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Geology	
  and	
  Geologic	
  History	
  of	
  Earth	
  and	
  Life	
  

Each	
  of	
  these	
  planets	
  (and	
  our	
  moon)	
  has	
  its	
  own	
  unique	
  geology.	
  
The	
  persistence	
  of	
  craters	
  indicates	
  a	
  lack	
  of	
  erosion	
  on	
  the	
  surface.	
  
Venus,	
  Earth,	
  and	
  Mars	
  have	
  volcanoes,	
  through	
  only	
  Earth’s	
  remain	
  acEve.	
  

Geology	
  is	
  important	
  to	
  life	
  on	
  Earth:	
  	
  
three	
  aspects	
  especially	
  important:	
  
	
  
•	
  Volcanic	
  AcEvity	
  releases	
  gases	
  trapped	
  in	
  Earth’s	
  interior,	
  and	
  these	
  gases	
  
were	
  the	
  original	
  source	
  of	
  Earth’s	
  atmosphere	
  and	
  oceans.	
  In	
  addiEon,	
  
volcanism	
  releases	
  heat	
  and	
  creates	
  chemical	
  environments	
  that	
  helped	
  lead	
  
to	
  the	
  origin	
  of	
  life.	
  
	
  
•Plate	
  Tectonics	
  recycles	
  rock	
  between	
  the	
  surface	
  and	
  the	
  interior	
  and	
  
gradually	
  rearranges	
  the	
  conEnents.	
  Its	
  most	
  profound	
  relevance	
  to	
  life	
  
involves	
  Earth’s	
  climate:	
  According	
  to	
  modern	
  understanding,	
  plate	
  tectonics	
  
is	
  largely	
  responsible	
  for	
  the	
  long-­‐term	
  climate	
  stability	
  that	
  has	
  allowed	
  life	
  
to	
  evolve	
  and	
  thrive	
  for	
  some	
  4	
  billion	
  years.	
  
	
  
•Earth’s	
  MagneEc	
  Field	
  significance	
  is	
  that	
  it	
  shields	
  Earth’s	
  atmosphere	
  from	
  
the	
  energeEc	
  parEcles	
  of	
  the	
  solar	
  wind	
  (charged	
  parEcles),	
  and	
  without	
  this	
  
shielding,	
  it’s	
  likely	
  that	
  a	
  significant	
  porEon	
  of	
  our	
  planet’s	
  atmosphere	
  
would	
  by	
  now	
  have	
  been	
  stripped	
  away	
  into	
  space.	
  	
  By	
  blocking	
  these	
  
parEcles	
  it	
  also	
  stops	
  lethal	
  radiaEon	
  from	
  causing	
  mutaEons	
  in	
  our	
  genes.	
  

Geology	
  and	
  Geologic	
  History	
  of	
  Earth	
  and	
  Life	
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How	
  to	
  Read	
  Earth’s	
  History	
   Rocks	
  and	
  Fossils…	
  

Igneous	
  Rock	
  -­‐	
  was	
  once	
  molten	
  and	
  then	
  cooled	
  and	
  solidified	
  
	
  
Metamorphic	
  Rock	
  -­‐	
  structurally	
  transformed	
  by	
  high	
  pressure	
  or	
  	
  

	
   	
   	
   	
  	
  	
  	
  heat,	
  never	
  molten	
  
	
  
Sedimentary	
  Rock	
  -­‐	
  gradual	
  compression	
  of	
  sediments	
  (sand	
  and	
  silt)	
  

Metamorphic	
  rock	
  could	
  be	
  made	
  from	
  igneous	
  or	
  sedimentary	
  rock	
  
transformed	
  by	
  heat	
  and	
  pressure;	
  rock	
  types	
  tell	
  forma?on	
  history;	
  rock	
  
mineral	
  contents	
  tell	
  composi?on	
  

Fossils	
  Created/Survive	
  in	
  Sedimentary	
  Rock	
  

This	
  process	
  is	
  “gentle”	
  	
  
	
  
Process	
  deposits	
  minerals	
  in	
  the	
  
organic	
  maVer	
  and	
  harden	
  it…	
  
such	
  maVer	
  is	
  “replaced”	
  by	
  
minerals	
  
	
  
Some	
  mineral	
  rich	
  organic	
  
material	
  (bone,	
  teeth,	
  shells)	
  
survive	
  mostly	
  intact	
  

Layer	
  by	
  layer	
  of	
  rock	
  is	
  built	
  up-­‐	
  the	
  order	
  of	
  the	
  
strata	
  are	
  assumed	
  to	
  correspond	
  to	
  chronological	
  
age	
  of	
  the	
  rocks	
  formaEon	
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Chronology	
  from	
  Sedimentary	
  Strata	
  

Fossil	
  Gallery	
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The	
  History	
  of	
  the	
  Earth	
  
•  Determining	
  ages	
  
•  FormaEon	
  and	
  EvoluEon	
  
•  Geology	
  and	
  Life	
  

Absolute	
  Ages	
  Measured	
  Using	
  Radiometric	
  Da?ng	
  
The	
  Atom	
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Absolute	
  Ages	
  Measured	
  Using	
  Radiometric	
  Da?ng	
  
Atomic	
  Number	
  and	
  Isotopes	
  

Absolute	
  Ages	
  Measured	
  Using	
  Radiometric	
  Da?ng	
  
Forms	
  of	
  Radia?on	
  

Daughter	
  has	
  two	
  less	
  protons	
  so	
  is	
  a	
  different	
  
element	
  with	
  lower	
  atomic	
  number	
  

Daughter	
  gains	
  a	
  proton	
  so	
  is	
  a	
  different	
  element	
  
with	
  higher	
  atomic	
  number	
  

Daughter	
  element	
  has	
  same	
  number	
  of	
  protons	
  so	
  is	
  
the	
  same	
  element	
  with	
  the	
  same	
  atomic	
  number	
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Absolute	
  Ages	
  Measured	
  Using	
  Radiometric	
  Da?ng	
  

Through	
  a	
  series	
  of	
  radioacEve	
  decays,	
  Uranium	
  morphs	
  into	
  Lead!	
  
	
  
Each	
  step	
  of	
  the	
  reacEon	
  had	
  a	
  (staEsEcally)	
  averaged	
  Eme	
  duraEon	
  (in	
  individual	
  decays	
  
some	
  take	
  shorter	
  and	
  some	
  are	
  take	
  longer	
  than	
  the	
  average).	
  

Radioac?ve	
  Decay	
  to	
  a	
  Stable	
  Element	
  

We	
  assume	
  that	
  all	
  the	
  material	
  was	
  originally	
  pure	
  Parent	
  Isotope	
  when	
  
the	
  object	
  formed	
  
	
  
We	
  then	
  measure	
  the	
  fracEon	
  that	
  remains	
  in	
  the	
  Parent	
  Isotope	
  and	
  the	
  
fracEon	
  that	
  is	
  in	
  the	
  Daughter	
  Isotope.	
  	
  Then	
  using	
  the	
  staEsEcal	
  decay	
  
Emes,	
  called	
  half-­‐life,	
  we	
  esEmate	
  the	
  Eme	
  elapsed	
  from	
  formaEon	
  	
  

The	
  Da?ng	
  Game-­‐	
  Coun?ng	
  Half	
  Lifes	
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Eons,	
  Eras,	
  and	
  Periods	
  of	
  Earth’s	
  History	
  

(old	
  life)	
   (middle	
  life)	
  
(new	
  life)	
  

(earlier	
  life)	
  (ancient	
  life)	
   (visible	
  life)	
  (hellish)	
  

The	
  Cambrian	
  Explosion	
  550	
  Million	
  Years	
  Ago	
  

red	
  line	
  at	
  ~400	
  
million	
  years	
  ago	
  
indicates	
  when	
  
animals	
  colonize	
  on	
  
land	
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Earth	
  Forma?on:	
  Early	
  Times	
  

Three	
  majors	
  processes:	
  AccreEon,	
  DifferenEaEon,	
  and	
  RadioacEve	
  Decay	
  

Earth	
  Forma?on:	
  Accre?on	
  

Evidence	
  for	
  an	
  early	
  accreEon	
  phase	
  is	
  
abundant	
  in	
  the	
  solar	
  system…	
  
	
  
This	
  phase	
  was	
  called	
  the	
  period	
  of	
  heavy	
  
bombardment.	
  	
  It	
  lasted	
  unEl	
  about	
  3.8	
  
billion	
  years	
  ago.	
  	
  
	
  
Bombardment	
  is	
  sEll	
  occurring	
  today,	
  it	
  is	
  just	
  
that	
  the	
  solar	
  system	
  is	
  preVy	
  well	
  cleaned	
  
out	
  now	
  so	
  the	
  frequency	
  of	
  “big”	
  impacts	
  is	
  
much	
  reduced.	
  
	
  
We	
  believe	
  the	
  Earth’s	
  moon	
  was	
  formed	
  
when	
  a	
  “Mars	
  sized” impactor	
  hit	
  the	
  Earth.	
  	
  
The	
  Apollo	
  missions,	
  where	
  the	
  astronauts	
  
examined	
  the	
  moon’s	
  crust,	
  played	
  an	
  
important	
  role	
  in	
  eliminaEng	
  other	
  
hypothesis	
  of	
  the	
  moon’s	
  formaEon.	
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Earth	
  Forma?on:	
  Accre?on	
  –	
  but	
  how	
  about	
  today?	
  
The	
  frequency	
  of	
  accreEon	
  today	
  as	
  a	
  funcEon	
  of	
  “impactor	
  size”	
  

Impact	
  SterilizaEon	
  

Earth	
  Forma?on:	
  Atmosphere	
  
Earth	
  did	
  not	
  begin	
  with	
  an	
  atmosphere-­‐	
  too	
  small	
  to	
  
hold	
  onto	
  hot	
  gases	
  
	
  
Outgassing	
  by	
  volcanoes	
  is	
  the	
  process	
  by	
  which	
  gas	
  is	
  
deposited	
  onto	
  the	
  surface	
  of	
  the	
  planet	
  from	
  its	
  
interior.	
  	
  This	
  is	
  what	
  built	
  up	
  the	
  atmosphere.	
  

Original	
  ComposiEon	
  

• 	
  water	
  
• 	
  carbon	
  dioxide	
  
• 	
  nitrogen	
  
• 	
  sulfur	
  gases	
  
	
  
Water	
  condensed	
  and	
  rained	
  to	
  
build	
  oceans	
  

Early	
  atmosphere	
  dominated	
  by	
  carbon	
  dioxide;	
  today	
  it	
  is	
  dominated	
  by	
  nitrogen!	
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Earth	
  Forma?on:	
  Structure	
  

1.  Core 

2.  Mantle 

3.  Crust 

The	
  core	
  has	
  a	
  solid	
  component	
  and	
  a	
  
viscous	
  fluid	
  component;	
  dense	
  metals	
  
such	
  as	
  iron	
  and	
  nickel	
  

The	
  mantle	
  is	
  composed	
  mostly	
  of	
  silicates	
  
(silicon	
  based	
  minerals	
  with	
  oxygen);	
  
medium	
  density	
  and	
  molten	
  

The	
  crust	
  is	
  lowest	
  density	
  rock;	
  this	
  
component	
  is	
  recycled	
  and	
  changes	
  due	
  to	
  
geological	
  acEvity	
  

Seismic	
  Waves	
  

When	
  waves	
  cross	
  one	
  medium	
  to	
  another	
  
(liquid	
  to	
  solid,	
  high	
  density	
  to	
  low,	
  etc.),	
  the	
  
waves	
  bend	
  and	
  their	
  speed	
  changes.	
  	
  Provides	
  
internal	
  structure	
  and	
  densiEes	
  (composiEon).	
  

How	
  do	
  we	
  know….?	
  

Earth’s	
  Geological	
  Ac?vity	
  
1.  Seafloor Crust 

2.  Continental Crust 

High	
  density	
  igneous	
  rock	
  (basalt),	
  formed	
  
from	
  volcanoes	
  along	
  mid-­‐ocean	
  ridges;	
  
5-­‐10	
  km	
  thick;	
  mostly	
  young-­‐	
  less	
  than	
  200	
  
million	
  years	
  old	
  

Lower	
  density,	
  mostly	
  metamorphic	
  and	
  
sedimentary	
  rock,	
  parts	
  dates	
  back	
  to	
  the	
  
Hadean	
  eon-­‐	
  up	
  to	
  4	
  billion	
  years	
  ago;	
  
20-­‐70	
  km	
  thick;	
  floats	
  on	
  mantle	
  

Mantle	
  Convec?on	
  
Internal	
  heat	
  (mostly	
  generated	
  by	
  radioacEve	
  
decay!)	
  drives	
  convec?on,	
  where	
  hot	
  rock	
  rises	
  
and	
  cool	
  rock	
  sinks.	
  	
  The	
  convecEon	
  occurs	
  in	
  
convecEon	
  cells,	
  which	
  deliver	
  hot	
  rock	
  to	
  base	
  
of	
  the	
  lithosphere	
  (litho=“stone”).	
  	
  	
  
	
  
This	
  process	
  drives	
  recycling	
  and	
  mo?on	
  of	
  
Earth’s	
  crust	
  and	
  keeps	
  Earth	
  geologically	
  
ac?ve.	
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Earth’s	
  Crust	
  and	
  Mantel	
  Convec?on	
  
CompeEng	
  moEons	
  due	
  to	
  convecEon	
  have	
  broken	
  lithosphere	
  into	
  plates.	
  	
  The	
  
process	
  of	
  these	
  relaEve	
  plate	
  moEons	
  is	
  called	
  plate	
  tectonics.	
  
As	
  a	
  result,	
  the	
  plates	
  migrate	
  and	
  Earth	
  experiences	
  con?nental	
  driX.	
  

Con?nental	
  DriD	
  is	
  the	
  gradual	
  shiDing	
  of	
  rela?ve	
  posi?ons	
  of	
  the	
  con?nents.	
  	
  

Earth’s	
  Tectonic	
  Plates	
  

Note	
  the	
  white	
  arrows	
  that	
  show	
  the	
  plate	
  direcEons.	
  	
  Where	
  plates	
  push	
  together,	
  there	
  are	
  great	
  
stresses	
  (subducEon),	
  volcanoes,	
  earthquakes,	
  new	
  mountain	
  ranges.	
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Mt.	
  Everest	
  is	
  s?ll	
  growing	
  1.5	
  
inches	
  per	
  year!	
  

Earth’s	
  Tectonic	
  Plates	
  

DirecEon	
  of	
  current	
  
plate	
  movement	
  

Hawaiian	
  Islands	
  are	
  volcanoes	
  created	
  as	
  the	
  Pacific	
  Plate	
  
migrates	
  over	
  a	
  “hot	
  spot”	
  in	
  the	
  Earth’s	
  Mantle.	
  

Earth’s	
  Tectonic	
  Plates	
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Con?nental	
  DriX	
  

Note	
  how	
  well	
  South	
  America	
  and	
  
Africa	
  (at	
  an	
  angle)	
  fit	
  together.	
  	
  
They	
  share	
  similar	
  geology	
  along	
  
coasts,	
  further	
  sugges?ng	
  they	
  
may	
  have	
  been	
  joined	
  in	
  the	
  past.	
  

Dinosaurs	
  Ruled	
  

By	
  playing	
  the	
  moEons	
  backwards	
  and	
  tying	
  together	
  the	
  
geological	
  record	
  in	
  sedimentary	
  rocks,	
  we	
  have	
  a	
  model	
  of	
  the	
  
history	
  of	
  the	
  Earth’s	
  plates.	
  	
  	
  
	
  
Note	
  the	
  predicEve	
  power	
  –	
  illustrated	
  150	
  million	
  yrs	
  future	
  

hVps://www.youtube.com/watch?v=YrruvHNwGq4&spfreload=10	
  	
  	
  
VIDEO:	
  FormaEon	
  of	
  the	
  Earth	
  10:24	
  
	
  

Earth’s	
  Tectonic	
  Plates	
  

Earth’s	
  Magne?c	
  Field	
  

A	
  charged	
  parEcle	
  in	
  a	
  magneEc	
  
field	
  spirals	
  along	
  the	
  field	
  lines	
  
	
  
The	
  parEcle	
  is	
  “trapped”	
  
	
  
This	
  is	
  what	
  stops	
  energeEc	
  
parEcles	
  from	
  the	
  sun	
  from	
  
reaching	
  the	
  Earth’s	
  surface,	
  
except	
  at	
  the	
  poles	
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hVps://www.youtube.com/watch?v=yEYy_nVC4L0	
  
VIDEO:	
  Earth’s	
  MagneEsm	
  7:38	
  

Earth’s	
  Magne?c	
  Field	
  
Earth’s	
  Invisible	
  Protec?ve	
  “blanket”	
  

Greenhouse	
  Effect	
  
Trapped	
  Infrared	
  Light	
  è	
  	
  Heat	
  

Visible	
  light,	
  which	
  our	
  eye	
  is	
  responsive	
  to,	
  is	
  only	
  one	
  small	
  porEon	
  of	
  the	
  electromagne?c	
  
spectrum.	
  	
  Infrared	
  porEon	
  is	
  lower	
  energy,	
  longer	
  wavelength	
  and	
  is	
  important	
  for	
  the	
  
Greenhouse	
  Effect.	
  
	
  
The	
  energy	
  carried	
  by	
  light	
  is	
  dependent	
  upon	
  its	
  oscillaEon	
  frequency	
  

Light	
  is	
  a	
  wave	
  of	
  oscillaEng	
  electric	
  and	
  magneEc	
  energy	
  
The	
  size	
  of	
  the	
  oscillaEon	
  is	
  called	
  the	
  wavelength	
  

The	
  ElectromagneEc	
  Spectrum	
  

infrared	
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Greenhouse	
  Effect	
  
Trapped	
  Infrared	
  Light	
  è	
  	
  Heat	
  

Visible	
  light	
  and	
  Radio	
  wave	
  pass	
  through	
  the	
  atmosphere	
  
easily,	
  but	
  infrared	
  light	
  does	
  not,	
  because	
  it	
  is	
  absorbed	
  by	
  
certain	
  molecules	
  in	
  the	
  atmosphere	
  

In	
  order	
  of	
  the	
  
most	
  absorbing	
  to	
  
the	
  least:	
  
	
  
1.	
  Water	
  Vapor	
  
2.	
  Carbon	
  Dioxide	
  
3.	
  Nitrous	
  Oxide	
  
4.	
  Methane	
  
	
  
The	
  higher	
  the	
  
concentraEon	
  of	
  
the	
  gas,	
  the	
  greater	
  
the	
  total	
  absorpEon	
  

Greenhouse	
  Effect:	
  Greenhouse	
  Gases	
  (absorb	
  infrared	
  light)	
  
Trapped	
  Infrared	
  Light	
  è	
  	
  Heat	
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Greenhouse	
  Effect	
  
Trapped	
  Infrared	
  Light	
  è	
  	
  Heat	
   Main	
  Greenhouse	
  Gases:	
  

(1)	
  Water	
  Vapor	
  
(2)	
  Carbon	
  Dioxide	
  

Greenhouse	
  Effect	
  
Trapped	
  Infrared	
  Light	
  è	
  	
  Heat	
  

This	
  14%	
  will	
  increase	
  if	
  
concentraEon	
  of	
  greenhouse	
  
gases	
  increases	
  	
  
	
  
AddiEonal	
  absorpEon	
  by	
  the	
  
atmosphere	
  results	
  in	
  a	
  
global	
  temperature	
  increase	
  

Of	
  the	
  50%	
  absorbed	
  by	
  the	
  ground,	
  
30%	
  is	
  emiVed	
  as	
  latent	
  heat	
  and	
  20%	
  
is	
  emiVed	
  as	
  infrared	
  radiaEon	
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Greenhouse	
  Effect:	
  Long	
  Baseline	
  Data	
  

On	
  average,	
  	
  the	
  Earth	
  has	
  been	
  warmer	
  than	
  the	
  
esEmated	
  mean	
  global	
  temperature	
  of	
  15	
  C.	
  
	
  
Note	
  how	
  hot	
  it	
  was	
  during	
  the	
  period	
  of	
  the	
  
dinosaurs	
  
	
  
Note	
  the	
  ice	
  ages	
  during	
  the	
  TerEary	
  era.	
  	
  	
  
	
  
What	
  is	
  driving	
  those	
  oscilla?ons?	
  
	
  
Carbon	
  Dioxide	
  Cycle	
  due	
  to	
  Volcanic	
  AcEvity?	
  
	
  

Dinos 
ruled 

The	
  Carbon	
  Dioxide	
  Cycle	
  
Regula?ng	
  Earth’s	
  Climate	
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The	
  Carbon	
  Dioxide	
  Cycle	
  
Regula?ng	
  Earth’s	
  Climate	
  

Under	
  stable	
  geological	
  condiEons	
  (constant	
  volcanic	
  acEvity)	
  rain	
  regulates	
  the	
  carbon	
  
dioxide	
  concentraEons	
  in	
  the	
  atmosphere,	
  so	
  that	
  Earth’s	
  temperature	
  oscillates	
  around	
  a	
  
mean	
  value.	
  	
  How	
  can	
  this	
  process	
  become	
  unstable?	
  

Runaway	
  Greenhouse	
  Effect:	
  A	
  thought	
  experiment	
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Recent	
  data	
  of	
  the	
  carbon	
  dioxide	
  concentraEon	
  in	
  the	
  Earth’s	
  atmosphere.	
  
	
  
Since	
  1960,	
  the	
  average	
  concentraEon	
  has	
  risen	
  by	
  65	
  ppm	
  by	
  2013.	
  	
  Note	
  the	
  seasonal	
  variaEons.	
  

Greenhouse	
  Effect:	
  Recent	
  Data	
  

The	
  industrial	
  revoluEon	
  began	
  about	
  100	
  years	
  ago,	
  and	
  this	
  marks	
  the	
  Eme	
  of	
  rapid	
  
increase	
  in	
  the	
  human	
  generated	
  sources	
  of	
  the	
  atmospheric	
  carbon	
  dioxide	
  concentraEon	
  
and	
  a	
  general	
  rise	
  in	
  the	
  Earth’s	
  average	
  temperature	
  by	
  ~	
  0.7	
  degrees	
  Celsius.	
  
	
  
The	
  issue	
  is:	
  at	
  what	
  point	
  does	
  the	
  greenhouse	
  effect	
  “run	
  away”,	
  that	
  is,	
  become	
  unstable	
  
to	
  an	
  irreversible	
  process	
  in	
  which	
  the	
  oceans	
  begin	
  to	
  evaporate	
  away?	
  	
  This	
  is	
  called	
  the	
  
Runaway	
  Greenhouse	
  Effect,	
  and	
  it	
  WILL	
  happen	
  to	
  Earth	
  due	
  to	
  the	
  brightening	
  of	
  the	
  sun	
  in	
  
about	
  1.5	
  to	
  3	
  billion	
  years	
  from	
  now	
  no	
  maVer	
  what	
  humans	
  do.	
  

Greenhouse	
  Effect:	
  Recent	
  Data	
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Greenhouse	
  Effect:	
  Recent	
  Data	
  

Not	
  only	
  is	
  the	
  carbon	
  dioxide	
  concentraEons	
  increasing,	
  but	
  the	
  methane	
  and	
  nitrous	
  oxide	
  
greenhouse	
  gas	
  concentraEons	
  are	
  also	
  increasing	
  since	
  the	
  industrial	
  revoluEon	
  began.	
  

Computer	
  simulaEon	
  models	
  for	
  each	
  of	
  the	
  
projecEons	
  indicate	
  a	
  conEnued	
  temperature	
  
increase	
  over	
  this	
  century.	
  	
  
	
  
If	
  under	
  the	
  “lower	
  emission”	
  scenario	
  (B1),	
  
there	
  is	
  sEll	
  a	
  1.2	
  to	
  2.5	
  degree	
  predicted	
  
increase	
  relaEve	
  to	
  1990	
  temperatures.	
  

Greenhouse	
  Effect:	
  Projec?ons	
  and	
  Model	
  Predic?ons	
  

These	
  are	
  projecEons	
  
for	
  the	
  carbon	
  dioxide	
  
concentraEons	
  for	
  
different	
  emission	
  
scenarios	
  

Temperature	
  Anomaly	
  PredicEons	
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The	
  Snowball	
  Earth	
  
Geologists	
  discovered	
  evidence	
  of	
  
several	
  long	
  and	
  deep	
  ice	
  ages	
  between	
  
750-­‐580	
  million	
  years	
  ago	
  and	
  between	
  
about	
  2.4-­‐2.2	
  billion	
  years	
  ago.	
  Glaciers	
  
advanced	
  all	
  the	
  way	
  to	
  the	
  equator.	
  	
  	
  
	
  
Ice	
  reflects	
  ~90%	
  of	
  the	
  sunlight	
  hiung	
  
it.	
  	
  Further	
  increase	
  in	
  global	
  ice	
  sets	
  up	
  
a	
  posiEve	
  feedback	
  process	
  that	
  cooled	
  
Earth	
  even	
  further,	
  called	
  a	
  Runaway	
  
Ice	
  Catastrophe,	
  resulEng	
  in	
  a	
  Snowball	
  
Earth.	
  

As	
  we	
  saw,,	
  the	
  Cambrian	
  Explosion	
  (550	
  millions	
  
years	
  ago)	
  occurred	
  right	
  aver	
  one	
  of	
  these	
  periods,	
  
as	
  did	
  the	
  rise	
  of	
  oxygen	
  (2.2	
  billion	
  years	
  ago).	
  
	
  
Coincidence?	
  	
  	
  


