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Abstract

We report the radiocarbon age, chemistry, and mineralogy of sinter deposits from Castle and Giant Geyser in the Upper Geyser
Basin of Yellowstone National Park. At each geyser, we sampled following the stratigraphy of the older terrace and younger
cone. We analyzed 15 samples with x-ray diffraction, x-ray tomography, x-ray fluorescence, scanning electron microscopy, thin
section microscopy, 3D imaging, and loss on ignition. Castle Geyser’s terrace and Giant Geyser’s cone are composed of more
increasingly more mature sinter. The concentrations of Na, K, Cs, and Ga decrease in the sinter with decreasing H20 and
increasing SiO2, therefore water and trace element concentrations correlate with stratigraphic position, and sinters exhibit
progressive dehydration with increasing age. However, radiocarbon dates resulted in stratigraphically out-of-sequence ages.
This suggests both physical mixing and the influence of magmatically dead carbon. By isolating and dating individual pieces of
externally sourced organic material, we report ages as upper bounds—increasing the known age of Castle Geyser cone to 2,000
yr BP. Additionally, we demonstrate that Castle Geyser’s shield is mineralogically distinct from and at least 1,000 years older

than it’s cone.



RS

)

USGS The Chemistry and Mineralogy of Sinter Deposits from Two
science for achangingworld L grge @eysers in the Upper Geyser Basin, Yellowstone National Park

- University of California, Berkeley
2 - U.S. Geological Survey, Menlo Park, CA

~National Park Service,Vellowstone 'Dakota Churchill, '"Michael Manga, 'Wei Lin, *Shaul Hurwitz, *Sara Peek, 2David Damby, *Jefferson Hungerford, *Behnaz Hosseini, *John Wood
- NPS, Geologic Resources Division

—_

w

N

Questions Results

. . Radiocarbon Dating
-How long does it take to build large geyser cones? C'* ages are stratigraphically out-of-sequence and imprecise
-What are the volumes of large geyser cones and the minumum precipitation rates? This may be attributed to: 1) Physical mixing of sinter and recycling of organic material
. . . . . . 2) Old carbon in thermal waters incorporated into microbial mats forming on the sinter
-Was hydrothermal activity continuous in the park since deglaciation (~13 ka)? ) : &
, . : , : Giant Geyser . ,_ Castle Geyser ; . Influence of Old Carbon
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*Water collected from nearby Crested Pool has a Na/K mass ratio of ~22, whereas the
highest Na/K in sinter from Castle Geyser is ~4. This implies preferential incorporation
of Kin Opal A.

Conclusions

-Bulk radiocarbon ages of sinter do not accurately reflect deposition age

-Mineralogical, geochemical, and dehydration data can serve as an indicator for relative
sinter age

-Castle Geyser cone is at least 2 ka and has a minimum precipitation rate of 400 kg/yr; its
ot~ L T == associated “old” shield is at least 3.3 ka and is mineralogically distinct from the cone
Research conducted under Yellowstone Research Permit YELL-2018-SCI-8030 -Based on mineralogy Giant Geyser is older than Castle Geyser




