
LPS XXVI 1563 

CA IN OLIVINE OF H-CHONDRITES; J. Zipfell, S. Weinbruch2 and H. Palme3; 'Department of 
chemistry and biochemistry, University of California, San Diego, La Jolla, Ca 92093-0317, USA; 2Department of 
Material Sciences, Technical University Darmstadt, 64295 Darmstadt, Germany; 3Mineralogisch-Petrographisches 
Institut, Universiat zu Ktiln, Ziilpicherstrasse 49b, 50674 KOln, Germany 

Summary: Results of high quality electron microprobe analysis of Ca in olivines of H-chondrites fmrn 
petrologic types 3 to 6 are presented. The Ca concentrations and Fa contents are highly variable and are not 
correlated in the three analyzed type 3 chondrites (BremervOrde, Dimmitt and Brownfield) with Ca ranging fmrn 
200 to 2050 ppm. Olivines of type 4 to 6 chondrites have almost constant Fa contents and somewhat variable Ca 
(60 to 510 pprn). These Ca concentrations are higher than those of olivines of silicate inclusions in IAB iron 
meteorites. Cooling rates based on the Ca concentrations of olivines of type 4 to 6 chondrites are identical at 
temperatures between 500 and 760 OC. They are faster than cooling rates of silicate inclusions of IAB iron 
meteorites. 

Experimental and results: Mineral chemistry of olivines h m  eight H-chondrites was determined by electron 
microprobe anlysis. We selected H-chondrites according to the fayalite content ( 4 8  mole%) reported in the 
literature. Analyses were carried out with 20 kV and 100 nA. Counting time on peak and background was 300 sec 
(Ca), 60 sec (Al, Ni, Mn) and 30 sec (Si, Mg, Fe) each. A natural olivine from San Carlos lherzolites 
(characterized by INAA and by isotope dilution analysis) was used as standard far all elements analyzed. Five 
points were analyzed in the center on each olivine grain. Only olivines with diameters > 100 pm were selected. 
Results are given in Table 1 and Figs. 1 and 2. Precision decreases fmm 2 % at the 100 pprn level to 1.5 % at the 
1000 pprn level. Larger error bars reflect compositional inhomogeneities within an olivine grain. In type 3 
chondrites, both isolated olivine grains or olivines h m  porphyritic chondrules have variable Fa contents and Ca 
concentrations. Olivines of type 4 to 6 H-chondrites have remarkably lower Ca concentrations (mean Ca 100 to 300 
ppm) than those of H3 chondrites (Table land Fig. 1). Olivines within a single chondrite (type 4 to 6) may have 
variable Ca concentrations but less variable Fa contents (Fig. 2). The H5 chondrite Beardsley has olivines with Ca 
concentrations higher than other H4, H5 and H6 meteorites. Fa contents are low and variable in the Acfer219 (H6) 
meteorite. 

Discussion: Systematic analyses of Ca concentrations in olivines of H-chondrites of different petrologic types 
have not been performed since the pioneering works of [I, 21. It was shown that there is a remarkable decrease of 
the Ca concentration in olivines of ordinary chondrites fmrn petrologic type 3 to type 4 [2]. Similar results were 
obtained in a recent study [3] of Ca in olivines of type IA chondrules of LL3 to LL5 chondrites. CaO 
concentrations of olivines of equilibrated H-chondrites were reported to be between 0.03 and 0.06 wt.% [2]. 
Olivines h m  more equilibrated meteorites like Acapulco and silicate inclusions in IAB iron meteorites have Ca 
concentrations below 150 pprn reflecting the low temperature history in these types of meteorites [4, 51. The 
average CaO concentration of chondrules in H3 chondrites is 2.2 wt. % [6]. Based on experiments [7] the Ca 
concentration of olivine (Fa 17) crystallizing h m  a melt with 2.2 wt.% CaO should be around 450 pprn Ca. This 
is higher than the Ca concentrations found in type 4 to 6 H-chondrites. Those olivines have Ca concentrations 
below 250 ppm, except for Beardsley (H5). The most likely explanation is that during metamorphism Ca is 
redistributed between orthopyroxene, clinopyroxene and olivine [4]. The Ca concentration of olivine depends on 
the equilibration temperature and the closure temperature for Ca diffusion. Based on experimental results 
temperatures can be calculated [4]. For Ness County (H4), Plains (H5), Tanemuft012 (H6) and Acfer219 (H6) 
temperatures between 500 and 760 OC are obtained. This is consistent with the temperature range of 600 to 700 OC 
for thermal metamorphism of type 4 chondrites but lower than metamorphic temperatures estimated for type 6 H- 
chondrites based on the Ca concentration of orthopyroxene [8]. The increase of Ca concentrations in orthopyroxene 
with petrologic type was suggested as means of subdivising the higher petrologic groups. This increase can, 
however, not be seen in the Ca concentrations of olivines, since Ca diffusion is faster in olivine than in 
orthopyroxene. The higher Ca concentrations in olivine adjusted at peak metamorphic temperatures must have 
been earased during cooling. According to the model of closure temperatures [9] similar Ca concentrations e.g. 
similar closure temperatures correspond to similar cooling rates. This would imply that the cooling rates of type 4 
to 6 chondrites at temperatures between 500 to 760 "C are very similar. From the onion shell model, based on Pb 
diffusion in phosphates [lo], slower cooling rates are expected for the higher petrologic types, yet at lower 
temperatures (420 - 480 OC). Since Ca concentrations of olivines of silicate inclusions (e.g. Landes) are generally 
lower still slower cooling rates for these meteorites are expected. 
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Table 1. Fa and Ca contents in olivines of H-chondrites 
number oE Ca PPm Fa mole% mean Ca mean Fa 

grains range range PPm mole% 
type 3 
Branervorde 5 222 - 822 7.5 - 19.4 
Dimmitt 5 186 -564 16.1 - 27.1 
Brownfield 5 198 - 2041 18.1 - 20.0 
type 4 
Ness County 8 96 - 253 18.5 - 19.1 133 (57.6) 18.8 (0.22) 
type 5 
Plains 7 63 - 132 17.8 - 18.5 99 (28.3) 18.1 (0.23) 
Beardsley 7 114 - 510 18.0 - 18.7 299 (120.9) 18.4 (0.21) 
type 6 
Tatuerouft 01 2 9 68 - 204 17.6 - 17.8 1 19 (40.5) 17.7 (0.09) 
Acfer 219 7 120 -264 15.9 - 18.8 187 (59.6) 17.1 (1.05) 

la standard deviation in brackets 

Fig. 1 Ca and Fa of olivines of 
type 3, 4, 5 and 6 H-chondrites 
and of silicate inclusions in IAB 
iron meteorites [5] .  Error bars 
indicate la standard deviation. 
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Am. Inc., Memoir 132,651-660. [3]McCoy T. J. et al. (1991) GCA 55,601-619. [4] Kdhler T. et al. (1991) N. Jb. 
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Jurewicz A. J. and Watson E. B. (1988) Contrib. Mineral. Petrol. 99, 176-185. [8] Heyse J. V. (1978) EPSL 40, 
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Fig. 2 Ca concentrations and Fa 
contents of olivines of type 4, 5 
and 6 H-chondrites. Error bars 

15 16 . 17 18 19 20 correspond to the 10 error of the 
mole YO Fa mean. 


