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Introduction:  The abundances and isotopic com-

positions of H and other highly volatile elements (C, S, 
halogens) in glasses and minerals from chondrules and 
CAIs can potentially provide information on the im-
mediate environment in which they formed, as well as 
subsequent modification on chondrite parent bodies. In 
the early inner solar system, end member volatile 
sources include nebular gas and water ice. These two 
sources have D/H ratios that differ by up to an order of 
magnitude, and are also characterized by very different 
O isotope compositions. Additionally, coupled data on 
the degrees of hydration and the O isotope composi-
tions of chondrules and CAIs can potentially identify 
open-system behavior in phases that are used for Al-
Mg, Pb-Pb, Sm-Nd and Hf-W chronometry. 

Thus, CAIs and chondrules in the most primitive 
chondrites (i.e., those least metamorphosed and aque-
ously altered) may preserve evidence for volatiles in-
corporated from the solar nebula, potentially recording 
the partial pressure of H during their formation; how-
ever, subsequent alteration by late-stage water derived 
from the outer solar system could overprint these sig-
natures. Before attempting to unravel the potentially 
complicated processes of late-stage alteration, it is im-
portant to determine how much H can be expected to 
be present in high-temperature nebular-derived materi-
als. Thus, as a first step we have chosen to investigate 
the abundances of H and other volatiles in analog vac-
uum evaporation experiments. For this purpose we 
have selected to determine volatile abundances (H, C, 
F, S, P, Cl) in four groups of evaporation experiments 
that were originally conducted for other purposes: (i) a 
solar CMAS-Fe composition melt heated under vacu-
um (1.3×10-9 bar, 1800−2000°C) [1]; (ii) a CMAS CAI 
composition melt heated at 1 bar of H2 (1600°C); (iii) 
one CMAS CAI composition melt heated at 1 bar of 
H2-CO2 (1600°C); and (iv) a CMAS diopside composi-
tion heated at variable pressures of H2 from 1 bar down 
to 1.6×10-6 bar (1350−1450°C) [2].. 

Analytical Methods & Results:  Volatiles in the 
evaporation experiments were measured using the 
Cameca NanoSIMS 50L in the Dept. of Terrestrial 
Magnetism, Carnegie Institute of Washington, follow-
ing established techniques for low-H2O analyses [3]. 
Calibration reference materials ranged from 1.66 ppm 
H2O (Suprasil SiO2 glass) to 2 wt% H2O and drift was 
monitored using ALV519-4-1 basaltic glass (1700 ppm 

H2O). The raw NanoSIMS data (12C/30Si, 16OH/30Si, 
etc) were normalized by the SiO2 content of each mate-
rial before calculating abundances of C, H2O, F, P and 
Cl. After analysis of the highest-H2O experiments dur-
ing the first day of the session, subsequent analyses of 
Herasil quartz glass (71 ppm H2O) were reproducible 
to ±14% (all errors are 2 sigma), while the abundance 
of H2O in Suprasil quartz glass (1.66 ppm H2O) was 
similarly reproducible at ±15%.   

Here we concentrate on the H2O abundances in the 
CMAS-Fe experiments of Wang et al. [1], which 
showed systematic evaporative mass loss as a com-
bined function of temperature and heating duration. 
The least-evaporated experiment (SC12, 0.4% mass 
loss) contained 19 ppm H2O, while the next-least 
evaporated experiment (SC11, 3.4% mass loss) con-
tained 1.6 ppm H2O; these experiments also contained 
measurable C, F, P and Cl. All the other experiments 
of this group, ranging from 21% to 90% evaporative 
mass loss under vacuum (1.3×10-9 bar) have relatively 
constant H2O abundances averaging 2.13 ppm H2O 
(±45%) and clearly resolved from the 1.66 ppm H2O 
(±15%) in Suprasil SiO2 glass. In contrast, the abun-
dances of C, F and Cl in the highly-evaporated exper-
iments are at the NanoSIMS detection limits (0.1 to 
0.01 ppm and 2 sigma errors ~100%). Phosphorus 
shows a systematically declining abundance as a func-
tion of mass loss, starting at 20 ppm and reaching the P 
detection limit (0.013 ppm) at 50% mass loss. 

Discussion & Preliminary Conclusions: H2O da-
ta collected during the first day of measurements 
showed steadily declining H2O abundances for Supra-
sil SiO2 glass from ~6 ppm one hour after insertion of 
the mount in the NanoSIMS sample chamber, to ~2 
ppm at the end of the first day; this is the result of im-
proving H2O detection limits during the first 24 hours 
of exposure to the sample chamber vacuum, a well-
known phenomenon observed at other SIMS labs [4]. 
Beginning on the second day of the session, however, 
the very good reproducibility of the Suprasil analyses 
(±15%) indicates that conditions were favorable such 
that our actual detection limit for H2O was very likely 
<< 1 ppm, as demonstrated by our ability to clearly 
resolve the higher abundance of H2O in the Wang et al. 
vacuum evaporation experiments (Fig. 1).   

In the absence of silicate materials with demon-
strably less than 1 ppm H2O, we have estimated the 
NanoSIMS H2O detection limit by plotting the error 
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envelopes for repeat analyses of reference materials as 
a function of their H2O abundance and extrapolating 
toward ±100% error; this provides a semi-quantitative 
estimate of H2O detection limit (0.01-0.1 ppm) and 
suggests that the NanoSIMS is capable of measuring 
H2O abundances in-situ at concentration levels in the 
parts-per-billion range. 
 

Figure 1. Measured OH/Si ratios in Herasil SiO2 glass 
(red), Suprasil SiO2 glass (green), and vacuum evapora-
tion experiments (blue) versus analysis order. OH/Si 
ratios are normalized by the SiO2 content.  

Based on the stability of the W heater and W heat 
shields in high-temperature vacuum furnace experi-
ments, the ƒO2 in the Wang et al. experiments was 
likely more reducing than the W-WO buffer (~IW+1), 
i.e., a relatively oxidizing residual gas during evapora-
tion in which H was present as molecular H2O but at 
an unknown water fugacity. In our experience, the re-
sidual gas in UHV vacuum systems is typically com-
posed of N2, O2 and H2O derived from finite leakage of 
air through vacuum seals. Our preliminary interpreta-
tion of the constant H2O content of the Wang experi-
ments is that their H2O abundances recorded the equi-
librium solubility of H2O at the experimental condi-
tions; if we take the conservative endmember assump-
tion that the residual gas in the UHV vacuum chamber 
was pure H2O, i.e. ƒ(H2O) ~1×10-9 bar, it suggests that 
extrapolation of existing H solubility models to low-
pressure conditions may grossly underestimate H solu-
bility at very low pressures (Fig. 2).  

The partial pressure of H in the primordial solar 
nebula is unknown, but may be estimated from the H 
abundances of unaltered CAIs and chondrules if (A) 
they are not overprinted by later alteration; and (B) 
their H abundances can be constrained or measured 
directly. Furthermore, our results suggest that extrapo-
lation of existing solubility models for H in silicate 
melt are a poor guide to predicting the H abundances 
of primitive CAIs and chondrules, and indicate that 
further measurements of experiments conducted under 
controlled H fugacities are warranted. 
 

 
Figure 2. Plot of hydrogen (as H2O) content of mafic-
ultramafic silicate melt (thin lines) and pyroxene (thick 
lines) as a function of H pressure and ƒO2, extrapolated 
from experiments conducted at >1 bar. Thin lines show 
silicate melt saturation surface for gas phase composed 
of pure H2O (blue) and pure H2 (orange); thick lines 
show estimated H2O concentrations in pyroxene, based 
on melt saturation and H partitioning [3] All silicate 
melt solubility will lie between the curves for pure H2 
(orange) and pure H2O (blue). The pure H2O curve at 
high ƒO2 is from [5]; the inset is for molecular H2 sol-
ubility at low ƒO2 [6]. Intermediate curves with error 
envelope are from [7]. 
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