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Introduction: The most recent maps of Vesta were 
created relatively rapidly during the active phase of the 
Dawn Vesta mission, to inform the immediate needs of 
the Dawn team [e.g., 1,2, and references in that issue]. 
For the global mapping effort, an initial map was cre-
ated using the first orbital images from the Dawn 
spacecraft, and then refined with each new orbit that 
yielded an improvement in resolution from the km to 
the 10s of m scale [3]. Such iterative mapping repre-
sents a first, rapid assessment of gross geology, provid-
ing geologic context within a timeframe that allows a 
map to inform data analysis on a rapid mission time-
line. However, revealing the interrelationships of geo-
logic characteristics (e.g., the nature and history of 
large, terrain-defining impact structures; the vertical 
composition of the shallow crust and how it informs 
our understanding of global and regional layering and 
stratigraphy; the composition, extent, timing and se-
quence of formation for major geologic bodies of rock) 
requires a more comprehensive integration of multiple 
processes, unit boundaries, information from disparate 
regions, structures, features and characteristics to be 
adequately addressed. Consequently, we are in the 
initial stages of constructing a global geologic map of 
Vesta at 1:300,000-scale for mapping and digital pub-
lication, and 1:1,500,000-scale for the print version. 
Compared to previous maps, this map will incorporate 
the full range of available, calibrated data including 
Dawn mission elemental and mineralogical data. 

Geologic Setting:  Vesta is an ellipsoidal asteroid 
of approximately 286 km long axis [4]. Earth-based 
and Hubble Space Telescope data suggested it had 
sustained large impacts, including one that produced a 
large crater at the south pole. Measured and inferred 
mineralogy results indicated that Vesta has an old, 
differentiated surface, with spectrally-distinct regions 
that can be geochemically tied to the HED meteorites 
[5-7]. Dawn data confirmed that Vesta has a heavily-
cratered surface, with large craters evident in numer-
ous locations. The two largest impact structures re-
solved are the younger, larger Rheasilvia structure, and 
the older, more degraded Veneneia structure, both near 
the south pole. Vesta’s surface is also characterized by 
a system of deep, globe-girdling equatorial troughs and 
ridges, as well as an older system of troughs and ridges 
to the north. Arcuate troughs and ridges are also evi-
dent cutting across, and spiraling from, the Rheasilvia 
central mound. Notwithstanding previous spectroscop-
ic observations, no volcanic features have been une-
quivocally identified. 

Data Used: The Dawn Framing Camera (FC) 
HAMO images constitute the basemap. At HAMO 
resolution small-scale structures (e.g., fractures, ridges, 
crater rims, flow fronts) are mappable, and surfaces 
can be characterized based on texture and albedo. Col-
or images enhance albedo variations seen in grayscale 
images and assist in identification of units of distinct 
composition. The Digital Terrain Model (DTM) de-
rived from FC HAMO data [8], with a horizontal reso-
lution of 93 m/pixel provides topography, while DTM-
derived slope and contour maps yield the shape of the 
surface and assist in evaluating the extent of geologic 
materials and features. High-resolution, calibrated 
spectroscopic data obtained by the Dawn VIR and 
Dawn Gamma Ray-Neutron Detector Spectrometer 
(GRaND) allow compositional and elemental infor-
mation about Vesta's surface materials to be evaluated. 
VIR provides spectral data in the visible in near infra-
red wavelengths. GRaND yields abundances for rock-
forming elements (O, Si, Fe, Ti, Mg, Al and Ca), radi-
oactive elements (K, U and Th), trace elements (Gd 
and Sm), and H, C and N (major constituents of ices).  

Mapping Process:  We follow the methods devel-
oped and described by [10-13]. Units are defined and 
characterized based on morphology, surface textures, 
and albedo. Unit stratigraphy is inferred by superposi-
tion and cross-cutting relationships. Compositional 
data from the VIR instrument are utilized to refine unit 
boundaries where the morphologic characteristics are 
unclear or the interpretation of the unit type is ambigu-
ous. Where unit boundaries are obscured by subse-
quent geologic activity (typically through emplacement 
of impact ejecta, or through vertical or lateral mixing 
of the surface regolith), ejecta from craters that post-
date the activity may be used as a proxy for the un-
modified composition of the unit. Boundaries between 
spectrally different units can often be discerned even 
when the morphology does not yield a clear interpreta-
tion. Craters down to 500 m diameter are also being 
classified and mapped (previous efforts for the regional 
maps [2 and references in that issue] went down to 2 
km diameter), based on preservation state, including, 
where present, crater ejecta, rim, and floor units.  

Three workers are currently mapping one of three 
broad regions: 30–90°N and S, 0–180° longitude, and 
180–360° longitude (0°-30° latitude). Some overlap of 
effort occurs where features or units straddle these 
boundaries; this overlap allows mappers to directly 
compare results and address any potential areas of dis-
agreement.  
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Mapping Scale: The scale of 1:2.5M proposed by 
[11] has been adopted for the most recent Moon quad-
rangle mapping effort. Alternatively, global geologic 
maps of Io, Europa, Ganymede and Callisto have been 
or are being made at scales of 1:10M to 1:15M 
(http://astrogeology.usgs.gov/Projects/PlanetaryMappi
ng/MapStatus/SatStatus/Sat_Status.html). The iterative 
global map of Vesta created during the Dawn mission 
was based on High-Altitude Mapping Orbit (HAMO) 
data and drawn at 1:500,000 scale [3]. We conserva-
tively adopted a digital scale of 1:300,000 for mapping 
and digital publication, and 1:1.5M for the print ver-
sion. This scale allows us to take advantage of the 
highest resolution images from Low-Altitude Mapping 
Orbit (LAMO), while ensuring all of the high-fidelity 
linework will be transferable to the printed version of 
the map, which at 1:1.5M will fit on a single map 
sheet. Resolutions at these orbits are described in Ta-
ble 1.  

Ongoing work:  We are currently creating a first 
draft of the geologic map. Once we complete this first 
draft, we will compare and discuss results before we 
consolidate the products. This will allow us to calibrate 
any differences in approach. Additionally, upwards of 

10,000 craters 1 km diameter and above have been 
mapped, as a preliminary step to utilizing them for 
crater dating statistics.  

References: [1] Yingst, R.A., et al. (2012) LPSC, 
abs. 1359. [2] Williams, D.A., et al. (2014), Icarus, 
244, 1-12. [3] Yingst, R.A., et al. (2014) Planet. Space 
Sci., http://dx.doi.org/10.1016/j. pss.2013.12.014i. [4] 
Russell, C.T. et al. (2012) Science, 684–686, 
http://dx.doi.org/10.1126/ science.1219122. [5] Binzel, 
R.P. et al. (1997) Icarus, 128, 95-103. [6] Gaffey, M.J. 
(1997) Icarus, 127, 130-157. [7] Li, L. et al. (2010) 
Icarus, 208, 238-251. [8] Jaumann, R., et al. (2012) 
Science, 336, 687-690. [9] Preusker, F. et al. (2012) 
LPSC, abs. 2012. [10] Shoemaker, E.M. and Hackman, 
R.J. (1962) The Moon, Kopal, Z., Mikhailov, Z.K. 
(Eds.), Internat. Astronomical Union Symposium 14, 
Academic Press, London, UK, pp. 289–300. [11] Wil-
helms, D.E. (1990) Planetary Mapping, Greeley, R. 
and Batson, R.M. (Eds.), Cambridge Univ. Press, pp. 
208–260. [12] Tanaka, K.L. et al. (2010) The Planetary 
Geologic Mapping Handbook, USGS Open File Re-
port, 21 pp. [13] Greeley, R. and Batson, R.M. (1990) 
Planetary Mapping, Cambridge Univ. Press, p. 296.  

 
 

Basemap Specifications Resolution Coverage acquired 

Dawn FC  8 filters, one panchromatic, seven col-
or bands (420 - 980 nm) 

HAMO ~70 m/pxl >80%  
DTM 93 m/pxl horiz. res. As above 

Ancillary data Specifications Resolution  Coverage acquired 

Dawn FC See above (color not released; poor 
illumination for ~32% of Vesta) LAMO ~23 m/pxl.  ~50%  

Dawn VIR 0.25-5 µm; <= 10 nm spectral res. HAMO ~ 200 m/pxl  ~80% 
LAMO ~ 70 m/pxl Few % 

Dawn GRaND Measures O, Mg, Si, Al, Ca, Ti, Fe;  
K, Th; H, C, N, Cl,  LAMO ~ 300 km/pxl 100% 

HST and other 0.439, 0.673, 0.953, 1.042 µm (HST)  Up to 52 km/pxl for HST ~33% 
Table 1. Data sets informing this mapping effort. 
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