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Introduction:  The Apollo missions to the Moon 

are the only direct experience of humans with 
exploration of another planetary body, providing us 
with a critical set of in situ data that has led to a 
complete revolution in our understanding of lunar 
geology, the lunar interior, and lunar evolution. To 
date, the deployment of the geophysical packages 
during the Apollo missions remain our only data points 
for evaluating the efficacy of human-placed 
geophysical instrumentation on another world.  

Through a planetary analog approach, we are 
ascertaining what parameters in these astronaut-
deployed instrumentation packages could have been 
modified to improve and increase the scientific return 
of geophysics investigations, particularly retrieval of 
subsurface structure in combination with geological 
information. The effectiveness and success of future 
missions of human exploration of the Solar System 
will depend on characterizing both the practical and 
scientific value of subsurface materials, including 
physical properties, geological structures, economic 
resources, hazards, and habitation potential. 

Geophysical Surveys. Geophysical surveys provide 
a cost effective and efficient tool for obtaining data on 
the subsurface, locating resources, and for monitoring 
recent tectonic and magmatic activity. Here, we used 
geophysical instruments capable of remotely sensing 
the physical contrasts (e.g., density, elasticity, 
magnetic susceptibility, electrical conductivity, and/or 
radioactivity) between different materials at depth. A 
geophysicist can use the information from a field 
survey to construct a detailed model of subsurface 
geological structures; such models are particularly 
useful when coupled with geological information 
obtained at the surface. 

Our Analog Site: The San Francisco Volcanic 
Field (SFVF) has long served as a field site for 
astronaut training and preparation for lunar surface 
operations [1, 2]. More recently, the region was used as 
a test bed the NASA Desert Research and Technology 
Studies (RATS) to study the human exploration 
aspects and logistical planning with geological field 
traverses [e.g., 3]. We have augmented those studies 
with a series of co-located geophysical traverses that 
simulate a traverse-based approach to geophysics, as 
well as data collected in more focused studies of 
specific geological features of the SFVF.  

Geological Setting. The area surrounding SP Crater 
in the SFVF is a grouping of 67 cinder cones, maars, 
and associated lava flows in northern Arizona [4]. K-
Ar and 40Ar-39Ar dating and stratigraphic relationships 
prove the area has been active since 780 ka, with 
approximately one volcano erupting every 15 k.y. [4]. 
This history of repeated eruptions means that 
numerous overlapping flows and cones characterize 
the area, making it challenging to interpret the source 
cone for each flow visible at the surface, and an ideal 
target for geophysical imaging. The presence of maars 
indicates past magmatic interactions with the local 
water table, and there is evidence of past 
phreatomagmatic activity [5]. The region sits on top 
the well-known Grand Canyon geologic sequence, and 
is co-located with Meteor Crater to the east, and the 
San Francisco Peaks stratovolcano to the south. 

We conducted a suite of observations that followed 
the Desert RATS traverse patterns across the SFVF, 
collecting magnetometer, hand-held XRF geochemical 
data, ground-penetrating radar, and both active and 
passive seismic data. Magnetometer data were 
collected with a GEMS-Systems GSM-19W 
Overhauser total field magnetometer. Ground 
penetrating radar traverses were collected with a 400 
MHz antenna. Active source seismic data were 
collected at 19 separate sites with 24 14-Hz geophones 
sampling along 115-meter long lines. Passive seismic 
data were collected on 5 broadband stations deployed 
from 2016-2019 [6]. These data are being made 
available through the University of Maryland Digital 
Repositories (see abstracts by D. Baker and P. Whelley 
in this workshop). We will show selected results from 
our surveys and how they inform on both the science 
and operations of upcoming lunar missions. 
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