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Introduction:  LAP04840 is an unusual R 
chondrite that includes abundant hornblende 
amphibole [1]. Amphibole is a rare mineral in 
meteorites only occurring in small quantity and size in 
particular types of meteorites mainly because of 
anhydrous and low-pressure conditions of most 
meteorite parent bodies. Martian meteorites are the 
only meteorite group that commonly contains 
amphibole. Martian amphibole is Ti-rich kaersutite 
that is only present in magmatic inclusions of 
shergottites and chassignites [e.g., 2-3]. The presence 
of amphibole in LAP04840 is unique, thus offering 
useful information about the formation of this 
meteorite and its parent body. In this abstract, we 
report mineralogy of LAP04840 by paying attention to 
crystallography of hornblende and discuss formation 
condition of this interesting R chondrite. 

Analytical Methods:  After we carefully observed 
the thin section (LAP04840,22) by optical and 
scanning electron microscopes, we analyzed its 
constituent phases by electron microprobe. Because we 
have special interest in hornblende, we also employed 
the following techniques for further characterization of 
LAP04840 hornblende. Synchrotron radiation (SR) 
Fe-XANES (BL-4A, Photon Factory, KEK, Tsukuba, 
Japan) was employed to measure its Fe3+/ Fe ratio [4]. 
Single crystal X-ray diffraction (XRD) was performed 
on some hornblende grains separated from the small 
chip of LAP04840 (LAP04840,13). We also 
performed micro-FTIR measurement for these grains 
to confirm the presence of water. 

Petrography:  The LAP04840 thin section studied 
shows a texture of equilibrated chondrite composed of 
59.3% olivine, 13.5% orthopyroxene, 13.3% 
hornblende, 6.2% plagioclase, 6.0% Fe-Ni sulfide, 
0.7% Cr-rich magnetite, 0.5% biotite and 0.5% Ca 
phosphate. Chondrules and chondrule fragments are 
spatially distributed whose size is up to 1.5 mm in 
diameter. Several types of chondrules are observed. 
Matrices are composed of fine-grained granular areas 
(5-10 m in grain sizes) with isolated mineral 
fragments of usually 100-200 m in size. Hornblende 
occurs replacing olivine and pyroxene in both 
chondrules and matrices, suggesting its secondary 
origin (Fig. 1). Hornblende shows strong pleochroism. 
Plagioclase is often associated with hornblende. Fe-Ni 

sulfide is scattered throughout the thin section and its 
size ranges from ~1 m (usually spherical inclusions 
in almost all other phases) to 100 m (irregular-shaped 
interstitial grains). Biotite is a minor component and its 
occurrence is similar to hornblende. Shock effect is not 
so obvious although some pyroxene and plagioclase 
grains show undulatory extinction.  

Mineral composition:  Olivine in LAP04840 is 
equilibrated (Fa37). Olivine contains small amounts of 
Ca (<0.2 wt% CaO) and Cr (<0.3 wt% Cr2O3), but Ni 
abundance is high (~0.5 wt% NiO), suggesting 
formation under relatively oxidizing condition. 
Pyroxene is orthopyroxene with homogeneous 
composition (Fs29Wo1). Hornblende is generally 
homogeneous, but shows a small compositional range: 
47-50 wt% SiO2, 5-8 wt% Al2O3, 0.1-0.6 wt% TiO2,
10-13 wt% FeO (all Fe as Fe2+), 16-18 wt% MgO, 9-
10 wt% CaO, 3 wt% Na2O, 0.1-0.3 wt% K2O, 0.4-1.0 
wt% Cr2O3, 0.1-0.3 wt% NiO. Total sum by 
microprobe analysis is 96-98 wt%, suggesting the 
presence of Fe3+ and/or water as is also suggested by 
the absence of F and Cl (checked by SEM-EDS). The 
SR Fe-XANES analysis confirms the presence of Fe3+

in hornblende, which gives a Fe3+/ Fe ratio of ~0.6 
(Fig. 2). Micro-FTIR analysis also confirms the 
presence of water as is suggested by clear absorption 
at 3600-3700 cm-1, indicative of a strong hydroxyl 
bond [e.g., 5]. The structural formula of hornblende is 
(Na0.40K0.04)(Ca1.46Fe2+

0.08Na0.46)(Al0.06Fe2+
0.43Fe3+

0.77Cr
0.08Mn0.03Mg3.6

)(Si7.01Al0.99)O23(OH). Plagioclase is 
essentially albitic (An8Or2). Fe sulfide contains a 
significant amount of Ni. Magnetite is Cr-rich, 
containing ~20 wt% Cr2O3. Biotite is homogeneous: 
39-40 wt% SiO2, 13 wt% Al2O3, 1 wt% TiO2, 11-13 
wt% FeO (all Fe as Fe2+), 19-20 wt% MgO, 2 wt% 
Na2O, 6-7 wt% K2O, 0.7-1.0 wt% Cr2O3, 0.2-0.5 wt% 
NiO. Low total sum (93-95 wt%) by microprobe 
analysis suggests the presence of water as is the case 
for hornblende. 

Crystal chemistry of hornblende:  Single crystal 
XRD gives the following lattice constants: a=9.766(1) 
Å, b=18.017(1) Å, c=5.2847(4) Å, =104.62(1)o. The 
structural refinement was carried out by using the 
following scattering curves: Na+vacancy for A(2), 
K+vacancy for A(m), (Ca+Na+Fe) for M(4), (Fe+Mg) 
for M(1) and M(3), (Fe+Mg+Al+Ti) for M(2), (Al+Si) 
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for T(1) and Si for T(2) sites, respectively. Results of 
the microprobe analysis show relatively low level of 
terahedrally coordinated Al. The T(1) and T(2) 
occupancies of Al were separately derived from <T(1)-
O=1.645 Å> and <T(2)-O=1.629Å> distances using 
various relationships [5]. The estimated results agree 
well with the structural formula obtained by 
microprobe analysis and indicate that Al is strongly 
ordered in T(1). The relatively short distances of 
<M(1)-O=2.063Å>, <M(2)-O=2.077Å> and <M(3)-
O=2.055Å> suggest the feasible preference of small 
Fe3+ at these sites, which is dissimilar to the case of an 
ordinary terrestrial hornblende. The present structural 
model with due constraints of chemical analysis safely 
converged for the 1005 observed reflections with the 
final R factor of 0.035. 

Discussion and Conclusion:  Mineralogy and 
petrology of LAP04840 are generally consistent with 
its classification as an R6 chondrite [1,6]. However, 
the presence of hornblende and biotite is quite unique 
among not only R chondrites, but asteroidal meteorites 
in general. Because they are replacing primary 
minerals in both chondrules and matrices, it is obvious 
that secondary alteration on the parent body formed 
these metamorphic minerals. The presence of these 
hydrous minerals suggests metamorphism under high 
pressure and aqueous environment, probably at depth 
in the parent body. The thermometer using hornblende 
and plagioclase equilibria [7] gives ~700 oC for 
LAP04840 phases. This temperature bears somewhat 
uncertainty because of high Fe3+ composition of 
LAP04840 hornblende, but is consistent with [8], 
which estimated T: ~600-800 oC and PH2O: >1 kbar. 
The barometer using Al content in hornblende gives 
~2 kbar although this also bears uncertainty because it 
is usually applicable for granite in specific conditions 
[9]. However, it is likely that the size of R chondrite 
parent body was large enough to produce such 
metamorphism. LAP04840 is the only sample known 
to date that shows amphibolitization metamorphism, 
although there are many equilibrated R chondrites. 
Therefore, such aqueous environment might be only 
locally present. 
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Fig. 1. Barred-olivine chondrule in LAP04840 partially 
replaced by hornblende (brown color minerals). The field 
of view is ca. 2.5 mm across. 

Fig. 2. SR Fe-XANES spectra of LAP04840 hornblende 
and standard amphiboles (KST: kaersutite from Kaersut, 
Greenland (Fe3+/ Fe=0.01), IKI: kaersutite from Iki, 
Japan (Fe3+/ Fe=0.93) and Fe: Fe metal). The SR 
beam size was ~5 m in diameter. Hornblende 
grains with a similar crystallographic orientation to 
standard kaersutites (they were oriented [4]) were 
chosen, and the areas without Fe sulfide inclusions 
were analyzed. Inset diagram shows the pre-edge 
peak region, which was used to estimate the 
Fe3+/ Fe ratio of LAP04840 hornblende.
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