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ABSTRACT

Eighteen cold and warm spring weter samples
from the Tuscarora, Nevada KGRA have been analyzed
for hydrogen and oxygen isctope composition and
fluid chemistry. Warm springs have 3§D values [-
128 to -137 permil) significantly Tower than those
of cold springs to the north and east of the area,
but similar to the 3D values of cold springs to
the west and south (-13%1 to =-135 permil). The
recharge area for the warm springs is unlikely to
be fo the immediate north, which 1s the 1local
tocpographic hichland in the area. The hydrogen
1sotcpe data would permit recharge from areas to
the soutiwest or from high elevations to the
southeast  (Independence Mountains), a sector

cansistent with electrical resistivity evidence of
fluic flow.

Adarm springs are HCOR7-rich waters, enriched
by a factor of 3 to 10 in Na, HCO3™ and 510,
relative to Tocal cold springs. Average quartz
(no  steam Tess) and Na/K/Ca geothermometer
estimates suggest subsurface temperatures of 145°
and .96°C, respectively. The warm springs exhibit
poor correiations between either hydrogen or
oxygen isotope composition and water temperature
or chemistry. The absence of such correlations
suggests that there is no single coherent pattern
o7 conld water mixing or evaporation in the thermal
spring system.

INTR0DUCTION

The Tuscarora, Nevada Geothermal System has
been an area of geological, geophysical and

geochemical investigation in recent years for
evaluation as a geotharmal resource. 0f prime
importance in this evaluation 1s the

ciaracterization of thermal
astimation of  subsurface

definition of recharge areas for the thermal
waters. Acquisition of stable tisotope and fluid
chemistry 1is reauired for the quantification of
thesz parameters. These data are also important
for the evaluation of near-surface mixing and
water-rock interaction in the gegthermal
reservoir. In order to fulfill this requirement,
water samples were collected from eight warm
springs and ten cold springs in the Tuscarora area

water chemistry,
temperatures, and

{Fig. 1). These samples were analyzed for major
cations and anfons, and hydrogen and oxygen
isotope compositions. The results of these

analyses form the basis of this summary.
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Figure 1. Location map 6f cold and hot springs.
STABLE ISOTOPE GEOCHEMISTRY

Hydrogen and oxygen isotope analyses of the
cold and warm springs are shown in Table 1 and
plotted in Figure 2. The isotope analyses were
determined using standard extraction (Epstein and
Mayeda, 1953; Friedman, 1953) and mass
spectrometric techniques. The data are expressed
in the delta (38) notation relative to SMOW for
oxygen and hydrogen. In Figure 2, cold springs
north of Hot Sulfur Springs (Samples 1A through
44} are plotted as solid circles, cold springs
northwest and southwest of Hot Sulfur Springs (5A
through 6A) are plotted as open c¢ircles, hot
springs of Hot Sulfur Springs (7A through 7C) are
plotted as solid squares and hot springs north of
Hot Sulfur Springs are plotted as open squares (8A
through 80).

The cold springs can be divided into two
distinct groups. The group of cold springs north
of the Hot Sulfur Springs system plot, with two
exceptions, close to the meteoric water 1ine, with
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TABLE 1. Mydrogen and oxygen lsotope compositions

of cold and warm springs.

Spring

18 Temperature (°C)

Sample ¢ £ 70 A0

“Coid 3prings

1A -16.3 -119 10.5
ZA ~16.2 -122 P1.5
SA -15.8 -125 15.0
B 1647 -124 i6.5
3G -16.0 -116 0.0
30 -15.5 -118 9.6
44 ~*5.3 =123 8.0
PR -156.5 ~135 14.5
pL: -16.1 -131 1845
3C ~16.7 -135 16.5
QA -16.6 ~134 2¢0.0
Hot Sorings
TA -1€.1 -137 89.0
73 -15.6 -129 82.0
7C ~16.5 -133 55.5
gA -156.1 -128 73.0
8B -14.0 -137 85.0
BC -15.7 ~-136 59.0
gD -15.8 -135% 835.040
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“igure 2. 46D and 5*80 values of cold and warm
springs. M4 (meteoric water line).

6@8v31ues ranging from -116 to -125 permil and

30 values from ~15.3 to -16.8 permil. Samplgs
30 and 4A  have apparently experienced 0
enrichment of 0.5 and 1.3 permil, respectively.
Both samples come from very Jlow-volume seeps,
consistent with the possibility of evaporation.
However the spring temperature of sample 4A is the
coolest--8.0°C--of all cold springs sampled and is
characterized by the lowest (1, HCOy™ and TO5
contents of all springs sampled (Table 2). The
cald springs from the northwest and southwest of
Hot Sulfur Springs constitute the second group.
These waters have significantly Tower 3D values (-
131 to -135 permil) and plot off the meteoric
water line. ATl HQ?SE samples (5A through 5C, 6A)
have experienced 0 enrichments of at Tleast 1.2
permil. These waters are significantly warmer
(14.5 to 17.5°C) and contain generally higher TOS,

$10,, €1 and SO, contents (Table 2). The 18p
enrichment and increased salinity in these samples
may be in part the result 95 kinetic evaporative
effects. However  4D-6*0 trends of low
temperature (< 90°C) evaporation (Craig et al.,
1963) would result in intersection with the
meteoric water line at 8D values below (<-140
permil) those of any spring water measured by us
in the area or reported for this part of the Basin
and Range, _province (Friedman, 1953)}. AMter-
natively, 180—3%richment could result from either
a mixture of O-enriched thermal fluid or from
low temperature water/rock dinteraction 1in the
ground water aquifer.

All seven warm spring samples plot to the
right of the meteoric water, Jine, with 38D values
of -128 to -137 permil and 80 enrichments of 1.3
tol4.3 permil. With the exception of sample 8B
(3 8 - -14.0 permil), warm springs from the Hot
Sulfur Springs area (solid squares) and those from
the hot springs area to the north ({open squares)
are indistinguishable with respect to both

hydrogen and oxygen isotope composition. There is
considerable range in tempﬁgﬁture of the warm

springs from 55 to 95°C. &°°0 and 60 values of
both c¢old and hot springs are plotted versus
spring temperature in Figure 3A. The warm springs
and the two groups of cold springs define distinct
T - 8D fields as expected. ﬂ?e hottest spring
(BB} does have the highest 5180 value, perhaps
refTectEEg more extensive interaction with the
high §-°0 carbonate rocks present at depths
greater than about 4500 feet (Sibbett, 1982).
Otherwise, there is no significant difference 1in
gither hydrogen or oxygen isotope composition
between the two coolest warm springs {7C and 8C)
and the hotter sprgggs. As shown in Figure 3B, a
plot of &0 and &*~0 values versus Si0, content
(Tabte 2), there also are ng significant
differences in Si0 content between the two
coolest warm springs and the remaining warm
springs. Further inspection of the chemical data
in Table 2 reveals no apparent correlation between
isotope compositions, other chemical parameters
(C17, HCO3™) and temperature. The absence of
trends suggests that the warm springs are not
simply related by progressive dilution of thermal
fluids by cool surface water or by evaporation
processes. The low chloride contents of all warm
springs (8 to 19 ppm) indicate that these waters
are not derived from deep high temperature saline
brines of formation or connate origin unless they
represent steam condensates. However, the high pH
and comparatively low 304‘ contents argue against
such an origin.

RECHARGE AREA FOR THE THERMAL FILUIDS

A11 the cold springs sampled north of Hot
Sulfur Springs in the Hot Creek drainage (the
local topographic highland) and drainages to the
east {4A) have 3D values (-125 permil or heavier)
significantly greater than those of the warm
springs (~128 to -137 permil}. If the therma’
waters are derived predominantly from these
springs, they must represent steam condensates to
explain their Tlighter &D values. The thermal
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TASLE 2. SUMMARY OF CHEMICAL COMPOSITIONS AND GEOTHERMOMETER TEMPERATURES FOR SELECTED COLD AND
THERMAL S5SPRINGS AT TUSCAROQRA, NEVADA.
1A 2A 3 A 4 A 5A 8 A TA 70 8 A 88 DH &£6-5
T°C Fd.5 11.5 15 B 14.5 21 89 55.5 73 95 110
pH(Z20°C) Bl a2 6.4 6.4 7.5 7.5 6.9 6.9 Tt 7.4 8.4
Na {ppm} 7 & 10 41 14 84 131 169 145 148 163
X (ppm) 3 4 <2.5 <2.5 6 5 19 <11 19 20 25
Ca (ppm) 5 4 6 2 6 11 10 19 17 1 14
Mg {(ppm} 2 1 2 1 2 3 <045 3 2 <0.5 2
Fe {pom} 0.04 0.13 0.32 0.04 0,025 <0.025 <0.025 0.09 <0.025 0.04 0.06
3r (ppml 0.06 0,07 0.06 0.10 0.05 0413 0.61 0.39 0459 0.25 1.01
2 {pom) <0125 <0.125 <0.,125<0.125 <0.125 0.2 0.8 0.9 0.9 0.90 0.8
Sic, (pom) 43 48 40 17 61 52 129 122 103 104 109
SO4 {pom) 5 4 & 2 7 17 52 34 5¢ 55 47
cCt{ (ppm) & 4 5 6 7 13 18 19 16 & 26
= A{ppm) 0.2 0.2 0.1 <041 0.2 16 L B.9 8.7 8.2 g
HCO3 {ppm) 33 47 47 22 65 232 352 484 382 345 397
Geothermometers ')
Dtz adla. 97 101 g4 64 11t 104 145 142 134 135 137
Qtz Cond. 85 100 92 57 111 104 152 149 139 139 142
Chalcedony &4 70 61 25 82 74 127 123 112 113 116
NaKCa &1 73 56 69 87 87 184 159 194 223 208
NalCaMg -—— - --- -—- 77 77 -—— 108 144 187 158
{a) Seothermometer temperatures {°C) were calculated from equatlions glven In Fournler
{1881), Qtz adla = Quartz adiabatic gecthermometer, Jtz cond = Quartz conducTive
geothermometear,
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waters da have low chloride contents
characteristic of steam condensates, but the
process 1s not consistent with observed SiOZ
centents, pH  values greater than 7.0 or

comparatively Tow 504= contents (Table 2}. The
cald springs west-northwest {54 to 5D) and south

(€AY of the thermal springs have &D values
eguivalent to those of the therma! waters,
demcnstrating that surface waters exist in the

area with appropriate &0
procuce the thermal waters. Alternatively, these
cooter, Tow &0 fiuids may represent the
conductively cooled equivalents of thermal fluids

values to directly

Lhat have leaked south and west-northwestward
along faults.
Geophysica: evidence from a resistivity

strvey (Mackelprang, 1982) does suggest fluid flow
from southeast to northwest in the area. A 2 ohm-
meter zone 1s thought to indicate thermal fluids
issuing from agquifers within Tertiary tuffaceous
sedirents and Paleozoic quartzites, cherts and
carbonates at depths in excess of 4000'. The
fluids rise to the surface via fracture zones to
the Hot Creek and Hot Sulfur Springs area where
they exit as hot springs. The presence of a Yow
resistivity area at the surface northwest of these
hot springs indicates that Tleakage of thermal
fluics persists beyond the major existing zones
along Hot Creek and Hot Sulfur Creek. These near
surface fluids appear to have cooled approximately
50°C or more, bhut have retained their Tow &D
isotopic signature. Further sampling in the areas
soguth and west of the present hot springs area is
needed to actually locate the recharge area. The
isotope data do indicate that recharge for the
‘geothermal system 1s unlikely to the immediate
north of Hot Sulfur Springs.

This study was funded by the Department of

Enerqy, Division of Geothermal Energy under
contract DE-AC07-80IC012C73.
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