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Introduction:  Howardites, eucrites, and diogenites 

have been used to reconstruct the differentiation, mag-

matic, and post-magmatic history of their differentiated 

parent body and provide ground truth for orbital obser-

vations made by the DAWN mission at 4 Vesta. Newly 

identified howardite Northwest Africa 6817 

(NWA6817) was found in the Western Sahara in 2011 

and has a total mass of 1131g. A full-slice through the 

meteorite reveals light-colored (centimeter to sub-

millimeter) and dark clasts (<1 to 3 mm) set in a light 

blue-gray, fine-grained matrix. These clasts represent a 

variety of eucrite and diogenite material.  This com-

prehensive mineralogical study seeks to classify the 

various clasts and mineral fragments in this howardite 

to examine additional 4 Vesta crustal lithologies that 

may be preserved in this meteorite and to place these 

mineral assemblages within the context of the thermal 

history (differentiation, magmatism, subsolidus pro-

cesses) of their parent body. 

Analytical Approach: NWA6817 was first examined 

and classified by Agee [1]. No additional detail studies 

have been carried out on this meteorite. A large slab 

and thin sections of this howardite were prepared for 

this study. Thin sections were characterized using opti-

cal microscopy, backscattered electron imaging (BSE) 

and x-ray mapping. BSE images, x-ray maps, and indi-

vidual phases were collected and analyzed using the 

JEOL JXA-8200 electron probe microanalyzer 

(EPMA) in the Institute of Meteoritics (IOM), Depart-

ment of Earth and Planetary Sciences at the University 

of New Mexico. Modal abundances of phases in each 

clast were determined directly from BSE images.  

Results:  

Textures: The eucrite clasts exhibit a variety of textures 

that range from variolitic to subophitic with distinct 

mineral assemblages that range from two pyroxenes + 

plagioclase to two pyroxenes + SiO2 + minor plagio-

clase (i.e. clast 2). Both the low-Ca and high-Ca pyrox-

enes in the eucrite clasts exhibit exsolution textures. 

Exsolution lamellae in the low-Ca pyroxene measure 

up to 30 µm in thickness, whereas the lamellae in the 

high-Ca pyroxene are usually less than 10 µm thick. 

Accessory minerals include troilite, chromite, and il-

menite. The Fe-Ti oxides exhibit a variety of exsolu-

tion features. Olivine is relatively rare and occurs as 

individual grains that are not associated with clasts. 

Some of the mineral assemblages and textures exhibit-

ed by the eucrite clasts are illustrated in Figure 1. 

Coarse-grained individual fragments of pyroxene devi-

ate texturally and mineralogically from the eucrite 

clasts (Figure 2). Fragments of orthopyroxenes, such as 

OPX 1A, exhibits no visible exsolution lamellae. These 

fragments range in size from 100 to several hundred 

µm and likely represent diogenite assemblages. Large 

(400-1200µm) low-Ca pyroxenes, such as fragment 

PYX 1B (Figure 2), exhibit high-Ca exsolution lamel-

lae that range up to 40 µm in width. 

 

 
Figure 1. BSE images of distinct clasts in NWA 6817 illus-

trating some of the textural and mineralogical variations 

among the equilibrated eucrite clasts.  Scale bar is on 

lower right hand corner of each BSE image. Pyroxene 

compositions are represented in Figure 3. 

 

 
Figure 2. BSE image of large individual pyroxenes that 

represent diogenite lithologies (OPX 1A) and eucrite as-

semblages more Mg-rich (PYX 1B) than the clasts in Fig-

ure 1. Pyroxene compositions are presented in Figure 3. 

 

1698.pdf44th Lunar and Planetary Science Conference (2013)



Major-minor element mineral chemistry: The composi-

tions of the high-Ca and low-Ca pyroxenes are present-

ed in Figure 3. The compositions of pyroxene in eucrite 

clasts lie along tie lines with variable Wo component 

due to the exsolution exhibited by the pyroxenes. This 

variation is typically exhibited by equilibrated eucrites 

(i.e. Juvinas). Pyroxene in PYX 1B exhibits similar 

variation in Wo, but has a significantly higher Mg#. 

Pyroxene in OPX 1 has limited variation in Wo and has 

the highest Mg# of the pyroxenes in NWA6817 (Mg# 

= 0.67). This overlaps with the more Fe-rich range of 

the pyroxene compositions observed in diogenites [2-4] 

and is at the enriched end of the compositional spectra 

for Ti while being displaced toward lower Cr and Al 

ranges, compared to other diogenites [1-4] (Figure 4). 

Plagioclase occurring in the clasts shows limited com-

positional variability, ranging from An91.1-87.3 and 

Or0.71-0.37. However, there are some subtle differences 

among clasts. For example, plagioclase in clast 1A is 

slightly more calcic with a composition of An91.1-89.1 

and Or0.44-0.37. Olivine that occurs in the matrix sur-

rounding clasts and large mineral fragments, has a Mg# 

that ranges from 0.98-0.92.  

 
Figure 3. A. Pyroxene quadrilateral illustrating composi-

tional variations in pyroxenes from clasts and individual 

pyroxenes in NWA 6817. Red data points represent py-

roxenes in eucrite clasts (several shown in Figure 1), 

Green data points represent individual clusters of ortho-

pyroxene that represent diogenite lithologies (e.g., Figure 

2), and blue data points represent clusters of large pyrox-

enes adjacent to a diogenite lithology (Figure 2). B. Py-

roxene compositions placed in the context of pyroxene 

solvi at 1100 and 800C. 

 

Discussion: Although the eucrite clasts in NWA6817 

have some textural and mineralogical differences, py-

roxene and plagioclase major and minor element chem-

istries indicate these clasts are potentially from a single 

or related basaltic lithologies. These lithologies experi-

enced subtle differences in crystallization history and 

post-crystallization reequilibration. The pyroxenes 

crystallized at temperatures between 1000 and 1100°C 

(from bulk pyroxene compositions) and reequilibrated 

down to temperatures of 700°C (Figure 3). Some of the 

larger individual fragments of pyroxene are perhaps 

unrelated in composition (i.e. Mg#), age (slightly old-

er), and environment of emplacement and reequilibra-

tion (P conditions between eucrite clasts and dioge-

nites).    

     Compared to the orthopyroxene in main group of 

diogenites as defined by Fowler et al. [2] and Shearer 

et al. [3,4], the orthopyroxenes in NWA6817 are more 

Fe-rich, enriched in Ti, and depleted in Al and Cr. It is 

likely that they are also enriched in other incompatible 

elements such as the Zr, Y, and Yb [2-5]. These differ-

ences suggest that the diogenite lithologies preserved in 

NWA6817 represent a single cumulate horizon that is 

distinctly different from other orthopyroxenites from 

other crustal intrusions observed by [2-4]. Shearer et 

al. [3,4] concluded that these more enriched diogenite 

lithologies making up the crustal intrusions were pro-

duced from “enriched” basaltic magmas. In the case of 

NWA6817, its parental magmas are also more Fe-rich 

and lower in Al and Cr compared to the parental mag-

mas for Roda and Lew 88679 lithologies. 

 
Figure 4. Ti wt.% versus Al wt.% for orthopyroxenes 

from NWA6817 and other diogenites [3,4]. Diogenite 

population in open circle data points, while other dioge-

nites are specifically noted (LEW88679, Roda, Ibbenbu-

ren [2-4]. 
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