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Introduction: The Toolbox for Research and Ex-

ploration (TREX) is a NASA SSERVI (Solar System 
Exploration Research Virtual Institute) node.  TREX 
(trex.psi.edu) aims to decrease risk to future missions, 
specifically to the Moon, the Martian moons, and near-
Earth asteroids, by improving mission success and 
assuring the safety of astronauts, their instruments, and 
spacecraft. TREX studies will focus on characteristics 
of the fine grains that cover the surfaces of these target 
bodies - their spectral characteristics and the potential 
resources (such as H2O) they may harbor. TREX stud-
ies are organized into four Themes (Laboratory-
Studies, Moon-Studies, Small-Bodies Studies, and 
Field-Work). In this presentation, we focus on the 
work targeted by the Small-Bodies Theme. 

The Small-Bodies’ Theme delves into several top-
ics, many which overlap or are synergistic with the 
other TREX Themes [1,2,3]. The main topics include 
photometry, spectral modeling, laboratory simulations 
of space weathering processes relevant to asteroids, the 
assembly of an asteroid regolith database, the dichot-
omy between nuclear and reflectance spectroscopy, 
and the dynamical evolution of asteroids and the im-
plications for the retention of volatiles.  

Photometry: For the purposes of this project, 
photometry is defined as the study of reflected light as 
a function of illumination (incidence angle) and view-
ing (emission angle) geometries, and how its properties 
are correlated to the physical structure of the regolith.  
The Laboratory Studies group [1] will be acquiring 
photometric laboratory measurements of fine-grained 
(<10 µm) mineral samples; the role of the Small-
Bodies group is to examine and model those measure-
ments to identify distinguishing signatures of regolith 
composed of fine particulate material (referred to as 
fine-grained regolith). This provides a remote-sensing 
tool for explorers (human or robotic) to quantify the 
fine-grained regolith component in their study site. 

Spectral modeling: Using modeling techniques 
based on the principles of radiative transfer [e.g. 4, 5], 
this topic examines the ability to decipher mineral con-
tent. Once again, in partnership with the Laboratory-
Studies group, the laboratory mineral and mineral-
mixture measurements will be modeled to characterize 
the strengths and weaknesses in the current spectral-
modeling approaches. The results will feed into the 
Field Work Theme’s [3] derivation of autonomous 

software to guide decision making during in situ field 
analyses and sample selections. 

Space weathering: Asteroids are subject to the ef-
fects of space weathering from both solar radiation and 
micrometeoritic impacts. The Small-Bodies group will 
be studying the effects of both processes in the labora-
tory on minerals and mineral assemblages relevant to 
both C-type and S-type asteroids. 

The most reliable laboratory simulations of space 
weathering by solar-wind ions require: 1) regolith-like 
loose powders; 2) sample generation in an inert envi-
ronment, to avoid atmospheric contamination; 3) irra-
diation using a solar-wind-like dual-species beam of ~ 
95% H and 5% He ions; 4) beam energies to match 
that of the solar wind at ~ 1 keV/amu; and 5) in situ 
and in vacuo diagnostics to prevent atmospheric con-
tamination of the samples. 

No simulation to date has met the first three of 
these requirements. Our proposed work, to be per-
formed at University of Illinois at Urbana-Champaign 
(UIUC) in the IGNIS (Ion-Gas-Neutrals Interaction 
with Surfaces) facility, will meet all of the above five 
requirements. These studies will generate quantitative 
information regarding the optical properties of rego-
lith-like loose powers. All data will be generated as a 
function of fluence. We will also explore the effects of 
varying: 1) He/H ratio of the irradiating beams, 2) the 
beam energy, 3) sample temperature, and 4) grain-size 
distribution. We will thereby provide critically needed 
quantitative data on space weathering and also help to 
determine the degree of applicability of previously 
published studies. 

In partnership with NASA’s Johnson Space Center 
(JSC), we are supplementing their studies of microme-
teorite impact effects on minerals relevant to comets 
and asteroids (e.g. 6, 7). Using their experimental setup 
within the NASA/JSC Experimental Impact Laborato-
ry, we will examine the ultraviolet to far-infrared spec-
tral effects of micrometeorite impacts into fine-grained 
regoliths composed of phyllosilicates. 

Asteroid Regolith Database: This collection of 
the properties of the surface layers of hundreds of as-
teroids will provide a foundation for future asteroid 
research and exploration. It includes remote sensing 
measurements (spectral reflectance, radar, polariza-
tion), spacecraft data, and laboratory data obtained 
from meteorites to provide information regarding grain 



density, grain size, near-surface bulk density, and po-
rosity. 

Nuclear versus reflectance spectroscopy: The 
suite of remote sensing instruments used to determine 
surface composition is sensitive to different chemical 
and mineral species and probes a wide range of depths 
and spatial scales.  These instruments measure the el-
emental composition of the bulk regolith to depths on 
the scale of centimeters to decimeters, whereas reflec-
tance spectrometers (UV-VIS-NIR (NIR ~ 2.5 µm)), 
whose measurements are used to identify mineral 
composition, provide information on the mineralogy of 
the thin, outermost layer (10 – 100’s microns). The 
spatial resolution of elemental measurements is usually 
much broader than that for mineral measurements. As 
a result, there are often mismatches or disconnects 
between the interpretation of the mineral composition 
of a surface and the elemental measurements from 
each class of instrumentation. This topic explores the 
sources of these mismatches and techniques for recon-
ciling crustal compositions based on observations from 
both categories of spectrometers. 

Dynamical evolution and volatile retention: The 
retention and depletion of volatiles is a function of 
heliocentric distance over time. These studies are to be 
applied to the orbital evolution of near-earth objects 
(NEOs) to explore the probabilities of finding volatiles 
or needed resources based on an object’s orbital evolu-
tion and history. Ice in NEOs is of scientific and re-
source exploration interest, but small airless bodies 
gradually lose their ice to space by outward diffusion. 
We calculated the time it takes a porous airless body to 
lose all of its interior ice, based on an analytic solution 
for the interior temperature field of bodies in stable 
orbits. In addition, an analytic solution is obtained for 
the depth to ice as a function of time. Bodies covered 
with fine-grained material maintain ice in their interior 
much longer than bodies covered with coarse-grained 
material. 

Collaboration between TREX Themes: The 
tasks and products of each Theme within TREX are 
intertwined and connected. The Laboratory-Studies 
Theme’s products are inputs to the photometric and 
spectral studies of this Theme. The laboratory data will 
be used not only to validate the models, but will be 
used also as direct inputs for modeling spacecraft ob-
servations of asteroid surfaces. The models will in turn 
be inputs to the Field-Studies Theme for use in creat-
ing autonomous decision-making software packages 
[3]. 

All laboratory studies on regolith-like materials to 
date have used samples generated in an atmosphere, 
where the sample surfaces can readily become contam-
inated with or altered by H2O, O2, and CO2.  At UIUC 
we will grind our samples in an inert environment to 
generate fresh surfaces, insert the ground samples into 

a vacuum suitcase, and transport them to our test 
chamber.  There we will characterize the optical and 
surface properties of the samples with in-situ diagnos-
tics to ensure contamination is minimized,  and com-
pare the findings to materials generated in an ambient 
atmosphere.  We will also use our vacuum suitcase to 
transport samples to laboratories associated with 
TREX’s Laboratory-Studies Theme so researchers in 
that theme could also evaluate the effect, if any, of 
atmospheric contamination in their studies. 

Collaboration between SSERVI nodes: While 
TREX continues to explore studies of mutual interest 
between the SSERVI nodes, the projects described 
below are a few of the collaborations that have been 
set in motion. 

VORTICES (Volatiles, Regolith and Thermal 
Investigations Consortium for Exploration and Sci-
ence): TREX team member Karen Stockstill-Cahill is 
collaborating with Rachel Klima and Andrew Rivken 
from VORTICES (Johns Hopkins University/Applied 
Physics Laboratory) to study the spectral signature of 
adsorbed water for nominally anhydrous minerals in 
ordinary chondrites. The team will collect VIS-NIR 
spectra under ambient conditions to test for spectral 
signatures of adsorbed water present under terrestrial 
ambient conditions. Under vacuum conditions, the 
team will collect UV, VIS, and SWIR of samples be-
fore slowly heating samples to ~100°C to drive off 
adsorbed water. Collection of UV-NIR spectra will be 
repeated again post-heating, while still under vacuum. 
Comparison of the spectra before and after heating will 
allow the team to ascertain the effects of adsorbed wa-
ter on the spectra of ordinary chondrites.  

SEEED (Evolution and Environment of Explo-
ration Destinations: Science and Engineering Syner-
gism): TREX team member Thomas Prettyman is col-
laborating with SEEED PI Carle Pieters (Brown Uni-
versity) to investigate and explore the connections be-
tween remotely determined elemental and mineral 
compositions of surfaces. The differences between the 
suite of instruments used to determine surface compo-
sition presents some challenges as well as opportuni-
ties to improve surface characterization. In this collab-
oration we will explore the joint analysis of elemental 
and mineral data to provide a more complete picture of 
the physical and chemical mineralogies of small-body 
surfaces, providing constraints on regolith, crustal, and 
interior processes. 
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