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Introduction:  The modern surface of the asteroid 
4 Vesta is covered by a regolith up to 1 to 2 km-thick, 
which is an effect of large- and small-scale impacts, 
causing redistribution of crustal and exposing likely 
mantle lithologies [1].  Asteroid regoliths are common-
ly considered as two-layer strata, with the near-surface 
representing the actively gardened portion and the un-
derlying megaregolith composed of fragmented lithol-
ogies and bedrock.  These two regolith layers can be 
distinguished in remote-sensing observations based on 
physical and mineralogical characteristics [2].  For 
example, the megaregolith is typically more resistant 
to erosion, and therefore appears as prominent features 
on the surface, which may have only recently been 
exposed [e.g. Arruntia crater; 3].  

Howardites are complex breccias that serve as an-
alogs for the vestan surface regolth and megaregolith, 
and are composed of eucritic and diogenitic lithic 
clasts, in addition to comminuted mineral fragments, 
impact melts, and exogenous materials.    Eucrites are 
basaltic rocks composed primarily of pigeonite and 
plagioclase [e.g. 4 and references therein], thought to 
represent surface flows and shallow dikes [5].  Dioge-
nites are orthopyroxenites, harzburgites, and dunites 
[6,7], thought to represent cumulates or residua formed 
during planetary differentiation [e.g. 8]. Various stud-
ies have systematically characterized howardites in an 
attempt to understand the diversity, heterogeneity, and 
properties of the vestan regolith, to allow improved 
interpretation of Dawn’s vestan data [e.g. 9]. 

Recently, Lunning et al. [10] conducted a charac-
terization study of the Grosvenor Mountain (GRO) 95 
howardite pairing group, which is a sample of the sur-
face regolith [11].  Beck et al. [12] examined the Peco-
ra Escarpment (PCA) 02 howardites, which represent 
the megaregolith, an interpretation based on the lack of 
solar-wind implanted noble gases determined by [13].  
As a complement to these studies, we investigated the 
petrographic and geochemical characteristics of the 
lithic components in the Dominion Range (DOM) 10 
howardites (total mass ~1.1 kg) to further characterize 
the vestan regolith.  Here we summarize the modal 
mineralogy and mineral compositions of lithic clasts, 
and provide a discussion on the diversity of vestan 
lithologies and the heterogeneity of the vestan 
megaregolith. 

Samples and Methods:  We examined nine thin-
sections from six meteorites within a proposed how-
ardite pairing group collected from the Dominio Range 

(DOM), Antarctica in 2010.  Major- and minor-
element abundances in minerals were determined using 
the Cameca SX-100 EMP at the University of Tennes-
see. Lithologic distribution maps were produced, from 
elemental X-ray maps, for each thin-section to deter-
mine mineral abundances and variations in the distri-
bution of lithologies [12,14]. 

Results: The DOM 10 howardites are composed of 
polycrystalline and polymineralic (lithic) clasts, in 
addition to secondary impact-derived breccia clasts 
(breccia-within-breccia), impact melts, and non-typical 
HED material, set in a fine-grained matrix of predomi-
nantly comminuted plagioclase and pyroxene.  The 
abundance of lithic clasts varies between sections, with 
some containing less than 3 visible lithic clasts, while 
others include >15; lithic clasts are generally >1 mm in 
the longest dimension, although smaller clasts are ob-
served, and can be up to 6 mm.  Textures within the 
lithic clasts include subophitic to ophitic, spherulitic, 

 

 
Figure 1.  Mineral and lithologic ratios of classified sections from 
the DOM 10 howardite pairing group.  Each data point represents 
a single thin-section. 
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granular, and granoblastic; clast grain sizes range from 
very fine-grained (<0.1 mm) to coarse-grained (>5 
mm).  Three types of breccias can be distinguished:  
monomict diogenite, polymict eucrite, and a howardite 
breccia containing large and abundant Mg-rich oli-
vines.  Lithologic classification images will be includ-
ed in the E-poster. 

We identified 21 petrologically distinct lithologic 
types based on mineralogy, pyroxene chemistry, and 
textural charcteristics:  8 basaltic eucrites, 4 cumulate 
eucrites, 7 diogenites, a Mg-rich harzburgite-dunite 
[15], and an evolved dacite lithology [16]; a summary 
of their mineral chemistry is given in Table 1.     

Discussion and Conclusion: We identified petro-
graphic characteristics that further establish the pairing 
of these stones.  First, the DOM 10 howardites contain 
a diverse array of lithologies, although we observe 
these to be shared lithologies between the various me-
teorites. Second, we have identified a Mg-rich 
harzburgite-dunite lithology with a 2-phase symplectite 
of chromite and orthopyroxene that has not been rec-
ognized in other howardites, and is common to all six 
DOM 10 pairing group stones.  We attribute the intra-
sample mineralogical diversity to reflect the sampling 
of different breccia clasts within the pairing group.  

The DOM 10 howardites contain numerous lithol-
ogies (>21), and the abundance of large lithic clasts 
indicates, like the PCA 02 howardites and diogenites, 
an origin from the immature megaregolith on Vesta.  
Additionally, although no cosmic-ray exposure data 
are available for the DOM 10 howardites, the collec-
tive mass of the 6 howardites (~1.1 kg) is a factor of 8 
larger than the PCA 02 howardites and diogenites, and 
therefore collectively might represent the largest piece 
of the vestan megaregolith in our collection that has 
been thoroughly characterized; subsequent cosmogenic 
nuclide analyses are needed to confirm this hypothesis.  

Developing a data set for rigorous interpretation of 
Dawn’s remote-sensing data of Vesta has been a prin-
cipal objective of recent HED studies.  Identification 
and mapping of eucrite, diogenite, and howardite ter-
rains on the vestan surface has been based on VIR py-
roxene absorption bands [17] and GRaND neutron 
absorption [18]; however, separation of HED sub-
groups is more challenging. We identified substantial 
large- and small-scale mineralogical and lithologic 
variations in basaltic eucrite:cumulate eucrite, eu-
crite:diogenite, and plagioclase:eucritic pyroxene ratios 
within megaregolith analogs (Figure 1).  Differences in 
eucrite and diogenite ratios suggest three distinct brec-
cia clasts are likely being sampled (10:1; 4:1; 1:1), and 
further support is given by basaltic and cumulate eu-
crite ratios. Specifically, the observation of distinctive 
eucrite:diogenite ratios, in combination with the array 
of basaltic eucrite:cumulate eucrite ratios, make the 
DOM 10 howardites ideal candidates for spectral cali-
bration studies.  Such investigations might make it 
possible to recognize map these lithologic units on the 
vestan surface.  
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Table 1. Summary of mineral chemistry by lithologic type.

Type Phase

D1 Opx

Ol

D2 Opx

D3 Opx

D4 Opx

D5 Opx

D6 Opx

D7 Opx

C1 Pig

Cpx

C2 Pig

Cpx

C3 Pig

C4 Pig

Cpx

B1 Pig

Cpx

B2 Pig

Cpx

B3 Pig

Cpx

B4 Pig

Cpx

B5 Pig

B6 Pig

Cpx

B7 Pig

B8 Core

Rim
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76.6 (7)

71.9 (44)

73.1 (1)

74.7 (90)

70.0 (3)

75.7 (4)

83.7 (<1)

46.8 (9)

35.5 (2)

60.7 (1)

41.3 (3)

32.0 (8)

37.0 (2)

30.6 (1)

36.2 (1)

29.4 (2)

31.1

26.8 (2)

35.8 (12)

29.8 (7)

36.3 (5)

29.6 (5)

28.5 (1)

37.8 (7)

31.8

32.9 (14)

57.2 (37)

45.1 (35)

En

Table 1. Summary of mineral chemistry by lithologic type.

An

0.93 (2) 77.3 (6) 24.0 (13) -

72.7 (2) 43.9 (17) -

2.20 (2) 73.5 (45) 30.2 (14) -

2.26 (3) 74.8 (1) 28.6 (1) -

1.76 (93) 75.9 (85 29.7 (14) -

1.32 (5) 70.9 (3) 29.4 (9) -

2.01 (3) 77.3 (4) 32.0 (12) -

2.03 (3) 85.4 (<1) 25.5 (<1) -

2.55 (38) 48.0 (11) 34.7 (20) 90 to 93

41.6 (9) 60.7 (6) 31.8 (22) -

3.02 (9) 62.6 (2) 28.8 (2) 94 to 95

42.9 (1) 72.2 (5) 24.1 (4) -

23.2 (23) 41.6 (12) 30.7 (11) 88 to 92

4.88 (15) 39.0 (5) 32.4 (7) 88 to 91

41.1 (3) 52.0 (1) 32.7 (13) -

2.74 (40) 37.2 (2) 33.4 (3) 74 to 83

41.3 (7) 50.0 (4) 33.3 (18) -

8.45 34.0 34.3 79 to 83

39.9 (3) 44.7 (5) 36.6 (13) -

3.70 (11) 37.2 (15) 33.0 (10) 86 to 90

40.2 (3) 49.8 (12) 34.2 (14) -

2.6 (8) 37.3 (5) 33.9 (13) 85 to 90

41.9 (12) 51.0 (7) 36.6 (5) -

14.6 (70) 33.5 (17) 32.2 (5) 81 to 84

5.18 (73) 39.8 (6) 32.9 (6) 83 to 88

30.8 45.9 30.9 -

16.1 (68) 39.3 (19) 34.2 (8) 77 to 98

5.39 (13) 60.4 (33) 31.5 (35) -

7.2 (42) 48.6 (34) 34.4 (18) -

Wo Mg# Fe/Mn

 

1766.pdfLunar and Planetary Science XLVIII (2017)


