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. Crystalliza-
Mass  Size Max. P, .
Sample (kg) (m) Type (GPa) tlc();\'1 :)ge Ty (Ma)
Source crater 1
EET79001 7.94 0.22 Basalt 30-43 | ? 0.82+0.2
Source crater 2
DAG 476 2015 0.14 Basalt 40-50 <400 1.2+0.2
DAG 489 2146 0.14
(paired) 4161 0.7
Source crater 3
Shergotty 4 0.17  Basalt 30-43 180 2.75+0.17
Zagami 18 0.28 180 2.71 = 0.45
QUE94201 0.012 0.03 330 2.81+0.18 (2.76 + 0.06)
Source crater 4
ALH77005 0.483 0.08 Lherzolite 30-43 187 £ 12  3.52 £ 0.55
LEW88516 0.013 0.03 30-43 | ? 4.15 + 0.62
Y793605 0.016 0.03 30-50 | 210 = 62 4.4+ 1(3.84 +0.64)
Source crater 5
(and 67?)
Nakhla 40 0.37 Cpx - 1300 11.6 £ 1.8
Lafayette 0.8 0.10  Ol-cpx 10.1 22
Governador  0.16 0.06 Cpx 11.4+2.1(11.0 £ 0.9)
Valadares
Chassigny 4 0.177  Dunite ~35 1300 116 *+15
Source crater 6
(72)
ALH84001 1931 0.14 Opx Complex | 4500 144 + 0.7

[Compiled by Head+02]

MEER(C

YA X%

ST AT-ODEREREEINTWLS
SEFREEL EOHKD H EHSMEITERL

L 7% Ly,

“The MM condition”
(MM = Martian meteorite)
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ICARUS 59, 234-260 (1984)

Impact Ejection, Spallation, and the Origin of Meteorites

H. J. MELOSH

Lunar and Planetary Laboratory, University of Arizona, Tucson, Arizona 85721

Received February 28. 1983; revised April 2. 1984

Recent discoveries suggest that some meteorites have originated from major planets or satellites.
Although it has been suggested that a large primary impact event might eject rock fragments as
secondaries, it was previously supposed that material ejected at several kilometers per second
would be highly shocked or perhaps melted. It is shown that a small amount of material (0.01 to
0.05 projectile mass) may be ejected at high velocity without suffering petrologically detectable
shock pressures. The approach utilizes observations of stress-wave propagation from large under-
ground explosions to predict stresses and particle velocities in the near-surface environment. The
largest fragments ejected at any velocity are spalls that originate from the target planet’s surtace.
The spall size 1s proportional to the radius of the primary impactor and the target tensile strength
and inversely proportional to ejection velocity. The shock level in the spalls is low, typically half of
the dynamic crushing strength of the rock. The model also predicts the aspect ratio of the spalled
fragments, the angle of ejection. and the sizes and shock level of other fragments originating deeper
in the target. Comparison with data from laboratory experiments, the Ries Crater, and secondary
crater sizes shows generally good agreement, although the observed fragment size at ejection
velocities greater than | km/sec 1s considerably smaller than the simple version of the theory
predicts. The theory indicates that although significant masses of solid matenal could be ejected
from the Moon or Mars by large meteorite impacts, the fragments ejected from ca. 30-km-diameter
craters are at most a few tens of meters in diameter if the most optimistic assumptions are made.
The maximum fragment diameter is more likely to be about a meter. This theory, however, applies
rigorously only up to ejection velocities of ca | km/sec. Further numerical extensions are necessary
before film conclusions can be drawn, especially for Martian ejecta.
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ﬁhis theory, however, applies rigorously only up to ejection \
velocities of ca 1 km/sec. Further numerical extension are
necessary before film conclusions can be drawn, especially
for Martian ejecta.
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-> H{E#EE[Head+02; Artemieva&Ivanov04]
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rigorously only up to ejection velocities of ca | km/sec. Further numerical extensions are necessary

before film conclusions can be drawn, especially for Martian ejecta.

The maximum fragment diameter is more likely to be about a meter. This theory, however, applies
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