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Introduction:  Recently, several basaltic shergot-

tites have been found that include magnesian olivines 
as a major minerals.  These have been called olivine-
phyric shergottites. Yamato 980459, which is a new 
martian meteorite recovered from the Antarctica by the 
Japanese Antarctic expedition, is one of them. This 
meteorite is different from other olivine-phyiric sher-
gottites in several key features and will give us impor-
tant clues to understand crystallization of martian 
meteorites and the evolution of Martian magma.  

Petrography and mineralogy:  Y980459 is a 
glassy rock showing a porphyritic texture composed of 
olivine megacrysts and medium-grained pyroxene with 
abundant mesostasis (Fig. 1). The most striking feature 
of this sample is that, in contrast to all other Martian 
meteorites, it contains no plagioclase (Fig. 2). The 
modal abundances of minerals are 48% pyroxene, 26% 
olivine, 25% mesostasis and 1% others (chromite, pyr-
rhotite, ilmenite) [1]. Olivine megacrysts show eu-
hedral to subhedral shapes, reaching up to 2 mm. Oli-
vine also exists in the groundmass whose grain size is 
ranging from tens to hundreds of µm. Both types of 
olivines show extensive chemical zoning (megacryst: 
Fo86-79, groundmass: Fo79-73) [1-4]. These compositions 
overlap with those of the other olivine phyric shergot-
tites (e.g. Dar al Gani (DaG) 476, EETA79001 lithol-
ogy A), but no olivines in other shergottites so far 
found are more Mg-rich than that in Y980459. Pyrox-
enes in the groundmass are present as euhedral to sub-
hedral grains and zoned from the Mg-rich orthopyorx-
ene core to the Fe-rich augite rim (En81Fs17Wo2 to 
En22Fs43Wo35) (Fig. 2). The mesostasis is glassy, but 
contains dendritic olivine and pyroxene with other 
minor minerals. REE analysis shows that the REE 
abundances of Y980459 are very similar to those for 
DaG 476 and SaU 005 olivine-phyric shergottites im-
plying that they may have a genetic relationship [5]. 
Also, their REE patterns are similar to that of 
QUE94201 basaltic shergottites although their abun-
dances are different as reported by [6]. 

Crystallization of Y980459:  Y980459 is a unique 
martian meteorite because a mafic composition of oli-
vine implies a phenocryst origin, and the glassy 
mesostasis is present instead of plagioclase. The ab-
sence of plagioclase has not been found in the other 
shergottites. Therefore, rapid crystallization history 
from magnesian martian magma is suggested for this 
meteorite. We used the MELTS software [7] in order 

to investigate the crystallization history of this meteor-
ite. The calculation result shows that liquidus tempera-
ture is about 1450oC and the liquidus phase is olivine 
for the bulk composition of Y980459 [8]. The olivine 
composition at 1450oC is Fo88 [2] which is very close 
to that of the core composition of olivine megacrysts in 
Y980459 (Fo86); hence, the olivine megacryst seems to 
be a phenocryst, and the bulk composition of the me-
teorite represents a melt. Olivine continued crystalliz-
ing and then pyroxene started crystallizing at around 
1360oC. The pyroxene composition at this temperature 
is En84Fs14Wo2. This composition is also similar to that 
of the most magnesian pyroxene in Y980459 
(En81Fs17Wo2). The calculated olivine composition that 
is in equilibrium with the pyroxene core is Fo81 and 
this value is close to the core composition of the 
groundmass olivine (Fo79) [1], indicating that olivine 
and pyroxene in the groundmass began to crystallize 
simultaneously.  

As stated above, the absence of plagioclase is an 
important feature of Y980459. There are two possible 
explanations: (1) some process removed plagioclase 
after it crystallized, or (2) some processes prevented 
plagioclase from crystallizing. [1] reported that the Al 
and Ti contents of pyroxene show monotonic increases 
with the increase of fe#, and this suggest that there was 
never any plagioclase crystallization. The glassy 
mesostasis that includes dendritic olivine and pyroxene 
grains suggests a quenching origin. Thus, it is likely 
that plagioclase failed to nucleate due to rapid crystal-
lization of the magma. According to these calculation 
results and observations, the inferred cooling history of 
Y980459 is as follows: Olivine started crystallizing 
and grew into megacrysts at a cooling rate fast enough 
to produce chemical zoning. During the formation of 
the groundmass, some process quenched this meteorite 
and the mesostasis was formed. 

Crystallization Experiment:  We have been 
working on crystallization experiments of Y980459 to 
obtain more advanced understanding of its crystalliza-
tion history and conditions, and here present initial 
results. Synthetic glass having a similar composition to 
the bulk composition of Y980459 was prepared. This 
glass is slightly more Fe-rich than the bulk composi-
tion of Y980459, and the alkalis were depleted by 
volatilization due to the high experiment temperatures. 
The experimental procedure is the same as in [9], and 
the glass was homogenized just above the liquidus 
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temperature (1460oC). At 1460 and 1450oC, no miner-
als crystallized. Olivine was present at 1425 oC, and its 
composition was Fo84. This composition is slightly 
more Fe-rich than that in Y980459 and the calculation 
result probably because of Fe-rich composition of the 
starting material. Feather-like quench crystals grew 
around the olivines (Fig. 4) when we quenched the 
charges in the air at room temperature, but did not 
form when similar experiments were dropped 
quenched in water at JSC.  

A cooling experiment was also performed and BSE 
image of the run product is shown in Fig. 5. Homoge-
nized glass was cooled from 1460oC to 1000oC at 
2.5oC/hr. There are skeletal olivine grains, euhedral 
pyroxene and chromite. No plagioclase crystallized. 
Pyroxene composition shows a similar zoning se-
quence to that of Y980459 although the core composi-
tion is slightly Fe-rich because of the Fe-rich starting 
glass composition (Fig. 2). The texture of the synthetic 
olivines is different from that of the euhedral olivines 
in Y980459, and suggests that the 2.5oC/hr cooling 
rate in our experiments was faster than that of the natu-
ral sample. In contrast, pyroxene grains are compara-
tively larger than the olivine grains. These indicate that 
slower cooling is required for the formation of olivine 
megacrysts.  It remains to be seen whether slower 
cooling can also form pyroxenes similar to those in 
Y980459.  
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Fig. 1. Fe X-ray map of Y980459. Ol: olivine. 

22  mmmm

OOll

Fig. 2. The BSE image of Y980489. Brighter grain 
in mesostasis is olivine and gray grain is pyroxene. 
Dark area is glass. Ol: olivine. 
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Fig. 3. Pyroxene quadrilateral of Y980459 and 
the run product from cooling experiment. 
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Fig. 5. BSE image of the run product from cooling 
experiment.  Ol: olivine;  Px: pyroxene;  Gl: glass. 
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Fig. 4 BSE image of the run product from isothermal 
experiment at 1400oC.  Ol: olivine;  Ms: mesostasis;  
Gl: glass. 
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