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Introduction: Extraterrestrial materials, including 

Apollo lunar soil, Asteroid Itokawa particles, the Ge-

nesis mission samples and meteorites, contain abun-

dant noble gases of solar wind origin. These gases and 

various isotopes provide unique and extensive infor-

mation about a broad range of fundamental questions: 

the chronology of earliest solar-system development, 

the surface exposure and radiation histories of lunar 

rock and soils, the outgassing history of the Moon, 

and the composition of the Sun[1,2]. In addition, 3He in 

lunar soil is one of the most valuable resources be-

cause of its potential as a fusion fuel. In order to refine 

the interpretation of helium measurement, it is neces-

sary to better characterize helium diffusion mechan-

ism in different mineral phases. Knowledge of diffu-

sion characteristics of implanted noble gases will also 

enable the optimization of the processes to extract 3He 

from lunar soil [3]. 

Experiments: Four  different  samples  are  chose 

in the experiments, Luobusha olivine (~Fo80), plagioc-

las feldspar, basatic glass, and Panzhihua ilmenite. 
4He ion implantation was performed using LC-4 high-

energy ion implanter at the Institute of Semiconduc-

tors, Chinese Academy of Sciences. The experiments 

were carried out at room temperature, in an ion 

pumped ultra-high vacuum (UHV) chamber with resi-

dual pressure of 10-7 mbar. The energy of 4He ions is 

50 keV. The irradiation dose is 5×1016 ion/cm2, five 

times of irradiation saturation dose[4,5]. Beam current 

density is maintained below 45 μA/cm
2
 and ion beam 

was scanned homogeneously over the target in order 

to prevent heating during implantation. Helium ex-

traction experiments were performed with noble gas 

massspectrometer. Samples were heated up in a high-

temperature furnace and the temperature was moni-

tored by a thermocouple. The samples were heated 

from 200 to 1500 °C, with 100 °C stepwise interval. 

The duration time for each stepwise fraction was 40 

minutes. The purification process was similar to that 

described in [6]. 

Release patterns of implanted helium in miner-

als: Fig.1 compares helium release patterns of samples 

in the present study with lunar soil and irradiated ana-

log materials in previous studies. 4He release patterns 

of lunar olivine[7] and Synthetic olivine (Mg2SiO4)
[4] 

are remarkably similar. Tmax (temperature of maxi-

mum helium release) of them are near 650°C, lower 

than that of Lubusha olivine. 
 

Fig.1. Release patterns of implanted 4He in minerals 

1389.pdf44th Lunar and Planetary Science Conference (2013)



Helium in irradiated plagioclase and lunar 67601 

plagioclase[8] has a clear bimodal release. But the 

peaks of them located at different temperatures. Basal-

tic glass displayed similar release curve with lunar soil 

(10084.59)[9] and basalt sample (10057.20)[9] at 400-

1000 °C. Fig.1(d) compares helium release of ilme-

nites irradiated by He+ and lunar ilmenites. The nota-

ble feature of these patterns is the remarkable variabil-

ity in the thermal lability of helium in ilmenites, 

which could be attributed to different helium depth in 

grains [8]. 

Diffusivity of implanted helium in minerals: 

Based on the release data, we calculated the helium 

diffusion coefficient (D) using the equations in [10]. 

Diffusion coefficients of each mineral are plotted in 

Fig.2 plotted against inverse temperature (1000/T). 

Activation energy (Ea) could be calculated from the 

slope of the Arrhenius plot using a linear regression 

model. We yield activation energies of 49.56kJ/mol, 

19.62kJ/mol, 62.19kJ/mol, and 26.02kJ/mol for Luo-

busha olivine, plagioclase, Panzhihua ilmenite, basal-

tic glass, respectively. The results suggest different 

retention for implanted noble gases in minerals. The 

activation energy of 4He in Panzhihua ilmenite is ap-

parently higher than Ea of other silicates. Olivine is 

clearly the most retentive silicates investigated here. 

Helium in plagioclase are significantly releaed at low-

er temperatures and has the lowest activation energy. 

The conclusion is consistent with [11], which investi-

gated the different 4He abundance in plagioclase, il-

menite, magnetic glass from Apollo soil.  

 
Fig.2. Arrhenius plots of stepwise heating helium dif-

fusion experiments 
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