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Laboratory experiments simulating solar wind sputtering of lunar surface materials have 
shown that solar wind ions sputter secondary ions in sufficient numbers to be measured from low- 
altitude lunar orbit. Secondary ions of Na, Mg, Al, Si, K, Ca, Mn, Ti and Fe have been observed 
sputtered from sample simulants of mare and highland soils (1). While solar wind ions are 
hundreds of times less efficient than those used in standard secondary ion mass spectrometry, 
secondary ion fluxes expected at the Moon under normal solar wind conditions range from - 10 to 
> lo4  ions ~ m - ~  sec-l, depending on species. These secondary ion fluxes depend both on 
concentration in the soil and on probability of ionization; yields of easily ionized elements such as 
K and Na are relatively much greater than those for the more electronegative elements and 
compounds. However, it has not been shown that the observed secondary ions vary strictly one- 
to-one with their concentrations in the geochemically distinct soil simulants used here. In this 
paper we address the issue of whether the expected compositional variations in lunar soils can be 
inferred from measurements of solar wind sputtered secondary ions. 

In our laboratory experiments we have subjected three simulants of Apollo soil samples to 
ion bombardment, and have measured the relative efficiencies of solar wind ions in sputtering 
secondary ions. The simulants were created to replicate an Apollo 11 high titanium mare basalt 
soil, an Apollo 15 low titanium mare basalt soil, and an Apollo 16 aluminous highlands soil. They 
were left in rocky, not powdered form. These simulants were subjected to bombardment by Ar 
and Ne ions at 5 keV-energies, and the solar wind-like ions of H and He at 1.5 and 4 keV- 
energies, respectively. Using these ions, with very different nuclear stopping powers in the target 
materials, allowed us to study the relative efficiencies of solar wind ions in sputtering secondary 
ions. Figure 1 shows overlaid ion mass spectra for two runs, using Ar+ and H+ on the Apollo 11 
high-Ti basalt soil. Clearly 5 keV Ar+, with its much larger nuclear stopping power, is about a 
factor of 400 more efficient than 1.5 keV H+ in sputtering secondary ions. The principal 
geochemical indicator elements Na, Mg, Al, Si, K, Ca, Ti, Mn and Fe are nevertheless detectable. 

The relative total sec- 
ondary ion yields sputtered by Ar, 
Ne, and He demonstrate a well- - 
behaved exponential dependence 
on nuclear stopping power. 
However, the 1.5 keV H+ yield is 
about an order of magnitude larger 
than predicted; H is a more effi- 
cient sputter than one might ex- 
pect. The relative variations in 
secondary ion intensity, however, 
is very similar between the Ar, 
Ne, He and H ion mass spectra. 
Yields of the various constituents 
of the simulants depends upon 
both the elemental concentration 
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and the probability of ionization of 
a given element. The probability Fig. 1. Secondary ion intensities of Na through FeO for 5 
of ionization, in turn, depends on keV Ar+ and 1.5 keV H+.bombardment of the Apollo 11 high- 
the ionization potential of the Ti mare basalt simulant. 
species, or alternatively the elec- 
tronegativity of the element or compound. The low ionization potential (or low electronegativity) 
of K and Na, for example, leads to copious production of secondary ions of these elements. On 
the other hand, the probability of producing positive ions of electronegative elements and com- 
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composition. The observed sec- 
ondary ion fluxes can then be compared with the microprobe results. One example is shown in 
Figure 2, where observed Ti+ fluxes from the three simulants are plotted versus the % by weight 
of Ti02. The results show that the sputtered Ti+ secondary ions correspond to the true composi- 
tion with accuracies of better than 10% for the high-Ti basalt, and about 20% for the low-Ti sirnu- 
lant. The highlands simulant produced a statistically insignificant Ti+ count rate. 

Similar results were obtained for the elements Al, Fe, Ca, and K. The response of Mg ions 
did not correlate well with composition under any circumstances. Na content did not vary enough 
between samples to do the comparison. We will report the results of a blind test of the SIMS 
technique using a sample of unknown composition. 

pounds such as 0, P, and oxides ,, 
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of Ti, Fe and Al, is much lower; N 200 
they are more likely to sputter as & 
neutrals or negative ions. This a) 160  -- 
dependence of positive secondary + 
ion yield on ionization potential, a 

120,- was suggested first by Anderson + 
and Hinthorne (2). In addition it 

80--  should be remembered that the 
secondary ion yields from 0 
regoliths are less than that from 4 0  ,, 
solid rocky targets (3). 0 

While we have a first order .- 
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sputtering, it is not clear that the k 0 2 4 6 8 
observed ion yields can be linked 
with great accuracy to the simu- TiO, , % by weight 
lant's composition. The sirnulants 
were analyzed by electron micro- Fig. 2. Intensity of secondary Tif ions sputtered by 1.5 keV 

Drobe to establish their detailed H+ VerSUS bulk Ti02 measured by electron microprobe. 
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