
Lunar Science Capabilities at the Colorado School of Mines.  A. Abbud-Madrid, C. B. Dreyer, M. Nakagawa, G. 
R. Olhoeft, R. King, A. W. III Eustes, J. J. Moore, Center for Space Resources, Colorado School of Mines, Golden, 
CO 80401, aabbudma@mines.edu, (303) 384-2300. 

 
Introduction:  The Center for Space Resources 

(CSR) at the Colorado School of Mines (CSM) is a 
research and technology development center dedicated 
to the human and robotic exploration of space and the 
utilization of its resources through the joint efforts of 
academic institutions, government agencies, interna-
tional partners, and the private sector.  The CSR pur-
sues the study and utilization of space and planetary 
resources by developing technologies for drilling, ex-
cavation and extraction, materials processing and 
manufacturing, and spacecraft and habitat life-support 
systems. 

The CSR expertise covers the areas of Lunar and 
Martian regolith properties, planetary soil drilling and 
excavation, extraction and processing of volatiles and 
solid planetary materials, in-situ resource utilization 
(ISRU) technologies, manufacturing techniques with 
planetary materials, lunar and planetary dust charac-
terization, management, and mitigation techniques, 
sensors for planetary exploration on the Moon and 
Mars, life support systems on spacecraft and planetary 
habitats (including fire suppression, environmental 
monitoring and control, water processing, and energy 
generation from waste and fuel cells), advanced mate-
rials for in-space repairs and thermal protection, and 
technical and economic analyses for identifying poten-
tial commercial developments in space and planets. 

The Colorado School of Mines:  The Colorado 
School of Mines is a public research university de-
voted to engineering and applied science. It has the 
highest admissions standards of any university in 
Colorado and among the highest of any public univer-
sity in the U.S. The student body is about 4,000 with 
roughly 20% pursuing graduate degrees.  CSM has 
distinguished itself by developing an interdisciplinary 
curriculum and research program that is geared to-
wards responsible stewardship of the Earth and its 
resources.  In addition to strong education and research 
programs in traditional fields of science and engineer-
ing, CSM is one of a very few institutions in the world 
having broad expertise in resource exploration, extrac-
tion, production and utilization.  CSM is located in 
Golden Colorado, 15 miles west of Denver, Colorado, 
nestled in the foothills of the Rocky Mountains.  

Facilities:  The CSR has experimental and compu-
tational laboratories located in several departments in 
the CSM campus (Mining, Mechanical, Electrical, 
Civil, and Chemical Engineering, Materials and Metal-
lurgy, Geophysics, Physics), as well as its own dedi-

cated Flight Prototype and Hardware Development 
Laboratory. 

 
Figure 1.  Ultra-high vacuum chamber in the CSR fa-
cility for planetary environment simulation. 

Ultra-high vacuum facility for planetary environ-
ment simulation.  A 2000-ft2 facility equipped with 
three vacuum chambers (Fig. 1) capable of reproduc-
ing the pressure and temperature conditions on the 
Moon and Mars environments for soil characterization 
studies, equipment testing, and material processing. 

 
Figure 2.  Robotic excavators and manipulator. 

Robotic excavators and manipulators for planetary 
operations.  Development of robotic prototypes for 
excavation, scraping, paving, soil removal, and mate-
rial transport on the Lunar and Martian surfaces (Fig. 
2). 
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Figure 3.  Payload Operations Control Center. 

Payload Operations Control Center.  Control cen-
ter for remote operation and voice, data, and video 
monitoring of flight payloads such as onboard Space 
Shuttle, International Space Station, and experimental 
aircraft (Fig. 3). 

 
Figure 4.  Planetary dust characterization. 

Dust Characterization.  Experimental studies and 
numerical modeling for characterization, management, 
and mitigation of planetary dust (Fig. 4). 

  
Figure 5.  Sensors technology development at CSR 

Laser Spectroscopy. Work in the Laser Spectros-
copy for Space Exploration Laboratory (Fig. 5) in-
cludes the areas of micro-LIBS, Raman Spectroscopy, 
and gas sensing by infrared spectroscopy. 

 
Figure 6.  Advanced Materials Laboratory. 

Advanced Materials Laboratory.  Using chemical 
and physical processing techniques (with emphasis on 
self-propagating, high-temperature synthesis or SHS) 
the researchers in the Advanced Materials Laboratory 
(Fig. 6) focus on the production of advanced ceramics 
and composites, thin films, and engineered surfaces 
and materials, including intermetallics composites and 
porous biomaterials. 

Advanced Mineralogy Laboratory.  In addition to 
these CSR facilities, a unique facility at CSM includes 
the Advanced Mineralogy Research Center (AMRC). 
The primary tool in the AMRC is the QEMSCAN®, an 
electronbeam analytical instrument produced by Intel-
lection Pty Ltd.  QEMSCAN® uses four nitrogen-free 
EDS x-ray detectors, BSE and SE analysis, and a pro-
prietary software platform to capture a wide spectrum 
of elemental abundance data on a pixel basis and im-
age the data.  The instrument achieves rapid image 
analysis and data acquisition for thousands of grains in 
a short time, enabling quick assessment of composi-
tional variation, distribution, grain shape, and mineral 
assemblages. The AMRC puts CSM at the forefront of 
technology in quantitative mineralogy, serving a wide 
range of industries including planetary science, oil and 
gas, mining, health and environment and materials. 

 
Conclusions:  The Center for Space Resources at 

the Colorado School of Mines is well positioned to 
extend its history of excellence in Earth science and 
exploration to the Lunar environment.  We are con-
tinually seeking new opportunities to partner with 
government laboratories, academic institutions, and 
private industry. 

Please visit the Center for Space Resources at our 
website: 
http://www.mines.edu/research/csr/index.htm., or con-
tact us for more information. 
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