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Low-sun-angle (LSA) aerial photography is commonly uti-
lized in neotectonic studies to identify and map small, young,
fault ruptures not visible on standard aerial mapping photog-
raphy. LSA photography is commonly flown when the sun is
between 10-25° above the horizon in early morning and late
afternoon, resulting in illumination or shadowing of the fault
scarp depending on the orientation of the fault. The photogra-
phy is flown at large scale (1:12,000) to enable the detection of
fault scarps 30 cm or less in height. Previous experience with
LSA photography in the western Great Basin has shown that
additional new fault traces are very commonly detected in areas
previously mapped, and that many areas thought to be lacking
Holocene faults are found to have faults present.

Following the identification of fault traces on LSA aerial
photography, field studies were conducted to examine and
radiometrically date the fault-stratigraphic relations, including
the detailed analysis of fault relations exposed through explor-
atory trenching. These studies are currently in progress.

Preliminary Results

A comparison of the distribution of high-temperature
geothermal sites with faults (Figure 1) indicates that while
the sites are associated with only a minor fraction of the total
number of Quaternary faults (Figure 1), they are clearly as-
sociated with Holocene faults. Of the 37 high-temperature
geothermal sites shown in Figure 1, 31 of these sites are as-
sociated with Holocene faults (Table 1). In many cases, the
association is direct, that is, the geothermal site lies directly on
the fault trace, or is in close proximity, such as occurring on
the hanging wall block of the fault trace. Examples include the
Empire, Kyle Hot Springs, and Needle Rocks sites, discussed
below. Importantly, five of the sites occur within historical fault
rupture zones: Dixie Comstock and Dixie Valley (between 1915

Figure 2 (left). Low-sun-angle aerial photograph of the Eightmile Flat geothermal site. Fault traces from the 1954
Rainbow Mountain event extend through the site and laterally offset berms constructed around the borate mine at

the spring site.

Figure 3 (right). Low-sun-angle aerial photograph of the Terraced Hills fault trace east of Needle Rocks at the north
end of Pyramid Lake. Fault cuts 2-3 ka shoreline deposits and may extend into 1906 lake sediments that are now

exposed.
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Pleasant Valley and 1954 Dixie Valley rupture zones), Leach
Hot Springs (at north end of 1915 Pleasant Valley rupture
zone), Eightmile Flat and Stillwater (within 1954 Rainbow
Mountain rupture zone).
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Examination of the Fightmile Flat geothermal site now
indicates that the 1954 Rainbow Mountain fault ruptures
(Caskey et al., 2004) extend directly through the site (Fig-
ure 2). The thermal springs were the site of an 1870 borate
mine, and right-lateral displacement of the berms associated
with mining activity are visible on the LSA photography and
on the ground.
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Although the Needle Rocks geothermal site was known to
be structurally controlled (Faulds ez al., 2005), the age of most
recent faulting was previously unknown. Through the use of
LSA photography, we have identified and dated three separate
Holocene fault traces that lie immediately east of Needle Rocks:
the Terraced Hills, Fox Canyon, and Fox Range fault traces.
These are all west-dipping fault structures, and the Needle Rocks
area lies in the hanging wall of this fault set. The youngest fault
of this set is the Terraced Hills trace which cuts late Holocene
shoreline deposits of Pyramid Lake (Figure 3, overleaf).
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The distribution and age of faults associated with the
Empire geothermal site were previously poorly known (USGS,
2003). New LSA photography now reveals that multiple Holo-
cene fault traces extend from the Pyramid Lake area through
the southern San Emidio Desert into the Empire thermal site
(Figure 4, overleaf). These faults are of similar mid- to late
Holocene age and are possible structurally connected with the

faults near Needle Rocks.
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The Kyle Hot Springs geo-
thermal site is one of several sites
(including Needle Rocks) where
the thermal spring is located
directly on a northwest-striking
fault (in contrast to the domi-
nant northeast-striking pattern),
and prior to this study the age of
the faulting was believed to be
pre-Holocene (Figure 1). Our
study now shows that this fault
exhibits a Holocene rupture his-
tory (Figure 5). Although the site
lies above the 10-13 ka shorelines
of Lake Lahontan, mapping of
faulted alluvial fan deposits in-
dicates that the faulted deposits
are younger than the Lahontan
shorelines.

Our fault study also sug-
gests that the occurrence of
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Figure 4 (left). Low-sun-angle aerial photograph of the Empire geothermal area showing previously undated fault

other variables are present which
further control whether certain
faults will provide apertures for
the upward movement of thermal
fluids. Further work may reveal
a consistent relation between
the youngest age of faulting, or
the timing of most recent strain
release on the fault, and the oc-
currence of thermal sites. This
work will include the collection
of neotectonic data which can
show how much of the faulting at
geothermal sites has occurred in
the last 1,000-2,000 years. These
results may lead to the utiliza-
tion of active fault behavior as
an exploration tool in identifying
and segregating sites of potential
geothermal resources.

scarp extending through the spring site. Fault is mid- to late Holocene age based on the fact that it post-dates

several shorelines that are younger than 10-13 ka.

Figure 5 (right). Low-sun-angle aerial photograph of Kyle Hot Springs. Active and relict spring mounds are
located directly on Holocene fault scarps which at this location exhibit a zigzag fault geometry.

the thermal area along a northwest-striking fault can be in
part explained by the irregular geometry of the fault trace.
Although the overall strike of the fault is northwest-trending,
the detailed fault geometry exhibits a salient-reentrant pattern
(zigzag geometry); a similar geometry is seen at the Leach Hot
Springs site. Such zigzag geometry may facilitate the mechani-
cal dilation of the fault and fracture system as the fault blocks
move down along a saw-tooth range-front fault trace during
normal faulting events.

Conclusions

A preliminary analysis of the structural controls on high-
temperature geothermal sites in the western Great Basin using
low-sun-angle aerial photograph methodologies coupled with
field investigations indicates that most of the sites are spatially
associated with seismically active Holocene-age faults. Out of
a total of 37 high-temperature sites, 31 sites are located directly
on or in relative close proximity to Holocene faults. Five of
the sites are associated with fault structures that have ruptured
during large magnitude earthquakes during the last 100 years.
Although the study is in progress, it is highly likely that further
analysis will show that other sites not presently associated with
any obvious faults will also be found to contain unrecognized
faults of Holocene age.

This spatial association of high-temperature geothermal
sites with seismically active faults supports the conceptual
model that geothermal potential may be related to recent
crustal strain release along faults. Although there are many
Quaternary faults in the western Great Basin, not all are sites
for geothermal activity, including faults which are in favor-
able north-northeast-striking orientations. This suggests that
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