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INTRODUCTION

Rock forming minerals may be crudely classified into two
groups: (1) hydrous minerals in which, intrinsic to the mineral
structure, hydrogen appears explicitly in the chemical formula,
and (2) anhydrous minerals containing no essential hydrogen
in their chemical makeup (Aines and Rossman 1984). Numer-
ous previous studies have however revealed the widespread
existence of diverse water species, including molecular water
(H2O), hydroxyl groups (OH–), and structurally incorporated
hydrous complexes (e.g., Si-OH or Al-OH), in minerals con-
sidered stoichiometrically anhydrous (Aines and Rossman
1984). Substitutional hydroxyl in nominally anhydrous miner-
als has been shown to potentially contribute significant quanti-
ties of water to the upper mantle (Bell and Rossman 1992; Ingrin
and Skogby 2000).
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ABSTRACT

A micro-infrared spectroscopic study of hydrothermal vein quartz known to have anomalous dD
signatures has identified two hydrogen reservoirs. In samples that generate an isotopic signature in
accordance with that anticipated under the accepted model of quartz crystallization, submicroscopic
aggregates of liquid water are the dominant hydrous species. Samples which generate an anomalous
dD signature contain, in addition to liquid water, structurally incorporated hydrous species associ-
ated with impurity cations.

Infrared spectra obtained during in situ stepped heating experiments, coupled with infrared analysis
at 25 ∞C, demonstrate that hydrogen liberated between 300 and 500 ∞C is chiefly molecular, liquid
water. Hydrogen liberated at temperatures greater than 500 ∞C is dominantly that associated with
specific structurally incorporated cation defects. Since both defect hydrogen and molecular water
are contemporaneously incorporated from the precipitating medium during crystallization, we pro-
pose that irregular dD signatures, released following decrepitation at temperatures greater than 500
∞C, are due to isotopically fractionated hydrogen released from interstitial OH defect sites in the
quartz structure.

dD signatures obtained from stoichiometrically anhydrous minerals are generally interpreted under
the assumption that the hydrogen measured comes uniquely from decrepitated fluid inclusions. In-
stead, we suggest that dD ratios obtained from hydrothermal quartz reflect a sum of the contribu-
tions made by individual hydrogen reservoirs, each with a potentially distinctive dD signature. Thus,
if the overall dD signature is attributed entirely to fluid inclusion phases, the nature of the precipitat-
ing fluid may be misinterpreted. Hydrogen extracted as molecular water at between 300 and 500 ∞C
provides a true reflection of the hydrothermal solution associated with crystal precipitation.

Due to its sensitivity to the O-H bond, the infrared spec-
trum between 3200 and 3600 cm–1 provides an extremely sen-
sitive means for detecting minute concentrations of water in
minerals (Aines and Rossman 1984). Trace “water” is well
known to occur in natural quartz, where Al3+ easily substitutes
for Si4+ in the SiO4 tetrahedra and additional monovalent cat-
ions such as H+ are incorporated to act as charge compensator
ions situated in channels parallel to the c axis. Hydrogen atoms
may also be incorporated into quartz as neutrally charged mol-
ecules (Ihinger and Zink 2000). Because these hydrogen-bear-
ing defects in silica strongly influence the quality of crystals
used for the electronics industry (Dodd and Fraser 1967) the
defect chemistry of silica has been examined extensively. Ad-
ditionally, hydrous defects in quartz cause dramatic weaken-
ing of quartz crystals both in deformation experiments and in
nature (Griggs and Blacic 1965; Kronenberg 1994; Kronenberg
et al. 1986; Post and Tullis 1998). Hydroxyl groups can be
readily distinguished from water molecules by infrared spec-
troscopic analysis at low temperatures (Kronenberg 1994).

Stable isotope ratios of O atoms (d18O) and hydrogen (dD)
are extremely important geochemical tracers used to determine


