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 Soultz-sous-Forêts

 Geothermal gradient in crystalline basement 

cannot be entirely due to conduction

 Basement rock permeability too low for Rayleigh 

convection

 Fractures provide conduit for fluid

 Convection thought to occur within 

fractures
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Single Fracture

 Natural convection forms “cells”

 Key Factors:

 Fracture aperture (0.5 & 0.75 mm)

 Basal heat flow (85 mW/m2)

 Rock thermal conductivity (2 W/m/K)

 Low permeability host rock (10-18m2)

 Closed loop system

 Upward flow offsets downward flow

 Model: 4km height, 5km length, 5km width

 Fracture: 1km height, 2km length, variable aperture
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Single Fracture

Fracture aperture = 0.75 mm

Model time ≈ 4,000 years

White arrow = upward flow

Black arrow = downward flow
75 11595 10585

Temperature (°C)
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Single Fracture – slice through middle

Fracture aperture = 0.50 mm
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(°C)
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Single Fracture – slice through middle

Fracture aperture = 1.0 mm

Temperature Change 

(°C)
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 Fractures and faults typically come in sets

 Does a convecting fracture influence non-

connected, neighboring fractures?
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Multiple Fractures
Faulds et al. 
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Both geothermal fields occupy left steps or small stepovers 

in the en echelon, steeply dipping NNE-striking normal 

fault zones (Faulds et al., 2006; Figure 5). The Brady’s field 

lies along the Brady’s fault zone, whereas the Desert Peak 

field occurs along the Rhyolite Ridge fault zone. 

Displacement on these fault zones locally exceeds ~2 km. 

At least one segment of the Brady’s fault has 

accommodated Quaternary normal displacement (Trevor 

and Wesnousky, 2001). Multiple fault strands in the 

stepovers provide subvertical conduits of high fracture 

density that probably enhance fluid flow and facilitate the 

rise of deep-seated thermal plumes. The NNE-striking 

faults are orthogonal to the regional WNW extension 

direction and are thus favorably oriented for fluid flow.  

 

Figure 5: Conceptual model of a stepover in a normal 
fault zone. Stepovers appear to control the 
geothermal systems at Desert Peak and Brady’s. 
Multiple minor faults provide hard linkage 
between two major strands and serve to increase 
fracture density, thus providing an avenue for 
the ascent of geothermal fluids.  

3.1.2 Salt Wells 

The Salt Wells geothermal field occupies the west-

southwest margin of the Salt Wells basin ~20 km southeast 

of Fallon, Nevada, in the southeastern part of the Carson 

Sink (Figure 2). ENEL recently completed construction of a 

10 MWe binary power plant that taps a shallow geothermal 

reservoir with an estimated temperature of ~140°C. 

Geothermometry suggests that a deeper reservoir may exist 

at temperatures of 180-190°C. This area lies near the 

intersection of the Walker Lane and central Nevada seismic 

belt, where several historic 6.0 to 7.0 magnitude normal and 

normal-dextral earthquakes have occurred (Caskey et al., 

2004). The stratigraphy consists of middle to late Miocene 

basalt lavas and lesser interbedded sedimentary rock. Well 

data suggest that the basalt exceeds 400 m in thickness. The 

basalt overlies Oligocene ash-flow tuffs and/or Mesozoic 

granitic and metamorphic basement. The basalts are 

overlain by Quaternary alluvial fans and lacustrine deposits 

associated with Pleistocene Lake Lahontan. Gently to 

moderately E-tilted fault blocks bounded by steep W-

dipping northerly striking normal fault zones characterize 

the structural framework of the area. However, a major 

east-dipping, northerly striking normal fault zone (here 

referred to as the Salt Wells fault zone) bounds the west 

side of the Salt Wells basin and is marked by several 

Holocene scarps cutting Pleistocene silicified sand deposits. 

Temperature gradient drilling has defined a large, 12-km-

long heat flow anomaly essentially along this fault zone at 

the Salt Wells geothermal system (Edmiston and Benoit, 

1984). This fault zone is dying out southward in the vicinity 

of the geothermal system.  

The Salt Wells geothermal field appears to be localized 

along the steeply E-dipping Salt Wells fault zone as it loses 

displacement southward, breaks into several splays (i.e., 

horsetails), and intermeshes with the W-dipping fault 

system (Figure 6). The increased fracture density generated 

by the multiple intersecting faults probably produced 

greater permeability in the area, which has in turn provided 

convenient channelways for the geothermal fluids. The 

steeply dipping geometry of the faults suggests subvertical 

conduits of highly fractured bedrock.  

 

Figure 6: Conceptual model of overlapping, oppositely 
dipping normal fault systems. Multiple fault 
intersections in the subsurface increase fracture 
density and provide pathways for geothermal 
fluids, as exemplified at Salt Wells. Strike and 
dip symbols indicate tilt directions of fault 
blocks.  

3.2 Black Rock Desert Belt 

The Black Rock Desert Belt is a NNE-trending zone of 

abundant geothermal activity in the northwestern part of the 

Great Basin. At least 18 geothermal fields lie in this belt, 

including seven high temperature systems (>160
o
C). One 

small power plant and associated vegetable dehydration 

facility have been developed in this region, but significant 

geothermal exploration is now underway with anticipated 

future development in several areas. The Astor Pass and 

Gerlach fields are discussed below.  

3.2.1 Pyramid Lake Region, Astor Pass 

The Pyramid Lake region (Figures. 2 and 7) lies in the 

southern part of the Black Rock Desert belt near the 

terminus of a major dextral fault in the Walker Lane (the 

Pyramid Lake fault zone) and thus occurs in a transitional 

Faulds et al. 

 4

Both geothermal fields occupy left steps or small stepovers 

in the en echelon, steeply dipping NNE-striking normal 

fault zones (Faulds et al., 2006; Figure 5). The Brady’s field 

lies along the Brady’s fault zone, whereas the Desert Peak 

field occurs along the Rhyolite Ridge fault zone. 

Displacement on these fault zones locally exceeds ~2 km. 

At least one segment of the Brady’s fault has 

accommodated Quaternary normal displacement (Trevor 

and Wesnousky, 2001). Multiple fault strands in the 

stepovers provide subvertical conduits of high fracture 

density that probably enhance fluid flow and facilitate the 

rise of deep-seated thermal plumes. The NNE-striking 

faults are orthogonal to the regional WNW extension 

direction and are thus favorably oriented for fluid flow.  

 

Figure 5: Conceptual model of a stepover in a normal 
fault zone. Stepovers appear to control the 
geothermal systems at Desert Peak and Brady’s. 
Multiple minor faults provide hard linkage 
between two major strands and serve to increase 
fracture density, thus providing an avenue for 
the ascent of geothermal fluids.  

3.1.2 Salt Wells 

The Salt Wells geothermal field occupies the west-

southwest margin of the Salt Wells basin ~20 km southeast 

of Fallon, Nevada, in the southeastern part of the Carson 

Sink (Figure 2). ENEL recently completed construction of a 

10 MWe binary power plant that taps a shallow geothermal 

reservoir with an estimated temperature of ~140°C. 

Geothermometry suggests that a deeper reservoir may exist 

at temperatures of 180-190°C. This area lies near the 

intersection of the Walker Lane and central Nevada seismic 

belt, where several historic 6.0 to 7.0 magnitude normal and 

normal-dextral earthquakes have occurred (Caskey et al., 

2004). The stratigraphy consists of middle to late Miocene 

basalt lavas and lesser interbedded sedimentary rock. Well 

data suggest that the basalt exceeds 400 m in thickness. The 

basalt overlies Oligocene ash-flow tuffs and/or Mesozoic 

granitic and metamorphic basement. The basalts are 

overlain by Quaternary alluvial fans and lacustrine deposits 

associated with Pleistocene Lake Lahontan. Gently to 

moderately E-tilted fault blocks bounded by steep W-

dipping northerly striking normal fault zones characterize 

the structural framework of the area. However, a major 

east-dipping, northerly striking normal fault zone (here 

referred to as the Salt Wells fault zone) bounds the west 

side of the Salt Wells basin and is marked by several 

Holocene scarps cutting Pleistocene silicified sand deposits. 

Temperature gradient drilling has defined a large, 12-km-

long heat flow anomaly essentially along this fault zone at 

the Salt Wells geothermal system (Edmiston and Benoit, 

1984). This fault zone is dying out southward in the vicinity 

of the geothermal system.  

The Salt Wells geothermal field appears to be localized 

along the steeply E-dipping Salt Wells fault zone as it loses 

displacement southward, breaks into several splays (i.e., 

horsetails), and intermeshes with the W-dipping fault 

system (Figure 6). The increased fracture density generated 

by the multiple intersecting faults probably produced 

greater permeability in the area, which has in turn provided 

convenient channelways for the geothermal fluids. The 

steeply dipping geometry of the faults suggests subvertical 

conduits of highly fractured bedrock.  

 

Figure 6: Conceptual model of overlapping, oppositely 
dipping normal fault systems. Multiple fault 
intersections in the subsurface increase fracture 
density and provide pathways for geothermal 
fluids, as exemplified at Salt Wells. Strike and 
dip symbols indicate tilt directions of fault 
blocks.  

3.2 Black Rock Desert Belt 

The Black Rock Desert Belt is a NNE-trending zone of 

abundant geothermal activity in the northwestern part of the 

Great Basin. At least 18 geothermal fields lie in this belt, 

including seven high temperature systems (>160oC). One 

small power plant and associated vegetable dehydration 

facility have been developed in this region, but significant 

geothermal exploration is now underway with anticipated 

future development in several areas. The Astor Pass and 

Gerlach fields are discussed below.  

3.2.1 Pyramid Lake Region, Astor Pass 

The Pyramid Lake region (Figures. 2 and 7) lies in the 

southern part of the Black Rock Desert belt near the 

terminus of a major dextral fault in the Walker Lane (the 

Pyramid Lake fault zone) and thus occurs in a transitional 

Left: Faulds et al. 2010, Characterizing Structural Controls of Geothermal Reservoirs in the Great Basin, USA, and Western Turkey

Right: Rouse et al. 2012, An exceptional rocky shore preserved during Oligocene (Late Rupelian) transgression in the Upper Rhine Graben

(Mainz Basin, Germany)
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Multiple Fractures
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Multiple Fractures – Heterogeneous Aperture
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Multiple Fractures – Heterogeneous Aperture
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Heat Flow Through Fractures

1.0 mm

0.5 mm

0.7 mm

 Increasing fracture perm…

 convection initiates earlier

 transports more heat
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 Increasing fracture perm…

 convection initiates earlier

 transports more heat

 Decreasing fracture 

spacing…

 convection initiates earlier

 Enhanced heat flow in low-perm 

fractures

 Reduce heat flow in high-perm 

fractures

Heat Flow Through Fractures

1.0 mm

0.5 mm

0.7 mm
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 Convection “syncs” across fractures

 Large-scale convection and temperature 

anomaly patterns emerge

 Fundamental behavior of convection in 

basement rock

 Aid in site selection
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Conclusions
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Thank you


