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aBStRact

The Miocene rhyolites of the Spor Mountain Formation host Earth’s largest beryllium deposit, 
which produced 85% of the world’s beryllium in 2010. The fresh lava is extremely enriched in Be 
(up to 75 ppm in matrix glass). We have examined the rhyolite to better understand the Be enrich-
ment. The Spor Mountain rhyolite contains ~40% quartz, ~40% sanidine, ~10% biotite, and ~10% 
plagioclase, along with accessory fluorite, columbite, euxenite, fergusonite, monazite, thorite, and 
zircon. Two types of rhyolite are present within the Spor Mountain Formation, a less-evolved magma 
(1150 ppm Rb, 42 ppm Be, 0.7 wt% F in glass) and a more-evolved magma (1710 ppm Rb, 75 ppm 
Be, 1.6 wt% F in glass).

Eruption temperatures estimated using two-feldspar (Elkins and Grove 1990; Putirka 2008; Benisek 
et al. 2010), plagioclase-liquid and alkali feldspar-liquid (Putirka 2008), Ti-in-quartz (Thomas et al. 
2010, 2015; Huang and Audétat 2012), biotite (Righter and Carmichael 1996), and zircon saturation 
(Boehnke et al. 2013) geothermometers converge on 718 °C for the less-evolved magma and 682 °C for 
the more-evolved magma. Using the Ti-in-Qz equation of Huang and Audétat (2012), the pre-eruptive 
pressure of the Spor Mountain rhyolite system is estimated to be about 2 kbar at 700 °C. Water content 
of the rhyolite melt was less than <5 wt%, based on the co-crystallization of all four major mineral 
phases at 700 °C, and the magma was water undersaturated (Webster et al. 1987). Viscosity of the 
rhyolite was about 106.2 Pa·s for the less-evolved rhyolite and 105.8 Pa·s for the more-evolved rhyolite. 
Fluorine lowered the melt viscosity, though not by a large amount (less than 0.5 log units at 1.6 wt% F).

Partition coefficients for Be and other trace elements were determined for biotite, sanidine, plagio-
clase, and quartz from laser ablation-inductively coupled plasma-mass spectrometry analyses. Parti-
tion coefficients for trace elements in feldspars from the Spor Mountain rhyolite are generally higher 
than for feldspars from other silicic magmas and lower for biotite. The enrichment of beryllium in 
the Spor Mountain rhyolite was aided by its high incompatibility in the major mineral phases, with a 
bulk partition coefficient <0.1.

Trace element models using the measured partition coefficients are inconsistent with accumulation of 
increments of melt formed by different degrees of partial melting and cannot explain the great depletion 
of compatible elements. Rather, the trace element abundances and Nd and Sr isotopic compositions 
are consistent with derivation of rhyolite by ~25% partial melting of crust hybridized with mantle-
derived components, followed by extensive fractional crystallization (75%). The combination of these 
magmatic processes set the stage for the formation of a world-class beryllium deposit.
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intRoDuction

Beryllium is one of the lightest metals with a unique combina-
tion of properties, making it an ideal resource for a wide variety of 
applications including military aircraft, aerospace, medical, and 
commercial markets. For example, on a weight-to-weight basis, 
beryllium is six times stronger than steel and can maintain its 

shape at extreme temperatures, even though it is only two-thirds 
as dense as aluminum. Beryllium also has a high specific heat 
(the highest of all metals), meaning it can absorb more heat than 
any other metal. Its relatively high-X-ray transparency makes it 
an ideal candidate for medical and analytical applications. For 
these reasons, Be is on the “Strategic and Critical Materials” list 
of the U.S. Department of Defense and of the European Union 
(Thomason et al. 2013).

The Miocene rhyolite of the Spor Mountain Formation in 
western Utah (Lindsey 1977, 1982; Christiansen et al. 1984) 
hosts one of the largest beryllium deposits in the world and 
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