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ISOTOPIC COMPOSITION OF CARBON AND NITROGEN IN THE DIAMONDS 
FROM THE UNEQUILIBRATED ORDINARY CHONDRITE KRYMKA LL3.0: 
A.V. Fisenko, S.S.Russell*, R.D. Ash*, L.F. Semjenova, A.B. Verchovsky* and C.T. 
Pillinger*. Vernadsky Institute, Moscow, Russia. *Dept. Earth Sciences, Open University, 
Milton Keynes, U.K. MK7 6AA. 

Presolar diamonds present in primitive chondritic meteorites of different groups and 
petrologic types contain variable amounts of nitrogen (Russell et al., 1991); in contrast xenon 
(HL) is considered to be approximately constant (Huss 1990). Two hypotheses have been 
explored in an effort to explain the variability of nitrogen abundance: (i) two or more diamond 
populations with different original N contents were heterogeneously mixed and distributed in the 
solar nebula, or (ii) diamond with an originally high N content was metamorphically degassed at 
some point in its history to give a range of nitrogen contents. The latter was considered unlikely 
by Russell et al., (1991) and further arguments to this effect are presented by Russell and 
Pillinger (this volume). An alternative metamorphic process is considered herein. 

Krymka is a highly unequilibrated ordinary chondrite; indeed it has the lowest 
thermoluminescence sensitivity relative to Djahala yet measured (Sears et al., 1991). A diamond 
fraction Kr - 4 was prepared using conventional chemical treatments (1M HC1+ 9M HF and 1M 
HC1 at 60°C; ~ r ~ 0 ~ ~ -  and HC104 , the sample was then split into fine and coarse grained 
fractions by sedimentation in water. I& -4 derives from the fine grained portion of the residue and 
contains 68 wt % C showing that Krymka hosts at least 136 ppm diamond. Some diamond 
however was also present in coarse fractions. 

The isotopic composition of the C and N were measured using stepped combustion 
methods to give bulk values of 6 1 3 ~  = -33.6% and 615N = -331Yh0 suggesting a very pure 
sample of Cg. Minimum values for the two isotopic signatures are measured as -37.2Ym and - 
347% respectively and the temperature range over which the diamond combusts corresponds to 
that observed for other diamond rich samples. In figure 1,ti13C, 8 1 5 ~  and C/N for Kryrnka are 
plotted against %C, %N and %N released respectively. In each subsection of the figure 
corresponding data for the CM2 chondrite Cold Bokkeveld are shown for comparison. There is 
a very pronounced similarity between the three sets of data suggesting that Krymka, an ordinary 
chondrite has diamond which is equivalent to that found in CM2 meteorites. The plateau region 
of the C/N ratio plot (fig. lc) corresponds to a nitrogen in diamond concentration of 9600 ppm, 
substantially higher than for the other ordinary chondrites studied by Russellxt al., (1991), but 
not as high as that found for Adrar 003 (Russell et al., this volume). 

The light element systematics have now been measured for diamonds from four ordinary 
chondrites: Tieschitz, Inman, Krymka and Adrar 003. The abundance of diamond in the first 
three meteorites and the nitrogen concentration within their diamond component follows the 
metamorphic trend quantified for these samples by TL sensitivity. Adrar 003, the sample with 
the highest N abundance (Russell et al, this volume), has a TL sensitivity suggesting a 3.2 
classification. However, Adrar 003 has been exposed to extensive weathering in the Sahara 
desert, a process which appears to have altered its deuterium abundance, (Hutchison et al., 
1991), a property known to be related to the TL sensitivity (McNaughton et al., 1982) thus, the 
trend may break down for this meteorite because of an outside influence. Bearing this in mind, 
we have reconsidered the possibility that Cg in primitive meteorites is part of a single population 
which has been affected by metamorphism of some kind to alter the nitrogen abundance. The 
following model is able to explain some,of the observations: because the crystals of Cg are so 
small (ca. 3 nm in size) the number of nitrogen atoms in an individual crystal for say a 1 wt % 
(10 000 ppm) is of the order of 16; 0.2 wt % (2000 ppm) abundance requires only 3 
atoms/crystal. Clearly these are average values and the diamond will actually be comprised of 
crystals which show a range in the number of N atoms incorporated into the lattice, possibly 
from zero to maybe 20 - 30 or more. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



366 LPSC XXIII 

DIAMONDS IN KRYMKA: Fisenko et al. 

The diamonds with the high compliment of N atoms will have a high proportion of structural 
defects and thus might be more vulnerable to destruction by metamorphic events during parent 

processing. If the high N content diamonds were destroyed preferentially, then the overall 
nitrogen concentration of the diamonds, from more metamorphosed chondrites, would appear 
lower when isolated from the meteorite, although nitrogen isotopic compositions need not v 3 substantially. Since Xe (HL) is very rare in diamond (there is less than one Xe atom per 1 
crystals), and unlike nitrogen, it cannot be a structural atom, the crystal bond deformities 
introduced by Xe are far less than those for nitrogen. The effect of a single trapped atom are also 
more localised than that of a large number of carbon-substituting nitrogen atoms. The xenon 
concentration would therefore not be affected by this metamorphic process. There has been 
speculatidn about the reactions which might destroy diamond via the conversion of quartz 
normative mesostasis to olivine during metamorphic re-equilibration (Alexander et a1 1990) . A 
likely candidate is: 

A major obstacle to this transformation was thought to be kinetic constraints but the presence of 
high N abundance in the diamond leading to multiple structural defects could overcome the 
anticipated problems. 

The model proposed here is testable, for example the identification of C 0 2  of an 
appropriate isotopic composition in olivine might provide circumstantial evidence. In addition, it 
may be possible to mimic the effect of metamorphism on the diamond in the laboratory. More 
data on N and C and their isotopes in a wider range of unequilibrated chondrites would be 
advantageous. 
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