AAAS-Newcomb Cleveland Prize
To Be Awarded for a Report Published in Science

The AAAS-Newcomb Cleveland Prize, which previously hon-
ored research papers presented at AAAS annual meetings, is now
awarded annually to the author of an outstanding paper published
from September through August in the Reports section of Science.
The second competition year under the new rules starts with the 2
September 1977 issue of Science and ends with that of 25 August
1978. The value of the prize is $5000; the winner also receives
a bronze medal.

To be eligible, a paper must be a first-time publication of the
author’s own research. Reference to pertinent earlier work by the
author may be included to give perspective.

Throughout the year, readers are invited to nominate papers ap-
pearing in the Reports section. Nominations must be typed, and

the following information provided: the title of the paper, issue in
which it was published, author’s name, and a brief statement of
justification for nomination. Nominations should be submitted to
AAAS-Newcomb Cleveland Prize, AAAS, 1515 Massachusetts
Avenue, NW, Washington, D.C. 20005. Final selection will rest
with a panel of distinguished scientists appointed by the Board of
Directors.

The award will be presented at a session of the annual meeting at
which the winner will be invited to present a paper reviewing the field
related to the prizewinning research. The review paper will subse-
quently be published in Science. In cases of multiple authorship,
the prize will be divided equally between or among the authors;
the senior author will be invited to speak at the annual meeting.

Reports

Meteorite Impact Ejecta: Dependence of Mass and Energy Lost

on Planetary Escape Velocity

Abstract. The calculated energy efficiency of mass ejection for iron and anortho-
site objects striking an anorthosite planet at speeds of 5 to 45 kilometers per second
decreases with increasing impact velocity at low escape velocities. At escape veloci-
ties of >10° and >2 X 10* centimeters per second, respectively, the slower impactors
produce relatively less ejecta for a given impact energy. The impact velocities at
which ejecta losses equal meteorite mass gains are found to be approximately 20, 35,
and 45 kilometers per second for anorthosite objects and approximately 25, 35, and
40 kilometers per second for iron objects striking anorthosite surfaces for the gravity

fields of the moon, Mercury, and Mars.

A central problem in many theories of
the evolution of the solar system and
planetary accretion is determining the
amounts of material and energy which
escape the planet in a meteorite impact
event. We have calculated the mass of
ejecta (M,) and the associated energy
(E.) escaping planets as functions of im-
pact and escape velocities (V,). Our re-
sults are obtained from the computed
flow fields (the spatial distribution of
particle velocities, the complete ax-
isymmetric stress tensor in cylindrical
coordinates, the material density, and
the internal energy density) induced by
the impact of iron (Fe) and gabbroic
anorthosite (An) spheres onto a half-
space of An, denoted by Fe—An and
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An—An, at impact velocities of 5 to 45
km/sec (/). A numerical method utilizing
the mass, momentum, and energy con-
servation relations in finite-difference ap-
proximation, within an Eulerian (fixed in
space) computational grid, was used to
determine the impact-induced flows (2).
An equation of state was constructed
which accounts for the polymorphism
and thermodynamic properties of sili-
cates and iron over a wide range of tem-
peratures and pressures and a material
response model was constructed having
the appropriate rheological and dynamic
yielding properties. The compressive
strength properties of lunar sample
15418, a recrystallized gabbroic anortho-
site breccia, were taken to be representa-

tive of the model planetary surface. This
rock has a dynamic strength under uni-
axial strain of ~35 kbar (3) and an as-
sumed tensile strength of 0.5 kbar (1).
These parameters are critical for calcu-
lating the partitioning between internal
and kinetic energy in the ejecta.

A previous study (/) of the partitioning
upon impact of meteorite energy into in-
ternal and kinetic energy residing in pro-
jectile and planetary target material has
demonstrated that for Fe and An im-
pacts, the percentage of projectile kinet-
ic energy transformed into internal ener-
gy ranges from 70 at 5 km/sec to 85 at 30
km/sec for an An—An impact, and from
74 to 91, at the same speeds, for an
Fe— An impact (1). At low velocities (for
both cases) much of the internal energy
(approximately 50 percent at S km/sec) is
produced by the plastic work resulting
from the high compressive yield strength
of the rock. The remainder of the inter-
nal energy results from shock heating.
The relative percentage of the impact en-
ergy residing in the kinetic energy of the
planetary surface ranges from 10 to 7 for
the An—An impacts and 9 to 7 for the
Fe—An impacts over the range S to 30
km/sec. Most of this energy resides in
the ejecta; that is, the elastic energy
(seismic efficiency) of the impact process
is low (~0.01 to 0.1 percent) ).

The amount of mass escaped (M,) as a
function of V. for the An—An and
Fe—An impacts relative to the incident
meteorite kinetic energy (Ex;;) and mete-
orite mass (M,,) is shown in Figs. 1 and
2. Figure 1 implies that the efficiency
with respect to incident energy of eject-
ing mass at velocities exceeding a given
value of V, decreases with increasing im-
pact velocity in the range of escape ve-
locities <10° cm/sec for An—An impacts
and <2 X 10* cm/sec for the Fe—An im-
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Fig. 1. Ratio of mass of ejecta, M., to initial kinetic energy of meteorite, Ex;, plotted against
escape velocity, V.. The numbers on the curves indicate impact velocities in kilometers per
second. The uncertainties indicated are computational in origin. Escape velocities for the moon,
Mercury, and Mars are indicated by light vertical lines. (a) Anorthosite impacting anorthosite.
(b) Iron impacting anorthosite.
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Fig. 2. Ratio of mass ejected, M., to meteorite mass, M,,, plotted against escape velocity, V.. (a)
Anorthosite impacting anorthosite. The curves labeled G 6.1—6.4 and G-45 are from experi-
ments of Gault ez al. (6), in which 2-mm-diameter aluminum spheres impacted basalt in the
indicated velocity range. The curve for a 45 km/sec impact was inferred (6). (b) Iron impacting

anorthosite.
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Fig. 3. Ratio of total energy ejected, E,, to initial méteorite kinetic energy, Ex, plotted against
escape velocity, V.. (a) Anorthosite impacting anorthosite. (b) Iron impacting anorthosite.
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pacts. In the range of escape velocities
exceeding those given above, this trend
is reversed.

The ratios M./M.,, for different impact
velocities, for the An—An and Fe—An
impacts (Fig. 2, a and b) indicate that for
impact velocities of 30 km/sec and less,
the less dense An meteorite is more effi-
cient in creating high-speed ejecta. This
is because it does not penetrate as deeply
as the Fe meteorite and hence deposits
its energy closer to the surface. How-
ever, in the range of V, between ~2 % 10*
and 5 X 10° cm/sec, a 45 km/sec iron me-
teorite ejects relatively more mass than
an An meteorite. The mass ejection ener-
gy efficiency of an iron meteorite in-
creases at an impact velocity of 45 km/
sec (and probably at higher speeds) be-
cause the expansion of the vaporized
planetary surface material initially con-
stricts the transient cavity. Later, when
the growth of the cavity has diminished,
the partially trapped meteorite vapor ex-
pands and excavates the overlying plan-
etary surface material (Fig. 1b). This ef-
fect has previously been demonstrated
(1). The relative mass (M./M,,) lost for
the An—An jmpact at lunar escape ve-
locity, 2.4 km/sec, varies from less than
0.01 at 5 km/sec to 12.0 at 45 km/sec. For
the Fe—An impacts, M./M,, varies from
less than 0.01 at 5 km/sec to 50.0 at 45
km/sec. An important consideration is
the critical value of impact velocity at
which the mass lost balances the mass
gained. In the cases of the moon, Mer-
cury, and Mars these critical velocities
are =20, 35, and 45 km/sec for an
An—An impact and =25, 35, and 40 km/
sec for an Fe—An impact, respectively.

On the basis of the peak in mean
square velocity of objects currently
striking the moon, 15 to 18 km/sec (§),
we calculate that the amount of material
presently escaping the moon is less than
would be predicted from the photograph-
ic experiments of Gault et al. (6, 7). Con-
sidering the differences in projectile and
target materials, our calculations and the
estimates based on the experiments (6)
are in approximate agreement for V., be-
tween 10* and 10° cm/sec; however, at V,
=10° cm/sec the experimental results im-
ply an order of magnitude greater mass
loss. The critical impact velocity for the
moon obtained by Gault et al. (6) is =10
km/sec, as compared to =20 km/sec for
our An—An impact calculations. These
differences may result from the high as-
sumed target strength; the basalt is prob-
ably considerably weaker than An. The
production of experimental- craters less
than 1 m in diameter (8) suggests that
strength effects are important on this
scale. Schneider (9) impacted steel pro-
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jectiles on a strong Duran glass target at
4.4 km/sec and determined that the mass
in the ejecta with V, exceeding 3 km/sec
was only 7.5 X 107 M,,. which is more
consistent with our calculations.

The relative amount of meteorite Ki-
netic energy lost (E./Ex;) ranges from ap-
proximately 90 percent at V. ~10° cm/
sec to =1 percent at V,, ~10% cm/sec (Fig.
3. aand b). At the lunar escape velocity.
the dmount of energy lost from the moon
for An—An impacts ranges from 0.8 per-
cent at an impact velocity of 7.5 km/sec
to 17 percent at 45 km/sec, and similarly
for Fe—An impacts, E./Ex;. ranges from
0.3 percent at 7.5 km/sec to 15 percent at
45 km/sec. These results illustrate a
more general conclusion: a less dense
meteorite will lose relatively more of its
energy on impact with a planetary sur-
face for fixed values of impact velocity
and V.. An extrapolation of our results
implies that cometary objects would not
transfer their energy to a planet as ef-
fectively as iron or stony objects. In ad-
dition. if the strength of the planetary
surface is less than that of the modeled
consolidated rock, we expect that more
energy and mass will be lost at V, <10*
cm/sec. whereas not much change in the
fraction of energy and mass lost at V,
>10° cm/sec is expected. This is because
the energy that is consumed by plastic
work in strong rocks would be available
for conversion into kinetic energy in
weak rocks. and thus would increase the
amount of ejecta at low velocities from
weak rocks and unconsolidated rego-
liths.

JouN D. O'KEEFE
THOMAS J. AHRENS
Division of Geological and Planetary
Sciences, California Institute of
Technology, Pasadena 91125
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Evidence for a Pollination-Drop Mechanism

in Paleozoic Pteridosperms

Abstract. A noncellular substance containing pollen and spores has been discov-
ered protruding from the micropyle of a seed fern ovule of Middle Pennsylvanian
age. This provides direct evidence that pollination-drop mechanisms comparable to
those of many extant gvmnosperms characterize some Paleozoic pteridosperms.

The pteridosperms are an early group
of fossil seed plants with fernlike leaves
and leafborne reproductive organs. The
taxon extends from Late Devonian
through Jurassic time, with some of the
best-known permineralized specimens
preserved in sediments of Pennsylvanian
age. The mechanism of pollination in
these and other Paleozoic seed plants is
widely regarded as similar to that of
many extant gymnosperms. where a
sticky exudate protrudes from the micro-
pyle of the ovule (/, 2). Pollen adheres to
or becomes immersed in the droplet, and

is either drawn toward the pollen cham-
ber as the droplet shrinks (due to desic-
cation) or floats upward toward the tip of
the nucellus (2).

Previous reports of pollination-drop
mechanisms in fossil plants have been
based primarily on the occurrence of
similar structural features in extant and
fossil ovules, rather than on the physical
presence of a preserved droplet. More-
over, conflicting interpretations of the
function performed by the pollen-receiv-
ing structures of some fossil ovules (3)
leave these aspects of the reproductive

Fig. 1. Callospermarion-type ovule with pollination droplet protruding from the micropyle. (A)
Midlongitudinal section of immature ovule (n. nucellus: p, pollination droplet; and s. sclero-
testa) (x 42). (B) Pollination droplet at the micropylar end of the ovule. The arrows indicate the

positions of three palynomorphs (x 155).
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