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Introduction: Since its arrival at Vesta, NASA’s 

Dawn spacecraft and its three instruments, the Framing 
Camera (FC) [1], Visible and Infrared Spectrometer 
(VIR) [2] and Gamma Ray and Neutron Detector 
(GRaND) [3], have collected spectacular imaging, 
compositional and geophysical data. Vesta is a differ-
entiated asteroid with no atmosphere and a gravitation-
al acceleration of 0.22 m/s2 [4]. Thermal modeling 
predicts that about 50% of Vesta’s surface has an aver-
age temperature of <145 K, which suggests that water 
ice could be stable within the top few meters of rego-
lith [5]. Dawn acquired data [e.g. 6,7] consistent with 
the earlier theory that the howardite, eucrite and dioge-
nite (HED) meteorites originate from Vesta [e.g. 8].  

Data: This work primarily uses FC images and 
mosaics from the Low Altitude Mapping Orbit 
(LAMO), which have a pixel scale of ~20 m/pixel. FC 
images and mosaics from the first and second High 
Altitude Mapping Orbits (HAMO and HAMO 2) are 
also used, but at ~70 m/pixel they often do not provide 
the required detail. Additional compositional data is 
provided by VIR [e.g. 6,9] and GRaND [7], along with 
topography maps derived from the FC data [e.g. 
10,11].  

Gullies:  Gullies are observed in relatively fresh, 
young craters on Vesta’s surface and can be divided 
into two morphologically distinct categories: type L 
and type C. Type L are the most common, occurring in 
48 craters, and type C are less common, occurring in 
11 craters. This catalogue of gully-containing craters is 
essentially complete; the only areas that have not been 
examined are some of the most northerly latitudes that 
unfortunately were not observed under favorable illu-
mination conditions.  

Type L (linear) gullies. These gullies often origi-
nate at spurs of material near the crater rims, which are 
positive topography features and appear to consist of 
competent material. The gullies themselves are reason-
ably straight, linear depressions, parallel to one another 
and have a lower length:width ratio than the type C 
gullies. They are often bounded by levees of mass-
wasted material. Type L gullies are morphologically 
similar to lunar gullies, which are thought to form by 
dry mass-movement processes [12].  

Type C (curvilinear) gullies. These gullies often 
originate from V-shaped, headward alcoves, which are 
negative topography features near the crater rims. The 

gullies themselves form discrete channels, are sinuous, 
merging, have higher length:width ratios than the type 
L gullies and often end in lobate deposits that are mor-
phologically similar to the aprons of terrestrial debris 
flows. Type C gullies intersect more than type L gul-
lies, resulting in more complex patterns, and form rela-
tively steep lobate deposits. Type C gullies are mor-
phologically similar to gullies in Meteor Crater on 
Earth [13] and to Martian gullies [e.g. 14]. It has been 
proposed that Martian gullies are inconsistent with a 
fluid formation mechanism and that dry flows of eolian 
material are the more likely [e.g. 15]. However, many 
others view the morphologies of the Martian gullies as 
being more akin to those associated with modification 
due to fluid flow [e.g. 16] and presently, the general 
consensus is that erosion by liquid water formed the 
Martian gullies [17]. 

Other geologic features: The gullies are found 
alongside a suite of varied geologic features both in-
side and outside impact craters, such as mass-
movement deposits, boulders, linear features and pitted 
terrain, which is interpreted to form by the degassing 
of volatile-bearing material after impact heating [18]. 
Understanding the level of interconnectedness between 
these features, and how they tie together a number of 
aspects of Vesta’s geology and composition, leads to a 
fuller understanding of the geological history and evo-
lution of this body. 

Hydration and Vesta: Confirmation of Vesta’s 
igneous differentiation [19], and the fact that igneous 
rocks formed in a vacuum are thought to be mostly 
anhydrous [20], suggest that Vesta is a dry body. How-
ever, there are indications from the HED meteorites of 
local hydration on Vesta. Carbonaceous chondrite ma-
terial in howardites [e.g. 21] is evidence for mineralog-
ically bound water and Vesta’s dark material has been 
interpreted as carbonaceous chondrite material [e.g. 22, 
23]. Hydrogen, in excess of 400 µg/g, was found by 
the GRaND instrument to correspond to the broad lo-
cations of Vesta’s likely carbonaceous chondrite dark 
material [7]. There is also limited evidence for liquid 
water in the form of quartz veinlets found in a eucrite 
meteorite, which are interpreted to be most likely de-
posited from aqueous solution due to their similarity to 
terrestrial quartz veinlets [24]. Further, a few eucrites 
containing apatites with relatively high OH contents 
suggest that there may have been some amount of wa-
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ter in magmas on Vesta [25]. Moreover, remote sens-
ing observations indicate local Vestan hydration. [20] 
interpreted 3 µm and 3.4 µm absorption bands in Ves-
ta’s spectrum to be due to OH and/ or H2O bearing 
minerals. VIR detected a widespread, heterogeneously 
distributed 2.8 µm OH absorption on Vesta’s surface 
[9]. 

Formation mechanisms: Study of possible for-
mation mechanisms for the gullies and other features is 
done by analysis of: a) morphologies, b) relative loca-
tions of features with respect to topography, pitted 
terrain etc., c) compositional and physical properties of 
Vesta, d) compositional and physical properties of pos-
sible crater-forming impactors and e) analogs else-
where in the solar system. The feasibility of dry granu-
lar flow and fluid flow, in the form of impact melt and 
transient water flow, are considered. Water flow is 
considered because: a) the type C gullies are morpho-
logical similar to gullies on other bodies that are 
thought to form by liquid water erosion, b) there is 
meteorite and remote sensing evidence that Vesta may 
not be as dry as once thought and c) water is such a 
common volatile in the inner solar system. Water flow 
would be transient because of the lack of atmosphere 
and the low average surface temperature of Vesta.  
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Figure 1: Top: unmapped (left) and mapped (right) images of type L gullies in Fonteia crater.  
Bottom: unmapped (left) and mapped (right) images of type C gullies in Cornelia crater. 
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