
 
 

PSGeochemical Modeling of the Near-Surface Hydrothermal System Beneath the Southern Moat of Long 
Valley Caldera, California* 

 
Regina Tempel1 and Daniel Sturmer2 

 
Search and Discovery Article #80179 (2011) 

Posted August 29, 2011 
 
*Adapted from poster presentation at AAPG Annual Convention and Exhibition, Houston, Texas, USA, April 10-13, 2011 
 
1University of Nevada, Reno, Reno, NV (gtempel@unr.edu) 
2University of Nevada, Reno, Reno, NV 
 

Abstract 
 
Geochemical reaction path and mass balance modeling techniques were used to test the hypothesis that an eastwardly flowing plume 
of thermal water in the southern moat of the Long Valley caldera system reacts with hydrothermally-altered intra-caldera tuffs and 
mixes with non-thermal groundwater. Our conceptual model was based on hypotheses in the literature and utilized published 
geochemical and petrologic data. Mixing of thermal and non-thermal waters and reaction with wall rock were simulated using the 
reaction path code EQ3/6. Mass balance calculations were conducted to estimate the extent of water-rock interaction between the 
intra-caldera tuffs and fluids. A mixing ratio of 82% thermal and 18% non-thermal water closely matches fluid compositions in Casa 
Diablo fluids as well as minerals observed in petrographic studies. Results of this study show that the mineralogy and fluid chemistry 
observed in the shallow reservoir at Long Valley caldera is formed by an open system of fluid-rock interaction. Further, calcite 
precipitated in the system serves as a sink for high levels of CO2 generated by the deeper magmatic system. Our study shows that 
processes acting in a geothermal system can be effectively quantified using geochemical modeling and mass balance calculations. 
 
  

Copyright © AAPG. Serial rights given by author.  For all other rights contact author directly.



References 
 
Blackwell, D.D., 1985, A transient model of the geothermal system of the Long Valley caldera, California: Journal of Geophysical 
Research, v. 90, p. 11,229-11,241. 
 
Farrar, C.D., M.L. Sorey, E. Roeloffs, D.L. Galloway, J.F. Howle, and R. Jacobson, 2003, Inferences on the hydrothermal system 
beneath the resurgent dome in Long Valley Caldera, east-central California, USA, from recent pumping tests and geochemical 
sampling: Journal of Volcanology and Geothermal Research, v. 127, p. 305-328. 
 
Flexser, S., 1991, Hydrothermal alteration and past and present thermal regimes in the western moat of Long Valley caldera: Journal 
of Volcanology and Geothermal Research, v. 48, p. 303-318. 
 
Hildreth, W., 2004, Volcanological perspective on Long Valley, Mammoth Mountain and Mono Craters: several contiguous but 
discrete systems: Journal of Volcanology and Geothermal Research, v. 136, p. 169-198. 
 
McConnell, V.S., 1995, Hydrothermal history of the Long Valley Caldera, California: Life after collapse: Ph.D. thesis, University of 
Alaska, Fairbanks, Alaska, USA, 241 p. 
 
McConnell, V.S., J.W. Valley, and J.C. Eichelberger, 1997, Oxygen isotope compositions of intra-caldera rocks: hydrothermal history 
of the Long Valley Caldera, California: Journal of Volcanology and Geothermal Research, v. 76, p. 83-109. 
 
Pribnow, D.F.C., C. Schutze, S.J. Hurter, C. Flechsig, and J.H. Sass, 2003, Fluid flow in the resurgent dome of Long Valley Caldera: 
Implications from thermal data and deep electrical sounding: Journal of Volcanology and Geothermal Research, v. 127, p. 329-345. 
 
Shevenell, L., F. Goff, C.O. Grigsby, C.J. Janik, P.E. Trujillo, and D. Counce, 1987, Chemical and isotopic characteristics of thermal 
fluids in the Long Valley Caldera lateral flow system, California: Transactions Geothermal Resources Council, v. 11, p. 195-201 
 
Smith, B.M., and G.A. Suemnicht, 1991, Oxygen isotope evidence for past and present hydrothermal regimes of Long Valley caldera, 
California: Journal of Volcanology and Geothermal Research, v. 48, p. 319-339. 
 
Sorey, M.L., 1985, Evolution and present state of the hydrothermal system in Long Valley caldera: Journal of Geophysical Research 
v. 90/B13, p. 11,219-11,228. 
 



Sorey, M.L., G.A. Suemnicht, N.C. Sturchio, and G.A. Nordquist, 1991, New evidence on the hydrothermal system in Long Valley 
Caldera, California, from wells, fluid sampling, electrical geophysics, and age determinations of hot-spring deposits: Journal of 
Volcanology and Geothermal Research, v. 48, p. 229-263. 
 
Tempel, R.N., and W.J. Harrison, 2000, Simulation of burial diagenesis in the Eocene Wilcox Group of the Gulf of Mexico basin: 
Applied Geochemistry, v. 15, p. 1071-1083. 
 
Tempel, R.N., D.M. Sturmer, and J. Schilling, (in press), Geochemical modeling of the near-surface hydrothermal system beneath the 
southern moat of Long Valley Caldera, California: Geothermics. 
 
White, A.F., and M.L. Peterson, 1991, Chemical equilibrium and mass balance relationships associated with the Long Valley 
hydrothermal system, California, USA: Journal of Volcanology and Geothermal Research, v. 48, p. 283-300. 
 
Wolery, T.J., and S.A. Daveler, 1992, EQ3/EQ6, a software package for geochemical modeling of aqueous systems (version 7.0): 
Report UCRL-MA-110662 (1), Lawrence Livermore National Laboratory, Livermore, California, USA, 66 p. 
 






