
A ZONED SPINEL GRAIN IN THE FOUNTAIN HILLS 
BENCUBBINITE: CONSTRAINTS ON ITS THERMAL 
HISTORY. A. R. La Blue1, D. S. Lauretta1, and M. Killgore2. 
1Lunar and Planetary Laboratory. University of Arizona. Tucson, 
AZ. (arlablue@lpl.arizona.edu). 2Southwest Meteorite Labora-
tory. Payson, AZ. 

 
Introduction: Fountain Hills (FH) is a metal-rich chondrite 

with abundant, well-defined chondrules. It contains important 
information about the processing of rocky and metallic material 
in the solar nebula. It was originally classified as a CBa chondrite 
by [1] based on its O-isotopic composition and metal and silicate 
compositions. However, FH has similarities to both the CR and 
CB groups, suggesting that it is transitional between the two.  

Thermal History: Mineralogy and major features of FH are 
described in a companion abstract [2]. An anorthite-rimmed, 
zoned spinel grain is present in FH with composition 
Mg0.9Fe0.1(Al0.9Cr0.1)2O4. Cr and Ti increase systematically from 
core to rim while Al correspondingly decreases. The Mg/Fe ratio 
is constant at Mg# = 94. The area around the spinel is composed 
of anorthite and olivine. The nearest olivine crystal is 82 µm 
from the spinel. Since olivine is homogenous throughout FH, we 
assume it equilibrated with the rim of the spinel. We apply the 
olivine-spinel geothermometer (olv-sp) of [3] and calculate a 
temperature of 878 °C. 

The composition of the spinel suggests that Mg and Fe were 
able to diffuse into the spinel and achieve equilibrium. The Cr 
and Al profiles suggest that diffusion in this system was sluggish 
and equilibrium was not achieved. This fact allows us to con-
strain the duration of heating experienced by FH. Cr-Al interdif-
fusion data for a spinel of composition Mg0.5Fe0.5(Al0.7Cr0.3)2O4 
have recently been measured at 21.4 kb and 1125°C [4], which 
suggest DCr-Al = ~0.04*DFe-Mg. Using this relationship and the 
Arrhenius relation for DFe-Mg in spinel [5] we estimate DCr-Al in 
spinel at 878 °C. A reasonable fit to the data is obtained by treat-
ing the system as an isothermal diffusion problem. This analysis 
suggests a heating duration of ~1,800 years at 878 °C to establish 
the Cr-Al zoning in the FH spinel grain.  

Discussion: The olv-sp temperature of 878°C represents clo-
sure of diffusive exchange between the spinel and olivine. We 
assume that it also represents closure between spinel and the Cr 
source (most likely metal). The diffusion calculations limit the 
duration of heating to ~1,800 years at 878°C. Similar calculations 
show that the grain could have been held at 600°C for 1.4 million 
years and at 400°C for over 5 billion years.  

The short duration of peak heating may result from impact. 
Other bencubbinites have experienced significant shock meta-
morphism. However, olivine in FH exhibits sharp optical extinc-
tion indicating no shock features. FH could have may have been 
located near the surface of the asteroid when the impact occurred 
then ejected into free space post-impact which could explain the 
short heating. Shock features may have been erased during a pe-
riod of lower temperature post-shock annealing [6].  
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