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IntroductionIntroduction

!! Caves are not rare!Caves are not rare!

!! They are scientifically They are scientifically 

significantsignificant

!! They are an important They are an important 

human exploration resource human exploration resource 
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CAVES ON MARS?CAVES ON MARS?CAVES ON MARS?CAVES ON MARS?CAVES ON MARS?CAVES ON MARS?CAVES ON MARS?CAVES ON MARS?

HOW CRAZY IS THIS?HOW CRAZY IS THIS?HOW CRAZY IS THIS?HOW CRAZY IS THIS?HOW CRAZY IS THIS?HOW CRAZY IS THIS?HOW CRAZY IS THIS?HOW CRAZY IS THIS?
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Caves are Caves are Caves are Caves are Caves are Caves are Caves are Caves are NOTNOTNOTNOTNOTNOTNOTNOT rare!rare!rare!rare!rare!rare!rare!rare!

"" Planets with surfaces havePlanets with surfaces have subsurfacessubsurfaces!!

"" Caves are just Caves are just Caves are just Caves are just Caves are just Caves are just Caves are just Caves are just big holesbig holesbig holesbig holesbig holesbig holesbig holesbig holes in the subsurface.in the subsurface.in the subsurface.in the subsurface.in the subsurface.in the subsurface.in the subsurface.in the subsurface.

"" A cave A cave A cave A cave A cave A cave A cave A cave willwillwillwillwillwillwillwill be different from the surface.be different from the surface.be different from the surface.be different from the surface.be different from the surface.be different from the surface.be different from the surface.be different from the surface.

"" Solid surfaces crack.Solid surfaces crack.

## Cratering Cratering 

##Plate tectonicsPlate tectonics

## Tidal forcesTidal forces

##VolcanismVolcanism
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Caves form in Caves form in Caves form in Caves form in Caves form in Caves form in Caves form in Caves form in MANYMANYMANYMANYMANYMANYMANYMANY

different ways:different ways:different ways:different ways:different ways:different ways:different ways:different ways:

!! EpigenesisEpigenesis

!! HypogenesisHypogenesis

!! VolcanismVolcanism

!! CrustalCrustal movementsmovements

!! Volatile deposition and flowVolatile deposition and flow

!! Other dissolution mechanisms?Other dissolution mechanisms?
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Prospecting for Prospecting for 

Subsurface CavitiesSubsurface Cavities

!! magnetometrymagnetometry

!! resistivityresistivity

!! micromicro--conductivityconductivity

!! groundground--penetrating radarpenetrating radar

!! seismic techniquesseismic techniques

!! Imaging, orbital or otherImaging, orbital or other

!! Ridge walking!Ridge walking!
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EXTRATERRESTRIAL EXTRATERRESTRIAL EXTRATERRESTRIAL EXTRATERRESTRIAL EXTRATERRESTRIAL EXTRATERRESTRIAL EXTRATERRESTRIAL EXTRATERRESTRIAL 

CAVES AsCAVES AsCAVES AsCAVES AsCAVES AsCAVES AsCAVES AsCAVES As

SCIENTIFIC TARGETS  SCIENTIFIC TARGETS  SCIENTIFIC TARGETS  SCIENTIFIC TARGETS  SCIENTIFIC TARGETS  SCIENTIFIC TARGETS  SCIENTIFIC TARGETS  SCIENTIFIC TARGETS  
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UNDERGROUND UNDERGROUND UNDERGROUND UNDERGROUND UNDERGROUND UNDERGROUND UNDERGROUND UNDERGROUND 

SCIENCESCIENCESCIENCESCIENCESCIENCESCIENCESCIENCESCIENCE

*  GEOLOGY*  GEOLOGY*  GEOLOGY*  GEOLOGY*  GEOLOGY*  GEOLOGY*  GEOLOGY*  GEOLOGY

*  MINERALOGY*  MINERALOGY*  MINERALOGY*  MINERALOGY*  MINERALOGY*  MINERALOGY*  MINERALOGY*  MINERALOGY

*  GEOCHEMISTRY*  GEOCHEMISTRY*  GEOCHEMISTRY*  GEOCHEMISTRY*  GEOCHEMISTRY*  GEOCHEMISTRY*  GEOCHEMISTRY*  GEOCHEMISTRY

*  PALEONTOLOGY*  PALEONTOLOGY*  PALEONTOLOGY*  PALEONTOLOGY*  PALEONTOLOGY*  PALEONTOLOGY*  PALEONTOLOGY*  PALEONTOLOGY

*  BIOLOGY*  BIOLOGY*  BIOLOGY*  BIOLOGY*  BIOLOGY*  BIOLOGY*  BIOLOGY*  BIOLOGY
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LIFE LIFE LIFE LIFE LIFE LIFE LIFE LIFE 

IN THE IN THE IN THE IN THE IN THE IN THE IN THE IN THE 

UNDERGROUNDUNDERGROUNDUNDERGROUNDUNDERGROUNDUNDERGROUNDUNDERGROUNDUNDERGROUNDUNDERGROUND
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Caves as Habitats/greenhousesCaves as Habitats/greenhousesCaves as Habitats/greenhousesCaves as Habitats/greenhousesCaves as Habitats/greenhousesCaves as Habitats/greenhousesCaves as Habitats/greenhousesCaves as Habitats/greenhouses
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Cave Cave Cave Cave Cave Cave Cave Cave 

resourcesresourcesresourcesresourcesresourcesresourcesresourcesresources

"" MineralsMinerals

"" Geothermal powerGeothermal power

"" VolatilesVolatiles

## GasesGases

## WaterWater

## PermafrostPermafrost
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Technology deficitsTechnology deficits

"" Communication, Navigation, Rapid SurveyCommunication, Navigation, Rapid Survey

"" Robotic mobility:  wigglers, crawlers, fliers, and Robotic mobility:  wigglers, crawlers, fliers, and oozers oozers 

"" Human Mobility In Pressurized SuitsHuman Mobility In Pressurized Suits

"" Shirtsleeve Indoor EnvironmentShirtsleeve Indoor Environment

"" Robust Miniaturized Instrumentation Robust Miniaturized Instrumentation 

"" Sophisticated And Clean Drilling Sophisticated And Clean Drilling 

TechnologiesTechnologies

"" Power, power, and (yes!) powerPower, power, and (yes!) power
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SelfSelfSelfSelfSelfSelfSelfSelf--------deploying indeploying indeploying indeploying indeploying indeploying indeploying indeploying in--------cave  cave  cave  cave  cave  cave  cave  cave  

cellular networkcellular networkcellular networkcellular networkcellular networkcellular networkcellular networkcellular network
!! SelfSelf--deployingdeploying

!! Nodal Line of SightNodal Line of Sight

!! CommunicationCommunication

!! MonitoringMonitoring

!! MappingMapping

!! SelfSelf--repairing repairing 

!! Self “Feeding”Self “Feeding”
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Human MobilityHuman MobilityHuman MobilityHuman MobilityHuman MobilityHuman MobilityHuman MobilityHuman Mobility

(or the lack, thereof)(or the lack, thereof)(or the lack, thereof)(or the lack, thereof)(or the lack, thereof)(or the lack, thereof)(or the lack, thereof)(or the lack, thereof)
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gettin’ gettin’ gettin’ gettin’ gettin’ gettin’ gettin’ gettin’ aroundaroundaroundaroundaroundaroundaroundaround

!! BendingBending

!! ClimbingClimbing

!! Squeezing throughSqueezing through

!! Tearing and rippingTearing and ripping

!! HoldingHolding

!! ManipulatingManipulating

!! MicromanipulatingMicromanipulating
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Shirtsleeve Indoor  Shirtsleeve Indoor  Shirtsleeve Indoor  Shirtsleeve Indoor  Shirtsleeve Indoor  Shirtsleeve Indoor  Shirtsleeve Indoor  Shirtsleeve Indoor  

EnvironmentEnvironmentEnvironmentEnvironmentEnvironmentEnvironmentEnvironmentEnvironment
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Inflatable Inflatable Inflatable Inflatable Inflatable Inflatable Inflatable Inflatable 

Cave LinersCave LinersCave LinersCave LinersCave LinersCave LinersCave LinersCave Liners
"" Moldable to complex surfacesMoldable to complex surfaces

"" Easily deployed Easily deployed 

"" Simple to repairSimple to repair

"" Easily replacedEasily replaced

"" CheapCheap

"" LightweightLightweight

"" Low bulkLow bulk
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Lava tube linersLava tube linersLava tube linersLava tube linersLava tube linersLava tube linersLava tube linersLava tube liners

!! Lava tubes on EarthLava tubes on Earth

!! Lava tubes on the moonLava tubes on the moon

!! Volcanoes on marsVolcanoes on mars

!! Volcanoes on Volcanoes on ioio, Venus , Venus 

and ?and ?

!! Natural skylightsNatural skylights

!! Topologically simpleTopologically simple

Hornito HabitatHornito Habitat

Block Tube with Inflatable Walls
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Air LocksAir LocksAir LocksAir LocksAir LocksAir LocksAir LocksAir Locks

"" ShapeShape--conformingconforming

"" Easily deployableEasily deployable

"" Aerosol can of Aerosol can of ““AirlockAirlock--inin--aa--DrumDrum”” ??

"" Rigid, conventional airlock door arrangement  Rigid, conventional airlock door arrangement  
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Power and PhotonsPower and PhotonsPower and PhotonsPower and PhotonsPower and PhotonsPower and PhotonsPower and PhotonsPower and Photons
!! Solar powerSolar power

!! Nuclear powerNuclear power

!! Geothermal powerGeothermal power

!! Natural lightNatural light

!! Light pipingLight piping

!! Artificial lightsArtificial lights
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Phase I:  The PlanPhase I:  The PlanPhase I:  The PlanPhase I:  The PlanPhase I:  The PlanPhase I:  The PlanPhase I:  The PlanPhase I:  The Plan

!! Identify science issuesIdentify science issues

!! Identify Habitability IssuesIdentify Habitability Issues

!! Identify Technology DeficitsIdentify Technology Deficits

!! Identify Potential SolutionsIdentify Potential Solutions

!! Develop Implementation Strategy Develop Implementation Strategy 

for Earthfor Earth--based Trial of significant technologiesbased Trial of significant technologies
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Pristine Earth caves Pristine Earth caves Pristine Earth caves Pristine Earth caves Pristine Earth caves Pristine Earth caves Pristine Earth caves Pristine Earth caves 

as  model SYSTEMSas  model SYSTEMSas  model SYSTEMSas  model SYSTEMSas  model SYSTEMSas  model SYSTEMSas  model SYSTEMSas  model SYSTEMS

!! Ideal technology testIdeal technology test--bedbed

!! Ideal development sites for Planetary Ideal development sites for Planetary 

Protection protocolsProtection protocols

!! Perfect Perfect ““dress rehearsaldress rehearsal”” for astronaut for astronaut 

trainingtraining

!! Commercial and mining applications  Commercial and mining applications  

!! Myriad educational and public outreach Myriad educational and public outreach 

opportunities.opportunities.
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Phantasies Phantasies of Phase IIof Phase IIPhantasiesPhantasies of Phase IIof Phase II

!!Build and Test airlock Build and Test airlock 

!!Build and TestBuild and Test incaveincave inflatableinflatable

!!Build and Test cellular info/Build and Test cellular info/commcomm network network 

!!Demonstrate human use and plant growth in systemDemonstrate human use and plant growth in system

!!Constrained by a stringent planetary protection protocolConstrained by a stringent planetary protection protocolConstrained by a stringent planetary protection protocolConstrained by a stringent planetary protection protocolConstrained by a stringent planetary protection protocolConstrained by a stringent planetary protection protocolConstrained by a stringent planetary protection protocolConstrained by a stringent planetary protection protocol
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