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Abstract
Ba-rich minerals are frequently observed in epithermal environments and include characteristic 

phases such as barite and alunite supergroup minerals. At Yellowstone, electron microprobe analysis 
shows that Ba in the unaltered third-cycle Tuff of Sulphur Creek is largely contained within sanidine 
phenocrysts (mean 1.60 wt% BaO) with lesser concentrations in plagioclase (mean 0.22 wt% BaO) 
and volcanic glass (mean 0.05 wt% BaO). Whole-rock XRD analyses of rocks hydrothermally altered 
by alkaline-chloride fluids at Ridge 7741 in Seven Mile Hole, Yellowstone National Park, show they 
are dominated by illite + quartz ± hydrothermal feldspar, primarily adularia. In this alteration zone, 
adularia is the principal phase that contains significant Ba (mean 0.43 wt% BaO). In shallower altera-
tion, dominated by acid-sulfate assemblages, such as kaolinite + opaline silica ± alunite supergroup 
minerals (alunite, walthierite, huangite) ± barite, Ba is sequestered in the sulfate minerals. Alunite 
supergroup minerals (mean 1.12 wt% BaO) are more prevalent than barite and are largely found from 
the modern valley rim to about 60 m below the modern surface, especially around the South Fork of 
Sulphur Creek. However, nearly 80 m below the modern rim of the Grand Canyon of the Yellowstone 
River, in areas previously altered by alkaline-chloride fluids, adularia altered to alunite supergroup 
minerals may contain similar to slightly elevated Ba concentrations relative to the replaced grain. Bar-
ite is primarily found sporadically in altered rocks along the valley rim of the South Fork of Sulphur 
Creek, with rare occurrences along the rim of the Grand Canyon. Despite the hydrothermal alteration, 
whole-rock XRF and ICP-MS analyses show similar mean concentrations between unaltered (0.11 wt% 
BaO) and altered (0.09 wt% BaO) Tuff of Sulphur Creek samples. Hydrothermally altered rocks are 
important sources of Yellowstone low-δ18O rhyolites, like the Tuff of Sulphur Creek, which inherits 
their low δ18O signal from them. Cenozoic rhyolites throughout the North American Cordillera tend 
to exhibit high Ba concentrations, including the low-δ18O Yellowstone rhyolites. This work shows 
that hydrothermal alteration mobilizes Ba in volcanic units with minimal dispersion of Ba out of that 
unit. The genesis of similar silicic volcanic rocks with elevated Ba, relative to mean upper crustal 
concentrations, may be the result of partial melting of hydrothermally altered rock.
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Introduction
Barite is a common hydrothermal mineral in shallow 

volcanic-hosted epithermal environments (Plumlee et al. 1995; 
White and Hedenquist 1995; Dill et al. 1997; Simmons et al. 
2005; Vikre 2007; John et al. 2018; Piochi et al. 2015), and the 
hydrothermal system in the Yellowstone caldera, Wyoming, is 
no exception to this observation (Love and Good 1970; Larson et 
al. 2009). The mean abundance of Ba in the upper crust is about 
624 ppm (Rudnick and Gao 2003). Ba is highly incompatible 
during mantle melting, which leads to upper crustal enrichment 
(Nan et al. 2018) and, due to its solubility in aqueous fluids, can 
be concentrated in the epithermal environment. Many Cenozoic 
volcanic rocks in the North American Cordillera host barite-
bearing epithermal deposits and contain high background con-
centrations of Ba [e.g., Long Hike Mine, Jarbidge mining district, 
Nevada (Brueseke et al. 2014); Homestake Claim, Creede mining 
district, Colorado (Emmons and Larsen 1923; Bachmann et al. 

2014)]. After the Oligocene “ignimbrite flare up,” Basin and 
Range extension of the Nevadaplano in the mid-Miocene drove 
bimodal basalt-rhyolite volcanism and renewed epithermal pro-
cesses (e.g., Midas, Sleeper, Mule Canyon, all in Nevada) (John 
2001; Christiansen and McCurry 2008; Brueseke et al. 2014).

The Yellowstone rhyolites follow this Cordilleran pattern 
of elevated whole-rock Ba concentrations. Typical rhyolites 
at Yellowstone have elevated Ba concentrations compared to 
other Cenozoic rhyolites from the North American Cordil-
lera, with a mean of ~660 ppm (data selected using location 
= bounding box approximating North American Cordillera, 
sample type = rock name: rhyolite, age = Cenozoic, 0–65.5 Ma, 
material = bulk, normalization = major elements as reported, 
http://portal.earthchem.org/, accessed February 2, 2023). For 
example, the Huckleberry Ridge Tuff contains about 1432 ppm 
Ba (Bindeman and Valley 2001; Swallow et al. 2019), the Tuff 
of Sulphur Creek has about 857 ppm (Pritchard and Larson 
2012), and Canyon Flow about 901 ppm (Bindeman and Valley 
2001; Pritchard and Larson 2012). The Tuff of Sulphur Creek 
and Canyon Flow are post-caldera collapse rhyolites that erupted 

0003-004X/24/0008–1337$05.00/DOI: https://doi.org/10.2138/am-2023-8996	       1337 

http://portal.earthchem.org/

