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Introduction:  In Situ Resource Utilization (ISRU) 

refers to the ability to utilize local resources found in 

an area of interest. In space exploration and settlement, 

ISRU aims to utilize resources found on the moon and 

Mars to build infrastructure, thereby reducing the need 

for materials from Earth. Consequently, there is a high 

degree of interest in lunar and Mars regolith as a 

source for construction materials and volatiles extrac-

tion.  

Sintering is one proposed method to produce a 

manufacturing and/or construction material feedstock 

using lunar and Martian regolith. The Pacific Interna-

tional Space Center for Exploration Systems (PISCES) 

in collaboration with NASA’s SwampWorks success-

fully developed interlocking tiles made with sintered 

basalt from a quarry on the island of Hawaiʻi Fig. 1 

below illustrates a geologic map of Hawai’i and sam-

ple locations [1].  

 
Fig. 1 Geologic map of the Island of Hawai’i and sample 

locations. 

 

Hawaiʻi’s basalt has chemical properties similar to 

those of lunar and Martian regolith. PISCES has de-

veloped sintered materials under two different thermal 

profiles (1,149 °C & 1,177 °C) using basalt feedstock. 

The first generation materials were from a quarry in 

Hilo and were sintered at 1,149 °C & 1,177 °C, the 

structural properties of this material exceeded the 

strength of both residential and specialty concrete [2] 

Fig. 2 below shows the flexural and compressive 

strength for the first generation materials. 

 
Fig. 2 Flexural and compressive strength testing for 

first generation material. 

 

Over the last few years the Pacific International 

Space Center for Exploration Systems (PISCES) has 

continued this research, investigating the chemical and 

mineralogical properties of samples. Chemical and 

mineral analyses have revealed a significant variation 

in composition among Hawai’ian basalts based on their 

source, age and flow they originated from.  Table 1  

illustrates the variance between Hawaiian basalt ag-

gregates of various quarries, then comparing those 

results to Lunar/Martian regolith chemical data [3] [4]. 

 
Table 1 Chemical analysis of Hawaiian basalt aggregates to 

Lunar/Martian regolith. 

 

 Once samples were characterized, they were sin-

tered at 1,149 °C and 1,177 °C identifying the type of 

basalt and thermal process that is needed to create a 

durable material at atmosphere.  The analyses have 

shown that Mauna Loa basalts have consistently pro-

duced the most durable materials [5] Fig. 3 displays an 

image of the material created at 1,177 °C. 
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Fig. 3 Sintered basalt at 1,177 °C  

 

It is unknown if the same thermal processing cur-

rently being used by PISCES will work for the moon/ 

Mars.  Although it is not possible to sinter at vacuum 

at this time, it will instead be investigated by sintering 

at higher altitude.  This will be done at the Hawai’i 

Space Exploration Analog and Simulation habitat on 

Mauna Loa, Hawai’i.  The habitat is located approxi-

mately 2,438 m above sea level.  Samples will be col-

lected from various lava flows located within the habi-

tat’s vicinity, characterized for mineral abundances via 

X-Ray Diffraction (XRD).  The results from the min-

eral characterization will be compared to other Mauna 

Loa samples used previously.  Each sample will then 

be sintered and compared to sintered Mauna Loa and 

other samples previously sintered by PISCES.  Using a 

RapidFire Pro-LP tabletop miniature kiln, the samples 

will be sintered at 1,149 °C, the highest temperature 

recommended by the equipment [6].  The temperature, 

holding and cooling time will be gradually adjusted as 

needed to locate the lowest thermal profile possible. 

 

References:  

[1] Romo, Rodrigo, et al. "Planetary Lego: Design-

ing a Construction Block from a Regolith Derived 

Feedstock for In Situ Robotic Manufacturing." Earth 

and Space 2018: Engineering for Extreme Environ-

ments. Reston, VA: American Society of Civil Engi-

neers, 2018. 289-296. 

[2] Allen, C. C., Morris, R. V., Jager, K. M., Gold-

en, D. C., Lindstrom, D. J., Lindstrom, M. M., & 

Lockwood, J. P. (1998, March). Martian regolith simu-

lant JSC Mars-1. In Lunar and planetary science con-

ference (Vol. 29). 

 [5] Edison, K., Andersen, C., et. al, “Hawaiian 

Basalt Characterization and the Effects of Chemical 

Composition Variances on the Sintering Process; Po-

tential Implications for Lunar/Mars ISRU Applica-

tions.” International Astronomical Congress 2019, 

Washington D.C., 2019. 

[6] 

https://www.tabletopfurnace.com/product/rapidfire-

pro-l/ 

[3] PDS Geoscience Node, Apollo Database.   

https://pds-

geosciences.wustl.edu/missions/apollo/index.htm 

 [4] PDS Geoscience Node, Mars Pathfinder Data-

base.  August 2019, 

https://pds geoscienc-

es.wustl.edu/missions/mpf/index.htm 

2359.pdf51st Lunar and Planetary Science Conference (2020)

https://www.tabletopfurnace.com/product/rapidfire-pro-l/
https://www.tabletopfurnace.com/product/rapidfire-pro-l/
https://pds-geosciences.wustl.edu/missions/apollo/index.htm
https://pds-geosciences.wustl.edu/missions/apollo/index.htm

