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The highly reduced state and unusual mineralogy of the enstatite 
chondrites sets them apart from other types of meteorite. Acid demineralised 
residues of Indarch, however, resemble those of carbonaceous chondrites in 
several respects (11, being enriched in Ne-A and CCF-Xe. Using stepped 
combustion techniques (2,3), we have undertaken carbon and nitrogen analyses 
on two such residues; quantitative and isotopic measurements for the 
respective elements being performed on triple- and double-collector static 
mass spectrometers. 
HF/HCl insoluble residue (no data shown): Treatment with HF/HCl removes 
>99% of the bulk meteorite, leaving a carbon-rich material. Only a few 
percent of the original nitrogen remains showing that the vast majority of the 
nitrogen in enstatite chondrites is not associated with carbonaceous material 
but must be in the inorganic form and since E4 chondrites lack recognisable 
nitrogen minerals this possibility implicates N-substituted silicates. The 
computed bulk 613cpDB for the residue (-13%0) is not greatly different from 
the 6 1 3 ~  of the untreated meteorite (-12%~), however, its b15~AIR is 
substantially enriched in 1 5 ~  (-3%0 vs -22 to -30%0) but since only 2% of the 
N is insoluble, the bulk nitrogen isotopic composition is dictated by the 
inorganic component. 

During stepped heating, two major releases of carbon occur at 300-450'~ 
(b13c = -30%0) and 500-700'~ (613c = -7%0) which correspond to terrestrial 
contamination and probably indigenous graphite. Above 800°c, 613c rises to 
positive values with maxima of +70% ( 1000-1100~~ ) and +77% 0 ( 1200-1250~~) . 
The isotopic composition of the 1 0 0 0 ~ ~  step was not measured so a maximum 613c 
might also exist at 900°C. 

Nitrogen is liberated over a broad temperature range (200-1000~~) with 
15 maximum releases around 550 and 750°C, b N varying between -15 and +8%0; the 

highest b value corresponds to the high temperature release. Large quantities 
of isotopically light nitrogen which are produced above 800'~ from the 
untreated meteorite are no longer observed demonstrating that inorganic phases 
containing N must be acid soluble. 
HN03-etched residue (see Figs. 1 and 2): Etching with HN03 removes a 
further 50% of the material, leaving a residue which is almost totally 
carbonaceous. Stepped combustion analysis gives a carbon release profile 
(Fig. 1) similar to that of the unetched residue except a proportion of the 
contaminating organics were removed during the oxidations, the bulk 613c has 
risen accordingly to -4%0. The 613c maxima are more pronounced, however, at 
+94 and +160%0 and at clearly defined temperatures (800-850°C) and 1100-1200°C 
respectively. 

The nitrogen release (Fig. 2) has two 6 1 5 ~  minima at 600-650'~ (-38%~) 
and 700-800°C (-55%0) with higher values ca -18%0 between them. Nitrogen with 
positive 6 1 5 ~  values has been removed by HN03 since the bulk 6 1 5 ~  has dropped 
to -19%, from -2.5%0. The oxidation of the HCl/HF residue has revealed a 
stable component of highly refractory nitrogen which burns above 800~~. 
Discussion: The HN03-etched residue shows enrichment of heavy and light Xe 
isotopes and other effects characteristic of CCF-Xe (1). This component has 
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previously been linked to isotopically light nitrogen (615N ca -326%0) 
released at 600-7000C during stepped combustion of carbonaceous chondrite 
residues (2). Very light nitrogen, possibly associated with CCF-Xe has been 
recognised in bulk samples of the Atlanta and South Oman enstatite chondrites 
(4). Assuming the carrier for CCF-Xe in C and E chondrites is not different, 
we interpret the two b15N minima to be mixing of this light N/CCF-Xe phase 
with more normal nitrogen which coincidently combusts at the same 
temperature. It is feasible that this component is residual HNO3. From 
nitrogen isotopic data it is possible to estimate about 500 ppm of the CCF-Xe 
and light N host could be present. The host phase for CCF-Xe and 
isotopically light nitrogen in C-chondrites is believed to be carbonaceous, 
however, it is probably not the major component with 61% = - 4%6. More 
likely, it is in an isotopically light (61% < -38%,) phase (3) hidden by 
carbon related to the bulk meteorite material. 

The high temperature releases of isotopically heavy carbon resemble those 
of residues from the Murchison meteorite (5). These have been postulated to 
be associated with decomposition of host phases for Ne-E(L) and s-process Xe. 
Neither noble gas component has been reported in enstatite chondrites but the 
similarities for carbon make their presence a possibility however, since we 
calculate the host phases are< 1 ppm of the meteorite, their study will be 
difficult. Nitrogen released at high temperatures shows no exceptional 6 1 5 ~  
values and the case for a link between heavy carbon and light nitrogen 
indicating a red giant origin for some 13c-rich material seems strengthened. 
For Murchison, the two isotopically heavy carbon host phases and the CCF-Xe 
phase could be resolved by size separations, studies along such lines for 
Indarch residues could be profitable. 

If the noble gas, nitrogen and carbon components found in E-chondrites are 
the same as those of C-chondrites, then the pre-solar (interstellar) grains in 
which they are contained must have been dispersed in the primitive solar 
system before incorporation into different meteorite parent bodies and have 
survived both aqueous alteration and mild thermal metamorphism. 

We thank Professor E. Anders for his interest and encouragement. 
References:(l) Crabb, J. and Anders, E., GCA, 46, 2351, (1982) (2) Lewis, 
R.S. et al., Nature, 305, 767, (1983) (3) Swart, P.K. et al., Science, 202, 
406, (1983) (4) Carr, L.P. et al., Meteoritics, in press (5) Carr, R.H. et 
al., Meteoritics, in press. 

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


