
• Static Cave

• Airflow was below detection limits at times we were 
in the cave.

• Temperature data suggests cold surface air readily 
flows into cave when the cave air is warmer.

• No secondary entrance identified.

• Perennial Ice

• Water source is primarily from percolation.

• Melting/refreezing of the floor ice may occur.

• Percolation from summer monsoons could cause the 
melting of all cave ice.

• Hoarfrost (seasonal?)

• Air temperature can be above freezing as long as the 
air is saturated, yet the wall temperature remains 
below freezing.
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Coconino National Forest Lava 
River Cave (LRC)

• Dynamic Cave

• Air flow exceeds expected values for a 
static cave, suggesting a second entrance.

• There is no identified 2nd entrance, 
suggesting the overburden may be highly 
fractured.

• Seasonal Ice

• Water source is from percolation. 

• Cold-trapping during winter months, but 
warms in the late spring, ablating the ice.

• Source of warming is likely circulation of 
the warm air from the back of the cave.

• No hoarfrost

• Most of the cave walls have temperatures 
above freezing.

• Even in the section of the cave with ice, air 
humidity rarely saturates.

Sunset Crater National Monument Ice 
Cave (SCIC)
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We have started monitoring cave ice at two locations within Coconino County, AZ. These two sites are Lava River Cave (LRC) and Sunset Crater Ice Cave (SCIC). LRC, located 
west of Flagstaff in the Coconino National Forest, has seasonal ice. SCIC, located northeast of Flagstaff in the Sunset Crater National Monument, has perennial ice. These 
two caves have different structures: LRC is a lava tube that extends over 1 km; SCIC is a “rubble pile” that likely formed as a fissure. The major water source for both caves 
appears to be percolation (Fig. 1a), but SCIC also shows evidence of direct surface condensation from humid air, by the presence of hoarfrost (Fig. 1b).

Implications for Mars: 
• Current models for Mars cave ice assumes static caves, but dynamic caves also need to be considered. 
• Comparison between LRC and SCIC suggests hoarfrost formation may not be as robust in dynamic caves as in static caves.

• Percolation is not likely to be an active process on modern Mars, but this process could be important under past climate regimes.
• At higher obliquity, Mars’ surface could be covered in perennial or seasonal snow. During periods of transition, the ground could be sufficiently 

thawed to allow for percolation of snow melt.  
• Monitoring of percolation at LRC and SCIC over a few seasonal cycles could be equivalent time compression of several millions of years on Mars.

Implications for Earth:
• Cave climates avoid seasonal surface extremes, but are affected by longer term trends.
• Are sensitive to longer term changes, such as average annual temperatures and precipitation
• Changes in cave climate could affect cave dwelling species, such as bats.

Figure 2: Map of Lava River 
Cave. Colored stars indicate 
approximate location of 
sensors. The colors correspond 
to the data shown in Fig. 3. 
Credit: USFS.

Figure 3: Measured temperature and humidity trends at Lava River. (Top) Temperature. 
(Bottom) Humidity. Line colors indicate sensor location as identified in Fig. 2.

Figure 4: Ice Cave. (Top) 
Ice Cave entrance and 
surface landscape. The 
yellow bar shows 
approximate extent of 
the cave. Credit: Google 
Maps. (Bottom) Sketch of 
Sunset Crater Ice Cave 
layout and approximate 
sensor locations.

Figure 5: Measured temperature and humidity trends at Ice Cave. (Top) 
Temperature. (Bottom) Humidity. Line colors indicate sensor location as 
identified in Fig. 4, e.g., black corresponds to the surface sensor.

Figure 1: Examples of cave ice 
from Ice Cave: a) Percolation. 
b) Hoar frost.

Methods:
Temperature, humidity and pressure 
sensors were deployed on the surface and 
throughout the caves. Fig. 2 shows the 
locations for LRC, with Fig. 3 showing the 
data. Fig. 4 shows the sensor locations for 
SCIC, with Fig. 5 showing some of the data. 
Time is displayed in Julian Days (days since 
Jan 1, 2021). 

Our sensor distribution was designed to 
monitor the surface, the entrance, areas 
with ice, and the back of the cave. The 
intent was to capture all heat transfer 
processes such as conduction from the 
surface (typically the back of the cave), 
convection (typically closer to the 
entrance), and condensation/evaporation 
(typically at locations of ice or water). 
Sensors were placed to monitor both rock
and air temperatures.

Results: (a)

(b)

http://www.hou.usra.edu/meetings/terrestrialanalogs2021/pdf/8006.pdf

