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Introduction:  The asteroid Vesta, source of the 

howardite-eucrite-diogenite (HED) meteorites [1-4], is 
of great interest because the presence of basaltic com-
positions and textures in the HEDs suggest that basal-
tic lava flows once extruded onto Vesta’s surface [5,6]. 
Thus, among the goals of NASA’s Dawn Mission to 
Vesta [7] has been to search for and identify the rem-
nants of any ancient volcanic flows, or other evidence 
of volcanic activity. Alternatively, if flow-like features 
are found, but a volcanic origin for these features can-
not be supported, then a determination of what other 
geologic processes that might produce such features 
needs to be assessed. Here we report results from a 
review of images obtained during Dawn’s High- and 
Low-Altitude Mapping Orbits (HAMO, LAMO) to 
identify lobate features morphologically consistent 
with flow across the surface, and to identify the pro-
cess(es) likely to have produced these features. 

Results:  The geologic processes that could be re-
sponsible for lobate, flow-like features on Vesta in-
clude: 1) volcanism, 2) impact cratering, or 3) grada-
tion (gravity-induced mass movements). We evaluated 
each of these processes through the analysis of Dawn 
Framing Camera (FC) and Visible & Infrared Spec-
trometer (VIR) images, with FC pixel scales of up to 
20 m. 

Volcanism.  The prediction that volcanic features 
should have formed on Vesta was made by Wilson and 
Keil [5,6] and reiterated at last year’s LPSC [8]. After 
analysis of HAMO and LAMO images covering ~85% 
of Vesta’s surface, we find no unequivocal morpholog-
ical evidence for volcanic-related flow features on the 
surface of Vesta. The widespread distribution of im-
pact craters and impact ejecta testifies to the dominant 
influence of impact processes in gardening Vesta’s 
surface, such that any large-scale (tens of meters in 
size or larger) morphologic evidence of Vesta’s ancient 
volcanism is likely to have been destroyed. Alterna-
tively, if the volcanism on Vesta manifested itself only 
as a global magma ocean, which cooled and crystal-
lized to form basaltic minerals in widespread flow 
fields as opposed to discrete individual flows (similar 

to the larger basin-filling lunar maria), then this might 
also explain the lack of observed volcanic flow fea-
tures. In either case, the lack of discrete volcanic fea-
tures on Vesta is consistent with the hypothesis, based 
on analysis of basaltic material in the HED suite, that 
volcanism on Vesta occurred only during the first 10-
100 Ma of Vesta’s history [9,10], and that since then 
impact processes have degraded any ancient volcanic 
features to the point where they cannot be distin-
guished. It is still possible that some of the dark mate-
rials exposed in crater walls could be remnants of bur-
ied volcanic flows or intrusions, and further spectral 
analyses are underway to determine if there are any 
compositional differences among the dark materials, 
the bulk of which are thought to be derived from infall 
of carbonaceous material [11]. 

Impact Ejecta and Impact Melts.  Vesta’s surface 
displays many examples of impact ejecta flow lobes, 
including ejecta from the south polar Rheasilvia basin 
(~500 ± 25 km diameter [12]) where the continuous 
ejecta blanket extends into the equatorial latitudes and 
lobes of discontinuous ejecta extend into the northern 
latitudes at least as far as 13˚N. Smaller, younger cra-
ters display a wide variety of lobate ejecta deposits: 
craters Marcia, Calpurnia, and Minucia centered on 
~15˚N, 198˚E (Claudia system) are surrounded by a 
variable field of low-albedo ejecta. Some of the low 
albedo lobate material east of Marcia may be com-
posed of dark ejecta with some component of impact 
melt. Above the northern rim of Marcia is a region 
with variably higher albedo, smoother material (per-
haps ponded fine-grained ejecta or impact melt) adja-
cent to narrow, sinuous flow lobes. Within the floor of 
Marcia, Cornelia, Rheasilvia, and several other craters, 
are distinct lobate, flow-like materials. 

The evidence for impact melts on Vesta is ambigu-
ous. Within the Marcia quadrangle, some of the low-
albedo lobate material may be a mixture of impact 
ejecta and impact melt. In contrast, there are also sev-
eral deposits of higher-albedo smooth material occupy-
ing topographic lows, suggestive of relatively fine-
grained melt materials. It is unclear how thick these 
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units might be; however, assuming a range of thick-
nesses between 1-10 meters and multiplying by the 
mapped areal extents of these smooth materials (inter-
preted to be likely impact melt deposits) in and around 
Marcia and Calpurnia craters (~423 km2), we can esti-
mate impact melt volumes ~0.4-4 km3. These results 
are well within the predictions from theoretical esti-
mates of impact melt volumes for Marcia crater 
(~0.025-32 km3: These estimates are based on impact 
simulations combined with analytical scaling laws 
[13]). If the areal extents of pitted terrain within Mar-
cia and Calpurnia (~552 km2) and bright lobate materi-
als (~122 km2) close to the Marcia rim are included, 
then the estimated volume of potential impact melt 
deposits increases to ~11 km3, again consistent with 
model predictions. 

Mass Movements.  Dawn images show several 
clear examples of landslides, slumps, or other features 
interpreted to represent deposits produced from gravi-
ty-driven mass movements. Vesta’s ratio of observed 
relief to size (15%) is greater than that for the terrestri-
al planets (~1% [13]), such that impact craters forming 
on Vesta have a greater likelihood of forming on 
steeper slopes, resulting in the formation of ‘bimodal 
craters’. Bimodal craters have sharp rims on upslope 
sides of the craters, and subdued rims on the 
downslope sides of the craters due to the downslope 
movement of loose material from crater walls (see 
[14]). Other craters contain discrete lobate units that 
resemble terrestrial mass movement deposits. For ex-
ample, crater Octavia (3˚S, 148˚E) contains a well-
defined rotational landslide deposit. The well-defined 
interior scarp of the Rheasilvia basin at 54˚S, 93˚E 
contains a large rotational landslide deposit on its inte-
rior flank. Crater Minucia contains an ovoid deposit on 
its floor, which could represent an accumulation of 
downslope material. North of Minucia within the 
broader Marcia ejecta field are several darker lobate 
features that appear to originate from small craters. It 
is unclear whether these are small impact melt flows 
originating from these craters, or more likely are distal 
ejecta from Marcia or perhaps the Rheasilvia basin. A 
more detailed study of mass wasting features in the 
Rheasilvia basin is given by [15]. 

Hyperspectral data from VIR provide additional in-
formation on some of Vesta’s largest lobate flow-like 
materials. Whereas most of the lobate materials ob-
served in FC images are too small to derive meaningful 
compositional information, there are a few larger units 
that can be characterized. For example, a large mass 
movement is located on the inside scarp of the Rhe-
asilvia basin at 53°25’ S, 67°45’ E. This feature has a 
different composition relative to its surroundings. This 
feature is characterized by a higher Band II depth, rela-

tive to a Band I and Band II center increase, revealing 
a diogenitic composition. The location and composi-
tion of this feature are consistent with other studies 
using VIR data that suggest a more diogenitic compo-
sition for materials exposed within the Rheasilvia basin 
[3]. A second region of spectral contrast within Rhe-
asilvia occurs at 54°S, 93°E, where a higher-albedo 
mass movement is superposed on a larger landslide 
containing distinct blocks suggestive of rotational slid-
ing. This higher-albedo mass movement was observed 
by VIR during HAMO2, where the band centers and 
ratios suggest a more diogenitic composition in the 
materials of the mass movement. We did not observe 
band depth variations in these data. 

Discussion: All lobate, flow-like features on Vesta 
occur either in proximity to impact craters, or on steep 
slopes, suggesting that either impact or gradational 
processes are responsible for their formation. It is pos-
sible that ongoing detailed study of Vesta’s surface as 
part of the quadrangle mapping process may yet identi-
fy some small battered fragments of ancient volcanic 
features; perhaps the best place to investigate is Vesta-
lia Terra, which appears to be a large fragment of Ves-
ta’s original crust, albeit disrupted and blanketed by 
superposed impact ejecta. Some of the more distinctive 
flow-like features with smoother surfaces at LAMO 
resolution are suggestive of impact melts. Our model-
ing suggests that impact melt production should occur 
on Vesta, but not be commonplace, consistent with the 
paucity of confirmed impact melt deposits on the sur-
face. The best chance for melt production on Vesta is 
from impacts with above-average velocity, in the 8-10 
km/s range. Only 6% of all impacts will occur at 8 
km/s and 2% at 10 km/s. The HED meteorites contain 
very little impact melts, so their production on Vesta is 
likely minimal. 
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