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Introduction:  The martian meteorite NWA 7034 

is a water rich breccia of basaltic bulk composition that 
contains various materials of Noachian age, though the 
assembly age of the breccia is constrained to be be-
tween 4.4 Ga and 1.5 Ga [1,2]. This breccia provides a 
unique sample from Mars as it is the first sample of a 
non-igneous rock available for study in terrestrial la-
boratories. Further, the bulk rock is the best match for 
the average martian crustal chemistry measured by 
GRS and matches crustal rocks measured by MER [1]. 
Thus, analysis of the bulk rock and its individual com-
ponents should reveal lithologies likely to be encoun-
tered during Mars missions such as the ongoing Curios-
ity mission. This study presents results of analyses of 
different materials within NWA 7034 in order to de-
termine characteristics of additional martian surface 
lithologies.  

Methods:  Lithic clasts and mineral fragments were 
analyzed from several thin sections and probe mounts 
created from the main mass of NWA 7034. Major and 
minor element chemistry was determined using elec-
tron probe microanalysis, and BSE images were used 
to determine modal mineralogy and textures of clasts. 
Bulk clast compositions were determined using the 
modal mineralogy, average mineral compositions, and 
average mineral density from the literature.  

Results:  Several igneous clasts that appear largely 
pristine in terms of bulk composition have been identi-
fied. These clasts fall into one of four categories based 
on their bulk compositions and textures: basaltic, basal-
tic andesite, trachyandesite, and a phosphate and oxide 
rich lithology (Figure 1). The basaltic clasts can be 
further subdivided based on their pyroxene composi-
tions into three subgroups, a high and low Ca pyroxene 
group, a low Ca pyroxene group (Wo<5%), and a low 
Ca and pigeonite group (Wo<15%). These subgroups 
are otherwise indistinguishable. The phosphate and 
oxide rich lithology is texturally distinct in that these 
clasts contain large, euhedral apatite and oxide phases 
(both phases also comprise a greater portion of the 
mode), and sometimes contain interstitial material.  

The basaltic clasts are composed of plagioclase 
ranging from An21-An53 with little variation in compo-
sition between the subgroups. Pyroxene Wo ranges are 
listed above, and their Mg#s vary from 47-81 in all 
subgroups. Oxides are magnetite and ilmenite, with 
ilmenite present both as a separate phase and as 
exsolution within larger magnetite grains. Apatite is the 
only observed phosphate and is Cl-rich. The basaltic 

andesite clasts can also be divided based on their py-
roxene content, with one clast containing augitic py-
roxene of Mg# 31, and the second clast containing low 
Ca and pigeonitic pyroxene with Mg# 58. Both clasts 
also contain plagioclase, with the augitic pyroxene 
clast having plagioclase of ~An34 and the low Ca and 
pigeonitic clast having plagioclase of ~An40. Apatite is 
present only as small (<1 μm) inclusions within plagio-
clase and pyroxene, and oxides are also minor. The 
trachyandesite clasts contain both plagioclase and po-
tassium feldspar; plagioclase ranges from An23-An28 
and potassium feldspar ranges from Or67-Or90. Both 
high and low Ca pyroxene is found in these clasts, and 
Mg# ranges from 48-86. Cl-apatite is present as both 
inclusions and grains, and oxides are distributed simi-
larly.  

 
Figure 1: Total Alkali vs. Silica (TAS) diagram [3] showing 
bulk clast compositions from NWA 7034. Red dashed line is 
from Irvine and Baragar [4]. Pink field-MER rocks and soil 
[5], yellow field-GRS average crust [5], purple field-SNC 
meteorites [6], gray field-TES global surface [5], green field-
MER Adirondak class basalts [5], orange field-Jake M [7]. 
Note the overlap in clast compositions with measured mar-
tian crustal rocks. 

Another lithology can be distinguished based on 
mineral composition and texture and is present pre-
dominantly within a separate domain from the bulk 
rock matrix. This lithology consists of high calcium 
pyroxene and alkali feldspar and is likely not a primary 
igneous lithology. This lithology is texturally distinct 
from all other lithologies in that the pyroxenes appear 
stringy in some regions and the feldspar is composed of 
a fine, irregular intergrowth of albite and orthoclase. 
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Oxide and apatite is very minor to non-existent. One 
clast of this lithology contains a distinct albite grain 
with zones and lamellae of orthoclase. A second clast 
of this lithology contains feldspar that appears more 
perthitic than finely intergrown. Both clasts are rela-
tively coarse grained compared to the pristine clasts, 
but isolated mineral fragments within the matrix are of 
equivalent grain size. Isolated mineral fragments with 
similar textures are also seen throughout the bulk ma-
trix. Bulk compositions are difficult to determine for 
this clast type using a similar methodology as for the 
pristine clasts.  

Isolated mineral fragments of all four major mineral 
types (pyroxene, feldspar, oxides, phosphates) show 
similar ranges in composition as the minerals within 
the clasts. As few clasts show unique mineral composi-
tions, it is difficult to match mineral fragment sources 
with clast sources.  

Discussion:  The array of lithologies contained 
within NWA 7034 and the presence of subtle but sig-
nificant differences between some lithology types indi-
cates this is a complex polymict breccia that contains at 
least 8 different lithologies. These clasts provide us 
with examples of martian crustal rocks that are being 
characterized in detail and can be applied to past and 
future mission work. For example, these clast composi-
tions can be used to inform spectral libraries for future 
missions. Further in situ studies can provide more in-
formation about the chemistry of these lithologies that 
can help determine any genetic relationships between 
them. 
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Figure 2: A: Basaltic clast. B: Basaltic andesite clast. C: 
Trachyandesite clast. D: Phosphate and oxide rich clast. E: 
Alkali feldspar bearing lithology. Note the textural differ-
ences between clast types. pl-plagioclase, pyx-pyroxene, ox-
oxide, ap-apatite, ksp-K-feldspar, alk-spar-alkali feldspar. 
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