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Summary: Fe and Mg elemental abundances have 

been measured, and internally-consistent results from 
different types of GENESIS solar-wind collectors. The 
Mg/Fe ratio calculated appears to be significantly dif-
ferent from CI. Moreover, we now have a fuller under-
standing of analytical issues for GENESIS silicon and 
Sandia diamond-like carbon array collectors. Other 
solar-wind elements have also been detected (e.g., Na, 
Cr, Ca, N, C). Currently, the analytical errors are large, 
but we are actively trying to increase our measurement 
precision and accuracy.  

Background Solar wind measurements of litho-
phile elemental abundances are important for three 
reasons: (1) the basic science value of having more 
precise solar elemental composition; (2) the value to 
both GENESIS and solar physics of understanding 
fractionation processes (if any) of the lithophile ele-
ments between the solar wind and the solar photo-
sphere; and (3) in the case of Fe and Mg, providing 
precise fluences to serve as references for other ele-
ments and for other laboratories to test analytical pro-
cedures.  Objective (2) must be addressed before ulti-
mate success on (1) can be achieved.  

Experimental: Our procedure is to use SIMS 
(Cameca 6f, 1270, or 7f at ASU, UCLA or Caltech, 
respectively) to measure an element of interest along 
with a matrix reference element (e.g., C, Si) in both a 
GENESIS collector and ion-implanted flight-like col-
lector materials which serve as standards. Initially, our 
measured Fe, Mg elemental abundances had high pre-
cision, but showed significant scatter. The scatter was 
especially significant for Mg in the Sandia diamond-
like carbon: abundances calculated from different 
SIMS days varied as much factor of 2; moreover, these 
fluences tended to be systematically higher than those 
derived from Si collectors (black and blue points on 
Figure 2). So, we have made modifications to our ana-
lytical procedures in order to eliminate  (or at least 
mitigate) factors contributing systematic error to our 
abundance measurements. 

Our primary change was to mount all samples and 
standards individually, in our mount’s center hole, as 
we determined that fractionation with position in the 
SIMS mount was significant.  

For Mg -- especially for the amorphous diamond-
like carbon -- we needed to go a step further. Data 

were collected by implanting 25Mg into actual silicon 
and diamond-like carbon flight samples. These im-
plants were deeper than the solar-wind so that isotopic 
cross-contamination errors were negligible). We then 
used the 25Mg as an internal standard.   

For both Fe and Mg abundance measurements, our 
changes have dramatically reduced scatter and pro-
duced convergent results (Figures 1, 2).  

Why did the internal standardization have such a 
profound effect on the precision and accuracy of the 
abundance measurements? The Mg fluence in silicon 
calculated from the internal standard is similar, al-

though slightly higher, than what had been inferred 
from externally standardized analyses of Si collectors. 
Actual flight samples have significant solar-wind hy-
drogen; so implanting flight samples may have simply 
addied hydrogen to the matrix. Accordingly, subse-
quent analytical standards have been implanted with 
hydrogen. For the amorphous diamond-like carbon 
collectors, the success of the internal standardization 
may also eliminated the large scatter because it effec-
tively eliminated the effect of local structural inho-
mogenieties on the calculated relative sensitivity fac-
tors (RSFs). 

 
Fig. 1. Fe Fluences ordered by run date. Chang-
ing analytical procedures gave progressively 
more consistent results both for the same mate-
rial and for different materials (silicon, silicon on 
sapphire, and Sandia diamond-like carbon). 
Note: statistical error for individual analyses are 
about the size of the symbol. 

Results: Figure 1 shows that our most recent 
analyses of the solar-wind Fe-fluence have good 
agreement for 3 different collector materials with data 
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from both the UCLA and ASU instruments. The data 
yields a precise Fe fluence of 1.41x1012 atoms/cm2 
(+~5%).  Figure 2 shows that by using the 25Mg as an 
internal standard we have also resolved the discrepan-
cies in Mg abundance (i.e., the red points - most recent 
analyses). Both materials yield a Mg fluence of 
2.15x1012 atoms/cm2 (+~5%).   

The solar wind Fe/Mg ratio (0.66±0.05) we have 
determined is now reproducible as well as precise. The 
resulting Fe/Mg ratio is consistent with the photo-
spheric values [1], which have a larger uncertainty 
(Fig. 3).  It appears significantly different from the 
Fe/Mg ratio determined from CI chondrites [2] (Fig. 
3), although final conclusions require assessing possi-
ble systematic errors by obtaining independent meas-
urements of the fluences of our implant standards.  

Discussion: The significance of the relationships 
between the GENESIS-, CI-, and photospheric- Fe/Mg 
requires better understanding of physics of how solar-
wind is formed. That is; we need to understand 
whether or not the lithophile elements have been frac-
tionated by solar-wind formation.  

Elements which comprise most of the terrestrial 
planets have a first ionization potential (FIP) <9eV; Fe 
and Mg have similar FIP, (about 8 eV).  Spacecraft 
studies [3] have shown that elements FIP >9eV are 
fractionated in the solar wind relative to the solar pho-
tosphere. Conversely, there is no evidence for frac-
tionation of elements with FIP<9eV. So, if elemental 

fractionation between the photosphere and solar wind 
is uniquely determined by FIP, our ratio is not frac-
tionated.  

Fig. 2. Mg Fluences, ordered by run date.  Exter-
nally standardized data for Mg in silicon and 
Sandia diamond-like carbon are given by the 
blue bar and dark points, respectively.  Sandia 
externially-standardized data is substantially 
more variable than silicon data. To mitigate this, 
25Mg implanted directly into flight samples was 
used as an internal standard, resulting in ex-
tremely very consistent Mg data. Flight samples 
added matrix H; internal standardization proba-
bly mitigated RSF variations from structural in-
homogenieties in the amorphous Sandia. 

Fig. 3. Comparison of new GENESIS Fe/Mg 
ratio with data from CI chondrites, spacecraft 
measurements, and photospheric observations. 
Both chondritic and GENESIS data are consis-
tent with the less accurate photospheric and 
spacecraft measurements, but not with each 
other. 

However, there is at least one other parameter 
which could, hypothetically, significantly influence 
fractionation of lithophile elements during solar-wind 
formation: first ionization times (FIT, [4]). Model cal-
culations of FIT for Fe and Mg during transport from 
the photosphere to the corona show differences. If FIT 
is a better indicator, our Fe/Mg data would be subject 
to fractionation; however we don’t see differences 
(Fig. 3).    

But spacecraft data has relatively large errors com-
pared with the precision that we are achieving analyz-
ing GENESIS collectors (Fig. 3). Thus, (1) the signifi-
cance of the agreement between the Genesis and pho-
tospheric Fe/Mg requires better understanding of the 
solar physics and (2) measuring additional Genesis 
elemental fluences to differentiate between FIT and 
FIP models is needed. Accordingly, methods for accu-
rately measuring Ca, Cr, Na, C, N are being devel-
oped. 
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