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Introduction: Condensation models describe the 
equilibrium distribution of elements between coexist-
ing phases (solids, liquid, and vapor) in a closed 
chemical system, where the vapor phase is always 
present, using equations of state of the phases in-
volved at a fixed total pressure (Ptot) and temperature 
(T) [1]. The VAPORS code of [2] includes the 
MELTS thermodynamics algorithm of [3] for mag-
matic crystallization, and therefore can also describe 
the equilibrium between silicate mineral solid solu-
tions and silicate liquids. However, the MELTS mod-
el [3] cannot address SiO2-depleted liquids, such as 
those thought to crystallize as Type B CAIs [4]. The 
VAPORS code thus uses the CaO-MgO-Al2O3-SiO2 
(CMAS) liquid model of [5] at temperatures above 
the stability field of olivine [6]. The CMAS liquid 
model [5] does not include TiO2, an important ele-
ment in CAIs, because refractory lithophile trace el-
ements (e.g., REE) partition strongly into perovskite 
(CaTiO3) and Ti-bearing Ca-rich pyroxene [7]. Here, 
we report laboratory experiments to test predictions 
of mineral-liquid equilibria in the regions of T-
composition space just above the T of olivine stabil-
ity (Fig 1). These experiments also provide new cali-
bration points to improve existing and future liquid 
activity models, data fundamental to the predictive 
infrastructure of geochemistry and cosmochemistry 
[8]. 

Each experiment is designed to test the liquid + 
solid(s) assemblage that is calculated to be stable at a 
specific T, cooled from a vapor enriched by a specific 
dust enrichment factor d (Fig 1). These T-d 
conditions are where Ca-, Al-rich inclusion (CAI)-
like liquids are predicted to be stable condensate 
phases [6, Fig 1]. This abstract reports only 
preliminary experiments testing the VAPORS 
prediction [1,8] of Mg-, Al-spinel (Al-spn in Fig 1) 
and perovskite (prv) phase boundaries between the 
CMAS liquid + Al-spinel and CMAS liquid + spinel 
+ perovskite stability regions [1, Fig. 1]. 

Experimental Design: Composition #400 [9] is 
the calculated bulk condensate composition (stable 
liquid plus solid) at 1800K for a bulk chemical sys-
tem of solar composition enriched d=100x in a dust 
of CI chondrite composition at Ptot =10-3 bar [6, Figs 
1, 2]. Preliminary experiments were performed with 
composition #400 at 1823K to assess the role of T in 
the spinel/liquid equilibria, for comparison with re-
sults reported by [9]. Because of the very low FeO 
content of the system, oxygen fugacity is not ex-

pected to play an important role in controlling the 
equilibrium assemblage. 

  
Figure 1. Calculated phase relations during 
condensation in CI dust-enriched systems. Selected 
bulk composition #400 at 1800K for 100x enrichment 
(red arrow), remains in the CMAS liquid + Al-spn 
(MgAl2O4-spinel) field at at 1823K, because it is 
nearly identical to the calculated composition at 
~140x enrichment at 1823K (Fig 2), along the trend 
indicated by the small green arrow (after plate 10, 
[1]). 

  
Figure 2. Major oxide bulk condensate compositions 
(wt%) as a function of T(K) for cooling systems en-
riched in CI dust by 100x (filled symbols, solid lines) 
and 200x (open symbols, dash lines). Stars show T 
where decreasing CaO and increasing MgO intersect, 
upon cooling. 
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Figure 2 illustrates that the composition #400 for 
d=100x at 1800K is nearly identical to the bulk con-
densate composition for d=200x at 1880K. Thus, an 
experiment with composition #400 corresponds to a d 
of ~140x, at 1823K, and the expected assemblage is 
liquid plus spinel (Fig 1). 

Synthetic compositions are prepared as a mixture 
of oxides and silicates that replicate the target com-
position (Table 1). In order to compare the composi-
tion of prepared powder with the target composition, 
an experimental glass is synthetized in a graphite-
lined Pt-capsule in a piston cylinder apparatus at 
1GPa and 1650oC. 

Then, a pellet of the synthetic powder is sintered 
on Pt-wire loops and inserted in a Deltech vertical 
quenching furnace at 1823K. Both the high-P synthe-
sis and Pt-loop experiments reported here were done 
at Lamont-Doherty Earth Observatory of Columbia 
University. The CO-CO2 gas mixtures are controlled 
with calibrated flow meters to maintain QFM oxygen 
fugacity throughout the experiments. The charge was 
then heated to the desired temperature and held there 
for ½ hour to attain equilibrium before quenching of 
the run by dropping the sample into cold distilled 
water. No seed crystals were added to these experi-
ments because oxides nucleate and grow readily in 
SiO2-depleted liquids.  We expect to use µm-sized 
nuclei in the explorations of lower temperature and 
more SiO2-enriched chemical systems. After experi-
ments, the samples are lightly crushed, mounted in 
epoxy and polished for electron microprobe analysis 
at AMNH. 

Preliminary Results: Synthesis experiments at 
1GPa and 1650oC produced a homogeneous glass 
with tiny euhedral quench Mg-aluminate spinel crys-
tals with trace Cr, concentrated near the walls of the 
capsule material. Since the pink quench crystals are 
too small to analyze but the rest of the glass is in 
quite good agreement with the target #400 composi-
tion, the composition of starting glass synthetized at 
1GPa is not included in Table 1. 

Mean compositions of residual glass and spinel 
produced at 1823K are given in Table 1 along with 
the glass and spinel compositions from the 1800K 
experiments of [9]. Each experiment represents a 
snapshot of the condensed matter from a specific 
bulk composition of vapor, calculated at a specific 
temperature [1]. Experiments at 1823K produced a 
homogeneous glass plus Cr-bearing Al-, Mg-spinels. 

The predicted modal abundances of spinel and 
liquid, hence also the liquid composition, predicted 
for composition #400 at 1800 (8% spinel, 92% glass) 
should not be produced by the same composition at 
1823K. However, these values should be close. Be-
sides the modal abundances, there should also be 
small differences in Al2O3, MgO, and Cr2O3 contents 

of spinels between the two temperatures. Although 
both are Cr-bearing Mg-aluminate spinels at 1823K 
have lower Al2O3 and Cr2O3 but higher MgO contents 
than those at 1800K. The increase in temperature 
from 1800K to 1823K did not stabilize perovskite for 
the given #400 composition.  
Table 1. Initial (target) composition and mean result-
ant compositions of glasses and spinels from 1800K 
[9], and 1823K experiments (this study).  

wt% Target 
#400 

Glass 
1800 

Spinel 
1800 

Glass 
1823 

Spinel 
1823 

SiO2 34.01 36.63 0.14 37.46 0.16 
TiO2 1.17 1.25 0.14 1.26 0.15 
Al2O3 26.18 23.65 69.49 23.76 63.46 
FeO 0.02 0.03 0.03 0.11 0.04 
MgO 17.58 15.99 28.04 16.60 34.28 
CaO 20.83 22.39 0.02 20.76 0.04 
Cr2O3 0.21 0.06 2.14 0.06 1.88 
Total 100 100 100 100 100  

Future Work: Systematic exploration is in pro-
gress to further test regions of T-composition space 
where predictions rely on the CMAS model [5] for 
liquid, where Ti-rich solids are predicted to form. 
These are particularly important, given the lack of 
TiO2 in the liquid model of [5]. More critically, we 
expect to design experiments that can provide new 
constraints on the poorly known thermochemistry 
(equations of state) for minerals such as melilite, 
Ca2Al2SiO7 - Ca2(MgSi)SiO7 and Ca-rich pyroxenes, 
Ca(Mg,Al,Ti,Si)2SiO6 since these solid mineral solu-
tions are the most abundant high-temperature mineral 
components of many CAIs, the oldest objects formed 
in the solar system. 
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