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MERCURY'S IMPACT-INDUCED SELFDESTRUCTION AND EARLY IMPACT 
HISTORY OF INNER PLANETS; E.M.Drobyshevski (A. F.Iof f e Physical-Technical 
Institute. Russian Academy of Sciences. 194021 St.Petersburg, Russia) 

Taking into account both the great strengthening of rocks (up t o  
o m a x  = 100 kbar) a t  great confining pressures and a jet-like pattern of 
the matter outflow from large meteoritic craters allowed to  us t o  
demonstrate some Near-Earth Asteroids (NEAs) t o  be of Earthy origin. I n  
powerful lmpacts, bodies of size up to  

Qmax = 
2 . m a x ,  D 

2 
3 P r -  Vesc 

can be ejected from a planet into space. A t  m s x  = 100 kbar, D = 60 km, 
and P r = 3.3 g/cm one obtains for  the Earthy conditions (Vesc = 11.2 

km/s) Qmax z 1 km [ll. (Here D = K . w ~ ' ~ ' ~  is the crater diameter (cm), 
W is an impact energy (erg), K = 0.016; we adopt a path of the effective 
body acceleration by the gas outflowing from the crater to  be equal - 
D/3.) That suggests an additional NEAs source, explains an origin of large 
secondary craters of D up to  " 30 km on the Moon and other planets. 
removes numerous problems caused by a hypothesis on the Martian origin 
of SNC meteorites. and allows one to  comprehend causes of stepwise 
pattern of mass extinctions called forth by the meteoroid impacts a t  
boundaries of some geological epochs. The primary impact of W o  >, 1 Tt 
TNT equivalent makes for the full-scale global nuclear winter coming, 
whereas the newly-created N E A s  back infalls of W .- 0.1 Tt TNT, such a 
great energy being gained by the N E A s  by virtue of the Earth and 
other planets gravitational perturbations, give rise to  series of 
"minimal" nuclear winters. 

Here a natural question arises: could these hyperimpact-ejected 
fragments get such an energy by virtue of the planet perturbations that  
their back-infall energy would surpass the primary impact energy Wu? 
Then the process could well be selfsustained and continue up to  the 
planet destruction or  initial conditions having changed drastically. 

From the foregoing expressions one can receive a threshold 
velocity of the larqest fragment backfall onto the planet when its 
enerqy is equal to  W a  

A t  D = 60 km (Wu = 3 Tt TNT) one receives Vthresh = 136 km/s for the 
Earth, 105 km/s for Venus. and only 7.2 km/s for Mercury. I t  seems to  
be not very difficult to  provide such a velocity of meteoroid impact on 
Mercury, especially if one takes into account that  the velocity scale is 
determined here by the planet orbital motion velocity (Vmerc = 47.9 km/s). 

To uain a velocity VZ (-, Vthresh) a small body moving in a 
system of planets of mass M p  each, their volume concentration N, 
and the mean distance between them Do, needs a time T w  [21 

This time has to  be compared w i t 3  a mean interval between the body 
collisions with planets Ts = l/(Rp,N- V3. Here g ==: 0.18, G is the 
aravitational constant, R p  is the planet radius. 
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In the case of Mercury, a t  V2 " 10 km/s T w T6 is realized, that  
is the second condition for the bombardment process to  be selfsustaining. 
Taking into account the high modern density of Mercury, i t  is quite 
natural to  assume its silicate envelope was lost just by virtue of such a 
self-maintaining bombardment. An initial mass of Mercury could exceed its 
modern value Mmerc by 2 to  3 times. 

Such a conclusion leads t o  many inferences immediately. 
(1) If one accounts for the orbital angular momentum spent by Mercury i n  
the course of transfer of silicate fragments of total mass " 1.25 Mmerc, 
which initially were moving along its orbit, into more stretched strongly 
eccentric orbits the initial orbit of Mercury had to  lay slightly out of 
the Venus orbit. That provides a solid basis for the hypothesis of Mer- 
cury being a lost satellite of Venus. The loss by Venus of its satellite 
Mercury due to  the tidal drag could occur in the f i r s t  " 500 Myr [31. 
(2) The Venus perturbations also ejected the Mercurian fragments from 
its own orbit surroundinus, so the Venusian orbit has shrunk to the Sun 
too. To change the major semiaxis of orbit from 0.763 AU to  i t s  modern 
value 0.723 AU Venus should eject by its perturbations from its orbit 
neiuhborhood a total mass of " 1 Mmerc. And if a t  those times both the 
axial and orbital motions were synchronous, whereas the orbital one was 
i n  commensurability 2/3 to  the Earth motion, then one can understand 
why the axial Venusian rotation is close to the " 2/3 lock with the 
Earth orbital motion a t  present. 
(3) The heavy bombardment of Venus by fragments of the nearby Mercury 
could well have led to  a loss of the Venusian acid-rock crust containing 
potassium. It would be able to  explain to some extent the modern low 
ratio 40Ar/36Ar i n  its atmosphere. 
(4) Ey Strom and Neukum [41, the most probable source of bodies for the 
late heavy Imbrium bombardment of the inner planets was the inner Solar 
system. It is selfdestructing Mercury (with T w  " 10 Myr) which quite 
naturally deserves to  be a such suddenly appeared and rapidly exhausted 
(in " 100 Myr) meteoroid source. 
15) The avalanche-type impact selfdestruction makes the inner planet 
formation to  be impossible. It concerns possibly all the Earth-type 
planets if one takes into account their transition through the low-mass 
planetoid phase. Clearly, the question needs an elaboration with due 
regard to  the hypervelocity impact processes. On the other hand, one 
should take more seriously planetary cosmogonies of other types, e.g. a 
cosmoqony which t rea ts  the Sun-Jupiter system as a limiting case of a 
close binary system [51, where the Earth-type planets were forming in 
conditions of slow relative motions, favoring their growth and mutual 
capture, inside the (quasilstellar component whose matter was outflowing 
onto another anew-born component. 
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