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PROCESSES IN AN ACTIVE SOLAR SYSTEM

Small bodies provide a window into physical processes that continue to shape our Solar
System. Exploration of large main belt asteroids reveal geologically active worlds, perhaps
typical of bodies composed of both rock and ice. Images of the worlds beyond Neptune
show that distant, icy bodies can have active cryo-spheres and tenuous atmospheres,
similar to the icy moons of giant planets, with which they share similar gravity regimes.
Some of these worlds also have rings and their own moon systems, either a signature of
their origin or debris captured following large impacts. Close study of Saturn’s rings has
revealed small moons in and near them that may be actively forming, offering a natural
laboratory for understanding the processes involved in planetary accretion. The moons of
Mars, Deimos and Phobos, may be covered with material from the surface of Mars, ejected
by ancient and/or more recent impacts. Thus, small bodies can help us to understand
processes on and around larger bodies.



Current Objectives in SBAG Goals Document

1.4.1. Understand the structure of the surfaces of the small bodies, 
including roughness and surface compaction state, in various locations 
in the Solar System, and how the chemical and physical properties are 
modified by the space environment. 
1.4.2. Understand the overall physical properties of small bodies, 
including size, shape, mass, density, porosity, and spin rate. 
1.4.3. Combine theoretical models with measurable properties to 
determine the evolution of the interiors of small bodies, including 
differentiation and melting, metamorphism, and 
fragmentation/reaccretion.
1.4.4. Determine the current and past magnetic fields of small bodies. 



Processes Currently Covered by Objective 4

• Internal evolution, physical differentiation
• Generation of transient dynamos
• Geological processes, e.g., tectonism, volcanism, etc.
• Collision, crater formation, reaccretion
• Surface alteration processes, e.g., space weathering, compaction, etc.



Relevant Projects in “Common Themes” Document
• Major Objective

• NEO Characterization
• NEAR 
• Rosetta 
• New Horizons
• Dawn
• Hayabusa, Hayabusa 2
• OSIRIS-REx
• Lucy
• Psyche
• MMX

• Minor Contribution
• ANSMET 
• Planetary Radar
• Deep Impact
• Cassini
• Outer Solar System Astronomy

New 
Horizons

Vesta 16 Psyche

Psyche

Pluto
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Proposed Additions

• Hydrogeochemistry, chemical fractionation
• Cryovolcanism as a process relevant to dwarf 

planets
• Rings processes
• Atmospheric processes
• Connection to Ocean Worlds roadmap (Ceres, 

large TNOs) 
• Recently selected missions: Psyche, Lucy, MMX
• Consider rephrasing the 1.4 objectives
• What else? Ceres



Soliciting comments and authors

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



Backup



1.4.1. Understand the structure of the surfaces of the small bodies, 
including roughness and surface compaction state, in various locations in 
the Solar System, and how the chemical and physical properties are 
modified by the space environment. 
• Our direct analysis of small bodies, whether via spacecraft, telescope or 

laboratory analysis of samples, is generally limited to material that has been at or 
near the surface of some body, at least in the most recent past. Therefore, it is 
essential to understand the mechanisms that alter the surface material, 
processes collectively known as “space weathering,” in order to infer the 
properties of the underlying, unweathered, materials. However, these processes, 
including solar wind bombardment, micrometeorite impact, and (for icy objects) 
sublimation, are also worthy of study in their own right, and “space weathering” 
may differ on small bodies of various compositions, sizes, and distances from the 
Sun. Macroscopic roughness provides clues to both the structural integrity of 
small bodies and to their impact history. How do the regoliths of small bodies 
differ, and what does that tell us about their collisional and geologic history? 
Tenuous regoliths may build up on both icy and rocky bodies through processes 
such as micrometeoritic bombardment, volcanic deposition, and exogenous dust 
accretion. On the other hand, magnetospheric bombardment and some geologic 
processes will tend to increase the compaction state of the regolith. 



1.4.2. Understand the overall physical properties of small bodies, including 
size, shape, mass, density, porosity, and spin rate. 

• Although most of our observations of small bodies deal with the surfaces, most of 
the material composing those bodies is below the surface. Properties such as 
microporosity abundance and distribution contain clues to the mechanisms 
driving the formation of primordial planetesimals. Internal differentiation 
(stratification) can place constraints on thermal evolution. To truly understand 
those bodies, we need to understand the interiors, whether the surfaces are 
representative of the entire bodies, and whether the interiors are homogeneous 
or heterogeneous, coherent or fractured, stratified (differentiated) or not. While 
we cannot yet directly access the interiors, their structure controls properties 
such as density, porosity, and gravity, some of which can be estimated from 
ground-based measurements (especially of binaries) or spacecraft flybys, others 
of which could be measured using geophysical techniques such as surface 
gravimetry, radar sounding, or even seismology during more extensive spacecraft 
interactions. Shape and gravity data, combined with spin properties, can also be 
used at small bodies to infer their internal structures. 
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1.4.3. Combine theoretical models with measurable properties to determine 
the evolution of the interiors of small bodies, including differentiation and 
melting, metamorphism, and fragmentation/reaccretion. 

• To understand the formation and evolution of small bodies, we need to 
know what the interiors of small bodies are like at present, as described in 
1.4.2, but we also need to know how their interiors have evolved to their 
current states. Though the analysis of the interiors of current small bodies 
is limited, meteorites from differentiated asteroids provide samples from 
the interiors of larger bodies. In addition, theoretical models of the 
interiors of all kinds of small bodies, at scales ranging from thermal skin 
depths to the entire bodies, predict evolutionary paths and current 
structures that can be compared to the current observed states. These 
models require knowledge of material properties and deep understanding 
of the physics driving certain processes, so experimental research is also 
crucial. 



1.4.4. Determine the current and past magnetic fields of small bodies. 

• Understanding the role of magnetism in the evolution of small bodies 
is important, to identify if magnetism arose as a result of past core 
dynamos during a magma ocean phase on the small bodies or from 
accretion of magnetized nebular material. In situ analyses of small 
bodies by spacecraft and laboratory analyses of remanent magnetism 
in meteorites and returned samples can provide insight to address 
this issue, with implications for understanding the differentiation of 
small bodies interiors. 
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