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Introduction:  The last decade has brought several 

important developments in the derivation and use of 
solar abundances. While there was a satisfactory and 
encourageing agreement between solar models and 
helioseismological observations at the end of the last 
century, this situation changed drastically with the first 
use of three-dimensional models for the derivation of 
photospherical abundances from spectroscopic obser-
vations. Revised abundances of elements heavier than 
helium no longer matched with the opacities of the 
solar interior derived from helioseismology. It has also 
not been entirely realized in the astrophysical and 
planetary science communities  that some of the re-
vised abundances created discrepancies with solar 
wind composition measurements. Partly this is due to 
the fact that in situ measurements of the solar wind are 
not of sufficient precision to yield conclusive results 
for inferring solar abundances, or, even worse, were 
reported with unrealistically small uncertainties, so that 
wrong conclusions were drawn. Furthermore, often 
some more reliable measurements obtained with the 
foil collection technique were not considered for the 
compilation of abundance tables. The comparison of 
the old Apollo results [1] with the recent results from 
Genesis [2] has shown that within narrow limits the 
variability of the solar wind composition is significant-
ly smaller than the one reported from most in-situ 
measurements. Presumably, a sizeable fraction of the 
putative variability of in-situ measurements is due to 
individual measurement uncertainties. Another im-
portant result of Genesis is that 40 years after Apollo 
we also find an excellent agreement with modern cali-
bration standards and apart from the isotopic composi-
tion and elemental abundance of He, no significant 
difference exists [3] .   

Solar Energetic Particles - a Solid Reference for 
Coronal Abundances? 
Abundances of solar energetic particles have in general 
been determined with far better precision by in situ 
measurements than solar wind abundances. However, 
it is often not so simple to make inferences about the 
source composition from these measurements, because 
during their acceleration various fractionation process-
es can strongly modify these abundances. In particular, 
the so-called impulsive events exhibit sometimes 
strong elemental and isotopic fractionation effects. 
Conversely, to first order, solar energetic particles 
from gradual events consist of coronal material accel-

erated by passing shock waves from coronal mass 
ejections. If gradual events consisted of coronal mate-
rial, one would expect that solar energetic particles 
from gradual events had very similar abundances as 
the solar wind apart from a weak mass fractionation 
imposed during shock acceleration. Recent investiga-
tions indicate, however, that this is not the case [4,6] 
and various hypotheses have been discussed to eluci-
date the source of shock accelerated solar energetic 
particles.  

 
Fig. 1:  ( from [4)] ) Comparison of solar energetic 
particle abundances with abundances from in-situ-
measured slow solar wind [5]. Whereas in several 
cases a good agreement exists, there are also many 
elements which exhibit differences. See [4,6] for a 
discussion of possible reasons. 
 
      We have  repeated the analysis  from [4] using 
Genesis data and find that the discrepancies are far less 
dramatic than reported. We have used abundances 
from the Genesis mission [7,8,9], and if abundances 
from Genesis are not yet available, as is the case for 
Na, Si, Cr and Ni, we have included in situ observa-
tions – mainly from CELIAS/MTOF on SOHO -  
which have for unknown reasons not been considered 
in the literature cited above. The result is shown in 
Figure 2. The agreement between solar wind and SEP 
data is satisfactory. Note, however, that this agreement 
does not imply that SEP and solar wind reflect faithful-
ly the composition of the photosphere. 

Solar Abundances of Volatiles: From the compar-
isons of solar wind results from Genesis and SEP-
abundances relative to coronal abundances determined 
with optical investigations we conclude that coronal 
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abundances are generally better represented by SEP 
and Genesis solar wind values than from optical obser-
vations.  

 
Fig. 2: Comparison of abundances of solar energetic 
particles from gradual events, with solar wind abun-
dances normalized to oxygen and in the same format as 
Fig. 1. The SEP abundances are from [10] while the 
solar wind abundances are results from the GENESIS 
mission [2,7,8,9]. The solar wind abundances of Ni 
[11], Cr [12], Si [13], and Na [14] are from in situ 
measurements. It seems that - with a few exceptions - 
SEP and solar wind, can now be attributed to the same 
source.  

 
Fig. 3:  For coronal abundances from optical observa-
tions [15], the agreement with measurements of the 
solar wind (mostly from Genesis, except for the aster-
isked elements), is less convincing. Nevertheless, the 
observations seem to agree fairly well on relative 
abundances among the low-FIP elements. The scatter 
is larger for volatile and moderately volatile elements. 
 

In the following we make an attempt to infer neon 
and argon abundances in the present-day outer convec-
tive zone of the Sun, which also represents a sample of 
the primordial solar nebula: Since helium, neon and 

argon are all high-FIP elements, we assume that their 
relative abundances in the solar corona are not influ-
enced by a FIP-related effect. However, following [16] 
we consider the possibility of elemental fractionation 
due to inefficient Coulomb drag. Whereas neon, which 
appears mainly as Ne8+ in the corona where Coulomb 
drag decouples minor species from protons, Ar is pre-
sent in a variety of charge states. From models of 
charge exchange in the low corona we assume that the 
average charge state of Ar is 9.3 [17]. If  helium, 
which has an extraordinarily unfavourable drag factor, 
was depleted typically by a factor of 2 during the Gen-
esis exposure, using the simple model of [16] we infer 
that Ne would be typically depleted by a factor of 1.2, 
whereas Ar is depleted by a factor 1.35. Assuming a 
solar  helium abundance in dex units of 10.925 [18] we 
then obtain from Genesis measurements a neon abun-
dance of 7.92 and an abundance of argon of 6.39. The-
se preliminary values can be compared with those of 
[18] who reports 8.050.10 for neon and 6.500.10 for 
argon respectively.  

Conclusions: Based on the new Genesis measure-
ments it appears that the agreement between SEP-
derived coronal abundances and solar wind abundanc-
es is much better than previously reported. This has 
important consequences for the understanding of solar 
particle acceleration mechanisms. Furthermore, it 
opens the possibility for cross examination of coronal 
abundances and for the determination of solar volatile 
elements, which are difficult or impossible to infer 
from optical observations. At this time it seems too 
risky to apply estimated coronal fractionation factors 
for Kr and Xe and to infer solar abundances of Kr and 
Xe from solar wind measurements.   
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