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Abstract

Space weathering research is of great significance for remote sensing inversion
of asteroid surface environment and composition. Currently, research results
on spectral changes in asteroids induced by space weathering are not consis-
tent, and there is a lack of unified understanding regarding weathering patterns
on silicate asteroids. Based on a large-sample research approach, we compiled
laser irradiation experiments on four ordinary chondrites (H, L, and LL types),
seven silicate single minerals, and six groups of olivine-pyroxene mixtures with
varying proportions, analyzed changes in the visible-near-infrared reflectance
spectra (0.45-2.5 pm) of samples before and after irradiation, and investigated
the influence of space weathering on silicate asteroid spectra by integrating as-
teroid spectral data. The results demonstrate that space weathering does not
induce significant shifts in the 1 pm absorption center, but causes an increase
in the absorption area ratio (2 pm band area / 1 pm band area). Therefore, the
use of “1 pm absorption center — absorption area ratio” plots for distinguishing
meteorite types remains valid, indicating that space weathering has minimal
impact on mineralogical classification. In principal component analysis dia-
grams, A-type asteroids exhibit a weathering trend nearly parallel to the « line,
while other silicate asteroids display a “Q-Sq-S” weathering trend. The asteroid
classification system based on Sloan Digital Sky Survey data (SDSS dataset)
confuses the classification of olivine-rich asteroids and may underestimate the
population of A-type asteroids. This systematic analysis of space weathering
patterns and spectral variation laws for silicate asteroids provides practical value
for advancing understanding of space weathering effects on asteroid spectra and
for quantitative mineral remote sensing inversion.
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Abstract

Research on space weathering is of great significance for remote sensing inver-
sion of asteroid surface environments and compositions. Currently, research
results on spectral changes in asteroids caused by space weathering are not uni-
fied, and there is a lack of systematic understanding of weathering patterns for
silicate asteroids. Based on a large-sample research approach, we compiled laser
irradiation experiments on four ordinary chondrites (H, L, and LL types), seven
silicate single minerals, and six groups of olivine-pyroxene mixtures with differ-
ent proportions. We analyzed changes in the visible-near-infrared reflectance
spectra (0.45-2.5 (cid:22)m) of samples before and after irradiation, and investi-
gated the influence of space weathering on silicate asteroid spectra by combining
them with asteroid spectral data. The results show that space weathering does
not cause significant shifts in the 1 (cid:22)m absorption center, but leads to an
increase in the band area ratio (2 (cid:22)m band area/1 (cid:22)m band area).
Therefore, using the “1 (cid:22)m absorption center—band area ratio” diagram
to distinguish meteorite types remains effective, indicating that space weather-
ing has minimal impact on mineralogical classification. In principal component
analysis plots, A-type asteroids exhibit a weathering trend nearly parallel to the
(cid:11) line, while other silicate asteroids show a “Q-Sq-S” weathering trend.
The asteroid classification system based on Sloan Digital Sky Survey (SDSS)
data may confuse the classification of olivine-rich asteroids and may underesti-
mate the number of A-type asteroids. This study systematically analyzes the
space weathering patterns and spectral variation laws of silicate asteroids, pro-
viding practical value for deepening understanding of space weathering effects
on asteroid spectra and for quantitative mineral remote sensing inversion.

Key words planets and satellites: surfaces, moon, asteroids: general

As remnants of planetary accretion, asteroids preserve rich information about
the early solar system environment. Investigating the distribution of asteroids
with different compositions throughout the solar system is crucial for under-
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standing the distribution, evolution, and migration of solar system materials
\cite{1-3}. Since solar energy is concentrated primarily in the visible-near-
infrared wavelength range, and the silicate minerals that constitute asteroids
mostly exhibit absorption features in this range, visible-near-infrared reflectance
spectroscopy has become an important means of characterizing asteroid mate-
rial composition. Currently, multiple asteroid spectral survey missions have
been conducted internationally \cite{3-8}, accumulating massive amounts of
visible-near-infrared reflectance spectral data for asteroids.

Based on analysis of reflectance, slope, absorption position, and other param-
eters from these spectral curves, researchers have established asteroid spectral
classification systems \cite{9-14}. Furthermore, comparative studies between
meteorites and asteroid reflectance spectra have facilitated the establishment of
“Meteorite-Asteroid Links” \cite{15-16}, enabling laboratory meteorite research
to be applied to observed asteroids and thus improving our understanding of
material distribution in the solar system. For example, S-complex (including
Q, S, Sa, Sq, Sr, Sv types) and V-type asteroids have silicate compositions
(such as olivine and pyroxene), corresponding to ordinary chondrites and HED
meteorites, respectively [?].

Asteroids exposed to space for long periods experience micrometeorite impacts,
cosmic and solar high-energy radiation, and other processes that cause physi-
cal processes such as fragmentation, cementation, sputtering, and deposition on
their surfaces. Their chemical composition, physical characteristics, and spec-
tral features change accordingly; these processes are collectively termed “space
weathering” \cite{17-18}. Space weathering is considered the main cause of dif-
ferences between asteroid spectra and laboratory meteorite spectra, hindering
our understanding of asteroid material composition and evolutionary history.
Early lunar-based research showed that space weathering causes decreased re-
flectance (darkening), weakened absorption, and increased visible-near-infrared
spectral slope (reddening), known as the “lunar model” \cite{17, 19-20}. Sub-
sequent exploration of the S-type asteroid Itokawa further supported the “lu-
nar model” \cite{21-23}. However, recent explorations of asteroids (4) Vesta,
(162173) Ryugu, and (101955) Bennu \cite{24-26} and laboratory simulation
studies of carbonaceous meteorites \cite{27-31} have shown that asteroid space
weathering patterns are not uniform and are closely related to the initial ma-
terial and weathering degree of asteroids [?]. Zhou et al. [?] summarized the
spectral effects of space weathering on C-type asteroids and found that the alter-
ation mechanism of space weathering on C-type asteroid materials is unclear,
leading to debates about spectral effects. Furthermore, in-situ spectral data
from Chang’e-3 showed that space weathering effects on spectra are wavelength-
dependent: the visible-near-infrared continuum slope (VNCS) increased, while
the visible band (extending to the ultraviolet band) spectral slope decreased
(i.e., “bluing”) [?]. Subsequently, based on meteorite simulation experiments
and asteroid spectral data analysis, the idea that space weathering changes as-
teroid spectral types has been proposed. Numerous studies have revealed a trend
from Q-type asteroids representing fresh material to S-type asteroids represent-
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ing mature material [?, ?]. This helps identify ordinary chondrite parent bodies
with different space weathering ages on their surfaces and provides clues for un-
derstanding their evolutionary history. Lantz et al. [?] systematically discussed
the spectral evolution trends of carbonaceous asteroids and proposed that the
surface of (101955) Bennu may have experienced a transition from C-type to
B-type asteroids. Hasegawa et al. [?] compared pre- and post-impact spectra
of (596) Scheila through telescope observations, confirming the evolution trend
from D-type to T-type asteroids. Future research is expected to discover more
possible spectral type evolutions caused by space weathering through deeper
investigations.

Currently, space weathering simulation experiments mainly include two types:
ion implantation to simulate solar wind high-energy particle radiation and laser
irradiation to simulate micrometeorite impacts. Comparison of these two simu-
lation experiments shows that the timescale for solar wind irradiation to cause
significant spectral changes is about 10* 16 years, while the timescale for mi-
crometeorite impact effects is about 1057109 years \cite{35-36}. Meanwhile,
solar wind particle radiation mainly affects the uppermost surface layer (< 1
(cid:22)m) [?], with very shallow penetration depth, whereas micrometeorite
impacts affect deeper material components. Therefore, solar wind radiation
may dominate in the inner solar system, while micrometeorite impacts may be
the main contributor in main-belt asteroids [?]. The space weathering process
studied in this paper is primarily based on pulsed laser simulation of microm-
eteorite impact processes to understand the long-term spectral effects of space
weathering on asteroid surfaces.

The main types of near-Earth and inner main-belt asteroids are silicate aster-
oids (such as S-type and Q-type) [?]. Although research on space weathering is
already extensive, two key scientific questions regarding the spectroscopy of sili-
cate asteroid space weathering remain unresolved. First, does space weathering
change the absorption position of silicate asteroids in the visible-near-infrared
band, and how? Second, how does space weathering change the spectral types
of asteroids? These two questions are crucial for inferring asteroid material
composition and evolution. Therefore, based on extensive pulsed laser irradia-
tion experimental data from meteorites, single minerals, and mineral mixtures,
this paper analyzes the effects of space weathering on various sample spectral
parameters. On this basis, we further compare sample spectra with asteroid
spectral types to understand the influence of space weathering on silicate aster-
oid reflectance spectra and provide fundamental support for interpreting and
quantitatively inverting asteroid spectral data.

2.1 Irradiation Experiment Data Collection

Given that studying the spectral effects of space weathering through single or
few samples lacks representativeness, this study analyzes spectral data from
numerous experimental samples to obtain universal conclusions. We collected
reflectance spectral data from 17 laser irradiation experiments, including sam-
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ples of 4 ordinary chondrites (H, L, and LL types), 7 silicate single minerals,
and 6 groups of olivine-pyroxene mixtures with different proportions. Some
spectral data were obtained from the Reflectance Experiment Laboratory (RE-
LAB) spectral database, while others came from published literature. The laser
irradiation experimental parameters, sample information, and data sources for
all collected samples are listed in Table 1 .

Since some experiments used different samples from the same source, we labeled
samples from the same source for distinction (e.g., San Carlos olivine 1# and
24). All reflectance spectral data before and after irradiation were collected
in the 0.45-2.5 (cid:22)m range. The reflectance spectra of samples before and
after irradiation are shown in Figure 1 [Figure 1: see original paper].

2.2 Spectral Parameter Analysis

Since reflectance is an important indicator for measuring space weathering ef-
fects, this study first compiled the absolute reflectance at 0.55 (cid:22)m (R0:55,
sample reflected light intensity/standard whiteboard reflected light intensity)
for all samples before and after irradiation. Due to historical reasons, asteroid
observation data are normalized at 0.55 (cid:22)m. To better compare sample
data with asteroid data, we also normalized all collected sample spectral data at
0.55 (cid:22)m, i.e., dividing the reflectance values at all wavelengths by the re-
flectance value at 0.55 (cid:22)m to obtain normalized reflectance. Subsequently,
we calculated the visible-near-infrared continuum slope (Slope) at 1 (cid:22)m
from the spectral data before and after irradiation. We also analyzed the 1
(cid:22)m absorption center (Band 1 Center, BC1) and 2 (cid:22)m absorption
center (Band 2 Center, BC2), 1 (cid:22)m band area (Band 1 Area, BA1) and 2
(cid:22)m band area (Band 2 Area, BA2), and the band area ratio (Band Area
Ratio, BAR, defined as BA2/BA1). Specific calculation methods are described
in Wu et al. [?] and Lindsay et al. [?].

Furthermore, we analyzed the spectral data before and after irradiation using
two asteroid classification methods. (1) We used the asteroid spectral classifica-
tion tool developed by the Massachusetts Institute of Technology to calculate
the first principal component (PC1 ) and second principal component (PC2 ) of
the spectral data. This tool is based on the Bus-Demeo classification method;
details can be found in DeMeo et al. [?]. (2) We used the asteroid classification
system employed by the Sloan Digital Sky Survey (SDSS) dataset to calculate
the spectral data before and after irradiation. This method uses the slope of the
g (0.4686 (cid:22)m), r (0.6166 (cid:22)m), and i (0.7480 (cid:22)m) bands (gri-
slope) and the color index of the i (0.7480 (cid:22)m) and z (0.8932 (cid:22)m)
bands (z -1 color) to classify asteroids. Specific calculation methods can be
found in DeMeo et al. [?] and Nesvorny et al. [?].
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3.1 Changes in Sample Spectral Parameters

Table 2 lists the spectral parameters of samples before and after laser irra-
diation, and Table 3 lists the changes in spectral parameters before and after
irradiation. As shown in Table 3, all samples have negative AR0:55 and positive
ASlope values, indicating that laser irradiation experiments reduce reflectance
while increasing the visible-near-infrared continuum slope at 1 (cid:22)m, i.e.,
“darkening” and “reddening.” The spectral plots of multiple irradiations of the
same sample (Figure 1), AR0:55, and ASlope (Table 3) show that both “dark-
ening” and “reddening” increase with space weathering degree. Under the same
laser energy, the darkening degree of the “olivine-pyroxene mixing system” in-
creases with increasing olivine proportion, while the reddening degree does not
show an obvious pattern.

After laser irradiation, the 1 (cid:22)m and 2 (cid:22)m absorption centers do
not show systematic changes (i.e., uniform shifts toward shorter or longer wave-
lengths), but the BAR of almost all samples increases after irradiation.

Figure 2 [Figure 2: see original paper| shows the variation of the 1 (cid:22)m
band center with band area ratio before and after irradiation. The “1 (cid:22)m
absorption center-band area ratio” diagram can effectively separate different
types of silicate meteorites [?]. After irradiation, two LL chondrite samples
move closer to L chondrites, while L chondrites move closer to LL chondrites,
gradually approaching but not completely crossing the boundary between the
two types (Figure 2). Therefore, based on our samples, space weathering has
minimal impact on mineralogical classification, and using the “1 (cid:22)m ab-
sorption center—band area ratio” diagram to distinguish different meteorite types
remains effective. Future experimental data with larger sample sizes can verify
this conclusion.

Figure 3 [Figure 3: see original paper] shows the variation of the visible-near-
infrared continuum slope at the 1 (cid:22)m absorption position with band area
ratio before and after irradiation. Except for pure pyroxene samples, the arrow
directions of simulated weathering for all other samples point from the ordi-
nary chondrite region to the asteroid region, indicating that silicate asteroids
generally exhibit space weathering spectral reddening effects.

3.2 Comparison of Space Weathering Between Meteorites
and Asteroids

The space weathering trend results obtained from spectral data processing based
on the Bus-DeMeo classification method are shown in Figure 4 [Figure 4: see
original paper]. The (cid:11) line distinguishes spectra with and without 2
(cid:22)m absorption; the left side of the (cid:11) line represents lack of 2
(cid:22)m absorption, while the right side represents presence of 2 (cid:22)m
absorption [?]. Data points for pure olivine samples before and after irradiation
are located on the left side of the (cid:11) line. When pyroxene is added, the
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PC2 value increases, moving data points to the right side of the (cid:11) line.
Fresh olivine data points concentrate in the A-type asteroid region, with space
weathering trend arrows parallel to the (cid:11) line and pointing in the direc-
tion of increasing PC1 and decreasing PC2 . Pre-irradiation data points for the
“olivine-pyroxene mixing system” mainly concentrate in the Q-type asteroid re-
gion. The black dashed arrow in the figure indicates the distribution trend of
fresh mixed mineral samples. The mineral content of olivine and pyroxene has
a clear controlling effect on their positions in the principal component analysis
plot. As pyroxene content increases, both PC1 and PC2 values increase, while
the angle between the space weathering trend arrow and the (cid:11) line grad-
ually increases. LL chondrites (typically more olivine-rich) and H chondrites
(typically more pyroxene-rich) data also show similar trends. The space weath-
ering trend arrows for both mixed minerals and meteorites show a “Q-Sg-S”
weathering trend. Notably, the space weathering trend arrow for the OL4EN1
sample crosses the (cid:11) line. Orthopyroxene data points are closer to the
V-type asteroid region because V-type asteroid surfaces are richer in pyroxene
[?]. However, the space weathering directions of the four pyroxene samples also
show some differences: after irradiation, the Clinopyroxene and EN samples
show increased PC1 and significantly decreased PC2 , while the Bamble or-
thopyroxene 1# and Bamble orthopyroxene 2# samples show increased PC1

but unclear PC2 changes.

Figure 5 [Figure 5: see original paper| shows the space weathering trend results
obtained from spectral data processing based on the SDSS asteroid classification
system [?]. After irradiation, all samples show increased gri-slope (reddening)
and increased z-i (shallower 1 (cid:22)m absorption). The space weathering
trends of mixed minerals and meteorites both show a “Q-S” pattern. Pyroxene
data are closer to the V-type asteroid region. However, it is noteworthy that
the spectral data of olivine samples cannot correspond to the A-type asteroid
region: both have z -i values concentrated around -0.2, but their gri-slope values
are clearly not unified, with a large number of irradiated olivine samples falling
in the distribution region of Q-type asteroids.

4.1 Impact of Space Weathering on Asteroid Spectra

Compared with previous simulation experiments, the data collected in this study
include more sample types and different irradiation conditions. All samples
show decreased reflectance, reddened visible-near-infrared continuum slope at
1 (cid:22)m, and weakened absorption features after irradiation. With increas-
ing laser energy, the same sample becomes “darker” and “redder.” For the L6
chondrite Chateau Renard and the San Carlos olivine 2# samples with multi-
ple irradiations, as the total irradiation amount increases, their AR0:55 changes
gradually decrease (reflectance reduction slows), indicating that space weather-
ing tends toward saturation.

The ABCI values for most samples are very small (< 10 nm), indicating that
space weathering does not cause significant shifts in the 1 (cid:22)m absorption
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center. It is also worth noting that different samples do not show a consistent
pattern in the shift direction of the 1 (cid:22)m absorption center, which may
explain why the 1 (cid:22)m absorption centers of different maturity lunar soils
and silicate asteroid regoliths are not uniform \cite{46-47}. The 1 (cid:22)m
absorption center of some samples (e.g., Chateau Renard) shifts toward longer
wavelengths by 1015 nm, possibly due to the addition of glass (a space weath-
ering product), because iron-bearing glass exhibits broad absorption features
at longer wavelengths (1.07-1.20 (cid:22)m) \cite{48-50}. The 1 (cid:22)m ab-
sorption center of a few samples (e.g., Kheneg Ljouad) shifts toward shorter
wavelengths by 10-15 nm, possibly due to nanophase metallic iron particles
(np-Fe0, another space weathering product) [?]. This provides possible expla-
nations for absorption center shifts but does not affect the understanding that
space weathering has minimal impact on absorption centers. The shifts in 1
(cid:22)m absorption centers for the vast majority of samples are within $£+$10
nm, which can serve as a reference value for future studies on space weathering-
induced shifts in the 1 (cid:22)m absorption centers of silicate asteroids.

After undergoing the same laser energy irradiation, the “olivine-pyroxene mixing
system” shows that pure olivine samples have their 1 (cid:22)m absorption area
reduced by 87.1%, while pure pyroxene samples have their 1 (cid:22)m absorp-
tion area reduced by 32.1%. Under the same energy, the darkening degree of
the “olivine-pyroxene mixing system” increases with increasing olivine propor-
tion, supporting the conclusion that pyroxene is more resistant to weathering
than olivine \cite{52-53}. Because olivine responds to space weathering faster
than pyroxene, samples with higher olivine proportions darken faster, and the
1 (cid:22)m band area decays faster than the 2 (cid:22)m band area, which is
why the BAR of samples increases after irradiation.

4.2 Impact of Space Weathering on Asteroid Spectral Clas-
sification

Q-type, Sg-type, and S-type asteroids are all parent bodies of ordinary chon-
drites, but Q-type represents less-weathered ordinary chondrite material, Sq-
type represents moderately weathered ordinary chondrite material, and S-type
represents highly weathered ordinary chondrite material [?]. Q-type asteroids
have higher albedo, lower spectral slope, and deeper absorption than Sq and
S-type asteroids [?]. For small near-Earth asteroids, surface renewal processes
opposite to space weathering (such as tidal drag, spin-up, periodic thermal cy-
cling, meteorite/micrometeorite collisions) are more intense, causing S-type to
revert to Q-type, which is consistent with observations that Q-types are smaller
in size and mostly exist in near-Earth regions [?]. The space weathering trends
of mixed minerals and meteorites in Figures 4 and 5 both indicate that sil-
icate asteroids have a “Q-Sq-S” weathering trend, supporting the view that
differences in spectral characteristics between S-type and Q-type asteroids are
mainly related to space weathering degree [?].

The direction parallel to the boundary between Q-type and Sq-type asteroids
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in Figure 4 can reflect material composition. Spectra in the lower left region
have deeper and broader 1 (cid:22)m absorption bands (more olivine-rich). As
PC2 increases toward the upper right region, the 1 (cid:22)m absorption band
becomes narrower with deeper and broader 2 (cid:22)m absorption bands (more
pyroxene-rich), meaning this direction can also reflect changes in band area.
This provides some possible explanations for the inconsistent space weathering
trends of pyroxene samples: affected by irradiation energy and sample compo-
sition differences, the BA2 values of Bamble orthopyroxene 1# and Bamble
orthopyroxene 2# samples remain basically unchanged before and after irra-
diation, while the BA2 values of Clinopyroxene and EN samples significantly
decrease after irradiation (Table 2), resulting in inconsistent horizontal compo-
nents of space weathering trend arrows.

The space weathering trend arrow for the OL4EN1 sample approaches and
slightly crosses the (cid:11) line (Figure 4), possibly because the BA2 value
after irradiation is too small (Table 2). Previous studies on shock darkening of
the Chelyabinsk meteorite also showed crossing of the (cid:11) line [?]. Our re-
sults indicate that asteroids dominated by olivine content may experience effects
similar to shock darkening after sufficiently long space weathering.

The distribution region of A-type asteroids in the SDSS asteroid classification
diagram does not match the distribution region of irradiated olivine (Figure 5),
which may be related to the SDSS data itself. SDSS data include large amounts
of asteroid data but have low spectral resolution and narrow wavelength range
(only 0.354-0.913 (cid:22)m). For many asteroid types (especially L, S, Q, A
types), their band data can only indicate the presence of 1 (cid:22)m absorption
features but cannot accurately calculate absorption depth and shape [?], so this
classification has considerable uncertainty. It has previously been found that the
A-type asteroid (11616) 1996 BQ2 in the Cybele region cannot be accurately
classified into the A-type asteroid region due to its low slope (gri-slope value of
1.98, z -1 value of -0.15) [?], similar to our sample irradiation results. Therefore,
asteroid classification based on SDSS may lead to underestimation of the number
of A-type asteroids, with some A-type asteroids possibly misclassified as Q-type
asteroids.

This study investigated the alteration processes of space weathering on silicate
asteroid reflectance spectra by analyzing laser irradiation experimental data
from meteorites, single minerals, and mineral mixtures, and comparing them
with asteroid spectral classification data. The main conclusions are: (1) Space
weathering does not cause significant shifts in the 1 (cid:22)m absorption center,
with shifts basically maintained within $4+$10 nm, providing a reference for
fluctuations in the absorption center of silicate asteroid spectra caused by space
weathering; (2) Olivine has weaker weathering resistance than pyroxene, and
space weathering causes BAR to increase but has minimal impact on overall
mineralogical classification; (3) In principal component analysis plots, A-type
asteroids have a weathering trend nearly parallel to the (cid:11) line, while other
silicate asteroids have a “Q-Sq-S” weathering trend, and asteroids dominated
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by olivine may cross the (cid:11) line after experiencing sufficiently long space
weathering; (4) The asteroid classification system based on SDSS data may
underestimate the number of A-type asteroids and confuse them with Q-type
asteroids.

Detailed analysis of the spectral alteration effects of space weathering on silicate
asteroids with different mineral compositions is of great significance for accurate
interpretation of asteroid remote sensing data. This study can provide support
for understanding material distribution in the solar system, surface evolution
history and mechanisms of asteroids, and China’s asteroid exploration missions.
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The In(cid:13)uence of Space Weathering on the Re(cid:13)ectance Spectra of
Silicate Asteroids ZHANG Qin-weil;2 ZHANG Peng-fei3 WANG Peng-yued
JIANG Te5 LU Yul HAN Hui-jie4 PANG Rong-hua3 LI Yang3 ZHANG Haob
JIN Yan6 WU Yun-zhaol;4 (1 Purple Mountain Observatory, Chinese Academy
of Sciences, Nanjing 210023) (2 School of Astronomy and Space Science, Univer-
sity of Science and Technology of China, Hefei 230026) (3 Institute of Geochem-
istry, Chinese Academy of Sciences, Guiyang 550081) (4 State Key Laboratory
of Lunar and Planetary Sciences, Macau University of Science and Technology,
Macau 999078) (5 Planetary Science Institute, China University of Geosciences,
Wuhan 430074) (6 Earth Observation System and Data Center, China National
Space Administration, Beijing 100101) ABSTRACT Research on space weath-
ering is of great significance for the remote sensing inversion of the surface
environment and composition of asteroids. Currently, research results on the
spectral changes of asteroids caused by space weathering are not consistent, and
there is a lack of systematic understanding of weathering patterns for silicate
asteroids. Based on the idea of large-sample research, laser irradiation experi-
ments were conducted on 4 ordinary chondrites (H, L, and LL types), 7 types
of silicate minerals, and 6 groups of olivine-pyroxene mixtures with different
proportions. The visible- near-infrared reflectance spectra (0.45-2.5 (cid:22)m)
of the samples before and after laser experiments were analyzed, and the im-
pact of space weathering on the reflectance spectra of silicate asteroids was
studied in combination with the spectral classification of asteroids. Our results
showed that space weathering can increase the band area ratio, but it does not
cause a significant shift in the 1 (cid:22)m absorption center. The use of the
“1 (cid:22)m absorption center - band area ratio” diagram is still effective in
distinguishing different types of meteorites. Moreover, space weathering has
little impact on overall mineralogical classification. In the principal component
analysis plot, A-type asteroids have a space weathering trend almost parallel to
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the (cid:11) line, while the rest of the silicate asteroids have a “Q-Sq-S” space
weathering trend. The asteroid classification system based on Sloan Digital Sky
Survey (SDSS) data may confuse the classification of olivine-rich asteroids and
may underestimate the number of A-type asteroids. This study systematically
analyzes the weathering models and spectral changes of silicate asteroids, which
is scientifically significant for a better understanding of the space weathering
effect on asteroid spectra and has practical value for remote sensing quanti-
tative inversion. Key words planets and satellites: surfaces, moon, asteroids:
general

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.
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