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Introduction:  The HED suite of meteorites (how-

ardites, eucrites, and diogenites) is generally believed to 

originate from the both the outer crustal layers of 4 

Vesta (howardites and eucrites) as well as the solidified 

Vestan mantle (diogenites) [1]. This paper will focus on 

a newly-discovered member of the howardite class, 

Northwest Africa 11997, and represents the first formal 

study of this meteorite. Howardites are polymict brec-

cias whose lithic constitution is composed primarily of 

fragmental eucrites and diogenites, dispersed through-

out the Vestan regolith by impactors and subsequently 

lithified under the force of Vesta’s gravity [2]. Vesta is 

of particular scientific importance because it represents 

the only known differentiated body in the asteroid belt 

[3]. It bears many similarities to the terrestrial planets, 

in that it contains a nickel-iron core, an ultramafic man-

tle, and a basaltic crust [4]. As such, members of the 

howardite class are of great scientific interest because 

they provide a diverse picture of both the impact histo-

ry and the differentiation history of 4 Vesta. Our goal 

here is to provide a brief preliminary study of NWA 

11997 in order to pave the way for possible future in-

depth studies of this specimen. Here, we report the 

petrography, clastal diversity, and geochemistry of 

NWA 11997.  

Methods:  A 2.67 gram part slice was allocated for 

petrographic and geochemical analysis. Images of the 

sample were obtained with the Zeiss Scanning Electron 

Microscope (SEM), and oxide chemical data of indi-

vidual grains was obtained with EDAX energy-

dispersive x-ray spectroscopy (EDS). Whole-rock ma-

jor-and-minor element compositions were obtained 

with x-ray fluorescence (XRF). An additional 1.003 

gram fragment was separated from the 15.4 gram main 

mass sample for the whole-rock analysis, which was 

granulated in a non-metallic mortar and fluxed with 

lithium borate at 1450 C for one hour to create a fused 

glass bead. Values from this analysis are presented in 

Table 1.  

Petrography: NWA 11997 is a polymict breccia 

comprised of eucritic and diogenitic clasts set in a fine-

grained matrix of mafic and ultramafic silicates. Glass, 

troilite, chromite, and ilmenite are present in accessory 

amounts. Modal abundances are as follows: diogenites, 

40%; cumulate eucrites, 25%; basaltic eucrites, 25%; 

anorthosite clasts, 7%; shock melt zones, 2%; opaques, 

1%. A plurality of the clasts are eucritic in composition 

(<2000 µm) and outnumber larger diogenitic clasts 

(<4000 µm) and smaller anorthositic clasts (<1000 

µm), which are surrounded by a fine groundmass of 

granular pigeonite, OPX, and plagioclase. Plagioclase 

and clinopyroxene grains in eucritic clasts are subhedral 

to anhedral and generally display a subophitic texture 

(Figure 1).  

Figure 1: A eucritic clast with a subophitic texture 

is visible here. 

One eucritic clast lay intermediate between basaltic 

and cumulate textures, and clinopyroxene in the clast 

displays fine (1-4 µm) augite exsolution lamellae (Fig-

ure 2). This, combined with the intermediate grain size, 

may suggest a petrogenesis as a shallow hypabyssal 

intrusion in the upper Vestan crust rather than as a sur-

face flow or as a cumulate.  

 
Figure 2: Fine augite exsolution lamellae in a eu-

critic clast indicate intermediate cooling rates. 

Orthopyroxene grains generally occur as 

monomineralic subhedral masses independent of larger 

clastal domains. This is possibly suggestive of a greater 

degree of fragmentation in the diogenitic material here. 

Additionally, quenched glass veins and shock zones 

apparent within the sample’s matrix suggest an impact 

brecciation origin of NWA 11997.  
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Geochemistry: 

Plagioclase: Plagioclase crysts within eucritic do-

mains are highly calcic (An87, N=25) and are con-

sistent with compositions of plagioclase within basaltic 

and cumulate eucrites. Grains generally occur in ophitic 

to subophitic clasts, and rarely enclose clinopyroxene.  

Pyroxene: Observations of pyroxene in eucritic do-

mains yield two categories of clinopyroxene,  the ma-

jority of which is low-Ca pigeonite (Figure 3). Higher-

calcic pyroxene (augite) exists in scant amounts and is 

largely represented as exsolution lamellae in cumulate 

domains. Here, the high-Ca augite has an average com-

position of  Fs35.45 Wo30.2, (N=5). The low-Ca pigeonite 

has an average composition of Fs47.5Wo10.99, (N=25), 

and the combined clinopyroxene groups have an aver-

age FeO/MnO ratio of 23. Diogenitic pyroxenes yield 

primitive, more magnesian compositions, with an aver-

age composition of Fs24.4 Wo5.08 (N=10) and a 

FeO/MnO ratio of 18. This lower FeO/MnO ratio is 

likely reflective of the preferential crystallization of 

magnesian pyroxenes, enriching the melt with respect 

to FeO and CaO. However, in all low-Ca pyroxenes, 

there is a greater degree of variance between the Mg 

and Fe endmembers than between the Ca and Mg-Fe 

endmembers (Pigeonite - STDV Wo: 3.74, STDV 

En/Fs: 5.48; OPX -STDV Wo: 1.60, STDV En/Fs: 

4.81). This trend is not represented in High-Ca Pyrox-

ene (Augite – STDV Wo: 2.20 STDV En/Fs: 1.94). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Pyroxene compositions in NWA11997 are 

presented in ternary diagram format. 

Accessory Phases: Ilmenite, chromite, and sulfides 

were present in trace amounts. Ilmenite was present in 

both clasts as well as in the interstitial groundmass, 

while chromite was generally confined to basaltic clasts. 

Observations of ilmenite yield an Fe/Fe+Mg ratio of 

0.878 (N=4). Glass is also present in the sub-µm 

groundmass.  

Bulk Sample Chemistry: The whole-rock compo-

sition values are displayed in Table 1. Whole-rock anal-

ysis was conducted on a fused glass bead with x-ray 

fluorescence. This bulk composition is intermediate to 

diogenites [5] and eucrites[6]. 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Bulk-sample values are presented in 

terms of wt%.  

Summary: NWA 11997 displays petrographic and 

chemical characteristics consistent with the howardite 

class, with a bulk composition intermediate to dioge-

nites and eucrites. It is texturally classified as a 

polymict regolith breccia. Diogenitic and eucritic mate-

rial are represented here as fragmented clasts set in a 

fine-grained matrix, and as such, the sample is classified 

as a howardite. This mixing of mafic surface flows and 

ultramafic intrusions is likely the result of the impact 

dispersion of previously heterogeneous material. Addi-

tionally, the geochemical signatures present in plagio-

clase and pyroxene further assert the parentage of this 

sample.  
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