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Outline

® Diagnostic potential of geologic processes for

understanding origin & evolution of primitive bodies
Impact Cratering

Erosion/Gradation

Tectonism

Volcanism

® |nterspersed with examples from primitive bodies:
® Main Belt & Near Earth Asteroids
® Comet Nuclei
® Planetary Satellites (some not so primitive though...)

NASA/JPL/SSI/Cassini Mission

® Some thoughts about future observations

30 April 2012 KISS Workshop: "In Situ Science & Instrumentation for Primitive Bodies"
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Vesta is about
560 Km wide




AN

Vesta,
the 3rd
largest
asteroid

Ceres, the
largest
asteroid










Impact Craters:

Common geologic
landforms on all
spatial scales

. Oppéntunity sol 433
NaVcam image of a ®20 cm
diameter impact crater
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Melosh (1989)




All craters
"simple" for bodies
smaller than a few

hundred km...

“Simple”
Depth/Diam. = 1/5
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Lunar Craters

-

“Transition”

“Complex” .~

Transition = g










243 |da 3 populations of craters:
(1) "Fresher" (young) craters <

| km diameter
78 (2) Degraded craters < 6 km
& 7 (3) Degraded craters > 10 km
© — Change in early large
impactor flux/environment?

54x24x15 km

NASA/JPL-Caltech/Galileo Mission

2 populations of craters:
(1) "Fresher" (young) craters
< | km diameter

NASA/JPL-Caltech/Galileo Mission

2) Degraded larger craters
(—>) Roli of last mgajor impact? 5| Gaspra
) |8x 1 Ix9 km
S Type
Sullivan et al. (2002)




Impacts can also reveal stratigraphy...

bright rayed crater

=}
.2
z
=)

2
<
S
2
=
>
—
a
78]
a5
S
2
—
@
2
=

Q
g
a
<
1
[aP
S
z
791
Z
z

Vesta

HAMO Cycle 1,
F2_372565839, 70 m/pixel

Courtesy of David Williams (ASU)




Impacts can also reveal stratigraphy...
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Vesta

HAMO Cycle 1,
F2_370834998, 70 m/pixel

Courtesy of David Williams (ASU)







lo's silicate
volcanism

Icy satellite volcanic resurfacing?

NASA/JPL Voyager & Cassini Missions







NASA/JPL/SSI/UCLA Cassini and Dawn Missions




NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/Dawn Mission

HAMO
Cycle 1,
F2_370833527,
70 m/pixel

Courtesy of David Williams (ASU)







Equatorial ridge is
~20 km wide and
up to ~20 km tall...

NASA/JPL/SSI/Cassini Mission




Structural
features on Eros

Thomas et al. (2002)

Ridges, Grooves, and Fractures
Tidally-forced tectonism?




Deimos
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Ridges, Grooves, and Fractures
Impact-forced tectonism?




Vesta

Concentric and radial
grooves related to
large basins

NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/Dawn Mission




NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/Dawn Mission

Tectonic features related to
(1) impact disruption
(2) differentiation (?) Vesta
(3) volcanic processes (?)

Courtesy of David Williams (ASU)







Mass Movement
on Vesta

HAMO
Cycle 1,
F2_ 370968622,
70 m/pixel
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Courtesy of David Williams (ASU)




HAMO Cycle 1,
F2_370836647,
F2_370836978,
F2_370837307,
70 m/pixel

=
2
g

=

=

<
S
<
=
&2
=
a
7¢]
ol
=
<
i
)
2
=
3
=
o
_
o
S
<
72
<
4

Courtesy of David Williams (ASU)
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Crater Degradation State

Degraded crater Small craters

Fresh craters
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HAMO Cycle 7,
F2_36797402,
70 m/pixel

Courtesy of David Williams (ASU)




Sedimentary "ponds" on Eros

Robinson & Proktor (2002)

NASA/JHU-APL/Cornell/NEAR Mission




Phoebe Captured
200 km diam. KBO!?
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Helene
43x38x26 km

NASA/JPL/SSI/Cassi







Britt et al. (2002)




NASA/JHU-APL/Cornell/NEAR Mission










NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/Dawn Mission
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Topography from stereo imaging (left) can be removed from
gravity signature to reveal crustal density anomalies (right)




Comets:

Increasing
the sample
imaged by
spacecraft

ESA/IKI and NASA/JPL

Halley: 1985
Borrelly: 2001

Wild-2: 2004
Tempel-1: 2005, 2011
Hartley-2: 2010










NASA/JPL Stardust Mission







The Future!?

Rosetta mission at 6/P/Churyumov—Gerasimenko
First close-up look at Ceres with Dawn -- will this
be our first close-up look at a KBO!?

New Horizons first close-up look at Pluto/Charon

OSIRIS-REx mission to 1999 RQ3¢ (C-type)
New Discovery, New Frontiers, ESA opportunities...

Expectation is that increased sampling will result in
increased diversity of surface geologic processes,
and probably increased puzzles...

NASA/JPL/SSI/Cassini Mission

30 April 2012 KISS Workshop: "In Situ Science & Instrumentation for Primitive Bodies"




NRC 2011
Planetary
Decadal
Survey




Summary

® Geologic and geophysical observations of primitive
(or "semi-primitive") bodies enable assessment of
the role of impact, tectonic, erosional, and volcanic
processes in their origin and evolution
Some geologic observations, like density, porosity,
and the spatial variations in impact crater size
frequency distribution and degradation state, could
provide constraints on formation models and
surface/interior evolutionary pathways

® What surprises await among the giant unsampled
populations of KBOs, Centaurs, and Trojans!?

NASA/JPL/SSI/Cassini Mission

30 April 2012 KISS Workshop: "In Situ Science & Instrumentation for Primitive Bodies"
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