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To explain oxygen isotope anomalies in ordinary chondrites, loss of car- 
bon monoxide from the interiors of meteorite parent bodies has been suggested 
(1). We measured gas permeabilities of three chondrites to assess how long 
gases might be expected to remain in the interiors of possible meteorite 
parent bodies. 

It is known (2) that the carbon content of equilibrated chondrites (type 
4-6, W.lwt%) is smaller than that of unequilibrated type 3 chondrites (0.3wt%). 
Since the reaction C+FeO -t COSFeproceeds at T >  700°C, the deficiency of C in 
equilibrated chondrites can be explained as a result of the loss of CO from 
the metamorphosed interior of parent bodies. If 0.2wt% C becomes CO in a very 
short period of time, the gas pressure could rise to values as high as 400 bar 
(4 x 10k~ascals) at 700°C (assuming the typical porosity of chondrites to be 
10%). 

Measurements of air permeability were made on ALHA77231(L6), Allende (CV3) 
and Abee (E4). The average gas pressure ranged from 0.5 to 3 bar. A water 
manometer was used to measure the flow rate. A confining pressure up to 150 
bar was applied to the samples. The typical size of the samples used was 
lxlx0.5 cm. The ALHA77231 sample had a small non-penetrative fracture. 

The results measured on ALHA77231 and Allende are shown in Fig. 1. The 
permeability of Abee was too small to detect with our equipment (< lo-' Darcy). 
Since the gas flow in porous rock is in the transition range between molecular 
flow and viscous flow, the permeability is slightly gas-pressure dependent. 
The permeability of Allende is smaller than that of ALHA77231. Sincethe poro- 
sity of these samples is 16.6% and 7.7%, respectively, the small permeability 
of the Allende sample must be mainly due to smaller pore sizes. Large con- 
fining pressure dependence was seen for ALHA77231, suggesting closures of 
cracks. Since cracks (or fractures) in chondrites are considered to have been 
produced by recent\impacts, a typical permeability of crack-free chondrites in 
the early solar system might be 0.001 Darcy at an average pressure of 1 atm. 
The very small permeability of Abee may be due to closure of all the channels 
by plastic deformation of metallic grains. 

Estimates of the out-gassing time scale were made as follows. Darcy's 
law: v=-(k/n)(dp/dr) : relates flow velocity v to the permeability k, thepres- 
sure gradient dp/dr (r is the radius of the parent body) and the xiscosity q. 
Using the continuity equation and the 

obtain a partial differential equation 
where G(t) represents gas generation. 

In the case of no gas generation after an initial event that generates 
gas and if the permeability and temperature are constant, the time dependence 
of the gas pressure is allt. Typical outgassing time t = nr2/kp is about loo7 
years for a parent body with a 100 km radius at 1 atm. Because of the l/t 
dependence, the time required to reach (small) rl pressures is almost indepen- 
dent of the initial pressure. 

The time period for gas generation is not known. We assumed constant gas 
generation for various time periods (Tg) and made numerical calculations (Fig. 
2: R =  100 km, r l =  4 x 10" centi poise, T = 700°C). If ~ ~ < 1 0 ~  years, the parent 
body could break up, because the gas pressure becomes larger than theconfining 
pressure (140 bar at the center). As long as Tg is less than the typical out- 
gassing time (lo7 years), the gas pressure drops down to 1 atm. in about 
4 x lo7 years, irrespective of the gas generation time Tg. 

At low pressure (p<1 atm), the pressure dependence of the permeability 
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becomes important. An equation, K=0.63+0.468/pY derived from the ALHA77231 
data, was used for the calculation in this low pressure range. Due to the 
large permeability, the decrease of the pressure becomes faster than l/t. A 
pressure of loe3 atm. is reached in 4 X 10' years. 

Comparing the time scale of gas loss and possible thermal histories (3) 
of meteorite parent bodies, it seems that a substantial amount of gas could 
have existed in the interior of parent bodies in the earlier half of a meta- 
morphic period. 

If the earth was made of chondrite parent bodies, CO gas must have ended 
up in the atmosphere (or crust) at the time of the accretion as a result of 
the heating associated with the accretion. The carbon content of the earth 
is estimated to be only 1% of that of unequilibrated chondrites. Therefore, 
the accretion of the earth from meteorite parent bodies would have taken 
place either a) before a metamorphic event (T < lo6 years after the accretion 
of the initial chondrite parent badies or b) after the outgassing of CO 
T > lo7 years) in these parent bodies. 
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Figure Captions. 
1. Gas permeability as a function of reciprocal mean pressure. Confining 
pressure is shown on the right hand side of each line. 
2. Central gas pressure of a 100 km parent body. Tg is the period for the 
gas generation. 
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