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Introduction:  Nakhlites are martian clinopyrox-

enites with minor amounts of olivine and mesostasis. 
All the known nakhlites show similar mineralogy to 
each other as well as common crystallization and ejec-
tion ages and are believed to have formed in the same 
igneous body on Mars. The discovery of new nakhlites 
could offer substantial information to better understand 
the formation condition and geological setting of these 
unique martian meteorites. In this abstract, we present 
mineralogy and petrology of Y000593, a new nakhlite 
from Antarctica, and compare with other nakhlites to 
understand relative burial depths of each nakhlite. 

Petrology & mineralogy of Y000593:  Y000593 
shows an unbrecciated cumulate texture (~80 % 
augite, 10% olivine, and 10 % mesostasis). Augite is 
euhedral to subhedral (up to 1.5 mm long), having a 
large homogeneous core of En39Fs22Wo39 (Fig. 1). The 
rim adjacent to the mesostasis shows Fe enrichment 
with almost uniform Wo content (En39Fs22Wo39 ~ 
En20Fs40Wo40) except for the 10-20 µm overgrown 
edge (En20Fs40Wo40 ~ En15Fs70Wo15) (Fig. 1). There is 
a sharp compositional boundary between the homoge-
neous cores and the Fe-enriched rims. Fine exsolution 
lamellae (<0.5 µm wide) are present at the overgrown 
edges. Olivines are mostly interstitial to augite and 
show extensive chemical zoning (Fa58-85) (Fig. 1). 
Symplectic inclusions composed of augite and magnet-
ite are commonly observed in large olivine grains. 
Olivines are pervasively altered along fractures and 
brown rusty products are present. The mesostasis is 
mainly composed of radiating spray of plagioclase 
(An35Ab62Or3 ~ An20Ab74Or6) sometimes intergrown 
with silica and K-feldspar. The mesostasis also shows 
extensive secondary alteration as is seen in olivine. 

Crystallization history of Y000593:  Fig. 2 illus-
trates crystallization history of Y000593. At first 
augite (Aug) crystallized (a) and then olivine (Ol) fol-
lowed (b). Both augite and olivine show chemical zon-
ing in Y000593. Augite has a large homogeneous core 
and the chemical zoning is present only in the rim area. 
In contrast, olivine shows much more extensive 
chemical zoning. We explain this due to faster atomic 
diffusion of olivine than pyroxene. It is obvious that 
the chemical zoning was produced by interaction with 
the Fe-rich intercumulus melt. We consider that both 
augite and olivine would be homogenized before ac-
cumulation (plus symplectite (symp) formation) (c). 
Faster atomic diffusion of olivine largely modified 
homogeneous composition of olivine, but augite modi-

fied its composition only at the rims. Such composi-
tional modification would occur when the formation of 
cumulus network in the magma produced interstitial 
melt (d-e). Then pyroxene overgrowth of cumulus 
augite formed and plagioclase (Pl) and Ti-magnetite 
(Mag) crystallized in the intercumulus melt, forming 
the mesostasis (e). The final process that affected 
Y000593 was aqueous alteration on Mars forming 
“rust” in olivine and the mesostasis (f).  

Comparison with other nakhlites:  Followings 
are mineralogical comparison of Y000593 with other 
nakhlites. Because we believe that Y000593 formed in 
the same cooling cumulate pile as other nakhlites [e.g., 
1-2], we focus on its relative cooling rate (or burial 
depth in the magma body) to other nakhlites. 

Petrography.  The texture of Y000593 is generally 
similar to all other nakhlites, but the mesostasis abun-
dance differs (Table 1). Although NWA817 has simi-
lar (or slightly higher) mesostasis abundance, the 
NWA817 mesostasis is composed of Si-rich feld-
spathic glass with skeletal Ti-magnetite, suggesting a 
faster cooling of the mesostasis. The mesostasis miner-
alogy of Y000593 is rather similar to Nakhla, Gover-
nador Valadares (hereafter, GV) and Lafayette in the 
presence of plagioclase laths. However, plagioclase in 
Y000593 is thinner compared to those in Nakhla, GV 
and Lafayette (Table 1), suggesting that Y000593 
cooled faster, perhaps due to their shallower locations 
in the igneous body. The difference in the mesostasis 
abundances suggests that NWA817 and Y000593 
formed at the locations in a cumulus pile where cumu-
lus phases were fewer than other nakhlites. The 
mesostasis abundance or the degree of “packing” of 
cumulus phases may be related to the burial depth of 
each nakhlite (Fig. 3). The alteration degree of 
Y000593 is similar to other nakhlites, suggesting simi-
lar fluid activity in the nakhlite igneous body. 

Augite mineralogy.  All the nakhlites have a similar 
pyroxene core composition, yet each sample has a dis-
tinct rim composition (Fig. 1). Nakhla and GV are 
most similar to Y000593 in pyroxene rim composi-
tions, but the most Fe-rich composition of Y000593 
pyroxene is more Fe-rich than those of Nakhla and 
GV. The Fe-rich pyroxenes in NWA817 are more Fe-
rich than that of Y000593. Lafayette is quite different 
from other nakhlites in its homogeneous composition 
except for the rim next to the mesostasis due to its 
slower cooling.  
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Olivine mineralogy.  Olivine composition shows 
more distinct difference than pyroxene (Fig. 1), proba-
bly because its composition is sensitive to minor dif-
ference in thermal history due to its faster atomic dif-
fusion rates than pyroxene. The most Mg-rich olivine 
in Y000593 (Fa58) is close to those of Nakhla and GV 
(Fa58-60), but Y000593 olivine extends to more Fe-rich 
compositions (Fa85) than Nakhla and GV (Fa70-72). 
NWA817 olivine also has Fe-rich compositions of 
Fa~92, but the most magnesian olivine is more Mg-rich 
(Fa54). Y000593 gives several pieces of evidence (e.g., 
plagioclase size in the mesostasis) that it was located 
slightly deeper than NWA817. Lafayette olivine is 
completely homogeneous (Fa68) and appears to have 
been located at the deepest position in the cumulate 
pile. Nakhla and GV would be located intermediate 
between Y000593 and Lafayette, but appears closer to 
the surface. The presence of symplectic inclusions in 
olivine has been observed only in Nakhla and GV [3]. 
This is consistent with the similarity in olivine compo-
sitions between Y000593 and Nakhla/GV.  

Conclusion:  Thus, each nakhlite shows distinct 
mineralogical characteristics in the mesostasis abun-
dance, plagioclase size, and olivine and pyroxene 
compositions according to relative burial depth (Table 
1). The location of each nakhlite in the cumulate pile is 
in the order of NWA817, Y000593, Nakhla, GV and 

Lafayette from the surface (Fig. 3). In previous study, 
we have estimated cooling rates of olivines in Nakhla, 
Lafayette, GV and NWA817 by using chemical zoning 
of Fe-Mg and Ca [4]. The obtained cooling rates corre-
spond to the burial depth ranging <<1 m for NWA817 
to >30 m for Lafayette. Nakhla and GV are intermedi-
ate between two (3~10 m). Because Y000593 appears 
to have been located intermediate between NWA817 
and Nakhla/GV, the burial depth of Y000593 would be 
shallower than 3 m from the surface.  
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XXXIII, Abstract #1343. 
 

Table 1. The mesostasis abundance and related  
mineralogical characteristics of nakhlites. 

 
Sample   Mesostasis  Plagioclase    Olivine       Pyroxene  
  name   abundance        size      composition  composition 
 
NWA817   ~20 vol%        <5 µm          Fa92 fe#=0.75 
Y-000593  ~10 vol%      ~20 µm          Fa85 fe#=0.71 
Nakhla    ~5 vol%        ~50 µm          Fa72 fe#=0.66 
GV    ~5 vol%        ~50 µm          Fa70 fe#=0.66 
Lafayette    ~5 vol%        ~50 µm          Fa68 fe#=0.50 
 
*Both olivine and pyroxene compositions are most Fe-rich 
ones. **fe# = atomic Fe/(Fe+Mg). 

 

Fig. 3. (Left) Schematic illustration of the 
nakhlite igneous body. 

Fig. 2. (Below) Schematic illustration showing 
crystallization history of Y000593. 
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Fig. 1. Pyroxene 
and olivine 
compositions of 
Y000593 along 
with those of 
other nakhlites. 
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