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Introduction: The Deep Space Gateway  

(DSG) could serve as a platform from which sur-

face science is enabled on the Moon and Mars  ei-

ther directly by humans or via telepresence. From 

a scientific perspective, providing as much data as 

possible about the geologic context of a sample, 

from the outcrop scale to the local and regional 

scale of the surrounding terrain, is absolutely cru-

cial in exploring an area. A well trained geologist 

inherently conducts such analyses in real time, fac-

toring this information into sample selection and 

traverse execution. However, miniaturization of 

instrument components over the last several dec-

ades has enabled smaller and quicker portable ver-

sions of traditional laboratory instruments to be de-

veloped and tested during field science operations.  

Portable instruments can provide humans with 

enhanced awareness of surface units [1], whether 

the instrument is in the hand of a human or 

mounted on a teleoperated rover. Such approaches 

enable basic science research and could also be ap-

plied to laboratory settings inside of a DSG [2]. 

However, instruments intended for basic scientific 

research can also be designed to have applied sci-

ence value throughout a human mission such that 

they are useful beyond science research activities. 

Here we present a model for instrument develop-

ment as a multipurpose tool for use during human 

exploration. The DSG offers a laboratory for test-

ing not only the basic research capablities of an in-

strument in a realistic environment but also its util-

ity as a tool for providing data of value to the safety 

and success of the mission as a whole.  

Instrument Development: Portable, contact 

X-ray fluorescence (XRF) is a technique used to 

assess sample chemical composition. Although 

typically applied to industrial and archealogical ap-

plications, contact XRF has recently been a focus 

of geologic field activities [3].  Contact X-ray dif-

fraction (XRD) is an area of technology develop-

ment that requires no sample preparation (e.g., 

crushing and sieving). We have built a brass-board 

contact XRD/XRF device, CMIST (Chromatic 

Mineral Identification and Surface Texture), that 

provides chemical and unique crystalline “texture” 

analyses for unprepared samples, revealing surface 

crystal phases, morphologies, and orientations, in-

cluding unambiguous identification of volatiles 

such as water ice.  

The apparatus consists of two key components: 

a collimated broad-spectrum X-ray source and a 

low noise, photon-counting X-ray CCD. The CCD 

detects individual X-ray photons, reporting their 

(x,y) positions as well as their energies (and thus 

wavelengths) with ~2% resolution. When X-rays 

strike the sample, some are diffracted in accord-

ance with Bragg’s law. Other X-rays are stopped 

by atoms in the sample, which then emit character-

istic lines with known energies through fluores-

cence. The CMIST CCD captures diffracted and 

fluoresced X-rays, generating an “event list” of all 

individually detected photons. The measured pho-

ton properties are then transformed so that diffrac-

tion and fluorescence signatures are largely dis-

tinct: for each event, a unique d-spacing value is 

derived given the photon energy and its position 

(and thus 2) using Bragg’s law. X-ray intensity 

images over energy and d describe elemental com-

position (XRF) and mineral identification (XRD). 

Our goal is to develop a tool that quickly differ-

entiates relevant minerals to inform planetary sam-

ple collection during surface traverses, at reduced 

cost (in analysis time, volume, and power) and risk 

(through elimination of sample preparation steps) 

compared to existing systems. Depending on the 

sample’s crystalline structure, a CMIST measure-

ment can be obtained in < 10 minutes, often within 

several tens of seconds.  CMIST will consist of a 

low power (< 5 W), low mass (< 5 kg), compact 

(large coffee-cup size) XRD/XRF spectrometer 

and optical imager for measuring element abun-

dances, distinguishing mineral phases including 

ices, and determining the unaltered sizes and ori-

entations of crystals over a few-mm2, with no sam-

ple preparation. The lack of moving parts and sam-

ple preparation requirements, coupled with the in-

strument’s small size, make this an ideal tool for 

use during future human exploration missions.  

Application: The application of CMIST to sil-

icate sample analysis has been described [4]. We 

briefly discuss here the unique other uses of 
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CMIST as well as the requirements for system in-

tegration as a multipurpose tool.  

Science: The CAPTEM-LEAG report on lunar 

sample acquisition and curation identifies low 

mass, low power, and rapid measurement 

(minutes) as crucial enabling capabilities for future 

sample return missions [5,6]. CMIST is designed 

to quickly inform sample selection during real-

time field operations. Because CMIST requires no 

sample preparation, unbound and frozen volatiles 

are readily detected. This unique capability of con-

tact XRD enables analysis of native ices and other 

planetary materials that would be modified during 

sample collection and preparation, determinations 

of brine chemistries, and assessment of the envi-

ronmental impact that human presence may have 

at an outpost or landing site. 

Curation: If samples are to be collected and re-

turned to Earth for analysis, CMIST can provide a 

baseline geochemical, mineralogical, and volatile 

measurement for comparison with subsequent la-

boratory analyses. This would enable an assess-

ment of possible phase changes upon exposure of 

samples to a habitat or terrestrial environment. One 

manner in which CMIST could be used throughout 

a DSG mission is to routinely evaluate stored sam-

ples without removing them from their storage 

container. Sample storage interfaces can be de-

signed to enable measurements to be made at reg-

ular intervals during transit from the exploration 

target to Earth, thereby tracking the effects of any 

contamination of the sample.  

Safety & Health: We envision additional capa-

bilities related to health and safety of crew and 

hardware during lengthy missions in deep space. 

Long-term exposure (e.g., through breathing) to 

dust and other contaminants poses potential health 

hazards for astronauts. CMIST enables in-situ 

analysis of air filters to assess the chemistry, min-

eralogy, and structure of particulates that are 

cleaned from a habitat’s atmosphere; regular meas-

urements would provide insights into the nature 

and concentrations of airborne contaminants, as 

well as any changes with time. Components inte-

gral to CMIST also easily adapt to medical use: ex-

tremely low-dose CT (computed tomography) im-

aging enables crew health monitoring or urgent-

care diagnostic capability. 

CMIST is also suited to evaluating the effects 

of exposure to the environment—irradiation or ac-

cumulated deposition of contaminants—on inter-

nal or external surfaces critical to scientific capa-

bilities or crew health; e.g., leak localization 

through surface deposition mapping is possible. 

XRF is used in aircraft Non-Destructive Testing 

(NDT). NDT approaches could be used on DSG to 

evaluate welding quality or to assess material fa-

tigue associated with space weather.  

DSG Test Plan: The DSG, as envisioned, in-

volves reusable hardware in the form of a human-

rated transit vehicle and could potentially include 

transfer vehicles to move science experiments to 

other locations (astrophysics observatories or lunar 

landing/return vehicles). Humans could potentially 

stay on the DSG for increasing periods of time 

throughout its development and utilization as a 

gateway to exploration of the Solar System. Be-

yond its primary application as a real-time sample 

triage instrument, CMIST can serve as an in situ 

mission assurance tool, providing assessments of 

environments and equipment vital for crew health 

and mission success. 

Taking advantage of CMIST’s potential appli-

cations as a multipurpose tool requires advance 

thought on system integration. Filtration systems 

can be designed to enable CMIST to analyze fil-

ters, potentially integrating for 1-2 days in order to 

map particulates accurately, as demonstrated in 

preliminary analyses of airborne filters. Similarly, 

sample curation hardware can be designed to ena-

ble NDT approaches to be applied by instruments 

such as CMIST. A common design effort for 

CMIST and a medical CT imager will enable mass-

efficient implementation of both. 
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