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STRUCTURES: IMPblCATlONS FOR TRANSIENT CAVITY DIMENSIONS; Lakomy, R., lnstitut fur 
Planetologie, Wi1h.-Klemm-Str, 10, P440Q Monster, F.R.G. 

This paper summerizes results of a research program on complex terrestrial impact waters. It mainly 
concentrates on the permanent effects resulting from the 3 main phases of crater formation: the 
compression stage, the excavation stage, and the crater modification. The original transient cavity 
diameter (DJ is considered as the most significant constraint entering into crater scaling and into $e 
computation of the rock wolumes excavated and displaced from complex craters. Controversial 
discussions have arisen about changes in the transient crater diameter as a function of the apparent 
diameter @d. 
The final transient cavity dimensions are established at the end of the excavation phase (1). As a 
consequence of gravity-driven collapse of a deep bowl-shaped cavity (1 to 6), this dtameter is 
unamenable to direct observations in final apparent craters. With respect to the basic concepts of 
impact cratering mechanics (3, 6 to 1 I), various geometric parameters were used for the determination 
of the transient cavity diameter of complex structures. These are: 
(I) the maximum radial extent of dikes of suevitic brecdas and of dikes of impact melt socks in the 
uplifted basement rocks: 
(11) the innermost margin of the ring depression (megablock zone) peripheral to the central uplift as 
deduced from reflection seismic data and from remnants. of sedimentary covers overlying crystalline 
basement rocks (31, 
(Ill) the diameter corresponding to the steepest gradient of the gravity anomaly measured at the present 
surface. 
In the present study, the distribution of shock-induced features in subcrater basement rocks is also 
considered. The maximum radial position of characteristic shock features can be used to estimate both 
the apparent and transient crater diameters of eroded complex structures (12). 
The abovementioned geometric parameters of the most intensely studied complex s f  uctures have been 
determined. The results are presented in Table 1. In the table D, was taken from tabulations of the 
terrestrial cratering record of (13). Fig. 1 shows the melat ion between the transient cavity diameter 
and the apparent diameter of these structures. Linear regression analysis of Dt with respect to D, yields 
the empirical relationship D, = 0.57 D,. The correlation coefficient of the data defining this regression 
line is 0.99. On the basis of the available data set, this equation is the best approach for D, and implies 
proportional growth of the transient crater diameter for the observed range of D, (Table 1). The equation 
of D, presented tiere is significantly lower than the upper limit of a previously-held notation of (13), D, 
= 0.5 - 0.65 0,. 
The outer diameter @J of the zone of shock deformation structures in quartz in basement megablocks 
and of the present distribution of shatter cones (formational pressures -> 2 - 5 GPa; 14) in 15 complex 
craters as a function of B, is shown in Fig. 2. Apparent shock pressure of less than about 38 GPa, 
which are confined to .the central basement uplift (IS), attenuates to about 7.5 GPa at a radial range 
Rsq = 0.35 - 0.45 D,. The outer extent of shatter cones (F&J is limited to F& = 0.4 - 0.5 D,. Assuming 
only small inward displacement of the shock contours near the transient crater rim during transient 
cavity modification, this result indicates that shock pressures at the cavity rim are in the 1 to 2 GPa 
range (1 5). 
Consequently, the following constraints on the dimension of the transient cavity in the formation of 
complex impact structures have been found: 
(I) the relation between the transient and the apparent crater diameter is best described by D, = 0.57 

",. 
(11) Shatter cones extend radially beyond the range of shock deformation structures of quartz. 
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(Ill) The shock pressures at the transient crater rim is near 1 to 2 GPa. 
(IV) The geometric parameters of Table 1 apply to complex craters with apparent diameters up to at 
least 100 km. 
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Planar elements In quartz ( >  7.5 GPa) 
A Shatter cones ( > 5 . 2 GPa) 

Tabkt 1: Charademtic geometric parameten tor the dsterminatim of Dl of 
complex uaters (km); values in paranmeses are maximum estimates of 
4. 

Fig. 2: Maximum radial extend of quartz with shock features (DJ in the 
basmmll rocks of complex impact uaters; open symbols represent mini- 
mum estimates resulting from insuffident exposures. 
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Fig.1 : Transient Cavity diameler (Dl) versos the apparent crater diameter 
(03 for the maters listed in Table 1. 
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