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Introduction:  The sulfide-rich waters of the Cue-

va de Villa Luz cave near Tapijlapa, Tabasco, Mexico 

harbor diverse communities of organisms supported by 

the microbial oxidation of hydrogen sulfide (H2S) [1]. 

In this cave, H2S-rich spring waters mix with oxygen-

ated spring waters (Figure 1). This chemical environ-

ment allows microbes such as Thiobacillus sp. to form 

large colonies (Figure 1). Their metabolism is driven 

by the oxidization of hydrogen sulfide to sulfuric acid: 

H2S + 2O2  H2SO4. 

 
Figure 1. Underground stream waters in Cueva de Villa Luz . Flow 

on the left is from an H2S spring, while flow on the right is from 

oxygenated waters. Note lack of rimstone dam in acidic H2S-laden 

waters. Inset: Cave “phlegmball”composed of an H2S-oxidizing 

bacterial community sampled from underwater muds immediatedly 

downstream from the main image. 

 

Previous exploration and characterization of the 

water chemistry at Cueva de Villa Luz suggested that 

there were two types of springwaters:  those that were 

sulfide-rich and those that were oxygenated [2]. As part 

of a multi-pronged scientific expedition to further ex-

amine the cave system and it’s implications for astrobi-

ology, we carried out a systematic and detailed map-

ping of the characteristics of the springs and waters of 

the cave system.  

The waters of Cueva de Villa Luz can be compared 

to subsurface oceanic environments of Jupiter’s moon 

Europa. On Europa, hydrothermal vents could disgorge 

H2S into the ocean from the bottom, while subduction 

of UV-photolyzed ice could inject oxygenated species 

into the ocean from the top [3]. 

Methods: Using a KOR EXO-1 chemical sonde, 

we systematically tested the waters at over 70 locations 

inside the cave and at two locations near the exterior 

resurgence of the cave.  

 
Figure 2. Plot showing characteristics of classified sampled water 

plotted as ORP vs. Turbidity. 

 

Results: We clustered the sampled characteristics 

(Figure 2), and classified over 8 aqueous environments 

in the cave. We found that the different classes were 

spatially localized within the cave. In particular, a pre-

viously unidentified H2S spring type, the cloudy sulfur 

conduits, had very high turbidity, and was located 

physically away  from the other sulfur-rich springs 

which suggested an alternate H2S source. 

Our work has identified several chemical environ-

ments in the waters of Cueva de Villa Luz. Each of 

these chemical environments  has the potential to be an 

analog for an extraterrestrial ocean on an icy world 

such as Jupiter’s moon Europa. Characterization of 

these chemical environment and their associated mi-

crobial communities can help refine parameters for 

habitable environments on Europa. 
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