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Major
Water vapor
Carbon dioxide
Sulfur dioxide  or
Hydrogen sulfide
Hydrogen

Minor
Nitrogen 
Methane
Argon
Hydrogen chloride
Helium
Neon
Other halide gases

Volcanic Gases

These chemicals affect the reactions that occur 
between rocks and water, especially at elevated temperatures
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altitude  10.42 miles
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altitude  11679 feet, Drakesbad

Cold Boiling
Lake



altitude  8156 feet, meadow
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altitude  11679 feet, Devils Kitchen
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altitude  7598 feet, Devils Kitchen





Lassen Water Analyses

pH
Calcium
Iron
Potassium
Magnesium
Manganese
Sodium
Fluoride
Chloride
Silica
Sulfate

Alkaline
Springs

Neutral 
Springs

Acidic
Springs

Solute

How do the water solutions indicate:
Rainfall

Rocks in watershed
Low temperature weathering of rocks

Volcanic gas emissions
High temperature alteration of rocks

Minerals deposited from waters
? ? ?
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Smithsonian Institution

3.5 Billion Years Ago: The Archean Earth



Spirit Rover on Husband Hill, Gusev crater, Mars



Spirit’s discoveries at Home Plate: 
volcanic & hydrothermal deposits 

1 cm

Kenosha Comets:
90 % SiO2

Elizabeth Warren & friends:  70+ % SiO2

Elizabeth Mahon: 70+ SiO2

Tyrone:  ferric sulfate Vesicular basalt 
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1. Understand how alkaline, 
acidic, and neutral pH 
springs form

2. Understand how 
temperature and pH 
dictates which microbes 
grow where

3. Understand how this relates 
to your enrichment cultures

ACID

ALKALINE
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1. Alkaline chloride

a) Hot springs

2. Acid sulfate

a) Fumaroles, mud pots, 
hot springs

3. Neutral pH (freshwater)
ACID

ALKALINE

Neutral pH





ACID

ALKALINE

Lassen Volcanic Natl. Park

H2S  SO4
2-

SO4
2- + H2O 

H2SO4
Sulfuric acid!
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16S rRNA tree of life

ALKALINE ACID
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Temperature zonation

Synechococcus 73°C
Chloroflexus 65-70 °C upper limit

52-60 °C optimum
Roseiflexus ~60°C

Synechococcus 73°C
Chloroflexus 65-70 °C upper limit

52-60 °C optimum
Roseiflexus ~60°C

Phormidium (Leptolyngbya) 35-60°CPhormidium (Leptolyngbya) 35-60°C

Calothrix 25-40°CCalothrix 25-40°C

Too hot for phototrophs!
But chemotrophs can live here!
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Cyanidiales (red algae)
pH 0.2 – 4.0
40 – 56°C

Eukaryotes
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