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Alcoves form in a variety of  environments and rock types 
by spring sapping or plunge-pool erosion on scarps [3,4] 

Groundwater sapping 
undermines competent 
strata and allows spalling.   

Terrestrial alcoves are 
found at the head of  
sapping channels and in 
scarps of  permeable, 
competent strata underlain 
by impermeable layer. 

.  

Alcove Springs, Kansas is an 
example of  a plunge pool 
alcove behind a waterfall [5]. 

Thick, cliff-forming sandstone 
overlying impermeable shale provides 
an alcove-rich environment. 

The operational paradigm 
for the current search for 
past or present life on Mars 
is to follow the water [1].  
Increased habitability may 
exist in wet, protected sites 
such as caves [2] or natural 
grottos that provide shelter 
from an inhospitable surface 
environment. 

(a) Lateral 
erosion on scarp 
face concentrates 
groundwater flow, 
and (b) spring 
develops alcove in 
escarpment face.  
(c) Continued 
spring sapping 
cuts theater-
headed channel 
fed by spring 
discharge.          
Tributary 
channels provide 
multiple alcove 
sites [6].  

Formation of Hamilton Pool and West Cave  

Limestone 

Shale 

Spalling slabs 

Alcove and pool are formed by 
lateral stream erosion of  limestone 
scarp and undermining by spring 
sapping at the shale layer. 

Hamilton Pool, TX 

Westcave, TX 
Side alcove at Westcave is 
being sealed by dripstone 
growth. 

Theater-headed 
tributary channels 

Steep cut-banks 

Barham Vallis 

Sapping channels provide multiple 
sites for alcove formation [7].  

Layered materials in steep 
crater walls provide potential 
sites for alcove development. 

Channel east of  Olympus Mons 
cuts through multiple-layered 
materials with many re-entrants 
(NASA HiRise 033685).  

Alcoves in sandstone were used as habitation 
sites for primitive cultures on Earth [8] and 
could serve as protected environments for 
future Mars expeditions. 
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Side alcove at Westcave 
becoming enclosed by 
dripstone .  
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