
POTENTIAL LANDING SITES FOR ROBOTIC-HUMAN EXPLORATION ON MARS. J. W. Head, III,  
Dept. of Geological Sciences, Brown University, Providence, RI 02912 USA (james_head@brown.edu) 

 
Introduction: Apollo exploration of the Moon 

showed the importance of robotic precursors for estab-
lishing the nature of the surface at high resolution 
(Ranger), for undertaking reconnaissance of global geo-
logic features and certifying engineering properties of 
the surface for landing site selection (Lunar Orbiter), 
and obtaining information on the physical properties of 
the lunar soil and analyzing the geology and composi-
tion of surface materials (Surveyor). Furthermore, dur-
ing Apollo, human-robotic partnerships were used to 
advantage with the Lunar Roving Vehicle (LRV) to 
significantly enhance the range of human exploration 
and to carry tools and experiments up to ~7 km away 
from the Lunar Module. Astronauts deployed complex 
and comprehensive lunar experiment packages 
(ALSEP) that could not be deployed robotically. Astro-
nauts also deployed complex geophysical experiments 
such as Heat Flow Experiments, Active Seismic Ex-
periments, a Surface Electrical Properties Experiment, a 
Portable Magnetometer, a Traverse Gravimeter, as well 
as drilling cores into the lunar regolith.  Indeed, Dual-
Mode Lunar Roving Vehicles (DMLRV) were planned 
for later Apollo missions, in which the rover from a 
completed Apollo mission would robotically traverse to 
the next landing site, making observations and sampling 
along the way. Thus, the importance of human-robotic 
partnerships for planetary exploration was demonstrated 
over 35 years ago. These approaches were applied to 
addressing the most fundamental questions in lunar sci-
ence: Was the Moon hot or cold? What were the origins 
and ages of the major geologic units on the Moon? Of 
what was the crust made and how did it form and 
evolve? What was the origin and evolution of the major 
basins such as Imbrium and Serenitatis? What is the 
nature of the basic geological time scale and how have 
processes varied during history? 

Return to the Moon and exploration of Mars requires 
the same type of human-robotic partnerships to accom-
plish the major exploration goals. In this contribution 
the importance of this approach to the exploration of 
Mars is documented.   

Scientific Goals for the Exploration of Mars: The 
basic outlines of the history of Mars have been derived 
from data returned from Mariner and Viking images, 
and augmented and clarified by many subsequent orbital 
and rover missions (Fig. 1). Thus, the human-robotic 
partnership in exploring Mars has already begun; key to 
the success of human exploration is the in-depth travers-
ing of each of the three main periods of geological his-
tory, the Noachian (Fig. 2), Hesperian (Fig. 3) and 
Amazonian (Fig. 4) as shown in sample traverse maps.    

 
Fig. 1.  Major processes during Mars’ history. 

 
Fig. 2. Noachian Jezero crater and fluvial channels. 

 
Fig. 3. Hesperian Mangala Valles outflow channel. 

 
Fig. 4. Amazonian tropical mountain glacier on the 

NW flank of Arsia Mons volcano.   
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