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Abstract: Nitrogen and xenon isotopic signatures in mineral separates of acapulcoites and 
lodranites further constrain a genetic relationship implied by the oxygen isotopes. While the 
nitrogen signatures differ for Acapulco silicates, metal and chromite, only one signature is 
observed in the lodranites EET84302 and FRO9001 1. The 129xe isotopic abundance is uniformly 
evolved in both types relative to OC-Xe and the major Xe carrier was identified as the "magnetic" 
silicates. 

Introduction: Primitive achondrites possibly represent a transitional state between 
chondrites and differentiated achondrites (1). The available chronological data on Acapulco reveal 
an old age of its parent body (2,3) but the time of system closure for 129xe in Acapulco 
phosphates postdates that of at least some chondrites (4), and apparently dates secondary 
processes on its parent body. Acapulcoites and lodranites were considered to have close genetic 
relationships, and to possibly originate from a single parent body (5). The FRO90011 and 
EET84302 meteorite are both classified as lodranites (6) and the latter was considered to provide 
a clue for the understanding of S-type asteroids, since the metal-rich primitive achondrites appear 
to match the observed reflectance spectra (7). 

We report new isotopic signatures which bear on the genetic relationship between 
acapulcoites and lodranites. Previous nitrogen isotopic studies of Acapulco revealed the existence 
of nitrogen isotopic disequilibrium (8,9), because of the very light nitrogen component of metal 
( 6 1 5 ~  1-150'300) which contrasts to those of silicates ( 6 1 5 ~  +15%0) (9). The Acapulco silicates 
display uniform nitrogen isotopic signatures. The light nitrogen component was also found in the 
cores of "magnetic" silicates (9) and in chromite [Figure 11, documenting the isotopic 
disequilibrium among mineral phases. Recent work (10) shows that Acapulco metal has graphite 
inclusions which have very light nitrogen and each grain shows variation in nitrogen and carbon 
isotopic signatures. This isotopic disequilibrium occurs on a microscale. It is not clear yet how 
much of the light nitrogen is carried by the graphite in Acapulco, but it indicates that the nitrogen 
carriers in Acapulco have not lost their primordial isotopic heterogeneity. Acapulco also reveals 
relatively large concentrations of trapped noble gases, comparable to those of type 4 ordinary 
chondrites (1 1,9), and at least two different carriers of radiogenic 1 2 9 ~ e  (9). 

Nitrogen: Nitrogen isotopic abundance in mineral separates of the two lodranites 
EET84302 and FRO9001 1, shows similarities. Their metals reveal low nitrogen abundance (5 
lppm) with similar isotopic signatures ( 6 1 5 ~  +2 to +14%0). These signatures may be compared to 
those of silicates ( 6 1 5 ~  -0 to +30%00) and to bulk Lodran ( 6 1 5 ~  +3 to +=o) (12). Moreover, 
"magnetic" silicate and chromite of EET84302 are also depleted in nitrogen (<lppm) without any 
evidence for the light nitrogen signatures. It appears that nitrogen isotopic equilibration was 
achieved in lodranites. These results contrast with the metal of Acapulco which has higher 
nitrogen concentration (13k3ppm) (9) and a very light nitrogen signature. 

Xenon: Trapped Xe in Acapulco is mostly carried by "magnetic" silicates (9) (silicate with 
swarms of metallic inclusions) and its isotopic composition is consistent with OC-Xe (13), except 
for a higher 1 2 9 ~ e / 1 3 2 ~ e  ratio (1.065k0.005) presumably due to radiogenic 129xe,. Our results 
suggests that trapped Xe is carried in the "cores", since a "magnetic core-concentrate" shows an 
enrichment (9) with constant isotopic composition. The uniform OC-Xe composition with a 
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higher 1 2 9 ~ e / 1 3 2 ~ e  ratio in "magnetic" silicate indicates that 1 2 9 ~ e  excesses probably are 
signatures of the trapped phase, not produced in situ. EET84302-bulk shows a large 
concentration of trapped Xe (1 1 7 0 x 1 0 - ~ ~  STP cm3g-I), comparable to that observed in Lodran 
( 1 3 3 0 ~ 1 0 - ~ ~  STP cm3g-l) (14). The distribution of trapped Xe, in many respects is very similar to 
that of Acapulco since a high concentration is found in "magnetic" silicates (9180x10-~2 STP 
cm3g-l), together with the OC-Xe signatures and including the high 1 2 9 ~ e / l 3 ~ ~ e  ratio (1.065+ 
0.004). However, in EET84302 bulk we found no visible evidence for in situ produced I29xer 
components which are prominent in Acapulco. In the latter one of these resides in phosphates and 
the other carrier is an minor "interstitial" phase on metal surfaces (9) which released 129xer at 
very low temperatures. Our -50mg sample of FRO90011 did not reveal a "magnetic" silicate 
phase and the separates (silicates, the nonmagnetic fraction and acid-etched metal concentrate) all 
show low abundance of trapped Xe (<I 10x10-12 STP crn3gl), in agreement with data on trapped 
Ar in FRO90011 bulk (14) which is lower by a factor of 20 compared to Lodran. The 
nonmagnetic fraction of FRO9001 1 shows a significant 1 2 9 ~ e  excess (70x1 0-12 STP cm3gl). 

Conclusion: The nitrogen isotopic signatures help to constrain the genetic relationship 
between Acapulco and two lodranites, EET84302 and FR090011. The low nitrogen 
concentration in metal and in the chromite of EET84302 together with the evidence for isotopic 
equilibration in lodranites does not conflict with the evidence for high-temperature 
metamorphism. The presence of large concentrations of trapped Xe, carried by "magnetic" 
silicates, with uniform relative enrichment of 1 2 9 ~ e  in Acapulco and EET84302 supports a 
genetic relationship between these two samples. High-temperature metamorphism may have 
achieved complete homogenization of volatile gases in lodranites. However, a process capable of 
depleting and equilibrating the nitrogen in "magnetic" silicate of EET84302 and simultaneously 
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ennching trapped Xe is called for. This may require a later formation time of "magnetic" silicates, 
since 1 2 9 ~ e r  is slightly evolved. The loss of nitrogen and noble gases in FRO9001 1, together with 
a clear 1 2 9 ~ e r  excess in the nonmagnetic separate requires an early evolution, before 1 2 9 ~  had 
decayed. 
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