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Data gaps in spring 
chemistry and 
temperature using 
WATSTORE and 
GEOTHERM

From ~2700 digitized 
springs from 7.5' 
quadrangles:
chemistry and 
temperature of 1030 
thermal springs is 
unknown at start of 
project

References

Providing basic information, filling data gaps, and 
helping to verify two new sites with high 
geothermal potential in Washoe County.
Providing supporting data for other Center 
exploration projects.
May find blind systems by:
 1. Sampling cold springs – anomalous   
     geothermometer T.
 2. Sampling shallow fluids beneath playas.

Impact

Most areas characterized by relatively low 
discharge springs.
Waters of most sites are not fully equilibrated 
(Giggenbach, 1988), and hence, the Na-K-Ca 
geothermometer may not be appropriate. 
14C and dD and d18O indicate waters recharged 
during The Pleistocene.
Quartz (F, 1977; T, 1976) best estimator of high-
T systems.
Reed and Spycher method may work better at 
estimating temperatures of the low-T systems 
being encountered.

Conclusions

A 2-m hole was dug into a playa near Salt Wells
southeast of Fallon.
Water temperature = 84.8ºC
Geothermometer temperature = 192ºC

Finding Blind Systems

Modeled using measured Aluminum
(Est. T = 225ºC)

Modeled using measured Aluminum
(Est. T    135ºC)

Update Bulletin 91 published in 1979.
Have a publicly available database.
Fill in data gaps.
Provide geochemical component to overall 
exploration efforts.
Support other Center-funded geothermal projects.

Moti vation

Geochemical Sampling of Thermal and Non-thermal Waters in Nevada 
GREAT BASIN CENTER FOR GEO THERMAL ENER GY (GBCGE)
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Sites sampled as of 

June 30, 2005

Not always unique results.
Convergence of 4-7 minerals determined  
geothermometer.
Setting Al in equilibrium with microcline better than 
kaolinite.
Need better Al analyses.
This method might be better at estimating T of lower T 
systems, such as many of those sampled here.

Modeling after Reed and Spycher (1984)

Evaluation of Geothermometers Using Power Plant Data

To obtain geochemical data from springs 
and  wells for which data are not publicly 
available, or for which the analyses are 
incomplete, poor, or non-existent.  
Add data to publicly available database.
To calculate and evaluate traditional 
geothermometers.
Conduct modeling as another 
geothermometer. 
Provide an assessment of the geothermal 
potential and ranking of the sampled areas. 
Collect samples at sites identified by other 
components of the Center’s geothermal 
research as having high potential for 
geothermal development. 

Objectives

Database construction and maintenance.
Identify data gaps.
Evaluate geothermometers using historical data.
Identify new sites to be sampled and sample them.
Calculate geothermometers with new site data.
Identify sites with geothermal potential.

Purpose Eagle Spring south of Desert Peak
  T = 17ºC; Geothermometer = 142ºC
Rock Spring at Salt Wells
  T = 13.5ºC; Geothermometer = 121ºC
Spring N end Buffalo Valley
  T = 12ºC; Geothermometer = 121ºC
Warm spring in Smoke Creek Desert
  T = 22.1ºC; Geothermometer = 136ºC

Sampling at Cold Sites

Sampling at 
power plants is 
planned.  No 
publicly available 
data have 
complete trace 
element analyses.
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Map of Buffalo Valley Hot Springs showing locations of springs based on the 
7.5' topographic map (base), GPS locations of springs determined in this 
project (green circles), and the location given for the sample collected by Bob 
Mariner (USGS) in the 1970s (blue circle).  Several sites such as this are being 
sampled in this project, even though a good chemical analysis exists, because it 
cannot be determined  which spring in the group of springs was actually 
sampled.  With the more modern technology afforded by GPS units, we are 
able to accurately locate sampled springs (e.g., BVE-65).

Map of Soldier Meadows showing digitized hot springs (yellow 
circles), location of entries in the GEOTHERM database (yellow 
crosses), and samples collected in this study (pink SM- numbers).  
Larger pink highlights indicate a water sample was collected and 
smaller ones indicate only temperature was measured.  The 
collected samples cannot be correlated with the GEOTHERM 
entries.  The data, revised Bulletin 91 text, state-wide geothermal 
map, and maps such as this one are posted at 
http://www .nbmg.unr.edu/geothermal/gthome.htm

Geochemical model for a sample collected in Buffalo Valley using measured Al.  
Subsurface temperature is not known, but both the Na-K-Ca and the model results 
suggest relatively low temperatures in the 130-135ºC range.  However, other data 
collected by the Great Basin Center for Geothermal Energy indicate Buffalo Valley 
may still be a high priority area for continued exploration.

Geochemical modeling after the methods of Reed and Spycher (1984) to calculate 
saturation indices of a variety of minerals at the Desert Peak site.  Where curves 
converge is where various minerals are simultaneously at equilibrium.  This 
convergence is used to determine subsurface temperatures at the power plants.  In 
this case, the estimated temperature with this method is 225ºC, whereas the 
reservoir temperature is 218ºC, a fairly close match.

Arnorsson, S., 1983.  “Chemical equilibria in Icelandic geothermal systems.  Implications for chemical geothermometry investigations.” 
     Geothermics 12: 119-128.

Fournier, R.O., 1977, Chemical geothermometers and mixing models for geothermal systems: Geothermics, v. 5, p. 41-50.

Giggenbach, W.F., 1988, Geothermal solute equilibria - Derivation of Na-K-Mg-Ca geoindicators: Geochimica et Cosmochimica Acta, 
     v. 52, p. 2749-2765.

Reed, M.H. and Spycher, N.F., 1984, Calculation of pH and mineral equilibria in hydrothermal water with application to 
     geothermometry and studies of boiling and dilution: Geochimica et Cosmochimica Acta, v. 48, p. 1479-1492.

Truesdell, A.H., 1976, Summary of section III - geochemical techniques in exploration: Proceedings of the Second U.N. Symposium on 
     the Development and Use of Geothermal Resources, San Francisco, v. 1, p. liii-lxxix.

Both the quartz 
geothermometers 
plotted here gave 
reasonable estimates 
of subsurface 
temperatures at all 
high temperature 
systems.  They did 
not accurately predict 
the temperature at 
Wabuska.

Comparison of measured reservoir temperatures at Nevada power plants with traditional 
geothermometer calculations.  Bold numbers are calculated temperatures within ±5ºC of 
the measured temperature.  As can be seen, no single geothermometer is best at 
estimating temperatures at all the sites.  The commonly used Na-K-Ca was the best 
predictor of temperature at only two sites.

Sample temperature versus geothermometer temperature showing 
that some low temperature springs can have anomalous 
geothermometer temperatures indicative of a geothermal resource.    
Two areas have been drilled (Salt Wells and Desert Peak); in those it 
is known that a high temperature resource exists.  There has not 
been drilling in the other three areas plotted, but these data suggest 
it is likely that a higher temperature geothermal resource may also 
be located in the areas.

Soldier Meadows

Hazen

The hot springs on the 
Pyramid in Pyramid lake

PYR-1, 97.8ºC , 3/15/05; Geothermometer = 153ºC

SM-10; 55ºC; 7/31/02

HZ-10, 84.2ºC, 5/23/02
Photo by L. Garside

Photo by L. Shevenell

Lisa Shevenell, NBMG and Director GBCGE; Paul Lechler, Chief Geochemist, NBMG; Larry Garside, Research Geologist, NBMG; Mark Coolbaugh, Research Geologist, GBCGE
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