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Ft	Stanton	Cave:	50+	km	of	surveyed	passage	(14th	longest	in	US)	
Snowy	River:	19.1	km	long	and	still	going!	

The Snowy River Passage 
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Geology of Ft Stanton Cave 

•  Cave is hosted in Permian San Andres Limestone 
•  Soils above the cave developed in mainly limestone 

and Tertiary gravels (stay tuned for the next talk!) 
•  Likely source of water in Snowy River is 6 km to SW  
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Use	this	photo	somewhere	Natural History of Snow River Passage 

• Large passage forms 

• Sand & pebbles  
deposited 

• Mn-oxide on walls 
• Snowy River calcite 

Knutt	Peterson	Photo	

• Silt & clay deposited on 
walls/floor 



Ferromanganese 

Thin coating on mud 

Directly on bedrock 

Evidence	of	multiple	episodes	of	growth		



Or cover nearly every surface  

Ferromanganese Coatings 

May be patchy and discontinuous 
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Evidence of regrowth after the Mn-coated mud 
peeled away in several episodes  
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Ferromanganese Coatings 



SE image 

Mn-oxides (light gray) 

Microbial filaments 

Ferromanganese Coatings BSE image 



FMD Coatings in the SEM 

Root-like structures 

Micro-spherules 

Wispy Mn-oxide sheets 



CO2 Na2O MgO Al2O3 SiO2 K2O CaO MnO2 Fe2O3 

Mn-
oxide 

5.00 7.91 2.06 5.13 20.48 0.59 1.70 42.06 4.67 

Mn-
oxide 

3.54 8.52 1.52 6.25 15.54 0.50 1.86 48.18 4.17 

Clay 0.61 2.74 1.10 14.24 66.40 1.96 0.90 2.57 5.24 

EPMA Analysis of FMD 

•  Polished section prepared without carbon-based epoxy 
•  Section of Mn-oxide crust on mud collected from cave 
•  Sample vacuum impregnated with Na-silicate solution 
•  Evaporated copper used for conductive coating instead 

of carbon for electron probe analysis 
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EPMA Mapping of FMD 

BSE 

•  X-ray maps on polished section 
•  Higher carbon associated with FMD 
•  Maps show 2 layers of FMD crust 
•  Crust inundated with mud then regrowth  
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Metagenomic Dataset from FMD	

Top six bacterial phyla Top archaeal phyla 
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7.2 Manganese Oxides in Caves

Manganeseoxides in caves are typically foundasfine-grained, poorly crystallineblack
or dark brown coatings and crusts, or as biofilms on cave walls and rock surfaces
(! Fig. 7.3). They can also fill voids or vugs in karst and paleokarst. They generally
belong to the birnessite or todorokite crystal groups, although other minerals, such as
ranciete and pyrolusite, have also been observed (! Tab. 7.1). Microbes associatedwith
Mn oxide production have long been described from cave systems [see review by 61],
andmicrobial associationwithMn oxidation has often been observed via electronmi-
croscopy and light microscopy, or described using culture-based techniques [62–70].
Recent studies provide detailed molecular identification of the particular organisms
responsible for Mn oxide deposition in specific cave systems [54, 56, 58, 59, 71–74]
(! Tab. 7.1). Many studies have inferred a biological origin for cave ferromanganese de-
posits from the existing literature [75–83], while others document the presence of fer-
romanganesedeposits butdonotdiscusspotential biological origins for them [84–87].

The influence of microbes on speleogenesis and cave geochemistry is apparent
[see review by 60]. Different microbial communities are present in caves with diverse
formation histories. Epigenic cave systems form via carbonic acid during interaction
with descending meteoric water in the shallow subsurface. In contrast, hypogene
cave systems form when ascending groundwater interacts with reduced gases, such
as hydrogen sulfide (typically derived from kerogen-rich deposits), and the gas ox-
idizes to sulfuric acid. Hypogene caves are typically deeper and contain significant
chemolithoautotrophic microbial communities. Although based on relatively few
studies, initial molecular (16S RNA) gene sequencing indicates that hypogene com-
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Fig. 7.3. Cave Mn oxides are typically found as fine-grained, poorly crystalline black or dark brown
coatings, crusts, and biofilms on rock surfaces. Schematic diagram of (a) oligotrophic cave sys-
tems showing chemolithoautotrophic coatings on cave walls (modified from [56]), and (b) het-
erotrophic systems showing surface Mn oxidation driven by nutrient input from exogenous carbon
(either via nutrient-rich water, litter, feces, or other detrital material), or through interactions with
chemolithoautotrophic bacteria within the community.
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Heterotrophy Model 

Carmichael & Brauer 2015 

Mn Oxidation in Oligotrophic Cave Systems 

Mn oxidation driven by 
chemolithoautotrophic bacterial 
breakdown of bedrock 
(hypogene caves)   

Mn oxidation driven by 
nutrient input from exogenous 
carbon in water, clay, etc. 
(epigene caves) 



Conclusions 

•  Careful preparation of samples allows EPMA analysis of 
carbon 

•  FMD is associated with higher carbon, likely the result of 
microbial activity  

•  Microbial community in FMD is dominated by 
heterotrophic bacteria, chemolithoautotrophs rare 

•  Nutrients/metals supplied by water & detrital material 

•  FMD deposition has continued over time and is still 
active in the cave 
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