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Abstract: We describe results of porosity and permeability determinations of chondritic meteorites of low 
petrologic grade (1-3). The porosity results are comparable to those for chondritic interplanetary dust particles. 
Permeabilities of CM2 chondrites are slightly higher than those for CV3s. 
Introduction: Chondritic meteorites of low petrologic grade (1-3) are believed to derive from within or just below 
the regoliths of unmerentiated asteroids. As such these samples carry important records of such processes as 
grain accretion, regolith compaction, aqueous alteration and freeze-thaw cycles [I]. Integral to the study of these 
diverse processes are the concepts of porosity and permeability. There. are numerous time-proven methods for 
determining porosity and permeability in large, bulk samples; however, these methods are not applicable to the 
extremely small samples available from most chondrites. By utilizing scanning electron microscope images and 
computer image processing, we have developed a method by which sample porosity may be determined both 
efficiently and accurately for nanogram-sized samples, and already applied this technique to chondritic 
interplanetary dust particles (IDPs) [2]. We have now extended these measurements to carbonaceous chondrites 
and unequilibrated ordinary chondrites. We have also investigated the porosity and permeability of larger samples 
of six carbonaceous chondrites by standard liquidlgas flow techniques. 
Method: We determined porosities by measurement of relative pore space in particle cross-sections. The samples 
were impregnated with EMBED-812 low viscosity epoxy, and then partially ultramicrotomed. The remaining 
"polished" unmicrotomed portions of the samples were then imaged to obtain a back-scattered electron image of 
each sample at 13 kV. Next, these images were digitized and then imported to a Macintosh IIcx workstation for 
use with NIH Image, a computer-based image processing program. The image is then binarized and porosity is 
computed. Complete details are given by Dahl et. al [2]. The CV3 chondrites Allende, Efremovka, Leoville, and 
Vigarano, and CM2 chondrites Mighei and Murchison (all available in large samples) were also investigated using 
standard liquidlgas flow techniques at CORE Labs. 
Results and Discussion: Overall, this method of seems to yield accurate porosity measurements; errors of 15% or 
less were obtained using a industry porosity standard (Berea Sandstone). Results of matrix porosity measurements 
are shown in Figure 1. Matrix porosities for ordinary chondrites range from 1 to 11%. Within the carbonaceous 
chondrites, CV chondrite matrix ranges from 1 to 30%, and is bimodal, with low values between 1 and 5%, and 
high values behveen 25 and 30%. CR chondrite matrices have porosities ranging from 2 to 14%, with a modal 
value of 3%. Matrices of CM chondrites range between 1 and 25%, with a modal value of 2%, and CI chondrite 
matrices have porosites ranging from 2 to 5%. The porosity measurements for UOC's are reasonable when 
compared with literature values, and similar to those for carbonaceous chondrites @aN et al., 1985). In summary, 
type 1-3 chondrite matrix porosities range up to 36%, with a mode near 2%. By comparison, IDP porosities (Dahl, 
1994) range from 0-53% and the mode is at 4%. These values suggest IDP bulk densities of 1.1 to 3.3 g/cc. 

Porosities for bulk carbonaceous chondritic material have a somewhat bimodal distribution with Murchison 
at 23% and CV3s generally between 18% and 24%; the deformed CV3 Leoville is anomalous at 1%. Bulk 
unequilibrated ordinary chondrites (UOC's) have porosities ranging from 1 to 19%. In general, these bulk values 
far exceed that of matrix, indicating that chondrules and aggregates have considerable porosity which could 
explain the widespread alteration observed in these chondrite components. 

Permeabilities of the investigated CV3 and CM2 chondrites vary by several orders of magnitude (Figure 2); 
the latter meteorites have considerably higher values. This result suggests that the higher permeability of the CM 
regolith relative to that of the CV asteroid could largely explain its higher degree of alteration. 

With the data now collected for IDP's, carbonaceous and ordinary chondrites, we can better conduct 3-D 
numerical modeling of the fluid flow and attendant alteration that occurred within the hydrous parent asteroids, 
also permitting the determination of rates and temperatures of alteration. We can also follow how fluid flow 
affected the porosity of the body, alternately increasing it by dissolution or decreasing it by deposition. These data 
will ultimately shed additional light on grain accretion processes. 
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Comparison of Porosities for IDP's and Chondrite Matrix 

Figure 1 Porosities of Chondrite Matrix and Chondritic Interplanetary Dust Particles (IDPs) 

Figure 2 Permeabilities of Carbonaceous Chondrites 
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