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Introduction:  Lava tubes are a phenomenon fa-

miliar in terrestrial volcanology where channelized 

lava flows cool at the surface creating a roof or skin 

which insulates the interior allowing for transport over 

potentially long distances. Some of the longest flows 

on Earth (e.g. Hawaiian flows [1], Columbia River 

Basalts [2]) are thought to be tube fed flows. The pro-

cesses that control lava tube formation are dominated 

by heat transport and thermomechanical erosion of the 

substrate. These processes can be expected to exist on 

the icy bodies of the outer solar system, albeit in dras-

tically different temperature and compositional re-

gimes. 

Heat Transport: With such low surface and erup-

tive temperatures in [potential] cryovolcanic systems, 

radiative cooling is unlikely to control the heat loss 

during emplacement of cryolava flows. On icy bodies 

with little to no atmospheres (e.g. Ceres, Europa, or 

Enceladus), convective cooling by wind at the lava 

interface can also be neglected. In fact, this situation 

requires a carapace to form over extrusions in order for 

them to be insulated enough to transport instead of 

immediately evaporating in the low pressure environ-

ment. The roofing over of flows (or carapace for-

mation) would likely be assisted by the density inver-

sion of crystallizing water ice. Cryolavas are likely to 

be aqueous brines predominantly crystallizing water 

ice upon cooling below the liquidus. The density con-

trast between these crystals and the surrounding brine 

(e.g. seawater) coupled with the very low viscosity of 

the fluid will allow for fractionation/floatation via 

Stokes’ Law. All crystallization that occurs is then 

likely to contribute to the roofing process making tube 

formation efficient. Convective cooling to the sur-

rounding atmosphere may be more important on bodies 

like Titan, with a thick atmosphere, or Triton, with 

hypothesized winds [3]. Conduction of heat through 

the substrate/subsurface is likely the dominant mode of 

heat transport for potential cryolava tubes. 

Thermomechanical Erosion: Thermomechanical 

erosion is the degradation of substrate material by both 

melting and physical removal. This has been suggested 

as a mechanism for the formation of the lunar sinuous 

rilles [4,5,6,7]. Calculations done for lunar sinuous 

rilles suggest that for low viscosity, turbulent lava with 

adequately high flow rates, thermal erosion into the 

substrate can be significant [4,5,8,9]. Analogous to the 

lunar sinuous rilles, cryolavas that are erupted near the 

liquidus will likely be very low viscosity (caveat: very 

compositionally dependent) allowing for turbulent 

flow during emplacement. This may allow conditions 

to be right for thermal erosion to take place on icy bod-

ies as well. Thermal erosion rates can be increased by 

increasing the mass flux (i.e. effusion rate) or by su-

perheating the lava [9].    

Approach: Similar calculations [4,9] as those con-

ducted for lunar rilles can be run for icy compositions 

relevant various bodies in the outer solar system. Re-

sults of these calculations should provide rates of 

thermal erosion which may suggest whether cryolava 

tubes result in the same morphologies as silicate-lava 

tubes. 

Implications: Cryolava tubes, once drained and if 

they exist, may allow for vast cave-like networks to 

form on icy worlds. If exposed at the surface, these 

caves could provide passage into the subsurface of the 

cryosphere making high priority astrobiological and 

habitability targets. 

This presumes a cryovolcanically active body 

where high volume, effusive (flood?) eruptions occur. 

This also presumes the preservation of cryolava tubes. 

Water ice, a dominant crustal component of many of 

the icy bodies, is much more ductile than the silicates 

of the terrestrial bodies and thus the relaxation time is 

much smaller. This suggests that only geologically 

recent tubes would be observed. 

Acknowledgments: The authors would like to 

acknowledge Karl Mitchell for his helpful discussions 

of lava tubes and Alex Sehlke for additional support in 

conceptualizing the study. 

References: [1] Hon K. et al. (1994) Geol. Soc. 

Am. Bull., 106, 351–370. [2] Self S. et al. (1996) Ge-

ophys. Res. Lett., 23, 2689–2692. [3] Ingersoll A. P. 

(1990) Nature, 344, 315–317. [4] Hulme G. (1973) 

Mod. Geol., 4, 107–117. [5] Carr M. H. (1974) Icarus, 

22, 1–23. [6] Greeley R. et al. (1998) JGR, 103, 

27325–27345. [7] Hurwitz D. M. et al. (2013) Planet. 

Space Sci., 79–80, 1–38. [8] Hulme G. (1982) Ge-

ophys. Surv., 5, 245–279. [9] Williams D. A. (2000) 

JGR, 105, 20189–20205.  

1073.pdf3rd International Planetary Caves 2020 (LPI Contrib. No. 2197)


