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MODELLING NITROGEN DEGASSING IN CHONDRITE DIAMONDS: 
S.S. Russell, R. H. Becker*, and C.T. Pillinger. Dept of Earth Sciences, Open 
University, Milton Keynes, MK7 6AA, U.K. *School of Physics and Astronomy, 
University of Minnesota, Minneapolis, MN 55455 U.S.A. 

Nanometer-sized diamonds, first isolated from primitive chondrites by Lewis et al. in 
1987, are associated with isotopic anomalies in xenon (Xe-HL) and nitrogen (615~= 
-345%0) that are suggestive of an interstellar origin. The nitrogen content of chondritic 
diamond is known to vary between meteorites (Russell et al., 1991) in approximate 
accordance with petrologic type, with more primitive CI, CM, and L3.0 meteorites having 
the highest nitrogen contents at >8000ppm, and the more metamorphosed CV3 and L/H 
3.416 chondrites having nitrogen contents as low as 2000ppm. Furthermore, the C/N ratio 
varies during high resolution stepped combustion experiments, with the first diamond to be 
released being depleted in nitrogen. One interpretation of this data is that the higher 
petrologic type meteorites have lost some of their diamond nitrogen by degassing. This 
hypothesis has been tested by computer modelling of the degassing process. 

The computer program used for this work contains several assumptions: (i) that the 
diamonds are spherical (ii) that all the diamonds are similar in size with a radius of 2nm, 
(iii) that the nitrogen was originally distributed evenly throughout the crystals and (iv) that 
the combustion proceeds in a simple way with ,the diamond pictured as being made up of a 
series of infinately thin shells which are progressively destroyed as the combustion 
progresses. Of course, these assumptions are somewhat idealistic, especially for chondrite 
diamonds that contain only a few thousand atoms, but it is assumed that if the diamond 
population as a whole is considered then the "average" crystal behaves in this way. 

The fraction of the nitrogen remaining in the grain at time t is given by the expression: 

where M =amount of reference species, a is the radius of the sphere, r is the radial distance 
from the centre of the sphere, t is time, and D is the diffusion coefficient. 

The fraction of the original amount of nitrogen can then be calculated by dividing by the 
initial concentration. The expected outcome of degassing is that the outer layers of the 
diamond would become nitrogen depleted on heating, and the depletion becomes more 
significant as the metamorphism increases: the degree of degassing is given here by Dt, as 
the exact parameters of the metamorphism are unknown. This would be seen during a 
stepped combustion experiment by the first steps of gas released, from the grain surfaces, 
being N poor compared to the final steps, which would release nitrogen from the centre of 
the diamonds. 

Using the equation above, it can be seen that the C/N ratio of diamond would be expected to 
vary in a distinctive way during a stepped combustion experiment on a meteorite that had 
suffered thermal alteration. Figure 1 compares the experimental results of the stepped 
combustion of diamond from Cold Bokkeveld and Allende with "best fit" values from the 
theoretical profiles. The profiles of modelled C/N ratios after metamorphism bear a strong 
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resemblance to those of the C6 diamond, if the first nitrogen to be released is ignored 
(assuming it is atmospheric gas adsorbed onto the diamond surface, an idea supported by its 
isotopic composition that is nearer to Woo than indigenous nitrogen). The "best fit" profiles 
are found to be Dt= 2 x 10-8 and an initial nitrogen content of 3700ppm for Allende and Dt = 
2x10-9, [wi*tid = 12500ppm for Cold Bokkeveld. In order to obtain reasonable fits to the 
data it is therefore necessary to invoke different starting contents of nitrogen. The data 
suggest that superimposed on this initial difference in nitrogen both meteorite types have lost 
some nitrogen due to metamorphic degassing. For Allende, this is around 20% of its original 
content and for Cold Bokkeveld,lO%. However, this amount is small compared to the 
observed factor of 4 difference in C/N between the initial Allende and Cold Bokkeveld 
values. The modelling therefore suggests that nitrogen degassing is not the major cause of 
the observed nitrogen content differences between meteorite types. This conclusion is also 
reached if a consideration of the nitrogen isotopic compositicsn is made. The 615N is 
indistinguishable among the different petrologic types, but if 80% metamorphic degassing 
had been responsible for reducing the nitrogen content in the more primitive meteorite classes 
to that seen in the less primitive, the asssociated fraction would have caused the latter to be 
around 2Woo heavier than the former. 

Referen2es: Lewis et al., 1987 Nature, 326, 160- 162 
Russell et al., 1991 Science, 254, 11 88-1 191. 
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