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Introduction: Unusual impact responses on aster-

oid surfaces may be governed largely by their micro 

and macro porosity (internal structure), and anomalous 

elastic properties, as these dictate energy transfer and 

attenuation during collisions [e.g., 1]. Meteorites repre-

sent the only physical samples from asteroids on which 

these properties can currently be directly measured. 

Carbonaceous chondrites (CCs) are a relatively minor 

component of meteorite falls, but dark asteroids – pre-

sumably the source of CCs - comprise roughly half of 

Earth crossing population [2]. The carbonaceous li-

thologies are also of relatively high interest as explora-

tion targets [e.g. 3] and/or potential resources. The 

carbonaceous chondrite meteorites have relatively ex-

otic physical properties compared to the ordinary 

chondrites.  

In this study, we present measurements of bulk den-

sities, elastic wave compressional and shear velocities 

and derived elastic moduli. Measurements included 49 

stones of 28 carbonaceous chondrite falls: 15 samples 

of 12 CM’s, 14 samples of 6 CO’s, 5 samples of 2 

CR’s, 10 samples of 5 CV’s, 4 samples of 3 CK’s and 

one CBa sample. CI’s, considered to be the most primi-

tive, are characterized by their extreme friability; to 

avoid the risk of damage they were excluded from this 

study. 

Methodology:  Measurement equipment included a 

manually controlled electric pulse generator/receiver 

(Olympus Model 5077 PR) with a 35 MHz ultrasonic 

bandwidth, a 100-MHz-bandwidth Tektronix Digital 

Phosphor Oscilloscope (Tektronix Model DPO2014), 

two pairs of 6-mm-diameter P- and S-wave ultrasonic 

contact transducers (Olympus V133 and V156 respec-

tively) and a digital caliper. Using slabs of meteorites 

allows for better coupling with transducers, producing 

more distinct wave arrivals. Also, using C-clamps to 

put pressure on the transducers improved coupling with 

samples surfaces and the quality of the signals re-

ceived. Using 1 MHz–frequency pulses for both types 

of transducers produced better results than the recom-

mended higher frequency. Bulk volumes for density 

determination were measured using a modified Archi-

medean method [4], using 1 mm-diameter glass beads. 

Results: Table (1) shows values for the average, 

minimum and maximum measured bulk densities. ‘The 

average density by sample’ is calculated by averaging 

the density for all samples of a single clan, whereas 

‘the average density by meteorite’ treats multiple sam- 

ples of the same meteorite falls as one density value. 

The density range between samples of the same mete-

orite was found to be less than half of the range be-

tween different meteorites of the same clan. For exam-

ple, CO-chondrite Lancé varied from 3.22 to 3.47 g/cc 

for 4 samples, while the variation amongst all CO-

chondrites measured ranged from 2.38 to 3.47 g/cc. A 

comparison of bulk density values for meteorites also 

previously measured [4, 5] produced a slope of 0.98.  

Table (1): Bulk density values for 43samples of 29 

carbonaceous chondrite falls 

 

Three trends of varying statistical significance have 

been identified for elastic wave velocity/elastic moduli 

and bulk density: (1) Elastic wave velocity/derived 

elastic moduli increase with increasing  bulk density/ 

decreasing porosity  (Fig 1), (2) Elastic wave veloci-

ties, derived elastic moduli and bulk density decrease 

with increasing petrologic type is observed in CO’s, 

CV’s, CK’s and CR’s (Fig 2), (3) Elastic wave veloci-

ties decrease with increasing Cosmic Ray Exposure 

(CRE) ages (Fig 3).  

Discussion: (1) Based on bulk density–elastic wave 

velocity relationships observed in terrestrial rocks, the 

increase of compressional and shear wave velocity with 

bulk density is expected. Elastic wave velocity was 

observed to decrease with increasing porosity and in-

crease with increasing bulk density similar to observa-

tions of ordinary chondrites from previous studies [6, 

7].  

(2) In terrestrial rocks, increasing the degree of 

metamorphism increases the elastic wave velocity. 

However, compressional and shear wave velocity de-

crease with increasing petrologic type from type 2 to 4 

for CO’s, CV’s, CK’s and CR’s, similar to observa-

tions of ordinary chondrites [6, 7]. This is somewhat 

puzzling, and speculated causes include an increase in 

porosity, changes in mineral phases related to increas-

ing metamorphic grade, and/or recrystallized matrix 

texture related to increasing metamorphic grade [6].  

CC 

clans 

Average 

bulk density 

by sample 

Average 

bulk density 

by meteorite 

Min. 

bulk 

density 

Max.  

bulk 

density 

CM 2.22 2.20 1.85 2.74 

CR 2.79 2.71 2.26 3.15 

CO 2.89 2.78 2.38 3.47 

CV, CK 2.96 2.90 2.65 3.68 
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(3) Elastic wave velocities have been found to de-

crease in inverse proportion to CRE ages for all carbo-

naceous chondrites, an unanticipated result; ordinary 

chondrite clans do not unambiguously show this effect. 

Note that this correlation holds even for the CM-clan 

with a maximum CRE age of only ~2 M.Y., and that 

the correlation equals approximately two thirds of the 

velocity variation found amongst the CC’s.  We sug-

gest that this effect is caused by damage induced by 

impacts with still weaker objects not found in our me-

teorite collections (because they are unable to survive 

atmospheric deceleration). Past meteoroid lifetime 

models [8] have been based on CRE “survivorship” 

lifetimes. And the variation in survivorship lifetimes 

recorded by CRE ages from irons to stones to hydrated 

carbonaceous chondrites has been ascribed to their 

respective strengths/competencies. The velocity data 

imply that the carbonaceous chondrites are weak 

enough to have their elastic properties modified by 

collisions with still weaker material, and that such col-

lisions are frequent relative to the time scales of ordi-

nary chondrites’ survivorship half-lives of order mil-

lions of years; collision frequencies of a few hundred 

thousand years or less are implied by the CM velocity 

data.  

The postulated weaker material that are apparently 

impacting/damaging the carbonaceous chondrites are 

evidenced in the observed fireball population [9], 

which records the entry of objects that fragment more 

easily than the recovered meteorite population. An 

unbiased fireball survey [10] reveals that ~50% of fire-

balls represent unsampled weak bodies with a prepon-

derance of cometary origins, but also Main Asteroid 

Belt sources [11]. 

Additionally, the carbonaceous chondrites’ average, 

minimum and maximum Poisson’s ratios ( 0.15, 0.01, 

0.29, respectively) were found to be lower for carbona-

ceous chondrites compared to those of the ordinary 

chondrite clans (0.18, 0.035, 0.38). 

Conclusions: The elastic properties of carbona-

ceous chondrites indicate variation with petrologic type 

similar to that found in the ordinary chondrites, and 

apparently record damage from relatively frequent col-

lisions with still weaker objects. 
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Figure (1): Compressional wave velocity increase 

with bulk density. 

 
Figure (2): Compressional wave velocity decrease 

with petrologic type.  

 
Figure (3): Compressional wave velocity decrease 

with CRE ages. 
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