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Introduction: Impact processes produce regolith 

breccias on planetary bodies. These breccias are rela-

tively rare specimens that allow for the study of extra-

terrestrial surface processes. Two newly discovered 

polymict eucrites from Morocco (NWA 6105A, a ~9 

gram sample, and NWA 6105B, a ~1 gram sample) 

represent such breccias. Polymict eucrites are a sub-

group of the achondritic HED meteorites that spectros-

copic evidence suggests [1] might have originated from 

the regolith of Asteroid 4 Vesta. Eucrites can be further 

divided into basaltic and cumulate groups, depending 

on their environment of crystallization. Table 1 illu-

strates the compositional and textural properties of 

these eucritic meteorites. 
Table 1. Mineralogic and petrologic differences between 

basaltic and cumulate eucrites [2]. 

Basaltic Cumulate 

fine- to medium-grained coarse-grained 

Fe-rich pyroxene Mg-rich pyroxene 

An 75-96 An 90-96 

The purpose of this study is to provide petrographic 

descriptions for two new regolith samples (NWA 

6105A and 6105B) and, from these observations, de-

termine whether they are paired. The small sample size 

typical of meteorites, and especially polymict eucrites, 

is a large source of bias. Pairing meteorites allows re-

searchers to increase sample size and, consequently, 

reduce sampling bias.         

Petrographic Description: NWA 6105A is a fine-

grained eucrite breccia with textures indicative of 

shock metamorphism. The mode of the sample is as 

follows: pyroxene (low- and high-Ca) 51%, plagioclase 

30%, silica-rich glass 15%, calcite 4%, ilmenite <1%, 

troilite <1%, chromite <1%, and Fe-Ni metal <1%. 

Pyroxene grains range in size from 250- to 10-µm. 

Those in the matrix form columnar aggregates with 

exsolution being common. Plagioclase grains range in 

size from 500- to 10-µm and in texture from crystalline 

grains to polycrystalline to maskelynite. A separate 

eucrite breccia clast with smaller average matrix grain 

size is located on a corner of the sample. The mode of 

this clast is: pyroxene (low- and high-Ca) 51%, pla-

gioclase 44%, silica-rich glass 3%, ilmenite 2%, troilite 

<1%, chromite <1% and Fe-Ni metal <1%. 

NWA 6105B is a polymict eucrite containing two 

large lithic fragments that are identifiable in hand spe-

cimen. The larger fragment, 6105B-1, is coarse-grained 

with the following mode: pyroxene (low- and high-Ca) 

55%, plagioclase 40%, and matrix 5%. Clast sizes are 

typically 0.5- to 1-mm, but can range from several mil-

limeters down to a few microns. Evidence of shock 

metamorphism includes bent twin-lamellae, mosaicism, 

and pervasive fractures in plagioclase, although no 

maskelynite was observed. The smaller lithic fragment, 

6105B-2, is fine-grained with the following mode: py-

roxene (low- and high-Ca) 54%, plagioclase 38%, sili-

ca-rich glass 8%, ilmenite <1%, troilite <1%, chromite 

<1%, and Fe-Ni metal <1%. It shares many textural 

similarities with NWA 6105A. 

Methods: Polished thin sections of NWA 6105A 

and 6105B were analyzed with a petrographic micro-

scope to determine mineralogy and petrography. Min-

eral compositions were determined using the wave-

length dispersive spectrometers (WDS) of the 

CAMECA SX100 electron microprobe. These analyses 

were performed with an accelerating potential of 15-

keV, a beam current of 20-nA (10-nA for feldspars and 

glass), and a 1-µm beam size (5-µm for feldspars). 

Peak and background counting times were 20-s. Modal 

abundances were established using ImageJ software on 

Back-Scattered Electron (BSE) images.    

Results & Discussion:  

1. Classification – Data obtained from electron mi-

croprobe analysis can aid in quantitatively determining 

the classification of these meteorites. Two useful me-

thods for classification involve (a) plotting Mn versus 

Fe in pyroxenes (see Fig. 1) and (b) plotting K versus 

percent anorthite in feldspars (see Fig. 2). The data 

from both samples match the Vesta reference line with-

in standard error implying that they are indeed HEDs. 

Figure 1. Mn versus Fe plot illustrating that objects from 

a similar parent body lie along a line. NWA 6105A (blue) 

and 6105B (green) match the Vesta line [3] within stan-

dard error. 
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Figure 2. K versus An% plot illustrating objects from a 

similar parent body lie along a line. NWA 6105A (blue) 

and 6105B (green) match the Vesta line [3] within stan-

dard error. 

2.  Pyroxene and Plagioclase Major-Element Com-

positions – Intergranular and intragranular chemical 

variations in pyroxene mostly occur in Ca-content. 

Intragranular variations are mainly due to exsolution. 

Figure 3 is a pyroxene quadrilateral of pyroxenes for 

both samples. Notice that data from NWA 6105A and 

6105B-2 fall within the basaltic eucrite envelope, while 

data from NWA 6105B-1 fall within the cumulate 

envelope. 

 
Figure 3. Pyroxene quadrilateral for all pyroxene compo-

sitions from NWA 6105A and 6105B. Blue envelope = 

basaltic eucrites; red envelope = cumulate eucrites [2,4], 

light green = 6105B-1; dark green = 6105B-2; black = 

6105A.   

Plagioclase shows both intergranular and intragra-

nular variations as well. Figure 4 represents a portion 

of a ternary diagram depicting the locations of these 

compositions. For NWA 6105A and 6105B-2, the 

compositional range is An77-93 (basaltic), while for  

6105B-1 the plagioclase compositional range is An89-92 

(cumulate) [2].   

 

Figure 4. An-Ab-Or ternary diagram depicting the pla-

gioclase compositions in NWA 6105A and 6105B. Blue 

envelope = basaltic eucrites; red envelope = cumulate 

eucrites [2,4], light green = 6105B-1; dark green = 6105B-

2; black = 6105A.   

3. Pyroxene Minor-Element Compositions – The 

degree of equilibration (i.e. equilibrated or unequili-

brated) in pyroxenes can be determined using the mi-

nor-element compositions (Cr, Ti, Al). Figure 5 

represents a ternary diagram depicting the relative ab-

undance of these three elements in pyroxenes of the 

two eucrites. The wide range in abundances observed 

implies unequilibrated pyroxenes. 

 
Figure 5. Ti-Al-Cr ternary diagram depicting the minor-

element compositions of pyroxenes in NWA 6105A 

(black), 6105B-1 (light green), and 6105B-2 (dark green). 

4. Eucritic Clasts – For NWA 6105A and 6105B-2, 

the pyroxene (Fig. 3) and plagioclase (Fig. 4) composi-

tions all imply the presence of basaltic eucrite clasts. 

For NWA 6105B-1, the pyroxene and plagioclase 

compositions all imply the presence of a cumulate 

clast. The samples can then be termed polymict eu-

crites. 

5. Paired Samples? – If samples NWA 6105A and 

6105B-2 have nearly identical textures, modes, and 

major- and minor-element compositions, we can con-

sider them to be paired (or pieces of a single mete-

orite). In this study, NWA 6105A and 6105B-2 share 

all of the similarities listed as evidenced by Figures 3-

5. The small sample size (9g and 1g) of each eucrite 

also supports the claim that each represents a piece of a 

larger whole. This is further maintained by their finds 

as occurring within 5-m of each other.    
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