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ABSTRACT

Over 2000 km? (772 mi?) of 5 m resolution Hymap hy-
perspectral data was acquired over the Pyramid Lake Paiute
Reservation in the Fall of 2004. Subsequent image process-
ing and data analysis has identified reflectance spectra for
alunite, kaolinite/halloysite, illite, gypsum, vegetation, and
carbonate. A portable spectrometer is being used for in situ
validation, along with laboratory measurements and X-ray
diffraction analyses of samples collected in the field. We
are in the process of producing and validating mineral maps
that will be used to narrow the scope of exploration to areas
where mineral and vegetation distributions suggest the pos-
sible presence of geothermal activity. So far, remotely-sensed
gypsum anomalies have led to the identification of at least two
previously unknown groups of warm and hot springs. These
springs are thought to occur where sulfate-rich groundwater
is mixing with calcium in the soil and being precipitated as an
evaporite crust.

Introduction

The Pyramid Lake Paiute Reservation is located in west-
central Nevada, Washoe County and is about 60 km east of
Reno (Figure 1). The lake itself covers over 315 km? (122 mi?)
and the remainder of the reservation is over 1574 km? (608
mi?). Elevations range from less than 1158 m (3800 ft) at lake
level, to over 2493 m (8180 ft) in the surrounding mountains.
Geothermal exploration began at Needles Rock on the north
end of Pyramid Lake in the 1960s but at the time temperatures
were not high enough for production. More recently, Depart-
ment of Energy funding has prompted a complete assessment

273

D Reservation Boundary

e Miles
0 25 5 10

A e Kilometers
0 5 10 20

Figure 1. Color composite image showing the Pyramid Lake Hymap data
coverage.
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of geothermal potential on the reservation. This work includes
hyperspectral remote sensing to identify and map geothermal-
related minerals and vegetation. The reflectance spectra of
minerals and vegetation display diagnostic absorption features
in the 0.4-2.5 um wavelength region (Hunt, 1977). The Hymap
(hyperspectral mapper) sensor scanned the terrestrial surface
while flown aboard a Twin Otter aircraft and made spectral
measurements in the 0.4-2.5 um region. Our objective was
to apply image processing techniques to the Hymap data to
1) locate and map areas with unique geothermal identifier
minerals 2) make structural interpretations and focus more
detailed field work.

Spectroscopy and Remote Sensing Background

Geothermal-related minerals such as iron oxides, clays,
sulfates and carbonates display diagnostic absorptions in
the 0.4-2.5 um range of reflected light (Clark, 1999). Spec-
tral measurements in this range are commonly made with
laboratory and field spectrometers, in addition to airborne
and spaceborne imaging spectrometers deployed for mineral
identification and exploration over large areas (Goetz et al.,
1983; Green et al, 1998; Rowan et al., 2003). Recent work has
applied this technology specifically to geothermal exploration.
Martini (2002 and 2004) and Kratt (2005) used Hymap data
(http://www.hyvista.com) to recognize mineral distributions
related to structurally-controlled upwelling geothermal fluids.
The Hymap instrument uses 127 contiguous channels to re-
solve mineral and vegetation spectra in the 0.45-2.5 um range
for each image pixel. The altitude at which the instrument is
flown can be adjusted to attain between 2 and 10 m spatial
resolution. At 5 m spatial resolution for this data set, each
flightline was approximately 2.2 km wide. Twenty-six overlap-
ping flightlines of varying length were required to cover the
entire reservation.

Geologic Background

The Walker Lane Belt (WLB) is a system of northwest-
striking right-lateral faults that generally parallel the eastern
side of the Sierra Nevada Mountains. The WLB presently
accounts for 15-25% of motion between the North American-
Pacific Plates (Thatcher et al., 1999). Offset in the southern
WLB is between 50-100 km and decreases to ~20-30 km in
the northern Walker Lane where the study area is located. It
has been proposed by Faulds et al. (2005) that this disparity
in offset is caused by the transfer of strain to northeast-strik-
ing left-lateral faults that extend into the Basin and Range
and are associated with a concentration of high-temperature
geothermal systems.

Neotectonic faults on the Pyramid Lake reservation are
characteristic of transfer of strain relationships in the northern
Walker Lane. The northwest-striking right-lateral strike-slip
Pyramid Lake fault trace extends over 45 km and shows evi-
dence of at least four different earthquake events in the past
15 ka (Briggs and Wesnousky, 2004a). The Olinghouse fault
is a northeast-trending left-lateral strike-slip fault that can be
traced for 25 km and has ruptured at least twice in the past 4
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ka (Briggs and Wesnousky, 2004b). Also on the reservation
are normal range-front faults in the southern end of the Smoke
Creek desert and Winnemucca Dry Lake, but have received
little attention to date.

These faults displace Tertiary basalts, ash-flow tuffs, and
lacustrine deposits. Furthermore, numerous tufa (calcium
carbonate) mounds, some tens of meters tall, stand where
structurally controlled spring water once mixed with the waters
of late-Pleistocene Lake Lahontan (Benson, 1994) . Located at
the north end of the lake, hot springs around northwest-trend-
ing tufa mounds were the focus of geothermal exploration in
the 1960s. Temperatures at depth did not exceed 116° C (242°
F) and further exploration on the reservation was not exten-
sively pursued (Geothermal Development Associates, 1988).

Methodology

Nearly all pixels in a hyperspectral data set are linear spec-
tral mixtures of pure substances or “end-member” spectra,
each weighted by their areal abundance. A “shakedown” of
the entire data set is necessary so that pixels occupied by “end-
member” materials can be identified; these pixels are spectrally
distinct and may represent unique geothermal identifiers. This
process requires a multi-step image processing approach de-
scribed by Kruse (1999) and performed separately on each of
the twenty-six flightlines. Those spectra of interest were then
treated using Mixture-Tuned Matched Filtering (Boardman et
al., 1995) from which respective minerals maps were produced,
based on both qualitative and quantitative analyses. Mineral
map overlays were then combined with other spatial data in a
geographic information system (GIS) database and evaluated
for structural relationships related to fluid flow. A portable
spectrometer was used to validate our mapping results both in
the field and in the laboratory; these measurements were then
backed up by X-ray diffraction analyses of samples taken from
several field locations.

Initial Results

Salt and sulfate minerals are widely distributed on most
playa surfaces and they typically appear white to the human
eye, due to their spectral similarity at visible wavelengths.
These minerals have been found in 3 broad locations in the
study area: Winemmucca Dry Lake, Southern Smoke Creek
Desert, and the south end of Pyramid Lake. The Short Wave
Infrared (SWIR) portion of the spectrum from 1.0-2.5 pm is
capable of distinguishing some playa minerals. Figure 2 shows
reference library spectra of gypsum, thenardite and halite, all
of which are found in the study area. Gypsum is a known
indicator of geothermal activity in a steam-heated environ-
ment, as documented by Kratt (2005) at the Bradys geothermal
system in Churchill County, Nevada. Field inspections show
that gypsum crusts at Pyramid Lake form as evaporite miner-
als; and two of these occurrences were found to be associated
with thermal springs. At one of these localities, the presence
of remotely sensed gypsum encouraged us to investigate and
subsequently discover a previously unknown warm spring with
a temperature of 27°C. At another locality, a strong gypsum
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Figure 2. Reference library spectra for evaporite minerals occurring in the
study area.

anomaly was used to help delineate the near-surface extent of
what now appears to be a previously unknown high-tempera-
ture geothermal system.

Carbonate rocks that commonly occur as tufa were also
mapped with the hyperspectral imagery. Alignments of tufa
are being used to help recognize faults and other structures
that control groundwater flow. Additionally, we have mapped
alunite and argillic alteration which are likely associated with
a mineralized Tertiary-aged porphyry system.
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