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The Cruc |b e of Complexity |

ow Earth ‘Greatest Catastrophes
- Forged Complex Life

From Snowball Earth to the Dawn of Animals
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Depth/Time Gauge

2.5 Gya

Act |I: The Anoxic Dawn
~2.5 Gya
Single-celled life thrives in a dark, oxygen-free ocean,
setting the stage for the Great Oxidation Event.
1.0 Gya
> g . %
Act ll: The Great Freezes P
/ ."} 717—635 Ma / g
/17 Ma 4 " The Cryogenian period unleashes the Sturtian and Marinoan |
global glaciations. The Earth becomes a frozen Snowball.
XAz - :
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Act III The Blologlcal Radlatlons
SISMay | == 575-500Ma /
e - The ice recedes, giving way to the bizarre Edlacara biota el
and the subsequent Cambrian Explosion of complex animals. '*
500 Ma —
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— The Discovery

Exceptionally large fossilized bacteria
found preserved in the silica-rich rock of
the Kaapvaal Craton in South Africa.

500 Ma -+

The Environment —

Thriving 2 billion years before
plants evolved. They lived in a
dark, deep-water environment

with less than 0.001% of Earth's
current oxygen levels.

The Metabolism

« & Pre-Oxygen Survivors: Instead of

' gl oxygen, they metabolized molecules
"8 dissolved from sulfur-rich volcanic
- minerals on the ocean floor.
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2.5 Gyan

2.5 Gya-H

1. The

Cyanobacteria 2. The First Mass 3. The Methane 4. The Planetary
Bloom Extinction Crash . Chill
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Photosynthetic algae Oceans become saturated Escaping oxygen reacts - The methane oxidizes into
explode in population, pro- with oxygen, acting as a with atmospheric methane, carbon dioxide (a weaker
ducing a lethal new waste literal poison and wiping out the potent greenhouse gas - greenhouse gas), stripping
product: free oxygen the obligate anaerobic that kept the young, faint - away Earth'’s thermal
(The Great Oxidation Event). bacteria that dominated Sun's warmth trapped. blanket and setting the stage
the Earth. ~ for global glaciation:
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CRYOGENIAN
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/17 Ma

Sturtian

645 Ma

Earth cools; :
polar ice caps expand. \

N The Ice-Albedo Tra
' (The Cooling Loop) P

\ White ice increases Earth's albedo

635 Ma

635 Ma

= (reflectivity), bouncing more solar

= radiation back into space.

=

= o — -

T The Tipping Point

= o] Once advancing ice reached 30° latitude, the feedback
£ Less ';E?tthatr’smbl?d means N loop became unstoppable. Equatorial temperatures
73 i Rasdls R plummeted to match modern Antarctica.
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— 717 Ma
= 4 e ——
3 Model A: The ‘Hard’ Snowball
= R R—————
=
= =
= Lp)
i— 645 Ma
= 635 Ma
é = Conditions: Extreme isolation of the ocean from the
= 617Ma | atmosphere. Photosynthesis halted globally.
| B
- S Evidence: Banded Iron Formations (BIFs) require a
| EZ completely anoxic, sealed ocean to allow dissolved
~ M= 797Mma @ Iron to accumulate before precipitating.

"‘l'

Model B: The ‘Slushball’ (Waterbelt)

Conditions: A functioning, restricted hydrological
cycle allowing some sunlight penetration.

Evidence: Sedimentary records showing wave-formed
ripples and interbedded glacial and shallow marine
sediments, requiring active water movement.
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Depth/Time Gauge - Refuges in the Ice:

— 717 Ma
= How Life Survwed
- Small holes of f open water
= = - kept clear by winds and ocean
| E i Cryoconite Pans ﬁﬁ{ﬁeﬂm hal}l{uwlﬂ)?hsunllght for
- % Puddles of “dirty ice” melted by = 4 UL
= dark volcanic ash absorbing
- 845 Ma solar radiation on the surface,
= supporting microscopic 0ases.
= E
= —
o = 635 Ma 'Subglacial Meltwater
SN Pockets of ﬂxygenatecl liquid
3 B water trapped beneath the ice,
- fed by glacial scraping:
~ |l— 635Ma |
=N S
=, 12
= =
— 617 Ma S | i,
- & — Hydrothermal \ents
= E x G Black smokers pur pumping
= D Z ? chemical heat and nutrients
— 717 Ma : into the dark, anaerobic deep:
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Depth/Time Gauge

—— 717 Ma v Escape (T/]e
T — Y
= )
—f &
= 5 B Node X:
= Volcanoes continuously
= emit CO2 and methane
— 645 Ma L ¥ over millions of years \
= { e - 1
= || - Nodej:E >
=4 Y With the ocean sealed by ice, |
E‘T 635Ma e CO2 cannot be absorbed.
SINE Eqﬂaﬂigfm | Atmospheric CO2 spikes to 13%
o = chciaton Tl ,*/ e ‘ ~ (350x modern levels).
r:.. - = = - _ . ' . g
P : :_ ‘E = fﬂr Yy - - .' : g 9 g = —
| Bt ‘1 The Tipping Point = . < B
= & The highly reflective ice begins to melt, exposing e *“— Node Z:
= E dark ocean water which absorbs massive solar " An ultra-greenhouse
=i 2 heat. The global thaw cascades in as little as ' effect takes hold.
= 1,000 years, triggering intense acid rain. Surface temperatures
— 717 Ma ‘_ | violently spike.
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Cryogenian-Ediacaran

635 Ma
= 635 Ma

645 Ma

Ediacaran

717 Ma

The Post-Glacial Nutrient Dump: The Evolutlpnary Pump

/t-a.

The Grind:
Retreating glaciers
scrape the continents,
pulverizing rock into
fine dust.

The Flush:
Mega-melts dump
massive plumes of

phosphorus, copper,

and minerals into
the ocean.

The Breath: Primary
S = productivity skyrockets,
- causing rapid re-oxygenation.
The survival bottleneck of the
ice age forces surviving
eukaryotes to radically adapt
to this oxygen-rich reality.

The Bloom: This
intense nutrient
shock triggers a
massive explosion |
of cyanobacteria. P
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The Ediacaran
Dawn

The Dawn of Macro-Life

The Ediacara biota represent Earth's
first complex, macroscopic
organisms, emerging from the ice into
a sunlit world.

An Alien Biology

They grew large and intricate, yet they
entirely lacked hard skeletons, shells, or
teeth. Their biology remains one of
paleontology's greatest mysteries.

Ediacaran Period

The Garden of Ediacara

This era represents a uniquely peaceful
\\ interval in Earth's history—a complex
- ecosystem completely devoid of
. macroscopic predators.
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A Taxonomy of the Bizarre

Ediacaran Period
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Rangeomorphs

Fractal, quilted fronds
composed of self-simi-
ilar branching units.

Erniettomorphs

Biserially quilted tubes
arranged alternately.

Asymmetrical bodies.

Non-motile.

: Examples: Ernietta,
Bradgatia.
Bilateral Forms Radials

Early head/1ail
differentiation.

Capable of intermittent
movement.

Examples: Kimberella,
Spriggina.

Tri, penta, or octoradial
symmetry.

Stationary benthic
organisms.

Examples:
Tribrachidium, Arkarua.
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Where Do They Fit? The Great Phylogenetic Mystery
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Ediacaran Period

Rangeomorphs

(Dead End: Extinct fractal biology) Cnidarians

Tri/Tetra/Penta Radials
~  (Extinct steps between
*, sponges and jellyfish)

Crown-Group Bilaterian Animals
(Deuterostomes & Protostomes)

.
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Bilateral Forms
(Stem-Group Bilaterians: The likely
ancestors of all modern animals)

Sponges &
Sponge-Grade Forms
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Ediacaran Period
575-541 Ma
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Tiering (Height/Depth)
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The Ediacaran Ecospace

B E e e
\f.:.‘_}r@w”’h(&(&(
S <
SO S

> A rE ’

i

S

o)
.

. e

I

NENVE SN

-

a
;.'5‘
be )
e

NI S O g

~10% Occupancy. Life is strictly 2D. Dominated by sessile,
epibenthic osmotrophs absorbing nutrients through skin, and

slow grazers. No deep burrowing, no swimming, no predation.

Tiering (Height/Depth)

The Ediacaran Ecospace: Life in 3D

The Modern Ecospace

>

~78% Occupancy. A complex 3D world of active hunting,

deep endobenthic burrowing, and high-speed pelagic
swimming.
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Ediacaran Period

Diversity vs. Disparity: The Avalon Explosion

Nature invents wildly at the beginning, then settles into variations on a theme.
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Diversity
(Number of Taxonomic Species)
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High Diversity
Later eras simply created new species

using the established blueprints, without
inventing fundamentally new body plans.

White Sea & Nama
Assemblages
(560-542 Ma)

High Disparity, Low Diversity
The earliest Ediacarans invented
almost all the wild biological
blueprints right out of the gate.

Avalon Assemblage
(575-560 Ma)

—2 -1 0 1 2 3 Low
Disparity (Strangeness of Body Plans / Morphospace)



575-541 Ma

The Vanishing: The peaceful Ediacara biota
- suddenly disappear from the fossil record,
outcompeted or erased by shifting environments.

— 541"Ma Boundary The Cambrian] Explos:on

Ediacaran Period

The Dawn of Predators: The oceans fill with
biomineralizing animals, hard armor, and
complex predator-prey dynemiee.
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Disaster is the Engiﬁe of Complexity. The oxygen crisis poisoned the anaerobes. Snowball Earth froze the oceans. Yet each

planetary eataetrephe forced life through a survival bottleneck, wiping the slate clean to pump out unprecedented evolutionary leaps. |l |
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