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Reconciling two frameworks
• Goals document: 5 science sub-goals
1. Objective 1.1. Understand the census and 

architecture of small bodies in the Solar 
System.

2. Objective 1.2. Study small bodies to 
understand the origin of the Solar System.

3. Objective 1.3. Study small bodies to 
understand the dynamical evolution of the 
Solar System.

4. Objective 1.4. Understand the evolution of 
small bodies’ surfaces and interiors, and 
the relationship to other events and 
processes in the Solar System.

5. Objective 1.5. Determine the source, 
amount, and evolution of volatiles within 
small bodies in the Solar System.

• Common Themes document: 4 science 
themes

1. Formation of the Solar System
2. Evolution of the Solar System
3. Delivery of Elements to Initiate and Sustain 

Life
4. Processes in an Active Solar System
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From “Common Themes in 
Planetary Small Bodies Research”
FORMATION OF THE SOLAR SYSTEM
• The collapse of the cloud of gas and dust that gave rise to our Solar System 

created myriads of individual bodies in a protoplanetary disk, each having a 
composition reflecting the conditions in the region of the disk where it 
formed. Most of these bodies were accreted into the major planets, but 
some of the remainder - transformed by solar radiation, mutual collisions, 
internal radioactivity, and encounters with the planets - became the 
populations of asteroids, comets, and other small bodies spread 
throughout our Solar System. Study of these diverse populations of 
primitive bodies, ideally at microscopic scale in returned samples, collected 
meteorites and interplanetary dust that collectively record this early 
history, contributes to our understanding of not only the small bodies 
themselves but also the origin of our Sun, Earth and Moon, and the other 
planets and their moons.



Relevant Projects in “Common Themes” 
Document
• Major Objective

• ANSMET
• NEO Characterization
• New Horizons
• Dawn
• Hayabusa
• Rosetta
• Hayabusa 2
• OSIRIS-REx
• Lucy
• Psyche

• Minor Contribution
• Outer Solar System Astronomy
• Deep Impact

Montage by E. Lakdawalla



Current Objectives in SBAG Goals Document

1.1.2. Find and characterize new samples from small bodies through 
meteorites, micrometeorites, interplanetary dust, and returned samples 
from comets, asteroids, and other small bodies.
1.2.1. Study the elemental, isotopic, mineralogical, and molecular 
composition of small bodies (through ground-based spectroscopy, 
spacecraft analyses, returned samples, and samples of meteoritic 
material) to constrain their origins
1.2.2 Determine the timing of events in the early Solar System, using 
meteorites and returned samples. 
1.2.3 Use the distribution of compositions and ages of small bodies in 
the Solar System to make testable predictions about observable 
parameters in forming planetary systems.



Possible Additions (a random-ish mix)

• MMX/formation of Phobos/Deimos
• Origin location of large, low-albedo main-belt asteroids
• Primordial families/family formation/large solo objects
• Rings around Centaurs
• Are irregular satellite measurements with Europa missions possible?
• Pre-decadal studies of KBO missions (a la Green talk)?
• Astrophysics ties:

• More ‘Oumuamuas?
• Interstellar dust/IDPs/dust analysis
• Participation in astrophysics missions



Soliciting comments and authors

• What are we missing?
• Do you want to help us write it down?



Backup



Relevant Science Questions 
from Goals Document (1)
• Asteroids: What is the distribution of asteroids, both near-Earth and main belt asteroids, today, 

and how has material migrated from where it initially formed? What was the compositional 
gradient of the asteroid belt at the time of initial protoplanetary accretion, and what was the 
redox and thermal state/gradient of the early Solar System? How did this affect planetary 
formation and evolution?

• Meteorites: What were the conditions under which the earliest solids in the Solar System 
formed? What was the contribution of surviving presolar solids from distinct pre-solar 
environments? What was the timeline in the early Solar System (and associated questions)? What 
groups of meteorites or types of interplanetary dust correspond to what types of asteroids and/or 
comets? What kinds of organic materials are contained in which meteorites or dust (and 
associated questions)?

• Comets: Is the layering seen on comets a result of formation, evolution, or some combination? 
What is the size distribution of comets? Do the different dynamical subclasses have different 
distributions? How did comets reach their present reservoirs? How do comets relate to other 
small body populations? Are comets original planetesimals or fragments of larger bodies?

• Phobos and Deimos: What are the origins of Phobos and Deimos? What are the elemental and 
mineralogical compositions of Phobos and Deimos and how do these vary between color units? 
How do the compositions of the Martian moons differ from one another and from Mars? Are 
materials from either moon represented in the meteorite collection? How do Phobos and Deimos 
relate to other bodies in the Solar System?



Relevant Science Questions 
from Goals Document (2)
• Giant Planet Trojans and Irregular Satellites: Did the Jupiter Trojan asteroids originate near 

Jupiter’s orbit or farther out in the Solar System? What can the Trojan asteroids tell us about the 
era of planetary migration and largescale material transport in the Solar System? Does the 
diversity present in the spectral properties of Trojans result from different compositions or 
different maturities? If the former, do the different compositions reflect different formation 
locations? Were all the irregular satellites of the giant planets captured from the same small body 
population? Were they all captured at roughly the same time?

• TNOs and Centaurs: What was the location in the protoplanetary nebula and what were the local 
conditions when trans-Neptunian objects formed? How did accretion proceed through various 
size regimes? What were the effects of “snow lines” of water and other volatiles? What was the 
extent of radial and vertical mixing in the nebula at its furthest reaches? What chemical processes 
occurred in the various nebular environments? How do Kuiper belt objects compare to scattered 
disk objects and inner Oort cloud objects? How do classical Kuiper belt objects compare to Pluto 
and other resonant KBOs? What are the genetic relationships between trans-Neptunian objects 
and other small bodies Populations? What does the present-day population of Centaurs tell us 
about their parent population of TNOs?
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