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Introduction:  Possible chondrule precursors in-

clude recycled chondrule debris, dust of CI composi-
tion, and high temperature condensates.  Here we in-
vestigate the third possibility.  Calcium-aluminum rich 
inclusions (CAI) and amoeboid olivine aggregates 
(AOA) occur as inclusions in some chondrules [1,2] 
and AOA containing discrete fine-grained CAI overlap 
in bulk composition with chondrules (Fig. 1). The ap-
parent age difference and similarities in bulk composi-
tion between AOA and Type I chondrules suggest that 
some magnesian chondrules could have formed via 
(essentially complete) melting of precursor refractory 
assemblages of AOA and CAI [e.g., 3-8].  The thermal 
histories of CAI and AOA and their response to chon-
drule melting events are both of interest.  Herein, we 
present initial results of sintering and melting experi-
ments and focus on the melting response of precursor 
CAI+olivine mixtures. Experimental constraints on the 
thermal evolution (i.e,. duration and peak temperature) 
of precursor CAI and AOA from these and related 
experiments will be presented elsewhere. 

Methods:  For the isothermal runs, we first pre-
pared CAI- and AOA-like starting materials (pellets), 
the compositions of which lie on an approximate mix-
ing line from fine-grained CAI associated with AOA 
and Fo end members (Fig. 1). To prepare the starting 
CAI-like starting material, crystals of Miyakejima an-
orthite, Fianarantsoa diopside and Burmese (alumi-
nous) spinel were separately crushed to <20 µm pow-
ders. Equal fractions of An+Di+Sp were then mixed 
and pressed into circa 200-300 mg cylindrical  cores 
and suspended in Re baskets fastened to platinum sam-
ple holders. The cores were then sintered at IW-0.5 at 
1200°C for 100 h with representative textures com-
pared with those of natural CAI and AOA as shown in 
Fig. 2. Synthetic starting AOA materials materials 
comprise 35-40 mg pellets of crushed, Fo sol gel crys-
tallized by heating at 1300°C for 40 h (Fa0, typically 
finer than ~ 5 µm) and nuggets of the 1200°C-100 h 
synthetic CAI-cores further sieved  to  <43 µm. These   
materials were then mixed  as 65:35 (Fo:CAI) and 
sintered at 1250°C for 200 h. Isothermal heating runs 
were carried out on 80:20 (olivine: synthetic CAI) 
mixtures of the starting 1200°C-100 h CAI-like mate-
rial plus <20 µm San Carlos olivine (Fig. 2). Isother-
mal runs were conducted between 1250 and 1600°C 
for 1 h. All samples were  run in a 1 atm, DelTech DT-

31-VT-OS vertical furnace housed in the Department 
of Earth and Planetary Sciences at Rutgers University. 
 

 

 
Figure 1 Comparison of bulk compositions of natural CAI, 
AOA and Type IA chondrules with our synthetic CAI, CAI + 
Fo, CAI + SC olivine and AOA mixtures.. Fields of Type IA 
chondrules, AOA and CAI are from [9, 10]. 

 

Results: Starting material sintering runs. The 
1200°C-100 h sintered CAI-like material consists of ~ 
10-20 µm, subhedral spinel grains set in a fine-grained 
groundmass of An+Di (Fig. 2a). The 1250°C-200 h 
sintered AOA-like material displays irregular, forster-
ite ‘masses’, commonly enclosing spinel (Fig. 2c). A 
fine-grained CAI from the Nangqiang carbonaceous 
chondrite [from 11] and an AOA from the ungrouped 
carbonaceous chondrite Acfer 094 [from 12]  are 
shown for comparison in Figs. 2b and 2d respectively. 

Isothermal runs. SEM images of the synthetic 
CAI+SC olivine isothermal heating runs are shown in 
Fig. 3. At low temperarature, CAI and olivine domains 
are demarcated by sharp contacts (Figs. 3a, b). Do-
mains with either spinel or olivine crystals survive 
until 1550°C (Figs. 3c-e) with fractions of the former 
decreasing with increasing temperature. By 1600°C, 
there remains no evidence of a CAI precursor and the 
resulting texture is PO or POP (Fig. 3f) and very simi-
lar to ‘classical’ Type I porphyritic chondrules.  

Discussion: Recent studies [e.g., 13-15] suggest 
that the vast majority of magnesian chondrule olivine 
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is relict and that (low-Ca) pyroxene crystallized from 
melt enriched in nebular SiO during chondrule forma-
tion. The experiments of [16] illustrated that ‘porphy-
ritic’ chondrule analogs could be produced from mix-
tures of (sintered) coarse-grained granoblastic olivine 
aggregates (GOA) and An+En subjected to high tem-
peratures. Here we show that it is also possible to gen-
erate PO texture from mixtures of CAI-like precursors 
+ olivine. The restricted compositional range of CAI 
(and AOA) would also require silica addition to ex-
plain the whole range of Type I compositions, as well 
as a change in oxygen isotopic composition [15] .  

Even though CAI-derived melt eventually invaded 
the olivine regions in our charges, domains containing 
relict spinel persisted mixed with olivine-rich domains 
up to very high temperatures.  Such objects with mixed 
chondrule and CAI phase assemblages e.g., some Al-
rich chondrules from Acfer 094 [2] would have been  
homogenized if heated higher than 1600°C. 

   Conclusions:  Charges comprised of CAI-like 
nuggets plus SC olivine heated for 1 h illustrate sev-
eral textural features. (1) CAI and olivine domains 
retain sharp contacts at low temperature (1250-
1350°C); (2) intermediate temperature runs (1400, 
1450°C) illustrate encroachment of CAI melt into oli-
vine domains with irregular, diffuse contacts; (3) the 
volume of CAI domains decreases as CAI melt mi-
grates with increasing temperature; by 1600° there are 
no CAI domains and hence no evidence of derivation 
from CAI-like precursors; (4) resultant textures are PO 
or POP at 1600°C. CAI plus Fo or AOA may represent 
potential precursors of some magnesian chondrules but 
determining which would be difficult for those sub-
jected to high degrees of melting.   
 

 
 

Figure 2 Comparison of SEM images of our synthetic, sintered 
(a) CAI- (spinel-rich region) and (c) AOA-like charges with a 
natural (b) CAI from the Ningqiang carbonaceous chondrite [11] 
and an (d) AOA from Acfer 094 [12]. 

 
 

Figure 3 Textural evolution of 1 h synthetic CAI+SC olivine 
runs (representing AOA or separate condensates) as a function 
of temperature. 
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