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Introduction: Measurements of the physical properties of meteorites are essential in helping to determine the 

physical characteristics of the parent asteroids.  The study of physical properties can provide fundamental infor-
mation to understand meteoroid behavior in the atmosphere and determine methods to deflect potentially hazardous 
asteroids.  A diverse selection of over 45 classes of meteorites has entered the atmosphere [1].  Ordinary chondrites 
and iron meteorites are more important to planetary defense because of their quantity and likelihood of reaching the 
ground.  The initial focus of our study is on ordinary chondrites, since they are over 70% of the meteorites [2]. 

Experimental:  To date we have measured the density (both bulk and grain), porosity, thermal emissivity, and 
acoustic velocity of seven ordinary chondrites.  Each meteorite is first weighed and laser 3D scanned using a Nex-
tEngine scanner to determine the Bulk density.  For the other tests 1.5cm cubes of the meteorites are studied.  Grain 
density is determined using a Quantachrome gas pycnometer using nitrogen gas displacement.  Porosity is calculated 
from bulk and grain densities.  Acoustic velocity, both longitudinal and shear wave, are measured using an Olympus 
45-MG meter in single element mode.  This allows for the calculation of both the Young’s and Shear moduli.  
Thermal emissivity is measured from 20°C up to atmospheric entry temperatures.  Emissivity data is based on aver-
age measurements over the wavelength range of 8 to 14 µm. 

Physical Properties Data: Density and Porosity.  The average bulk density of ordinary chondrites is 3-4 g/cm3, 
stony-irons is 4-6 g/cm3, and irons is 7-8 g/cm3 [3].  Of the studied meteorites, Tamdakht is an average H chondrite. 
Chelyabinsk and the studied Antarctic meteorites have lower bulk and higher grain densities yielding above average 
porosities (Fig 1). 

Acoustic Velocity. Tamdakht has a lower longitudinal velocity of 1.14±0.04 mm/µs than the normal rage for H 
chondrites at 2.66-6.99 mm/µs.  The velocity is consistent across all three axes in the sample.  One possibility for 
this is an internal fracture, where part of has been observed on the surface of one of the test cubes. 

Emissivity. Calculated emissivity range for ordinary chondrites is 0.984 to 0.991 at 20 °C [4]. Figure 2 displays 
our measured emissivities.  Tamdakht is on the high end of the emissivity range for H chondrites and Chelyabinsk is 
on the high end for LL chondrites.  BTN 00304 has the highest average over the temperature range, while 
ALHA77294 has the lowest average.  Emissivity of the heated samples decreases slightly from initial 20 °C meas-
urement, Thamdakht varies the least up to near 200 °C within error. 

Conclusion: The properties of density, porosity and emissivity (at 20 °C) for Tamdakht match it to a typical H 
ordinary chondrite, but has a lower then average longitudinal wave velocity. An internal fracture in the cube is most 
likely the cause of some of the reduced acoustic velocity.  As expected the Antarctic meteorites have a higher poros-
ity than the average of their types because of increased grain density from weathering.  Thermal emissivity, between 
40-200 °C, stays constant at a slight decrease value from room temperature.   
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Figure 1. Bulk and grain density and porosity comparison to 
ordinary chondrite averages. 

 
Figure 2. Low temperature emissivity data for meteorites, iron 
and basalt.  General emissivity for H chondrites 0.989±0.002, 
L chondrite 0.987±0.002, and LL chondrites 0.987±0.002.
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