Earth & Earthlike Planets




Course Logistics

= | ife Everywhere and Rare Earths are now in the
U-Store

= Fach precept will be divided into two teams (at
this week's precept). Debate topic: Are Earthlike
planets in habitable zones common? Come
prepared withi 1 page brie

= Einal: Yeurwill get a leng list off guestions in
advance and will have to answer ai select list of
guestions




Evolution of Earth’s
Atmosphere

Earth lest its. early
atmosphere. in major
collisions (first 10-100
Myr)

Subsequent infall of:

cometsi brought'in
materialliion euter solar
system analreplenished
N5, H50.

\/elecanic seurnce off CO5

3.6 Gyr ago: 10/ haref
CO,




Losing Our Air

= Catastrophic Atmoespheric
Loss

= Thermal Escape

Velocity depends on mass
off molecule 1C Escape

Preadicts, that all light
elements are lost

Does not fit abundance

- Priven Wind

= Solar EUV radiations hits H
Which drfives wind.

Wind preierentially.
[emoves light elements; that
alene empedded in heavy
molecules

Thermal distribution




Oxygen

During pre-Cambrian period
(90% ofi age of Earth), Oxygen
levels were > 2% off current
levels

Biogenic production oft Oxygen

= Oxygeniis highly reactive. In
the albsence of biogenic
production;, woulaldisappear.
[Friee oxygen appears about: 2
Gy ago) (first pollutien erisis)
[Fe albundances)in rock traces
Oxygen abundances

= AppEarance of:0zene: in
tioposphere allews: burst: of
marine productivity. Increases
[ate ol careRiixIng in
carbonates

cynobacteria




Energy Balance
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Greenhouse Effect

reflected
A

1-a)L/47D?
Greenhouse gases

«CO,, CH,

alL/4nxD?

Earth Surface




Were Terrestial Planets Once
Similar?

= Earth, Mars, Venus have
similar masses and
composition

= Carbon cycle
= On Earth, CO2 in oceans

settle into rocks

= \/enus Is too hot for
oceans. Water lest during
early very hot phase

Viars: Noe plaier teclonics--
nNe seurce for CO2




Mars: Too Cold

P
Early Mars was

walimer

= COj, now. incorporated
[N carbonate rocks

Evidence of running
Walter;

IHas Vlars had recent
episedes ofi high
pressure and liguid

Welislg
Dry lake beds on
Mars?




Mars & Water

Evidence of running
water on Vlars

Is there still running
Water?

Is there life?

[FOCUS Of Upcoming
NASA missions

Are we Martians?




Venus: Too Hot

= Nearly Earnthlike: almost the same mass
and heated at similar rates

" Surface temperature ~700 K
= Runaway greenhouse eliiect

5 How was Venus: water lost?
= Blowoft of H7?
= Early super-greenhouse




Earth: Just
Right?

Sun’s temperature is
slewly: Increasing.
Temperature was 30%
lowWer in past

Earth’s temperature has

PEEn remarkanly constant

IHigher concentration| of:
glreenhouse gases

CO2 trapped in
carnpnates today

PLEISTOCENE

TERTIARY

CRETACEOUS

JURASSIC

TRIASSIC

PERMIAMN

DEVONIAN

' WARM COOL WARM cooL

coo IR coot |

SILURIAN

ORDOVICIAN

CAMBRIAN

PRECAMBRLAN

C. R. Scotese

FALECMAP o

TSI\

CooL WARM

Average Global Temperature




Snowball Earth

= Spnow/ice instability TR &
= Albedo ofiice = 0.8 : LAl
= Albedo of sea water=0.1

= Qver past severallmillion 3 . ‘

years, multiple
glaciations. LLast ene
ended only 10,000 years
ago
Aboeut 1" Gyr ago,
conunents were allfneal
equator., llce near
completely coverear=artn
= |ce witheut end?

= Seems to persist for
milliens of years




Snowball Earth i

= \/olcano outgassing
iIncreases CO;, to 300x
current levels
= | imited plantlife > ne CO;
Sink
= Signature seeniin *C/2C
ratio

= Earth's temperature
iIncreases to 50 C

= Cap carbonates
= Viultiple eycles?

. Survival of life near volcanic
vents? Unirezen regions, of
ocean’?

= EXtinctions, lead (e emergence
off multicellularliie?




SNOWBALL FREEZE-FRY SCENARIO

lbedo ~ 0.3

glacier

marine shelf

low-latitude continent

L shatlow
COp~ 0.1 troposphere
”‘
sand dunes

= seaice
~0.4 km

deep troposphere
albedo ~ 0.4 (with clouds) P HOpoSp

4.

"cap" carbonate

clastic sediment ’\

Cartoon of one complete 'snowball' episode, showing variations in planetary albedo,
atmospheric carbon dioxide, surface temperature, tropospheric depth, precipitation,
glacial extent, and sea ice thickness. Stage 1. incipient glaciation; 2. runaway ice-
albedo (onset of 'snowball'); 3. end of 'snowball’; 4. transient 'hothouse' aftermath.




21st Century Greenhouse
Experiment

a ?0

= Burning fossil fuels: we ve

seen that CO2 plays

Important rele in thermal 3 o0

o 200

palance

2?0

= Global effects

= |ce caps melting
= Floeding| ol coastallregions
= [Pestruction of habitats

Global Temperature Changes (1880-1999)
14

= 2 -10 K mean warming of
Earth’s surface

= Comparable termajor
climaticevenis




The global climate of the 21st century

(a) CO; emissions ib) COg soncentrations
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Mass Extinction

Location of the
Chicxulub crater

" Bombardment continues North America
o teday

= Comet hits Yucatan
penisula 65 million;years
ago

Collision kicks up dust  BSSS |
layer that covers Earth’s B
surface

INUclear winter ,
e Age of Mammals

Sudden disappearance of Y
muchioitliie enplanet =9 T
(Including dinesaurs)

Irdiun layer
Evidence off global fires
INUclearwinter

tropic of cancer

: milesO 100 200

L kmo 100 200 300




Another Thing to Worry
About...

Tlunguskal impact

]OO/ye;r// 1/year 1/100 years  1/10,000 years
P

Evidence for episodic i |
dence oK epIso . P 4 g/

extinctions

Proposals, for large scale
astronemical surveys

5ad Foellyweed movies

[Role ol Jupiter as
Planetary Proetecior:

World Fatality Rate (Deaths/Year)




Other Earth-Like Planets

= Ocean Planets

= 1-8 Earth mass planets that form in outer solar
system disk and migrate ini (smaller version ofi Uranus
and Neptune)
" Too smallito retain H and IHe, but able to retain water
= Vioves inwards (like Jupiter-like planets)

= [Deep Oceans (60 km?)
= Oxygen atmosphere (withoutliie)
= Cloud layerallows  comiortable conditions close! to
Stal
= [Farth leeks very difierent at aifferent stages

= Mars, Venus: small differences lead to
signilicant Varatien 1N planet Propesties







