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Graphite grains associated with metal in the Acapulco meteorite are rich in isotopically 
anomalous (light) nitrogen. Two morphologically distinct types, spherulitic graphite and feathery 
graphite, have distinct C- and N-isotopic signatures on a C vs N isotope plot. Both C and N in the 
metal appear not to be equilibrated 

Introduction. Acapulco is a unique meteorite with a chemical composition similar to the 
average of H-chondrites. The meteorite is depleted in Al and the other refractory lithophiles in 
comparison to C1 chondrites [I]. It is depleted in K and Rb relative to the average H-chondrites 
but its Na-content is similar to that found in this chondritic group. The metdsilicate ratio in 
Acapulco is higher than in H-chondrites and the chemistry of its minerals is suggestive of 
formation at high temperatures (-1 100°C) at fo2 conditions intermediate between those of E- and 
H- chondrites. A cooling rate of >1O0C/Ma was deduced from metallographic studies [I]. 147Sm- 
143Nd and 146sm-142~d chronological studies [2] have yielded an internal isochron age of 4.60 f 
0.03 Ga. Because of its old age Acapulco may have retained cosmochemical signatures from the 
earliest times of the solar system. 

Analysis of bulk Acapulco has revealed two different nitrogen isotopic signatures 131: The 
metal contains very light nitrogen ( 6 1 5 ~  I - 13%0) while the silicates contain heavy nitrogen 
( 6 1 5 ~  = + 20'760). Heavy nitrogen has also been detected in the low temperature release of the 
metal [4]. Studies of the nitrogen isotopic compositions in taenite and kamacite concentrates 
indicated that nitrogen concentrations are higher in taenite (28 ppm) than in kamacite (4.5 ppm) [4]. 
The difference in the nitrogen isotopic composition between metal and silicates indicates lack of 
equilibration between these two components during melting and crystallization. Nitrogen appears 
to be lighter in taenite ( 6 1 5 ~  = - 150%0) than in kamacite (615N = - 13%) [4]. The lighter 
nitrogen is sited either in the metal phases or at high enrichment in minor phases closely associated 
with the metal. 

We have initiated a detailed combined petrographic and ion probe study of Acapulco to 
address the following questions: (1) Is the light nitrogen in Acapulco confined to the metal or is it 
present in other phases associated with the metal? (2) If there are carriers, do they have identical 
nitrogen isotopic compositions or do they have distinct signatures which may have survived the 
melting and crystallization processes in the Acapulco parent body? Petrographic investigations 
were conducted on three polished thin sections using reflected light microscopy and scanning 
electron microscopy in the BSE mode. Quantitative electron microprobe analyses were also made 
to determine the chemical compositions of distinct phases encountered within the metal. The 
isotopic composition of C and N were measured by secondary ion mass spectrometry according to 
established procedures [5]. 

Petrography. Graphite grains of variable size (2-150 pm) were found intergrown with 
metal. In addition, we found rare cohenite, a phase not reported before from Acapulco. Since 
graphite was suspected to be the carrier of the light nitrogen, a detailed study was conducted on 
this mineral. This study revealed the presence of three morphologically distinct types of graphite: 
(1) Spherulitic graphite entirely sealed off inside of metal grains, coexisting with both karnacite and 
taenite. The spherulites consist either of radially arranged graphite platelets or fine-grained (I 2 
pm) polycrystalline aggregate of graphite. (2) Feathery graphite intergrown with both metal and 
silicates. Large grains of this type are mainly enclosed in the silicates but are always in contact with 
the metal. (3) Graphite filigree. This type appears to be rare; it was encountered only once in all 
three sections. Like the spherulitic graphite, it is entirely enclosed within the metal. 

Isotopic analysis. Both in graphite and in cohenite nitrogen was measured as CN- [5]. 
Nitrogen contents in cohenite were found to be very low. In contrast, all graphite grains measured 
are highly enriched in N (0.002<N/C<0.01). Spherulitic graphite contains less N (NIC < 0.002 vs 
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I 0.05) than the feathery and filigree types (Fig. 1). Our measurements revealed distinct C- and N- 
isotopic characteristics of the various graphite pes. The C-isotopic composition of the spherulitic 
graphite varies between 6 1 3 ~  = - 16%0 and 6 d  = - 4WL whereas the range of compositions for 
the feathery graphite is marked1 narrower (6% = - 12% to 6 1 3 ~  = - 25%) (Fig. 1). Feathery 
gra hite has lighter nitrogen ( 6 h N  = - 11% to 615N = - 154%0) than the spherulitic graphite D (61 N = - 67% to 6 l 5 ~  = - 141%) (Fig. 2). Figure 3 depicts the C- and N-isotopic compositions 
of both graphite morphologies. This diagram clearly shows that the data from the two graphite 
types fall into separate groups with distinct C- and N- isotopic signatures. While the feathery and 
ffigree graphites plot in a region of heavier carbon, the spherulitic graphites plot on a linear array 
with a slope of -3.25 that extrapolates to zero &values of both C and N. The 6 1 3 ~  vs 6 1 5 ~  trend 
in spherulitic graphite may represent either (a) a mixing line between two reservoirs, one with 
isotopically normal C and N, and the other with isotopically light C and N, or (b) correlated 
isotopic fractionation in both C and N (presolar?) and lack of subsequent equilibration. 
Discussion. Several conclusion can be drawn from these results. (1) The two graphite types 
display distinct isotopic signatures thus indicating formation from different reservoirs before 
incorporation into Acapulco parental material. (2) Both types frequently occur in the same metal 
grain, yet no isotopic equilibration was attained between the two graphite morphologies during the 
melting and crystallization of Acapulco. (3) Because cohenite was found to be poor in N and its N- 
isotopic composition appears to be close to normal, it is quite unlikely that spherulitic graphite was 
formed by breakdown of cohenite to Fe + C during the cooling event. (4) The magnitude of the N 
isotopic anomaly is very similar to that previously reported [4] for the bulk metal (average 6 1 5 ~  = 
- 13%). Hence, it is not clear whether the light nitrogen component measured in the bulk metal 
[4] entirely resides in the graphite or the metal still contains a third carrier with a distinct isotopic 
composition or N is also contained in the 
metal. This issue can only be resolved by 
measurement of graphite-barren metal from -10 - 
Acapulco. The present study demonstrates 
the need for systematic C- and N-isotopic 
investigations of different graphite types in 
graphite inclusions in iron meteorites and '". + 4 
other differentiated meteorites. 4 - -30- 
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