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INTRODUCTION

�K-jadeite (KAlSi2O6)� and �K-kosmochlor (KCrSi2O6)� 
are Þ ctive but realistic components of the clinopyroxene solid 
solution; these were extrapolated from both natural and synthetic 
K-bearing clinopyroxenes (K-Cpx) at ultrahigh-pressure (UHP) 
> 4 GPa (e.g., Harlow 1997; Harlow and Davies 2004). At least 
two types of K-Cpx-hosted lithologies have been reported: (1) 
mantle-derived xenoliths in kimberlite�lamproite pipes and 
intermediate alkaline intrusions (Reid et al. 1976; Bishop et al. 
1978; Jaques et al. 1990; Harlow and Veblen 1991; Ghorbani 
and Middlemost 2000), and (2) regional UHP metamorphic rocks 
(e.g., Sobolev and Shatsky 1990; Zhang et al. 1997; Katayama 
et al. 2000; Okamoto et al. 2000; Bindi et al. 2002). These UHP 
occurrences were veriÞ ed by recent experiments that consider-
able amounts of K could be accommodated in the clinopyroxene 
structure under the mantle condition of P> 3�17 GPa and T> 
900�1500 °C; the solubility of K increases with increasing pres-
sure (e.g., Harlow 1997; Luth 1997; Okamoto and Maruyama 
1998; Harlow 1999; Perchuk et al. 2002; Safonov et al. 2003) 
and decreases with temperature (Okamoto and Maruyama 1998). 
Obviously both experiment and natural parageneses indicate that 
UHP is necessary to incorporate K into clinopyroxene. In this 
paper, however, we present the Þ rst report of relatively high K 
(up to 0.56 wt% K2O) content in natural chromian clinopyroxene 
that formed in low P-T environment. 

Low-pressure and low-temperature K-bearing kosmochloric diopside from the Osayama 
serpentinite mélange, SW Japan

TATSUKI TSUJIMORI AND JUHN G. LIOU

Department of Geological and Environmental Sciences, Stanford University, Stanford, California 94305, U.S.A. 

ABSTRACT

Kosmochloric diopside with high K content up to 0.56 wt% (0.026 K atom per formula unit) was 
discovered from the Osayama serpentinite mélange in the Chugoku Mountains, SW Japan. K-bearing 
clinopyroxene Þ lls microcracks (5�150 µm in wide) together with uvarovite within albite vein of a 
tremolite rock. Compositions of analyzed clinopyroxene consist mainly of kosmochlor + augite (92�98 
mol%; Ko19-38Aug56-76) components and minor amounts of jadeite (0�6 mol%), aegirine (0�5 mol%), 
Ca-Tschermak (0�3 mol%), and K-kosmochlor (0�2 mol%). Although the K content in clinopyroxene 
is also variable and heterogeneous even in a single vein, clinopyroxene with higher K content occurs in 
Ko-rich part. Higher magniÞ cation secondary electron images conÞ rmed that exsolution and inclusion 
are essentially absent in the analyzed clinopyroxenes. The good negative correlation between Cr + Na + 
K and Ca + Mg + Fe2+ indicates the Cr incorporation into the octahedral site. Furthermore, K correlates 
with Na and Cr, indicating a simultaneous enrichment of K for Na and Cr during pyroxene growth. 
Textual relations, and parageneses and compositions of minerals suggest that the K-Cpx precipitated 
together with uvarovite in brittle microcracks directly from a Ca- and Cr-rich hydrothermal ß uid at 
approximately P < 0.3 GPa and T < 400 °C. Although it has been experimentally concluded that only 
ultrahigh-P (>4 GPa) environment permits to host relatively large K+ cation into the clinopyroxene 
structure, our Þ nding indicates that the incorporation of K into the kosmochlor�diopside series solid 
solution with at least 0.2 Cr cation p.f.u. is possible even at low P conditions. 

* E-mail: tatsukix@pangea.stanford.edu

GEOLOGIC OUTLINE

K-Cpx was found in microcracks within albite vein of a 
tremolite rock from the Osayama serpentinite mélange (OSM), 
SW Japan; the OSM is a serpentinite-matrix mélange with Pa-
leozoic blueschist blocks (Tsujimori 1997, 1998; Tsujimori and 
Itaya 1999; Tsujimori and Liou 2005) (Fig. 1). In the OSM, two 
types of tremolite-rich rock occur: high-P tremolite schist of 
peridotite-origin (type-I), and low-P tremolite-rich rind at the 
boundaries between blueschist blocks and serpentinite (type-
II). Type-I schist contains relict chromian spinel that replaced 
by blueschist-facies chromian minerals such as omphacite, 
pumpellyite and phengite; Tsujimori and Liou (2004) described 
chromian omphacite (jadeite [Jd]23-41 kosmochlor [Ko]5-20 au-
gite [Aug]47-61 aegirine [Ae]<7) with chromian diopside lamellae 
(Jd4-18Ko1-14Aug73-94Ae<3) from a variety of type-I schists. On 
the other hand, type-II tremolite rind is relatively massive and 
does not contain blueschist-facies minerals. Instead randomly 
oriented diopside occurs especially in the thermal aureole of 
late Cretaceous granitic intrusions. Sakamoto and Takasu (1996) 
described chromian pyroxenes (Jd<9Ko0.1-54Aug45-98Ae0-5.7) of the 
kosmochlor-diopside series with a radial habit; this may be a 
variety of type-II rocks. The investigated sample is a variety of 
the type-II rock. 

PETROGRAPHY AND SEM OBSERVATIONS

The investigated sample consists mostly of tremolite (>95%) 
with a small amount of diopside. The sample was cataclasitic, 


