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Introduction:  Chondrules are millimetre-sized, 

igneous spherules. They are a major component of un-

equilibrated chondritic meteorites and are typically 

composed of olivine, low-Ca pyroxene, interstitial me-

sostasis glass and metal/sulphide (Fig. 1). The glass 

often hosts small high-Ca clinopyroxene crystals. 

Chondrules have various textures (porphyritic, barred-

olivine, radial pyroxene, and cryptocrystalline [1, 2, 3], 

Fig. 1), which are result of bulk composition and ther-

mal history. Chondrules are believed to have formed by 

a short, but intense transient heating event with peak 

temperatures of 1200 – 1900ºC [2, 3] followed by fast 

cooling. Since chondrules formed as molten objects in 

the solar nebula, they provide important information 

regarding physico-chemical conditions in the solar ne-

bula [1, 2, 3]. Chondrule formation models [4, 5] must 

include feasible mechanisms for the transient heating 

and melting. 

 

 

 
Fig. 1: False color image of a barred olivine chon-

drule with coarse-grained rim from Vigarano (CV3). It 

formed by melting of silicate, sulfide and metal (blue: 

olivine; red: sulfide and metal; yellow: mesostasis; 

brown: matrix).  

 

The duration of chondrules melting and subsequent 

cooling has been investigated by means of dynamic 

crystallization experiments (e.g., reviews by [3, 6] and 

reference therein) or by analyzing the elemental zoning 

in chondrule olivine [7]. A wide range of cooling rates 

has been suggested. Usually a span between 10 and 

1000°C.h
–1

 is accepted. This implies that chondrules 

cooled from 1600 to 1100°C in 30 min to 50 h. 

Other studies [8, 9, 10, 11] used aerodynamic levi-

tation in combination with laser melting for the study 

of chondrule textures. The experiments were carried 

out in the MgO-SiO2 system melt with cooling rates of 

<0.1 – 680°C.s
–1

. For the investigated system and tem-

perature profiles, 100 – 350°C undercooling was ne-

cessary for the formation of stable nuclei. 

We will investigate the formation of chondrule tex-

tures by means of dynamic crystallization experiments. 

It is also part of our study, whether chondrules behaved 

as open [12, 13, 14] or closed [1, 15, 16] systems dur-

ing their igneous history. 

 

Levitation Apparatus:  An aerodynamic levitation 

device has been developed at the University of Göttin-

gen [17, 18]. It comprises two CO2 lasers as heat 

sources, a levitation chamber with a levitation nozzle 

and a levitation gas supply (Fig. 2). The chamber can 

be removed for experiments in air. We used a 

SYNRAD 50 W CO2 laser and a SYNRAD 25 W CO2 

laser as heat sources. The 50 W laser heats the sample 

from top and the 25 W laser through the levitation noz-

zle from the bottom. The temperature is controlled via 

the laser energy using an automated LabView program. 

For details of the apparatus, see [17].  

 

 
Fig. 2: Aerodynamic levitation apparatus (3D CAD 

model).  

 

The temperature is controlled to ~±50°C by calibra-

tions of the system on base of the liquidus temperatures 

of a range of compositions in the CaO-MgO-Al2O3-

SiO2 system. The liquidus can be determined on base 

of the the disapearence of crystals in the melt, which 

appear as bright spots in the video image [18].  
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The starting compositions are prepared from rea-

gent grade oxides (SiO2, Al2O3, MgO and TiO2) and 

carbonates (CaCO3, MnCO3). Samples are heated to 

different peak temperatures and colled with different 

cooling rates. Run products are embedded into resin an 

prepared for BSE imaging and EPMA. 

 

Results:  Results will be presented for different 

compositions and different cooling rates. We will also 

present results that show the influence of presence of 

nuclei in the chondrules during their peak-heating.  
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