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Introduction Cooling rates of chondrules can be derived Erom dynamic crystallization 
experiments by comparing textms and olivine zoning patterns of the experimental charges with those of 
natural chondrules, e.g., [I]. Textures of granular and porphyritic olivine chondrules were 
experimentally reproduced at cooling rates between 10 and 2000 "Ch [I]. This range of cooling rates is 
further limited by the observed Fe/Mg zoning in olivine. According to Hewins [I], cooling rates below 
100 "Ch yield chemically homogeneous olivine crystals, whereas higher cooling rates result in zoned 
olivine crystals comparable to those in natural chondrules. However, the lower limit of chondrule 
cooling rates (100 "Ch) is controversial. Cooling rates as low as 2 and 5 "C/h have still produced 
substantial F a g  zoning in olivine [2]. These results are in good agreement with estimates based on the 
microstructures of clinopyroxene and plagicclase, which yield an upper limit for chondrule cooling rates 
of 2 to 30 "Ch  [3]. We have conducted dynamic crystallization experiments in order to resolve the 
discrepancies between the previous experiments. Our results indicate that the lower limit for cooling 
rates of type I1 porphyritic olivine chondrules is on the order of 1 to 10 " C h  

Experimental The experiments were carried out with a SETARAM scanning calorimeter (HTC 
1800 K; measurement probe DSC 2000 K). The original material (type II/lII analog composition) of 
Radomsky and Hewins [4] was used as samples. Between 60 and 114 mg each were filled into Fe 
crucibles with 2 mm inner diameters. The crucibles were clased with Fe plugs which sealed completely 
during the experimental runs. In all experiments the inner parts of the crucibles were slightly oxidized, 
and metallic Fe and iron oxide were found to coexist. Therefore, it can be concluded that the oxygen 
fugacity in the experiments was buffered by IW. The samples were heated from room temperature to 
1450 "C at 20 "CI min, and then to 1500 "C at 5 "Clmin. All samples were held at 1500 "C for 30 
minutes before cooling at various rates to a temperature of 1000 "C (Table 1). From 1OOO "C to room 
temperature the samples were cooled at the maximum cooling rate of the calorimeter (= 6000 "Clh). 

Table 1. Cooling rates for experimental samples. 

Run # 1 2 5 7 9 10 11 12 13 14 

Cooling rate ( O m )  200 3600* 100 2000 50 1000 500* 1000 10 1.2 

*cooled from 1500 "C to room temperature at the same rate. 

Mineral chemistry was determined with an electron microprobe (CAMECA CAMEBAX SX50) using 
wavelength dispersive techniques. All analyses were carried out at 20 kV accelerating voltage and 40 
nA beam current. 

Results Olivine is the dominant crystalline phase in all experimental runs. Cooling rates 
between 1.2 and 2000 "Ch yield textures comparable to natural porphyritic olivine (PO) chondrules, 
whereas a higher cooling rate of 3600 "Uh results in spinifex textures. All experimental samples with 
PO textures show gravitational settling, and a lower zone with porphyritic olivine textures can be 
distinguished from an upper zone where skeletal olivine crystals are frequently observed. In all 
experimental runs olivine exhibits substantial zoning with fayalite contents increasing from the cores 
towards the margins of the grains. Typical examples are displayed in Fig. 1. At a cooling rate of 1.2 
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"CAI small olivine grains are nearly homogeneous (Fig. I), in contrast to larger grains which still show 
pronounced zoning (Fig. 2). In all samples Mn and Ca are positively correlated with Fe. 

Discussion Our experiments clearly demonstrate that Fe/Mg zoning in olivine occurs at cooling 
rates as low as 1.2 and 10 "CAI. These Endings confirm the data of Jones & Lofgren [2], who also 
observed zoned olivine crystals at low cooling rates. However, our results are in conflict with previous 
data of Hewins [I] and Radomsky and Hewins [4], who reported that cooling rates < 100 "CAI yield 
chemically homogeneous olivine crystals. These discrepancies cannot be explained by differences in 
bulk chemistry, as the original material of Radomsky and Hewins [4] was used in our experiments. A 
possible explanation for the observed differences is the loss of Fe to the Pt wire during the experiments, 
as proposed by Jones and Lofgren [2], which may have prevented the development of strong FeMg 
zoning in olivine in the slower cooled runs of Radomslq and Hewins [4]. We are presently conducting 
additional experiments in order to evaluate the influence of different wire and crucible materials (loss of 
Fe to the Pt wire and gain of Fe from the Fe crucible). 
In conclusion, it appears that the lower limit of chondrule cooling rates derived from dynamic 
crystallization experiments is on the order of 1 to 10 "Ch. This estimate is valid at temperatures 
between solidus and liquidus. Similar cooling rates were derived for subsolidus temperatures (between 
1200 and 1350 "C) from the microstructures of clinopyroxene and plagioclase [3]. 
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