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Introduction: Typical chondrules in all types of 

chondritic meteorites have SiO2-concentrations 
between 45 and 55 wt.%. However, most types of 
chondrites also contain chondrules and fragments with 
bulk SiO2-concentrations from 65 wt.% up to nearly 
pure SiO2. These SiO2-rich objects (SRO) are very rare 
and are more frequently observed in ordinary than in 
carbonaceous chondrites [e.g. 1 – 5]. 

The typical paragenesis of SROs is a high 
temperature polymorph of SiO2 and pyroxene or 
pyroxene normative glass [3, 5]. SROs in 
carbonaceous chondrites (CC) are most common in the 
CH-type. There, SROs are usually depleted in 
refractory elements such as Ca, Al and Ti but no 
fractionation among these elements is observed. The 
Si/Mg-ratios in CC SROs are up to 3 – 4 times the CI-
ratio. [5]. 

Recently we showed that the formation of SROs in 
CH-chondrites requires two stages. Formation of SiO2-
rich precursors by fractional condensation and 
reheating of these precursors to high temperatures 
(>1968 K) followed by rapid cooling. The SROs can 
thus provide information about processes prior to 
chondrule formation. During reheating and subsequent 
rapid cooling the high temperature polymorphs of SiO2 
formed and the present texture of SROs was 
established. This reheating may have occurred during 
the chondrule forming events. [5] 

For SROs in ordinary chondrites (OC) the 
enrichment of SiO2 in the chondrule precursor is still a 
matter of debate. They may have formed in a similar 
manner as SROs in CH-chondrites. Alternative 
formation mechanisms are (1) fractional crystallization 
within a magma chamber, as for example proposed by 
[4] for SROs in Parnallee or (2) separation of a SiO2-
rich mesostasis resulting form chondrule 
crystallization. The magmatic models require a second 
chondrule forming event, because SiO2-enrichment 
occurs subsequent or during chondrule formation. (3) 
A third possibility are in situ SiO2-producing reactions 
like reduction or sulfurization of FeO-bearing 
pyroxenes.  

In this study we examine major element 
concentrations of SRO in OC and REE-concentrations 
in both, CC and OC. The pattern of the refractory 
elements allows to distinguish between models based 
on igneous fractionation and models involving 
fractional condensation for SiO2-rich precursor 
formation. An origin by reduction or sulfurization of 

chondrules in OC can be verified by the presence or 
absence of the reaction byproducts, for example Ni-
free Fe. 

 

 
Figure 1: BSE-images of three SROs in the carbonaceous 
CH-chondrite Acfer 182. Fat white arrows mark ion probe 
spots. 

Lunar and Planetary Science XXXV (2004) 1200.pdf



First results: Major elements were measured using 
a JEOL 8900RL electron microprobe. Major refractory 
elements in SROs of OC occur in approximately 
chondritic relative proportions, only the Ca/Al-ratio is 
slightly elevated by a factor of 1 – 2. Absolute 
concentrations of these elements are very low in all 
SROs analyzed (CaO: 0.26 – 1.64 wt.%, Al2O3: 0.02 – 
0.98 wt.%, TiO2: 0.02 – 0.06 wt.%) and as a 
consequence are depleted by a factor of 0.2 – 0.8 
relative to H-chondrites. The Si/Mg-ratio is elevated 
up to twice the H-chondrite ratio and bulk SiO2-
concentrations of SROs are in the range between 60 – 
84 wt.%. 

REE were measured using a CAMECA 3f ion 
microprobe of the Max-Planck-Institute in Mainz. So 
far we obtained REE-patterns for SROs in CC only, 
analyses of REE in OC are currently in progress. 
Figure 1 shows BSE-images of three SROs in the CH-
chondrite Acfer 182, ion probe spots are indicated. All 
three patterns are essentially flat (Fig. 2). The first 
pattern (silicate portion of SRO in figure 1a) is 
uniformly enriched in all refractory elements. The 
second pattern (Fig.  1b) is nearly flat, with no 
fractionation between HREE and LREE. The last 
pattern is a calculated bulk pattern from the two spots 
in figure 1c.  

Discussion: The unfractionated REE-patterns of 
the SROs in the CH-chondrite support the conclusion 
that the precursors of these objects formed in a nebular 
setting as a result of fractional condensation [5]. A 
formation by magmatic processes would have 
produced fractionations of major from trace elements 
and  enrichment  of LREE over HREE. 

In OC a comparison of major element 
concentrations in chondrule mesostases and SROs 
shows that SROs could not have been made from 

chondrule mesostasis recycling: (1) major refractory 
element concentrations in chondrule mesostases (CaO: 
1.03 – 15.67, Al2O3: 6.76 – 23.8, TiO2: 0.31 – 1.33 [7]) 
are more than a factor 10 higher than in SROs.  (2) 
chondrule mesostases generally contain about 10 – 15 
wt.% less SiO2 (45.1 – 77.2 wt.%, with concentrations 
>70 wt.% being the exception [6]) than in SROs. (3) 
The Si/Mg-ratio relative to CI in chondrule mesostasis 
is between 5 and more than 100 – because Mg is 
consumed by olivine and pyroxene crystallization – 
which is completely different from Si/Mg-ratios  (~2) 
in SROs. 

An in-situ SiO2-production reaction can be 
excluded because of the absence of reaction 
byproducts such as Ni-free Fe. Therefore only 
fractional condensation in the solar nebula and 
fractional crystallization in a magma chamber remain 
as possible SiO2-enrichment mechanisms. The near 
absence of fractionations between the refractory major 
elements Ca, Al and Ti in the SROs and the overall 
low concentrations of these elements points to a 
similar formation mechanism as for the SROs in CC, 
which is fractional condensation. Our current REE-
analysis in SROs of OC will verify whether this is the 
case or whether a fractional crystallization origin is 
more plausible. However, the results will identify 
processes in the formation region of OC prior to 
chondrule formation. 
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Figure 2: REE-patterns of SRO in the carbonaceous CH-chondrite Acfer 182. Letters in brackets correspond to letters in figure1. 
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