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EXOTIC COMPONENTS IN LUNAR BRECCIA Y AMATO 793274; T.Arai and H.Takeda, 
Mineralogical Institute, Graduate School of Science, University of Tokyo 

Yamato(Y) 793274 was proposed to be a lunar breccia containing mare components 
classified as VLT basalt and possible highland components. To confirm the existence of the VLT 
basaltic components and highland components in Y793274, we investigated crystallization trends 
of its pyroxene fragments, in terms of Til(Ti+Cr) vs Fe/(Fe+Mg) diagram. The diagram of the 
Y793274 pyroxene fragments revealed three trends: trend 1 is a unique trend whch  is different 
both from basaltic and from non-basaltic, trend 2 is intermediate between trend1 and basaltic one 
and trend 3 is a typical basaltic trend similar to that of a new type of LT basalt, A881757. A 
clast with trend 1 consists of orthopyroxene and the most Mg-rich ilmenites (MgO= 8.5%). This 
clast is an exotic component that has never been reported for the Apollo and Luna samples [I]. 
INTRODUCTION: Four Antarctic meteorites, Y793274, Elephant Moraine(EET)87521, Y793 169 
and Asuka(A)881757 have been proposed to be derived from mare regions of the Moon [2-3.  
While Y 793 169 and A88 1757 (Y A) are crystalline basalts, Y793274 and EET8752 1 are breccias. 
These four lunar rockts were initially classified as Very Low Ti (VLT) basalts according to their 
bulk TiO, content [a. International consortium studies reached an agreement that latter two are 
a new type of Low-Ti (LT) basalts [7]. Now that the classification with bulk TiO, is turned out to 
be rather unreliable measure, it is necessary to reconsider the classification of these two breccias. 
Pyroxenes of EET87521 show a crystallization trend similar to that of VLT basalts [8]. As it has 
been proposed that Y793274 could include hghland components [3.9.10], all Mg-rich and 
relatively homogeneous pyroxene fragments were examined by mineralogical t echques .  Herein, 
some pyroxene fragments i Y793274 were demostrated to be an exotic component that does not 
bear characteristic of mare nor hlghland rocks. 
SAMPLE AND METHODS: We investigated a polished thln section (PTS) Y793274,91-2 supplied 
from NIPR. The FTS was examined by electron probe microanalyzer (EPMA) and scanning 
electron microscope (SEM), JEOL 840A. 20 pyroxenes fragments larger than 0.1 x 0. l m m  in 
size were analyzed and Mg-rich pyroxenes were selected on the basis of the false coloured BE1 
image where different colour indicates the dfference of brightness of the BEI images. 
RESULT: Mineralogical study of Y793274 was done by the consortium study [11,12]. In the 
present study, we focused on crystallization trends of pyroxene fragments in order to characterize 
Y793274, compared it with those in the Apollo and Luna basalts which have similar bulk TiO, 
content to Y793274. Ti/(Ti+Cr)(=Ti#) versus Fe/(Fe+Mg)(=Fe#) atomic ratio diagrams are used, 
so as to discuss crystallization trends of pyroxenes. Since Cr is a compatible element and Ti is an 
incompatible one in the pyroxene structure, Ti# is a useful fractionation indicator, coupled with 
Fe# and it shows trends typical to the chemical composition of source material of basalts. The 
Ti# versus Fe# diagram of pyroxene fragments in Y793274 showed three different trends (Fig. 1). 
Three dotted lines in Fig.1 are reference standards for trends of Apollol5 LT basalts, Apollol7 
VLT basalts and ANT which stands for anorthosite, norite and troctrite, typical rocks for lunar 
hghland. 

Trend 1 is obtained from a lithic fragment with Mg-rich (Fe#=0.18-0.19) 
orthopyroxene(0px) in a small clast 0.11 x 0.18mm in size (CL1). The Opx crystallized 
together with lath-shaped ilmenite of the lowest Fe#(=0.70) among lunar ilmenites. The Opx has 
Fe#=0.18-0.19 and Ti#=0.62-0.80 and its Ti wt% increases from 0.75 to 1.16 wt% towards the 
ilmenite boundary. It is noted that only Ti# changes and Fe# stays constant. Trend1 in Fig.1 
does not fall upon any envelope and has the lowest Fe# among entire lunar samples, which 
suggests that the Opx with trend 1 could be an exotic component that has never been found up to 
date in the Apollo and Luna samples. 

Trend 2 mostly falls upon the envelope of ANT and was obtained from two pyroxene 
fragments. One is a Mg-rich pyroxene fragment showing lamellae several-microns thick and a 
little chemical zoning. Another is a pyroxene crystallizing with plagioclase in a basaltic clast of 
0.7 x 0.4mm in size and has lamellae of several microns. In both pyroxenes, Fe# changes from 
0.31 to 0.64 and Ti# changes from 0.25 to 0.32. As in trend 1, Ti# widely changes with a little 
change of Fe# in a pyroxene. 

Trend 3 was obtained from 15 pyroxene fragments and clearly shows basaltic fractionation 
trend. It is to be noted that plots from all these grains nearly make a series of fractionation trend. 
Fe-rich part of the trend is similar to that of A881757 which is a new type of LT basalt, but the 
trend starts from more Mg-rich point than A881757 does. One pyroxene fragment whlch 
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constitutes the most Mg-rich part in the trend shows the lowest Fe# and lowest Ti# among 
pyroxenes from every lunar basalt and has lamellae about 1 pm in width. The ranges of variations 
of Fe# and Ti# depend on fragments. Within each fragment, Ti# increases with the increase of 
Fe# and Fe# changes from 0.10 to 0.30 and Ti# does from 0.15 to 0.45. Some pyroxene 
fragments include lamellae around 1 pm in width. 
VARIATIONS OF Fe# AND Ti#: Variations of Fe# and Ti# in trend 1 and 2 are different from 
those in trend 3. When pyroxenes crystallize in basaltic magmas, both Fe# and Ti# should 
increase through the crystallization process as seen in trend 3. There are two explanations for the 
fact that Ti# only changes with little change of Fe#, in trend 1 and 2. (1) Because pyroxene 
crystallized with ilmenite and the crystallization of ilmenite caused rapid change of Ti content in 
the melt and pyroxene. In other words, the change of Ti# is related to the dynamic crystallization 
process of pyroxene. (2) In the pyroxene structure, diffusion rate of Ti or Cr can be much 
slower than that of Fe or Mg. Assuming that CL1 was originally derived from a quickly cooled 
lava, we can expect that annealing process could homogenize Fe#, but Ti# could preserve chemical 
zoning during crystallization., 
INTERPRETATION OF THREE CRYSTALLIZATION TRENDS: Trend 3 is considered to be a 
fractionation trend of almmt one pyroxene whlch crystallized from rather a Mg-rich source lava 
and segments of the trend from each pyroxene fragment whch represents part of the pyroxene 
crystallization trends. The correlation between three trends is closely related to the explanation 
stated above. If the pyroxenes with trend 1 or 2 are to crystallize with ilmenite in a plutonic rock, 
they could crystallize from a Ti-rich highland rock and three trends could not be correlated each 
other. But, such lath-shaped ilmenites as are found in the CL1, have never been reported for 
h~ghland rocks. If the pyroxenes were to be anealed, the Opx should crystallize from a Mg-rich 
and Ti-rich basaltic magma, and the original crystallization of the pyroxenes with trend 1 can be 
produced. Finally, the pyroxenes with trend 3 should crystallize, showing remarkable chemical 
zoning of Fe# and Ti# from a mgma with low Ti content Therefore, three trends can represent 
differnt crystallization trends of pyroxenes crystallizing from the same source lava. The Fe# vs 
Ti# diagram is quite useful for discussing a correlation of source lava of different rocks to 
investigate the crystallization trends of pyroxene fragments in breccias. Further studies are 
required to find a source rock of CL1 in a further lunar mission. We thank NIPR for providing 
us with the lunar meteorites. 
CONCLUSIONS: The Fel(Fe+Mg) vs Til(Ti+Cr) diagram of pyroxene in Y793274 revealed, 
(1) An Opx crystallized with the most Mg-rich ilmenite among lunar ilmenites shows a fractionation 
trend which does not fall upon either LT and VLT basaltic envelope or highland ANT one. It 
can be an exotic component that has never been reported for pyroxenes from lunar samples. (2) 
There is a pyroxene fragment which falls upon highland ANT envelope. (3) Basaltic pyroxene 
fragments shows a series of unique fractionation trend. (4) Three trends in the diagrams suggest 
the correlation between source lavas of pyroxene fragments. 
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Fig. 1. Fe# vs Ti# atomic ratio diagram of pyroxenes in Y793274. 
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