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Introduction:  One of the important questions 

related to meteoritic presolar diamonds is haw 
many different stellar sources they represent. Evi-
dence that the diamonds consist of several popu-
lations include: (1) carbon isotope variations in 
diamonds from different meteorites [1], (2) differ-
ences in the release temperature of isotopically 
light nitrogen and 36Ar during stepped pyrolysis 
[2],  (3) variations in δ15N and C/N during stepped 
combustion [3]. More evidence has come from 
experimental simulation of ion implantation into 
nonodiamonds [4,5] suggesting that differences in 
the release temperature of P3 and HL noble gases 
are caused by radiation damage and that  meteor-
itic nanodiamonds represent at least two popula-
tions with different radiation histories [4]. Separa-
tion of the nanometer-sized meteoritic diamonds 
into grain size fractions [6] has made it even more 
clear that they come from different sources. For 
instance, variations in the low temperature 129Xe 
abundances with grain size and metamorphic his-
tory of the diamonds in meteorite parent bodies 
have been taken as an indication of the formation 
of diamonds containing P3 noble gases in the 
early solar nebula [7]; in contrast, those associ-
ated with the HL component are believed to come 
from a supernova [8], Furthermore, systematic 
carbon isotope variations with the grain size of 
diamonds has, allowed the creation of a quantita-
tive two-population model [9] that suggests the 
populations survive in meteorite parent bodies to 
differing extents which in turn depends on the 
metamorphic history of the parent bodies. In the 
present study we extend the model in order to ex-
plain the variations in the nitrogen isotopic com-
position and concentration observed during 
stepped combustion. 

Observations: δ15N variations during stepped 
combustion:  Typical variations of δ15N during 
stepped combustion are shown in Figure 1. In 
terms of the two-population model this observa-
tion suggests that diamond grains with relatively 
isotopically heavy nitrogen are combusted at 
lower temperature than those with isotopically 
lighter nitrogen. This can be explained by suppos-

ing that diamonds containing 15N-rich nitrogen 
have relatively small grain size and, in  conse-
quence, are combusted at lower temperatures. An 
alternative might be that low combustion tem-
peratures are influenced by the degree of radiation 
damage of the diamonds (more damage= lower 
combustion temperature). A part of the low-
temperature nitrogen can be associated with ad-
sorbed air, but we believe that this surface-
correlated component is only important in the few 
first combustion steps. Most of the  nitrogen in 
the  diamonds is volume-correlated,  i. e.  chemi-
cally replacing carbon in the diamond structure. 
However, consideration of δ15N variation on a 
three-isotope plot such as δ15N vs. C/N indicates 
that more than two components are present [3]: 
apart from the heavy and light nitrogen there is 
also the third component with N/C=0 (nitrogen-
free diamonds).  
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Fig. 1. Variations in d15N in the grain-size fractions of 

diamonds from Krymka during stepped combustion. 
In terms of δ15N variations grain, the size frac-

tions are systematically different from each other 
showing higher abundances of the heavy compo-
nents in the finer fractions for all combustion 
steps (Fig. 1). 

N/C variations during stepped combustion: 
Figure 2 shows the variations for Krymka grain-
size fractions [9]. The curves are similar indicat-
ing a presence of the N-poor component at low 
temperature steps, a gradual (2-3 fold) increase in 
the N/C ratio up to ~90% of carbon release and 
then decreasing to lower values again at tempera-
tures >500oC. This is compatible with a three-
population model similar to that proposed above 
for nitrogen isotope variations. Although there is 
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no systematic variations for the total N/C ratio in 
different grain-size fractions, the coarsest fraction 
has significantly lower maximum N/C ratio than 
the other fractions. 

 
0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0 20 40 60 80 100

Kr-I
Kr-II
Kr-III
Kr-IV

N
/C

Carbon yield, cumulative %  
Fig. 2. Variations in N/C ratio in the grain-size fractions 

of diamonds from Krymka during stepped combustion. 
Model:  We have developed a model for the 

stepped combustion of diamond grains represent-
ing three populations with different nitrogen iso-
topic composition and N/C ratios. The free pa-
rameters of the model include δ15N and N/C ra-
tios, average grain size and standard deviation 
(for normal grain-size distribution) and the rate of 
combustion for each population. To fit the calcu-
lations with the observations we fixed δ15N and 
N/C for each population choosing the values 
slightly outside the measured ranges. Variations 
in the grain size of the populations were restricted 
to the measured grain size distributions for the 
fractions. 
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Fig. 3. Fitting of the model calculations for δ15N 

variations in bulk Krymka diamonds. 
Results: We started by fitting the model with 

results from the unseparated bulk diamond frac-
tion.  The results of the fitting (Fig. 3, 4) give us a 
general idea of what relative abundance of the 
populations can be expected in the grain-size 
separates. The model calculations suggest that the 
most abundant diamond population is that which 
does not contain nitrogen; the other two popula-
tions are seem to have slightly different average 
grain sizes (Fig. 5).  
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Fig. 4. Fitting of the model calculations for N/C 

variations in bulk Krymka diamonds. 
Discussion:  The most immediate question 

from the results of the model calculations is how 
the proposed populations are related to noble gas 
components. The nitrogen-free population has the 
highest combustion rate (Fig. 5); even though, as 
can be seen from Figure 5, it has a similar grain 
size to the other populations. This suggests the 
population to be the most likely affected by radia-
tion. This allows us to assume that the population 
contains P3 noble gases, which are known to be 
released at relatively low temperature, and there-
fore may by associated with diamonds highly 
damaged by radiation [4]. This result is also in 
agreement with a suggestion made earlier [2] that 
nitrogen and noble gases are located in different 
populations. 

An alternative to the proposed model can con-
sider populations with variable concentrations and 
isotopic composition of nitrogen within diamond 
grains (e. g. [8]). 
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Fig. 5. Model-calculated grain-size distribution of the 

diamond populations. 
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