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The origin of jadeitite-forming subduction-zone ßuids: CL-guided SIMS oxygen-isotope
and trace-element evidence
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ABSTRACT
Jadeitite, a rare high P/T rock, is associated spatially with blueschist and/or eclogite terranes. Scanning electron microscope (SEM) and cathodoluminescence (CL) petrography of jadeitite samples from
several major occurrences [in Burma (Myanmar), Guatemala, Japan, Kazakhstan, and the U.S.A.]
show that grains were deposited from ßuids. Jadeite grain compositions indicate these ßuid compositions changed with time.
CL imagery guided the acquisition of oxygen-isotope and trace-element analyses with the ion microprobe. Jadeite grains in each rock grew in cycles that began with red- and/or blue-luminescent and
ended with green-luminescent zones. The CL images were used to order the data into crystallization
sequences. These data and electron-microprobe, major-element analyses document the association of
green CL with increases in Ca, Mg, and Cr: (1) toward grain exteriors; (2) in Þne-grained matrix around
porphyroblasts; (3) in shear zones that cut grains; (4) in former open spaces now Þlled with jadeite; or
(5) in veins. Abundances of many trace elements are greater in green-CL jadeitite compared with the
red- or blue-CL zones. Some of these elements—in particular Li, Rb, Sr, Ti, Hf, Zr, Y, and REE—are
unlikely to have been derived from serpentinite. Although crystal-chemical effects may explain some
of the trace-element systematics (e.g., preferential incorporation of REE into Ca-richer jadeite), some
kinetic control is suggested by sector-zoned, rhythmically zoned grains. The oxygen-isotope data
suggest that jadeitite-depositing ßuids either had multiple sources or evolved in composition along
their ßow paths (or both).
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INTRODUCTION
Rocks and minerals from subduction complexes and volcanic
arcs provide direct evidence that subduction-zone ßuids are
complex, multicomponent entities that transfer components (e.g.,
LILE and LREE) from the variably altered slab (as well as from
subducted sediments) to subarc mantle (e.g., Bebout and Barton
1993; Peacock 1993a, 1993b; Tatsumi and Eggins 1995, Bebout
et al. 1996, 1999; Leeman 1996; Ryan et al. 1996; Spandler et
al. 2003). Experimental studies suggest that, depending on P-T
conditions, a variety of components are soluble in aqueous ßuids
under subduction-zone conditions (Manning 1998). Aqueous
ßuids can be sourced from dewatering and are also likely products of major types of subduction-related dehydration reactions
in the slab and its subducted sediment carapace (Peacock 1990,
1991; Moran et al. 1992; Domanik et al. 1993; Bebout et al.
1999; Spandler et al. 2003). The geochemical action of ßuids
in subduction zones has been inferred from both the ultimate
products of the system, volcanic arc rocks (Morris et al. 1990;
Peacock 1991; Schmidt and Poli 1998; Class et al. 2000), and
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tope compositions of variably metasomatized rocks of subduction
complexes (e.g., Bebout and Barton 1989; Miller and Cartwright
2000; Putlitz et al. 2000; Frueh-Green et al. 2001; Miller et al.
2001, 2002; Catlos and Sorensen 2003; Zack et al. 2003; Elliott
et al. 2004). This study documents new evidence for the oxygenisotope and trace-element composition and evolution of low-T
subduction-zone ßuids: jadeitite.
Jadeitite—a rock that consists predominantly of near-endmember jadeite pyroxene (NaAlSi2O6)—is known primarily as
a highly valued gem in some non-Western cultures, in particular,
in China and southeast Asia (e.g., Hughes et al. 2000). Because
jadeitite is used as a gem and high-value lapidary (carving and
sculpture) material, it is actively mined where it occurs in reasonable abundance and quality. Like most gem materials, jadeitite
is rare, and is found in regions that generally remain, as H.S.
Washington (1906) pointed out, “difÞcult of access, and in which
the geological conditions are little known.” However, our studies
document a connection between jadeitites and high P/T metamorphic terrains and/or rocks (e.g., Harlow 1994; Harlow and
Sorensen 2001; Harlow et al. 2003; Sisson et al. 2004; Harlow
and Sorensen 2005). Because jadeitite has long been interpreted
to be a metasomatic replacement rock (e.g., Yoder 1950), it is
a natural target for investigations of ßuid-rock interactions in

