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PERCIVAL LOWELL
at his 24” Refractor,
Flagstaff, Arizona observing
Mars during the favorable
=== perihelic opposition, 1894.

S— Below, a globe constructed
from his sketches.
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Radius (km) 2439
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Mariner 7 1969




Mariner 7 Approaches Mars




Olympus Mons, as seen from Mariner 9 (1971)




Olympus Mons Caldera
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Composite image

of Mars

taken by small

telescopes

onboard the 2

Viking Orbiters
Mid 1970's




Viking
Lander




Viking 2 Landing Site (Sept 1976)




Oceanus Borealis
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Volcanic
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Water on Mars

‘gtl-!mcient Mars had flowing water
water omitssurface.

‘gﬂThese images clearly show the
resuilts of wihat appears ito Ihave
been flowing water.

recorded frost forming, then
evaporating.

é’ﬂTheredoesmotseamtobeaw
lliguiid water on Mars today.

St is possible that there may be
surface water in shallow lakes
under ice.



Current Groundwater Flow?




MOC wide angle MOC narrow angle

Debris Aprons

(c) Ridged texture

Li, Robinson, Jurdy (2005)



Li, Robinson, Jurdy (2005)

Debris Apron Models 2000
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NASA’s Mars xploratlon ProgT: g
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Mars Global SUFVGYOF ey Mars Reconnaissance Orbiter

Mars Exploration
Rovers (MERS)




November 7, 1996




The Topography of Mars
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The Geology of Mars

(iking 2

Elysium

No rtherh 5
Volcanoes

Fowlands

T - Pathfinder

- ~==Vikingl 1

b
— L

Southern Highlands: Heavily cratered; probably 2 — 3
billion years old.



Martian Magnetics
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Generation of Magnetic Lineations




7,150 Mars Magnetic Field

L i |

Magnetization of
Mars

inferval = 20
oltitude = 400 km

b) The vertical component of the magnetic field B,
extrapolated downward from 400 to 100 km using a
Fourier transform. The result agrees very well with
aerobraking data obtained at 100 km (shown in
color) and fills in data gaps. Aerobraking data: :
strongly positive; blue, strongly negative.

1 Equaier

c) Geology of Mars’ highland terrain.

Jurdy and Stefanick (2004)



Table 1. Possible magnetic minerals of the Martian crust, their Curie temperatures [46], and the depth at which their Curie tem-
perature is reached for multiple estimates of Martian heat flux ~3.7 - 4.5 Ga. Magnetic minerals are considered end members if
part of a series (e.g., magnetite-titanomagnetite). The magnetized depth is calculated using { Tc — T5)&/F, where & is thermal con-

ductivity {3 W/({m-K)), Tt is Curie temperature (K), 75 is surface temperature (assumed to be 230 K [33]), and F is heat flux
(W/m?").

Likely Magnetic Curie Magnetized Magnetized Magnetized Magnetized Magnetized — Magnetized Magnetized
Minerals Temp (K) depth 1a (km) depth 2b (km) depth 3¢ (km) depth 4d (km) depth 5e (km) depth 6f (km) depth 7g (km)

titanomagnetite 123 - - - -
magnetite 853 6.2 187 - 934.5 27.9-353 283 58.4 - 1099 374 -935 32.8-505
ttanohematite 73 - - - -
hematite 553 i 2L.7 - 1084.5 324 -409 329 67.8-127.6 434 - 1085 38,1 -588
pyrrhotite 593 3.7 11 - 5352 16.5 - 20.8 L7 345 - 649 22.1-55.2 19.4 - 29.8

a Using a 4.5 Ga heat flux of 300 mW/m® [42]. b Using a 4 Ga heat flux range of ~2 - 100 mW/m* [41]. ¢ Using a 4 Ga heat flux range of 53 - 67 mW/m* [29].
d Using a 4 Ga heat flux of 66 mW/m’ [22]. e Using a 4.0 - 3.7 Ga global mean heat flux range of 17 - 32 mW/m' [45], with the true value likely closer to the
lower heat flux bound. f Using a 3.7 Ga heat flux range of 20 - 50+ mW/m’ [44]. g Using an "early” Mars heat flux range of 37 - 57 mW/m’ for Terra Cim-
meria, Arabia Terra, and MNoachis Terra [28].
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Figure 2. Magnetization in Terra Sirenum. Each base map uses MGS MAG Br data. (A) Data collected at 400 km (mapping) alti-
tude (contour interval is 20 n'T); (B) 400 km data downward continued to 100 km (contour interval is 100 nT) and correlated with
aerobraking data (swaths) collected at the same altitude. Dark red represent strongly positive while dark blue represents strongly
negative; (C) 400 km data downward continued to the surface (contour interval 200 nT). The numbers correspond to depth esti-
mates; {I7) Surface magnetization (contour interval 200 nT) with mapped faults [14] [15] and mapped regional multi-ringed ba-
sins [49] [50] (AQ = Al Qahira, ME = Memnonia-B, § = Sirenum, M = Mangala).




Humans on Mars may visit the site of the Viking 2 Lander to see the effects on the spacecratft.
Viking 2, launched 9/9/75, entered orbit 8/7/76. Viking 2 Lander reached Utopia Planitia on 9/3/76.
The two Vikings delivered seismometers mounted on the landers' legs. Viking 2 Lander ended
communication on 4/11/80. To this day no seismometer has monitored the martian surface.

(NASA by image Pat Rawlings. Technical concepts, Johnson Space Center,1991).



INSIGHT Mars Mission

| Interior Exploration using Seismic
Investigations, Geodesy and

I Heat Transport.

I Mission will be first to study the
martian interior

0 Launched May 5, 2018

U Drilling stopped.
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TETHERS

' 4————— Heat Flow Probe
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CORE QUESTIONS
Using instruments that
measure getsmic activity,
wobble, and Intarnal haat,
the lander seaks ba find
out what makes up the
core of Mars.

Salemic activity

A salsmometer will

anega vibrations from
meteor Impacts ancl
“Winrpiuakes” causad by
shifting reck, This could
help determing the depth
aind eamposition of the
cnul, mantie, and cofe.
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Prapplng for exploration

CamEra places 3 SoEmo-
raph and a heat probe
on the Mar iface,

Internal haat

A probe will burrow inte
tha soil ko maasure Marss
Inbetior Lernparatune, This
eanld yleld irformation
an Iow heat lows inside
rhars and why some rocky
plancts evolve plate tac
tonics and othors do not




Conclusions

* Mars had a strong magnetic field early in its history.

* Martian crust is either very strongly magnetized or
goes to great depth. Perhaps both.

* Magnetic mineral carrier remains unknown.

* True Polar Wander may have occurred on Mars, as
evidenced by location of Tharsis.

* The InSight lander, with seismometer and heat flow
experiments, now on Mars' surface as the first
mission to study the interior. Drilling suspended.

Sunset on Mars (Spirit)
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