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Life Finds a Way to Thrive

Some definitions

° Photosynthesis

* Chemosynthesis

* Extremophile




The process plants use to convert carbon dioxide and
water into sugars (food), using energy from the sun.

The sun gives off 1
energy in the form of
light.

Plants absorb sunlight ;
and take up water from Oxygen
the soil and carbon '

dioxide from the air y

The plants use energy
from the sun to 3

combine carbon dioxide ) -

=

EGlucose
(sugar/food)

and water to make food
(glucose/sugar).

Carbon
Dioxide

The plants grow and

reproduce and are

eaten or hosted as

internal symbionts in

animals, like corals. @

5
W at solar Energy Glucose PRSI
, Walter , Dxygen
Dioxide (sugar/food)




Cold Seeps

Hydrothermal Vents

The process by which microbes @p Oxygen Methane
. (el
create sugars (food) using e
energy released from
chemical reactions

1 Chemical-rich waters emerge from
beneath the seafloor at

& CJr::> ’ hydrothermal vents and cold seeps. Cj’. C - E— ,
BB 2 Some chemical reactions release ﬁ%
tt’ ® chemical energy. Chemosynthetic ey : ®
. - o E‘;qur} (2 microbes harness the chemical _ 2 o0 Sugar
Microbes (food) |} 3 I energy released during reactions Microbes (food) § 3 | A
\ with vent or seep chemicals. '
~ ‘ The microbes use the chemical
|2 ] energy convert inorganic carbon to e
organic molecules, or food, through 4 ﬁ
Tl ‘ the carbon fixation process. Ja— e
2® ¢ 0
4 The microbes grow and reproduce, "% &
and are eaten, or hosted as internal R'i¥8
Vent Chimney — ~- ! symbionts by other animals like | IR B! :
: Microbial Mat Tubeworms tubeworms and mussels. Tubeworms ’ Microbial Mat Cold Seep

Mussels

CH, + 20, — CH,0H + 2H,0 + %
Oxygen Methanol Water  Chemical
energy

HS + 20, = SO, + 2H* + 1}
Hydrogen Oxygen Sulfate Hydrogen Chemical
Sulfide ion ion energy

E Energy releasing chemical
equation Methane

VAo VAN
co, — ! 5 — CH,,0, B Carbon fixation processes CH,0H — HCHO — \_’;) —> C¢H,,0;
Carbon Glucose produce sugar (food) Methanol ~Formaldehyde carhonfixation  Glucose
Dioxide (sugar) process (sugar)

Note; This diagram only includes one chemaosynthetic pathway for vents and seeps. Due the the complex microbial diversity and chemicals

Carbon fixation process

found in these environments, there are several biochemical pathways that support the chemasynthetic communities found at each,




SEA ICE, PERMAFROST ~ COLD SEEPS AND SHALLOW-WATER HOT-SPRINGS, HYPERACIDIC LAKES DESERTS AND ACID MINE

HYDROTHERMAL FUMAROLES AND
AND POLAR REGIONS MUD VOLCANOES VENTS MUD VOLCANOES AND VOLCANOES ARID ENVIRONMENTS DRAINAGE

DEEP-SEA MARINE AND SODA LAKES NUCLEAR OPHIOLITES AND
SEDIMENTS CONTINENTAL AND HYPERSALINE CONTAMINATED CONTINENTAL

DEEP-SEA ANOXIC DEEP-SEA SERPETINIZING

HYDROTHERMAL
LAKES AND BRINES VENTS ENVIRONMENTS  AND TRENCHES SUBSURFACE LAKES SITES SERPENTINIZATION



















Selected Moons of the Solar System, with Earth for Scale

Astlsroid Jupiter Saturn Uranus Neptune Pluto Eris
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A Scale Model
If Earth 1s 2 centimeters, then

the Moon would be 1/2 centimeter.
And Mars would be 1 centimeter

And Saturn would be 20 centimeters

And the Earth and Moon are separated by 358 centimeters = 23 inches

And the Earth and Mars are separated by 13000 cm = 426 feet

And the Earth and Saturn are separated by
212,000 cm = 1.6 miles







Saturn's Satellites and Ring Structure
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All bodies are to scale exc
sizes have been
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Enceladus
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Essential for Life

Energy Source
Water

Earth Based Chemistry

0)4%4%1! Phosphorus
Hydrogen

Carbon

Sulphur
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