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Introduction:  Planetary pits, caves, and voids dif-

fer fundamentally from their well-studied counterparts 

of features and phenomena on surfaces.  Since caves 

and voids can’t be visually observed from orbit, and no 

landed mission has yet targeted a void, many great 

discoveries are yet to come.  Questions of origins, ge-

ology, mineralogy, stratigraphy, gravimetry and aging 

abound.  Caves are enticing destinations for seeking 

evidence of life on Mars.  Pits and caves are advan-

taged destinations for exploration and future human 

presence. Voids are compelling in their own right as 

pristine time capsules and as stepping stones for explo-

ration beyond.  The need is to discover and character-

ize pits by developing search methodologies that com-

bine visual, topographic, gravimetric and radar sound-

ing techniques.  Landed missions will characterize 

spatio-physical, mineralogic, geologic, and volatiles 

studies with access, resolution and quality not possible 

from orbit. Robotic exploration techniques will ulti-

mately explore caves, seek evidence of life, determine 

suitability for habitation, and pave the way for human 

presence [1].  

Fig 1. Pit on Mars in HiRISE: 

ESP_014380_1775 showing overhang that could 

indicate a larger void space [16].  

Pits, Caves and Voids: Hundreds of astounding, 

diverse pits and candidate cave-entrances are being 

revealed by Mars Reconnsaince Orbiter (MRO) [2,3], 

Mars Express, Lunar Reconnaisance Orbiter (LRO) 

[4,5], MErcury Surface, Space ENvironment, GEo-

chemistry, and Ranging (MESSENGER) and SELeno-

logical and ENgineering Explorer (SELENE) data. 

Other missions, e.g. Cassini and Dawn, have identified 

terrains on Titan, Vesta, and Ceres that intimate evi-

dence of pits and voids. Some imagery reveals cavern-

ous portals that extend from pits, perhaps into exten-

sive caves.  Although existence of lava tube networks 

and voids were postulated many years before the or-

bital imaging of pits, no means of cave access was 

previously known (SELENE). Discoveries of skylights 

shattered that view.  LRO and MRO now both observe 

caverns that depart from pits.  Newest evidence identi-

fies the first polar lunar pit that may contain pristine 

volatiles. Gravity Recovery and Interior Laboratory 

(GRAIL) data have revealed an immense submerged 

void that is half the size of Manhattan [6].  Relevance 

for exploration and new discoveries from Mars, Mer-

cury and the Moon are springboards that compel sub-

terranean science and exploration campaigns in pits, 

caves and voids.   

Science:  More is unknown than known about the 

origins, morphologies, volatiles, mineralogy, gravime-

try, stratigraphy, thermal transients, and aging of plan-

etary pits and caves.  Little is known about questions 

of water, life and suitability for habitation, since caves 

hold their secrets unseeable from orbit and no landed 

robot mission has ventured even to (let alone into) a 

first pit.   

There is great need and opportunity to investigate, 

model, and correlate mechanisms of formation and 

post-formation events of pits and voids. These include 

substantial features of collapse, scree, granular flow, 

and meteorite weathering that age skylights over bil-

lion-year timeframes.  Analysis must innovate model-

ing means for billion-year cycles from void solidifica-

tion through collapse formation and subsequent events 

and bombardment over deep time. 

There is great opportunity to investigate volatiles 

and unique secondary mineralogies expressed on cave 

surfaces [7].  Volatiles studies for pits and caves will 

have to innovate models and lab recreations of accre-
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tion on relatively pristine surfaces versus volatile dis-

tribution in the deep regolith so common on planets 

and moons.  Ultimately, robotic methods will be need-

ed to study these phenomena in situ.   

The greatest opportunities might relate to subterra-

nean access.  To date subsurface robotics has meant 

meter-scale drilling.  Pits and caves will reveal billions 

of years of geologic column and history by merely 

accessing and descending.  Water and volatiles not 

viable at the surface might be expressed at the depth of 

some caves.   The ultimate scientific agenda might be 

lifeseeking that is favored by the protections from ra-

diation, thermal extremes and impacts that pits and 

caves provide.   

Fig 2. Mare Tranquillitatis 
pit, seen in LRO: 
M126710873R, was 
shown to have a subsur-
face void that extends 
20m under an overhang 
[5]. 

 

Exploration: There is great opportunity and need 

for methods and campaigns of discovery and charac-

terization that are possible from orbit, and moreso 

from surface missions that will land, view, enter and 

explore.  New search and characterization methods 

will fuse visual, gravity, radar and topography phe-

nomena to discover voids and features beyond what is 

possible by any single mode.   

The need is to develop and deploy subsurface ro-

botic exploration methodologies to access, observe, 

and measure scientific and geologic phenomena in pits 

and caves. Subplanetarian explorers will enter 

pits/caves, model features with orders-of-magnitude 

better coverage and precision than possible from orbit, 

and conduct otherwise infeasible science, sampling 

and in-situ analysis.  This requires a technological leap 

beyond surface roving.  New technologies will achieve 

flyover, apron viewing, and extensive robotic caving. 

Cave robots will rappel [8,9], climb [10], hop [11], and 

fly [12]. 

Missions:  Missions specific to cave exploration 

include orbital, surface, spelunking, science and habi-

tation precursors [13]. Visual, gravity, radar sounding 

and topography data from orbit (coupled with charac-

terization and search methods) are already our eyes for 

pit and cave discoveries.  Missions are needed with 

multimodal sensing and investigations specific to void 

discoveries and characterization.  Since pits are point 

features, not regions, precision landing is a pivotal 

technology for surface and subsurface exploration.  

Early robotic missions can make great discoveries and 

perform significant science by traversing around rims 

and crossing tubes.  The great leaps are achieved when 

descent, autonomy and energetics for robotic caving 

are brought to bear in missions.  Once robotic caving 

is an exploration capability, campaigns of missions 

will perform subplanetarian science, lifeseeking and 

precursor agenda for habitation.   

Utilization:  Pits and caves may offer natural, un-

paralleled protection from hazards of radiation, ther-

mal swings, and meteorites [14]. These are significant 

advantages to any human exploration that aspires be-

yond flags and footprints.  Sci-fi, Hollywood and pit 

discoveries commonly and superficially cite ad-

vantages of caves for habitation.  However, no rigor-

ous evaluations are yet possible to determine habitabil-

ity.  This will doubtless include amenability for de-

ployment and protection from launch/landing ejecta in 

addition to the more obvious issues of access, thermal, 

radiation, morphology, structural integrity and proxim-

ity to landing site [15]. All of this will require precur-

sor robotic reconnaissance.  

A mammoth void has recently been identified [6].  

It is submerged at several hundred meters on the moon 

adjacent to a nearby pit.  If access is somehow discov-

ered or created, such a void could host a settlement 

half the size of Manhattan. Analogous wonders from 

pit chains to skylights appear at other destinations.  

Mere existence transforms the futuristic view of sub-

surface science and escalation of the habitation vision 

from accommodating a few astronauts to sustaining 

metropolis-scale populations.   
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