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Introduction: A set of ordinary chondrite mete-
orites has been subjected to artificial space weathering 
by nanopulse laser to simulate the effects of micro-
meteorite bombardment. Three meteorites, an H 
(Ehole), L (Chateau Renard - CR), and LL (Appley 
Bridge - AB) were lasered following the method of 
Sasaki et al [1]. Near IR spectra were taken before and 
after exposure to examine the optical changes induced 
and the samples were examined by scanning and 
transmission electron microscopy (SEM and TEM) to 
understand the physical changes.

Background: The effects of space weathering on a 
given body are dependent on many factors including 
the physical conditions and chemical composition of 
the target material. One way to understand those rela-
tionships is to simulate space weathering in the labora-
tory. It has already been shown that irradiation with a 
nanopulse laser results in the formation of npFeº and 
the VIS-NIR spectral reddening and darkening that are 
the hallmarks of space weathering [1]. Here we are 
looking at a series of meteorites with a range of metal-
lic iron to understand what effect, if any, that has on 
the weathering products produced.

Space weathering has traditionally been thought of 
as a soil process, but exposed rocks will also incur the 
effects of space weathering. Weathering patinas have 
been described on lunar rocks [2, 3], but mature out-
crops are only small contributors to the lunar spectrum 
on a remote sensing scale. Results from the Hayabusa 
spacecraft at the asteroid Itokowa suggest that while 
the low gravity does not allow for the development of a 
mature regolith, weathering patinas can and do develop 
on rock surfaces [4], thus for small bodies, rock wea-
thering may be an important process.  

Vis-NIR Spectra: Diffuse visible-NIR reflectance 
spectra were measured at 30 degree incidence and 0 
degree emergence angles using spectrometers located 
either at RELAB, Brown University or in Mizusawa 
Campus of the National Observatory of Japan.

As previous experiments on individual minerals 
have shown, the lasered samples follow typical space 
weathering trends, becoming darker, redder, and losing 
spectral contrast with increasing laser exposure (Fig 1).

Figure 1. Spectra from a chip of the L6 meteorite Cha-
teau Renard before and after exposure to the laser.

SEM results: The samples were studied under 
scanning electron microscope to understand the textur-
al changes induced by the laser pulses and to select 
areas of interest for TEM analysis. All three samples 
display evidence of melting where the laser made con-
tact. Fig 2 is a good example of localized melting in-
duced by a single laser pulse. The affected areas tend 
to be highly vesicular. Different degrees of melting are 
evident for different minerals. Sulfides, like the bright 
material in Fig 2, and Ni-Fe tend to not only melt, but 
disperse in small ~1-5 µm droplets. In Fig 3 there is a 
sharp contrast between the darker plagioclase, which 
appears unmelted, and the brighter pyroxene, which 
displays a highly vesiculated melt texture.

Figure 2. Nanopulse laser induced effects on plagioc-
lase and iron sulfide in the H5 meteorite Ehole.
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Figure 3. While the pyroxene (lighter material) shows 
signs of significant melting, the plagioclase does not.

TEM results: Focused ion beam (FIB) methods 
were used to extract a single sample from each of the 
three meteorites for the TEM. The samples were ana-
lyzed using the JEOL 2500SE 200 keV field-emission 
scanning-transmission electron microscope (FE-
STEM) at JSC. The FE-STEM is equipped with a 
large-area, thin window energy-dispersive X-ray 
(EDX) spectrometer.

In Figs 4 and 5 below are images and maps created 
from the H5 (Ehole) and L5 (CR) FIB sections. No 
obvious differences were detected in the melt/vapor 
layers between the 3 types. NpFeº is present in similar 
size and abundance in all three samples. The main dif-
ference between the samples seems to relate largely to 
their shock state; while both CR and AB have abundant 
cracks and fractures that were exploited by the melt, 
Ehole is nearly fracture-free and its melt/vapor layer is 
nearly uniform. Both Ehole and CR have melt splats on 
top of their melt/vapor layers; this appears to be com-
mon based on the SEM imagery, particularly for sul-
fides and NiFe (see fig 2). It is also a process common-
ly seen in the weathering patina of lunar rocks [2, 3].

Figure 4. Map (top) and bright field image of Ehole
(H5) after nanopulse laser.

Figure 5. Map (top) and bright field image of Chateau 
Renard (L5) after nanopulse laser.

While Ehole’s melt/vapor layer (Fig 6) was the 
most uniform, all showed similar trends. All three sam-
ples contained a melt layer ~100-500 nm thick, with 
npFeº largely concentrated in the bottom half of the 
melt layer. The average size of these npFeº grains in 
Ehole is 5 nm, with a range of about 2 to 15, this is 
consistent with npFeº seen in lunar soil rims, which 
ranges from about 1-15 nm with an average of 3 nm 
[5]. In some places, a thin (~20 nm) vapor-deposited 
layer can be seen at the top surface. This layer, when 
present, is enriched in sulfur and is also npFeº-rich, 
though the iron is smaller, ~1-3 µm.

Figure 6. TEM bright field image of melt/vapor layer 
of Ehole.

Conclusions: TEM analysis of artificially space 
weathered ordinary chondrites with different metallic 
iron contents reveals the creation of similar npFeº-
bearing melt and vapor deposits.
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