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Introduction. Many Ca-, Al-rich inclusions (CAIs) contain alteration products formed 
under subsolidus conditions [I], including the sodic phases nepheline and sodalite [2,3]. The 
alteration processes have generally been viewed as post-dating all melting events, but textural 
and isotopic evidence [3] suggest that multiple stages of melting and alteration were involved, 
leading to the possibility that Na and other volatile elements were present in the melt during 
crystallization of the igneous phases. This is consistent with significant concentrations of Na20 
in melilite (Mel) and anorthite (An) in some apparently unaltered inclusions. To constrain the 
composition of melt from which Me1 in CAIs crystallized and to evaluate the role of 
volatilization, it is necessary to understand the partitioning behavior of Na20 between Me1 and 
liquid (Liq). We determined experimentally the partition coefficients for Na20 between Me1 and 
Liq using procedures of [4] and a bulk Na20 content analogous to those observed in CAIs [5]. 

Experimental Techniaues. A glass starting material (CaO=29.26M.l4(2o) wt%; 
Mg0= 10.06M. 15; A1203=28.68M.23; Si02=30.11+0.32; Ti@= 1.34M.09; Na20=0.47H.O 1) 
corresponding in composition to an average Type B inclusion [6] but with 0.5 wt% Na2O was 
synthesized from an oxide mix. Each sample was held at 1420°C for 3 hrs, cooled at 1°C/hr in 
air, and quenched into deionized H20. Synthetic Mel, An and glass (Gl) were analyzed by 
electron probe. Samples lost variable amounts of Na (113-112 of total) during the course of 
experiments but rapid diffusion of Na in the melt [7] and slow cooling rates led to glasses 
homogeneous with respect to Na20 and allowed equilibrium to be maintained at the growing 
Mel-Liq interfaces. 

Experimental Results. Runs were quenched in the T range 1208-1353OC. All run 
products contain spinel, Me1 and G1. The Me1 is zoned with X k  and Na20 increasing from core 
to rim of individual crystals (maximum range from core-to-rim = Ak18-67; 0.06-0.39 wt% 
Na20). X k  and Na20 also increase at the crystal-Liq interface with decreasing T. Fig. 1 shows 
a linear relationship between T and X A ~  of rim melilites. Values of T - X A ~  of [8] for 
experiments conducted under identical conditions on an Na-free CAI bulk composition are 
similar and the inferred T for core Me1 (Ak18; 1400°C) is consistent with the equilibrium 
appearance T of Mei in the Na-free system (1399-1405°C; [6]). One sample (1208OC) contained 
An (0.09 wt% Na2O). Pyroxene was not observed although it is expected at lower temperatures 
[e.g., 81. Na20 in G1 ranges from 0.21-0.38 wt% and is homogeneous (H.004-8 wt% ICY) within 
each sample. Other elements in G1 are also homogeneous, except for the 1208OC run. In this 
experiment, G1 compositions are quite variable (e.g., Ti02 ranges from 2.5 to 4.7 wt%) probably 
due to crystallization of An. 

Experimentally determined Mel/Liq partition coefficients for Na2O ( D N ; ~  are 0.59- 1.52 
for Ak30-67 (Fig. 2) and a linear function of XAk/xGe (Ge: Gehlenite), reflecting crystal- 
chemical control. A simple linear relationship between DN, and Xk/xGe is expected based on 
the exchange reaction Ca2MgSi207(~~1) + A10312 Liq) + N a O l / 2 ( ~ i ~ )  = CaO(Li ) + MgO(Liq) + 
NaCaAISi207~el),  assuming ideal ionic activities k or trace elements in Mel, an% approximately 
constant T and melt composition [see 41. In our experiments, the dependence of DN, on T, melt 
composition, and nonideality in Me1 is secondary but these effects are probably important for 
data of [9,10] where melt and Me1 have much higher Na20 (Fig. 3). 

Discussion. The experimentally determined DN, are applicable to Vigarano Type B 
inclusion 1623-8 because Me1 (Fig. 4) and bulk compositions [3] are similar to those of our 
experiments. There are also relevant reconnaissance data [3] on three Allende Type B 1's. From 
our D N ~  and Me1 from 1623-8 [3], we calculate wt% Na20 in the melt during Me1 crystallization 
of 0-0.5% with Na20 = 0.1W0.09(1~~) for X~k<0.35 and 0.19fO.O8(lo) for X~kSl .35 .  These 
calculations suggest: (1) Although Vigarano Type B inclusion 1623-8 shows little petrographic 
evidence for the pervasive alteration that characterizes altered Allende inclusions, the calculated 
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concentrations of Na2O in liquids from which early-crystallized Me1 (i.e., low Ak) formed are 
comparable to those of bulk altered Allende CAIs [5]. This result is consistent with previous 
suggestions [3] that the last melting event to have affected inclusions such as 1623-8 may have 
obliterated an altered precursor similar to an Allende CAI but a substantial fraction of the Na20 
originally present in the precursor was retained. The evolution of 1623-8 is similar to chondrules 
in that loss of Na20 during melting was limited 1111, probably due to rapid heating and cooling. 
(2) The highly variable Na2O of low Ak Me1 may reflect highly variable Na concentrations in the 
precursor or multiple partial melting and alteration events involving low-Na and high Na 
precursors (i.e., some of the gehlenitic Me1 is relict, predating alteration and the last melting 
event). 

Me1 from Allende Type B l ' s  [3] imply a somewhat different pattern of melt 
compositions. Calculated Na2O of the melt are near zero for Xkc0.35 ,  rise to -0.13 wt% 
between Ak35 and Ak50 then decrease to -0.07 by Ak70. Na-poor gehlenitic Mel, mostly in the 
Mel-rich outer mantle, may be relict phases from an earlier melting event that predated alteration. 
Alternatively, they could have crystallized within an Na2O-depleted near surface zone and reflect 
volatilization during the initial stages of a heating event rapid enough to prevent diffusive re- 
homogenization of Na20 in the melt. 
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Fig. 1. T vs. X k  at the rim of Me1 in contact with melt. Fig. 2. DN, vs. X,&/XGe (this study). 
Fig. 3. D N ~  vs. X,&/xGe (this study and [9-101). Wt% Na20 in melt is indicated. Fig. 4. Wt% 
Na2O vs. X k  for synthetic (this study) and meteoritic (Vigarano inclusion 1623-8 [3]) Mel. 
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