The hornblende and biotite in an anomalous lodranite Yamato 983119.
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Introduction: Acapulcoite-lodranite clan is the second largest clan of primitive achondrite [1]. Acapulcoites have
finer-grained textures, modal abundances similar to ordinary chondrites, and roughly chondritic bulk chemical compositions [2,
3]. On the other hand, lodranites have coarser-grained textures, modal abundances poor in plagioclase, augite and/or troilite [4].
It is generally accepted that acapulcoites and lodranites are residues after partial melting less than 20 %. Similar oxygen
isotopic compositions among acapulcoites and lodranites indicate that they originated from the same parent body or from
similar bodies.

Yamato (Y) 983119 is an anomalous lodranite consisting of large amount of orthopyroxene (~40-70 vol%). We
found inclusions containing hornblende and biotite in Y 983119 [7]. Since hornblende and biotite have pressure dependence in
their compositions and stability, these minerals give us information about formation pressure of Y 983119. We tried to
estimate the formation condition of Y 983119 and the size of acapulcoite-lodranite parent body.

Sample and methods: We prepared three polished thin and thick sections (PTS) of Y 983119. All PTSs were
observed under photomicroscope and FE-SEM (JEOL JSM7100F). Modal abundances were obtained by using an EDS on the
FE-SEM (Oxford Instruments AZtec Energy). We identified mineral phases by using of a Raman microscope (Renishaw
InVia) and EBSD detector (Oxford instruments AZtec) on the FE-SEM. Chemical compositions of minerals were measured
by using of EPMA (JEOL JXA 8200).

Textures and occurrences of melt inclusions: Y 983119 has a coarse-
grained texture (~0.5mm) consisting of orthopyroxene (44-71 vol%, WosEngs),
plagioclase (9-14 vol%, OrzAbsy), olivine (4-30 vol%, Fogr), Fe,Ni metal (4-14
vol%) and augite (2-5 vol%, WossEnss). Olivine shows clear extinction (S1-2).
Weathering products were found around Fe,Ni metal and along cracks. Minor
minerals include chromite, phosphate, troilite, phosphide and carbon minerals.

Melt inclusions were found in orthopyroxene (N = 24) and olivine (N =
19). Most melt inclusions are very small (few tens of pum). Melt inclusions mainly
consist of augite (Woa7Ens), alkali-feldspar (OrssAbaig), plagioclase (OrsAbss), and ] _ _ _ _
Si,Al-rich glass (Si: 75 vvt%,. Al: 15 wi%). Alkali—feldsptalr and.plagioc_lase often El'ggul)c I'Z'See'_tal'ﬂgl':ﬁ'e?gspm;'r;%‘;ﬂ’;i's(t;g;
have lamellae textures. Alkali feldspars contain pores. Minor minerals include F-  \ith grains of augite (Aug) and troilite
rich hornblende (NaosKo2 (Ca1.7Nao.3)2.0 (Fe0.1Mga 2Cro2Tios)ao (SicsAl1a)soF10022),  (Tro), and lathes of biotite (Bt). Host
F-rich biotite (K1.7Fe01Mgs.8Cro1Al20Ti04Sis7020F10), chromite, Fe,Ni metal, phase is orthopyroxene (Opx).
troilite, rutile (TiO2), baddeleyite (ZrO), carbon mineral and silica mineral. Hornblende and biotite were found in only
orthopyroxene.

Thermobarometer: Since some hornblendes coexist with plagioclase, we can estimate equilibrium temperatures
from amphibole-plagioclase thermobarometer from compositions of three hornblende and plagioclase in three inclusions [8].
The equilibrium temperature was estimated to be ~740-790°C assuming the pressure at 0-1 GPa.

We could obtain pressure from several hornblende thermobarometers. We assumed that equilibrium temperature is
~740-790°C. The pressure was estimated to be ~90-400 MPa from the thermobarometer based on the Al,O3 content of
hornblende by [9]. We also estimated the ~0-300 MPa from another thermobarometer using Al,O3 and TiO; content by [10].

Since biotite dissolves at low pressure, presence of biotite is an indicator of lower limit of pressure. McCanta et al.
(2008) calculated lower limit of pressure from mineral assemblage in amphibole- and biotite-bearing R chondrite LaPaz
Icefield 04840. The constraining reaction is as follows: phlogopite + enstatite = forsterite + K-feldspar + H2O. In Y 983119, all
biotites coexist with orthopyroxene (Fig. 1). Therefore, we can apply this constraining reaction for Y 983119. If we assume
that the temperature was same to hornblende-plagioclase equilibrium (~740-790 °C), the lower limit of pressure is estimated to
be ~60-180 MPa. The estimated pressure might contain errors, because there are large differences in fO, between R chondrites
(AQFM +0.5) and lodranites (AQFM -4 ~ -5).

Discussion: The parent body size was estimated from the formation pressure obtained above. We assume that parent
body has no porous regolith layer, and has homogeneous density with 3.5 g/cm™. If Y 983119 located in the center of the
parent body, the formation pressure of Y 983119 is corresponding to the radius of the parent body less than ~340 km. The




estimated size is partly consistent with previous studies that suggested a small parent body less than 100 km [5]. However, this
result also implies that the parent body may have been larger than the size of previous estimations.
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