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Introduction:  Geologic processes and 

geologic history are more varied on Mars 

than on the Moon.  Stratified rock layers on 

Mars offer a greater opportunity to analyze 

past environments and geologic history as 

opposed to those offered on the volcanic- 

and impact-dominated moon.  In addition, 

stratified sediments on Mars offer targets in 

the search for past life. 

In the selection of a protective habitat for 

early explorers, lava tubes are suggested as 

a ready-made shelter for astronauts on the 

Moon or Mars [1, 2].   On Mars, caves 

provide protected environments not only 

for astronauts, but for the preservation of 

evidence of current or past lifeforms [3].  

The variety of surface modifying processes 

and stratified materials on Mars offers the 

possibility of safe habitats other than lava 

tubes.  Solution caves are unlikely because 

of the apparent scarcity of limestone, but 

alcoves in stratified sedimentary and 

volcanic rocks are quite likely [4, 5].     

Alcove Formation:  Alcoves form by many 

different processes; in many different types 

of terrains; and varied environments.  

Volcanic and sedimentary layered materials 

are equally suitable. In the simplest means, 

all that is required is a resistant layer 

underlain by a less resistant layer.  On steep 

scarps of layered materials, partial removal 

of less-resistant material leads to the 

creation of an overhanging ledge with a 

protected alcove.  The removal of 

underlying material can be accomplished by 

one of several processes including wind 

scour, plunge pool of waterfall, dissolution 

by groundwater, or spring sapping.  Some of 

the best developed alcoves on Earth are 

fashioned by spring sapping in limestone or 

soluble cement in sandstone.  An alcove 

develops as spring sapping removes 

weakened rock above the impermeable 

contact at the outcrop.  Spalling of the roof 

enlarges the alcove.  Continued spring 

sapping creates amphitheater-headed, 

steep walled, u-shaped valleys.  Necessary 

components for alcove formation—steep 

exposure of stratified materials and 

groundwater existed in the Martian past 

and still exists as ground-ice in the present 

[6, 7].   

Terrestrial Alcoves:  Terrestrial analogs of 

Martian alcoves include the abundant 

alcoves formed in the Mesozoic Navajo 

Sandstone and the Eocene Claron 

Sandstone of the in the southwestern 

United States [8, 9] and the alcoves in Cliff 

House Sandstone at Mesa Verde [10].  

Alcoves from at the head and on the side 

walls of box-canyons. These are typical 

sandstone alcoves formed by weakening 

calcite cement by groundwater solution at 

the basal contact with an impermeable 

layer.  Alcoves range from small openings to 

those large enough to incorporate pueblos 

housing hundreds of inhabitants.   

In Central Texas prominent alcoves are 

formed along the Pedernales River at the 

contact between the Cretaceous Cow Creek 

Limestone and underlying Hammett Shale.  

Hamilton Pool is a popular park formed 

where a stream impinges into an 

embankment of limestone.  The sideward 
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migration of the stream has cut into 

limestone and increased the groundwater 

discharge along the limestone-shale contact 

to create a large alcove and pool.  Across 

the Pedernales River from Hamilton Pool, a 

short, steep-walled, amphitheater-headed, 

tributary canyon is cut by a headward 

erosion into limestone by a combination of 

spring sapping.  An alcove and small pool 

have developed at the valley head, and a 

second, small alcove formed in the side wall 

of the canyon is partially walled in by the 

formation of dripstone across the opening 

of the alcove. 

Martian Alcoves:  Alcoves are hidden from 

direct view from above.  Their probable 

presence may be implied by a few simple 

tells seen in vertical imagery (Fig.1). The 

initial search by satellite imagery should 

look for scalloped cliff faces formed by 

thinning of the alcove roof near the slope 

face.  Closer examination by drone could 

verify initial suspect sites.   The obvious 

places to search for alcoves include 

anywhere there are stratified materials 

exposed on steep surfaces; amphitheater-

headed valleys carved by groundwater 

sapping; and walls of valleys or canyons.  

The value of any suspected lava tunnel will 

not be known until on-the-ground-

inspection by an astronaut or a rover is able 

to confirm the unseen portions.  On the 

other hand, alcoves can be evaluated rather 

quickly and simply by drone. 

Alcoves are excellent sites for exploration 

for evidence of Martian life.   Alcoves 

provide a refuge from harsh Martian 

surface environment.  The overhanging rock  

 

provides radiation screening—reducing 

radiation levels by as much as 80% of that 

on the open surface.  Sun-facing alcoves 

trap heat to raise local temperature, and 

springs in the back of alcoves may provide a 

water source.  As habitats for astronauts, 

sealing the space would be no more 

difficulty than sealing a lava tunnel.   
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Figure 1.  Mesa Verde, Colorado.  

Prominent alcoves are found at the heads 

of canyons and wherever scallops have 

formed on steep canyon walls.  
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