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Meteorites come from collisions on objects varying in size from asteroidal to tkrres- 
trial. Massive extinctions on the earth may have resulted from large impacts. The  ori- 
gin of meteorites is dependent on the maximum-size fragment that  can be ejected a t  
velocities exceeding the planetary escape velocity, whereas the biological consequence of 
large impacts is dependent on the number and mass of fine particles (diameters ~ 1 0 ~  
m) tha t  are ejected high into the atmosphere. 

Using a model [I] developed to  calculate the mass distributions of fragments 
ejected a t  a given velocity during impact events, we extend our previous work and have 
found additional results t ha t  strengthens these conclusions. 

By definition, the cumulative amount of mass M, of fragments ejected a t  all veloci- 
ties of mass greater than m is given by 

a MCY where - 
A TT 

is the amount of mass ejected a t  velocities between V and V+dV, and 

f ( m , m b y ( ~ ) j  is the unknown distribution of fragments ejected a t  V. T h e  expression for 
the amount of mass ejected a t  a given velocity, M,,, can be determined from the fits to 
the cumulative amount of mass ejected a t  velocities greater than v obtained either from 
theoretical calculations [l] or da t a  [e.g. 2-31. 

where MT is the total amount of mass ejected. The  exponent is related to  the crater 
volume scaling parameter 5 [3] by E = 6 E /  5-3) 

The  key assumption in the theory is t 6 a t  the functional form of the distribution of 
fragments ejected a t  a given velocity is the same as the distribution function of the frag- 
ments in the ejecta blanket. For explosive events Jaeger et al. [4] have found that  this is 
the case. With this assumption the cumulative fraction of mass fragments of mass 
greater than m is given by 

r a] 

In addition, we assume that  the mass of the largest fragment ejected a t  a given 
velocity is a function of the velocity of ejection and is given by 

where 6 is an unknown parameter to be determined. From both explosion cratering da ta  
[5] and planetary cratering observational analysis [ 6 ,  S = 3 is a reasonable fit t o  the 
da t a  (see Figure 1). In addition, if the theory of Gra  d y and Kipp [7] is used to  relate the 
mass of the largest fragment t o  the strain-rate, i t  can be shown from knowledge of the 
surface velocity field (V a: ( r / ~ , ) ~ / 3  [3] tha t  the exponent S = (~+37m , where m -- 8 

m+3 [?I. For a variety of materials, 6 ranges from 3 to  3.6. Now eq. 1 can be integrated to  
give 
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This  in turn can be compared t o  fits t o  experimental da t a  [2,8,9] given by 

M,/MT = [l-(m/mb)"/3t] @I 
where mb = 0 . 2 ~ $ . ~  [2]. The  da ta  can be fit with /? 2: 6.5 (see Figure 2). Note that  
this has the same value as the cumulative mass distribution exponent a (Eq. 6). This 
means tha t  the distribution of fragments ejected a t  a given velocity is polydispersed and 
tha t  in the flow and ejection process, rinding and crushing has occurred, since fracture 
processes are more monodispersed [7,10$ 

T h e  following is an expression for the cumulative mass of fragments of mass 
greater than m, tha t  are ejected with velocities less than V 

M,, = MT [ 1 - [lin - ]-(I [ I -  [c):[&)*] 
where MT is the total mass ejected from a crater and V ~ ,  is the minimum velocity of 
ejection. 
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Fig. . l .  Envelopes of largest fragments Fig. 2. Cumulative mass MI (ejected a t  
versus ejection velocit from selected Lunar velocity V) normalized by the total mass MT 
and Martian craters F ickery ,  [GI) mass of (ejected a t  velocity V) versus fragment sire 
fragments correlates wlth 6 = 3. normalized to  the largest fragment ejected 

a t  velocity V. Data is for a value of 
C$ = 1.35 as  indicated and theoretical curves 
are present for p = 0.4, 0.5, and 0.6. 
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