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Precise dating of biotite in distal volcanic ash: Isolating subtle alteration using 
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ABSTRACT

Precise dating of K-rich minerals in volcanic rocks via the 40Ar/39Ar geochronometer has become 
crucial to resolving many geological problems. In some cases, ash beds containing biotite phenocrysts 
but lacking sanidine are the only datable horizons at key stratigraphic intervals, necessitating comparison 
of sanidine and biotite ages within the same chronostratigraphic framework. To assess the integrity of 
biotite and evaluate the accuracy of ages obtained from this often problematic mineral, incremental 
heating 40Ar/39Ar experiments were performed on large, millimeter-sized, euhedral biotite crystals 
from four key Eocene tuffs in the Green River and Wind River Basins and are compared with sanidine 
40Ar/39Ar ages. Unaltered biotite crystals with homogenous K-compositions from two tuff beds yielded 
concordant plateau ages that are indistinguishable from cogenetic sanidine ages. In contrast, biotite 
crystals from two other tuffs yielded discordant spectra, with relatively young initial steps followed 
by older, down-stepping apparent ages. Plateau ages from the discordant experiments are older than 
the sanidine ages by 1 to 14%. Integrated (total fusion) ages from these experiments exhibit scatter 
toward both younger and older ages that correlate with the degree of spectral discordance. Electron 
microprobe transects reveal that biotite crystals yielding discordant age spectra contain 1–10 m thick 
K-depleted (<8% K2O) alteration zones along internal cleavage planes that are absent in biotite crystals 
yielding concordant age spectra. We propose that these altered zones promote open-system behavior. 
Phenomena such as loss of K or 40Ar*, 39ArK recoil into internal K-depleted phases, and 39ArK recoil 
entirely out of internally corroded biotite crystals are all potential mechanisms that can be related to 
this alteration. Due to the presence of these multiple potential pathways that promote the gain or loss 
of isotopes, such altered biotite crystals are unsuitable for high-resolution 40Ar/39Ar dating, comparisons 
with sanidine ages, or calibration of the geomagnetic polarity timescale. 
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INTRODUCTION

Advances in the 40Ar/39Ar dating of small samples from ash 
beds have facilitated geochronologic studies of unprecedented 
accuracy and precision in sedimentary strata (e.g., McDougall et 
al. 2005). For example, recent geochronology in Eocene basins of 
the western United States has permitted order-of-magnitude im-
provements in the temporal resolution of mammalian evolution, 
correlation of local paleobotanical temperature and precipitation 
estimates to global paleoclimate records, and direct measurement 
of lake cycle periodicity (Wing et al. 1991; Wilf 2000; Pietras 
et al. 2003; Smith et al. 2003). High-K sanidine is the ideal 
mineral, but in many cases is not available or is contaminated 
with xenocrysts or detrital grains (Mader et al. 2001; Smith et 
al. 2003). Biotite phenocrysts are commonly more abundant and 
are easily separated from many ash-fall deposits, but are also 
far more susceptible to alteration, which can lead to 40Ar* loss, 

K loss, and 39Ar recoil effects during irradiation (Clauer et al. 
1982; Cerling et al. 1985; Onstott et al. 1995). Several studies 
have measured a discordance between sanidine and biotite ages 
(e.g., Hilgen et al. 1997; Lanphere 2000), or have empirically 
measured or modeled the effects of irradiation-derived recoil 
of 39ArK on apparent ages for biotite and other minerals (e.g., 
Onstott et al. 1995; Paine et al. 2004). We present a systematic 
comparison of sanidine and biotite ages from a well-documented 
succession of widespread ash beds, along with mineralogical 
and chemical data from biotite crystals to assess the sources of 
discrepancies.

We used 40Ar/39Ar incremental heating experiments and 
electron-microprobe analysis to examine biotite crystals from 
four Eocene tuff beds that also contain sanidine phenocrysts in the 
Green River and Wind River Basins of Wyoming (Fig. 1; Table 
1). Further descriptions and analytical details are provided in 
the data repository.1 All of these beds consist of ash-fall deposits 
containing euhedral phenocrysts encased in altered matrix, and 
represent important temporal calibration points for paleontologic, 
magnetostratigraphic, and sedimentologic studies in the Wind 
River and Green River Basins (Sinclair and Granger 1911; Van 
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