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Exploration is a basic human instinct 
rooted to our survival.
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EXPLORES
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Australopithecus 
 
 
 

Discovered in Africa 1974 by 

Donald Johanson  
(Cleveland Museum of Natural History) 

JPL	Proprietary	and	Compe11on	Sensi1ve	–	For	use	by	Psyche	Team	Only	
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Clyde Tombaugh
(1906-1997)2005

Feb 17, 1930
Pluto Discovered

1985
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Young, Binzel, Crane (2001)

Pluto’s Orbital Motion

Direct Maps of Pluto !
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May 9, 1989  (AGU Meeting, Baltimore)
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Here is a less terse caption that maybe gets the point across a bit better: 
 
Pyramid building as an analogy to asteroid (and planetary) 
exploration.  At the broad base is discovery of the broad 
population, largely through telescopic surveys.  Many, but not all 
discovered objects, are followed up by physical measurements; thus 
narrowing the pyramid.  From these physical measurements, still 
fewer objects are particularly tantalizing.  Ongoing study through 
both observation, theory, and laboratory studies continues to 
narrow down the sample to those objects for which our ability to 
answer significant science questions from Earth have reached their 
limit.  At the capstone are spacecraft missions to the few 
objects whose study delivers the most consequential breakthroughs. 
(Figure from Binzel, 2012.) 

Pyramid of Planetary Exploration:
Basic research as the foundation. 

Spacecraft missions as the capstone.

Spacecraft
Exploration
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January 19, 2006 14:00:00 EST

1978 – 2006:
Journey to the 

launch pad
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January 19, 2006 14:00:00 EST
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A journey of 
3463 days 

(9.5 years)
31.9 AU

(4.6 x 109 km)
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Pluto-Charon Closest Encounter: 
14 July 2015

(~13,000 km)
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Slide 13

Timeline near Closest Approach
Pluto global pan maps at 0.9 km/pix 
Charon global pan maps at 0.9 km/pix
Pluto global IR at 9 km/pix
Nix global color maps at 2 km/pix
Charon global IR at 9 km/pix (+ pan at 0.6 km/pix)
Pluto global IR at 6 km/pix
Nix IR at 4 km/pix & pan at 0.3 km/pix
Pluto pan images at 0.4 km/pix
Charon IR at 5 km/pix  (+ pan at 0.4 km/pix)
Charon global color at 1.4 km/pix
Pluto IR at 3 km/pix
Pluto global color at 0.7 km/pix
Nix pan at 0.5 km/pix
Pluto global pan at 0.5 km/pix, strip at 0.12 km/pix
Pluto pan at 0.3 km/pix, strip at 0.08 km/pix
Charon global pan at 0.6 km/pix, strip at 0.16 km/pix
Pluto (smeared) at 110 deg phase
Pluto radiometry at 230 km/pix
Pluto at 0.34 km/pix, 146 deg phase
Pluto in reflected Charonlight, 0.44 km/pix
Pluto solar and earth occultation
Plasma roll
Charon solar and earth occultation

•Timeline addresses all group 1 (required) and 2 
(strongly desired) goals, and all but one group 3 
(desired) goal.
•All group 1, and most of group 2 and 3 are addressed 
redundantly
•P-7 days to P+2 days has already been sequenced 
and reviewed by the science team, with the final 
delivery due in November.
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Slide 14

After 9.5 years of flight, with a spacecraft that must 
work autonomously, and 4.5 hours of light-travel to 
wait, there was only one thing we could do . . .
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Slide 15

WE
DID IT !
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Nitrogen ice, Glacial flows 

1
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Farewell to Pluto
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1991
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How do we decide
where to go?

Asteroid Exploration:
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Here is a less terse caption that maybe gets the point across a bit better: 
 
Pyramid building as an analogy to asteroid (and planetary) 
exploration.  At the broad base is discovery of the broad 
population, largely through telescopic surveys.  Many, but not all 
discovered objects, are followed up by physical measurements; thus 
narrowing the pyramid.  From these physical measurements, still 
fewer objects are particularly tantalizing.  Ongoing study through 
both observation, theory, and laboratory studies continues to 
narrow down the sample to those objects for which our ability to 
answer significant science questions from Earth have reached their 
limit.  At the capstone are spacecraft missions to the few 
objects whose study delivers the most consequential breakthroughs. 
(Figure from Binzel, 2012.) 

Asteroid Exploration:

Spacecraft
Exploration

How do we decide
where to go?
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Our Challenge:
• How do we know what asteroids are?
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IRTF 3.0m
Mauna Kea, Hawaii

Meudon
Binzel, Birlan et al. 2004

How do we know what asteroids are?

Large Telescopes; Spectroscopic Analysis
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How Does
It Work ?

Earth’s Atmosphere!  Ugh !!

Solar Spectrum

Observed Spectrum
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How Does
It Work ?

Earth’s Atmosphere!  Ugh !!

Solar Spectrum

Observed Spectrum
Earth’s Atmosphere!  Ugh !!

Observed Spectrum

Reflectance Equation:

For Fl(star) ≈ Fl(Sun) 

Reflectance
Spectrum

24
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How Does
It Work ?

Solar Spectrum

Reflectance
Spectrum
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Bus-DeMeo Taxonomy

DeMeo, Binzel, Slivan, Bus (2009)
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Mineral Spectral Signatures

(Mg, Fe)2
Si2�
O6

(Mg, Fe)2
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Fe

Pyroxene
(Mg,Fe)2Si2O6

Olivine
(Mg,Fe)2SiO4
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Mineral Spectral Signatures
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Band I

Band II
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Does It Work ?
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Solar Spectrum
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9 April 1993
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Raw HST Images

Topographic Reconstruction

Thomas, Binzel, 
Zellner et al. (1997)
Science 277, 1492-1495

Impact basin
460 km across
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Raw HST Images

Prettyman et al. (2012)
Science 338,  242-246

VESTAHE
Ds
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Binzel et al.  (2001)
Meteoritics & Planetary Science 36, 1167-1172
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Binzel et al.  (2001)
Meteoritics & Planetary Science 36, 1167-1172
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Binzel et al.  (2001)
Meteoritics & Planetary Science 36, 1167-1172

Top Ten Breakthrough 
of the Year2011
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REXIS
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REXIS

Sept. 8, 2016
39

(101955) Bennu
Bennu Scale:

40
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Nightingale Site
• Within the 20-m-diameter Hokioi crater

• Spectrally redder in VISNIR than 
the average surface

• Among the youngest impact 
features

• Mid-latitude (56˚,43˚) location
• Limited peak T ~360 K (versus 

~390 K at equator) 

• Selected based on 
• Navigation and safety 

considerations 
• Expected higher abundance of 

particles <2 cm in diameter 
• Spectroscopic observations 

• hydrated phyllosilicates 
• iron oxide magnetite 
• organic molecules 
• carbonates

41

October 20, 2020
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• Size range from sub-micron to 3 cm
• Expected Mineralogy and Chemistry:

• Hydrated phyllosilicates
• Carbonates
• Magnetite
• Sulfides (not spectrally active – but inferred from 

analog meteorites)
Organic compounds

• The sample will contain multiple lithologies
• Similar to type-1 CI and CM chondrites
• Non-chondritic and igneous in nature, like HED 

meteorites
• Some with properties distinct from known 

meteorites
• Monomineralic cm-scale carbonates
• Ejected cm-scale platy particles

Sample Stowed

Lauretta et al. 2022 – Science
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September 24, 2023
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Dante Lauretta
OSIRIS-REx P.I.
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Dante Lauretta - Shoemaker Lecture - AGU - December 11, 2023
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Mass remaining in TAGSAM = 30 – 70 g Total extracted mass = 70.32 g 

Erika Blumenfeld
Joseph Aebersold

JSC

Dante Lauretta - Shoemaker Lecture - AGU - December 11, 2023
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Optical Imaging: OREX-500003-0 & OREX-500007-0

OREX-500003-0 OREX-500007-0
Dante Lauretta - Shoemaker Lecture - AGU - December 11, 2023
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Abundant Hydrated Minerals and 
Magnetite

Bennu
Clark et al. [2011]
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• The VIS-NIR spectrum has a blue (negative) slope, confirming the B-type taxonomy. A 2.7-µm 
spectral absorption band is present, consistent with the hydrated phyllosilicates

• Thermal emission spectra contain a spectral feature at 23 µm, also consistent with phyllosilicates 
and CM1 chondrites 

• The darkest material show a spectral absorption at 0.55 µm, suggestive of magnetite (Fe3O4) 
• This interpretation is consistent with OTES spectra, which show features at 18 µm and 29 µm that 

may be due to magnetite

Organics/Carbonates!
Lauretta et al. 2019a – Nature; Hamilton et al. 2019 - Nature Astronomy

Dante Lauretta - Shoemaker Lecture - AGU - December 11, 2023
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No change
with rotation.

JPL	Proprietary	and	Compe11on	Sensi1ve	–	For	use	by	Psyche	Team	Only	
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No change
with rotation.

Launch: 
2023 October 13

Arrival: 
2029 August

JPL	Proprietary	and	Compe11on	Sensi1ve	–	For	use	by	Psyche	Team	Only	
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Australopithecus 
 
 
 

Discovered in Africa 1974 by 

Donald Johanson  
(Cleveland Museum of Natural History) 

6-2	2	

Australopithecus 
 
 
 

Discovered in Africa 1974 by 

Donald Johanson  
(Cleveland Museum of Natural History) Launch

10/16/2021

Exploring “Fossil” remnants of 
our solar system’s formation.

L4

L5

Arrival
2027

Arrival
2032
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Asteroid (152830) Dinkinesh: 
Encounter 2023 November 1
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Asteroid (152830) Dinkinesh: 
Encounter 2023 November 1

790m a = ~3000m 
P =  52.67 h

~100 m  X 2
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Key Science Questions / Uncertainties:
• Will tidal stresses by Earth induce any measurable effects?

-Seismic shaking?    -Surface landslides?    -Shape reconfiguring?

• Can measurements of effects produce significant scientific
advances in planetary geophysics ?

• How would measurements be implemented ? 

Comet Shoemaker-Levy 9 (1994)
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