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Introduction:  In our Solar System the asteroid 

belt is compositionally zoned, with the asteroids simi-

lar in reflection spectrum to the carbonaceopus meteor-

ites dominating the outer-half of the main belt. In the 

outer-half of the main belt about one-half of the carbo-

naceous asteroids are hydrous, based on their infrared 

spectra [1]. The asteroids in the inner-half of the main 

belt are predominantly anhydrous. Thus, about one-

quarter of the main belt asteroids are hydrous. 

Because dust particles from the main-belt asteroids 

generally encounter the Earth with lower relative ve-

locities than dust from comets [2], asteroidal dust ex-

periences much less severe atmospheric entry heating 

and much greater gravitational focusing. Both factors 

contribute to a significant overabundance of asteroidal 

over cometary dust in Earth collections [2]. Thus, 

much of the cosmic dust collected at Earth is expected 

to be from asteroids rather than comets.  With about 

one-forth of the main belt asteroids being hydrous, we 

would expect about one-forth of the cosmic dust from 

the asteroids to be hydrous if the production mecha-

nism were unbiased.  

There has been a long-standing puzzle in under-

standing the relationship between the interplanetary 

dust particles (IDPs), typically 5 µm to 50 µm cosmic 

dust particles collected from the Earth’s stratosphere, 

and the micrometeorites, typically 50 µm to millimeter-

size cosmic dust collected from the polar ices. A ma-

jority of the IDPs are anhydrous, consistent with the 

composition of the main belt. However, most of the 

polar micrometeorites are reported to be hydrous [3]. 

The dominant mechanism for the production of 

cosmic dust by asteroids is believed to be hyperveloc-

ity impact, either by cratering or catastrophic disrup-

tion.  Tomeoka et al. [4] compared results from  shock-

recovery experiments on the hydrous CM meteorite 

Murchison and the anhydrous CV meteorite Allende. 

They determined that the onset of fracturing occurred 

at a significantly lower shock pressure in Murchison 

than in Allende, and suggested hydrous asteroids might 

contribute far more dust to the interplanetary medium 

then would be produced by anhydrous asteroids im-

pacted under the same conditions. We have followed 

up on this work by disrupting samples of anhydrous [5] 

and hydrous meteorites using the NASA Ames Vertical 

Gun Range (AVGR). 

Measurements: We have performed disruption ex-

periments on four hydrous meteorite targets, Murchi-

son and three CM2 meteorites recovered from the Ant-

arctic. The projectiles in these experiments were 1/8
th

 

inch diameter aluminum spheres fired at the meteorite 

targets at speeds comparable to the collision velocities 

in the main-belt.  

Each meteorite target was surrounded by “passive 

detectors” that included three thicknesses of aluminum 

foil to monitor the size of the small debris from the 

distrption. The foil hole diameters were measured, and 

converted to impacting particle diameters using the 

calibration data of Hörz et al. [6]. In addition, the 

fragments from the disruption were recovered from the 

floor of the AVGR chamber, and particles down to 

0.01 gm were individually weighed. Combining the foil 

and weighing data produced a size-frequency distribu-

tion spanning the size-range from about 8 µm up, the 

smallest size we could measure using the scanner em-

ployed for the hole diameter measurements, to the size 

of the largest fragment from the disruption. Typically 

our measurements covered about a nine order-of-

magnitude mass range [7].   

We compared the mass-frequency distributions of 

the fragments produced by these disruptions with those 

from anhydrous meteorites we disrupted in earlier ex-

periments. Figure 1 compares the mass-frequency dis-

tribution for an anhydrous ordinary chondrite meteor-

ite, Saratov, with the data obtained on the disruption of  

the hydrous Murchison meteorite [7]. Saratov was dis-

rupted by an Al projectile with a specific energy of ~ 

4000 J/kg, about one-third the specific energy (projec-

tile energy per unit target mass) of the Murchison shot. 

The Saratov results are generally representative of our 

results on the 10 anhydrous meteorite targets.  

The vertical axis of this plot corresponds to the 

number of particles in each mass bin. The mass-

frequency distributions produced by the Murchison and 

Saratov disruptions are quite similar for masses <10
-8

 

grams and >10
-5

 grams. However, the results from 

these two disruptions suggest that Murchison produces 

an order-of-magnitude more fragments over the 10
-7

 to 

10
-4

 gram mass range, about 30 to 300 µm in diameter, 

than were produced in the Saratov disruption. This 10
-7

 

to 10
-4

 gram mass range corresponds to the size range 

of the micrometeorites collected from the polar ices. 
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To determine if the Murchison results are represen-

tative of the CM meteorites, we have recently disrupted 

samples from three Antarctic CM2 meteorites, 

ALH83100, LON94101, and EET96006, at the AVGR. 

The mass-frequency distributions from these three dis-

ruptions are shown in Figure 2. These results are con-

sistent with our prior Murchison results. 

Conclusions: Our results from the disruption of 

these four CM2 meteorites suggest that hypervelocity 

disruption of hydrous targets significantly overpro-

duces dust particles in the micrometeorite size range 

compared to the disruption of anhydrous meteorite 

targets under the same conditions. These results are 

generally consistent with the shock-recovery results 

obtained by Tomeoka et al. [3], and appear to explain 

the long-standing puzzle that polar micrometeorites are 

mostly hydrous while a majority of the IDPs are anhy-

drous. For a main belt population of about one-quarter 

hydrous and three-quarters anhydrous asteroids we 

would expect a majority of the ~10 µm IDPs to be an-

hydrous while the ~100 µm micrometeorites would be 

dominated by hydrous particles. 
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Figure 1: The differential mass-frequency distribution of 

debris from the disruption of an ~30 gm Murchison sam-

ple and a 105 gm sample of the anhydrous ordinary chon-

drite Saratov, determined by combining penetration data 

from the 7 and 13 µµµµm thick Al-foils (small symbols) and 

from weighing all fragments >10-2 grams (larger symbols) 

recovered from the floor of the AVGR chamber. The 

Saratov data have been scaled to the same total mass as 

Murchison. The weighing data are incomplete for masses 

<10-2 grams, resulting in the falloff in those data. The 

Murchison disruption produced an order-of-magnitude 

more fragments over the 10-7 to 10-4 gram mass range 

than Saratov. 

[5] Flynn, G.J. and D. Durda, Planet. & Space Sci., 52, 
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Figure 2: The mass-frequency distributions of the 

debris from the disruptions of ~30 gm samples of 

the Antarctic CM2 meteorites ALH83100, 

LON94101, and EET96006 and a 105 gm sample of 

Saratov, determined by combining penetration data 

from the 7 and 13 µµµµm thick Al-foils (small symbols) 

and from weighing all fragments >10
-2 

grams (lar-

ger symbols) recovered from the AVGR chamber. 

The Saratov data have been scaled to the same total 

mass as the CM2 meteorite.   
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