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MRD 195b 

MRD-195b (2.9.5b) Analyze the geologic properties of the asteroid to constrain its 

dynamic history  

 

Summary of Requirement 

 

Goal 1: Determine dynamical timeline of Bennu from when it was a main‐belt asteroid to its 

observed orbit as a near‐Earth object. 

• Develop dynamical hypotheses that are testable with future ground‐based observations, 

the asteroid encounter, or analysis of the returned sample. 

Goal 2: Investigate whether Bennu is related to any known asteroid family or "background" 

asteroid population. 

• Explore the collisional and dynamical history of Bennu main‐belt family. 

 

Data Products Required 

This task will require information on (i) Bennu's crater population, (ii) the influence of the 

Yarkovsky and YORP effect on Bennu, (iii) the nature of Bennu's surface properties (e.g.,has 

Bennu's surface been desiccated upon close approach to the Sun, has it been hit by high velocity 

impactors), (iv) information on the composition and exposure history of the samples returned. 

Data products required will involve surface images, geologic maps of Bennu's features, estimates 

on the strength and magnitude of the Yarkovsky/YORP torques, and data from the anaysis of the 

samples. 

 

Ability/Availability of the System to Generate Sufficient Observations 

 

We foresee no difficulty in this regard. 

 

Minimum Success Criteria 

 

• Analyze the returned sample for solar wind implantation ages and cosmic ray exposure 

ages.  

• Analyze the surface for geologic clues that tell us about Bennu's long term evolution 

(e.g., craters, geologic effects produced by YORP torques that cause reshaping of 

Bennu's figure).   

• Analyze the surface for spectral changes caused by primordial, solar or impact heating. 

https://sciwik.lpl.arizona.edu/wiki/pages/x6X4x9S/Global_Crater_Geology_Map_GCGM_MRD136.html
https://sciwik.lpl.arizona.edu/wiki/pages/U4t8t0/MRD150.html
https://sciwik.lpl.arizona.edu/wiki/pages/N5t9p7/YORP_MRD193.html
https://sciwik.lpl.arizona.edu/wiki/pages/e1T8U5F1/Mineral_and_chemical_maps_global__sitespecific_MRD140_MRD118.html
https://sciwik.lpl.arizona.edu/wiki/pages/94r26644/Global_and_Sitespecific_Singleband_Mosaics_MRD121119_576_183a_116.html
https://sciwik.lpl.arizona.edu/wiki/pages/A8X393K/Global_Geologic_Map_GGM_MRD195a.html


 

Dependencies per Mission Phase 

 

A successful return of a sample to Earth. 

 

Adequacy of the DRM 

 

We can meet the requirement with the current DRM. 

 

Data Products per Mission Phase 

 

This will be a report and a peer-reviewed publication that is completed post-Earth return. This 

study integrates geologic, spectroscopic, and sample analyses into a single document that 

discusses how Bennu can be linked to asteroid families in the main asteroid belt.   

 

Overview of Processing 

 

Dynamical modeling through computer simulations at the Co-I's home institution.  

 

Provenance of Algorithms, Software and Techniques 

 

References for collisional, dynamical, and crater formation/evolution models and thus 

verification that we can actually make such models are: 

 

Bottke, W. F. and 9 co-authors. 2015. In Search of the Source of Asteroid (101955) Bennu: 

Applications of the Stochastic YORP Model. Icarus 247, 191-271. 

Bottke, W. F., M. Broz, D. P. O'Brien, A. Campo Bagatin, A. Morbidelli, and S. Marchi. 2015. 

The Collisional Evolution of the Asteroid Belt. In Asteroids IV (P. Michel, F. DeMeo, and W. F. 

Bottke, Eds). U. Arizona Press, 701-724. 

Vokrouhlicky, D. W. F. Bottke, S. R. Chesley, D. J. Scheeres, and T. S. Statler. 2015. The 

Yarkovsky and YORP Effects. In Asteroids IV (P. Michel, F. DeMeo, and W. F. Bottke, Eds). U. 

Arizona Press, 509-532. 

Marchi, S., W. F. Bottke, A. Morbidelli, and D. Kring. 2012. The onset of the lunar cataclysm as 

recorded in its ancient crater populations. Earth Planet. Sci. Lett. 325-326, 27-38 

 

Morbidelli, A., W. F. Bottke, D. Nesvorný, and H. Levison. 2009. Asteroids were born big. 

Icarus 204, 558-573. 

 

Expected/Simulated Data 

 

Does not apply other than what gets published in the literature through scientific research. 

 

Analysis & Verification Methods 

 



See Provenance of Algorithms, Software, and Techniques section.  The codes have been tested 

through peer reviewed journal publications. 

 

Existing or Potential Liens 

 

Lien-VIS-01- These maps will be analyzed visually using a tool that allows the analyst to mark 

the position and shapes of boulders, craters, regolith areas and linear functions (JAsteroid or 

SBMT) 

 

SPOC Requirements 

 

Have the processed data from the global characterization of Bennu in the repository.  

 

External Interfaces 

None, does not apply. 

 


