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ABSTRACT 

Chemical interaction of thermal brines with 
reservoir rock in the Roosevelt Hot Springs 
therma 1 area has resulted in the development of 
distinctive trace element signatures. Geochemi
cal analysis of sol1 samples. shallow tempera
ture-gradient drill hole cuttings and deep drill 
hole cuttings provides a three-dimensional 
perspective of trace element distributions within 
the system. Distributions of As. Hg and 11 
provide the clearest expression of hydrothermal 
activity. Comparison of these distributions 
suggests that li, followed by As and Hg, are 
progressively deposited by outward flowing, 
cooling, thermal fluids. Hg, in contrast to As 
and li, is distributed only within the outer 
portions of the thermal ~stem where temperatures 
are less than about 225 C. Heating experiments 
indicate that extensive Hg remobilization in 
Roosev'Olt samples occurs at temperatures as low 
as 200 -250 C. Thi s suggests that the di stri
bution of Hg largely reflects the present system 
therma 1 configuration and that thi s di stri buti on 
may be a useful solid geothermometer. 

INTRODUCTION 

Al though the geochemi stry of geothermal 
fluids and deposits is well-known. little is 
known about the distribution of trace elements 
within solids of active geothermal systems. The 
numerous surface samples and deep drill hole 
cuttings from the Roosevelt Hot Springs 
geothermal system provide an unusual opportunity 
to examine trace element dispersion patterns in 
three dimensions within a high-temperature 
hot-water geothermal system. These distribu-
tions. formed in response to temperature 
gradients and fluid flow within the system, place 
constraints on the geometry of the present system 
and provide insight into its thermal and 
convective history. 

GEOLOGIC SETTING 

The Roosevelt Hot Springs thermal area is 
located on the western fl ank of the Mi nera 1 
Mountains near the eastern margin of the Basin 
and Range provi nce. The geotherma 1 system is 

structurally controlled, primar11y by inter
sections of several principal zones of faulting 
(Nielson and others, 1978). Reservoir litho
logies are predominantly granite, gneiss, and 
schist. Surface spring and fumarole deposits 
consist of bedded opaline sinter and minor native 
sulfur. Alluvium is locally cemented by s11i
ceous sinter and has been altered in varying 
degrees by downward _ moving acid-sulfate waters 
(Parry and others, 1978). The area is currently 
being explored for cOfflllercial power production. 
Seven production wells have been drilled with a 
maximum per-well producti9n capability of 4.5 x 
105 kg/hr of combined vapor and liquid at a 
shut- i n bottom hoI e temperature near 2600C (Ward 
and others, 1978). 

Geothermal fluids from the Roosevelt system 
are relatively dilute, near-neutral, NaCI brines 
(7000 mg/l TDS). Anomalous concentrations of 
fl uori ne, arsenic, lithi um, and boron are typi cal 
of fluids both from surface discharges and from 
deep wells in the system. 

TRACE ELEMENT DISTRIBUTIONS 

Chemical interaction of thermal brine with 
the reservoir rock has resulted in the 
development of distinctive trace element signa
tures. Surficial materials which have been 
affected by the thermal fl uids are characterized 
by anomalous concentrations of Mn. As, Sb, Li, 
Be, Hg, and W (Bamford and others, 1980). 

At depth wi thi n the Rooseve 1t system, the 
thermal brines have produced broadly persistent 
trace element di spersi on patterns that are 
1 argely consi stent with the present thermal 
regime. The distributions of As, Li. and Hg are, 
in general. independent of rock type and provide 
the clearest expression of hydrothermal activity 
within the field. Although broadly developed. 
hydrothermal element concentrations are not 
pervasive throughout the reservoir rock, but 
rather reflect the geometry of past and present 
fluid flow channels. 

The distribution of temperature and of the 
elements As, Hg, and 11 within the two production 
wells Thermal Power 14-2 and 72-16 and the 
nonproduci ng drill hoI e Getty Oil Company 52-21 
provides an Instructive g~ochemical section 
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across the southern margin of the geothermal 
'system (Figure 1). Each geochemical data point 

represents a compos He drill cutt I ng sampl e of a 
l00-foot interval (Bamford, 1978) that has been 
classified according to statistically distinct 
geochemical populations (Sinclair, 1974). The 
anomalous populations are closely associated with 
fracture zones, locally intense argll1i c 
alteration, and deposition of sl1ica, pyrite, and 
iron oxides. Widespread Hg and As anomalies, 
distinctive geophysical responses' and temperature 
profiles (Glenn and Hulen, 1979) in the upper 
portions of wells 14-2 and 72-16. suggest that 
these fracture zones are steeply-dipping fluid 
flow channels. Hot water inflow presently occurs 
at 95 m (312 feet) and 190 m (628 feet) in 72-16 
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and at 480-550 m (1600-1100 feet) and 870-880 m 
(2860-2890 feet) in 14-2. 

Comparl son of the trace element 
distributions suggests that L1, followed by As 
and Hg, are progressively deposited with 
decreasing temperature by outward-flowing thermal 
fluids. Hg is distributed only within the outer 
portions of the reservoir, conforming closely 'to 
the present thermal patterns. We believe these 
relationships reflect the extreme moblllty of Hg 
within the high-temperature portions of the geo
therma 1 system. The absence of Hg at the 870 m 
hot water entry in well 14-2 suggests that 
temperatures are presently too high for Hg depo
sition at this site and,therefore.that fluld r
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Fig. 1 Distributions of temperature, Hg, As and li in three drill holes across the Roosevelt Hot Springs 
thermal area. Concentration ranges presented represent statistically distinguished numerical 
populations. Depths shown in thousands of feet. 
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were probably no hotter than about 2250C at the 
time of Hg deposition at other places in this 
system. Alteration assemblages associated with 
the 870 meter entry consist primarily of pyrite 
and chlorite (8allantyne. 1978; Glenn and Hulen. 
1979) contrasting sharply with the more oxidized. 
hematite-beari ng assemb 1 ages present in the 
upper parts of the drill hole betwe~n 250 and 600 
meters. Oxidized assemblages are typical of the 
near-surface alteration zone and may be the 
result of deposition in a now largely impermeable 
portion of the fracture zone (Bamford and others. 
1980). The mobility of. Hg in the temperature 
range of the, geothermal reservoir was experi
mentally investigated by measuring the temper
ature dependence of Hg liberation from eight 
Roosevelt soil and drill cutting samples. Hg 
release fJ:om all samples became significant at 
aboHt 20g C with maximum Hg loss occurring in the 
200 -250 C temperature range. Comparison with 
published decomposition temperatures for various 
Hg compounds (KOKSOY and others. 1967; landa. 
1978) suggest s that most of the Hg in the 
materials investigated exists as adsorbed Hg 
rather than in sulfide minerals.' Results of 
these simpl e heat i ng experiments sugg.est that the 
distribution of Hg peripheral to the thermal 
center is largely produced by the present thermal 
configuration of the system. 

Concentrations of As and Li occur throughout 
the system and are consistently enhanced about 
present fluid entry points. Li enrichments not 
associated with present entries are in part 
coincident with zones of more intense plagioclase 
alteration. providing evidence of older fluid 
channels in the lower parts of well 14-2 and 
upper parts of drill hole 52-21. The absence of 
present high-temperature fluid flow in 52-21 is 
evidence of the transience of specific fluid 
pathway geometries during the life of the system. 

Selective analytical extraction experiments 
designed to identify the trace element locations 
among mineral components of rocks demonstrate 
that lithium occurs predominantly in silicate 
minerals. Arsenic occurs as a trace constituent 
within pyrite and within crystalline iron oxides 
formed from the oxidation of arsenical pyrite. 
Hicroprobe analysis reveals up to 3.7 weight 
percent As in pyrite with significant concen
tration variation between as well as within 
'pyrite grains. 

The characteristic trace element zones 
identified from deep drill hole cuttings 
intersect the ground surface over the system and 
are manifest as well in cuttings from shallow 
drill holes and in soil s. Recent studies have 
demonstrated that cuttings from shallow 
temperature-gradi ent hoI es are a useful ,me.di um 
for the detection of large-scale geochemical 
enrichments related to shallow fluid flow within 
geothermal systems (Bamford and others. 1980). 
Analyses of drill cuttings from 32 shallow temper
ature-gradient holes drilled over approximately 
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310 square kilometers reveal a pronounced 
enrichment of Hg and As in material overlying the 
known geothermal resource relative to material 
away from the system. 

Anomalous concentrations of Hg and ·As in 
soils occur in a series of closely spaced 
northeast- and northwest - trendl ng zones that 
reflect the geometry of fluid channels In the 
uppermost port Ion of the reservoi r (Fi gure 2). 
These directions parallel the dominant structural 
trends mapped by Nielson and others (1978) on the 
western flank of the Hineral Mountains. Points 
of fluid discharge. marked by deposits of sinter 
and arsenic concentrations up to 7 times 
background values. typically occur at the 
Intersection of the two structural trends. The 
di strl but Ions of As and Hg i ndi cate that 
structural intersections are of fundamental 
importance to near-surface fluid flow (Capuano 
and Moore. 1980). The area of anomalous Hg 
concentration is more dispersed than that of As. 
reflecting.the greater relative mobility of Hg in 
the low-temperature environment. 

CONCLUSIONS 

Analysis of solid materials from the 
Roosevelt Hot Springs thermal area reveals a 
characteristic distribution of trace elements 
related to the temperature configuration and 
fluid flow wlthin the geothermal system. The 
distributions of As and Li are closely associated 
with specific fluid pathways. whereas Hg Is more 
broadly distributed within the cooler outer 
portions of the thermal system and is locally 
Independent of through-going fractures. 

Local differences between the known physical 
geometry of the Roosevelt system and the observed 
geochemical dispersion patterns suggest that 
local fluctuations in temperature and fluid 
convection have occurred in response to 
fracturing and sealing of reservoir rock. The 
presence of As and LI anomalies apart from active 
fluid entry pOints in drill holes and of As and 
Hg enrichments in soil over presently inactive 
fluid discharge points are evidence of the 
transient nature of specific fluid pathways. 

Recognition of this trace element zoning 
within a geothermal system during exploration may 
aid definition of the size. shape. and flow 
pattern of the system. The characteri stic 
spatial distributions and elemental abundances 
further provide critical constraints necessary 
for modeling the physical and chemical processes 
operating within the system. 
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Fig. 2 Distributions of As and Hg in soils over the Roosevelt Hot Springs thermal area. Points mark 500 
foot sample grid location~. The positions of wells 14-2 and 72-16 are indicated. (after Bamford 
and others, 1980). 
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