e ANnouncements

s Use Priyanka Sharma as TA

¢+ psharma@lpl.arizona.edu
+ Office hours: Tuesday 10.30am-12.30pm
Room 316, Kuiper Building
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In this lecture...

e Introduction
s Comparisons to Earth
m Seasons on Mars
m Early ideas

e Spacecraft exploration
= Not Earth-like after all
s Familiar landforms

o Early Martian History
m Crustal dichotomy
m Large impacts and volcanic activity
s Magnetic fields
m Valley networks




Introduction

o One of the larger terrestrial planets
m Intermediate between Mercury/Moon and Earth/Venus

Mercury

Chapter 11 Opener
Universe, Eighth Edition
© 2008 W.H. Freeman and Company



o Comparison to the Earth
= A mini-Earth?

\ETES

Size

Mass

Density

Solar Distance
Year

Obliquity
Rotation period

Surface

53% of the Earth
11% of the Earth

3934 kg m3
(Earth/Venus ~ 5500 kg m-3)

1.52 AU
687 days, 1.9 Earth years

25°

(Earth = 23%2°)
24hrs 37 minutes
(Earth = 1 day)

Earth-like rocks and landforms
Some parts heavily cratered

Roughly
The
Same
Internal
Structure

Days and
Seasons
similar
to the
Earth

Similar
Surface



o Comparison with the Earth Il
m How much solar radiation does Mars receive?

- Remember:  Solar power = 1367 W m=2 /| R?

m Marsis 1.52 AU from the Sun: R=1.52

so:  Solar power = 1367 W m= / 1.522

= Solar power at Mars is 592 W m-2 (about half that of Earth)

e Mars is a much colder place...
m Harder for liquid water (& life) to exist
= Not always the case though... Early Mars was quite different



e Differences from the Earth

\ETES

Atmosphere

Pressure

Surface Temp.

Clouds

Magnetic field

Seasonal ice

Mostly CO,
(Earth = Mostly nitrogen)

0.006 bars
(Earth = 1 bar)

200K
(Earth = 300 K)

Water ice and dust
(Earth = water vapor)

None
(Earth has a strong field)

Carbon dioxide
(Earth has water frost)

Very
Different
Atmosphere




Seasons on Mars

o Early telescopic observations showed

m Seasonally advancing and retreating ice
caps

s Mars obliquity is similar to the Earth e Equator
+ 25° vs. 23%°

A e L Tropic of
d Capricorn
>

Arctic Circle
Tropic of Cancer

Antarctic
Circle

)
<
L

v




e Mars has similar seasons to Earth
e Mars has similar day/night cycles
e Mars has seasonal ice that comes and goes

o Mars has changing patterns on the surface
m Seasonal vegetation growth?
s Unfortunately not...




o Early telescopic maps were pretty crude...
m Giovanni Schiaparelli made maps with ‘channels’ (Canali in Italian)
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o Percival Lowell made many telescopic observations of Mars
m Translated Canali as Canals
m Popularized a vision of Mars that was inhabited by intelligent life
m Changing marks of the surface were vegetation
m “Canals” were transporting water from the polar caps to the equator




e Mariner 4 was the first spacecraft to visit Mars... July 1965
s Flyby mission -




o What did Mariner 4 see?
m First planetary (non-lunar) mission to carry a camera

m Craters
+ Not good for life

m A very thin atmosphere
+ Not good for life

= No protective magnetic field
+ Not good for life

s Looked pretty much like the Moon
+ Disappointing...
* Dry, cold, dead....







e Subsequent spacecraft saw MUCH more interesting stuff
m Fluvial channels — several billion years old




e Giant volcanoes
m Lava flows up to ~1Myr old
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Volcanoes on

o The giant Valles Marineris Tharsis rise

LRS-

Valles Marineris

Figure 11-23a
Universe, Eighth Edition
© 2008 W. H. Freeman and Company




A PYTS/ASTR 206 — Mars: Early History

o Polar ice caps







e A Mars Curse?

o Earth vs. Mars
= Almost 50 years of exploration
= 40 attempts to explore Mars

= Mars in the lead... until now...

Marsnik 1 |Mars 1969A | Mars & Nozomi
Marsnik 2 Mariner 7 Mars 7 Mars Climate Orbiter
) Sputnik 22 Mars 19698  Viking 1 Mars Polar Lander
: TOday s Score Mars 1 Mariner 8 Viking 2 Mars Odysse
) Sputnik 24 Cosmos 419 Phobos 1 lars Express
20: 20 Mariner3 Mars 2° Phobos 2 Spirit
Mariner4d Mars 3 Mars Observer
25 Zond 2 Mariner 9 Mars Global Surveyor M
Unnamed Mars 4 Mars 96
Marineré Mars 5 Mars Pathfinde
20 -:fjfh—ih-l.:=:,.
10 ~ ‘z 3_'-‘."
5 f --Mars |

=8=Earth

1960
1965
1970
1975
1980 -
1985
1990
1995
2000
2005
2010
2015
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Phoenix EDL Movie

CRUISE STAGE

PARACHUTE
BACKSHELL







Opportunity

"Cape Verde

('-.”DUCk Bay”
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Geography

Hemispheric
dichotomy

Volcanic
provinces

Impact
basins

Polar
Layered
deposits




e Three geologic periods

Surface history of Mars is

= Noachian 4.1-3.93Ga available throughout the past 4.5

m Hesperian 3.93-3.1Ga
= Amazonian 3.10 - 0.0 Ga

o Early Mars corresponds to the
Noachian geologic period
m Starts with the Hellas basin impact
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o Crystallization age of ALH84001

4.5 Ga—avery old rock

Indicates stable crust already
existed

Shock heating event at 3.9Ga

e Mars accretion was fast

The element Tungsten usually
goes into the core in molten
planets

Extra Tungsten produced by
radioactive decay in the crust
after core forms

Amount of this extra Tungsten
dates the core formation

Implies martian core formation
13+£2 Myr after earliest solar
system solids formed
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Crustal Dichotomy

o Northern and southern -
hemispheres of Mars are o
very distinct: P

Eﬂ“ 3
m North 20 ____ 180° 240" 300, 0 60" 120" 180°
* Few Craters T i
+ Young E 0] 1 207 Zuber et al., 2000 |
+ Smooth terrain 5 .40 40 | v
¢ Thin Crust 2 6 il
-B0 -80
90 45 0 45 90 45 O -45 -90 90 -45 O 45 90 45 0 -45 -90
Latitude {degrees)
s South
+ High elevation
+ Heavily cratered
+ Old
+ Rough terrain
¢+ Thick crust




e Many buried impact basins

m Northern lowlands look like the southern
highlands after all

e Forming the dichotomy
s One Giant impact?
= Many not-so-giant impacts?
m Degree-1 convection?

Crust melted
here

Extra crust
freezes here




e Mars had a liquid metal core
m Cools off faster than Earth due to smaller size

m Once the core froze there was no more magnetic field

Earth Venus Mercury Moon
Key
crust
mantle
core
lithosphere lithosphere

lithosphere lithosphere  lithosphere
2 Addsan-Wesley Longman



o The old magnetic field is still preserved in the oldest rocks
m No magnetic field around large impact basins
m They formed after the iron core froze

MARS CRUSTAL MAGNETISM ABr  MARS GLOBAL SURVEYOR MAG/ER

East Longitude

_ ABy/Lat (nT/deg) !:_

30 -0 3 1 -3 3 10 30
Conngerary. J. E. 2. ol g, [Z005) Proc. Mafl. Acod. Soi. LISA, 102, Mo, 42, 14870 58975,

Fro i 1 e
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e The Tharsis volcanic bulge formed
m Thick (>8 kilometers thick) sequence of volcanic rocks
m Large volcanoes built on top of this bulge later
m Outgassing of a lot of volcanic gas can change the climate




e Tharsis is huge and controls the shape
of the planet

s When water runs downhill on Mars the
direction is partly set by the existence of
Tharsis

m Sets the timing of ancient valley networks

m i.e. the valleys must have come after the
Tharsis bulge was created

Observed
=10

o distribution

Maode!
{=10

ot distribution

% explained by
80 odel (relative)

0 60 120 180 .
Degree, Phillips et al., 2001




e Mars had a warmer climate then

e SO

Rainfall is a possibility — not believed by

everybody

Groundwater can explain a lot of the
ancient fluvial features

Explaining the warmer climate is a
problem due to the faint young sun.

Lots of CO, from Tharsis might explain
this with a greenhouse effect

what happened to Mars...
Water dissolves atmospheric CO,
Weathers rocks

No plate tectonics means CO, is not
recycled and stays in the rocks

Greenhouse effect dies off

Water is broken up into H* and O~ and
slowly lost to space




Earth: active plate tectonics “recycles” guses and maintains a moderate atmosphere.

F
6.Plants convert CO, to O,; bacteria

- 1.H,0, CO,, SO,, and N, are 2.H,0 falls as rain; CO, and :
outgassed from Earth E— 502 dissolve in the oceans; convert nitrates to NZ and 02-
volcanoes on an ongoing N, goes into nitrates.

. W
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basis. Clouds
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5.The liberated H,0, CO,, 3.C0,, S0,, and some

and SO, rise upward by H,0 are incorporated
volcanic action. into sedimentary rocks.
Sediment

4.Sedimentary rocks are eventually subducted
to great depths, where heat liberates the gases.

Earth Rock
le
Mars, Earth : cye
: Rocks recycled by plate tectonics
Earth, Venus, ’ y yp
Mars CO, and water
goes into rocks Mars
Al Sielt e No plate tectonics—CO, stuck in rocks

CO, and water

in their
o - - -



MNE=

e There’s just one problem
= We can’t find these CO, bearing rocks (carbonates)
m Some recent progress on this...
m Spectral evidence of carbonates discovered and announced 2 months ago




In this lecture.

e Introduction
s Comparisons to Earth
m Seasons on Mars
m Early ideas

e Spacecraft exploration

Not Earth-like after all
Familiar landforms

o Early Martian History

Crustal dichotomy

Large impacts and volcanic activity
Magnetic fields

Valley networks

Next: Mars - Early History

e Reading

o Chapter 11-Mars sections to revise this lecture

o Chapter 11-Mars sections for next lecture



