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the original two producing wells and one injector well 
for the first 20 years of its life.  A recent drilling program 
increased production 2 years ago.

The Desert Peak area is dominated by NNE-trending 
gently to moderately ESE-tilted fault blocks bounded by 
moderately to steeply WNW-dipping normal faults.  The 
most significant fault in the area is the WNW-dipping 
Rhyolite Ridge fault zone, which consists of several 
strands and steps to the left in the vicinity of the geother-
mal field.  Gravity data indicate that displacement on the 
Rhyolite Ridge fault zone increases southward by as much 
as 840 m. This is compatible with a progressive southward 
increase in depth to pre-Tertiary basement noted in wells 
in the vicinity of the Desert Peak field.  NW-trending 
gravity contours across the Desert Peak field may reflect 
a relay ramp (Larsen, 1988) associated with southward 
increasing displacement on the Rhyolite Ridge fault zone.  
No major transverse or cross faults have been observed 
in the Desert Peak area.  In addition, there appears to be 
no surface evidence for a horst block in the Desert Peak 
area.  The gravity high in the Desert Peak area appears 
to be associated with a thick sequence of synextensional 
late Miocene basalt flows that filled the half graben in the 
hanging wall of the Rhyolite Ridge fault zone.  

The geothermal field at Desert Peak occurs in the ma-
jor left step in the Rhyolite Ridge fault zone (Figure 8).  
All production wells occur with this step-over.  Multiple 
fault strands in the step-over (Figure 9) produce a subvertical 
conduit of high fracture density that probably enhances fluid flow 
and facilitates the rise of a deep-seated thermal plume.  The NNE-
striking fault zone is orthogonal to the regional WNW extension 
direction and is thus favorably oriented for fluid flow.  

Desert Queen Geothermal Field
The Desert Queen field has not been developed yet, but is cur-

rently being explored by Magma Energy Corporation.  The Desert 
Queen system is a blind geothermal system that has no surface 
hot springs or fumaroles.  It was first identified by temperature 
gradient drilling (Benoit et al., 1982) and is marked by a 6-km-
long shallow temperature anomaly with temperatures as high as 
42°C at 2 m depth (Coolbaugh et al., 2007a; Figure 10).  These 
shallow temperatures overlie a shallow thermal aquifer at depths 
of roughly 70 m with temperatures as high as 140°C measured in 
shallow gradient holes.  

The Desert Queen area is dominated by NNE-trending gently 
to moderately tilted fault blocks bounded by moderately to steeply 
dipping normal faults (Figure 11).  Most of the faults accommo-
dated relatively minor offset (i.e., hundreds of meters or less), 
but the east-dipping Desert Queen fault zone accommodated 2-3 
km of normal displacement.  West-tilted fault blocks dominate 
the northern part of the area within and marginal to the Desert 
Queen basin, whereas both east and west tilts occur to the south 
of the basin (Figure 11).  A few NNE-striking faults appear to 
cut late Pleistocene shoreline deposits of Lake Lahonton in the 
Desert Queen basin.  No major transverse or cross faults were 
observed. 

A major, NNE-striking, ESE-dipping normal fault zone bounds 
the west side of the Desert Queen basin (Figure 11) and is here 

Figure 10. Shallow temperature anomaly at the Desert Queen area as determined from 
measurements made at a 2-meter depth (Coolbaugh et al., 2007a).  Warmer colors + 
purple represent progressively warmer 2-meter temperatures, as follows: dark purple 
> 39°C, light purple 33-38.9°C, red 30-32.9°C, orange 27-29.9°C, yellow 25-26.9°C, 
green 24-24.9°C, light blue 23-23.9°C, dark blue < 23°C.  Black contour line interval is 
1°C.  White circles are temperature gradient holes.

Figure 11. Geologic map of the Desert Queen geothermal field (mainly 
from Faulds and Green, unpublished map).  See Faulds and Garside (2003) 
for description of bedrock units.  Red ellipse encompasses area of shallow 
temperature anomaly (Figure 10).  The Desert Queen geothermal field may 
be associated with the horse-tailing southern part of the Desert Queen 
fault zone (DQF) as it loses displacement southward.  Note that cross sec-
tion lines shown on this map are not the same as that in Figure 3.  
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referred to as the Desert Queen fault zone.  This fault zone consists 
of at least four major strands, including one strand west of the 
mountain front, one at the mountain front, and two poorly exposed 
strands east of the mountain front.  The eastern two strands are 

obscured by a thin ve-
neer of Lake Lahontan 
gravels, which largely 
cover a bedrock pedi-
ment extending eastward 
from the mountain front.  
Collectively, the major 
strands accommodated 
>2.5 km of down-to-the-
east displacement in the 
vicinity of the Desert 
Queen Mine. This fault 
zone loses significant 
displacement southward 
and nearly terminates.  It 
has <200 m of offset 4 
km south of the Desert 
Queen basin. 

The geothermal field 
occurs near the southern 
end of the Desert Queen 
basin near where the Des-
ert Queen fault zone loses 
significant displacement 
toward the south.  As 
this fault zone terminates 
southward, it breaks into 
multiple splays.  We sug-
gest that higher fracture 
density associated with 
the horse-tailing end of 

the fault (Figure 12) may provide a channel way for the hydro-
thermal fluids. In addition, a major antithetic fault zone appears 
to intersect multiple splays of the southward terminating Desert 
Queen fault, which may also facilitate fluid flow in the southern 
part of the basin.  

Discussion and Conclusions

Optimum permeability in the Great Basin primarily requires 
a favorable structural environment involving high fracture den-
sity.  It would appear that fault zones are far more important in 
hosting geothermal reservoirs within this active transtensional to 
extensional setting than are specific stratigraphic horizons. The 
trick is determining which parts of normal fault systems contain 
the highest fracture density and are oriented favorably to accom-
modate dilation and/or shear.  As demonstrated in the Hot Springs 
Mountains, irregularities in normal fault zones (e.g., steps), lateral 
terminations of major normal faults, and intersections between 
oppositely dipping fault zones all provide adequate hosts for 
geothermal reservoirs.  

The proximity of three independent, large geothermal systems 
in the northern Hot Springs Mountains demonstrates the high po-
tential for geothermal development within the northwestern Great 

Basin.  The fact that two of these three systems are blind implies 
even greater potential for discovering hidden systems elsewhere 
in the region.  All fault zones have lateral terminations, and most 
contain major irregularities and/or intersections with other faults.  
This begs the question as to whether most fault zones in the 
northwestern Great Basin actually host viable, albeit commonly 
hidden, geothermal resources.  If so, the geothermal potential of 
the region may be grossly underestimated.  

To fully realize the geothermal potential of the region, in-
cluding discovery and exploitation of new systems (e.g., Desert 
Queen) and optimal utilization of mature fields (e.g., Brady’s 
and Desert Peak) necessitates a detailed 3D understanding of the 
complex fault systems and their impacts on channeling fluids.  
Three-dimensional geological modeling in these areas requires 
integration of all detailed surface, well, and geophysical data 
available.  For the Brady’s EGS site, we are therefore synthesiz-
ing detailed geological field mapping, fault plane analysis, stress 
inversion, 3D structural geological modeling, and stress modeling 
to contribute to EGS development (Faulds et al., 2010).  Our inte-
gration of detailed field studies, stress modeling, and 3D structural 
modeling (e.g., Moeck et al., this volume) may be valuable for 
geothermal development wherever cost-effective exploration 
strategies are needed.
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