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Acapulco is a unique meteorite with chondritic bulk chemical composition but a texture 
unlike that of the major chondrite types. The absence of chondrules, the fine-grained equigranular 
texture and the uniform mineral chemistry indicate extensive solid state recrystallization. Acapulco 
is texturally and compositionally related to several other unique meteorites (Winona, ALHA 77081 
etc.) and to silicate inclusions in LAB-iron meteorites. Additional similarities include degree of 
oxidation, oxygen isotopes and content of volatiles (including planetary rare gases). Acapulco was 
heated to temperatures just below those required for major igneous differentiation and thus marks 
the transition between chondritic (undifferentiated) and achondritic (differentiated) meteorites (1). 
In this work a new attempt is made to understand the thermal history of the Acapulco parent body. 
Analyses of the bulk meteorite and of mineral separates were performed by INAA (Mainz). Trace 
element determinations of minerals were done by the PANLJRGE ion-microprobe (Caltech). 
The new bulk analysis has lower metal and higher sulfide content (Table 1). As in the old sample 
(1) enrichments of U and light REE are present, although to a lesser extent. The excess light REE 
and U were probably introduced with apatite (1). 

Three temperature regimes will be considered separately: 

High temperawe (1400-1500 OC): 
Minerals of Acapulco contain metal inclusions, most prominent in opx (1). INAA analyses of 
single opx grains indicate high NiJIr (and Au/Ir) ratios of the included metal (about 100 000 for 
Nib compared to 15 000 of Acapulco matrix metal). Formation of low Ir metal can be achieved by 
partial melting of chondritic metal requiring temperatures of 1400 to 1500" C. Crystallizing opx 
may have enclosed partially melted liquid metal. The Fe/Ni ratios of included metal and matrix 
metal ate very similar suggesting later equilibration of Fe through the opx crystals. 

Medium temperatures (900-1 000 OC): 
Calculations of silicate equilibration temperatures according to Ca-distribution between opx and 
cpx gives a temperature of 922OC, compared to 986°C of silicate inclusions in the Caddo County 
LAB-meteorite and 996°C for El Taco inclusions (Table 2) based on calibrations by (2). Ca in 
Acapulco opx is unzoned suggesting slow cooling rates at this temperature (El Taco and Caddo 
have zoned opx). Ratios of Sm and Yb between cpx and opx appear to be temperature dependent 
as shown in Fig. 1, where upper mantle rocks (3), Landes (4) and Caddo (5) silicate inclusions are 
compared. According to Fig. 1 cpx and opx are in diffusive equilibrium with respect to Sm and 
Yb. Estimated equilibration times, using diffusion data of (6) are in the range of 400 000 years for 
0.5 mm crystals. Assuming uniform cooling and a closure temperature of 922°C would result in 
cooling rates of about 100O~/106 years according to the procedures of (6) for Sm diffusion in 
diopside. Landes, Caddo and El Taco silicate inclusions would have significantly faster cooling 
rates in this temperature range as indicated by their higher equilibration temperatures and supported 
by Ca-zoning in opx. 

Low temperature regime 500-750 OC: 
Closure temperatures for diffusion of Ca, Cr and Ni in olivine are lower due to faster diffusion in 
olivine (7). Temperatures for equilibration of Ni between olivine and metal are above 700"C, 
assuming a Ni-activity coefficient of 0.67 (8) in the FeNi alloy (Table 2). Ca-equilibration between 
cpx and 01 can be used as thermometer and the observed zonation of Ca may be used to calculate 
cooling rates (7). Absolute values depend on the unknown Ca-diffusion coefficient at 600°C. In a 
relative sense, however, it can be be shown that Acapulco has a steeper Ca profile than El Taco 
inclusions, indicating faster cooling of Acapulco in this temperature range (20 000 - 70 000°C/106 
years compared to 1000 to 10000"C/106~ for El Taco, calculated with diffusion coefficients 
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extrapolated from high temperatures, see ref. 7) opposite to the cooling rates in the 900-1000°C 
range where faster cooling and higher closure temperatures were found for El Taco inclusions. 
Apparently cooling rates can significantly vary with temperature. The interpretation of cooling 
histories within parent-body evolution is complex and may require impact related disturbances. 
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Table 1: Acapulco (bulk analysis) 

- upper mantle 
c ' 3'0wi rocks 7 - 

2.0 t 

Fig. 1 

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

c-this work;d-Luzius-lange & Palme (1987)(4) 

% old* new** s.d. 
Ca 1.12 1.10 19 
Fe# 275 20.45 3 

PPm 
Na 6190 6420 3 
K 430 530 8 
Sc 7.45 8.48 3 
Cr 7420 6996 3 
Mn 2945 3260 3 
Co 1210 640 3 
Ni 2190 13300 4 
Zn 243 252 5 
-Ga 113 7.78 4 

cpx / opx concentration ratios 
vs. two pyroxene equilibration temperature 

*-analysis Palme et al. (1981)(1);**-this work 164.94 mg; 
s.d.-standard deviation in %;#-total Fe 

ppm old* new** s.d. 
As 276 157  5 
Se 6 5  10.8 5 
Sb 0.20 0.061 16 
La 0.83 0.742 4 
Sm 0.27 0.25 6 
Eu 0.092 0.100 9 
Yb 0.21 0.27 13 
Re 0.12 0.058 15 
0 s  1.65 0.67 6 
Ir 1.42 0.54 3 
Au 0.262 0.149 3 
Th 0.26 ~0 .06  
U 0.12 0.07 30 


