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Introduction:	 The	 surfaces	 of	 asteroids	 of	 all	

sizes	possess	linear	features,	or	lineaments,	some	of	
which	provide	information	on	the	internal	structure	
and	history	of	the	body	[c.f.,	1,2]	and	others	may	illu-
minate	 characteristics	 of	 surface	 weathering.	 On	
some	 asteroids,	 the	 orientation	 of	 lineaments	 and	
grooves	 can	 be	 associated	with	 craters,	where	 the	
asteroid	has	globally	readjusted	to	the	impact	event.	
In	a	few	instances,	lineaments	are	remnants	of	mass	
wasting.	Long	linear	grooves	are	also	considered	ev-
idence	 for	 structural	 coherence.	 Linear	 chains	 of	
boulders	could	hint	at	subsurface	structure	or	the	re-
moval	of	near-surface	fines.	

Using	images	and	altimetric	data	from	the	cam-
eras	[3]	and	altimeter	[4]	on	board	the	Origins,	Spec-
tral	Interpretation,	Resource	Identification,	and	Se-
curity–Regolith	 Explorer	 (OSIRIS-REx	 [5])	 space-
craft,	we	identify	lineaments	on	Bennu.	The	images	
are	 also	 used	 along	with	 altimetry	 to	 build	 digital	
terrain	models	(DTMs)	[6]	that	provide	topographic	
detail	on	the	observed	lineaments.	

This	first	global	mapping	of	lineaments	on	the	as-
teroid	 (101955)	Bennu	shows	a	diverse	set	of	 fea-
tures	 that	 include	 long,	 longitudinal	 high-standing	
ridges,	scarps,	grooves,	troughs,	and	ridges.	We	re-
view	 these	 features,	 assess	 their	 orientations,	 and	
discuss	their	relevance	to	our	emerging	understand-
ing	 of	 Bennu’s	 internal	 structure.	 Assessments	are	
consistent	with	a	rubble-pile	asteroid	that	may	con-
tain	large	subsurface	blocks	or	some	other	form	of	
interior	rigidity.	

Lineament	 categorization:	 We	 identify	 and	
map	candidate	linear	features	across	the	surface	of	
Bennu	using	the	Small	Body	Mapping	Tool	[7].	Iden-
tification	is	primarily	from	images,	with	topography	
used	to	assess	a	confidence	level	[1].	The		confidence	
assessment	is	necessary	because	of	the	challenges	of	
identifying	lineaments	on	asteroids,	particularly	on	
small,	 ruble-pile	 asteroids	 with	 rock-strewn	 sur-
faces	such	as	those	on	Bennu.	We	classify	lineaments	
by	 their	 shape:	 ridges,	 troughs,	 grooves,	 scarps,	
boulder	trails	(an	assembly	of	boulders),	and	global-
scale	high-standing	ridges	[4].		

Results:	There	are	more	than	130	lineaments	at	
scales	from	25	m	to	400	m	(Fig.	1,	next	page).	The	
global	distribution	is	approximately	uniform	in	both	
latitude	and	longitude.	75%	of	the	lineaments	are	be-
tween	35	m	and	180	m	(Fig.	2).	Lineaments	are	more	

prevalent	on	Bennu	than	on	some	other	small	aster-
oids	such	as	Itokawa.	The	most	common	lineaments	
are	ridges	and	shallow	troughs.	Boulder	trails	may	
be	the	remnants	of	ridges	where	the	smaller	mate-
rial	and	fines	have	wasted	away.	There	appear	to	be	
E-W	oriented	terraces	at	the	latitudes	with	highest	
slopes	[6],	another	indication	of	mass	wasting.		

Fig.	2.	Global	distribution	of	lineaments	on	the	surface	of	
Bennu.	Does	not	include	the	20-m-and-shorter	lineaments	
that	are	found	in	the	smooth	areas	of	some	craters.	Surface	
roughness	and	rocks	mask	lineaments	shorter	than	25	m	
over	most	of	the	surface.		

Fig.	3.	The	black	lines	overlay	sharp	linear	grooves	in	the	
smooth	interior	of	the	crater	at	24N,	207E.	

There	are	an	additional	20	shorter	lineaments	in	
the	smoother	areas,	most	of	which	are	in	the	interi-
ors	 of	 some	 craters	 (Fig.	 3).	 These	 are	 usually	
straight,	narrow	grooves	that	appear	to	be	fractures	
in	the	crater	floors	in	which	they	are	observed.	It	is	
unknown	if	these	are	common	to	Bennu	and	only	ob-
served	in	smooth	crater	floors	due	to	lack	of	masking	
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by	rocks	and	boulders	or	if	these	apparent	fractures	
were	 created	 during	 the	 impact	 that	 formed	 the	
crater.	Future	high-resolution	images	and	altimetry	
may	 provide	 evidence	 that	 these	 are	 fractures	 in	
subsurface	bedrock.		

Several	aspects	of	the	lineaments	indicate	Bennu	
has	 some	 degree	 of	 internal	 stiffness.	 The	 north-
south	high-standing	ridges	can	extend	from	pole	to	
pole	and	denote	internal	stiffness	because	they	sup-
port	material	above	the	surrounding	terrain	[4].	The	
few	long-linear	grooves	that	can	span	more	than	250	
m,	longer	than	Bennu’s	mean	radius,	similarly	indi-
cate	 structural	 coherence.	 By	 showing	 a	 tentative	
link	between	the	orientation	of	some	lineaments	and	
the	crater	at	44S,	325E,	an	early	analysis	using	the	
technique	 applied	 to	 Eros	 [4]	 also	 indicates	 suffi-
cient	internal	connectivity	to	affect	far-reaching	ter-
rain.	 Alternatively,	 a	 random	 distribution	 of	 linea-
ments	would	argue	for	a	blocky	underlayment	with	

a	lack	of	global-scale	internal	cohesion.		
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Fig.	1.	Four	global	equatorial	views	of	the	Bennu	lineaments	showing	ridges	(red),	troughs	(light	blue),	boulder	
trails	(green),	grooves	(black),	scarps	(white),	and	combination	(yellow).		
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