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Snmmarv. Four sets of structures are mapped along the Danu MontesNesta Rupes 
deformation belt. Contractional ridges change orientation with curvature around Lakshmi 
Planum, from NE-trending at the eastern, Danu, end of the belt to NW-trending at western Vesta 
Rupes. Extensional graben and fractures also parallel the Lakshmi boundary, occupying original 
valleys between ridges, and are interpreted in terms of extensional collapse of the original 
contractional belt. Temporally coeval, to later, extensional graben and fractures trend normal to 
the Lakshmi boundary, and accommodate curvature of the deformation belt. Post-defmational 
volcanic activity, producing volcanic pits and chains, may have used pre-existing structures. The 
proposed deformation history is compatible with early contraction and extensional collapse 
around the Lakshmi margin, with contemporaneous to later m a r g i n - n d  extension 
accommodating belt curvature. The orientation and spatial distribution of structures around the 
Lakshmi margin are suggestive of a boundary effect, perhaps related to a fundamental boundary 
at depth between Lakshrni Planurn to the north and the plains to the south. 

o d u m  At 5 km above MPR, the Danu Montesnesta Rupes deformation belt 
parallels the curving southern margin of Lakshrni Planurn. Belt orientation varies from northeast- 
trending at the eastern, Danu Montes, end of the belt, to northwest-trending at the western end of 
Vesta Rupes. The main deformation belt is approximately 50 km wide, immediately adjacent to 
Lakshmi Planum, although parallel structural trends are observed up to -250 km outboard of 
Danu Montes. Along Vesta Rupes, two small areas of deformed crust, separated from Vesta 
Rupes by wide (-50 km) bands of radar-smooth and -dark material also preserve structures 
parallel to those of the deformation belt. Structures continue uninterrupted from Danu Montes 
westward to Vesta Rupes. The long, narrow shape and high aspect ratio of the belt are unlike 
other deformation belts surrounding Lakshmi Planum. This work addresses the structural 
history of the Danu Montesnesta Rupes deformation belt and proposes a model for DanuNesta 
deformation. 

Observat iw Three structural suites are observed on Danu MontesNesta Rupes. 
These include ridges, graben and fractures, and volcanic features. 1. Ridges: Ridges, which 
vary in length from - 15 to 100 km and have an average spacing of 6 km, change orientation with 
belt curvature from NE-trending in the east (60N, 338E), through ENE-, W-, and NW-trending 
along the DanuNesta transition (59N, 33 lE), to NNW-trending at the western end of Vesta 
Rupes (60N, 3 18E). Ridges in eastern Danu are observed outboard as far as -58N, 339E, 
where they are short (€15 km) and wispy. Ridges anastomose increasingly toward western 
Vesta Rupes. 2. Graben and fractures: Interpreted as extensional structures, both graben 
and fractures are oriented both parallel to and normal to the deformed belt. a. Belt-parallel: 
Graben and fractures that parallel the belt change orientation from NE-trending on Danu, to NW- 
trending along Vesta Rupes. Graben are short, paired, parallel lineaments, with an average width 
€5 km. Graben length varies from 10-30 lan. Fractures are sharp, singular lineaments that vary 
in length from -20-30 km. Belt-parallel graben and fractures also parallel the ridges described 
above. Along western Vesta Rupes, belt-parallel graben and fractures become oriented at an 
acute angle to the deformation belt, and are thus neither belt-noxmal nor belt-parallel. These 
orientations are discussed further below. b. Belt normal: On Danu, NW-striking belt normal 
graben and fractures are -20 km long, with close spacing (-5 km). Graben are narrow, <5 km 
wide, and both graben and fractures crosscut ridges. Along Vesta Rupes (e.g., 59.5N, 325E) 
NE-striking graben and fractures are short ( e l0  km), with spacing <5 km. These structures are 
concentrated on the highest parts of the belt, along ridges adjacent to Lakshrni Planum Graben 
and fractures are confined to individual ridges, with parallel sets on adjacent ridges; graben and 
fractures decrease in number with decreasing belt topography to the northwest. Outboard of 
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these ridge-bounded graben and fractures, closely spaced wispy fractures and narrow graben . 
become sigmoidal, oriented -20' to the belt (NNW). Original belt-parallel and belt-normal 
structures parallel this NNW orientation (e.g., 60N, 323E). At the westernmost end of Vesta 
Rupes, long (>50 km) ridges and graben parallel each other, trend NNW, and are cut by wispy 
ENE-striking fractures and narrow graben. These structural relations are mimicked in two 
regions outboard of Vesta Rupes, both of which are separated from the main deformation belt by 
50 km wide bands of radar-dark and -smooth material. Both of these regions preserve 
sigmoidal, generally NNE-trending, ridges and graben, which are cut by NE- and ENE-striking 
graben (e.g., 58N, 327E and 58N, 324E). 3. Volcanic features: Small (<3 km diameter), 
circular, radar-dark pits are observed throughout Danu Montes and Vesta Rupes, generally in the 
deformation belt adjacent to Lakshmi Planum. At westernmost Vesta Rupes and easternmost 
Danu Montes the pits are closely spatially associated with long, linear, volcanic features, some of 
which are lobate at one end The lobate nature of the lineaments is reminiscent of coalesced pits, 
and many single pits occur at the termination of a single volcanic lineament (e.g., 61N, 319E, 
61.5N, 339E). These lineaments all have a NNW orientation and span the transition from the 
smooth plains of Lakshmi Planum to the deformation belt. In most cases the lineaments become 
increasingly lobate to the southeast, although the opposite is true locally. All of the volcanic 
lineaments cross cut the deformation belt. These lineaments have been interpreted as extensional 
volcanic collapse pit chains [I], although their mode of origin is not clearly understood. Similar 
volcanic features oriented east-west across Danu (60.5N, 339E) also cross cut the deformation 
belt and may have a similar origin. Two impact craters, Magnani (58.5N, 337E), and an 
unnamed crater (57.7N, 333E) also occur in close proximity to Danu Montes. Magnani, the 
larger of the two craters, is fresh and undeformed, in contrast to the second crater, which is 
deformed. 

er~retation. Interpreted extensional structures form the dominant structural fabric of 
the Danu MontesNesta Rupes deformation belt. Belt-normal extensional structures are 
everywhere observed to cross cut the ridges, and, less clearly, the belt-parallel extensional 
structures, and they are therefore interpreted to be younger than the ridges and belt-parallel 
extension. Belt parallel extensional structures are interpreted to be slightly younger than the 
ridges they parallel, as the extensional structures occupy original valleys between ridges. The 
volcanic pits and chains crosscut all of the deformation structures, and are therefore interpreted to 
be post-deformational. Similarly, the crater Magnani is interpreted to be post-deformational, 
although the smaller, unnamed crater, which records deformation, is interpreted as pre- 
deformational. The relative order of structure formation is therefore: i) ridges; ii) belt-parallel 
graben and fractures; iii) belt normal graben and fractures; iv) small impact crater (sometime 
during i, ii, and iii); v) volcanic collapse pits and chains and impact crater Magnani. 

The above structural sequence is compatible with a progressive strain regime in which 
initial crustal contraction perpendicular to the Lakshmi Planum margin was followed by margin- 
parallel extensional collapse of shortened crust. Later margin-normal extension helped to 
accommodate belt curvature; the two extensional episodes may- have overlapped in time. The 
final volcanic activity may be related to reactivation of existing crustal weaknesses resulting from 
deformation. This scenario requires two directions of crustal contraction, northwest-directed 
shortening on Danu Montes, and northeast-directed shortening along Vesta Rupes, reflecting the 
curved nature of the boundary. Interaction of these two shortening regimes would result in the 
changing structural orientations seen around the Lakshmi margin. The orientation and spatial 
distribution of structures around Lakshmi Planurn suggest that deformation is a boundary effect 
related to the Lakshrni margin, perhaps reflecting a fundamental boundary at depth between 
Lakshmi Planun to the north and the plains to the south. 
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