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Introduction: Space weathering is a term applied 

for the darkening, reddening, and reduction in absorp-

tion band depths in the optical reflectance spectra of 

planetary surface minerals [1]. The ascribed changes 

are due to micrometeorite impacts and electromagnetic 

radiation occurring on all airless bodies in the Solar 

System [2].  

Micrometeorite impacts produce physical products 

within planetary surface grains, namely submicroscopic 

metallic iron (SMFe) [3]. The variations in sizes and 

populations of micrometeorite-derived SMFe are 

thought to differ as a function of impact energy and 

flux [4]. As a result, the process and products of space 

weathering could be fundamentally different from 

Mercury to the Asteroid Belt [5–7].  

Our proposed experimental setup is designed to ex-

amine whether a link between SMFe size/population 

and resulting spectral changes are controlled by differ-

ent fluxes of simulated micrometeorite impacts. Our 

pulsed laser irradiation laboratory, will examine 

whether differing simulated impact fluxes will produce 

different morphologies/populations of SMFe. These 

differences are, for this abstract, measured through the 

spectral variations of our olivine samples.  

Methods: In this work, we first simulated lunar 

space weathering with a laser flux corresponding to 90 

J/mm
2
/Mya (This equates to 2.5 minutes of irradiation, 

initially set to match calculations on sample volume 

and energy output,see the Discussion for more details). 

We acquired spectra after each irradiation, up to 810 

J/mm
2
/Mya. In the future once a set of lunar-simulated 

space weathering spectra is recreated, we would then 

investigate fluxes at other solar distances. For Mercury 

and the Asteroid Belt, we would only increase or de-

crease laser flux to match the micrometeorite flux near 

these solar distances. We would then compare those 

sets of spectral characteristics to the lunar case.  

The experimental setup at the University of Hawaiʻi 

at Mānoa is similar to [8] (Fig. 1). Space weathering 

simulation was achieved using a Continuum Surelite 

SL-I20 Nd:YAG pulsed laser with a fundamental 

wavelength of 1064 nm and frequency of 20 Hz. Pulse 

duration is 5-7 ns, which is comparable to the timescale 

of micrometeorite impacts [9]. The samples were irra-

diated with a pulse energy of 30 mJ to ensure vaporiza-

tion [10]. The beam was rastered across the sample to 

ensure even weathering. All samples were irradiated 

from 2.5 minutes (or 90 J/mm
2
/Mya) up to 22.5 

minutes (or ~810 J/mm
2
/Mya [8]). All irradiation is 

done under a vacuum of 2-3x10
6
 torr with a  Pfeiffer 

Hi-cube dry roughing and turbo pump.   

The samples for this project were natural olivine 

(Fo-93). Olivine was chosen because it is a common 

forming mineral in the Solar System (next to plagio-

clase and pyroxene [11]). The olivine was powdered 

and sieved to 45-53 µm to simulate the mean-grain size 

of the lunar regolith [12]. For each experiment, 2g of 

unpacked olivine powder was used, unlike previous 

experiments which pressed the powder [8,13].  

Reflectance spectra of the sample were taken before 

and after irradiation and at ambient atmosphere and 

under vacuum (Fig 1c). We measured spectral reflec-

tance from 0.35 to 2.5 µm with an Analytical Spectral 

Devices Inc. (ASD) FieldSpec FR spectrometer. We 

used an observational geometry with an incidence an-

gle of 0°, and an emission angle of 40°. Reflectance is 

measured relative to a spectralon standard (99%).  

Fig. 1. (a) Overal lab configuration highlighting main  

components. (b) Downrange view of lazing optics  

components (c) Side view of spectrometer optics while  

in lazing position. 

 

SMFe characterization [14] will be done in the fu-

ture using TEM bright field contrast image data. This 

information will be compared with spectral data in or-

der to correlate spectra with SMFE physical properties.  

Discussion: The approximation of the laser flux re-

quires knowledge of interplanetary dust flux and equat-
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𝐼𝑚𝑝𝑎𝑐𝑡 𝑟𝑎𝑡𝑒 =
𝑖𝑚𝑝𝑎𝑐𝑡𝑠

𝑚2  𝑦𝑒𝑎𝑟
 (Eq. 1) 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =
𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒  𝐽

𝑚2  𝑦𝑒𝑎𝑟
  (Eq. 2) 

ing them to some amount of laser energy and flux. [8] 

compared the energy and frequency of their laser puls-

es with spacecraft data [15] on fluxes and median sizes 

of dust impactors in the inner Solar System [15,16]. 

They also calculated a timescale of space weathering 

done by their experiment. They proposed their laser 

energy and flux could produce a few Mya’s of space 

weathering on a sample. 

Similarly, we can calculate how much flux our laser 

has performed for a given solar distance. Taking the 

flux from [15], we can convert these to an impact rate 

(Eq. 1).  

Incorporating the kinetic energy of a micrometeor-

ite impact at each solar distance from [15], we can find 

the total energy deposition rate or the flux (Eq. 2). 

Converting the total energy deposition rate to our 1 

mm beam spot size, we can also effectively find how 

many years of space weathering occurs from the depos-

ited laser energy (Table 1 [15]).  
 

 

Table 1. 
Solar 

Dis-

tance 

(AU) 

Impact Rate 

(impacts/m2s), 

(im-

pacts/m2yr) 

Mas

s (g) 

Veloci-

ty 

(km/s) 

KE  

(J) 

Total 

Energy 

Deposi-

tion Rate 

(J/mm2 yr) 

 

0.4 0.000844, 

26634.0455 

1E-6 20 0.2 5.33E-03 

 

      

1 0.0001, 

3155.7 

1E-6 12 0.072 2.27E-04 

 

      

2.7 0.0000028, 

88.36 

1E-6 5 0.012

5 

1.10E-06 

 

 

Results: Shown in Figs. 2 and 3 are the obtained 

Vis-NIR reflectance spectra of fresh and space weath-

ered olivine in the lunar space weathering flux regime. 

In the absolute reflectance spectra, darkening, redden-

ing, and absorption band loss is more clear between the 

fresh and first space weathering flux than in the others. 

The scaled reflectance spectra reveal these features 

more readily through increasing fluxes. These differ-

ences between the two plots are most likely due to satu-

ration of space weathering effects.  

Conclusions: Using olivine, we performed pulse 

laser irradiation to examine varied spectral effects as a 

function of different space weathering regime. The 

variations between fresh and lunar space weathered 

olivine is most evident in the reduction in albedo and 

increased reddening. Similar to [17], we infer from the 

spectral reddening that we produced SMFe sizes and 

populations similar to lunar soils.  

Figs. 2&3. Absolute and scaled VNIR reflectance 

spectra.  

 

Future Work: Our future experiments include var-

ying the laser energy in order to reproduce the range of 

impact energies from Mercury to the asteroid belt (Ta-

ble 1). In addition, TEM imaging and analyses will be 

used to quantify the physical property difference in 

SMFe as a function of micrometeorite flux and energy.  

 

References: [1] Hapke, B., (2001) Journal Of Geophysical 

Research, 106, 35. [2] Taylor, L. A. et al., (2001) Journal Of 

Geophysical Research, 106, 27985. [3] Keller, L. P., McKay, D. S., 

(1993) Science, 261, 1305–7. [4] Brunetto, R. et al., (2006) Icarus, 

180, 546–554. [5] Noble, S. et al., (2007) Icarus, 192, 629–642. [6] 

Lazzarin, M. et al., (2006) The Astrophysical Journal Letters, 647, 

L179–L182. [7] Clark, B. et al., (2001) Meteoritics & Planetary 

Science, 36, 1617–1637. [8] Yamada, M. et al., (1999) Earth 

Planets And Space, 51, 1255–1265. [9] Kissel, J., Krueger, F. R., 

(1987) Applied Physics A Solids And Surfaces, 42, 69–85. [10] 

Pirri, A. N., (1977) Physics Of Fluids, 20, 221. [11] Heiken, G., 

Vaniman, D., (1991).Lunar Sourcebook. [12] Pieters, C. et al., 

(2000) Meteoritics & Planetary Science, 35, 1101–1107. [13] 

Sasaki, S. et al., (2002) Advances In Space Research, 29, 783–788. 

[14] Bradley, J. P., (1994) Geochimica Et Cosmochimica Acta, 58, 

2123–2134. [15] Grun, E. et al., (1991) Interplanetary Dust. [16] 

Divine, N., (1993) Journal Of Geophysical Research, 98, 17029–

17048. [17] Gillis-Davis, J., Markley, M., (2012) Lunar And 

Planetary Science, 30–31.  

  

 

2770.pdf44th Lunar and Planetary Science Conference (2013)


