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Introduction:  The asteroid class that can be best 

linked to a particular meteorite type are the V-types.  In 

the visible wavelength region, V-types have relatively 

strong UV features and deep 1 µm bands that are simi-

lar to the spectra of HEDs (howardites, eucrites, dioge-

nites) [1,2,3].  Mineralogically, eucrites contain pri-

marily anorthitic plagioclase and low-Ca pyroxene with 

augite exsolution lamellae while diogenites are pre-

dominately magnesian orthopyroxene.  Howardites are 

approximately 50:50 mixtures of eucritic and diogenit-

ic material.  HEDs originated on parent bodies with 

basaltic surfaces that underwent igneous differentia-

tion.  Near-infrared spectra of V-types tend to confirm 

their spectral similarity to HEDs due to the presence of 

two strong symmetric pyroxene features [4,5].   

The largest of the V-types is (4) Vesta, which has a 

diameter of ~525 km [6].  Dawn’s mission [7,8] to 

Vesta confirmed the basaltic nature of Vesta’s crust.  

Vesta is located in the inner main-belt at 2.36 AU.  

Vesta has a family associated with it with over 16,000 

known members [9] and many of the members have V-

type spectra [3]. 

The identification of a number of eucrites with ox-

ygen isotopic compositions distinct from “typical” 

HEDs [10] is evidence that more than one object must 

have existed in the asteroid belt with a HED-like basal-

tic crust.  The enstatite-rich aubrites and augite-rich 

angrites are evidence that differentiation also occurred 

on bodies with different bulk compositions and/or oxi-

dizing conditions than those that occurred on the origi-

nal parent bodies of the HEDs.   

This work will discuss the heliocentric and size dis-

tributions of known V-types and what these distribu-

tions imply about Vesta-like igneous differentiation in 

the asteroid belt.  These V-types have been identified 

using visible spectra taken by ground-based telescopes 

[3,11,12,13].  The number of known V-types has great-

ly increased due to the Sloan Digital Sky Survey 

(SDSS), which identified almost 3,000 V-types 

[14,15]. 

Results:   The distribution (Figure 1) of known V-

types (red points) with proper elements shows that V-

types are predominately located as expected in the in-

ner belt around Vesta (blue point).  The Vesta family 

(green area) is centered on Vesta and extends to the 

meteorite-supplying 3:1 mean-motion resonance.  

However, the whole inner belt is populated by V-types.  

Fragments of Vesta appear to have been ejected with 

relatively large velocities from Vesta and their distribu-

tion extends to the meteorite-supplying 6 secular reso-

nance. 

 
Figure 1. Plot of semi-major axis (AU) versus proper sine of 

inclination of ~300,000 main-belt asteroids (black points).  

Asteroid (4) Vesta is the blue point, the green area is the 

Vesta family region, and red points are the V-types (exclud-

ing Vesta). 

 

However, V-types also are found throughout the as-

teroid belt in the middle- and outer-belt and at high 

inclinations.  The first of these objects to be identified 

was (1459) Magnya [16,17].  Most of these middle- 

and outer-belt V-types are dynamically difficult to 

originate from Vesta [18] and their presence is con-

sistent with a number of bodies forming with Vesta-like 

mineralogies and differentiation besides Vesta. Near-

infrared spectra of these middle- and outer-belt V-types 

tend to confirm their spectral similarity to the inner-

belt V-types.  One exception is (7472) Kumakiri (a = 

3.01 AU), which has an anomalous spectrum in the 

near-infrared compared to other V-types [19].   

The presence of V-types throughout the belt ap-

pears to be consistent with the “Grand Tack” model 

[20] where Jupiter and Saturn migrate initially to the 

inner solar system and empty the asteroid belt region 

but then repopulate the region with scattered inner and 

outer solar system material.  Vesta-like parent bodies 

with similar initial bulk chemistries could have formed 

in  a similar region of the solar system and then were 

scattered throughout the belt. 

The diameter of an asteroid can be estimated from 

its absolute magnitude (H) and its visual geometric 

albedo.  Magnya’s diameter is estimated from the visu-

al albedo (0.37) determined by Delbo et al. [21] while 

the diameters of the rest of the V-types are calculated 
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using an assumed visual albedo of 0.34 [22].  These 

estimated diameters are consistent with those calculat-

ed from NEOWISE observations for ~650 V-types 

[22].   

Except for Vesta and (1459) Magnya (diameter of 

~17 km), all V-types throughout the main belt have 

estimated diameters of ~10 km or less (Figure 2).  This 

~10 km upper limit for objects near Vesta and far from 

Vesta implies that the basaltic crusts of Vesta-like bod-

ies had similar thicknesses.  The impact process ap-

pears to preferentially produce V-types at diameters at 

this upper limit and smaller.  This upper limit in V-type 

diameters throughout the belt implies that Vesta-like 

parent bodies had similar original diameters (~525 km) 

and similar bulk chemistries.  Differentiation of these 

bodies would then produce similar crust thicknesses. 

 
Figure 2. Estimated diameters (km) of V-types (excluding 

Vesta) versus semi-major axis (AU).   

 

Conclusions:  The heliocentric and size distribu-

tions of V-types throughout the asteroid belt imply that 

Vesta-like differentiation occurred on multiple parent 

bodies of roughly similar sizes.  Determining the diam-

eters of V-types appears to be useful in estimating the 

size of the basaltic crusts of the original Vesta-like 

bodies. 
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