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In the beginning ...

Artist’s impression of the EElI"l}“ Solar Nebula
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Chondrules ... sliced and rough surtace

Chondrule
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In the ]_"J'Egiﬂﬂiﬂg ... the “Grand Tack” and “Nice” models

During initial planet formation,
: surrounded by the Kuiper Belt — Jupiter
= Jupiier i 2 - 5
Saturn migrated toward the interior of the

— Mapiune

Solar System ...

== Uranus
... then it migrated back out again

Grand Tack model

4.5 billion years ago
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~600 Ma later ... all hell broke loose

1 Y talllear - 1 W Eelleren PN BT

. and the Late Heavy Bombardmeni got underway
. for a while
. then suddenly tapered off

- Potentially explained by the Nice model
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Mercur}f

MESSENGER =

I"'w“[Eﬂ:LlI"j,F Surface Spa::e
EMNvironment Geeoc hemiﬁt‘r}r
Ranging
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Mercur VY ... anomalously large core - or anomalously small mantle

Iron-Nickel
Core
7hu m

Thia Inlarior of M|_"'|'-;_'url" Cogeyrighd Cabvin J. Hamilion
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f\f"lC‘I‘CLII‘E-’ ... basaltic, not anorthositic crust - so what did this mean ?

Slide10




Mercur Y ... abundant carbon = component of recycled primeval crust !

Basho crater
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Earth :

+ the un]y planet We can
“gep” Inside

* The template for
interpreting other
planets




Earth ... What's going on deep inside ?

Volcanic

Descending
ocean plate
5

B. Whole-mantle convection
Coapyrighl © 2008 Pearon Prantice Hall, Ing
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Venus ... How did its surface features form ?

Endogenic Coronae ... ... Or exogenic impacts ?
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Venus ... How did its surface features form ?

Coronae or impacts ?
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Ninhursag Corona

Corona or i";'nlr-‘.-n'f 'y

Cormane loemetlon on Ve

ISSTENNIEE i
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100 km
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Venus ... How did its surface features form ?

Aramaiti Corona

Corona or ."i'h'lt?m'f !
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Venus ... How did its surface features form ?

Yavine Corona
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Venus ... How did its surface features form ?
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Ved-Aua Corona
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Mars ... the existence of water on the red planet is not a controversy !

tupugraph}f 1s |
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X h}-’dmd}-'namic islands 5culpted b}-’ Hm-ving surface water
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. water locked up in ice - as recent glacieres or as permafrust

Glaciers ...
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Mars ... water locked up in ice - as very recent glaciers
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Mars ... outflow channels

Slide25




Mars ... outflow channels : Reull Valles as an example

T

#£
# OB -
e
e

;Emmummm-r;'ﬁ"ﬁ# :
Curvilinear, flat bottomed channel
Steep sides ...

Very few tributaries ... not a “classical” river vallE}’

Slide26




Mars ... Kasei Valles : the type martian outflow channel
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Channelled Scablands ... Glacial Lake Missoula
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Once upon a time ~15000 years ago ...
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Grand Coulee ... looking upstream
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Curvilinear, flat
bottomed channel

Steep sides ...

Very few
tributaries ...
not a “classical”
river valley




Grand Coulee ... looking down stream
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Curvilinear, flat
bottomed channel

Steep sides ...

Very few
tributaries ...
not a “classical”
river valley




Grand Coulee ... Castle Cataracts - looking upstream

Paired dr}-'
cataracts

Kemnant roc k}-’

“blade”
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Grand Coulee ... Dry Falls - western cataract headwall

Slide32




Grand Coulee ... Dry Falls

Paired dr}-'
cataracts

Kemnant roc 1«1}-’

“blade”
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Grand Coulee ... Dry Falls

* Kemnant roc k}r

“Blade”
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Grand Coulee ... Steamboat Rock

Isolated

mck}r

“blade”
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Mars ... Kasei Valles : the type martian outflow channel
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Rocky “blades” ?
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Charon

Jeftrey M. Moore et al. Sclemce 2016;331 1.5684-1283
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Pluto ... Sputnik Planitia (Nitrogen ice)

Slide40



Pluto ... Nitrogen and Water (H,0) ices

Sputnik
Planitia
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Pluto ... Nitrogen polygon formation

Convection
or
Cryovolcanism™®

* CI‘}"U = jce 1n Greek
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Pluto ... Sputnik Planitia (Nitrogen ice)

Larger polygons are elongate / irregular ... experimental polygons are symmetrical / uniform
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Pluto ... Nitrogen polygon formation

Convection
or
Cryovolcanism™®

* CI‘}"U = jce 1n Greek
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So many controversies, so little time !
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