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Solar System and Mars Geology

TOPICS TO BE COVERED:

* The Solar System
* Mars Geology (Pt. 1):

e Mars interior

* Mars tectonics

e Ages and (Mars) stratigraphy
* Craters

* Volcanoes on Mars

* Polar caps
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The Solar System

Heliosphere: is the outer reach of the solar wind

(highly energetic electrons and protons released

Orbit of ; from the upper atmosphere of the Sun).

Neptune

Heliosphere

10 billion of small objects including

comets (icy) and asteroids (metals

) Kuiper belt .. TR

and rocks)

"+ 'Not to.scale

= One AU, an astronomical unit, is the distance between Earth and the Sun, 93 million miles



The Solar System

European Space Agency — ESA

Comet
67P/Churyumov—Gerasimenko

Oort Cloud

Comets are icy planetesimals that orbit the Sun,

mostly made of H20, CO2, CH4, NH3 and other volatiles,
organic compounds (?) and dust

Rosetta experiment sent a lander on the

67P/Churyumov-Gerasimenko.

European Space Agency — ESA



The Solar System

Jupiter
Mercury Venus

the ecliptic

In the habitable zone, temperatures i
permit liquid water to exist. Distance from the Sun (AU)

TERRESTRIAL GAS-GIANT  OUTER ICE-GIANT
PLANETS PLANETS PLANETS

ASTEROIDS BELT

= A planetesimal is an object formed from dust, rock, and other materials.
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Introduction: Mars vs Earth

Distances:
.52 AU from Sun - 24h 40 m

YEAR
(or 227,940,000 365Days 686 Days

7 U R, S (667S0ls) /
58,400,000 km to Earth B .. i ‘ 3 by GRAVITY ' .

> 25199~

km)

Dimensions: i ‘ o L R e 38% of earth
Diameter: 6794 km i 4 i SUNLIGHT
Mass: 6.41x1023 kg U . . 44% of earth
Surface: 144x106 km?2 N gy ’ ATMOSPHERE /
Escape: 5.02 km.s—| ST 1013mb  Total 7.6 mb

i 0.00035 CO2 0.95
Temperatures: N 0.781 N 0.027

Min: —133°C (winter pole) 0210 0O 0.0013
0t00.04 H20 0 to 0.00021

Max: +27°C (summer noon) 0.0093  Ar 0.016
Average: —55°C (218K)




Introduction
Mars physiography

Northern Plains




Mars Interior structure

Crust
~50 km

Mantle

50-1810 km
Solid oxide

Core
1810-3390 km
Liquid metal

“The composition of Mars” by Takashi Yoshizaki and William F.
McDonough, 21 January 2020, Geochimica et Cosmochimica Acta.



Mars Core Evolution
o a) Completely liquid core whose
o convective motions generated a

Monolomcalycoohng Mantle cooling declines; IObaI ma netlc fleld The mantle
g

mantle with stagnant lid core convection stops
fully liquid core, convecting lhermally (no inner core, no dynamao)

~was also subject to convectlon bu
= .&E A

78
-

Quter core
(liquid)

Inner core
(solid)

Monotonically cooling mantle
with stagnant lid;
soild inner core and liquid outer core,  Quter core becomes too
convecting compositionally thin to sustain dynamo

Possible inner
core
Plate tectonics cools mantle Plate tectonics ceases;
and core; core convection core convection ceases;

and dynamo no dynamo

Source: Stevenson (2001) Nature, 412




Mars Core Evolution
Mantis b) a crust comprising a single plate
covering the whole of the planet and a
Core mantle subject to convective motions.

Monotonically coohng Mantle cooling declines; InStead Of belng Com pIEtely Ilq U|d the
mantle with stagnant lid core conveclion stops
fully liquid core, convecting lhermally (no inner core, no dynamao) - ( () re |n th|s Scena r|0 has an external pa rt

e it
VAR ~

Quter core
(liquid)

Inner core
(solid)

Monotonically cooling mantle
with stagnant lid;

soild inner core and liquid outer core,  Quter core becomes too

convecting compositionally thin to sustain dynamo
Possible inner
core
Plate tectonics cools mantle Plate tectonics ceases;
and core; core convection core convection ceases;
and dynamo no dynamo

Source: Stevenson (2001) Nature, 412




Mars Core Evolution

c) involves the appearance of plate
tectonics, that allows the planet’s internal
heat to be evacuated efficiently. Under the

Monotonieaty cooing St oostng Socies: crust, the mantle is subject to convective
mantle with stagnant lid core convection stops . .
fully liquid core c:w.-e?[:ng:he‘:ma ly (noinner core, no :'_.vru;mcn mot|ons that Contnbute to plate

movements. The core is composed of a
convective liquid outer core and a solid
inner core. Following the efficient cooling
of the planet’s interior, or due to a specific

Quter core

(quid
e cor event such as a major collision, the
Monotonlcaly cooling mantle mantle’s convection stops. This

O convecting compositionalky ~ 1hin 1o SuStaln dynamo automatically leads to the cessation of

plate tectonics and has a dramatic effect
on the mantle’s convection, which also
stops. The domino effect leads convective
motions of the outer core’s molten metal
to stop, leading to the disappearance of
Pae tectonicscools mantle  Plate tectoncs ceases ~ the global magnetic field.

and core, core convection core convection ceases

and dynamo no dynamo




MARS CRUSTAL MAGNETISM ABr MARS GLOBAL SURVEYOR MAG/ER

ABy/ALat (nT/deg)

30 .10 3 -1 -3 +3 1 3 10 30
Magnetic map.of Mars. Credit: NASA

No Global Field (Localized Magnetic Fields)
Non-random Distribution of Local Fields

"Noise" (this is due to variable solar magnetic field)
A core dynamo operated much like Earth's current dynamo, but was probably limited in duration to

several hundred million years.




Mars Interior:
Open Questions

Did plate tectonics ever occurred on Mars?

What is the water/volatile content of the Martian mantle and its
outgassing history?

What is the present heat flux?
What is the present volcanic and tectonic activity?
What is the timing of the geological evolution?

How does such evolution impact on the habitability of the planet?



Mars Tectonics
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Mars Tectonics

Source: Ruj et al. (2019), Geoscience Frontiers, 10, 1029-1037
(a) Graben

(b) Wrinkle ridge is marked with arrowheads.

(c) Lobate scarp in the Terra Sabaea region.

* The extensional structures are interpreted to be products of crustal
stretching in Late Noachian.

* The compressional structures correspond to the global Martian
contractional phase due by planetary cooling.




Mars Tectonics

Schematic cross-sectional
view of a lobate scarp.

Lobate scarps consist of two
morphologic  features, a o
steeply sloping scarp face and|
a gently sloping back scarp. hy
The proposed kinematic| i
model for the formation of|
lobate  scarps  involves| (T
deformation over a buried, —&. =
thrust fault that propagates | = N\_
upward and eventually breaksf | S
the surface

A b
111111

1029-1037
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Thauma$|a nghlands
K Large arcuate mountain range on Mars
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Ages and Stratigraphy
Terrestrial Planets (and Moon)

GYR EARTH MERCURY VENUS THE MOON MARS
0.0

GUINEVERIAN

pro-FORTUNIAN
PROTEROZOIC

1.0

MANSURIAN ERATOSTHENIAN

PRECAMBRIAN

HES-
3.10 PERIAN

3.25
IMBRIAN I 3 3.50
3.80 BN

NECTARIAN NOACHIAN )

4.08
pre-NECTARIAN 4.18
pre-NOACHIAN -




Geological time scale: Earth vs Mars

| Formation of polar layered deposits

| Youngest voicanism in Tharsis and
Elysium regions

Paleozoic First appearance of Land Animals

(amphibians af ~350 Ma)

|5

Ediacaran | First appearance of Metazoans
Ci i@n | (mull-cell animals a ~850 Ma)

800

Neo-

Continued volcanism in Tharsis
and Elysium regions

Tonian

Stenian

1200

Ectasian

Meso-

proterozoic |proterozoic

1400

Amazonian Period

1600

1800

i First Eukaryoles jcomplex

single-cell organiams af ~2100 Ma) Continued activity of Tharsis

voicanoes and emplacement of
Meodusae Fossae materials

Great Oxidation event (2400 Ma)
Widespread infilling and reworking
of northern lowtands

Chryse outflow channel dissection
Elysium rise volcanism

2800 Surge in continent formation
(~2800 Ma) Highland paterae volcanism
2000
Highlandlowland boundary
degradation
Appearance of large Cyano-bacteria Major rifting in Vales Mavinens/
mats (stromafolfes of ~3500 Ma) Noctis Labyrinthis
Widespread valley network
formation
Early growth of the Tharsis rise
Intense meteorte bombardment & formartion
PPy of mpact craters, Including Melas and
: &, NOBCINEN EPOCH Il
Meavy Bombardment of inner < o
Had solar system by meteorites (~4100 Ma) Formation of northern lowlands
adean
(informal) Earth . : . N Dynamo active and geomagnetic
's oldest recycled mineral grains pre-Noachian
b (zircons of 4400 Ma) field present
4567 Earth formed from solar nebula 4567 Mars formed from soler nebula




Number of
impact craters
larger than

1 km per
square
kilometre

Mod. from Bibring et al, 2006

surface volcanic activity

sulfates anhydrous ferric oxides

Noachian Hesperian | Amazonian

The Martian Chronology Model
by W. Hartmann & G. Neukum {2001)

Major Episodes
of Volcanic Activity

V..
! I, . \
1,500 A -
400-800 100

3,000 2,000
Age [million years ago]

Courtesy S. van Gasselt/A.P. Rossi




Major Martian periods

_ Hesperian Amazonian
I

J | - | J J ||



GLOBAL CHRONOLOGY --» CRATER-BASED AGE

The older a planetary
surface is, the more [ s s

= alues
A = Apolio L =Luna

meteorite impacts
suffered.

Moon rocks have
been dated
radiometrically as
well > calibrated
CHRONOLOGY
MODEL

TIME BEFORE PRESENT, b.y.



Crater Morphology

Increasing Crater Diameter

_—

Simple crater Complex crater Peak ring basin Multi-ring basin

o

(10 urm) Moltke (1 km)

Impact Crater Sizes of the Moon

Impact craters on an airless body like the Moon range in size from pin-size structures to continent-size
structures.

(a) 10 micron-diameter crater on a glassy, ~465 micron diameter lunar spherule from the Luna 16
landing site (Hartung, Horz, McKay, and Baiamonte, 1972);

(b) 1 kilometer diameter simple crater called Moltke;

(c) 28 kilometer diameter complex crater called Euler;

(d) 320 kilometer diameter peak-ring impact basin called Schrodinger;
(e) 970 kilometer diameter multi-ring impact basin called Orientale.

Image Credit: LPI (Priyanka Sharma)



Simple Crater Complex Crater

A1

Central

; ' Breccia
Melt Layer Uplifted  Marginal Collapse I




Pedestal craters

© /)
@

Silicate regolith

® NGy 4

Impact distributes ejecta and
armors the surroudning surface

" Extent of ejecta deposit

r

Extent of armored material

The pedestal height is equal to the thickness of ice-rich deposit at the time of impact.

Armoring inhibits sublimation,
yielding a pedestal crater




Major Martian periods

Noachian Hesperian Amazonian




GEOLOGIC UNITS
[ ] Apolar layered deposits  [[1] H materials I N-EH volcanic materials
[ ] EAVastitas Borealis unit  [[] LN-EH knobby materials [T ] N materials

I LH-LA volcanic materials LN-EH materials ] EN massif material
90° N

Source: Nimmo and Tanaka (2005), Annu. Rev. Earth Planet. Sci.. 33:133—6




Main Geological Features on Mars

Elevation [m]

B o s s i o Lowlands .
Shield volcanoes

sparsely cratered \
’Ov

Elysium Mons { Olympus Mons § - Channels
o .
.

Tharsis Montés

.
GuseY crater ¥
A

VaIIes_Marineris,' '
Spirit Landing site s 5

lecrater

o J'H. andsngswe
heavuly cratered

HOEW




Mars Dichotomy

The dichotomy boundary divides the southern highlands
and the northern lowlands




Southern Highlands

HRSC mosaic
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Northern Lowlands
HRSC mosaic

Google Earth

Image NASATDSEE]
ESAY DLR Y EIBEIN (G.Ncuv&m)




Volcanoes on Mars

Summit
(26 km above M'xrti'm “sea level")

Olympus Mons ,m.c& \\”k
4}% D, Base/sca

| e
Sea level i Hawaiian Islands

S

Loca sea floor Mauna Loa
(depth =5 km) (9.1 km above sea floor)

* Large volcanoes - no plate
tectonics

* Long lived mantle plume

e Stable crust

 Olympus Mons
e Caldera 90 km across
e Lava flows of 200+ km




Tharsis Bulge

The larges volcanic province on Mars

Consists of 5 main volcanic edifices and
several smaller ones

Very long lasting aetivity: dates back to
Noachian until Late Amazont




Tharsis Bulge

The larges volcanic province on Mars

Consists of 5 main volcanic edifices and
several smaller ones

-

Noachian until Late Amazonta

o - . , Ancient volcances
B formed over the hot spot More recent
S but now moving away volcano formed

i

o~

Z

(hot spot)

Very long lasting aetivity: dates back to

Most recent eruption

: # lava deposit e
G . Ju A —~ g
= More ancient *’-]E-]f S

-

= volcanic structures

n of lava
s on the same site




Tharsis bulge
Earth and Mars




Shield Volcanoes and Paterae

‘Noctis Paterae
"labyrm ‘

— Unique features

Pavon s
Mo ¢

pdctaeds, SCEE — Mostly in the Cratered Uplands far from other
' large volcanoes

— Older than the Tharsis and Elysium shields.

— No sign of actual lava flows. Central calderas
are surrounded by sets of radial furrows.

- T

— Very flat. They typically are only 1-2 km high
and 200-300 km across. Sometimes called ash
shields.

— Piles of easily eroded volcanic ash composed
of basalt.

— Formed when magmas met underground
water and exploded?







Seasona
Formed
Seasona

One of t
Mars

Polar Caps

ly varying polar caps
argely by water ice (and very minor dust)
cap formed by carbon dioxide ice

ne Iargest current reservoirs of water on



Polar Caps

 Seasonally varying
polar caps

* Formed largely by




Polar Caps

SHARAD radargrams highlighting the
widespread, recent accumulation package

Science

AV Aans
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200 300

Polar Caps

Science

AV Aans






