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We wish t o  report  some of the preliminary resu l t s  obtained from a new thermo- 
dynamic model of lunar meteorite impact, This model has two features tha t  
a re  f e l t  to  be s ign i f i can t  improvements over the older model by Rehfuss 
(1,2) in tha t  i t  involves a four-parameter match to  experimental data (as  
opposed to  two) and in tha t  i t  estimates shock-heating temperature versus 
distance in the t a rge t  material.  

The four parameters by which t h i s  model i s  t ied  t o  experimental data are :  

( a )  contact-shock pressure 

(b)  contact-shock density 

( c )  to ta l  avai lable energy 

(d)  d i s t a n t  pressure-fa1 loff  r a t e  

Whereas the usual one-dimensional shock model (3,4)  and Rankine-Hugoniot 
conservation re l a t ions ,  yielding parameters a and b,  have been in common use 
fo r  some time, 1 i t t l e  empirical information has been available on the thermo- 
dynamic s t a t e s  of the  t a rge t  material as the shock wave t ravels  a signific.ant 
distance away from the immediate contact zone between meteorite and t a rge t .  
However, pressure versus distance information i s  avai lable from the Hardhat 
and Piledriver  underground nuclear events (5,6)  ; the y ie lds  a re  a lso  known; 
hence i t  i s  feas ib le  to  incorporate parameters c and d into an impact 
model. We a re  not saying tha t  any meteorite impact necessarily produces 
ef fec ts  s imilar  t o  any nuclear event of the same energy, but we do contend 
tha t  such a poss ib i l i ty  i s  worth considering. 

The main innovation which a1 lows normal izat ion of pressure fa1 lo f f  ra tes  i s  
the use of a power se r i e s  expansion fo r  the semi-relaxed residual pressure 
a f t e r  the impact event. Our normalization procedure involves the choice of 
the proper coeff ic ients  which produce a r e l a t ive  pressure fa1 lof f  r a t e  
s imilar  to  tha t  of the nuclear event. For example, in the Piledriver  event, 
the maximum pressures recorded a t  52 and 110 meters were 45 kb  and 8 k b ,  
respectively. The distance r a t i o  involved was thus 2.12. In our model we do 
not match the absolute distances involved, b u t  only tha t  distance r a t i o .  

According to  the model, peak pressures of 45 and 8 kb correspond to  post- 
shock pressures of 34 and 6.1 kb when the ~ t e r i a l  has decompressed to  
standard densi ty,  and the l a t t e r  pressures are  indicated by dots on the curve 
in Figure 1 .  In t h a t  Figure, along with Figures 2 and 3,  a r e  presented some 
preliminary resu l t s  from a Piledriver-normalized run, designed to  represent 
the impact of a meteorite against  a basal t  ta rget .  To match the meteorite 
kinet ic  energy with the 61 kT y ie ld  of the Piledriver  device, we use a 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



AN IMPACT HEATING MODEL 

Rehfuss, D. E. e t  a l .  

spher i ca l  b a s a l t  me teo r i t e  o f  r ad i us  4.66 m, h i t t i n g  a t  20 km/sec. The 
i r r e v e r s i b l e  shock heat  and t he  res i dua l  temperature, p l o t t e d  versus 
d is tance  i n  F igures 2 and 3 r espec t i ve l y ,  a re  a l so  d e s c r i p t i v e  o f  t he  moment 
when t a r g e t  ma te r i a l  has decompressed t o  standard dens i t y .  

I n  general the  major d i f f e rences  from the  prev ious model o f  Rehfuss (1  $2)  
are  t h a t  a l a r g e r  t a r g e t  volume i s  sub jec t  t o  shock heat ing,  and a l a r g e r  
f r a c t i o n  o f .  t he  i n i t i a l  me teo r i t e  k i n e t i c  energy i s  p a r t i  t i t i o n e d  i n t o  
i r r e v e r s i b l e  heat, as opposed t o  mechanical c r a t e r i n g  energy. 
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FIGURE 2 

FIGURE 3 
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