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Introduction: Although the number of martian meteorites 

are drastically increasing thanks to the recent recovery of many 
meteorites from hot and cold deserts, most of them are cumulate 
rocks, which makes it difficult to estimate their source melt com-
positions. Yamato 980459 (Y98) and QUE 94201 (QUE) are 
mineralogically distinct samples of the “depleted” shergottites, 
that have no evidence for assimilation with the martian crustal 
material [1]. In this study, we investigated the formation se-
quence and relationship of these two meteorites mainly with the 
crystallization experiments and the computational calculations. 

Yamato 980459: Y98 is an olivine-phyric shergottite that 
consists of olivine megacrysts with the groundmass composed of 
olivine, pyroxene and glassy mesostasis, and no plagioclase. The 
core compositions of olivine (Fo86) and pyroxene (En81Fs17Wo2) 
are the most mafic compositions among martian meteorites found 
so far [2]. The equilibrium calculation using MELTS and crystal-
lization experiment with the bulk composition of Y98 indicated 
that Y98 crystallized from the source melt having the bulk com-
position of Y98 in a closed system. This mafic depleted shergot-
tite crystallized at cooling rate of 1 oC/hr according to the Mg-Fe 
diffusion calculation considering fractional crystallization on oli-
vine megacryst of Y98 as well as the results from dynamic crys-
tallization experiments. 

QUE 94201: QUE is a basaltic shergottite that mainly con-
sists of coarse-grained pyroxene and maskelynite. QUE is one of 
the most Fe-rich martian meteorites [3]. Crystallization experi-
ments revealed that the major mineral phases (pyroxene and pla-
gioclase) crystallized from the source melt whose composition 
was similar to the bulk composition of QUE, and unique chemi-
cal zoning of pyroxene could be reproduced. The results from the 
cooling experiments at various cooling rates gave the upper limit 
of cooling rate (0.5 oC/hr) for the QUE crystallization. 

Relationship between Y98 and QUE: Although Y98 and 
QUE show different mineralogical features, the ages and REE 
patterns of these meteorites are similar [4]. The result of the 
MELTS calculation suggested that the similar composition to the 
bulk composition of QUE could be produced as the residual melt 
from the Y98 melt at 1160 oC. The temperature of 1160 oC was 
the estimated liquidus temperature of the QUE bulk composition 
from crystallization experiments, indicating that QUE could be 
derived from the melt of Y98, and Y98 seems to retain the in-
formation of primitive reservoir of depleted shergottites that may 
have been formed from the martian magma ocean. Therefore, the 
melt of Y98 seems to be the first sample that has a direct rela-
tionship with the martian mantle. 
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