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ARSTRACT

Chemical interaction of thermal brines with
reservoir rock in the Rogsewvelt Mot  Springs
thermal area has resulted {n the development of
distinctive trace element signatures, Geocheml-
cal amalysls of s50i1 samples, shallow tempera-
ture-gradient drill hole cuttings and deep drill
hole cuttings provides 4 three-dimensional
perspective of trace element distributions within
the system. Bistributions of As, Hg and Li
provide the clearest expression of hydrothermal
activity. Comparison of these distributions
suggests that Li, followed by As and Hg, are
progresstively deposited by outward flowing,
coaling, thermal fluids. Hg, {n contrast to As
and Li, fis distributed only within the cuter
partions of the therms) stem where temperatures
are tess tham about 225°C. Heatimg experiments
indicate that extensive Hg remobilization im
Roosena?t sgmp]es occurs at temperatures as low
as 200°-2507C. This suggests that the distri-
butian of Hg targely reflects the present system
thermal configuraticn and that this distribution
may be a ysefu] solid gecthermometer.

INTRODUCTION

Although the geochemistry of geothermal
flulds and deposits 1s well-knowa, Mttle is
known ahaut the distribution of trace elements
within solids of active gegthermal systems, The
numerous surface samples and deep drill hole
cuttings from the Roosevelt Hot  Springs
geathermsl system grovide an unuswal opportunity
to examine trace element dispersion patterns in
three dimensions within a high-temperature
hot-water geotherma) system, These distribu-
tians, formed fn  response to  temperature
gradients and flufd flow within the system, place
canstraints on the geometry of the present system
and provide insight into 1tz thermal anad
convective history.

GEQLOGIC SETTIMNG

The Roosevelt Hot Springs thermal area is
located on the western flank of the Hineral
Mountains near the eastern margin of the Basin
and Range pravince. The geothermal system 1is

structurally controlled, primarfly by inter-
sectfans of several principel zones of faulting
{N1elson and others, 1978).  Reservoir 1itho-
jogles are predeminantly ogranite, gnelss, and
schist, Surface spring and fumarale deposits
consist of bedded opaline sinter and minor native
sulfur.  ANuyfum 1s locally cemented by sili-
ceous sinter and has been altered 1{n varying
degreas by downward.moving acid-sulfate waters
{Parry and others, 1978). The area 1s currently
being explared for commerctal power praductfen,
Seven production wells have been drilled with a
maximum per-well productign capahility of 4.5 x
105 kg/hr of combined vapor and Ifgeid ot e
shut-1n bottom hole temperature near 2600C (Ward
and others, 1978},

Geothermal fluids from the Rocsevelt system
are relatively dilute, rear-neutral, Nall brines
{3000 mg/] TDS). Anomalous congentrations of
fluorine, arsenic, 1ithiwm, and boron are typical
of fluids both from surface discharges and from
deep wolls 1n the system.

TRACE ELEMENT DISTRIBUTIONS

Chemical interactfon of thermal brine with
the reservolr rock  has  resulted  1n the
development of distinctive trace element signa-
tures. Surficial materials which have been
affected by the thermal Ffluilds are characterized
by amcmalous concentrations of Mn, As, Sh, L1,
Be, Hg, and W {Bamford and athers, 1980).

At depth within the Roosevelt system, the
thermal brines have produced broadly persistent

trace element dispersion patterns that are
largely consistent with the present thermal
regime. The distributions of As, Li, and Mg are,

in general, fndependent of rock type and provide
the clearest expression of hydrothermal activity
within the field. Although broadly developed,
hydrothermal  element  c¢oncentratfens  are  not
pervasive thrauvghout the reservoir rock, but
rather reflect the gecmetry of past and present
fluid flow channels,

The distetbution of temperature and of the
elements As, Ho, and Li within the two production
wells Thermal Power 14-2 and 72-16 and the
nonpraducing drill hole Getty 011 Company 52-21
provides an instructive geochemical section
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across the southern margin of the geothermal
system (Figure 1). Each geochemical data point
represents a composite dril} cutting sample of a
100-foat interval {Bamford, 1978) that has baen
classified acecording to statistically distinct
geochemica? populations (Sinclair, 1974). The
apomalous poputations are closely associated with
fracture zones,  locally intense argillic
alteration, and deposition of silica, pyrite, and
tron oxides. Widespread Hg and As anomalies,
distinctive oeophysical responses and temperature
profites (Glenn and Hulen, 1973} 1in the upper
partions of wells 14-2 and 72-16 suggest that
these fracture zones are steeply-dipping fluid
fiow charnels. Hot water inflow presently occurs
at 95 m {312 feet) and 190 m (628 feet) in 72-16

and at 4B0-550 m (1600-1100 feet) and 870-880 m
{2850-2890 feet) in 14-2.

Comparisen af the trace glement
distributions suggests that L1, followed by As
and Hg, are progressively deposited with

decreasing temperature by outward-flowing thermal
flufds. Hg 1s distributed oniy within the outer
portions of the reserveir, coaforming closely to
the present thermal patterns, HWe believe thase
rejationships reflect the extreme mobility of Hg
within the high-temperature portions of the geo-
thermal 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 fluid-.
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Fig, 1 Distributions of temperature, Hg, As and L1 in three dr11] holes across the Reosevelt Hot Springs

thermal area,
populations,

Concentration ranges prasented represent statistically distinguished numerical
Cepths shown in thousands of feet.



were probably ng hotter than about 225% at the
time of Hg deposition at other places in this
system,  Alteration assemblages associated with
the B0 meter entry consist primarily of pyrite
and chicorite ([Ballantyne, 1978; Glenn and Hulen,
1979) contrasting sharply with the more oxidized,
hematite-bearing  assemblages present in the
upper parts of the drtll hole between 230 and 600
meters, Oxidized assemblages are typical of the
near-surface alteration zone and may be the
result of depesition in a now Jargely impermeable
portion of the fracture zone {Bamford and others,
1980). The mobility of . Hg in the temperature
range of tha. geothermalt reservoir was experi-
mentally Investigated by measuring the temper-
dture dependence of Hg liberatton frem  elght
Roosevelt soil and drill coutting samples. Hg
release fg‘om all samples became sfgnificant at
aboHt 200%C with maximum Hg Toss occurring in the
200¥-250%C temperature range, Comparison with
published decomposition temperatures for various
Hg compounds (Koksoy and others, 19%67; tanda,
1978) suggests that wmost of the Hg in the
materials investigated exists as adsorbed Hg
rather than in sulfide miperals.” Results of
these simple heating experiments suggest that the
distritution of Hg peripheral to the thermal
center 15 largely produced by the present thermal
configuration of the system,

GConcentrations of As and ti occur throughout
the system and are consistently enhanced aboot
present fluid entry points, L1 enrichments not
associated with present entries are in parg
coincident with zones of more intense plagleclase
alteration, providing evidence of older fluid
channels fn the ‘lower parts of well 14.2 and
upper parts of drill hole 52-21, The absence of
present high-temperature flufd flow fn 52-21 is
evidence of the transience of specific fluld
pathway geometrias during the life of the system.

Selective analyttcal extraction experiments
designad to identify the trace slement locat{ons
amang mineral components of rocks demonstrate
that lithium occurs predominantly In silicate
minerals. Arsentc occurs as a trace constituent
Within pyrite and within crystalline iron oxides
formed from the oxidation of arsentcal pyrite,
Microprobe analysis reveals up to 3.7 weight
percent As in pyrite with significant concen-
tration varfation between as well as within
‘pyrite grains,

The charactertstic trace ¢lement zones
identified from deep drill hole cuttings
{ntersect the ground surface over the system and
are manifest as well in cuitings from shallow
drill holes and in soils, Recent studies have
demonstrated that cuttings from shallow
temperature-gradient holes are a useful .medium
for the detection of large-scale geochemical
enrichments related to shallow flufd flow within
geotherma] systems (Bamford and others, 1980).
Analyses of drill cuttings from 32 shaliow tempera
ature-gradient holes drilled over approximately
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310 square kilometers reveal & pronounced
enrichment of Hy and As in material overlying the
known geotherma] resource relative to matertal
away from the systen.

Ancmatous conmcentrations of Hg and - As in
solls occur fn & serfes of closely spaced
northeast- and northwest - trending  zones that
raflect the gesmetry of fluld channels in the
uppermost portion of the reservoir ({Figure 2).
These directions parallel the dominant structeral
trends mapped by Nielson and others (1978) on the
western flank of the Mineral Hountains, Points
of fluid discharge, marked by deposits of sinter
and arsenic concentratfons wup to 7 &imes
backoround  vatues, typlcally occur a2t the
tntersection of the two structural trends., The
distributions of As and Mg indicate that
structural intersections are of fundamental
tmportance to near-surface fluld flow (Capuano
and Moore, 1980}, The area of anomalous Hg
concentration {s more dispersed than that of As,
reflecting. the greater relative mobility of Hg in
the low-temperature environment.

CONCLUSTONS

Analysts of soild materials from  the
Roosevelt Hot Springs thermal areaz reveals a
characteristic distribution of trace elements
related to the temperature configuration and
fluld flew within the geothermal system. The
distributions ¢f As and L1 are closely zssoclated
with specific flufd pathways, whereas Hg s more
broadly distributed within the cooler outer
portions of the thermal system and fs5 Jocally
{ndependent of through-going fractures.

Local dffferences between the known physjcal
geometry of the Roosevelt system and the observed
geochemical dispersion patterns suggest that
jocal fluctuations im temperature and fluid
convection  have cccurred  in response to
fracturing and sealing of reservolr rock. The
presence of As and Li anomalies apart from active
fluid entry paints 1n dril) holes and of As and
Hg enrichments {in sofl over presently {nactive
flutd discharge points are evidence of the
transient nature of specific fluid pathways.

Recegnition of this trace element zonfng
within a geothermal system during exploration may
afd definition of the size, shape, and flow
pattern of tha system. The characteristic
spatial distributions and elemental abundances
further provide critical constraints necessary
for modeling the physical and chemical processes
cperating within the system.
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Fig. 2 Distributions of As and Hg in sofls over the Roosevelt Hot Springs thermal area. Poifnts mark 500

foot sample grid lacations. The posftions of wells 14-2 and 72-156 are indicated.{after Bamford

and others, 1980},
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