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Introduction: Most pyroxene phenocrysts in low-FeO and 

high-FeO chondrules of LL3.0 Semarkona (AMNH 4128-2) ex-

hibit multiple overgrowths [1,2]. We analyzed FeO olivine in 

several of these chondrules. 

 
Fig. 1: BSE image of olivine shows an igneous zoning trend, 

whereas an adjacent low-Ca pyroxene exhibits multiple over-

growths. Chondrule E4. Line AB shows the analyzed profile. 

Multiple melting events: Chondrules were reheated multiple 

times in the solar nebula. During each episode residual mesosta-

sis was melted and mixed; additional layers of the mafic phase 

formed pyroxene during cooling. Each melting event resulted in 

an igneously zoned layer. About 9 light/dark overgrowth layers 

have been recognized in this pyroxene grain [2] 

Compositional zoning in phenocrysts: The mesostasis adja-

cent to the olivine experienced the same heating events and thus 

must have also formed by successive overgrowth layers. Howev-

er, adjacent olivine grains in the same chondrules do not preserve 

the overgrowths (Fig. 1). We infer that diffusion has smoothed 

the profile to mimic igneous zoning (cf. [3]). The zoning in the 

olivine grain in Fig. 1 is more-or-less normal: it contains 18 wt.% 

FeO in the core and 20-22 wt.% FeO near the edge. Each over-

growth layer in the pyroxene grain (Fig.1) show an avg. differ-

ence between the bright and the dark zones of about 1.5 wt.% 

FeO. Overall FeO varies between 9.3 and 11.7 wt.%. The differ-

ence is attributable to the much faster body diffusion in olivine 

relative to pyroxene. Chondrule reheating episodes smoothed out 

the olivine compositional layers but these layers are largely pre-

served in the pyroxene. If chondrule phenocrysts formed in mul-

tiple heating events laboratory simulations involving single 

events grossly underestimate the cooling rates.  
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