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Introduction:  The SNC meteorites are atypical of the ma-

jority of Mars surface rocks, which were formed in the heavily 
cratered terrain. However, breccias NWA 7034, NWA 7533 and 
paired samples contain diverse ancient materials [1-3]. 

Petrology and Geochemistry:  NWA 7533 is polymict and 
contains melt spherules and clast-laden impact melt rocks, show-
ing that it is a regolith breccia [2].  The abundances of sidero-
phile elements indicate ~5% chondritic component, even in mi-
crobasalts and medium-grained monzonitic/noritic clasts [3].  
However, pristine Ni-poor orthopyroxenite clasts, similar to ALH 
84001 are also present [4]. The monzonitic clasts are similar to 
some K-feldspar-rich rocks analyzed by the rover Curiosity [5]. 

Highly fractionated monzonitic rocks contain augite, chlor-
apatite, Na-rich plagioclase, orthoclase, and zircon, the latter 
with a 4.43±0.03 Ga crystallization age [3]. This date is con-
firmed by plagioclase ages of 4.4-4.5 Ga [6] and, for NWA 7034, 
by a Sm-Nd isochron of 4.39±0.08 Ga which “primarily dates 
pyroxene” [7]. Magnetite-ilmenite assemblages show that all 
components are highly oxidized (QFM +2 to +3). Though the 
bulk compositions are broadly basaltic, the noritic rocks contain 
orthopyroxene and Cr-magnetite rather than olivine. This may be 
explained by the remelting of highly hydrated and oxidized near-
surface rocks [8]. The zircons dated vary in Δ17O, as the melts 
incorporated different altered surface materials [9]. 

The breccias contain magnetite, maghemite, ferrihydrite and 
nanophase Fe oxide [1,3,11,12]. The remanent magnetism of 
NWA 7034 is so high that only a few km thickness of breccia 
could explain the magnetic anomalies on Mars [11]. Infrared 
spectra show a 3-µm band in both the surface of Mars and in 
NWA 7533, indicating that ferrihydrite occurs in this ancient 
breccia and on the modern surface of Mars [12]. 

The compact nanocrystalline breccia matrix was annealed 
[2,3] after ~0.8 -1.7 Ga when some zircon and feldspar ages were 
reset [3,6,13,14]. Late pyrite veins transect the breccia. 

Summary:  Prior to 4.43 Ga, highly fractionated (K-
feldspar-rich) rocks were emplaced in the crust of Mars and de-
gassing of its mantle had led to atmosphere-hydrosphere-surface 
interaction [2]. In the Pre-Noachian or Phyllosian era, these rocks 
were weathered, contaminated with projectiles, and incorporated 
into subsequent generations of impact melts and breccias. 
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