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INTRODUCTION

H2O transport into the mantle has attracted the attention of
many Earth scientists because water plays an essential role in
magma genesis and mantle dynamics. The input of water into
the mantle is restricted to subduction zones. For a cold
geotherm, lawsonite in a basaltic bulk composition is consid-
ered to be a host of water to depths greater than 150 km, ac-
cording to high-pressure experiments (Schmidt and Poli 1998;
Ono 1998; Okamoto and Maruyama 1999). Phengite is also
stable up to 330 km depth (Schmidt 1996; Domanik and
Holloway 1996), but this phase is rare in the basaltic composi-
tions. However, for conditions involving a relatively hot
geotherm, hydrous minerals become unstable. Subduction zone
P-T paths calculated from natural metamorphic rocks suggest
that thermal gradients are usually higher than the stability fields
of hydrous minerals at great depth (>100 km) (e.g., Maruyama
et al. 1996). Thus, subducted oceanic crust is mostly dehydrated
at shallow depth, and then transformed to dry eclogite contain-
ing no hydrous minerals at T > 700 ∞C and P > 30 kbar. It has
therefore been believed that subducted crust cannot carry sig-
nificant amounts of H2O into the deep upper mantle.

Recent studies reported that trace amounts of hydroxyl can
be contained in nominally anhydrous minerals (NAMs) (e.g.,
Bell and Rossman 1992). Trace water in these minerals is ca-
pable of recycling into the Earth’s interior at subduction zones.
Clinopyroxene is the most hydrous mineral of the major con-
stituents in deep subducted crust, and contains up to 1840 ppm
OH (by weight) in kimberlite xenoliths (Smyth et al. 1991)
and up to 2200 ppm OH (by weight) by laboratory experiments
(Skogby 1994). However, to date, only a few studies have ad-
dressed the hydroxyl content of natural clinopyroxenes in high-
to ultrahigh-pressure (HP-UHP) metamorphic rocks that have
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ABSTRACT

Clinopyroxenes in eclogites from the deep subducted crust in the Kokchetav, Kazakhstan, ultra-
high-pressure metamorphic terrane were found by infrared spectroscopy to contain up to 3020 ppm
OH. These rocks were recrystallized at pressures over 60 kbar and temperatures over 1000 ∞C, where
no hydrous minerals are stable. Infrared spectra of the clinopyroxenes show three hydroxyl absorp-
tion bands in the regions 3440–3460 cm–1, 3500–3530 cm–1, and 3600–3625 cm–1. The hydroxyl
absorbance increases with recrystallization pressure of the eclogites and with vacancy concentration
in the pyroxene structure (Ca-Eskola component). Clinopyroxenes represent about 40–50 vol% of
eclogites, such that the bulk eclogites contain approximately 1300 ppm hydroxyl at depths greater
than 150 km. Thus, subducted oceanic crust can transport trace amounts of H2O into the upper mantle,
even in the absence of nominally hydrous minerals.

been subducted to manatle depths and returned to the surface.
Among these, the Kokchetav massif, Kazakhstan, is consid-
ered to be the highest-pressure metamorphic terrane because
of its abundant microdiamonds, coesites, and other mineral-
ogical evidence (Sobolev and Shatsky 1990; Zhang et al. 1997;
Okamoto et al. 2000; Katayama et al. 2000a). The diamond-
grade rocks were recrystallized at P > 60 kbar and T > 1000 ∞C
(Okamoto et al. 2000), and they do not contain hydrous miner-
als. To estimate how much water is transported into the Earth’s
interior at deep subduction zones, we investigated the hydroxyl
contents of clinopyroxenes in the Kokchetav UHP eclogites
using infrared (IR) micro-spectroscopy.

GEOLOGICAL SETTING

The Kokchetav massif is situated in the central domain of
the composite Eurasian craton (Fig. 1), the major part of which
was amalgamated and stabilized by a series of Paleozoic-Me-
sozoic collisional events (Dobretsov et al. 1995). This massif
is composed of several Precambrian rock series, Cambro-Or-
dovician volcanic and sedimentary rocks, Devonian volcanic
rocks, and Carboniferous-Triassic shallow-water and lacustrine
sedimentary rocks (Dobretsov et al. 1995). The HP-UHP mas-
sif is considered to be a thin (1–2 km), more-or-less coherent
subhorizontal sheet, which is structurally overlain by a weakly
metamorphosed unit (Unit V) composed of slate and quartzite,
and underlain by the Daulet Suite, composed of quartz and
pelitic/psammitic schists (Kaneko et al. 2000).

On the basis of gross lithological variations, the HP-UHP
massif is subdivided into four units (Fig. 1). Unit I is com-
posed of amphibolite and quartzofeldspathic gneiss, Unit II
mainly of pelitic-psammitic gneiss with locally abundant
eclogite boudins, Unit III of alternating orthogneiss and am-
phibolite with rare eclogite lenses, and Unit IV is composed of
quartz schist and siliceous schist (Kaneko et al. 2000). These
HP-UHP rocks were intruded by post-orogenic granitoids in


