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Introduction:  The main-belt asteroid 4 Vesta is 

the putative parent body of the howardite, eucrite, and 

diogenite (HED) meteorites.  Because these achon-

drites have similar petrology, geochemistry, chronolo-

gy, and O-isotope compositions, it is thought that most 

HEDs originated from a single parent body [1].  The 

connection to Vesta is supported by a close spectro-

scopic match between Vesta and the HEDs [2] and a 

credible mechanism for their delivery to Earth [3].   

Studies of the HEDs show that Vesta underwent igne-

ous differentiation, forming a Fe-rich core, ultramafic 

mantle, and basaltic crust [1].     

Close-up observations of Vesta were made by the 

NASA Dawn spacecraft, which spent over a year in 

orbit [4].  Dawn’s three payload instruments, a Visible-

InfraRed (VIR) spectrometer, Framing Camera, and 

Gamma Ray and Neutron Detector (GRaND), acquired 

data on Vesta’s mineralogy and chemistry. These 

measurements strongly support the HED-Vesta connec-

tion.  Pyroxene compositions determined by VIR [5] 

are consistent with those of howardites, which are 

thought be lithified samples of Vesta’s regolith.  Ma-

jor-element ratios measured by GRaND are consistent 

with the HEDs [6] and, recent geochemical mapping 

studies show that the compositional variability of Vesta 

is similar to that of the HEDs [7-10]. 

The abundance of radioelements can also be meas-

ured by GRaND.   Compared to the Moon [11], the 

abundances of K, Th, and U in HEDs are very low [6, 

12] and likely contributed negligibly to the thermal 

evolution of Vesta; however, the ratio of the moderate-

ly volatile element K to the refractory element Th is 

sensitive to the volatile to refractory inventory of the 

material from which Vesta accreted.  The K/Th ratio 

can be compared to measurements of other solar sys-

tem bodies, including the Earth, Mars, Mercury, and 

the Moon, providing further constraints on the distribu-

tion of volatiles in the early, inner solar system 

[11,13,14].  Finally, abundances of radioelements can 

be compared to the HEDs, providing an additional test 

of the HED-Vesta connection [15]. 

Data acquired by GRaND’s bismuth germanate 

(BGO) gamma ray spectrometer indicated a dearth of 

K within Vesta’s regolith, consistent with low concen-

trations of K in HEDs.  An analysis of data acquired 

during the first few weeks of Dawn’s low altitude map-

ping orbit (LAMO) indicated that K was present in 

quantities less than 1 mg/g [6,16].  While this is con-

sistent with the HEDs, improved detection limits and, if 

possible, quantification of elements is desired. This can 

be achieved for two reasons: 1) the Dawn project ex-

tended LAMO to 5 months, providing a longer accu-

mulation time; and 2) and the data reduction methods 

have improved and applied to a larger volume of data, 

enabling more accurate analyses of gamma rays near 

the detection limits [17]. 

Here we present the results of peak analyses ap-

plied to a gamma ray difference spectrum to determine 

the absolute abundances of K and Th.  Data are com-

pared to meteorite whole-rock compositions and other 

inner solar system bodies.  The results, while prelimi-

nary, represent our present best estimates for these el-

ements.  Because the element signatures are near detec-

tion limits and not fully resolved, further analysis (e.g. 

using spectral unmixing [11]) will be required for im-

proved accuracy and to characterize systematic errors.  

Analysis.  Because GRaND is a deck-mounted in-

strument, background contributions from the spacecraft 

are large.   The signal from Vesta was obtained by sub-

tracting the background measured far from Vesta (dur-

ing the Approach phase) from a spectrum acquired in 

close proximity during LAMO (210 km altitude).  The 

accumulation time in LAMO was about 56 days.  The 

algorithms used to process the time series data to pro-

duce the difference spectrum are described by [15].  

The spectrum provides information about globally-

averaged elemental abundances. 

The gamma ray spectrum contains peaks corre-

sponding the deposition of all of the energy of a gam-

ma ray within the BGO crystal.  The area of the “full 

energy” peaks (counts/s) for gamma rays made by K 

and Th (1.461 MeV and 2.615 MeV, respectively) is 

proportional to the abundance of these elements in the 

vestan regolith.   The GRaND Peak Analysis Widget 

(GPAW) [18] was used to fit the gamma ray spectrum 

in regions containing K and Th.  As can be seen in Fig. 

1, the peaks for these radioelements are not fully re-

solved; however, they are detectable as asymmetric 

features in the spectrum.   A power-law was used to fit 

the underlying background continuum (baseline).  The 

peak areas were found to be 0.055  0.005 counts/s and 

0.028  0.008 counts/s, respectively for the 1.461 MeV 

(K) and 2.615 MeV (Th) gamma rays, respectively.  

Note that the uncertainties are statistical, and 3 multi-

plied by the number of interfering peaks is given. 

While this is a conservative estimate for statistical un-

certainty, systematic errors are not considered. 
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A simple, analytical model provides a good approxima-

tion for peak areas as a function of the abundance of 

radioelements.  The peak area (counts/s) for a selected 

gamma ray is given by  




 PAR
4


 ,   (1) 

where A is the full-energy efficiency-area product of 

the BGO sensor at the energy of the gamma ray [16], 

4 is the LAMO averaged fractional solid angle of 

Vesta [6,16], P is the specific production rate of the 

gamma ray of interest (gammas/g-regolith/s per g 

radioelement), and  is the mass attenuation coefficient 

of the regolith (cm
2
/g).  Gamma ray yields used to cal-

culate P  were tabulated by [19].  Application of Eq. 1 

yields 1.1×10
-4

 (counts/s)/(g/g K) at 1.461 MeV and 

5.1×10
-2

 (counts/s)/(g/g Th) at 2.615 MeV.   Dividing 

the peak areas by these values gives 500  50 g/g K 

and 570  150 ng/g K for Vesta’s global regolith.  This 

corresponds to a K/Th ratio of 880  250. 

Interpretation.  The global K and Th values de-

termined by GRaND are compared with HED meteor-

ite whole-rock compositions in Fig. 2. The K value is 

well below the previously inferred detection limit of 1 

mg/g, and the vestan average K and Th abundances fall 

within the basaltic eucrite field.  [20] postulated that K-

rich (but not Th-rich) lithologies might be present on 

Vesta’s surface.  One possible interpretation of the 

observed basaltic eucrite abundance of K is that there 

are traces of these lithologies on portions of Vesta’s 

otherwise howarditic surface; yet another interpretation 

– and a more plausible one at present – is that there are 

still systematic errors that need to be resolved.  

The K/Th ratio ( 880  250 ) is consistent with the 

mean ratio for howardites (~1200).  In comparison, the 

K/Th ratios for Mercury, Earth, Moon, and Mars are 

respectively 5200 [14], 3000 [21], 360 [11], and 5500 

[13,14].   The K/Th ratio measured by GRaND is con-

sistent with Vesta’s identification as the HED parent 

body. 
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Figure 1.  Peak analysis of the difference spectrum acquired 

by GRaND in LAMO [15].  Unresolved peaks for radioele-

ments are detectable as asymmetric spectral features.  Promi-

nent peaks are labeled. 
0

100

200

300

400

500

600

700

800

900

1000

0 200 400 600 800 1000

K
 (


g
/g

)

Th (ng/g)

Diogenites

Basaltic Eucrites

Cumulate Eucrites

Polymict Eucrites

Howardites

Vesta

 
Figure 2.  Scatter plot of K and Th abundances for HED 

meteorites tabulated by D. Mittlefehldt (Supplementary 

Online Materials [6]).  These are compared with the  average 

value for Vesta’s surface determined by the analysis of gam-

ma ray spectroscopy data acquired by Dawn. 
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