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Introduction:  When planning for a long-term-

remote human habitat, whether on the Earth or other 

planetary bodies, it is important to consider what kinds 

of minerals, chemicals and other resources are readily 

available in the environment near the location [1] [2] 

[3]. In-situ resource utilization (ISRU) is the study of 

how these resources can be collected, processed and 

used in a way to support space missions and habitats. 

ISRU reduces the overall risk and cost of the missions 

by decreasing the mass of materials needed to transport 

to the habitat site [1]. 

The Hawai’i Space Exploration Analog and 

Simulation (HI-SEAS) habitat, located on the Big Island 

of Hawaii, is a mission site chosen for its similarity to 

the Moon and Mars [4]. A study of the iron 

concentration in the soil around the habitat provides 

locations of interest for the potential future extraction of 

the metal, as well as a proof of concept of soil sampling 

for future off world missions. 

While the chemical content of lava originating from 

the Big Island is well understood [5], this research was 

performed with minimal resources during the HI-SEAS 

Selene IV lunar analog mission in March 2021. The 

restrictions required by the mission included small 

sample volumes that were obtained by hand during 

extra-vehicular activities (EVAs), and minimal 

equipment to process and determine iron content.  

Procedure: Sample collection sites were planned in 

advance of each EVA using satellite imagery from 

Google Earth software, choosing locations along a 

planned route that had identifiable landmarks at the 

location of interest or nearby. 

Samples were collected by hand and placed in a 

mason jar with an identification label, all while wearing 

an analog EVA suit and gear. The GPS coordinates of 

each sample collection location were recorded using the 

Spyglass navigation software, which was accessed via a 

smartphone while on EVA. Locations where GPS 

coordinates were not taken, either due to error or 

inaccessibility to satellites (as when deep in a lava tube), 

the closest approximation of the location was found 

using Google Earth.  

Once samples were gathered, pulverization was 

performed using a hammer while wearing proper 

personal protective equipment. To protect equipment 

and other crewmates, a method was developed using 

steel can lids to sandwich the sample during 

pulverization to prevent small pieces from leaving the 

processing area at high velocities. A funnel was used to 

transfer the processed material back into the sample 

containers to ensure particles were less than 0.25 inches. 

After pulverization, the iron was extracted from the 

samples using a magnet. A magnet was placed on the 

metal lid of each sample container and the contents 

shaken while holding the container upside down. This 

ensured that the material would come in contact with the 

magnetic area of the lid, which would be removed after 

a few shakes and held over a sample tray where the 

magnet was pulled off. This was repeated until there was 

no more magnetic material in the container or a practical 

point of diminishing returns was reached. 

Results: The mass percent for each sample was 

calculated using Equation 1 below, where MF is the 

mass of the ferritic material extracted from each sample, 

and MS is the original mass of the sample before 

extraction: 

𝐹𝑒𝑟𝑟𝑖𝑡𝑖𝑐 𝑀𝑎𝑠𝑠% =  
(𝑀𝐹)

(𝑀𝑆)
× 100 

Significant amounts of iron were found in all lava 

samples collected in this experiment, suggesting that 

this method may have practical use in the field. The a’a 

lava contained the most iron, where every particle 

contained in each sample was attracted to the magnet. 

Pahoehoe and cinder lava types contained less iron. 

Their iron content depended on the location where they 

were collected and consisted of anywhere between 14% 

and 75% iron. 
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