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ABSTRACT

In the western Great Basin, the Walker Lane is a system 
of  right-lateral strike-slip faults accommodating ~15-25% 
of relative motion between the Pacific and North American 
plates.  Relatively high rates of recent (<10 Ma) west-northwest 
extension absorb northwestward declining dextral motion in 
the Walker Lane, diffusing that motion into the Basin-Range.  
Abundant geothermal fields cluster in several northeast-
trending belts in the northern Great Basin (e.g. Humboldt 
structural zone and Black Rock Desert region) and collectively 
define a broad, northeast-trending zone of high heat flow.  Indi-
vidual fields are largely controlled by north-northeast-striking 
normal faults.  The Walker Lane begins losing displacement 
to the northwest in west-central Nevada near the southeast 
margin of the high heat-flow region.  The abundant geothermal 
fields may therefore result from a transfer of  northwest-
trending dextral shear in the Walker Lane to west-northwest 
extension in the northern Great Basin.  Enhanced extension 
favors dilation and deep circulation of  aqueous solutions 
along north-northeast-striking faults.  The individual belts of 
geothermal fields probably reflect loci of strain transfer.

Introduction
Within the Great Basin of the western US, geothermal fields 

are in greatest abundance in northern Nevada and neighbor-
ing parts of northeast California and southernmost Oregon 
(Figure 1).  This clustering of geothermal fields lies within a 
broad region of high heat flow that trends northeastward across 
the northern Great Basin (e.g. Lachenbruch and Sass, 1977).  
The geothermal systems cluster in discrete northeast-trending 
belts, including the Humboldt structural zone and Black Rock 

Desert region.  Volcanic activity in most of this region ceased 
~3 to 10 Ma.  Thus, magmatism is not a likely source of the 
high heat flow and geothermal activity within the bulk of the 
northwestern Great Basin.  
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Figure 1. Geothermal fields in the Great Basin.  Geothermal fields cluster 
in the Sevier Desert (SD), Humboldt structural zone (HSZ), Black Rock 
Desert (BRD), Surprise Valley (SV), and Walker Lane (WLG) belts.  The 
northwestern Great Basin, directly northeast of the northwest terminus 
of the Walker Lane, contains the greatest concentration of fields.  White 
circles are geothermal systems with maximum temperatures of 100-
160oC; grey circles have maximum temperatures >160oC.  ECSZ, eastern 
California shear zone.  
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Why then is this region characterized by such widespread 
geothermal activity?  In this paper, we evaluate both the tec-
tonic setting and structural controls on individual systems as a 
means of developing a tectonic model for geothermal activity 
in the Great Basin.  Our findings may have implications for 
geothermal hotspots in relatively amagmatic extensional or 
transtensional settings in other parts of the world.  

Tectonic Setting
The San Andreas fault system was born ~30 Ma as the 

Pacific plate came into contact with the western margin of 
North American in response to subduction of the last vestiges 
of the Farallon plate (Figure 2; Atwater and Stock, 1998).  
As remnants of the Farallon plate (e.g. Juan de Fuca plate) 
progressively disappeared into the subduction zone, bringing 
more of the Pacific plate into contact with North America, 
the San Andreas fault lengthened both to the northwest and 
southeast.  Thus, the triple junction at the north end of the 
San Andreas, which defines the contact between the North 
American, Pacific, and Juan de Fuca plates, has progressively 
migrated northward in the past 30 million years.  It now lies 
off  the coast of Mendocino, California, and is referred to as 
the Mendocino triple junction.  The northern part of the San 
Andreas fault system is therefore significantly younger than 
segments farther south in central and southern California.  As 
the San Andreas fault system has grown through time, it has 
periodically stepped inland, effectively transferring parts of 
North America to the Pacific plate (e.g. Powell et al., 1993).  
The most significant recent jump in the San Andreas occurred 
~6 Ma when the southern part of the system shifted eastward 
into the Gulf of California (Oskin et al., 2001).  

Today, a broad zone of distributed dextral shear stretches 
across western North America from the San Andreas fault 
system to the Basin and Range province (Figure 2c; Wernicke, 
1992). GPS geodetic results indicate that strike-slip fault sys-
tems in the western and northwestern parts of the Great Basin 
accommodate as much as 15-25% of dextral motion between 
the North American and Pacific plates (e.g. Thatcher et al., 
1999; Bennett et al., 2003).  The Walker Lane is the principal 

system of northwest-striking, right-lateral faults in the western 
Great Basin (Stewart, 1988) and accommodates 4 to 12 mm/yr 
of dextral motion between the Sierra Nevada block and central 
parts of the Great Basin.  To the south, the Walker Lane merges 
with the eastern California shear zone that, in turn, connects 
with the San Andreas fault system in southern California 
(Dokka and Travis, 1990).  To the northwest, the Walker Lane 
terminates in northeast California near the southern end of 
the Cascade arc (Figures 1 and 2).  

GPS geodetic data and the northwest termination of the 
Walker Lane in northern California near the present latitude of 
the Mendocino triple junction suggest a genetic link between 
the San Andreas fault system and Walker Lane.  Because the 
Mendocino triple junction has only recently passed by the re-
gion offshore to the west (Figure 2; Atwater and Stock, 1998), 
the northern Walker Lane is one of the youngest parts of the 
evolving transform boundary between the North American 
and Pacific plates.  North of about the latitude of Carson 
City, strike-slip deformation began between 3 and 9 Ma (Cash-
man and Fontaine, 2000; Henry et al., 2002).  Geodetic data 
(Thatcher et al., 1999; Bennett et al., 2003), historical seismicity 
(dePolo et al., 1997), and present physiography demonstrate 
that strike-slip faulting dominates the contemporary strain field 
of the Walker Lane.  This contrasts with predominant west-
northwest extension in the western Great Basin and ~east-west 
extension in the eastern Great Basin.  

Throughout the Walker Lane, strike-slip faults are ki-
nematically linked with major normal faults in the Great 
Basin (e.g. Oldow, 1992; Oldow et al., 1994; Cashman and 
Fontaine, 2000; Faulds et al., 2003b).  Thus, the northwestern 
Great Basin contains a complex system of kinematically re-
lated and broadly coeval northwest-striking dextral faults and 
north-striking normal faults, as well as east-northeast-striking 
sinistral-normal faults.  It is noteworthy that major extension 
in the northwestern Great Basin and northern Sierra Nevada 
is relatively young, having begun in the past 10-15 Ma (e.g. 
Henry and Perkins, 2001; Surpless et al., 2002; Colgan et al., 
2004) apparently just prior to the onset of strike-slip faulting 
in many areas.

Cumulative slip across the Walker Lane appears to 
decrease from 48-75 km to 30-40 km 
between west-central (Ekren and Byers, 
1984; Hardyman and Oldow, 1991) and 
northwest Nevada (Faulds et al., 2003b) 
concomitant with a decline in slip rates 
from ~12 mm/yr to 4-8 mm/yr (Oldow et 
al., 2001; Thatcher et al., 1999; Bennett 
et al., 2003).  In northwest Nevada, the 
Walker Lane consists of a discrete belt of 
overlapping, northwest-striking dextral 
faults, which gives way in northeast Cali-
fornia to a diffuse zone of discontinuous, 
widely-spaced, northwest-trending faults 
and lineaments.  Accordingly, dextral mo-
tion across the Walker Lane essentially 
terminates in northern California.  These 
relations suggest that the Sierra Nevada 
block and northwesternmost Great Basin 

Figure 2. Cenozoic tectonic evolution, western North America.  The San Andreas fault system has 
progressively lengthened over the past 30 million years, as more of the Pacific plate has come into 
contact with North America.  GPS geodetic data indicate that the Walker Lane currently accommodates 
~15-25% of the Pacific-North American plate motion.  The box surrounds the locus of geothermal 
activity in the northwestern Great Basin.  MTJ, Mendocino triple junction; SAF, San Andreas fault; WL, 
Walker Lane.  
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are essentially one micro-plate and that the Sierra Nevada has 
been progressively decoupling from the Great Basin as the 
Walker Lane has evolved (Figure 3).  

Geothermal Fields

Regional Trends

Figure 1 shows the location of  major geothermal sys-
tems with respect to major tectonic features and provinces 
within and directly adjacent to the Great Basin. The fields 
can be grouped into four northeast-trending belts and one 
northwest-trending belt.  From southeast to northwest, the 
northeast-trending belts are here referred to as the Sevier 
Desert, Humboldt, Black Rock Desert, and Surprise Valley 
geothermal belts.  The Sevier Desert belt trends ~N40oE and 
extends through southwest Utah.  It includes geothermal sys-
tems near the western margin of the Colorado Plateau along 
the Hurricane fault zone, as well as fields in the Sevier Desert 
region.  Three of these systems (Roosevelt, Cove Fort, and 
Thermo Hot Springs) have maximum subsurface temperatures 
in excess of 160oC, but Roosevelt and Cove Fort probably have 
magmatic heat sources (Koenig and McNitt, 1983).  The struc-
tural framework of southwest Utah is complex and includes 
northerly striking normal faults and east-northeast-striking 
left lateral faults (e.g. Hudson et al., 1998).  

The Humboldt geothermal belt is a broad zone of geother-
mal systems that trends ~N50oE and extends through much 
of western and northern Nevada into southeast Idaho, where 
it follows the southeast margin of the Snake River Plain.  It 
includes several high-temperature (>160oC) amagmatic geo-
thermal systems (e.g. Desert Peak, Dixie Valley, Beowawe, Hot 

Sulphur Springs, and others).  The Humboldt belt includes a 
broad zone of east-northeast- to northeast-striking sinistral-
normal faults extending from near Reno to Elko (Figure 1).  
This zone of faulting and high heat flow has been referred to as 
the Humboldt structural zone (Rowan and Wetlaufer, 1981). 

Farther northwest, the Black Rock Desert and Surprise 
Valley geothermal belts trend ~N25-30oE and, similar to the 
Humboldt belt, include several high-temperature systems (e.g. 
Needle Rock Hot Springs (Pyramid Lake), Pinto Hot Spring, 
and Borax Lake Hot Springs).  The Black Rock Desert belt 
extends through the Black Rock Desert region of northwest 
Nevada northward into the Alvord Desert area of southern 
Oregon.  The Surprise Valley belt lies within the Surprise Valley 
area of northeasternmost California and extends northward 
into the Warner Valley region of southern Oregon.  

The Walker Lane geothermal belt is a northwest-trending 
zone of geothermal systems, including several high-tempera-
ture fields, that follows the western margin of the Great Basin 
along the east front of the Sierra Nevada in the central to 
northern parts of the Walker Lane.  It is not as conspicuous 
as the northeast-trending belts.  Geothermal systems in the 
northern part of the Walker Lane belt could be included in 
the Humboldt and Black Rock Desert belts.  Many  high-tem-
perature systems within the Walker Lane geothermal belt may 
have a magmatic origin (e.g. Coso, Mammoth, and possibly 
Steamboat; Koenig and McNitt, 1983; Arehart et al., 2003). 

Although geothermal fields are found throughout the Great 
Basin, the greatest concentration and higher temperatures 
occur within the northwestern part, primarily in west-central 
to northwest Nevada and southernmost Oregon.  This region 
includes three of the aforementioned northeast-trending belts.  
This locus of  geothermal activity lies within the region of 
high heat flow and is situated directly northeast of the central 
and northern parts of the Walker Lane, where dextral shear 
associated with plate boundary motions terminates north-
westward.  

Structural Controls on Individual Systems

The structural controls of most geothermal systems in the 
Great Basin have not been thoroughly analyzed.  However, 
detailed investigations have been conducted on several sys-
tems, including Desert Peak, Brady’s, Steamboat, and Dixie 
Valley (e.g. Blackwell et al., 1999; Caskey and Wesnousky, 
2000; Johnson and Hulen, 2002; Faulds et al., 2003a; Wan-
namaker, 2003; Henry, unpublished mapping).  These studies 
and other available data, including our reconnaissance efforts, 
were incorporated into a compilation of the orientation of ap-
parent controlling structures for geothermal fields in Nevada 
(Figure 4).

This compilation shows that north to northeast-striking 
faults (N0oE-N60oE) are the primary controlling structure 
for approximately 75% of the geothermal fields in Nevada, 
and this control is strongest for higher temperature systems 
(Coolbaugh et al., 2002).  In the northwestern Great Basin, 
where the extension direction trends west-northwest, north-
northeast-striking controlling faults oriented approximately 
orthogonal to the extension direction dominate.  Controlling 

Figure 3. General kinematics of the northwestern Great Basin.  Dextral 
motion within the Walker Lane, which accommodates northwestward 
translation of the Sierra Nevada block relative to the central and eastern 
Great Basin, is probably progressively transferred to systems of north-
northeast-striking normal faults in the northern Great Basin.  

Faulds, et. al.
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faults trend more northerly, however, in both eastern Nevada 
and along the east front of the Sierra Nevada, where the ex-
tension direction is ~east-west.  Other important structural 
trends include northwest-striking faults in the Walker Lane 
and Black Rock Desert geothermal belts and east-northeast-
striking faults in the Humboldt belt.  

A closer look at individual fields reveals that the controlling 
north-northeast-striking structures are typically moderately to 
steeply dipping normal fault zones, as exemplified at the Dixie 
Valley (Blackwell et al., 1999; Johnson and Hulen, 2002; Wan-
namaker, 2003), Brady’s, and Desert Peak fields (Faulds et al., 
2003a).  The Brady’s, Desert Peak, and Salt Wells fields occupy 
discrete left steps in overlapping en echelon, north-northeast-
striking normal fault zones in association with significant 
displacement gradients.  In other geothermal fields, such as 
Steamboat, Kyle Hot Springs, Leach Hot Springs, Jersey 
Valley Hot Springs, and Rye Patch, geothermal reservoirs are 
focused near the intersections of two major fault zones.  For 
example, the Steamboat field occurs near the intersection of 
an east-northeast-striking fault zone and a broadly distributed 
zone of northerly striking normal faults.  In the Black Rock 
Desert region, faults that control geothermal activity have 
a bimodal strike distribution, with modes at N30-40oE and 
N20-40oW: these faults appear to link in an en echelon man-
ner to form the north-northeast trending Black Rock Desert 
geothermal belt. 

Figure 4. Structural controls on geothermal systems.  Long axes of crosses 
represent inferred strike of controlling fault on individual geothermal 
systems.  Most systems lie along north-northeast-striking faults, but 
important subsets occur along northwest- and east-northeast-striking faults.  

Figure 5.  (a) Shear component of maximum extensive strain rate in the Great Basin, derived from GPS velocities.  (b) Dilational component of maximum 
extensive strain rate in the Great Basin, derived from GPS velocities. The strain rates are based on a world-wide compilation of GPS velocities in 2003 (see 
Blewitt et al., 2003).  Squares represent economic or sub-economic geothermal systems, based on current power production or expectations of possible 
production in the future.  Definitive and possible magmatic systems are shown in white.  nStrain (10-9) is a unit-less parameter.  

Faulds, et. al.
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Discussion

The distribution of shear- and dilational-strain magnitudes 
(Blewitt et al., 2003; Figure5), as derived from GPS geodetic 
data, show that 1) shear strain terminates northwestward 
within the northern Walker Lane, and 2) a broad area of 
high dilational strain lies directly northeast of the central and 
northern parts of the Walker Lane.  In the northern Walker 
Lane, major strike-slip faults terminate in arrays of normal 
faults both within the Great Basin and along the eastern front 
of the Sierra Nevada (Faulds et al., 2003b).  It therefore ap-
pears that the northwestward decrease in slip rates along the 
Walker Lane is accommodated by a transfer of dextral shear 
to extensional strain, both within the Great Basin and along 
the east front of the Sierra Nevada.  North-northeast-striking 
normal faults within the northwestern Great Basin essentially 
absorb the northwestward decrease in dextral motion within 
the Walker Lane, diffusing that motion into the Basin and 
Range province.  The bleeding off  of dextral shear from the 
Walker Lane accounts for the relatively high rates of recent 
(<10 Ma) west-northwest-directed extension within the north-
western Great Basin.  Thus, the northwestern Great Basin is 
situated in a youthful transtensional setting that accommodates 
a northward decrease in dextral shear in the evolving transform 
boundary between the North American and Pacific plates.  

The clustering of geothermal fields in the northwestern 
Great Basin coincides with this active transtensional set-
ting, beginning in the southeast where dextral shear starts to 
decrease and ending to the northwest where dextral shear es-
sentially terminates (Figure 1).  The north-northeast-trending 
geothermal belts are oriented approximately orthogonal to the 
west-northwest-trending extension direction and may therefore 
reflect loci of strain transfer from the Walker Lane into the 
Great Basin.  Moderately to steeply dipping, north-northeast-
striking normal fault zones host most geothermal systems, 
because dilation and deep circulation of thermal waters are 
favored perpendicular to the west-northwest-trending exten-
sion direction.  Mild left-lateral shear within the Humboldt 
structural zone may also serve to enhance west-northwest-
directed extension, thus accounting for the particularly high 
density of geothermal systems in this region.  

Although the tectonic setting favors geothermal systems 
along north-northeast-striking normal faults and dilational 
fractures, the specific locations of individual fields are likely 
controlled by local features that enhance fracture density.  
For example, the detailed studies suggest that individual geo-
thermal systems commonly reside either within stepovers in 
north-northeast-striking normal fault systems or near the inter-
section of major normal faults with northwest-striking dextral 
or east-northeast-striking sinistral faults.  Subvertical conduits 
of high fracture density in such areas may enhance fluid flow 
and facilitate the rise of deep-seated thermal plumes.  

In summary, the clustering of  geothermal fields in the 
northwestern part of the Great Basin and their affinity for 
north-northeast-striking normal fault zones probably results 
from three major factors: 1) west-northwest-directed regional 
extension; 2) a transfer of northwest-trending dextral shear in 
the Walker Lane to west-northwest-directed extension in the 

northern Great Basin concomitant with the northwestward 
termination of the Walker Lane; and 3) mild left-lateral shear 
within the east-northeast-trending Humboldt structural zone.  
The latter two factors accentuate west-northwest-directed 
regional extension within the northwestern Great Basin.  
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