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INTRODUCTION
The City of Stanley, Idaho (population 63) is situated in the Salmon River valley of the

central Idaho highlands.  Due to its location and elevation (6270 feet amsl) it is one of the
coldest locales in the continental U.S., on average experiencing frost 290 days of the year as well
as 60 days of below zero (oF) temperatures.  Because of high snowfall (76 inches on average)
and the fact that it is at the terminus of its rural grid, the city also frequently endures extended
power outages during the winter.  To evaluate its options for reducing heating costs and possible
local power generation, the city obtained a rural development grant from the USDA and
commissioned a feasibility study through author Roy Mink to determine whether a
comprehensive site characterization and/or test drilling program was warranted.

Geoscience students and faculty at Idaho State University (ISU), together with scientists
from the Idaho Geological Survey (IGS) and Idaho National Laboratory (INL) conducted three
field data collection campaigns between June, 2011 and November, 2012 with the assistance of
author Beckwith who arranged for food, lodging and local property access throughout the field
campaigns.  Some of the information collected by ISU and the IGS were compiled by author
Mink and Boise State University in a series of progress reports (Makovsky et al., 2011a, b, c, d).
This communication summarizes all of the data collected by ISU including data that were
compiled as part of the IGS’s effort for the National Geothermal Data System’s (NGDS) data
compilation project funded by the Department of Energy and coordinated by the Arizona
Geological Survey.

GEOHYDROLOGIC AND GEOTHERMAL SETTING
The study area is situated in the central Idaho highlands within the Idaho batholith

(Figure 1), an area that has long been known for its ubiquitous thermal springs that issue from
fractured granitic rocks.  The study area is on the eastern margin of the late Cretaceous Atlanta
lobe of the Idaho Batholith where a series of NE striking, oblique-slip faults developed during
the mid- to late Tertiary along what is known as the Trans-Challis fault zone (Criss et al.,
1983). The 



Figure 1 - Locations in Idaho thought to have geothermal development potential and the location
of the study area within the central highlands of the Idaho batholith.  After Laney and Brizee
(2002).

emplacement of uranium-rich granitic dikes and plutons during the late Tertiary with subsequent
hydrothermal alteration and mineralization was responsible for the variety of metallic ore
deposits found in the region (Bennett, 1980).  The study area lies between two halos of
18O-depleted granitic rocks surrounding the Casto and Sawtooth plutons (Criss, 1983) that
represent zones of considerable hydrothermal alteration.  This may be significant, in that these
zones may have increased fracture density and permeability, both critical factors for viable
geothermal circulation. In the early Eocene, intermediate lavas and pyroclastics of the Challis
volcanic group were deposited followed by Basin and Pange normal faulting tha t over rinted
much of the region; however, these faults do not extend beyond the southern boundary of the
Trans-Challis Fault Zone.  Figure 2 summarizes known faults in the Stanley area as mapped by
Krahmer (1995), together with lineaments and inferred faults derived from aerial photo
interpretation.  Generally the northeast-striking faults tend to dip moderately to steeply north
whereas northwest-striking faults dip steeply to the east. The NW faults are younger and should
truncate NE-striking faults, however because of the potential for slip transfer, it is possible that
the two overlap as shown in Figure 2.

Geothermal Potential in Idaho

Sunbeam HS



Figure 2 - Fault traces and hot spring locations in the Stanley area as mapped by Krahmer
(1995).  Black traces represent faults with measurable slip or observed slickensides; purple
traces represent lineaments or inferred faults; red circles are hot spring locations.

Fluorine contents of the Cretaceaous and Tertiary granitic rocks of the batholith are up to
a hundred times higher than in sedimentary and volcanic country rocks (Druschel and
Rosenberg, 2001).  Uranium, thorium and 40K contents in Tertiary granitic rocks are significantly
higher than in Cretaceous granites, leading to higher thermal gradients and higher heat flow
(32oC/km,  85-95mW/m2) than in the Cretaceous part of the batholith (25 oC, 70-75 mW/m2;
Swanberg and Blackwell, 1973; Krahmer, 1995; Druschel, 1998).  As shown in Figure 3,
uranium and thorium whole-rock concentrations derived from the National Uranium Resource
Evaluation Program (NURE) tend to be significantly higher in the immediate Stanley area (2.2
ppm) than in the rest of the Challis 1:100,000 sheet (IGS, 2012).  In the Stanley uranium district,
mineralization occurs in silicified fractures within the granitic rock and as strata-bound deposits
in arkosic sandstones and conglomerates underlying the Challis volcanics.  

Figure 4 is a shaded-relief map showing the locations of thermal springs in the study
area together with examples of the unusual chemical composition of the thermal waters that
characterize this and other thermal springs in the Idaho batholith (Druschel, 1998).  Thermal
waters in the Stanley area range in temperature from 46 to 76 oC and are of a sodium-carbonate
type, characterized by very low magnesium content, high pH (9-9.5), high fluoride (>15 mg/l)
and low TDS (<300 mg/l; Krahmer, 1995).   As discussed in Welhan (this volume), the
composition of thermal springs in the Stanley area is typical of thermal springs throughout the 



Figure 3 - Summary of whole-rock uranium concentrations in the Stanley area, derived from
NURE data (IGS, 2012).

Figure 4 - The Stanley geothermal area is characterized by dilute, high-pH & fluoride-rich
thermal waters that issue from fractured granitic rocks in and near the Salmon River valley.   
Also shown are locations of whole-rock uranium and thorium data compiled during the National
Geothermal Data System (NGDS) data compilation program and derived from the National
Uranium Resource Evaluation (NURE) program.
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Idaho batholith as well as in producing geothermal wells along the Boise Front.  Based on
geothermometry data from hot springs along the South Fork of the Payette River  20 miles to the
east, Druschel and Rosenberg (2001) hypothesized that meteoric waters recharged at high
elevations are heated to 85 to 160 oC during circulation to depths of two to six kilometers in
fracture-controlled flow systems in the granitic rocks.

The genesis of these unusually alkaline, Na - CO3 thermal waters has been shown to be
thermodynamically consistent with deep circulation, coupled with closed-system dissolution of a
granitic mineral assemblage (Ramirez-Guzman et al., 2004; Gimeno et al., 2007).  For example,
using the thermodynamic modeling code CHILLER (Reed, 1982), Ramirez-Guzman et al. (2004)
showed  that these thermal water compositions can be explained thermodynamically via a
multi-step flow-through reactor model in which normal granitic rock is titrated through a thermal
gradient from 25 to 100 oC during descent and conductively cooled to 40 oC during ascent, with
no addition of CO2 during the reaction sequence.

DATA COLLECTION

Soil-Temperature Survey
Two-meter long steel temperature probes modeled after Coolbaugh et al. (2007) were

installed in the Salmon River valley around Stanley as a collaborative effort between authors
Mink, Beckwith and ISU students.  Twenty-four probes were installed with an electric
percussion drill powered by a portable gasoline generator leaving only about 15 cm of tubing
above ground.  The protruding portion was insulated with a Styrofoam cover to minimize solar
insolation effects on the exposed steel.  The temperature at the bottom of the probe was
measured 24 hours later with a thermistor lowered into the pipe and allowed to thermally
equilibrate for five minutes. 

Seven probes that could not be driven in to the full 2-meter depth had spurious readings
and were considered inaccurate.  Figure 5 summarizes the locations of the temperature probes
and Figure 6 shows the interpolated spatial distibution of temperatures excluding the inaccurate
measurements.

Hot Spring Inventory
Figure 7 indicates that, on a regional scale, local hydrologic base level (determined by

incision of stream valleys) controls the spatial distribution of thermal springs in the southern
batholith.  The same also appears to be true at the local scale.  In the immediate Stanley area, the
greatest concentration of warm seeps occurs on a fluvial terrace with no more than 30 feet of
relief that defines the confluence of Valley Creek with the Salmon River.  Almost all hot seeps
that issue from this terrace discharge at or within five feet of river level.

Figure 8 shows the locations of thermal seeps on and near the terrace and Figure 9
provides an oblique, low sun-angle view of a Google Earth image looking south at the terrace.   
Figure 10 is a north-south cross section along the terrace showing the locations of, and lithology
encountered in, two geothermal test wells that were drilled by Chapman (1986).  Elevations were
obtained from a USGS 10-meter Digital Elevation Model (DEM); given the combined DEM and
horizontal positional uncertainty, elevations are estimated to be accurate to  10 vertical feet.  �



Figure 5 - Soil temperatures measured at 2 meters depth.  Measurements shown in black
represent temperature probes that could not be driven into the ground to the full depth and are
known to be inaccurate.

Figure 6 - Interpolated spatial distribution of overburden temperatures at 2-meter depth.
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Figure 7 - Stream valley topography exerts a strong control on the locations of thermal springs
in the southern Idaho Batholith.

Figure 8 - Locations of some of the natural seeps on and near the Stanley terrace and those wells
that were thermally profiled for this study.  Contour interval = 40 feet.
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Figure 10 - North-south cross section along the fluvial terrace showing relative elevations of
discharging seeps relative to river level and lithologies encountered in two geothermal test wells
drilled by Chapman (1986).

The lithology described by Chapman (1986) strongly suggests that both wells intersected
a fault zone in the granodiorite between about 180 and 250 feet below surface with artesian
pressures and water temperatures that are very close to the hottest seeps in the vicinity of the
bath
house and hot pool.  Furthermore, the water-level elevations in these wells and of the nearest
warm water seeps appear to be systematically related.  Assuming that the elevation estimates are
reliable, this relationship among the seeps and the wells suggests the possibility of local water
table mounding due to upflow of hot water from the fault.  Note that all of the cool seeps along
the southeastern edge of the terrace also seem to define a separate but higher piezometric
surface; this may reflect a local perched zone or a separate fault-controlled discharge zone. 

Thermal Gradients
Four wells were thermally profiled by ISU students during the June and September field

campaigns.  Data from Chapman (1986) for wells #1 and 2 were digitized from his report.  The
only other information available was obtained from the SMU database for a well located 5.5
miles northeast of the Stanley terrace.  Well information is summarized in Table 1 and locations
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of wells in the vicinity of the Stanley terrace are shown in Figures 8 and 9.  All well were
drilled in granitic rock varying from completely competent to severely weathered.  All thermal
profile data compiled during this study are summarized in Figure 11.

Table 1 - Wells in the Stanley area for which temperature-profile information was compiled during this
study.  All coordinates are in meters, projected in Idaho Transverse Mercator, NAD 83.

Accessible Date Status at       Idaho TM, NAD 83 Calculated
Well Name Comments Depth, ft Profiled Profiling Easting Northing gradients:
Well #1 (terrace) Chapman's well G-2 295 09/09/1986 flowing 2425648 1447051 273
Well #1 (terrace) 160 06/25/2011 static 2425598 1446976 780
Well #2 (terrace) Chapman's well G-1 213 09/09/1986 static 2425648 1447051 reversal
Well #2 (terrace) 213 05/20/1987 static 2425648 1447052 reversal
Well #3 (terrace) 40 06/25/2011 static 2425646 1447053 435
Well #4 (terrace) 24 09/17/2011 static 2425713 1447140 293
Brink's Store well unpubl. data, IDWR 1987 312 05/20/1987 unknown 2425731 1446604 117
Ken Smith well 125 09/17/2011 static 2425708 1447135 309
SMU DDH-3 two points only 131 08/04/1976 unknown 2433692 1451555 250

Average: 351

Figure 11 - Summary of all available thermal gradient information from Stanley-area wells.
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Magnetic Survey
Authors Heath and Armstrong from the Idaho National Laboratory joined the November

field campaign to run magnetic field profiles across parts of the study area to detect linear
structures beneath the valley’s fluvial gravels that may be conduits for upwelling thermal water.
Surveys were conducted using a six-wheel all-terrain vehicle towing a PVC cart on which four
Geometrics 823 magnetometers were mounted.  Data were collected on linear transects spaced  
8-10 meters apart using real-time, differentially corrected GPS data.  Following processing of the
raw data for spikes, band-pass filter smoothing, and coordinate transformation, all magnetometer
readings were reduced to a common base level and gridded.  A reduction-to-pole (RTP)
transform was applied to recalculate total magnetic intensity data as if the inducing magnetic
field had a 90o inclination. This simplifies data interpretation by transforming dipolar magnetic
anomalies to monopolar anomalies that are centered over the causative subsurface body.

Six magnetic surveys were conducted in the Stanley area; five gridded surveys were run
on the western side of the Salmon River and a linear transect was run along Highway 75 from
near Sunbeam Hot Springs to Stanley.  All survey results are summarized in Figure 12. Figure
13 is an enlarged plot for the Salmon River valley east and northeast of the Stanley terrace.  

Figure 12 - Summary of all magnetic data collected during the November, 2011 field campaign.



ANALYSIS AND DISCUSSION

Soil-Temperature Survey
The 2-meter temperature survey results shown in Figure 6 indicate that the highest soil

temperatures are located at the southern end of the Stanley terrace with a secondary zone of
elevated temperatures north of the terrace along the western margin of the valley.  Given the
density and number of thermal seeps on the terrace, it is not surprising that the highest soil
temperatures were found there.  What remains to be explained is the presence of elevated soil
temperatures along the valley margin northwest of the terrace.

Thermal Gradients
There are no deep wells in the Stanley area  with which to evaluate the background

conductive thermal gradient in the Idaho batholith (25-32 oC/km; Swanberg and Blackwell,
1973).  With the exception of the Brink’s well (117 oC/km), the wells that were profiled in this
and previous studies display thermal gradients that are greater than 250 oC/km, with the highest
(780 oC/km) observed in terrace well #1.  However, the temperature logs for terrace wells #3 and
4 are too shallow to provide a confident gradient estimate or to identify possible temperature
reversals like those seen in terrace well #2.   The lithologic log of the Brink’s well indicates that
it was drilled through competent granitic rock with no evidence of flow zones, so its thermal
gradient is probably most representative of the shallow conductive regime in the study area.  In
contrast, terrace well #1 was drilled through a likely fault/fracture zone and experienced artesian
flow early in its history (Chapman, 1986); therefore, its very high thermal gradient is indicative
of the influence of shallow convective heating beneath the Stanley terrace (Welhan, 2011).

Geothermometry
As documented by Krahmer (1995), Drushel (1998), and Welhan (this volume), the

geothermometry data on Stanley-area springs yield concordant temperatures for silica-
chalcedony and various cation geothermometers and indicate chemical equilibrium temperatures
of 85-115 oC.  Such temperatures are consistent with circulation of meteoric water to depths of 3
to 4 km under a regional conductive thermal gradient of 30 oC/km.  Alternatively, if heat flow in
the Stanley area is significantly elevated due to high radiogenic element content in this part of
the batholith, the local conductive thermal gradient could be much higher, possibly approaching
that observed in the Brink’s well (117 oC/km).

Geophysical Results
According to Anderson (1951) and Bennett (1980), all molybdenum, uranium and base

metal ore deposits in the southern Idaho batholith are related to large-scale shallow hydrothermal
systems that also deposited hematite and/or magnetite in vein mineral assemblages in this part of
the batholith.  Therefore, magnetic anomalies detected in this survey were interpreted to
represent mineralized faults or fracture zones in the granitic basement beneath the valley floor.  

Figure 13 indicates three areas of particular interest that were identified in the magnetic
survey: (A) a zone of high magnetic intensity in the far northeast part of the gridded survey and
in the adjacent magnetic transect along Highway 75; (B) a zone of high magnetic intensity that
extends from Highway 75’s transect to a northeastward linear progression of magnetic highs



Figure 13 - Cloesup of magnetic survey results in the vicinity of the Stanley terrace, showing
three principal magnetic highs (A, B, C).  Both faults mapped by Krahmer (1995) dip to the
north and may have been encountered during drilling of terrace wells #1 and #2.

(dotted line); and (C) a southern zone of high magnetic intensity southeast of the Stanley terrace.
Anomaly A is interpreted to reflect an area of weathered and thermally altered bedrock, possibly
also shallower than bedrock to the southwest.   The parallel alignment of anomaly B’s magnetic
highs with Krahmer’s (1995) mapped NE-striking fault zone is particularly noteworthy, as is
anomaly C’s proximity to the Stanley terrace and  Krahmer’s NW-striking fault.  One or both
faults are probable candidates for the fault zone(s) encountered in terrace wells #1 and #2.

3-D Visualization
A visual representation of this part of the system was created by author Autenrieth, using

Vulcan 3D modeling software to evaluate drilling targets in the area of the Stanley terrace.
Figure 14 shows an oblique view of the terrace area looking east-southeast with the inferred
fault planes dipping to the north.  Either fault could be intersected by a vertical or inclined
borehole at depths of 1000 to 2000 feet.
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Figure 14 - 3D oblique view of subsurface fault geometry beneath the Stanley terrace, using
Vulcan modeling software.  View is looking to the east-southeast.  Yellow box delineates the
terrace; blue box is 1000 feet below surface and turqoise box is 2000 feet below surface. Fault
planes are shown in shades of gray.

CONCLUSIONS
The results presented in this paper help to define a consistent picture of geothermal

activity in the Stanley area:
� Deep circulation of meteoric water under either a modest regional geothermal gradient of

ca. 30 oC/km or a locally elevated gradient and higher than average heat flow due to high
radiogenic element content in Stanley granites

� Dissolution of granite without addition of CO2 at maximum temperatures of ca. 85-115 oC
� Subsequent ascent of the heated water along faults and/or fracture zones whose sustained

permeability may depend on periodic seismic activity
� In the Stanley area, evidence of mineralized zones underlying        was detected in

magnetic surveys that indicate the hot water feeding the Stanley terrace is rising along one
or both of two NE and NE-striking faults that intersect very near to terrace wells #1 and #2

� Hot water from these faults may be spreading and mixing into the fluvial sediments
beneath the valley floor; if so, shallow convective redistribution of heat may account for
the extremely high thermal gradients observed in shallow wells in the terrace and in the
fluvial sediments of the Salmon River valley.

� 3D representation of the geometry of these faults indicates that feasible drilling targets
exist in the vicintiy of the Stanley terrace, to intercept the upflow zone and test the
hydraulic performance of one or more test wells completed in this zone. 
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