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Adrar 003 is one of a number of unusual meteorites recently recovered from the Sahara 
desert. A petrologic description (I) attested to its extraordinary unequilibrated nature, as do 
mineral analyses (2). Thermoluminescence studies (Sears pers. comm.) suggest that Adrar 003 is 
a type 3.2 meteorite. 

Unequilibrated ordinary chondrites are amongst the most intriguing samples available for 
the investigation of interstellar grain concentrations being the repository of nanometer sized 
diamonds (Cg) and silicon carbide (Cp and CE) (3,4). Using a method based on the abundance of 
Xe (HL) in incompletely processed acid residues, Huss (4) calculates that LL3.013.1 group 
samples (Semarkona, Krymka and Bishunpur) have greater than 100 pprn Cg in bulk samples, 
which converts to between 734 and 838 pprn in the matrix. LL3.011 meteorites are thus easily 
equivalent to CM2 and CI samples as a source of interstellar diamond. During the stepped 
combustion studies of Bishunpur, Semarkona, Krymka, Tieschitz and Inman, it was discovered 
(3) that at high temperatures a variety of anomalous isotopic signatures existed for carbon and 
nitrogen; both light and heavy nitrogen are released at similar temperatures to heavy carbon from 
Sic. Again based on noble gas concentrations, this time Ne-Em), Huss (4) estimated very high 
(0.4 to 1.5 pprn bulk, 2.9 to 9.8 pprn in the matrix) S i c  abundances for the 3.011 samples 
approaching if not quite comparable to CMs and a CI. 

The availability of another very unequilibrated ordinary chondrite, Adrar 003, offers the 
opportunity to extend a study which has been slow because of the lack of appropriate samples. 
Compared to other 3.011 meteorites, Adrar 003 has a lower total carbon abundance: 0.26 wt % 
(cf. 0.41 to 0.58 wt %) but a higher 613C -15.1%~~ (cf. -21.5 to -24.8%). A 10.46g sample of 
Adrar 003 was used for preparation of an acid residue AD2 (0.00156g, 149 ppm) according to 
our standard technique: a consecutive HF/HCl, CS2, ~ r ~ 0 ~ ~ -  and HC104 treatment which leaves a 
mixture of diamond, silicon carbide and oxide minerals. Stepped combustion was employed for 
the further resolution of the carbon containing phases according to their thermal stability in 
oxygen. A number of stepped combustions have been performed on AD2 (i) for high precision 
carbon isotope measurements over the temperature regime up to 5500C, (ii) duplicate studies for 
nitrogen isotope determinations up to 5600C and (iii) continuation of analyses listed under (ii) 
above in one case, for further 6 1 5 ~  measurements up to 12500C, and in another, carbon isotope 
studies up to 1250°C. Results from the above provide three estimates of the diamond 
concentration in AD2; measurements of 49,45 and 50 wt % C suggest Adrar 003 has ca. 75 pprn 
diamond, not quite as high as the values quoted for other 3.011 meteorites (4), but well in excess 
of Ca abundances for bulk Inman, Tieschitz and Kryrnka made using a similar technique (3). 

Two sets of data for the conjoint release of carbon and nitrogen (5) together with nitrogen 
isotopic measurements have been acquired. The variation of C/N as a function of the nitrogen 
release is extremely interesting. Like previous meteorites studied (5) C/N rises quickly from a 
low value indicative of atmospheric contamination to a maximum of 195 after liberation of only 
10% of the nitrogen compliment. From the peak C/N declines steadily to a value of 43 for the last 
5% nitrogen released. Throughout the entire experiment, C/N values are lower at every stage 
than for anv other meteorite we have studied. For 62% of the nitrogen when C/N defines a 
plateau, its average magnitude is 56.5, equivalent to a nitrogen in diamond concentration of 1.77 
wt %, the highest abundance so far observed for putative interstellar diamond. Rather 
surprisingly, considering the absolute quantities of nitrogen encountered, 6 l 5 ~  measurements 
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reached a minimum value of only -308Ym, some way short of the -343 + 16 average acquired for 
21 analyses of Cg from 8 meteorites (5). Either the nitrogen in Adrar 003 aiamond is slightly 
heavier than what has been observed previously or the release could be contaminated with another 
component. Assuming the latter might be air, and adjusting the C/N ratios accordingly gives a 
nitrogen concentration in diamond of 1.56 wt %, still 25% higher than the next highest. 

The high temperature C and N studies by (3) were performed for the most part on HF/HCl 
residues rather than material subjected to chromic/perchloric acid treatment; the only exceptions 
being Inman and Tieschitz, for which somewhat larger samples were available. The Adrar 003 
study reported here therefore provides the first detailed look at components combusting above 
5500C. Carbon with above ambient l 3 ~  abundance combusts throughout the entire temperature 
regime up to 12850C. Most significantly, two pronounced and well resolved eaks in the C 
release can be observed at 1075 and 12500C corresponding to maxima in the t! 1 3 ~  trend at + 
1375 and + 14317~  respectively. Peaks at corresponding temperatures and with similar S13Cs 
have been encountered previously, but never indicating approximately equal amounts of carbon of 
different stability in the same meteorite. Assuming both peaks are due to different types of silicon 
carbide, the lower temperature component appears synonymous with the major component of Sic 
in CM2s whilst the high is more akin to that seen in Indarch (6). Why Sic  should show such a 
variaition in stability is not yet clear although presumably grain size, or radiation/metamorphic 
history could be involved. It is tempting to suggest that stepped combustion is resolving between 
Cp (host of s-Xe) and CE (host of Ne-E(H)) but such an interpretation requires more information. 
In total the carbon in the two Sic  components accounts for 0.45 ppm (1.5 ppm Sic) of the bulk 
meteorite, approximately the same amount suggested for Semarkona (4). 

Unfortunately, the stepped combustion continued to high temperature for the purpose of 
acquiring 6 1 5 ~  data was much less informative. In six steps from 500 to lOOOOC the amounts of 
N released were only marginally above blank, consequently a 2 W C  temperature increment was 
employed in an effort to obtain measureable quantities. Very surprisingly, at 120O0C, 17 ng of 
nitrogen with 8 1 5 ~  = -7Wm was liberated. A further 500 step afforded 6 ngs N of even lower 
S 1 5 ~ ,  -122Ym. Clearly light nitrogen is associated with the Sic  but its exact affinity requires 
more detailed work. 

According to the data acquired here, Adrar 003 is at least as primitive as Semarkona and 
could be more so. The extremely high N content of the Cg diamond is intriguing; unfortunately 
there are no comparable results for either Bishunpur or Semarkona but the concentration exceeds 
values measured for Krymka which are discussed elsewhere (7) in relation to a model which 
explains high C/N ratios by preferential destruction of N- rich crystals. 
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