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In-situ oxygen isotope and trace element geothermometry of rutilated quartz from Alpine
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aBStract
Finely acicular rutile intergrown with host quartz (rutilated quartz) is commonly found in hydrothermal veins, including the renown cleft mineral locations of the Swiss Alps. These Alpine cleft mineralizations reportedly formed between 13.5 and 15.2 Ma (based on ages of rare hydrothermal monazite
and titanite) at temperatures (T) of 150–450
oxygen isotope exchange equilibria), and pressures (P
gradient of 30
T determinations for rutilated quartz
between 600 and <350
30 to
1400
(BSE) imaging of host quartz and rutile inclusions, respectively, shows internal zonations, which are
nevertheless isotopically homogeneous. Newly developed secondary ionization mass spectrometry
(SIMS) oxygen isotopic analysis protocols for rutile were combined with those established for trace
elements (including Zr) and U-Pb ages in rutile, and Ti abundances in the host quartz. U-Pb rutile ages
average 15.1 1.7 Ma (2 ), in excellent agreement with previous accessory mineral geochronometers.
Pressure-independent T estimates, calibrated for low-temperature conditions, from oxygen isotope
fractionation between rutile and quartz in touching pairs are 310–576 C. Individual rutile needles
vary in Zr abundances beyond analytical uncertainties, but average Zr-in-rutile inversely correlates
with oxygen isotopic fractionation between quartz and rutile. Linear regression of the data yields:

T (°C) =

26(±9)
0.07(±0.01) R ln x

273

with x = Zr ppm and R = 0.008314 (uncertainties scaled by the square root of the mean square of
weighted deviates MSWD = 11; n = 9). This relationship supports previously recognized temperaturehigh-T experiments are at variance with oxygen isotope exchange temperatures. By contrast, Ti-inT
Ti-in-quartz thermometry on one side, and oxygen isotope and Zr-in-rutile thermometry on the other,
suggests that Ti-in-quartz thermometry should be applied with caution for low-T (<500
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introDuction
Rutile (TiO2) is an accessory mineral most commonly associated with high-temperature (T), high-pressure (P) metamorphic

metamorphic rutile formation is exsolution from major phases
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such as quartz (e.g., Seifert et al. 2011) or garnet (e.g., Zhang
et al. 2003). During low- and medium-grade metamorphism,
common for low-pressure hydrothermal systems where rutile
crystallizes within quartz veins (e.g., Ayers and Watson 1993;
Deer et al. 1992), often intimately intergrown with quartz. Under
rutile, precipitate from a metasomatic aqueous fluid and are later
engulfed by quartz crystallization (Ayers and Watson 1993). Such
conditions favoring rutile precipitation include decompression,

