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Introduction: Most CI and CM meteorites have cosmic ray exposure ages (CREs) shorter than 2 m.y., while the 

ordinary chondrite meteorites have much longer CREs, some more than 60 m.y. [1]. Scherer and Schultz [2] suggest 

three possible reasons: 1) the CI/CM parent bodies were close to a resonance, 2) the parent bodies were in an Earth 

crossing orbit when a collision ejected the meteorites, or, 3) the fragile nature of these bodies lowers their survival 

time in space. To test the third idea we conducted a series of hypervelocity impact experiments comparing the 

survival of targets of CI1/CM1 analog material to targets of Northwest Africa 869 (NWA 869) ordinary chondrite. 

Samples and Experimental Procedure:  NWA 869 was available in sufficient quantity to allow disruption of 

10 targets, ranging from 32 g to 324 g, of this meteorite. However CI1 and CM1 meteorites are rare and generally 

small, so samples of these meteorites were not available for destructive testing. We prepared hydrous meteorite 

analog targets by crushing NWA 869 and CV3, Northwest Africa 4502 (NWA 4502), carbonaceous chondrite 

material after we completed disruption measurements on these meteorites. This powder was laboratory hydrated in a 

solution of slightly alkaline water at high temperature in a pressure bomb for several months, using a procedure 

developed by Jones and Brearly [3] intended to mimic, on a shorter time scale, the hydration process that occurred 

on asteroidal parent bodies. The resulting hydrous material was dried to produce cylindrical targets that ranged in 

bulk density from ~1.7 to 1.8 g/cm
3
, only slightly higher than the 1.61 g/cm

3
 of the CI1 meteorite Orgueil. Infrared 

spectroscopy confirmed a high degree of conversion of anhydrous silicates to clays, as is the case for Orgueil. 

The minimum impactor kinetic energy per unit target mass (Q*D) that results in a catastrophic disruption of the 

target, ie., produces a largest fragment (ML) that is one-half the mass of the target (MT), is found by disrupting a 

series of targets using impactors spanning a range of kinetic energies, fitting the disruption data, and finding the 

value of impactor kinetic energy per unit target mass that would produce an ML/MT = 0.5. The meteorite targets 

were suspended at the end of a 2 m long fishing line from the ceiling of the chamber of the NASA Ames Vertical 

Gun Range (AVGR) and impacted by 1/16”, 1/8” or 1/4” diameter Al-projectiles moving at ~5 km/s, the mean 

collision speed in the main-belt [4]. However, these CI1/CM1 analog materials, like Orgueil, were too weak and 

friable to attach to this line, so they were suspended in a light, hair net sling. This sling did not interfere with the 

disruption and retained the disruption fragments, eliminating further fragmentation from the pieces hitting the floor.  

     Results: Figure 1 shows ML/MT vs the impact specific kinetic energy for NWA 869 and CI1/CM1 analog targets.. 

Both types of material plot along clear trend lines. The ten disruptions of NWA 869 targets give Q*D = 1795 J/kg 

[5]. Earlier disruptions of nine H, L, and LL ordinary chondrites gave Q*D of 1419 J/kg [6], indicating that the Q*D 

value of NWA 869 is generally characteristic of ordinary chondrite material. Our new data gives a much lower value 

of Q*D, only ~280 J/kg, for this CI1/CM1 analog material, demonstrating that it is much easier to disrupt. 

Conclusions: The minimum energy for catastrophic disruption of the NWA 869 ordinary chondrite is over six 

times the value we obtained for catastrophic disruption of the six laboratory hydrated CI1/CM1 analog targets. Even 

accounting for the smaller size of an ordinary 

chondrite target of the same mass as an analog target, 

in the same impactor environment this CI1/CM1 

analog material is far more susceptible to disruption 

than ordinary chondrites. This indicates the absence 

of CI/ CM meteorites with long CREs is significantly 

influenced by the lifetimes against catastrophic 

disruption of this weak, highly friable material. 
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Figure 1: Plot of ML/MT vs impact specific kinetic 

energy for ten NWA 869 ordinary chondrite and 

six CI1/CM1 analog material targets.  
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