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Abstract

During the past three decades, studies at Devils Hole, Nevada, have identified high uranium
concentrations in mammillary calcites. Devils Hole Cave 2 is home to bats, and it has been
proposed that a source of uranium is bat guano. The mass fraction of uranium in bat guano
collected from Devils Hole Cave 2 was as high as 3.07 pug/g. We conclude that bat guano can
serve as a source of uranium within calcites having high uranium concentrations.

Introduction

During the past three decades the U.S. Geological Survey (USGS), as well as others, have
conducted investigations of Quaternary paleoclimate at Devils Hole and at Devils Hole Cave 2,
both part of Death Valley National Park (Carr, 1988; Coplen et al., 1994; Hoffman, 2017; Ludwig
et al., 1992; Ludwig et al., 1993a,b; Moseley et al., 2016a,b; Riggs et al., 1994; Szabo et al.,
1994; Wendt et al., 2018a,b; Wendt et al., 2020; Winograd et al., 1988; Winograd et al., 1992;
Winograd et al., 1997; Winograd et al., 2006). Some of these studies, especially the study of
Szabo et al. (1994) in Brown’s Room, have identified high uranium concentrations in
mammillary calcites that line the walls of these caverns. The source of these high
concentrations of uranium is a mystery and deserves investigation. Devils Hole Cave 2 is home
to bats and it has been proposed that bat guano is enriched in uranium. In order to evaluate
this hypothesis, a campaign to collect a small amount of bat guano from Devils Hole Cave 2 and
analyze it for its uranium concentration was proposed and undertaken.



Methods

Sample collection

To collect bat guano and soil samples, National Park Service (NPS) personnel identified two local
caving experts (Randall Paylor and Jessica Preston), who would be capable of descending into
Devils Hole Cave 2 via repelling from the surface in a conscientious manner to avoid damage to
the bat’s habitat.

Sample analysis

Measurements of uranium in bat guano were performed by microwave-assisted digestion with
nitric acid followed by inductively coupled plasma—mass spectrometry (ICP-MS) using an Agilent
7900 ICP-MS at the U.S. Geological Survey National Center, Reston, Virginia.

Results

Guano and soil samples were collected by local caving experts Randall Paylor and Jessica
Preston on January 8, 2020. Bat guano was distributed in Devils Hole Cave 2 thinly all along the
slope down to the water table (Figure 1). The concentration of bat guano increased at the
water's edge. There was a “bathtub ring” of guano at the water line, some of it dry and some
recently wet. There was guano underwater that had settled onto the sloping shelf. Some of the
guano had floated on the water surface and adhered to the back wall.



Figure 1. Bat guano on shelf in lower right of photograph of Devils Hole Cave 2. Photo by
Randall L. Paylor, U.S. Geological Survey.

Three samples of bat guano were collected: one at the water level, one about 1.7 m above
water level, and one about 5 m above water level. Samples were shipped to the National
Center of the U.S. Geological Survey. Bat guano and soil samples were analyzed. Uranium mass
fractions ranged between 0.78 and 3.07 pg/g, the highest of which was bat guano.

Discussion and Conclusions

Szabo et al. (1994) measured the uranium concentration of mammillary calcite and folia
samples from Browns Room, a subterranean air-filled chamber connected to Devils Hole. The
mass fraction of uranium ranged between 0.428 and 2.91 pg/g. We conclude that bat guano
can serve as a source of uranium in mammillary calcite in the Devils Hole system, some of which
has high uranium concentrations. How the uranium might have been transported into Browns
Room remains a mystery in that presently this room is not open to the atmosphere.



Acknowledgements

The caving expertise of Randall L. Paylor (U.S. Geological Survey, Henderson, Nevada) and
Jessica Preston (Boulder City, Nevada) for collection of bat guano from Devils Hole Cave 2 is
greatly appreciated. The skill of Adam Mumford (U.S. Geological Survey, Reston, Virginia) for
determination of uranium mass fractions in bat guano and soil samples is greatly appreciated.
The author appreciates the review comments of Isaac Winograd, Adam Mumford, and James
Jordan, which substantially improved this report. The author acknowledges the Death Valley
National Park Service for permission to conduct research at Devils Hole, and the park personnel
(Ambre Chaudoin) for field assistance. This research was supported by the Strategic Laboratory
Science Branch of the Laboratory and Analytical Services Division of the Water Resources
Mission Area of the U.S. Geological Survey. Any use of trade, firm, or product names is for
descriptive purposes only and does not imply endorsement by the U.S. Government.

References

Carr, W.J,, 1988, Geology of the Devils Hole area, Nevada, U.S. Geological Survey Open-File
Report 87-560, 30 p. https://pubs.usgs.gov/of/1987/0560/report.pdf

Coplen, T.B., Winograd, I.J., Landwehr, J.M., and Riggs, A.C., 1994, 500,000-year stable carbon
isotopic record from Devils Hole, Nevada: Science, v. 263, p. 361-365.
http://dx.doi.org/10.1126/science.263.5145.361

Hoffman, R.J., 2017, Devils Hole, Nevada — A photographic story of a restricted subaqueous
environment: U.S. Geological Survey Open-File Report 2017-1058, 34 p.
https://doi.org/10.3133/0fr20171058

Ludwig, K.R., Simmons, K.R., Szabo, B.J., Winograd, I.J., Landwehr, J.M., Riggs, A.C., and
Hoffman, R.J., 1992, Mass-spectrometric 230Th 234y-238y dating of the Devils Hole calcite
vein: Science, v. 258, p. 284-287. http://dx.doi.org/10.1126/science.258.5080.284

Ludwig, K. R., Simmons, K. R., Winograd, I. J., Szabo, B. J., and Riggs, A.C., 1993a, Dating of the
Devils Hole calcite vein: Science v. 259, p. 1626-1627.
https://doi.org/10.1126/science.259.5101.1626

Ludwig, K. R., Simmons, K. R., Winograd, I. J., Szabo, B. J., Landwehr, J. M., and Riggs, A.C.,
1993b, Last interglacial in Devils Hole: Nature v. 362, p. 596.
https://doi.org/10.1038/362596b0

Moseley, G.E., Edwards, R.L., Wendt, K.A., Cheng, H., Dublyansky, Y., Lu, Y., Boch, R., and Spétl,
C., 2016a, Reconciliation of the Devils Hole climate record with orbital forcing: Science, v.
351, p. 165-168. http://dx.doi.org/10.1126/science.aad4132

Moseley, G.E, Dublyansky, Y.V., Edwards, R.L., Wendt, K.A,, Pythoud, M., Zhang, P., Cheng, H.,
Lu, Y., Boch, R., and Spétl, C., 2016b, Response to comments on “Reconciliation of the



https://pubs.usgs.gov/of/1987/0560/report.pdf
http://dx.doi.org/10.1126/science.263.5145.361
https://doi.org/10.3133/ofr20171058
http://dx.doi.org/10.1126/science.258.5080.284
https://doi.org/10.1126/science.259.5101.1626
https://doi.org/10.1038/362596b0
http://dx.doi.org/10.1126/science.aad4132

Devils Hole climate record with orbital forcing”: Science, v. 354, p. 296. Full text at
http://dx.doi.org/10.1126/science.aaf8679

Riggs, A.C., Carr, W.J., Kolesar, P.T., and Hoffman, R.J., 1994, Tectonic spelogenesis of Devils
Hole, Nevada, and implications for hydrogeology and the development of long continuous
paleoenvironmental records: Quaternary Research, v. 42, p. 241-254.
https://doi.org/10.1006/qres.1994.1075

Szabo, B.J., Kolesar, P.T., Riggs, A.C., Winograd, |.J., and Ludwig, K.R. 1994, Paleoclimatic
inferences from a 120,000-Yr calcite record of water-table fluctuations in Browns Room of
Devils Hole, Nevada: Quaternary Research, v. 41, p. 59-69.
https://doi.org/10.1006/qres.1994.1007

Wendt, K.A., Dublyansky, Y.V., Moseley, G.E., Edwards, R.L., Cheng, H., Spétl, C., 20183,
Moisture availability in the southwest United States over the last three glacial-interglacial
cycles. Science Advances, v. 4(10), eaaul375. https://doi.org/10.1126/sciadv.aaul375

Wendt, K.A., Dublyansky, Y.V., Moseley, G.E., Edwards, R.L., Cheng, H., Spétl, C., 2018b,
Supplementary Materials for “Moisture availability in the southwest United States over the
last three glacial-interglacial cycles.”
https://advances.sciencemag.org/content/suppl/2018/10/22/4.10.eaaul375.DC1

Wendt, K.A., Pythoud, M., Moseley, G.E., Dublyansky, Y.V., Edwards, R.L., Spétl, C., 2020,
Paleohydrology of southwest Nevada (USA) based on groundwater 2*U/**3U over the past
475 k.y. GSA Bulletin, v. 132(3/4), p. 793-802. https://doi.org/10.1130/B35168.1

Winograd, I.J., Coplen, T.B., Landwehr, J.M., Riggs, A.C., Ludwig, K.R., Szabo, B.J., Kolesar, P.T.,
and Revesz, K.M., 1992, Continuous 500,000-year climate record from vein calcite in Devils
Hole, Nevada; Science, v. 258, p. 255-260. http://dx.doi.org/10.1126/science.258.5080.255

Winograd, I.J. Landwehr, J.M., Coplen, T.B., Sharp, W.D., Riggs, A.C., Ludwig, K.R., and Kolesar,
P.T., 2006, Devils Hole, Nevada, 5180 record extended to the mid-Holocene: Quaternary
Research, v. 66, p. 202-212. https://doi.org/10.1016/].ygres.2006.06.003

Winograd, I.J., Landwehr, J.M., Ludwig, K.R., Coplen, T.B., and Riggs, A.C., 1997, Duration and
structure of the past four interglaciations: Quaternary Research, v. 48, p. 141-154.
https://doi.org/10.1006/qres.1997.1918

Winograd, I.J., Szabo, B. J.,, Coplen, T. B., and Riggs, A. C., 1988, A 250,000-year climatic record
from Great Basin vein calcite: Implications for the Milankovitch theory: Science v. 242, p.
1275-1280. https://doi.org/10.1126/science.242.4883.1275



http://dx.doi.org/10.1126/science.aaf8679
https://doi.org/10.1006/qres.1994.1075
https://doi.org/10.1006/qres.1994.1007
https://doi.org/10.1126/sciadv.aau1375
https://advances.sciencemag.org/content/suppl/2018/10/22/4.10.eaau1375.DC1
https://doi.org/10.1130/B35168.1
http://dx.doi.org/10.1126/science.258.5080.255
https://doi.org/10.1016/j.yqres.2006.06.003
https://doi.org/10.1006/qres.1997.1918
https://doi.org/10.1126/science.242.4883.1275

