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Six new types of graphite with diverse C- and N-isotopic composition were found in Acapulco. 
Their isotopic variations are larger than those previously found in spherulitic and feathery graphites [5]. 
At least three distinct isotopic reservoirs are required to explain the C- and N- isotopic compositions. 

Introduction. Acapulco is a member of a small group of primitive differentiated meteorites. Many 
members of this group, including Acapulco, have experienced partial melting and pervasive 
recrystallisation. Acapulco has strong chemical affinities to H-chondrites and contains mineral 
constituents with distinct N-isotopic signatures [I-41. While silicates (olivine, pyroxenes, plagioclase) 
have isotopically heavy N ( 6 1 5 ~  = +15%0), chromite and metals have light N ( S 1 5 ~ =  -150 + -75%0) 
[3,4]. Recently, two graphite morphologies associated with metals with different C- and N-isotopic 
compositions have been reported from Acapulco [5]: (1) spherulitic graphite (613C = -35 +- -15%0 and 
6 1 5 ~  = -142 + d7%o), and (2) feathery graphite (613C = -20 + -8%0 and 6 1 5 ~  = -154 + -1 10%0) [5]. 
Despite the high temperature (T 2 1200°C) experienced by the parent asteroid the C- and N-isotopic 
compositions in graphite are not eqilibrated. We have extended petrologic and isotopic investigations to 
new graphite-rich Acapulco samples in search for additional graphite morphologies and graphite-bearing 
assemblages. 

Petrography. Spherulitic and feathery graphites were also found in the new samples. However, we 
discovered six additional types: (1) Rounded or oval-shaped inclusions of fine-grained (< 2pm) graphite 
in kamacite. These do not have the radial structure of spherulitic grains described earlier [5]. (2) Bands 
(20 - 30pm thick) of closely aligned fibrous graphite occurring as individual inclusions in kamacite and as 
tight rims around spherulitic graphite or the rounded, fine-grained spherules of Type 1. (3) Thin ( < 5 p )  
graphite veneers, probably formed by exsolution at the kamacite-taenite interface during the y-a 
inversion. (4) Thin (< 2pm) graphite veneers between individual kamacite segments in composite metal 
grains. All veneers (of both Types) consist of thin individual graphite crystals aligned in a trail along the 
kamacite-taenite boundary or between kamacite crystals. (5) Very small (1 - 3pm) inclusions in some 
metal blebs (member of metal swarms) in orhopyroxene and olivine. (6) Single graphite crystals (graphite 
books with basal cleavage) in silicates but in contact with metal. 

Isotopic analysis. Results are shown in Figures 1 - 3. Previously measured data points for 
spherulitic graphite [5] are also plotted in all figures for comparison. Our measurements reveal diverse C- 
and N- isotopic compositions in the different morphologies, with variations being much larger than those 
previously found in spherulitic and feathery graphites [5]. Figure 1 depicts the C- and N-isotopic 
compositions of a 45pm spherulitic graphite, a 15pm band of fibrous graphite enclosing it, and an 
exsolution vein between kamacite and taenite 20pm away from the fibrous rim. The rim has much lighter 
N ( 6 1 5 ~ =  -145%0) than the spherulitic core ( 8 1 5 ~ =  -71%0). Nitrogen in the graphite exsolution is even 
lighter ( S 1 5 ~ =  -159%0). Its carbon is also slightly lighter (613C= -18%0) than that of the core (613C = 
-1 1%0) and the fibrous rim (613C = -9%0). These data demonstrate the lack of isotopic equilibration 
between various graphite types that are intergrown with each other or occur in close vicinity in the same 
metal host. Exsolutions in this and other metal grains are usually richer in N than most other graphite 
types encountered in Acapulco. This indicates that they gained their N from the host metal by diffusion 
during the y-a inversion and hence their N isotopic ratios reflect that of the metal. 

We also find few metal grains (grain 3 and 21) in which both spherulitic graphite and fine-grained 
spheres (Type 1) have C- and N-isotopic compositions similar to those of graphite exsolutions (Fig. 2). 
This similarity indicates that during cooling in some metal grains N from the metal diffused also into both 
graphite types. The difference in the N-contents between spherulitic graphites in metal grain 21 (high) and 
graphite in grain 3 (low) probably resulted from different N-contents of the metal hosts. The isotopic 
composition of a graphite crystal in silicate is also plotted in Fig. 2. Its isotopic composition ( 6 1 3 ~  = 
+14%0; 6 1 5 ~  = -103%0) is completely different from those of all other graphites associated with metals in 
Acapulco. Figure 3 depicts the isotopic compositions of all graphite types analyzed in the present study 
(except the spherules in grains 3 and 21). Among all graphite types, exsolution veins in metals have the 
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lightest N ( 6 1 5 ~  = -159 + -141%0) and, except for sperulitic grains with radial structure [5], lightest C 
( 6 1 3 ~  = -23 + -18%0; ). Feathery, fibrous, and fine-grained spherules occupy a field with a narrow C- 
isotopic composition (613c = -14 to -5%0) and an N-isotopic composition between -160 to -80%0. One 
graphite inclusion inside a metal bleb in an orthopyroxene has slightly heavier C (613C = - 4%0) than the 
bulk of the other inclusions (Fig. 3). 
Discussion. The present investigations indicate that at least three reservoirs are required to explain the 
diverse C- and N-isotopic compositions of the graphite types in Acapulco: (1) A reservoir with heavy 
carbon represented by graphite in silicates. (2) A reservoir with isotopically light C (613c = -17 to -23 
%o) and N ( 6 1 5 ~  = -141 to -159 %o), characterisitic for the metals before formation of the other graphite 
morphologies. Its C- and N-isotopic compositions are evidently preserved in the graphite exsolutions. (3) 
A reservoir with an assumed isotopic compositions at the upper end of the spherulitic graphite array (613C 
= -5 %o; 6 1 5 ~  = -50 %o; Fig. 3). Isotopic exchange between this postulated reservoir and the metal 
component can in principle explain the isotopic variations observed in the feathery, fibrous, filigree, and 
fine-grained morphologies. It is yet unclear why individual graphite grains of each of these four 
morphologies would have experienced different degrees of isotopic exchange since the diffusion rates of 
C and N in all graphite morphologies should be similar for a given fo2 and T. Differences in the isotopic 
exchange rates could have resulted from variations in fo2 andlor T but the postulated exchange must then 
have taken place before incorporation of the various graphite morphologies into Acapulco and definitely 
before partial melting and recrystallization of the Acapulco parent body. We do not know where the 
graphite inclusions in metal blebs within orhopyroxenes and olivines originated and if they formed by 
melting of graphite-bearing metal along with silicates. Yet it is unlikely that these metal blebs with their 
graphite inclusions were produced by partial melting of metals and silicates [2] since the C of the 
analyzed graphite inclusion is isotopically lighter than that of graphite in silicates, falling at the heavy end 
of the range of feathery, fine-grained, fibrous, and filigree graphites (Fig. 3), and its N is lighter than that 
of the silicates [3,4]. Our investigations again 
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