
WHAT’S IN A (ROCK) NAME? INFRARED LABORATORY SPECTRA OF TERRESTRIAL “BASALTS” 
CAN INFORM INTERPRETATIONS OF ROCKY EXOPLANET SURFACES.  E. C. First1, E. Gazel1, I. 
Mishra1, N. K. Lewis1, J. Letai1, J. Gustafson1 
1Cornell University, Ithaca, NY 14853 (efirst@cornell.edu) 
 

 
Project goal: We aim to create an accessible 

database of mid-infrared (MIR) emission spectra of 
terrestrial rocks for the purposes of interpreting 
observations of rocky exoplanet surfaces. Our first 
focus is on basaltic rocks, as they are the most abundant 
igneous rocks on planetary surfaces in our solar system 
and have known relevance to exoplanet LHS 3844b [1]. 

Motivation:  With the James Webb Space 
Telescope (JWST) successfully unfurled, the promise of 
infrared spectroscopy for exoplanet observations will 
soon be a reality. Exoplanets hold great potential not 
only as scientific targets in and of themselves, but also 
as windows into the stages of evolution of our own solar 
system’s planets. To realize this potential, we need data 
not only on bulk planet properties (e.g., density) but on 
surface composition.  

While the latter is achievable for only a small subset 
of currently-identified planets, the rapid pace of 
exoplanet discovery is sure to reveal more of these 
rocky bodies with thin to no atmosphere. It is this crucial 
type of planet whose MIR emission spectra will be most 
indicative of surface geology, uncomplicated by 
atmospheric interferences, and observable by JWST. In 
fact, in its first cycle the telescope is slated to observe 
rocky, airless LHS 3844b [1]. This planet (r = 1.3 R⨁, 
11-hour orbit) is the first with a determination of surface 
geology based on astronomical observations of 
emission, expressed as planet-to-star flux (ppm). Based 
on one Spitzer datapoint at 4.5 µm, LHS 3844b is 
thought to be basaltic [1]. However, limited surface 
types were considered, and the underlying spectral 
comparison and modeling basis for this determination 
relies heavily on the mathematical combination of 
simple mineral mixtures to represent entire rock types 
[2]. With the MIR Instrument (MIRI) on JWST able to 
collect spectra across key MIR bands (e.g., 10 µm, a 
region with intense absorptions related to Si-O 
fundamental vibrations), it should be possible to more 
finely delineate surface geology. However, to do so, we 
need high-quality reference spectra for any meaningful 
comparison or retrieval analysis. 

Methods:  We gathered a suite of 15 basaltic rocks 
(as defined by bulk composition on the total alkali-silica 
diagram, Figure 1), chosen from existing collections at 
Cornell University (curated by E. Gazel), where bulk 
chemical compositions already exist. The samples range 
from picrite to true basalt to leucogabbro, some altered 
and some pristine. We chose basaltic rocks as our 

starting point, inspired by the findings on LHS 3844b 
[1] and because basalts are the most widespread 
extrusive igneous rocks in our own solar system. Each 
rock was cut to roughly a 1 x 5 x 2.5 cm billet, and one 
surface was polished down to 0.3 µm. We collected 
directional hemispherical reflectance (DHR) 
measurements on each of these samples, using a Bruker 
Vertex 80 spectrometer equipped with an A 562-G gold-
coated integrating sphere with upper sample port [3]. 
We measured DHR because, as a total reflectance 
measurement, it is a better representation of the 
measurements made by space telescopes of unresolved 

Figure 1. TAS diagram with samples for this study plotted. 

Figure 2. Emissivity (E; from measured DHR) of the rock 
samples plotted in Figure 1. Smoothed (12-point Savitzky-
Golay, 2nd degree) and normalized to Emax = 1. 
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(disk-averaged) exoplanet surfaces, and it is related to 
emissivity in a simple and quantitative way. This 
method also allows us to observe a relatively large 
sample, in various physical forms, assuring that rock 
textures and complex mineral assemblages are captured 
within our data. 

 Measurements were acquired under dry air purge, 
using a MIR globar source, KBr beamsplitter, and 
DLaTGS detector. We used the widest aperture setting 
(8mm, corresponding to an infrared spot size of 2 cm), 
acquired 358 co-added scans per sample, and used a 
built-in atmospheric removal algorithm in the OPUS 
software suite to get rid of remaining CO2 and H2O 
features. Resulting spectra were converted to emissivity 
(E), assuming the Kirchhoff’s Law relationship (E = 1 – 
DHR). Other pieces of each sample were powdered for 
X-ray diffraction (XRD) analyses (to determine mineral 
presence and proportions). These analyses are ongoing. 

A model is being deployed to transform laboratory 
emissivity measurements into Fp/F* (ratio of the 
planet’s flux to the host star’s flux) and simulate 
observations of exoplanets with the given rock at the 
surface. Our model is based on that of [2], with the key 
difference that we are using measured DHR data from 
solid rocks rather than simulated mixtures of mineral 
spectra derived from powdered pure specimens. 

Preliminary findings:  Our laboratory emissivity 
measurements show that not all rocks defined as 
“basalts” are alike. While strong absorptions in the 10 
µm reststrahlen bands are common to almost all samples 
(Figures 2-3), differences in their location both within 
and between samples are typically several tenths of a 
micron, meaning that spectra acquired by JWST could 
potentially reveal if a planetary surface is made of 
olivine-rich basalt, plagioclase-bearing basalt, or even 
exposes equivalent (coarsely crystalline) intrusive 
rocks. The reststrahlen bands above ~18 µm show even 

greater differences in feature depth and wavelength.  
Even with this sample suite of similar bulk-

composition rocks, at least one spectral feature does 
broadly correlate with composition – the Christiansen 
feature (CF). This parameter, especially sensitive to 
silica content [4], occurs at the emissivity maximum just 
below the 10 µm band, and its exact wavelength 
increases as the SCFM parameter 
(SiO2/(SiO2+CaO+FeO*+MgO) decreases [5]. 
Admittedly, this trend is anchored by one olivine-rich 
sample that is low in Si and high in Mg: a picrite (Figure 
4, lower right); work is ongoing to find additional 
compositional metrics that can be revealed via 
spectroscopy and are robust enough to be seen in JWST 
observations. Moreover, because MIR spectral features 
are diagnostic of specific chemical bonds rather than 
bulk composition, continuing XRD work and the 
resultant information about each sample’s mineral mode 
will provide another avenue to (a) see how much detail 
beyond “basalt” can be gleaned from simulated 
observational data, and (b) test deconvolution schemes 
for the rock spectra, using existing mineral end-member 
spectra. 

The spectra that have thus far been modeled as Fp/F* 
using LHS 3844b stellar and planet properties are a 
close match for the 4.5 µm Spitzer point, but other rock 
types being modeled (e.g., marble, amphibolite) could 
also reproduce that single point. It is clear that a true 
spectrum of data that covers the key MIR bands, as we 
anticipate receiving from JWST, is necessary for 
accurately interpreting the surface geology of 
exoplanets. Just as essential are suitable reference 
spectra on which to ground these interpretations. 
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Figure 4. Shift of 
Christiansen 
feature with 
composition, for 
samples in 
Figures 1 and 2 
(legend in Figure 
1 applies). 

Figure 3. Features of four measured samples, with olivine 
spectra for comparison. Photos at right correspond to the 
~2 cm diameter area analyzed for each basaltic sample. 
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