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Introduction: On the significance of surface ir-

radiation on the internal structure of Vesta. On 

Vesta, the search for effects of surface irradiation is 

motivated by the possible past existence of a dynamo 

in the metallic core. A detection would prove that the 

differentiation of Vesta reached the same stages as the 

major planets. The magnetic field resulting from the 

hypothetical dynamo would shield the surface or a 

fraction of the surface from irradiation by charged par-

ticles from the solar wind.  

The Dawn mission [1] in orbit around Vesta did not 

provide evidence of irradiation [2,3,4], and it con-

firmed the pristine nature of the surface that was first 

observed from telescopic reflectance spectra [5].  

We searched further for candidate irradiated areas 

on Vesta by performing a new analysis of Dawn Fram-

ing Camera (FC, [6]) global multispectral photometri-

cally-corrected reflectance maps [7] and spectra from 

the Visible InfraRed mapping spectrometer (VIR, [7]) 

with improved calibration [9,10]. The full study is in 

preparation (Combe and Yamashita, [12]) 

Reflectance spectra from Vesta and the Moon:  

Based on laboratory experiments on a sample from 

the Béréba meteorite that likely originated from Vesta 

[5], irradiated samples in the visible and near-infrared 

show a low albedo, weak pyroxene absorption bands at 

1 and 2 µm, and a more positive spectral slope (Fig. 

1A), especially in the visible [12]. The experiment 

with the least ion fluence produces a spectrum with a 

strong positive spectral slope in the visible and almost 

no change in the near-infrared. A higher ion fluence 

changes the spectral slope at all the wavelengths and 

decreases the absorption band contrast. Fig. 1B shows 

spectra of mature mare basalts of the Moon where spa-

tial weathering is dominated by irradiation from 

charged particles from the solar wind [13]. Fig. 1C 

shows spectra of asteroid (25143) Itokawa observed by 

the Hayabusa mission [14]. It is an example of surface 

irradiation effects that are more subdued than on ma-

ture lunar mare basalt. As a consequence, if surface 

irradiation on Vesta occurred, it is expected to exhibit 

spectral characteristic similar to the irradiated Béréba 

eucrite or to mature lunar surfaces.  

FC Global Mosaics. Photometrically-corrected re-

flectance for the seven color filters is available as Lev-

el 2 data on the Planetary Data System (PDS, [15]) 

with the most up-to-date calibration [16, 17] and global 

mapping [7] 

VIR recalibrated Spectra:. We processed radiance 

spectra (Level 1b) of Vesta [18] by applying three cor-

rections: 1) Minimization of some systematic radio-

metric artifacts [9], 2) a correction of the spectral slope 

of the visible detector as a function of the detector 

temperature [10], and 3) a match to the spectral slope 

and shape of telescopic spectra of Vesta [19]. 

Moon Mineralogy Mapper (M3
, 20, 21). We pro-

cessed radiance spectra (Level 1b) available on PDS 

[22]. The geolocation of M3 data initially connected to 

the DEM from the Lunar Orbiter Laser Altimeter 

(LOLA) [23] of the Lunar Reconnaissance Orbiter 

(LROC) has been revised based on the LRO Wide An-

gle Camera (WAC) DEM [24]. Then we georeferenced 

the Kaguya DEM [25] to M3 data for higher spatial 

resolution. Finally we performed the calibration to 

photometrically-reflectance by Besse et al. (2013) [26].  

Method: Simultaneous representation of spec-

tral slope and albedo. Since irradiated surfaces are 

expected to have lower albedo and a stronger positive 

slope than the rest of Vesta, our approach is to make a 

map that simultaneously represent the visible spectral 

slope and the albedo from FC data (Fig. 2). The spec-

tral slope is calculated in the interval 0.44–0.75 µm. 

 
Fig. 1: Effects of irradiation on reflectance spectra 

normalized at 0.75 µm. (A) Sample from the Béréba 

eucrite [12]. Irradiation was performed with ion flu-

ences of 1.6×1015 Ar++/cm2 (medium) and 6.6×1015 

Ar++/cm2 (strong). (B) VIR spectra of Vesta near crater 

Oppia. (C) Lunar mare basalt. (D) Bright and dark red 
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areas  of asteroid (25143) Itokawa by the Hayabua 

mission [14]. 

Results: Two candidate areas of irradiated sur-

faces. Two diffuse areas located near the equator ex-

hibit a positive spectral slope, lower albedo and weaker 

pyroxene absorption bands relative to the background 

terrains (Fig. 1B). One area is located South of crater 

Oppia and the other one is South of crater Octavia 

(Fig. 2). These spectral shapes are similar in character 

with irradiated iron-rich minerals, but they are not as 

dramatic as those observed on the mature lunar mare 

basalt or the eucrite sample irradiated with the strong-

est ion fluence (Fig. 1A). 

Interpretation: Possible magnetic dipole. The en-

tire surface of Vesta has spectra with strong pyroxene 

absorption bands. Low albedo and weaker absorption 

bands at 1 and 2 µm are generally associated to a 

stronger 2.8 µm absorption that is indicative of con-

tamination by carbonaceous chondritic materials [27, 

28, 29]. The mostly pristine Vesta confirms the ab-

sence of irradiation effects on most of Vesta’s surface, 

possibly shielded by a global magnetic field that pro-

tects the regolith from charged particles irradiation [3].  

The two areas that have spectral characteristics of irra-

diated minerals may not have been magnetically 

shielded from the solar wind. They are located at the 

antipode of each other, near the geographic equator 

which suggests the existence of two magnetic poles, 

where the charged particles may converge to the sur-

face and produce locally a more intense irradiation 

than on the rest of the surface, as an analog  [30] to the 

dark lanes [31] between the lunar swirls [32]. A rem-

nant crustal magnetic field may have recorded a mag-

netic dipole and may still exist today. 
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Fig. 2: Vesta albedo at 0.75 μm and visible spectral slope between 0.4 and 0.75 μm. (A) The colors from magenta to 

yellow represent all types of surfaces that exhibit an unusually strong positive visible spectral slope compared to the 

average of Vesta. Areas with subdued colors or gray have a less positive spectral slope. Possible effects of surface 

irradiation by solar wind particles that combine low albedo and a positive spectral slope [12] appear in magenta, 

such as (B) in the south of crater Oppia (10-20°S, 290-330°E) and (C) the south of crater Octavia (0-10°S, 130-

160°E).  
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