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Introduction:  We have extended a study of melt 

composition evolution in Semarkona Type II chon-
drules [1] documenting fractional crystallization and 
possible open system behavior, with emphasis on the 
role of sodium.  

Techniques:  Na in glass inclusions and mesostasis 
was analyzed by EMP with 10 sec counting times and 
beam currents of 1-4 nA for rasters 1.5-15μm wide 
respectively, yielding current densities in the range 
0.02-0.4 nA/μm2.  With such current densities anhy-
drous granitic glasses lost 0-4% of their Na [2].  Con-
ventional analyses of olivine and pyroxene were made 
at 10nA, while up to 150nA was used for trace element 
analysis of selected olivine grains.  

 Chondrule bulk compositions were analyzed by 
EMP using a density correction after P. Warren.  Frac-
tional crystallization calculations were done using 
PETROLOG [3]. 

Results:  Many aspects of the melt compositions, 
can be explained by crystallization of olivine, ± pyrox-
enes, though calculated liquids are less fractionated 
than the extremes of observed liquids.  IIAB late liq-
uids are richer in Al and poorer in Si than IIA, for 
comparable degrees of fractionation, because of the 
effect of pyroxene crystallization.  Ca/Al ratios are 
approximately CI, but decrease sharply in late liquids 
[1].  Analyses of mesostasis with different raster sizes 
show that this ratio depends on the abundance of py-
roxene dendrites. 

Sodium in melt.  Liquid lines of descent for Al2O3-
Na2O mainly cross the middle of the field of Type II 
melt compositions (Fig. 1) passing especially near 
mesostasis rich in pyroxene dendrites (large raster 
analyses).  Al concentrations are well explained by 
fractionation calculations, but Na is not.  Many glass 
inclusions have lower Na contents than calculated liq-
uids, while some interstitial glasses and dendrite-poor 
mesostases (small raster analyses) have higher Na con-
tents than can be explained with model calculations for 
typical bulk compositions. 

Sodium in olivine.  Olivine in many cases shows 
oscillatory zoning in P [4] but normal zoning for other 
elements (e.g. Fig. 2).  Na is present in olivine [e.g. 5-
7] and is normally zoned (Fig. 2).  We confirm the 
normal zoning of.  Detection limits for Na are 76ppm 
(LTAP crystal) and 143ppm (TAP crystal).  Error bars 
in Fig. 2 are mostly covered by the symbols, except for 
Mn (not shown). Analyses close to the inter face are 

probably enhanced by secondary fluorescence of the 
glass. 

Discussion:  Type II chondrules are approximately 
chondritic in Na [8].  Comparisons of experimental 
charges and chondrules suggest that Na was present in 
chondrule melts when olivine was crystallizing [5-7] 
though some zoned chondrules may have experienced 
very low temperature addition of Na [9]. Beckett and 
Stolper [10] argued that Na in chondrule melts reflects 
partial equilibration with ambient gas during chondrule 
formation.  The lack of extensive evaporation Na from 
chondrules seems to require a very high density region 
for chondrule formation to supply high partial pres-
sures of species such as SiO and Na [11].   

The different Na concentrations preserved in Se-
markona Type II chondrule bulk liquids, melt inclu-
sions and mesostases document an increase greater 
than can be explained by fractional crystallization.  It 
is plausible that this increase results from condensation 
of Na from the ambient gas during cooling.  If this is 
true, the measured bulk compositions represent initial 
chondrule liquids plus condensed components.  Melt 
enclosed in olivine was preserved from the effect of 
ambient gas and can be explained by fractionation of 
bulk compositions with lower Na contents. 

Na partitioning experiments [5-7] permit us to de-
termine if olivine and melt were in equilibrium.  Oli-
vine rims were growing from interstial (inter-dendrite) 
melt, which is more Na-rich than bulk mesostasis.  It is 
difficult to define compositions coexisting with olivine 
cores or bulk mesostasis. We have therefore deter-
mined DNa for olivine rims and interstitial glass [Fig. 
3].  Because of the dependence of DNa on the FeO con-
tent of olivine, we show the equilibrium relationships 
of [6,7] in Fig. 3.  Our results fall close to and just 
below the equilibrium curves (whereas using actual 
interface olivine or bulk mesostasis compositions 
would yield DNa higher than equilibrium values). We 
have not yet constrained olivine compositions coexist-
ing with early Na-poor liquids, but after Na was ac-
quired from the gas. the olivine equilibrated in Na with 
the interstitial melt.  Condensation of alkalis, possibly 
lost from the chondrules themselves at peak tempera-
tures, would explain the lack of fractionation of K iso-
topic composition in chondrules. 

Conclusions: Semarkona Type II chondrules were 
Na-poor as indicated by the limited extent of enrich-
ment in olivine melt inclusions relative to bulk chon-
drules. Mesostasis was enriched in Na more than can 
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be explained by fractionation.  Type II chondrules 
were open systems which probably evaporated at peak 
temperature and certainly acquired Na while cooling in 
ambient gas.  Equilibrium Na partitioning exists be-
tween olivine rims and interstitial glass. 
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Fig. 1 Liquids calculated for fractionation of olivine 
± pyroxenes from bulk chondrule liquids  typically 
(middle curve) generate Na contents greater than for 
melt inclusions but lower than for mesostasis.  

0.0

0.2

0.4

0.6

0.8

0 20 40 60 80 100
distance microns

P2O5
MnO
Na2O
Xfa

Semarkona ns2 IIA chondrule 
98

 
Fig. 2 Na is normally zoned in olivine, like Fa and 
Mn while P shows concentric oscillatory zoning. 
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  Semarkona Type II olivine rim vs. interstitial glass

DNa = 0.00014 FeOol + 0.00145  
(Kropf, 2009)

DNa = 0.00011 FeOol + 0.00112  
(Mathieu, 2009)

 
Fig. 3   Olivine/melt partition coefficients as a function 
of olivine FeO content, after [7], fall close to equilib-
rium values [6,7].   

 
 
 
 

1703.pdf41st Lunar and Planetary Science Conference (2010)


