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Introduction: The chemical and isotopic composition of the solar wind (SW) provides important information 

about the composition of the Sun, and hence, the solar nebula from which our solar system formed. Boron, like Li and 

Be, is a rare light element, and its abundance in SW constrains (i) whether B is depleted in the Sun compared to 

chondrites due to nuclear burning [1], and (ii) how the composition of the solar photosphere is modified in the SW as 

a function of the first ionization potential/time (FIP/FIT) [e.g., 2]. We measured abundances of SW B implanted into 

ilmenite grains from lunar soil 71501. B is prone to contamination whereas the SW B abundance is low, which makes 

the measurement difficult. Therefore, we used the depth-profiling technique in the image acquisition mode by a Na-

noSIMS, which allows us to monitor contamination.  

Analytical methods:  Ilmenite grains of approximately 150 m diameter were pressed onto pure indium foil. We 

obtained depth profiles of B isotopic ratios and elemental abundances with the NanoSIMS 50 at MPIC in Mainz. 

Secondary ions of 6,7Li+, 10,11B+, and 57Fe+, produced by rastering a ~1 nA O- primary ion beam over 40 x 40 m2, 

were recorded in the image acquisition mode with five electron multipliers. The depth of the ilmenite grains sputtered 

by the primary ion beam was calibrated using a SiC wafer as a standard material, into which Li and B ions had been 

implanted with known energies. Boron elemental and isotopic abundances were normalized to those of NBS 611 glass. 

Data reduction: All seven analyzed grains suffer from surface contamination. To estimate the SW B abundances, 

we first subtracted the contribution of 11B+ signals from the intrinsic B deduced from the average of 11B+ count rates 

at the end of the measurements (130-150 nm depth). The subtracted intrinsic B contents were 13-80 ppb. Next, we 

used the SRIM code [3] to simulate depth profiles of 10B and 11B ions implanted into a spherical ilmenite grain with a 

realistic, long-time average distribution of SW, and compared them with our data. The shapes of the observed depth 

profiles fit well to the simulation after 30 nm depth, but the 11B+ count rates until this depth are much higher than the 

simulation because of surface contamination. Therefore, we used data only between 30 and 90 nm depth. 

Results and discussion: Using this approach, we obtained reliable results for three ilmenite grains. Among them, 

grain ILM1 shows non-chondritic B isotopic ratios. Its 10B/11B ratios changed with depth from higher to lower values 

than chondritic (roughly from +10 to -10 %), qualitatively consistent with the SRIM simulation which predicts similar 

behavior due to different penetration depths of 10B and 11B. The other grains (ILM2 and ILM3) show no significant 

anomalies of 10B/11B ratios.  

The 11B/57Fe ratios of ILM1 and ILM2 between 30 and 90 nm depth are clearly higher than the baseline of intrinsic 
11B/57Fe. On the other hand, ILM3 shows essentially constant 11B/57Fe ratios after 30 nm depth, suggesting that mini-

mal SW B is present in ILM3 and that below 30 nm depth the contamination has disappeared. The inferred SW B 

abundances of ILM1, ILM2, and ILM3 are (1.2 ± 0.3) x 1011, (6.3 ± 1.1) x 1010, and <1.9 x 1010 atoms/cm2, respectively 

(2 errors from counting statistics). These estimates should be taken with a caveat since they are based on the assump-

tion that the contamination is essentially absent below 30 nm depth.  

Bulk 71501 ilmenite samples with 42-64 and 125-175 m diameter have 36Ar concentrations of 55.4 and 19.1 x 

10-6 ccSTP/g, respectively [4]. The corresponding 36Ar column density is ~6 x 1012 atoms/cm2 for both size fractions, 

assuming spherical grains and homogeneous 36Ar distributions over the entire grain surface. 36Ar concentrations of 

most single grains from 71501 ilmenite samples with 150-250 m diameter vary between ~0.3 and 3 x 1010 atoms/grain 

with a few even lower values [5,6], indicating that the SW component is not homogeneously distributed among indi-

vidual grains. The corresponding 36Ar column densities ranging from ~0.3 to 3 x 1013 atoms/cm2 vary by a similar 

factor as the B concentrations in the three grains here. Tentatively comparing the B concentration of ILM1 with the 

highest abundances of SW Ar, i.e., a 36Ar column density of 3 x 1013 atoms/cm2 yields a SW B/Ar atom ratio of ~3 x 

10-3. This is a factor of ~15 higher than the solar photospheric ratio of 2 x 10-4 [1]. Given that the low FIP of B of ~8.3 

eV may lead to an up to four times enhancement of B relative to Ar in the SW and spot to spot variations on the small 

scales of the NanoSIMS measurements may be even higher than grain to grain variations, our nominal result for the 

SW B/Ar ratio of ~3 x 10-3 is not unreasonably high.  
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