. A 
topographic low (with respect to the fresh crater) outside the 
rim of the floor-fractured crater would be characteristic of 
isostatic relaxation [3]. A minimum in the displacement curve 
at or immediately within the rim could conceivably be due to 
degradation of the rim of the fractured crater by erosional 
processes such as landslides, slumping, and weathering due to 
later impacts [9], acting to decrease the sharpness of the rim 
as well as the slope of the crater walls. 

The time-dependent uplift of a cylindrically symmetric 
depression on a viscous half-space is 

00 

f[r, t) = 1 F lk)exp(-pgt/2rfk)Jo (kr)kdk 
0 

where F(k) is the Hankel transform of the initial deformation m d  
n is the viscosity of the half-space [lQ], The more realistic 
case of a relatively thin elastic layer overlying a viscous 
half-space is only slightly more complicated. The effect of the 
elastic lithosphere is to filter the load F(k) -+ F(k) ,and to m 
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increase the rate of decay of the short wavelength load 
harmonics: exp ( -  pgt/2rlk) +exp ( -  pgtm (k) /2rlk), where m (k) z l + a ,  D 

ET pg 
is the flexural rigidity of the lithosphere D = l2 (l-v2j, T is 

the thickness of the elastic lithosphere, E is Young's modulus, 
andv is Poisson's ratio [lo]. When modeling the relaxation of 
a crater we have the two free parameters t/n and T. The case of 
viscous relaxation of crater topography has been previously 
examined both analytically [31 and numerically [ll]. 

The vertical deformation of a free surface due to a 
spherical intrusion is [12] uz = 3- h where 

R = (r + h2)1/2, 41-1 R3 
h is the depth to the center of the sphere, 
b is the radius sphere (b<<h), 
r is horizontal distance, 
1-1 is the rigidity, and 
A p  1s the change of pressure within the intrusion. 

The free parameters in this case are h and Ap. Numerical models 
of the deformation of a free surface due to intrusions of 
different shapes indicate that it would be difficult to 
distinguish between a buried sphere and a disk solely on the 
basis of vertical deformation 1131. 

Using the formulation of the two independent forward 
problems as posed above, an inversion is performed on the 
topographic profile of floor-fractured craters so as to determine 
values of the four free parameters (t/q, TI h, Ap) that provide 
the best fit (in the least squares sense) to the observed 
deformation. The results of this inversion on a number of floor 
fractured craters provide a quantitative means of estimating the 
probable relative importance of the two models for crater 
modification and for determining lateral and/or temporal 
variations in several parameters relevant to the thermal and 
volcanic history of the Moon. 
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Figure 1. (Top and middle). Topographic p ro f i l e s  fo r  29-krn 
diameter floor-fractured c ra te r  and 25-km diameter f resh c ra te r  
(R i t t e r  and Delis le ,  respectively) constructed from LTO's. The 
horizontal scale  i s  i n  uni t s  of c ra ter  r a d i i ,  the v e r t i c a l  scale  
i s  i n  km,  with the zero of the ve r t i ca l  scale on the c ra te r  r i m .  
(Bottom). Relative elevation of R i t t e r  with respect t o  Delisle,  
obtained by d i r e c t  differencing of the two observed prof i les .  
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