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The mechanisms for the extinction of biota by impact events depend critically u on the distribution of fine 
particles ( < 1  pm) ejected into the atmosphere. Toon et  a1 (1982). Gerstl and Zardecki r1982). Turco et al. (1983). 
and Malone et al.  (1986) have shown that only the fine particles have atmospheric residence times that are 
sufficient to cause significant climatological and thus biological effects. 

We have extended our previous (O'Keefe and Ahrens, 1985, 1987). model of fragment size-velocity distribution 
to account for the change in the distribution function for the fine particles (Gault et al., 1963; Asada, 1985). In this 
approach we have used: 1) numerical simulations of impact ejecta m a s  vs. velocity, 2) ejecta blanket slze distri- 
butions, 3) obsel-vations and theories of maximum ejecta fragment size vs. velocity, 4) an assumption on the funo 
tional form of the distribution function of the fragments ejected a t  a given velocity, 5) laboratory and field data on 
the transition point for the fine fragment distribution function, and 6) theoretical considerations on size of the 
smallest fragments. 

The fraction of mass dM(1) with fragment sizes less than 1 ejected a t  a given position, R, is given by 

where X is the largest fragment size, ejected a t  a given position, R, MT is the total ejecta mass, N, is the fragment 
cumulative number density, p, is the solid density, and dV is the volume increment. We have chosen to use the 
modified Mott distribution. This has been successful in describing the distributions of fragments in explosion 
cratering (Slotky et  a]., 1985). This distribution is 

Here NT is the total number of fragments and r is the complete gamma function. When u = 0, the above is the 
standard Mott distribution and when u # 0, the distribution is more polydispersed and implies that more grinding 
and crushing occurred than in a single fragmentation event. Equations (1) and (2) can be integrated to give 

mass ejected fragments less 
a t  R than 1 

where 7 1s the incomplete gamma function and P is the parameter which describes the distribution of ejecta mass 
traveling a t  a given velocity. For P>3 the ejecta traveling at  a given velocity is more monc+dispersed, whereas 
when the value of ,B goes from 3 to  0, the particle sizes traveling a t  different velocities have a broad range of sizes 
limited by the maximum size, A .  Usin the theory of Grady and Kipp (1980) and strain-rate fields from numerical 
simulations (O'Keefe and Ahrens, 1974  it can be shown that the parameter describing the variation of the largest 
particle traveling a t  a given velocity, 5, has a value - 3 (O'Keefe and Ahrens, 1985 . This value of 6 was shown to 

I 1 be consistent with chemical and explosion data (Schoutens, 1979 , the planetary o servations (Vickery, 1986) and 
the spallation theory of Melosh (1984). The cumulative m a s  o fragments whose sizes are less than 1 that are 
ejected a t  velocities greater than V, is given by 

where V* and V,, are the minimum and maximum velocities of ejection and the parameter, E, is found to have a 
value of approximately 1.4 (O'Keefe and Ahrens, 1985). 

The parameter, P, (Eq 4) has been adjusted to give a best fit to laboratory data in both the coarse and fine par- 
ticle regimes. Shown In figure 1 is the data of Gault et al. (1963) and those fits. The coarse distribution of frag- 
ments is polydispersed whereas the fine fragments are more monodispersed. The reason the fine fragments are more 
monodispersed may be the depletion of flaws a t  the micron scale. The smallest fragment slze is constrained to be 
>0.1 pm taking into account the energy required to create new surface area is approaching the energy of melting. 
Using those parameters, we have calculated the mass of fine particles that are ejected into the atmos here as a E function of ejected mass (see figure 2).  Gerstl and Zardecki (1982) calculated that on the order of 10 g of fine 
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dust, are requirc ' to shield the earth from the sun. From our calculations this implies that the total mass ejected 
was on t,he order of lom g. This latter value is in the range of values estimated from considerations of the amount 
of mass In the K-T boundary layer (Alvarez et al., 1980). These fine particles can be distributed world-wide 
because a s  the impactor penetrates the atmosphere it creates an upward motion of the atmosphere that would 
entrain and distribute them globally (O'Keefe and Ahrens, 1982). 
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Fig. 1. The cumulative amount of mass of fragments having diameters less than 1 micron as a function of fragment 
size. The data is from Gault e t  al. (1963). Note that the distribution has a different slope for small fragments. 

Fig. 2.  Amount of mass of fragments whose diameters are less than I micron that  is ejected into the atmosphere as 
a function of the total amount of mass ejected. 
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