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Introduction:  Previous studies of the martian me-

teorite NWA 7034 and its pairings NWA 7533 and 
NWA 7475 indicate these meteorites are some of the 
most incompatible element enriched samples yet ob-
tained from Mars [1, 2]. As these meteorites are 
breccias, in situ studies are required to determine 
which domains specifically carry the enriched signa-
ture. The geochemistry of the different meteorite do-
mains will also aid in deciphering the origin and rela-
tionships of these materials. This investigation is the 
first portion of a study that will use pyroxene, plagio-
clase (the two major minerals within NWA 7034), and 
phosphates to assess the relationships and petrogenesis 
of the different domains of this meteorite (following 
[3]).  

Several previous studies [e.g. 1, 4, 5] have reported 
different types of clasts within NWA 7034, which are 
suspended in a fine grained matrix that also contains 
large, isolated mineral fragments. We place the mineral 
chemical data within the context of the classification 
scheme of [4], which identified basaltic, basaltic ande-
site, and trachyandesite clasts within this meteorite. 
Pyroxenes from these three clast types, as well as iso-
lated fragments surrounded by matrix, have similar 
major element contents (discussed in [6]), but have 
different textures, indicating different cooling histories, 
and the different clast types also contain different min-
eral assemblages. Using an integration of major and 
trace element analyses of the pyroxene and associated 
mineral phases, we deciphered the petrogenetic rela-
tionships among these lithologies.  

Methods:  Pyroxene grains were classified based 
on criteria discussed in [6]. Major element contents 
were determined using the JEOL 8200 Superprobe 
with Probe for EPMA software located at UNM. 
Abundances of eight REEs were determined using a 
Cameca ims 4F SIMS also located at UNM. SIMS data 
was collected using a 10 kV accelerating voltage, 30 
nA beam current, voltage offset of -75 V, and a 30 µm 
spot size. Apertures were used to sample smaller 
grains. An in house clinopyroxene standard was used 
for calibration and trace element intensities were nor-
malized to SiO2 contents measured using EPMA.  

Results:  The major element compositions of py-
roxene analyzed for REEs in the study are partially 
represented in the pyroxene quadrilateral shown in 
Figure 1. These pyroxenes are from four igneous clasts 
and eight isolated fragments. The igneous clasts in-

cluded two basaltic clasts, one basaltic andesite clast, 
and one trachyandesite clast (clast types discussed in 
[4] with details on pyroxene major element chemistries 
presented in [6]). REE patterns for these selected py-
roxenes are presented in Figure 2. Figure 2A contains 
the REE patterns for pyroxene grains with Wo<5 
mol%. These grains have a slight LREE depletion and 
HREE enrichment, with the exception of three grains 
analyzed in a single basaltic clast that have a flat REE 
pattern. Eu anomalies are positive for some of these 
grains. Figure 2B contains the REE patterns for pyrox-
ene grains with Wo between 6 and 50 mol%. In con-
trast to the low Wo group, these grains have a depleted 
LREE pattern and are enriched in HREEs. The differ-
ent shapes of the REE patterns between the low and 
high Wo pyroxenes are a reflection of crystal chemical 
constraints on REE partitioning into pyroxene [7, 8]. 
For example, the Yb/Ce ratio for the low Wo pyrox-
enes is greater than that for the high Wo pyroxenes 
because augitic pyroxene has a larger M2 and can bet-
ter accommodate the large LREEs. Exceptions to this 
are the three grains measured from a single basaltic 
clast shown in Figure 2A that have flat REE patterns. 
The patterns from different grains are parallel but vary 
in depth of Eu anomaly. The basaltic andesite clast 
contains REE abundances that are near the average for 
the matrix grains.  

 
Figure 1: Ternary pyroxene average compositions for grains 
analyzed for REEs. Pyroxene trends for the different clast 
types shown in shaded regions.  
The REE content of pyroxene in a bulk rock sample 
from [9] is also shown for comparison. The bulk rock 
pyroxene pattern is parallel to that of the 6-50 mol% 
Wo group, falling at abundances matching those found 
in the basaltic andesite clast. The Wo<5% group has a 
smaller LREE depletion than the bulk rock pyroxene 
pattern. Major element chemistry of the bulk rock sam-
ple indicates at Wo content ~5%, which is at the border 
of the two pyroxene groups defined in this study [9].  
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Figure 2: CI normalized REE patterns for pyroxene grains in 
different domains of NWA 7034 (CI abundances from [10]). 
A: Pyroxenes with Wo<5%. B: Pyroxenes with Wo between 
6% and 50%. Gd is estimated by averaging Sm and Dy. Bulk 
rock pyroxene is from [9].  

Discussion:  The parallel REE patterns of the high 
Wo content group suggest derivation from the same 
parent magma. Comparison of the low Wo content 
group patterns is complicated by incomplete REE pat-
terns due to low abundances in these grains. It appears 
most of the patterns in this group are parallel, with the 
exception of three patterns derived from a single basal-
tic clast (three highest La contents). These patterns are 
flat with one showing a positive Eu anomaly. Positive 
or near positive Eu anomalies are displayed in other 
pyroxene REE patterns from this meteorite, and have 
also been observed in apatite from an additional clast 
type [11]. These could be indicating a difference in 
oxidation state during crystallization for some of the 
materials, or could be due to ion beam overlap with 
surrounding plagioclase. The flat REE pattern dis-
played in the basaltic clast pyroxenes is likely not due 
to beam overlap, as two of the flat patterns show a neg-
ative Eu anomaly.  

Figure 3 shows pyroxene REE data from [12] for 
three other martian basaltic shergottites. The NWA 
7034 pyroxenes contain higher REE abundances than 
those in Los Angeles, the most enriched shergottite. 
This suggests NWA 7034 contains materials derived 

from the most REE enriched martian magma sampled 
to date.  

 
Figure 3: Comparison of CI normalized REE data from Fig. 
2 with data from pyroxenes in QUE 94201, Shergotty, and 
Los Angeles obtained by [12]. A: Pyroxenes with Wo<5%. 
B: Pyroxenes with Wo between 6% and 50%.  

Major element compositions of pyroxenes from dif-
ferent lithologies within NWA 7034 are overlapping, 
indicating there is no unique composition that can iden-
tify specific lithologies. However, the current data does 
show some trends that could help distinguish the dif-
ferent lithologies. For example, the basaltic andesite 
clasts do not contain pyroxene with Wo>10 mol%. 
Likewise, pyroxene REEs do not appear to be unique 
identifiers with respect to different lithologies. Contin-
uing data collection on pyroxenes from these 
lithologies will reveal trends that, when paired with 
major element chemistries, may be able to be used as 
unique lithology identifiers.  
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