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Introduction: Asteroid (16) Psyche is the largest 

M-type asteroid (d > 200 km) and the target of NASA’s 

Psyche Discovery-class mission [1]. Density estimates 

of (16) Psyche (~4.0 g/cc) are similar to several stony-

iron meteorite classes [e,g., 2]. The radar albedo, ther-

mal inertia, mid-infrared emissivity, and visible to near-

infrared reflectance of (16) Psyche are consistent with 

the presence of a metallic surface with distributed fine-

grained silicate minerals [e.g., 3-6]. Rotational spectral 

variations of (16) Psyche are consistent with surface re-

gions of variable silicate and metal abundances [7,8]. 

Thus, (16) Psyche is hypothesized to be (1) an exposed 

planetesimal core that has had silicate materials stripped 

off and then partially redeposited later; or (2) a primor-

dial, undifferentiated body with a highly-reduced, me-

tallic composition [1]. 

To explore these hypotheses, the Psyche mission 

will be equipped with a suite of instruments, including 

a pair of multispectral cameras designed to map the sur-

face at high spatial resolution and in key visible to short-

wave near-infrared (VNIR) wavelengths [9]. The Psy-

che Multispectral Imager (henceforth, the Imager) is 

equipped with a set of narrowband filters chosen to de-

tect absorption features from the kinds of minerals that 

might be present on the surface of (16) Psyche (e.g., py-

roxene, olivine, and some sulfides like oldhamite and 

troilite) [10].  

Several classes of meteorites are characterized by 

variable mixtures of such minerals. These classes in-

clude pallasites, mesosiderites, some irons (e.g., IAB, 

IIE, and IVA), and some chondrites, including CH and 

CB chondrites [e.g., 11-13]. Pallasites are thought to 

sample the core-mantle boundary of planetesimals, 

while mesosiderites are mixtures of core-derived metal 

and mafic crustal materials without the intervening 

mantle material [14]. If (16) Psyche is an exposed plan-

etary core, it is plausible that pallasite-like materials 

could be exposed near the surface, although this is not 

yet supported by spectral evidence or a related dynam-

ical family [15]. Conversely, observations of a weak 

~900 nm feature in the spectrum of (16) Psyche have 

been interpreted as evidence of pyroxene similar to what 

is present in mesosiderites [8]. Alternatively, chondrites 

dominated by metal could represent the primitive, un-

differentiated material invoked in one of the formation 

hypotheses for (16) Psyche [13]. Collisions between 

parent bodies, whether grazing hit-and-run style or cat-

aclysmically disruptive, are often invoked as part of the 

formation histories of these meteorites [e.g., 16]. There-

fore, these kinds of meteorites could be remnants of the 

type of collisions that could have stripped (16) Psyche’s 

silicate mantle, and could be compositionally similar to 

materials occurring on the asteroid’s surface today.  

Our evolving understanding of the nature of (16) 

Psyche warrants further spectral investigation of rele-

vant meteorite analogs to help guide measurement strat-

egies and in situ hypothesis testing during the mission. 

Here we present VNIR reflectance spectra of 14 mete-

orites convolved to Imager filters to identify composi-

tions that could be detected from orbit.  

Methods: The meteorites used for this study (Table 

1) were borrowed from the Center for Meteorite Studies 

at Arizona State University. They include pallasites 

(Milton, Springwater, Eagle Station, and Esquel), mes-

osiderites (Clover Springs, Estherville, and Northwest 

Africa 8234), irons (Steinbach, Landes, and a silicated 

piece of Odessa), and some metal-rich chondrites 

(Northwest Africa 5492, Hammadah al Hamra 237, 

Quebrada Chimborazo 001, and Isheyevo). Some sam-

ples were studied in multiple forms (powders and slab) 

when available. The major mineralogy of each of these 

samples was not determined in this study but is available 

in numerous literature sources [e.g., 14]. Bidirectional 

reflectance spectra were collected using an Analytical 

Spectral Devices FieldSpec 4 spectrophotometer. The 

wavelength range of this instrument (350-2500 nm) cap-

tures absorption features around 1000 nm in spectra of 

iron-bearing silicates like olivine and pyroxene. Our il-

lumination source is a quartz-tungsten halogen lamp, all 

spectra are calibrated to a Spectralon reflectance stand-

ard, and the phase angle of our measurements was 30°.  

Results: Spectra from the 14 meteorites in this study 

are shown in Figure 1, separated by class. Two of the 

three spectra of iron meteorites generally have increas-

ing reflectance with increasing wavelength (red-

sloped), consistent with previously published spectra of 

iron meteorites [e.g., 17]. The silicate Odessa slab, 

which has a significant amount of graphite in the sam-

ple, is very dark and does not exhibit this trend. The 

chondrite spectra exhibit a similar red-slope, with minor 

absorptions near 900 nm probably due to ferrous sili-

cates in the samples. The Isheyevo chondrite is very 

dark (low reflectance) with minimal absorption features, 

perhaps due to the small chondrule size (~20 µm) and 

presence of carbon in this sample. The spectra of meso-

siderites show absorption features at ~900 nm due to 
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iron-bearing pyroxene in these samples. Finally, the pal-

lasite spectra exhibit strong absorption features near 

~1000 nm due to iron in olivine. 

Implications for the Psyche Multispectral Im-

ager: The Imager is equipped with filters chosen to cap-

ture all of the major absorption features in spectra in 

Figure 1 [9,10]. Thus, various compositions of meteor-

ites can potentially be discriminated in Psyche Multi-

spectral Imager data. Such measurements will enable 

mapping certain aspects of the surface composition of 

(16) Psyche, and will provide complementary and con-

textual measurements that could also enhance and ex-

tend interpretations from the onboard gamma-ray and 

neutron spectrometer [18]. Finally, more general hy-

potheses about M-type asteroids as parent bodies for 

certain meteorite classes can be explored in more detail 

using the full (350-2500 nm) spectral data of the new 

meteorite measurements reported here. 
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Table 1. Meteorites used in this study. Major mineralogy of the 
meteorites are from numerous literature sources [e.g., 14]. Gray 
= irons, blue = chondrites, red = mesosiderites, green = pallasites 

Name Major minerals 

Steinbach 32.2 vol. % metal, 59.6 vol.% silicates, 6.6 vol.% FeS 

Silicated 
Odessa 

50 wt.% metal, 30 wt.% silicates, 20 wt.% C 

Landes 81 wt.% metal, 16 wt.% silicates, ~1 wt.% FeS 

NWA 5492 22.6 vol.% metal, 55.1 vol.% silicates, 2.5 vol.% FeS 

Isheyevo ~60 vol.% metal, ~35 vol.% silicates 

QC 001 ~60 vol.% metal, ~35 vol.% silicates 

HaH 237 75 vol.% metal, ~20 vol.% silicate 

NWA 8234 35 vol.% metal, 50 vol.% silicates, 10 vol.% FeS 

Clover 
Springs 

37 wt.% metal, ~50 wt.% silicates, <10 wt.% FeS 

Estherville 56.4 wt.% metal, 40.2 wt.% silicate, 3.4 wt.% FeS 

Eagle Sta-
tion 

21.4 vol.% metal, 77.7 vol.% olivine, 0.7 vol.% FeS 

Milton 27 vol.% metal, 73 vol.% olivine 

Springwater 27.9 vol.% metal, 61.2 vol.% olivine, 5.3 vol.% FeS 

Esquel 32 vol.% metal, 66 vol.% olivine, 0.46 vol.% FeS 

 
Figure 1. Imager filters capture major absorption features in the reflec-

tance spectra of meteorites that are possible analogs for (16) Psyche.  = 

convolved narrowband science filters,  = convolved broadband filter. 

Shaded regions indicate filter bandpasses [10]. 
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