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Successive zoning of Al and H in hydrothermal vein quartz
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ABSTRACT
Electron microprobe and micro-FTIR (mFTIR) analyses of a quartz crystal from a hydrothermal
vein reveal zoning in Al and H concentrations. The Al concentration ranges from 27 to 468 Al/106Si,
and the H concentration ranges correspondingly from 49 to 266 H/106Si. The zoning proÞle reveals a
positive correlation between Al and H concentrations. At low Al concentration (<100 Al/106 Si), the
H/Al ratio is ~1.0 and the infrared spectra show strong bands due to Al-OH and very weak bands due
to Li-OH. These results indicate that most of the charge imbalance resulting from Al3+ substituting
for Si4+ is compensated by H. At an Al concentration >100 Al/106 Si, the ratio of H/Al drops to ~0.5
and the infrared spectra show absorption bands due to both Al-OH and Li-OH species. No other alkali
ions were detected by microprobe analysis. These results suggest that a combination of H and Li are
providing charge compensation in the more Al-rich zones. Replacement of Si4+ by Al3+ + H+ ± Li+ is
the principal mechanism for the incorporation of these trace elements into the quartz structure.

INTRODUCTION
Quartz has been known to contain trace elements such as Al,
H, Li, Na, and K, as a result of the growth conditions in various
geological environments (Bambauer 1961; Dennen and Blackburn 1970; Perry 1971; Scotford 1975; Smith and Steele 1984).
Ion microprobe studies have shown heterogeneous distributions
of Al, Ti, Li, Na, and K in quartz (Hervig and Peacock 1989;
Perny et al. 1992; Demars et al. 1996; Watt et al. 1997). Traceelement zoning in quartz crystals provides important information
about growth history and geological environments, as well as
the mechanism of trace-element substitution. We found a quartz
crystal successively zoned in Al and H from a hydrothermal
vein where the quartz crystal has grown by variable ßuid circulation. We describe here the successive zoning of Al and H
in the hydrothermal quartz crystal and show how variation of
OH absorption bands correlates with Al concentration, based
on electron microprobe and micro-FTIR (mFTIR) analyses. We
discuss the signiÞcance of Al incorporation into quartz via the
substitution Si4+ = Al3+ + H+ ± Li+.

EXPERIMENTAL METHODS
Sample preparation
The quartz crystals studied were collected from hydrothermal veins associated
with skarn deposits of the Kobushi mine at Mt. Azusa in Kawakami village, central
Japan. The skarn minerals consist of magnetite, quartz, calcite, hedenbergite, wollastonite, grossular, adularia, and vesuvianite, and grew in the contact area between
Upper Jurassic-Lower Cretaceous sedimentary rocks and a Miocene granodiorite
(Shimizu and Shimazu 1988). A large euhedral quartz crystal [~50 mm in diameter
on the (0001) plane] collected for this study contains numerous, Þne ßuid inclusions
locally trapped in healed cracks. Two sections parallel to (0001) were prepared,
one of which (KW-1) was used for mFTIR and electron microprobe analyses.
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The other (KW-2) was used for measurement of low-temperature infrared spectra
for comparison with the peak assignments of Kats (1962). First, trace Al analyses
were made with the electron microprobe, and then the carbon coat was carefully
removed for measurements of infrared spectra by mFTIR.

Infrared spectroscopy
We measured unpolarized infrared spectra in the 4000–400 cm–1 region, using
an mFTIR system consisting of a Shimadzu FTIR4200 spectrometer and an IMS-1
IR microscope equipped with a MCT detector under the condition of 4 cm–1 resolution. To obtain the suitable spectra, the sample chamber was purged by dry air, and
all spectra were co-added 1024 scans. The measured area was restricted by the 50
× 50 μm2 square aperture for each spot. Visible inclusions (> ~3 μm) and cracks
were sought at the magniÞcation of 150× (10× binocular lens and 15× objective
Cassegrain mirrors). These were avoided in all measurements, thereby restricting
the total number of spots available for analysis. Low-temperature measurements
were made by a Janssen MFT-2000 spectrometer equipped with an MCT detector
and a cooling stage (LK-600PM), at 4 cm–1 resolution and co-added 300 scans.
Hydrogen concentration (cH) obtained from the equation (Kronenberg et al. 1986;
Kronenberg 1994),
cH (H/106Si) = 0.812 × ΔOH

(1)

where ΔOH is the integrated absorbance under the OH band in the region of 3600–
3300 cm–1, normalized by the sample thickness. The calibration factor 0.812 was
determined by alkali-H exchange experiments (Kats 1962). Wavenumber dependence of the molar absorption coefÞcient (Paterson 1982; Libowitzky and Rossman
1997) was not taken into account because of the relatively narrow wavenumber
range (Kronenberg et al. 1986). Integrated absorbance (ΔOH) was obtained from the
spectra measured at room temperature by subtracting a linear baseline calculated
from background values at 3650 ± 20 and 3000 ± 20 cm–1. The absorbance was
integrated from 3650 to 3000 cm–1 and subsequently normalized by sample thickness. Sample thickness (l) was measured with a Mitsutoyo electronic micrometer
at four regions including the analytical spots of KW01-06, KW07-11, KW12-13,
and KW15 because of the large section size (9 × 23 mm). Sample thickness errors
estimated from 10 repeat measurements were 0.3–0.6 % (relative).
To investigate the variation of each band with Al concentration, curve-Þtting
analysis was made by using the PeakFit for Windows (SPSS Inc.) software. Overlapping absorption bands in each spectrum were resolved into 8 bands, which
include 7 OH bands labeled “A-G” and an Si-O band at 3300 cm–1 (Kats 1962).
The D-band at 3440 cm–1 is composed of Al-OH and Li-OH bands but was handled

