
A study on reflectance properties of laser irradiated silicate grains.  T. Jiang1 and H. Zhang2, 1Planetary 

Science Institute, China University of Geosciences, 388 Lumo Road, Wuhan, 430074, China, tejiang@cug.edu.cn, 
2 zhanghao@cug.edu.cn 

Introduction:  Space weathering (SW) 

processes darken and redden visible and NIR 

(Vis-NIR) reflectance spectra and weaken 

absorption features of airless bodies [1]. Laboratory 

simulations of micrometeorite impact and solar wind 

irradiations have produced the Vis-NIR 

spectroscopic changes [2][3]. It is thus natural to 

wonder how SW may change the photometric 

properties of regolith particles.  For example, it is 

found that Apollo lunar soils show very strong 

opposition effect even when measured in laboratory 

[4].  In contrast, lunar regolith analogs such as JSC-1 

produced on Earth have weaker opposition peak 

though both samples have similar Vis-NIR 

reflectance features.  

Methods and samples:  In this work, we use a 

1064 nm pulsed laser with different energy levels, 

25mJ*4times, 50mJ*2times, and 50mJ*4times [5], 

to irradiate olivine and orthopyroxene grains (< 75 

μm) to simulate micrometeorite bombardment. 

Vis-NIR to mid-IR (MIR) reflectance spectra (0.5 ~ 

25 μm) are measured on a Vertex-70 FTIR 

spectrometer (Fig.1). Bi-directional reflectance 

distribution function (BRDF), presented in REFF is 

measured by a custom-made goniometer at 633 nm at 

two incident zenith angles, i=0° and i=60°. To 

compare different measurements, the data are were 

normalized to 1 at 59.3° phase angle (Fig. 2a, b). 

Results:   

Reflectance spectroscopy:  we have confirmed an  

earlier finding [6] that olivine is more susceptible to 

simulated SW than orthopyroxene. Samples irradi-

ated with 25 mJ mainly show reddening effect while 

that irradiated with 50 mJ mainly show darkening [5]. 

Irradiations at 50 mJ for 4 times have obliterated 

nearly all Vis-NIR spectral features of olivines (Fig. 

1). 

BRDF: Compared with the original samples, laser 

irradiations have produced both stronger forward- 

and backward-scattering peaks, implying an in-

creased optical inhomogeneity. As shown in Fig. 2b, 

back-scattering of the samples are stronger at i=60° 

than i=0°. In Fig. 2(b), lunar soil BRDF measured 

both in lab [4] and in-situ [7] are included.  

Although laser irradiations have produced 

stronger oppositions, even the highest energy level 

(50 mJ*4 times) has not produced a back-scattering 

peak commensurate with real lunar soils, either 

measured in lab [4] or in-situ [7] (Fig. 2b). This is not 

a big surprise as real lunar soils are more complex 

than pure olivine and pyroxenes. However, these 

results have clearly demonstrated that SW should 

increase regolith optical inhomogeneities. Measure-

ments on more analog samples are underway to better 

understand the effects of SW on regolith photometric 

properties.  
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Figure 1：Reflectance of laser irradiated olivine (Ol, 

< 75 μm) and orthopyroxene (Opx, < 75 μm). 

 
Figure 2: Normalized BRDF of laser irradiated 

samples. (a) Normalized BRDF of olivine (Ol) (< 75 

μm) and orthopyroxene (< 75 μm) at 633 nm (i=60°). 

(b) Comparison of normalized BRDF of olivine (Ol) 

(i=60°, 0°), Chang’E-3 in situ phase curve at 640 nm 

(i=70°) [7], and Lunar samples (No. 61221, No. 

65701, modified from [4], i=5°). All data are nor-

malized at 59.3° phase angle for comparison purpose. 
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