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Magma is generated at subduction zones where dense
oceanic plates are pushed under lighter continental plates.
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Volcanic and Hydrothermal Activity

volcanic rocks, fumaroles, hot springs, altered rocks, clays, sinters

various localities
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Searching for Clues of
Early Life

Researchers from NASA and
academia are working together in
Lassen to study microorganisms
that thrive in water too hot

forhumans to touch. They can tell us

about the first organisms on Earth
as well as the potential for life to
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Molten Rock

Sulphur Works

Making Mud

This vat of bubbling mud contains the
perfect mix of ingredients to create
mudpots: heat, gases, water, volcanic
rock, minerals, acid, and
thermophiles — heat-loving
microorganisms too small to be seen
with the naked eye. These
thermophiles consume some of the
gases and help convert them into
sulfuric acid. The acid breaks down
rock to form clay, which mixes with
water to create mudpots.

precipitation, the mudpot on the left is very dry and is dominated by steam. In the spring when the
snow begins to melt, the water mixes with the clay to form a bubbling cauldron of mud, as is shown
in the mudpot on the right.

Exhibit made possible by support from NASA Astrobiology Institute and Lockheed Martin Exploration and Science



Volcanic Gases

Major Minor

Water vapor Nitrogen

o Methane

Sulfur dioxide or Hydrogen chloride
Hydrogen sulfide  Helium

Neon
Hydrogen Other halide gases

These chemicals affect the reactions that occur
between rocks and water, especially at elevated temperatures
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Cold Bonllng

€ 2012-Google L ake GOOS[Q earth
Imagery Date: 7/9/2012 & 1993 40°26'26.39" N"121°24'21.59" W eleyv 5749 ft Eye alt 11679 ft

altitude 11679 feet, Drakesbad
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\magery Dale 74972012 . 1993 _: 40:26'20. 64 NE12152 5502 10' W oelev, 5836 ft Eye alt 11679 ft
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Lassen Water Analyses

Calcium
lron
Potassium
Magnesium
Manganese
Sodium
Fluoride
Chloride
Silica
Sulfate

Alkaline Neutral Acidic
Springs Springs Springs

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
?7?7?




Sulphur Works
Lower Site




Range of Conditions that Sustain Life

Degradation

Nutrient (e.g., UV, thermal)

Starvation
Energy

Minimum
i —=—=pp Djlution

Activity:
l Nutrients
Toxicity

Haloarchea 0.75
Fungi 0.61
Energy Starvation




3. 5 Bllllon Years Ago The Archean Earth



Spirit Rover on Husband Hill, Gusev crater, Mars




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

Vesicular basalt
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Kenosha Comets: Elizabeth Mahon: 70+ SiO,
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ASTROBIOLOGY

LIFE IN THE UNIVERSE

1. Understand how alkaline, s ALKALINE [

acidic, and neutral pH B N W

i

springs form
Understand how
temperature and pH

dictates which microbes
grow where

Understand how this relates
to your enrichment cultures




ASTROBIOLOGY

LIFE IN THE UNIVERSE

Alkaline chloride
a) Hot springs
Acid sulfate

a) Fumaroles, mud pots,
hot springs

Neutral pH (freshwater)

Neutral pH JEE#a
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sclance that axplores for life

Astrobiology.

Sulphur Works

- Making Mud

This vat of bubbling mud contains the
perfect mix of ingredients to create

—— oLa
g Mudy | mudpots: heat, gases, water, volcanic
|\ rock, minerals, acid, and
s o wpim e B0 . thermophiles — heat-loving
o OFO e 04 | microorganisms too small to be seen
L _— by the nal:r.ed eye. These
W corgpun (& s, | thermophiles consume some of the
e et gemen o | gases and help convert them into
‘:‘,,.,,ﬂ.y frv'..ET: e ™ h’ﬂ :‘" n*““’:, | sulfuric acid. The acid breaks down
i g giIFIBaSs p—_ piert® ol cRIE T 1 ; : ]
pon B 1o S renn 87 | rock to form clay, which mixes with
g MO T annde. 0008 T _——  water to create mudpots.

Searching for Clues of

Early Life

Researchers from NASA and

acadamia are working together In

Lazsan to study microorganiems

that thrive In water too hot for

humans to touch. Thay can tell us

about the first organksms on Earth,

as well as the potential for lifa to

have existed on Mars or other g - -

bodles | golar systam. Th . ;
. o i Mudpots change with the seasol

mudpots are dry and dominated by steam, as seen in the image on the left. The image on the right

shows the same mudpot in the spring, when the snow melts and water mixes with clay to form a
bubbling cauldron of mud.

alsewhara in the universe iz called

Exhibit made possible by suppor from NASAAstrobiology Institute and Lockneed Martin Exploration and Science



Lassen Volcanic Natl. Park
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ASTROBIOLOGY

LIFE IN THE UNIVERSE
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Bacteria Archaea Eucaryota
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Halophiles
Plants
Ciliates
Flagellates
Trichomonads

Microsporidia

Diplomonads

16S rRNA tree of life
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ASTROBIOLOGY

LIFE IN THE UNIVERSE

Cyanldlales (red algae)
pHO0.2-4.0
40 -56° C







