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Introduction: The Origins, Spectral Interpretation, 

Resource Identification, and Security–Regolith Ex-
plorer (OSIRIS-REx [1]) has obtained resolved images 
of the surface of asteroid (101955) Bennu since Novem-
ber 2018. These images and the derived global digital 
terrain models (DTM) are used to identify linear surface 
structures across Bennu. The identification of these lin-
eaments and their location will help to constrain the na-
ture of Bennu’s internal structure, and the past stress 
states experienced by Bennu.   

Method: Candidate linear features are mapped 
across the surface of Bennu using the Small Body Map-
ping Tool [2]. The lineaments were first identified pri-
marily using imaging. Topography was then used to as-
sess a confidence level in the linear candidates. Table 1 
summarizes the criteria we use to identify the confi-
dence levels associated with the detection of the linear 
features. These criteria were established because of the 
challenges of identifying lineaments on asteroid in gen-
eral [3,4], especially when the target asteroid is fairly 
small, and covered with surface boulders.  

 
Table 1. Candidate Lineaments Confidence Level 

Type Note 
1 Seen in several images (varying phase) 

with clear topographic expression. 
2 Seen in several images (varying phase) 

with possible topographic signature. 
3 Seen in one or two image (minimal phase 

difference); no obvious topographic signa-
ture. 

 
To be classified as a candidate lineament, a linear 

feature had to be identified in at least two images, pref-
erable with more than one phase (emission and inci-
dence) angle. If the lineament was observed in a second 
image, but with only a small change in the phase (emis-
sion and incidence) angle (<10°), it was given the lowest 
confidence measure especially if there was no measura-
ble topographic expressions.  

Identified candidate lineaments were given a higher 
level of confidence if they possessed some topographic 
expression. A measure of the topography was obtained 
from the global digital terrain model developed by the 

OSIRIS-REx science team from imaging. The highest 
lineament confidence number was given to features that 
possessed some form of lineament-like topographic ex-
pression (depression or ridge) along most of its length, 
and the lineament was present in many images with var-
ying viewing geometries. 

Results: In contrast to asteroid (25143) Itokawa, 
Bennu possesses a few different types of surface linea-
ments. The most easily discerned linear features are 
large scale ridges (Fig. 1, 2). These N-S oriented struc-
tures are often linear and can span lengths from 80 to 
330m, extending from the pole to the equator. The 
ridges width vary from a 2 to 30m , and possess a height 
of 1 to 5m relative to the surrounding terrain. They are 
separated by 30 to 70 degrees of longitude. It is possible 
that some of the less straight structures are remnant of 
crater rims. These ridges are more prevalent in the +Z 
(northern) hemisphere.  

The next set of lineaments appear as narrow shallow 
grooves that cut across the surface of Bennu from east 
to west, or have slight NE-SW orientation. Some pos-
sess a N-S orientation; one is located between two N-S 
ridges suggesting that these features could have a re-
lated genesis. In some cases, the grooves also possess a 
scarp like feature on their upslope portions. 

Several scarps are also observed. These can have 
random directions. They can be curved as well as linear,  
and some are easily identified in low phase images; all 
have a topographic expression. These appear to  deline-
ate the edge of a land mass that has been displaced. Pos-
sibly similar in nature, some ledges also exist that mark 
the end of mass movement; the most prominent is lo-
cated at the end of deposit located near -7.6N 267E.  

The next type of linear feature observed are much 
smaller in scale, and resemble the alignments seen on 
(25143) Itokawa. On Bennu, these ridges look like pro-
trusions that extend over short portions of the asteroid.  

The grooves and scarps identified are limited to the 
northern hemisphere of Bennu. Any linear structures 
that might be located in the S are difficult to identify and 
hence have low confidence ratings.  

Origin of Ridges: While grooves and scarps have 
been identified on other asteroids, the large N-S ridges 
are a unique feature, which has not been observed be-
fore. There is a possibility that ancient crater rims might 
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be responsible for the more curved ones, but the linear 
ridges are more likely to have a different origin. Be-
cause Bennu is fairly small, the ridges could be ero-
sional remnants of constitutive components within the 
asteroid that maintain structural rigidity. There is signif-
icant evidence that some of these ridges control the 
paths followed by surface rubble, suggesting that these 
may eroded up slope off the ridges and into the valley-
like regions between them. 
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Fig. 1. OCAMS images (20181201t065147s197_pol_iof, 1 December 2018) overlain on the Bennu shape with eleva-
tions showing the northern-hemisphere ridges. 

 
Fig. 2. OCAMS images (20181127t064814s125_pol, 27 November 2018) overlain on the Bennu shape with eleva-
tions showing the northern-hemisphere ridges (cyan), grooves (yellow), scarps (red) and ledge (white).  
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