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Introduction: Impacts are the major mechanism for
the production of dust particles from asteroids, contributing
to the population of the Zodiacal cloud and to the interplane-
tary dust particles, micrometeorites and meteors that reach
the Earth. The size-frequency distribution of the dust pro-
duced by various types of asteroids determines the composi-
tions and mineralogies of the particles that reach the Earth.
Of particular interest is the possibility that differences in the
size-frequency distribution of dust produced by hydrous and
by anhydrous asteroids might result in different populations
of particles in the interplanetary dust size range (5 to 50 mi-
crometers) and the micrometeorite size range (50 microme-
ters to millimeters) [1].

To determine the size-frequency distribution of the
fragments produced by hypervelocity impacts on asteroids
we have disrupted both anhydrous and hydrous asteroid tar-
gets at the NASA Ames Vertical Gun Range (AVGR) and
determined the mass-frequency distribution of the resulting
debris by: 1) weighing all fragments >0.01 grams collected
from the floor of the AVGR chamber, and 2) measuring the
diameters of puncture holes in passive Al-foil detectors
placed around the target [2].

To be able to understand the evolution of collisions in
asteroids and interplanetary dust, it is necessary to experi-
ment on dust production from primary impact disruption over
a range of sizes [1].

Experimental: In this work, meteorites and meteoritic
analogs are disrupted at the NASA Ames Vertical Gun
Range (AVGR) in Moffett Field, California. A meteorite is
suspended in the middle of a chamber in the AVGR. Four
detectors are placed around the meteorite. The detectors are
comprised of foil held in 35 mm slide mounts, utilizing three
different thicknesses, as well as an aerogel cell to capture the
splintered meteorite. The meteorite is shot with a quarter-
inch aluminum projectile having a speed of ~5 km/sec, simu-
lating the collisions that occur in the main belt. The slides are
then scanned under back-lit conditions (Figure 1) to deter-
mine hole frequency and size. Production of dust from the
targets is monitored by the foil penetrations and by the larger
fragments, which are retrieved from the floor of the chamber
and weighed [1]. Mass-frequency distribution of the debris
sizescan then be determined. The data is used to understand
the way that the meteorite shattered.

What the back-lit scanning does not show is the pres-
ence of dents in the foil that do not penetrate. Dents are cre-
ated by shards of meteorite hitting the foil with an energy too
low to pierce the foil (Figure 3). There is a wealth of these
dents that we have not been measuring. The difficulty is in
determining exactly how to count the dents in each slide, as
well as how to determine their size.

Two different methods are being explored to determine
the frequency and size of these dents. The slides are viewed
under a binocular stereoscopic microscope and the dents are
counted manually.  Alternatively, the slides are scanned with
front lighting and, using Photoshop 5.0 and ImageJ to ma-
nipulate the image, the front-lit image (Figure 4) is then

compared to the back-lit image (Figure 3). The holes are
erased and the dents are counted using ImageJ.

Both of these methods have advantages and disadvan-
tages. The manual method of counting is very tedious and
takes time. However, it is much easier to determine the dif-
ferences between holes and dents. Unfortunately there could
be some dents that are too small to be seen, even under a
microscope. The computerized method of counting is much
less tedious, and takes much less time. However it is harder
to determine the differences between holes and dents, even
though it can pick up the smallest dents.

An interesting side-note to counting the dents manually
is seeing some anomalous shapes. When viewing a few of
the slides under the microscope there is something that can
be described as reverse craters. Instead of there being a de-
pression where the dent was, there was a peak. Also, there
appeared to be reverse crater chains. Neither of these could
have been found by the computerized method.

Table 1: Data collected visually.

Shot Detector Placement Dents Holes

09021

9
3 Upper R 187

  81

09021

9
3 Bottom C 72

  16

09023

3
1 Bottom R 60

   5

09023

3
1 Upper R 77

  12

Table 2: Data collected by computer.

Shot Detector Placement Dents Holes

09021

9
3 Upper R 193

  81

09021

9
3 Bottom C   145

  16

09023

3
1 Bottom R 81

   5

09023

3
1 Upper R 39

  12

Detectors 1 and 3 are placed 180 degrees directly across
from each other. The same detector and shots are used to
keep data consistent. On the detector there are three or four
slides: upper left, upper right, bottom left, and bottom right.
On occasion there is only one slide in the bottom center.
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We are in the initial stages of the evaluation of these
two methods and are still exploring ways to bring consis-
tency between  the data for the two methods. Work with both
methods will be continued until the computerized method is
in agreement with the manual method.

As of now, the only way to determine the size of the
dents is to place a of grid over the image as it is being back-
lit scanned. The grid spacing would need to be calibrated to
determine an accurate size of the dents, but even so, we may
only be able to determine if the holes are “small,” “medium,”
or “large” relative to each other and the grid size.
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Figure 1. Back-lit scanner image of a 0.000285
mm thick foil from detector 3 of shot 090219.  This
shows both holes and dents. As you can see, this slide
is riddled with holes.

Figure 3. Back-lit scanner image of a 0.0005 mm
this both holes and dents. As you can see, there are not
many ho and dents. As you can see, there are not many
holes in this one.
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Figure 2. Slide scanner image of the same slide as
Figure 1. This one has been manipulated using ImageJ
and Photoshop to show only holes.

Figure 4. Slide scanner image of manipulated using
ImageJ and Photoshop to show only holes using Im-
ageJ and Photoshop to show only holes.

2442.pdf41st Lunar and Planetary Science Conference (2010)


