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Science Objective Summary and Science Weekly Debrief 

 

DOY 048–055: NavCam 1 will collect images for particle monitoring at an increased cadence: 

every 20 minutes for 7 hours per day.  

DOY 54: The OCAMS nonlinearity calibration will be rerun with corrected exposure times. This 

activity will refine nonlinearity limits carried for all radiometrically calibrated data products, 

including color products.  

Science Weekly Debrief 

For slides and the WebEx recording on ODOCS, click here then follow the path: Folders \ 

Documents and Drawings \ OSIRIS-REx Bennu Proximity Operations \ Science Status \ Science 

Monthly \ 2020-02-20.  

Recon B & working group/instrument team updates  

• Recon B Osprey data update – Mike Nolan 

The data taken during the medium sortie to Osprey last week were processed with preliminary 

geometry. All of the data will now be reprocessed with the reconstruct, as changes with this 

updated geometry are small but measurable.  

• OLA status – Mike Daly 

LELT is believed to be lost beyond recovery, probably as a result of premature failure of the 

laser diode; the laser’s lifetime as tracked by hours was only 20% expended. Unfortunately this 

problem was not caught before the Osprey medium sortie, so not only was OLA coverage lost 

for that site, but PolyCam focus was also negatively affected (see below). HELT continues to 

operate nominally, and all future OLA observations are now planned with it. Ranging from the 

HELT will support correct focusing for PolyCam, but it will not provide additional OLA science 

data that improves our understanding at the scale at which we are now working. OLA is still a 

success story overall; for example, the original expectation for Orbital B was 300 million shots, 

whereas we actually acquired closer to 3 billion (however, this higher number of shots is not 

thought to have affected the laser lifetime). A more detailed assessment of the LELT failure will 

be delivered to the project next week.  

• Recon B Osprey imaging status – Bashar Rizk, Christian d’Aubigny 

Because of lack of focus input from LELT, more than 400 PolyCam images from the Osprey 

medium sortie are out of focus. PolyCam started the sortie with its shutter closed, then went to 

the manually set (backup) focus position; however, the manually set position, which reasonably 

approximates focus based on expected range to surface, was then overridden by outdated 

https://soedms.as.arizona.edu/Login.aspx


information from LELT. See the slides for a plot of PolyCam focus step positions over the 

course of the observation.  

Some images are in focus, some are just a few focus steps off, and some are more critically 

impacted. The OCAMS team is considering a focus position error of ~3 to be “good quality”, 

i.e., usable. Focus position errors of ~6 are considered “poor quality” images that need correction 

and in which artifacts such as donuts may be mistaken for features. It may be possible to batch-

process the corrections by matching a PSF to images based on how out of focus they are. Kate 

Crombie requests documentation of the non-nominal character/processing of these images for the 

PDS.  

The main driver of these images was navigation. The team is still evaluating, by several different 

methods, whether the images can meet these needs (by themselves or in combination with low-

sortie images). If not, we may need to re-fly the Osprey medium sortie in place of the Osprey 

low sortie.  

• IPWG – Dani DellaGiustina, Carina Bennett 

From the Osprey medium sortie, Topo 1 had the best geometry for IPWG purposes but was also 

the most out of focus (lower quality than Recon A). Non-projected frames from the more oblique 

Topo 2 and color datasets offer interesting edge-on views of the Osprey crater, highlighting the 

relief of the dark feature in the center, and Strix, a.k.a. the 12 o’clock rock. Color data show that 

Osprey crater is spectrally flat compared to the global average, Strix is blue, a face of Gargoyle 

is blue (whereas it has appeared red in nadir views), and a very blue boulder is present in the 

area.  

CosmoQuest update: Processing of counts is wrapping up. Our team achieved 106,000 boulder 

counts, whereas millions of counts were acquired through CosmoQuest. The CosmoQuest 

dataset spans latitudes +70 to –70 and all longitudes. Images are controlled and registered to the 

mosaic.  

• Nightingale hazard map – Mike Nolan  

The hazard map (see the slides) identifies hazardous objects from which the spacecraft can 

autonomously wave off TAG given a certain probability of hitting them. For Nightingale, the 

algorithm-computed chance of wave-off was 8%, with a 0.5% chance of not waving off but still 

touching something unsafe. After editing the map based on the Nightingale medium sortie data, 

the only change was a slight increase in the chance of wave-off to 9%. The precision of the map 

is predicted to be of order 1 m; the spacecraft computes it on the fly. Input from the Checkpoint 

and Matchpoint rehearsals will allow us to evaluate for biases and take corrective action if 

needed.  

• OVIRS pipeline & Recon B updates – Amy Simon  

The OVIRS pipeline has been working well from the instrument standpoint, but Bennu is not 

behaving: spectral features are weak. The OVIRS team has been looking at updates to the 



calibration pipeline that could help address this. Updates to be deployed after Recon C (not 

affecting site selection) include: bug fix for misidentification of out-of-band versus radiometry in 

LVF3, parallel pipelines for SP=2 and SP=8, updated radiometric coefficients, and outlier 

screening. See the slides for details on the current calibration process, the planned updates, and 

how these updates improve spectra.  

OVIRS was warm during the Nightingale medium sortie, but the spectra are not saturated. These 

data are usable, with caution. The detector was even warmer for the Osprey medium sortie, in 

this case resulting in some saturated spectra and an off-nominal calibration. The data may be 

usable, but increased caution is advised to avoid misinterpreting artifacts as features.  

• OTES Recon B updates – Vicky Hamilton 

OTES spectral endmembers, Type 1 and Type 2, are defined primarily by the spectral slope 

between 987 and 814 cm–1 and secondarily by the band depth at ~440 cm–1. The lack of 

spectral change at 650 cm–1 indicates that the variability at high wavenumbers is attributable to 

the presence of fine particulates (<~100 microns) rather than compositional differences. Type 1 

is coarser; Type 2 is finer. See the slides for a map of the 987/814 cm–1 ratio from Equatorial 

Station 3 (EQ3), showing that patterns correspond to geographic areas and geomorphic features. 

Fine particles seem to be most common in areas with large boulders, suggesting that the latter 

may be a source of or trap for the former.  

Nightingale’s average spectrum from the Recon B medium sortie is intermediate between Type 1 

and 2. Osprey’s leans more toward Type 2, and the spectrum from the dark raised area in the 

center of the crater is even more strongly Type 2. Both of these datasets have been delivered for 

blessing, and spectral index maps will be delivered to the project next week.  

Analyses/manuscripts in progress & publication status  

• Organics detection – Amy Simon 

Amy is leading a paper (currently iterating in project review) for the Science-targeted 

“macroscale” special issue on the OVIRS effort to detect and map carbon-bearing materials (3.4-

micron feature). The paper finds that spectral shapes across the surface of Bennu match the full 

range of global-average spectra observed for other asteroids, indicating that a global average 

does not necessarily reflect surface compositional diversity. The detection of the 3.4-micron 

feature does not seem to be meaningfully affected by phase angle. Properties such as albedo, 

temperature, and hydration may be correlated with each other but do not appear to be correlated 

with this band. The deepest features are observed over discrete rocks, and regions with little 

absorption have no large rocks, perhaps indicating freshly exposed faces or rock-to-rock 

variations in abundance. Deep absorptions are observed at Nightingale.  

• Carbonates and veins – Hannah Kaplan 

Hannah is leading a companion paper (currently in project review) to the above that focuses on 

spectral evidence for carbonates and imaging evidence of relatively bright, centimeters-thick 



veins and “blobs” within boulders. The cation composition of the carbonates helps to parse out 

the relationship between Bennu and CMs vs. CIs and offers insight into Bennu’s alteration 

history. The resolution of the spectral data is such that we cannot definitively identify the veins 

or blobs as carbonates, but the connection is highly plausible given the co-occurrence of these 

features with carbonate absorptions, their brightness, and the evidence of smaller-scale carbonate 

veins and carbonate vein fragments in the meteorite record. OLA data indicate that some of the 

observed veins are sunk well below their host boulder’s surface, suggesting preferential 

weathering. If the veins on Bennu are carbonates, they would have required a hydrothermal 

system of tens of meters over hundreds of thousands to millions of years to form, and they would 

constrain water/rock ratios to be tens or more if the system was open. Some inferences about 

depth of formation may be possible, although it depends in part on the presence or absence of an 

ice shell.  

• NIR clustering – Antonella Barucci 

The spectral analysis of EQ3 data with multivariate statistics was updated with the new OVIRS 

calibration (February 2020, Lommel-Seeliger). Groupings are similar to those using the previous 

calibration (November 2019, Minnaert) but with small differences in behavior and slope and 

different distribution patterns on the map. The band areas at 2.74 microns are larger, and the 

detection of the 3.4-micron band is clearer. See the slides for a map with Erica Jawin’s mass 

movement directions overlaid. The analysis will be updated again with the next calibration in a 

few weeks.  

• Thermal inertia of the Roc – Andy Ryan 

This study is using data from Sandpiper context observations of the Roc during Recon A, 

together with the ATPM and the 800k shape model cropped to the area of interest; see the slides 

for different approaches to setting the thermal roughness. The resulting thermal inertia values 

largely agree with those from global observations: the Roc and large dark boulders in its 

immediate area have relatively low TI, and the material in between the boulders has higher TI. 

However, there are some variations in TI within the Roc, which were investigated for 

corresponding differences in appearance and texture. An unexpectedly high TI value on the Roc 

(290 SI units) may be driven by high-relief topography that is smoothed out in the 800k shape 

model. Manar Al Asad suggested exploring low-resolution OLA shape models that could capture 

this topography without requiring manual adjustment. An area of lower TI (180) appears to have 

some onlapping regolith. The analysis is ongoing and will expand to Nightingale using Recon B 

data.  

• Global patterns of mass movement – Erica Jawin 

The goals of this work are to document mass movement on Bennu at a range of spatial scales; 

determine where, and potentially how much and when, mass movement has occurred; and 

determine how it has affected other geologic features such as craters and boulders. Evidence of 

mass movement was identified on the global basemap from Detailed Survey, then re-identified 

after draping the mosaic over the shape model. Identifications were checked against individual 

images with different lighting conditions.  



The results show that mass movement on Bennu breaks down into two categories: movement of 

“fine grains” (e.g., flow of material into Ruby crater, upslope burial of boulder faces) and 

movement of boulders (e.g. rocks on rocks, particle organization such as size grading, alignment, 

and imbrication).  

See the slides for a map of mass movement identifications with arrows indicating direction of 

movement color-coded by movement type. Material is generally moving in a N-S orientation 

from the mid-latitudes toward the equator, possibly adding to the construction of the ridge. 

Apparent motion directions are similar to downslope directions from the shape model, indicating 

that movement occurred in the recent past. Mass movement in the midlatitudes is associated with 

steeper slopes and apparent excavation (perched or partially buried boulders); at low latitudes, it 

is associated with burial (onlapping from multiple directions). With caveats, it is possible to back 

out a volume of material moved. Midlatitude mass movement could be a mechanism of small 

crater erasure; a stagnated flow (bucket brigade–style) would explain why larger craters are still 

present at the equator. The paper has been circulated to coauthors and is expected for project 

review soon.  

• Publications status – Cat Wolner 

Input from the publications survey has been rolled from the Google spreadsheet into the master 

publication plan. The survey triggered the proposal of numerous new papers, which were largely 

approved. Some existing papers and a minority of newly proposed papers were moved “outside 

the project” at the PI’s decision, meaning they will not receive funding from the project and are 

exempt from project-level review. The U.S. co-Is have been informed of their manuscript 

funding for FY21. The PI will follow up with PSPs and international collaborators regarding 

which of their future papers are exempted from project review.  

Two of the 12 submitted papers for the particle special collection in JGR Planets have been 

accepted, and 10 of 12 are back from review. A review-style introduction and Eos blog post are 

being prepared to accompany the collection at the journal’s request.  

See the slides and recent weekly updates (emails) for newly added papers and papers with recent 

status changes (back from review, accepted, published, etc.).  

Upcoming meetings  

Some Science Weeklies may be canceled over the next few weeks to accommodate operational 

demands on the team.  

Upcoming deadlines  

ACM 2020:  

• Lists of planned abstracts due from WGLs to Sci Exec | Wednesday 4 March 

• Draft abstracts due from authors to Sci Exec | Wednesday 11 March 

• Final conference submission deadline | Tuesday 31 March 



• Mission-funded travel request deadline | to come 

 


