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Introduction: The Dawn Gamma-Ray and Neutron 

Detector (GRaND) [1] provides unique information 

about the elemental composition of near-surface (depth 

 10s of cm) material on 4 Vesta. To date, GRaND 

gamma-ray spectra have been used to determine the 

relative abundances of Fe, Si, O [2]. This was accom-

plished through a characterization of gamma-ray pho-

topeaks, a process that treats the underlying gamma-ray 

continuum as a background.  

An analysis of Lunar Prospector (LP) Gamma-Ray 

Spectrometer (GRS) data revealed that the high-energy 

(> 8 MeV) portion of the gamma-ray continuum con-

tains unique information about the bulk elemental 

composition of the near surface [3, 4]. Measurements 

of high-energy gamma rays (HEGRs) therefore provide 

a new tool for identifying compositional variability. 

We apply this technique to Vesta by utilizing GRaND 

bismuth germanate (BGO) detector measurements of 

the HEGR count rate (CHEGR). The HEGR region of 

interest (8.0 to 8.8 MeV) is shown in Fig. 1. 

 

 
Figure 1. Summed GRaND BGO gamma-ray spectra ac-

quired during Survey and Low-Altitude Mapping Orbit 

(LAMO). The high-energy gamma-ray (HEGR) region of 

interest (ROI) is shown by the dashed lines. 

 

High-Energy Gamma Rays: The link between 

HEGRs and surface composition was first noted by [5], 

who observed a correlation between SELENE GRS-

measured HEGRs (9 to 13 MeV) and the average 

atomic mass. A detailed investigation of LP-measured 

HEGRs (8 to 9 MeV) found that CHEGR is a sensitive 

indicator of the bulk elemental composition of the lu-

nar surface [3,4]. Those authors proposed that HEGRs 

are a product of pion decay within the lunar surface. In 

this scenario, surface-incident galactic cosmic ray 

(GCR) protons produce pions within the top 10s of cm 

of the surface via intra-nuclear cascades. The decay of 

these pions (mean life < 10
-7

 s) results in HEGRs 

through direct gamma decays as well as indirectly 

though decays to electrons and positrons that subse-

quently radiate photons as they lose energy within the 

regolith. 

The link between CHEGR and the bulk elemental 

composition is described by a new composition param-

eter (Cp), which is a weighted sum of the elemental 

mass fractions (fi) [3]. The weights (si) are the pion 

production cross sections at for each element (i), de-

rived from laboratory measurements of proton-induced 

pion production at GCR-like energies [6] to be 
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where Zi is the proton number and Ni is the neutron 

number. Cp is calculated from the elemental composi-

tions of lunar and HED samples [6,7] in Fig. 2.  

 

 
Figure 2. Composition parameter (Cp) versus the macroscop-

ic neutron absorption cross section (a) from [9]. 

 

Fig. 2 demonstrates that Cp is a valid parameter for 

discriminating between HED-like elemental composi-

tions on the surface of Vesta. As a result, GRaND 

measurements of CHEGR can be used to identify compo-

sitional variability on the surface of Vesta. 

Data Analysis:  This analysis utilized a time-series 

dataset of corrected GRaND BGO spectra [10]. Survey 

(~2700 km altitude) data was used to quantify the 

magnitude and time-dependence of the HEGR back-
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ground signal. LAMO (~210 km altitude) -derived 

CHEGR values were corrected for this background, and 

then empirically derived corrections for solid angle and 

galactic-cosmic-ray-induced variability were applied. 

The resulting CHEGR values (Fig. 3) are thought to be 

dependent on surface composition only.  

 
Figure 3. The High-Energy Gamma-Ray (HEGR) count rate 

(CHEGR) and composition parameter (Cp) mapped across the 

surface of Vesta. Outlines of the Rheasilvia (thick solid) and 

Venenia (thin dashed) basins are included. Cp ranges for 

HEDs are calculated from the compositions listed in [6,7]. 

 

Interpretation of results: For the lunar case, LP 

GRS measurements of the lunar sample sites were 

compared to the respective Cp values (Fig. 2) to derive 

a relationship between the CHEGR and Cp. This relation-

ship, Cp = 0.2 CHEGR + 79.7, applies only to the lunar 

measurements [3]. Unfortunately, this procedure can-

not be repeated at Vesta without making a priori as-

sumptions regarding the distribution of HED-like com-

positions on the surface. To avoid this, we utilize a 

scaling argument to convert the LP relationship to one 

appropriate for GRaND, a process that involves scaling 

for the lower altitude-dependent flux (0.27), efficiency 

(0.41), and smaller HEGR energy range (0.79) of the 

GRaND measurements relative to LP. The resulting 

relationship was used to convert CHEGR to Cp, and the 

CP values are plotted in Figs. 3 and 4. 

Discussion: HEGRs are best suited to study the el-

emental composition of Vesta when paired with other 

GRaND measurements. Here we utilize the macroscop-

ic thermal neutron absorption cross section (a) meas-

urements of [9]. Fig. 2 illustrates a clear trend of in-

creasing Cp with increasing a for both the lunar and 

HED sample sets, however the slopes of the lines differ 

between HEDs and the moon.  

The measured Cp versus a values are shown in Fig. 

4. They generally follow the HED trendline and plot 

within the HED fields established from Fig. 2, although 

there is a divergence from the trend for the lowest Cp 

values that is not currently understood. For those val-

ues near the trendline (Cp  97), the lowest plot within 

the diogentite and howardite/cumulate eucrite fields, 

and therefore CHEGR values of 7.6 to 7.8 cnts/min cor-

respond to those elemental compositions. Similarly, the 

higher Cp and a values plot within the howardite and 

eucrite fields, although the highest CHEGR values (> 7.9 

cnts/min) fall within the range for eucritic compositions 

(Fig. 3). Mesosiderites plot off-scale in Fig. 4 (to the 

upper right) and are inconsistent with these data.  

 

 
Figure 4. Measured Cp vs. a values plotted over the dioge-

nite, howardite + cumulate eucrite, and polymict/basaltic 

eucrite fields outlined from the calculated values in Fig. 2. 

 

Based on the Cp map (Fig. 3), we conclude that the 

interior of Rheasilvia basin, the north polar region, and 

some equatorial regions (270
o
 E to 30

o
 E) have a bulk 

elemental composition that is consistent with diogeni-

ties, howardites, and cumulate eucrites. We find that 

the region largely contained by the Lucaria and Marcia 

quadrangles (90
o
 to 180

o
 E, 22

o
 S to 22

o
 N) has an el-

emental composition that is consistent with cumulate, 

polymict, and basaltic eucrites. These observations 

support the hypothesis that Vesta’s original crust was 

composed of basaltic outflows (currently found in the 

Lucaria and Marcia quadrangles) and that the Rheasil-

via-forming impact exposed lower-crustal, diogentietic 

material.  
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