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Introduction:  Using Genesis collector materials, 

we investigate whether or not solar wind (SW) Mg 

isotopes are fractionated compared to the photospheric 

composition.  

It is well established that SW elemental fractiona-

tion relative to the solar photosphere correlates with 

first ionization potential (FIP). But, FIP is an atomic 

property and unlikely to produce isotopic fractionation. 

Other processes have, however, been postulated which 

may fractionate isotopes; for example, electro-

magnetic effects associated with acceleration of solar 

wind from the corona would be mass dependent.  

“Coulomb Drag”, a specific model by Bochsler [1] 

predicts relatively large fractionations. For Mg, a 

26Mg/24Mg depletion of ~20 per mil in solar wind 

relative to Sun is predicted.  Kallenbach et al. [2] based 

on SOHO / Celias /MTOF spacecraft instrument data 

show 26Mg depletion consistent with Bochsler. 

If we assume that (with the exception of evapora-

tion effects in CAIs) systematic mass dependent frac-

tionations for non-volatile elements are small (<~1 per 

mil / amu) then Mg isotopes can provide a good test 

for isotopic fractionation between photosphere and 

solar wind. Terrestrial Mg-isotopic ratios are well 

known.  Thus, deviations of Mg isotopes between solar 

wind and terrestrial composition are assumed indica-

tive of the solar wind relative to the photosphere. 

Originally, we assumed that ICPMS measurements 

would be required for a good test of Mg isotope frac-

tionation; but, with the -10 to -20 permil per amu of 

[1], ion probe analyses looked feasible.  

Experimental:  Analyses are being performed on 

both amorphous diamond-like carbon collectors (DLC)  

and silicon collectors (Si) using the ASU Cameca 6f 

with an O2+ primary beam. No interference from 
24

MgH was observed for DLC but was significant for 

Si. Accordingly, for DLC it was adequate to use a 

lower mass resolving power, sufficient to resolve C2
+
, 

increasing SW signal over silicon. To further increase 

signal on both materials, we used a 250 m raster using 

60% dynamic transfer optics setting (DTOS).  

The solar wind is a constant velocity plasma; our 

implants are of monoenergetic ions.  In both cases 

there are slight differences in depth distributions.  

Thus, isotopic ratios were calculated from the sum of 

the counting rates, not ratios of isotopes from each 

cycle.  Per profile counting statistics errors are about 6 

per mil for both 
25

Mg/
24

Mg and 
26

Mg/
24

Mg.  

 

Results: We discuss only DLC data here.  Fig. 1 

shows that distinct solar wind Mg depth profiles are 

obtained. Instrumental mass fractionation (IMF) was 

measured with a 2 isotope (24, 26) Mg implant stan-

dard, calibrated with ICPMS.  

Using the ICPMS measurement of the implant rela-

tive to terrestrial standards, the DLC data for sample 

60065 define per-mil/amu SW-terrestrial mass frac-

tionations, F, for 
25

Mg and 
26

Mg relative to 
24

Mg.  

Since mass dependent fractionation is expected, F25 is 

expected to be equal to F26.  Fig. 2 shows that, for 8 

independent profiles of 60065, excellent reproducibil-

ity is obtained for F25.  Fig. 3 shows good reproducibil-

ity for F26, but surprisingly F25 appears lower than F26..  

Both F values are distinct from 0 (terrestrial) and are in 

the direction, and of a consistent magnitude as pre-

dicted by Bochsler.  However, the derived solar wind 
26

Mg/
25

Mg agrees with terrestrial to within a few per-

mil. 

Discussion: Unfortunately, the high Mg fluences 

we chose for accurate ICPMS measurements produced  

large SIMS dead-time corrections for 
24

Mg on the 

standard.  Instantaneous counting rates can be much 

higher than those measured when the beam is rastered; 

DTOS added further complications, as did changing 

primary current between sample and standard.  The 

semiconductor industry rarely makes isotopic meas-

urements, so the combination of problems is almost 

unique to Genesis samples.  At the peak of the profile 

the correction to 
24

Mg is 60 permil; for the integral it is 

40 permil.  The corrections to isotope ratios are essen-

tially the same. Our correction procedures should have 

sufficient accuracy, although they are approximate.  

Measured ratios favored the light isotope; IMF correc-

tions were -10 to -20 permil/amu.  Ideally standards 

and samples should be measured under the same ana-

lytical conditions.  This was not possible here.  A fac-

tor of 20 higher primary ion current was required, even 

though all other conditions held constant. Therefore, 

some of our data-reduction techniques are problematic. 

A solution, which we are currently pursuing, is to stan-

dardize an implant with lower counts so that conditions 

can be kept identical between standard and flight sam-

ple. 

Conclusions: The results, if true, would be of ma-

jor importance; however at present systematic errors 

cannot be ruled out. The problem is possibly with us, 

not the Sun.  Because the 
26

Mg / 
25

Mg is terrestrial, a 

problem with the deadtime correction is suggested.  
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However, the 26Mg / 24Mg depletion is significant 

unless we have underestimated dead time corrections 

by 50%, which seems large.  Alternatively, small in-

homogeneities in the implant Mg isotopic composition 

are possible.  The good news is that sensitivity and 

precision of solar wind Mg isotopic data are good, for 

both DLC and Si.  The problems with implant stan-

dards can be fixed.  Work has begun with a different 2 

isotope implant using equal amounts of 
25

Mg and 
26

Mg 

at equal fluences making deadtime corrections negligi-

ble.  These Mg fluences are a factor of 3 lower, reduc-

ing the difference with flight samples, but still enabling 

good ICPMS measurements.  
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Figure 1. Profile from DLC Sample 60065. In this 

profile, SW signal at the peak is ~90cps for 
25

Mg, 
26

Mg, demonstrating we have adequate sensitivity. 

 

 

Figure 2. SW 25Mg measurements in DLC vs. run 

number. These data are consistent at the +- 2 sigma 

level. 

 

Figure 3. SW 26Mg measurements vs. run number.

Averages consistent, but don’t agree with 25Mg. 
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