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Introduction: Measurement of meteorite porosity and com-

parison with the estimated porosity of asteroids based on remote 
observations has shown that asteroids are significantly more po-
rous than their meteorite analogs [1,2]. Typically this difference 
is attributed to asteroid macroporosity, which in turn can influ-
ence the interpretation of the asteroid’s structural coherency (i.e.  
“rubble-piles”). But there is also surely a sampling bias as highly 
porous, friable carbonaceous chondrites are likely not able to sur-
vive ejection from the parent asteroid or Earth entry and landing 
[2]. Therefore, our chondrite collection may not provide an accu-
rate representation of actual asteroid microporosities.  

Deformation of chondrules to form foliation in chondrites is 
thought to occur due to matrix pore collapse and squeezing of 
chondrules into surrounding pore space [3,4]. Assuming that de-
formation is accommodated completely by this pore loss, their 
departure from an initial sphere (a suitable assumption for chon-
drules) can be used to estimate the amount of uniaxial shortening.  
This degree of compaction combined with an estimate of current 
porosity permits calculation of pre-compaction microporosity.  

Methods: High resolution X-ray computed tomography 
(HRXCT) has revealed a prominent foliation defined by the pre-
ferred alignment of deformed chondrules in a ~44 g Murchison 
stone USNM 5487 [5]. This HRXCT volume dataset was ana-
lyzed with Blob3D [6] to measure the shape and orientation of 
deformed chondrules by approximating their shape with a best-fit 
ellipsoid. From these best-fit ellipsoid shapes an average aspect 
ratio (k) was calculated and the uniaxial shortening (a) estimated 
as:  a = 1 – k-2/3, where a=0 represents no shortening. 

Results and Discussion: The average aspect ratio of best-fit 
ellipsoids to 165 deformed chondrules in USNM 5487 is 1.53, 
corresponding to a mean uniaxial shortening of 0.25. Using the 
average Murchison bulk porosity estimate of 22.1% from [7] this 
suggests a pre-compaction porosity of 41.3%. However, two as-
sumptions inherent in this calculation are: 1) the chondrules are 
incompressible and their deformation is accommodated in two 
dimensions by squeezing into the surrounding pore space [3,4] 
and 2) porosity loss due to chondrules filling pore space during 
deformation is negligible. Violation of either assumption would 
result in greater porosity loss; therefore the pre-compaction 
porosity estimate above represents a minimum. For example, if 
the chondrules are completely compressible and their defor-
mation is accommodated in only one dimension (that of uniaxial 
compression), uniaxial shortening is estimated to be 0.35, sug-
gesting a pre-compaction porosity of 49.4%. Future work will 
include detailed petrography of the deformed chondrules in 
USNM 5487 to assess their rheology (compressibility). We will 
also investigate using rigid body rotation of elongate lithic and 
minerals clasts as an independent measure of compaction. 
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