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Accumulating data on the ages, rare earth elements, and noble gases in the shergottite 
meteorites (and, by extension, their nakhlite and chassignite relatives) makes it seem increasingly 
probable that the SNC clan originated on the planet Mars. The dynarnical problems of how large 
rocks might have been ejected intact from that planet are, however, still unsolved. The detailed 
timing of the shergottites' crystallization, ejection, and cosmic ray exposure in space are likewise 
controversial. 

The most widely-accepted interpretation of the various radiometric ages (1) is that the 
shergottites (as well as Nakhla and perhaps Chassigny) crystallized from a melt approximately 
1.3 x 10' yr ago which solidified at hypabyssal depth (a few 10's to 100's of meters, based on 
texture). A disturbance of the Rb-Sr systematics ca. 180 x lo6 yr ago is interpreted as a shock 
heating event associated with ejection (Jones (2) suggests that this is actually the age of 
crystallization). The nakhlites and Chassigny were first exposed to cosmic rays ca. 10 Myr ago; 
three of the shergottites were exposed 2.5 Myr ago and shergottite EETA 79001 was exposed 
only 0.5 Myr ago (3). 

The straightforward interpretation of these data is that' the SNC's were ejected as 
fragments large enough to shield significant portions of their interiors from cosmic rays (> 15 m 
diameter) until they broke up in space 9.5-10 Myr ago (4). Against this interpretation are the 
results of two independent groups that make it implausible that a 30 krn diameter crater (the 
largest crater known to be superimposed on the youngest terrain on Mars) could eject fragments 
larger than ca. 1 m diameter at Martian escape velocity (5,6,7). Even gas acceleration produced 
by the vaporized impactor is unable to increase the fragment size above this limit (8). 

In the light of these results, many workers have assumed that the SNC's were ejected 
from Mars as small bodies in several distinct events dated by their cosmic ray exposure ages. 
This interpretation, however, implies an extremely high production rate of ca 30 krn diameter 
craters (3 per 10 Myr on the young terrane alone) and leaves open the question of why no rocks 
from the more extensive older terranes of Mars have fallen to earth. 

This abstract re-examines the large fragment scenario, in which all the SNC's were 
ejected together 180 Myr ago as fragments > 15 m in diameter. We find that this is plausible if 
the impact event that ejected the SNC's produced a crater, not 30 km in diameter, but larger than 
100 to 200 kn? in diameter. 

The SNC-producing event thus becomes a singular one in recent Martian history. Its very 
uniqueness is an asset, for it explains the similarity of the SNC's (all relatively young ingeous 
rocks) while the large volume sampled by a large impact (an annulus of near-surface rocks 10-20 
krn in radius down to a few krn in depth may be accelerated to more than Martian escape velocity) 
explains the SNC's petrologic dissimilarities. A recent, usually large event also satisfies G. 
Wetherillst (4) objection that, on average, more lunar meteorites should fall than Martian and that 
therefore we have a disproportionately large numer of SNC's. If the SNC's were produced by a 
very rare, very large event, we have not achieved a "steady-state" delivery rate. 

Two lines of evidence suggest a large impact event. First, Wetherill's (4) calculations of 
the orbital evolution of such fragments allow us to estimate the total mass that must have been 
ejected as 15 m fragments with velocities 2 5 kmls as follows: -20% of 15 m fragments will 
survive 175 Myr in space; of these, -6-7% will be disrupted by collisions within the following 
10 Myr; of these, -0.3% will impact the earth within that 10 Myr. Therefore, the fraction of 
original 15 m fragments that will reach earth with the proper cosmic-ray exposure histories is 
-0.20 x 0.07 x 0.003 = 4.2 x Wetherill estimates the current preatmospheric flux of SNC 
meteorites to be -4 x 16 g/yr or 4 x lo9 kg110 Myr, which in this model must be 4.2 x x 
the total mass of 15 m fragments originally lofted off Mars 180 Myr ago, M,. Therefore, 

Mo= (4 x lo9 kg) l(4.2 x lo-') - 1 x 1014 kg. 
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Equation (6)  in Melosh (6)  relates the volume or mass of debris ejected at speeds 
exceeding escape velocity to the projectile volume, impact velocity, and maximum shock level in 
the debris. If this maximum shock is taken as 50 GPa, suggested by the glass and maskelynite in 
EETA 79001, then this formula can be used in conjunction with R. Schmidt's (1984 personal 
communication) scaling law for non-porous materials to predict the mass ejected faster than 5 
kmtsec (Mars' escape velocity) that is subjected to less than 50 GPa of shock as a function of 
transient crater diameter (the final crater diameter is about 30% larger) and impact velocity. This 
relation is shown in Fig. 1. Essentially 2 ? ~  solid ejecta is thrown off of Mars for impact velocities 
less than 10 kmlsec (some vaporized material may, however, escape. See (9)). The smallest 
transient crater which ejects at least 1014 kg from Mars is 100 krn in diameter, and a still larger 
crater may be required if the impact velocity is much above 15 W s e c  or if the original proportion 
of large fragments in the ejecta is small. 

A second line of reasoning is based directly on the fragment size. Figure 2 plots curves 
of constant fragment size (Grady-Kipp fragments, which are the only ones that survive at large 
ejection velocity: see eq. 5 of (6)) as a function of impact velocity and crater diameter. Again, 
low impact velocities are favored, but 15 m diameter fragments are possible only for craters more 
than 200 km in diameter. 

Both these arguments concur in requiring that the SNC-producing event was a large and 
unusual one. This scenario seems to reconcile all the dynarnical, petrological, and stochastic 
features of the SNC meteorites. The only problem is that a 100-200 km diameter crater that 
formed 180 Myr ago on Mars should still be clearly visible. There large, fresh craters on 
Mars with crisp-looking secondary crater fields: one of these is Lyot (270 km diameter). 
Unfortunately, although Lyot lies on a geomorphically young polar plains surface, the rocks 
underlying it are probably very old. It seems improbable that the impactor that produced Lyot 
struck and obliterated a small isolated young igneous center. 

There is at least one 130 km diameter crater on the extended Tharsis plains (10). It is 
possible that the crater diameter scaling law used to construct Figs. 1 and 2 is a factor of 2 or 
more in error (after all, it is extrapolated nearly 3 orders of magnitude from even centrifuge 
laboratory data), in which case a 100 km diameter crater may have ejected a sufficient mass of 
large fragments. 

In summary, all our current dynamical information about the SNC meteorites points to an 
origin in a large crater on Mars (> 100 krn diameter), if they do indeed come from Mars. A large 
crater origin at ca. 180 Myr reconciles most of the information we have about these still enigmatic 
rocks from space. 
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Figure 1. Mass ejected from Mars as a function Figure 2. Maximum fragment size escaping Mars as a 

of impactor velocity and crater diameter function of impact velocity and crater diameter 
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