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Introduction: It is widely accepted that primitive achondrites were derived from planetesimals which did not 

undergo total melting. Acapulcoites and lodranites are the largest group of primitive achondrites. They experienced 

few% to 20% partial melting on the basis of bulk chemical studies [1, 2]. However, petrofabric studies of these mete-

orites group have not been revealed. Yasutake and Yamaguchi [3] showed that most of acapulcoites and lodranites 

have no clear fabric and that Yamato (Y)-791491 have weak fabric of olivine. We analyzed chemical composition of 

minerals and examined petrofabric of this meteorites to better understand its origin. 

Sample and Methods:  We examined a polished thin section of Y-791491. We examined the section optically 

and with an FE-SEM (JEOL JSM7100F). The petrofabric analysis for orthopyroxene, olivine and augite were made 

by using of an EBSD detector (Oxford Instruments AZtec) mounted on the FE-SEM. Chemical compositions of min-

erals are obtained by using of an EPMA (JEOL JXA-8200).  

Results: Y-791491 displays a coarse-grained texture (grain sizes of ~0.1-2mm). Although few olivine grains show 

an undulatory extinction, most of them show a sharp optical extinction, indicating the shock stage of S1-2 [4]. Chem-

ical composition of olivine is Fo88.7. Compositions of orthopyroxene and augite are Wo2.5 En85.6 and Wo44.8 En50.7, 

respectively. Olivine and orthopyroxene have chemical zoning with increasing of Mg/Fe ratios toward the rims. We 

found no plagioclase in the sample we studied. Our EBSD analysis indicates that Y-791491 has weak lattice preferred 

orientations (LPOs) of olivine with a concentration of b-axis and girdle of other axes normal to b-axis. The concen-

tration of b-axis trend to the nearly normal to sample plane. Orthopyroxenes have random orientation. Few augite 

grains found in this study are aligned in the same direction.  

Discussion: Mineral compositions and texture indicate that Y-791491 is classified into a normal lodranite. Equi-

libration temperatures on the basis of two-pyroxene thermometer of [5] are 1050 °C from orthopyroxene and 1037 °C 

from augite.  

The development of olivine fabric with the concentration of b-axis can be explained by the following two processes. 

First process is magmatic deformation processes similar to some terrestrial cumulate peridotites and some meteorites 

[6]. Important factors for this fabric include the presence of high abundance of melt, static melt flow, and the shape 

of olivine. This process typically occurs at stagnant floor of magma chamber. The degrees of partial melting (<20%) 

which lodranites experienced are too low to cause this process because the constituent minerals form continuous chains 

of grains, reducing the mobility of olivine grains [7]. In addition, this process in many cases develop olivine SPOs 

(shape preferred orientations), because this process is strongly influenced by the shapes. However, we could not find 

any olivine SPOs in Y-791491. Thus, we suggest that olivine fabric of Y-791491 was not developed by magmatic 

deformation process. Alternatively, the olivine SPOs were obliterated by secondary processing such as brecciation 

and recrystallization.  

Secondly, the olivine fabric is developed by solid-state deformation at pressures (at 0.3 GPa) and at high temper-

atures (1200-1300 °C) with the presence of partial melt [8]. This mechanism is caused by activation of both [100] and 

[001] the slip direction [8]. It was suggested that the existence of oriented melt vein plays an important role to develop 

this fabric [8]. In Y-791491, veins of augite and kamacite occur interstitially between olivine and pyroxene, indicating 

that these minerals represent trapped melt during crystallization of olivine. This trapped melt may have facilitated the 

development of the olivine fabric.  

If the olivine fabric of Y-791491 was developed by solid-state deformation, there must have been dynamic events 

at pressures and temperatures with shear stress. One of such processes is an impact event. With the presence of oriented 

partial melt, this fabric could have be developed by impact events. Further studies are required to analyze fabrics of 

lodranites that experienced impact events and metamorphism. 
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