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LOW-TEMPERATURE GEOTHERMAL SYSTEM, ARTESIAN CITY AREA, IDAHO
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ABSTRACT

Water geochemical data can be usefully
applied in the reconnaissance stage of exploration
for low-temperature geothermal systems. This
paper presents the use of these data in conjunc-
tion with the hydrologic and gentogic interpre-
tation of Struhsacker et al. {in prep.) to predict
recharge areas, flow paths, and subsurface temper-
atures of thermal water in the Artesian City area,
[dahgo.

The source of recharge of the thermal water
was determined to be meteroic water derived from
the Rock Lreek Hills and heated by the geothewma!
gradient. Interpretation of Na-K-Cal{-Mg) and 5i0,
geathermometer temperatures in the context of
proposed flow systems and fluid sources indicates
that the predicted temperatures are high and that
the thermal water probably cooled from temper-
atures not much higher than their discharge
temperatures,

INTRODUCTION

In the last several years interest has
increased in the utilization of low-temperature
geothermal systems (<100°C}) for direct heat appli-
cations. Geochemical techniques commonty used in

exptoration for high-temperature systems can not
always be applied to low-temperature systems due
to complications caused by the sluggishress of
rozctions rates at low temperatures, and the lack
This paper illustrates

of distinctive chamistry.

how water analyses, coupled with geologic mapping
and hydrologic data have been used in reconnais-
sance level exploration of the lTow-tewperature
geothermal system near Artesian City, Idaho, to
estimate recharge areas, flow paths, and sub-
surface temperatures of thermal water. The
geachemistry of the Artesian City area described
in this paper is part of an fntegrated geolegical,
hydrotegical, geophysical and geochemical study
{Struhsacker et al., in prep.) funded by the U.S.
Nept. of Energy under contract no. DE-ACODY-
8OIN12079 to ESL/UURIL.

The Artesian City area geothermal system is
located in south-central Tdaho approximately 10 km
southeast of Twin Falls. MNumerous wells and a few
springs occurring at the base of the Rock Creek
Hi1ls, south of Artesian City, produce warm water
at temperatures up to 39°C. Through comparison of
water temperatures measured in this area, water
greater thap 2B°C is defined as warm (Struhsacker
et al., in prep.).

GEOLOBIC SETTING
The Artesian City area as described by

Struhsacker et al. [in prep.} lies on the southern
margin of the Snake River plain and the northern
edge of the Bastin and Range Province. A lowland
of alluvium-covered (Gf,Qal) basalt flows [Tb}
extends southward from the Snake River to the
east-west trending front of the Rock Creek Hills
{Fig. 1}, A thick seguence of gently dipping
Tertiary rhyolitic volcanics {Tiv, Tal}, foras the
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F1G. 2. Trilinear diagram showing the chemical
character of Artesian City area water.

Rock Creck Hills. MNormal faults bound the north-
eastern, northern, and northwestern wargins of
this upland. The Tertiary volcanic rocks lie
unconfermably on ltate Paleozoic marine 1imestone,
shale and quartzite (P},

GROUND-WATER CHEMISTRY

Different water types can freguently be
distinguished by comparing the proportions of
cations and anions on a trilinear diagram {Hem,
158701, A trilinear plot completed for water
samples collected from the Artesian City area
indicates three water types (Fig. 2). These
compositional greupings alsce define three clear
geographic regions, which include the Rock Creek
Hills (type 1), lLowlands (type 11}, and Dakley
{type 111} areas {Fig. 3). Temperature further
characterizes these water types. Type I includes
both thermal and nonthermal waters with temper-
atures ranging from 4 to 39°C, type I] contains
only nonthermal water {less than 28°CY, and type
IIT contains only thermal water with temperatures
greater than 40°C.

Type T {(Rock Creek Hitls) water includes all
Artesian City area warm wells and springs sampled,
several nonthermal wells, and all cold springs
{Fig. 3). These waters, although having similar
proportions of anions and cations, become more
cancentrated in total dissolved solids {T7.0.5.)
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FIG. 3. Locations of sampled wells and springs.

with increasing temperature (Fig. 4). They are
dilute, near-neutral bicarbonate ground waters
with average T.D.5. contents varying from 141 mg/1
in cold springs to 200 mg/1 in thermal wells. The
pH also changes with temperature from & low of 6.2
in the coldest, 4°C water, to 7.9 in the hottest,
39°C water [Fig. 4). S04 and C1 are both present
in consistently low concentrations of less than 20
mg/1. Ca followed by Na, both ranging in
concentrations from 3 to 43 mg/1, are the dominant
cations present in the majority of Rock Creek
Hills water samples.

Type Il (Lowland} water includes the majority
of wells sampied in the lowlands north and north-
east of the Rock Creek Hills (Fig. 3}, This water
is nopthermal and exhibits a large variation in
composition, ranging from slightly basic, calcium
or sadium bicarbonate to calcium or sodium
bicarbonate-sul fate or bicarbonate-chleride ground
water. In contrast to the Rock Creek Hills water,
90% of the Lowland water samples have temperatures
under 20°C. They aYso have higher T.D.S. concen-
trations and pH values, averaging 518 mg/1 and
7.7, respectively. Concentrations of 50, and €l
in the Lowland water average 137 and 86 mg/1,
respectively.

Dekley thermal water {type III) 1s found
southeast of the Artesian City study area {Fig.
3). This water has a sodium bicarbonate to sodium
bicarbonate-chloride composition. It differs from
both the Rock Creek Hills and Lowland waters by
having higher temperatures, ranging from 41° to
49°C, higher pH values and Na cencentrations,
averaging 9.0 and 73 mg/1, respectively, and lower
Ca, averaging 6 mg/1. The chemical compositien of
Oakley water indicates that it is probably not
related to the thermal water which discharges just
south of Artesian City which is the focus of this
study. The Dakley water, thercfore, will not be
considered further in this report.



SOURCE OF THERMAL WATER

The low concentrations of dissolved solids in
Rock Creek Hills water of less than 200 mg/1, the
compositional trends of increasing T.0.5. and pH
with increasing temperature (Fig. 4} and the
uniformity of composition (Fig. 2} suggests that
the source of both thermal and nonthermal Rock
Creek Hills water could be meteoric water derived
from the Rock Creek Hills, As meteoric water,
which is very dilute {<10 mg/1} and stightly
acidic {pH from 5 to 7}, flows through and reacts
with silicic rocks, its pH and T.B.S. will
increase as a result of feldspar dissotution
reactions {Helgeson et at., 136%}. The deeper
rain and melt-water infiltrates, and therefore the
tonger it reacts with the host rock, the higher
its pH and concentration of T.0,5. will become as
it approaches chemical equitibrium with the host
rock. In addjtion, the deeper this water
infiltrates, the higher 1ts temperature will
become as a result of the geothermal gradient.
The similar chemical character of both the cold
and warm Rock Creek Hills waters which suggests a
common set of reactions with the dominant silicic
volcaric rock type in the Rock Creek Hills further
supports this proposed flow path.

This proposed source for the thermal water is
in agreement with the hydrologic interpretation of
Struhsacker et al. {in prep.}) (Fig. 1} which
indicates the source of thermal water is deep
circutation within the Tertiary rhyolitic
volcanics of meteoric water derived from the Rock
Creek Hills and heated by the local thermal
gradient estimated to be approximately §0°C/km,
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SUBSURFALE TEMPERATURES

Gaothermometers based on temperature-
dependent minerat-fluid equilibria are routinely
used to approximate subsurface temperatures of
thermal fluids. The utility of these geother-
memeters {s contingent on the attainment of equil-
ibrium Detween thermal fluid and the host rock.
The siow reaction rates at low temperatures,
therafore, suggest that these geothermometers may
not be applicable in a low-temperature geothermal
system [(Fournier, 1973, 1979).

Geothermometer temperatures were calcultated
for all water samples collected from the Artesian
City area employing the Na-K-Ca {Fournier and
Truesdell, 1974}, with Mg correction (Fourpier and
Potter, 1979), and silica (Fourniar, 1977}
geothermometers. The silica geothermometer
employed for each sample was that of the teast
supersaturated polymorph, thereby predicting a
minimum geothermometer temperature. The majority
of the water samples analyzed are supersaturated
with beta-cristobalite and amorphous silica (Fig.
5). The range of geothermemeter temperatures for
each water group are listed in Table 1.

TABLE 1
GEQOTHERMOMETER TEMPERATURES (°C)

Na-K-Ca{-Mg} $i0y
Rock Craek Hills {Type I}
Cold Springs 25-72 4465
Nonthermat Wells 50-68 40-72
Thermal Wells and Springs 34-76 37.65
Lowtand {Type 11} 11-74 29-65

Measured temperaturas for all Artesian City
area waters are below 100°C, therefore their esti-
mated geothermometer temperatures are suspect
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despite the apparent agreement between the two
geothermometer temperatures for each water

grodp. Review of the chemical character of these
waters in the light of the propased hydrologic
regime of each water type allows further comment
on the retiahility of these predicted
temperatureas.

Hydrologic and geochemical data strongly
suggest that Rock Creek Hitls cold springs produce
shallow circulating rain and melt-water derived
from the Rock Creek Hills. The low concentration
of T.0.5. in these waters, ranging from 81 to 192
mg/1, supports this suggestion of shallow circu-
lation and thus short residence time within the
host formation. The Ma-K-Ca(-Mg) and 5i0; esti-
mated temperatures of up to 72 and 65°C, respec-
tively, for the cold spring water are therefore
probably too high. The enriched silica concen-
trations in the cold spring samples that yield
nigh estimated SiDz temperatures could be the
. resutt of rapid dissolution of volcanic glass
{alpha-cristobalite) preseat in the silicic
volcanics {Paces, 1972). The anomalously high Na-
k-Ca{-Mg) temperatures could be due, on the other
hand, te nonequitibrium in the cold spring water
as a result of its short residence fime within the
host formation.

Water compositions {except 8102}, fluid
sources, and the range of predicted temperatures
{Table 1} of thermal and nonthermal Rock Creek
Hills well water are similar to those of the cold
spring water. Thus, Na-K-Caf-Mg) temperatures
catculated for the Rock Creek Hills well waters
may alsoc be too high. The estimated Sif
temperatures for the Rock Creek Hills thermal and
nonthermal wells are also suspect., In this case,
the 510, concentrations in the well waters are
be1ieve§ to be controlled by equilibrium with clay
minerals rather than an $i0, polymorph considered
by the geothermemeter. This is supported by the
tendency of the pH of these waters to be huffered
just below 8 {Fig. 4}, which could result from
kaelinite and montmorillonite equilibrium
{Helgeson et al., 1969).

Geothermometer temperatures for Lowland water
are questioned because their source of recharge is
suggested by hydrologic data to he downward infil-
tration of irrigation water [Struhsacker et al.,
in prep). This downward percolating water is most
tikely not in equitibrium with the alluvium
because of concentration by evaporatian, reaction
with the soil layer, and short resideace time in
the formation.

CONCLUSION

Interpretation of the water chemical data
from the Artesian City area in light of the
hydrotogic and geclogic data of Struhsacker et al.
{in prep.} supparts the conclusion that the source
of thermal water is artesian flow of rain and
melt-water from the Rock Creek Hills heated during
deep circulation. In addition, these waters have
probadly cooled from temperatures not much higher
than their discharge temgeratures, despite higher

estimated geothermometer temperatures. WUhile this
model ¢ould be strengthened through the use of
stable isotope data and mineral-equilibrium cal-
cutations, acquisition of these data is generally
not practical within the cost and time Hmitations
of a reconnaissance exploration program for iow-
temperature geothermal systems.

A few cautions should be taken in inter-
pretation of water chemical data. For example,
water compositions will be effected by: 1itho-
Yogic variabitity within the flow system; mixing
with waters from different sources; changes in the
hydrologic regime due to pumping; and seasonal and
tong-term ¢limatic variations.
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