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Introduction: Future human explorers on Mars 

will likely perform field operations that focus on the 
construction of field stations, the characterization of 
the local environment, and the search for life in perma-
frost. These efforts will require a durable, and flexible 
planetary spacesuit that can accommodate a wide range 
of activities while ensuring optimal human health and 
performance. To learn how a space suit limits these 
activities and to inform us of what modifications or 
tools may be needed, we performed field exploration, 
sample collection, and instrument deployment, utiliz-
ing a pressurizable prototype spacesuit in a rocky, 
permafrost-rich Mars-like location.   

In March of 2011, a team of scientists and engi-
neers traveled to Marambio Antarctica, an island along 
the Western Antarctic peninsula (Figure 1), to explore 
the region as a Mars analog field site using the pres-
surizable North Dakota eXperimental-1 (NDX-1) 
space suit [1]. Marambio Island (also known as 
Seymour Island) was chosen because of its rocky, ex-
posed surface [2], permafrost [3][4], and operational 
accessibility.  

 
Figure 1: The red dot approximates the location of Marambio 
Base and expedition field activities (image adapted from [5]). 
 

Field Activities: Three main field activities were 
designed and carried out on Marambio. They included 
(1) field testing of the NDX-1 pressurizable prototype 
space suit with an operator using subsurface drilling 
technologies and radiation detection technologies, (2) 

acquisition of subsurface permafrost samples for bio-
logical, chemical, and physical analysis, and (3) de-
ployment of surface and subsurface climate and radia-
tion monitoring instrument packages. This work builds 
upon previous analog field testing of the NDX-1 [6], 
and incorporates field activities that gather on-site data 
and samples by a suited operator that can be further 
analyzed in laboratories.  

Figure 2: The NDX-1 was used to gather subsurface samples 
and radiation data on Marambio Island. 
 

Results: We demonstrated for the first time the use 
of a pressurized prototype spacesuit in Antarctica. 
More importantly, we were able to use a hand-held 
electric drill to bore into permafrost, gather subsurface 
samples and place them into sterile containers, charac-
terize the surface radiation environment, and perform 
simple construction operations–all by an operator in-
side the pressurized NDX-1 space suit (Figure 2). Pre-
liminary biological analysis (post expedition) of a pro-
file of samples revealed a cell population of ~40000 
cells/g of soil at the surface that dropped to ~10000 
cells/g of soil in the permafrost layer. Radiation meas-
urements at the surface were observed to be 8 to 10 
µrem per hour. While we recognize the data from 
Marambio are different than what would be observed 
on Mars, it is important to note we were able demon-
strate a proof of concept: the gathering of scientifically 
useful data and samples from an unexplored astrobi-
ologically interesting polar field site by an operator in 
a pressurized spacesuit (Figures 2). The data from this 
expedition complements similar data and samples col-
lected in other Arctic and Antarctic locations. 
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Future Work: In addition to testing of the NDX-1, 
the team also successfully deployed sensors to gather a 
profile of surface and subsurface temperature and hu-
midity data. We will retrieve data from this climate 
monitoring station (Figure 3) at least one year after the 
deployment date to characterize the local environ-
mental conditions. This data will be compared with 
data from similar climate monitoring stations in the 
Antarctic Dry Valleys. The climate data from Maram-
bio will also supplement long-term climate monitoring 
efforts as well. A profile of radiation sensors were de-
ployed, and will be retrieved and analyzed with optical 
stimulated luminescence techniques to characterize the 
subsurface radiation environment. Radiation profile 
data will be compared to the biological profile data.  

We also observed that much of the surface of the 
island around Marambio Base is nearly flat with a lag 
surface of pebbles and small rocks. This offers a very 
safe setting for future field activities with multiple op-
erators in suits working together, possibly with rovers 
and other more complex technologies. The subsurface 
is made up of fine grained and water-rich frozen sedi-
ments, which may be useful for testing coring drills. 
 

 
Figure 3: The Marambio surface and subsurface climate 
monitoring station is located on a rocky surface at 64°S 
14.783’, 56°W 39.131.  
 
 Relevance to the NASA Human Research 
Program (HRP): Improperly designed extravehicular 
activity (EVA) suit systems can result in the inability 
of the crew to accomplish planned mission objectives 
and can cause acute and long-term adverse impacts to 
crew health [7]. Thus, “compromised EVA perform-
ance and crew health due to inadequate EVA suit sys-
tems” has been identified as risk 2.3.1.4 in the HPR 
integrated research plan [7]. The NDX-1, when utilized 
in analog environments, can help scientists and engi-
neers to understand the relationships among suit pa-

rameters, subject characteristics, and health and per-
formance. Our work in Marambio, and future work, 
supports the mitigation of this HPR risk, and will help 
NASA make informed design decisions, which will 
lead to the creation of EVA systems that optimize hu-
man health and performance across the spectrum of 
anticipated exploration operational concepts [7].  
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