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Hydrothermal mineral assemblages
In the geothermal reservoir rocks

Cenozoic Alteration Stages (oldest to youngest)
epidote-chlorite-calcite

1 lite

wairakite quartz calcite 4 i._‘["'li.it"[k" = potassium feldspar

mixed-layer illite-smectite, quartz-calcite veins
chalcedony-dolomite-calcite-barite-chlorite/smectite-hematite

quartz-calcite
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Dixie Valley fluid-inclusion gas chemistry
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Magmatic
endmember

Miocene Dike + Aclinolite + Quartz
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Fluid-inclusion gas equilibria
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Dixie Valley fluid inclusions
45-33 RD-2
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Summary
Fluid-inclusion geochemistry

Geothermal veins from production wells are
dominated by gases of meteoric and evolved
meteoric (crustal) origins.

Fluids in fault gouge are evolved meteoric
waters.

Mineralogy of veins is consistent with fluid
source.

Mixing trends suggest that a small
component of magmatic gas may be present.
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Senator

Fumarole
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South end-
Altered
Area

= weak fumarole

D sericite

rismatic quartz veins
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D opaline sinter
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North-trending
cross faults,
Travertine fault
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Paleoseismic setting for thermal spring deposits
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Number of Thermal Springs
as Function of Distance to
Nearest Late Quaternary Fault
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Significance of sinter occurrence
*Hottest well in Great Basin directly downdip
(well 36-14, T ~ 280 C).

Sinters at N-endpoint of Holocene fault
ruptures along the Dixie Valley fault.

eActive fumaroles In sinter area.

*Artesian to overpressured fluids in nearby
geothermal wells.

*Optimally-oriented faults in deep geothermal
wells but Shmin>Sv



Formation of sinter

Hot spring deposits from upwelling geothermal
fluids along active faults.

Neutral pH fluids, subsurface temps of >180°C.
Form at the paleosurface.

Pollen and plant material for 14 C dating.
Characteristic aging from:

opal A - opal-CT - cristobalite - quartz
(amorphous - paracrystalline - crystalline)
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Hyaline silica with
organic fibers In
stromatolitic heads
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Section 11 Red Sinter
2178 +/- 55 BP opal-CT




Encrusting opal-
plant debris and
clastic grains
Porous sinter
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Opal-A transitional to
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Section 15 Opal-cemented gravel
Shallow, warm pond deposits 3438 +/- 80 BP




Opal-cemented gravel
terrace (3.4 ka)-

related to The Gap
earthquake event
(3.71t0 2.0 ka)?
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Mixture of
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sinters

and calcite travertine



Botryoidal opal with
Iron oxide coating
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Older prismatic quartz
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Quartz sinter clasts in Lake Dixie (11-12 ka) diatomite
at the Dixie Comstock mine (hot spring-type Au)
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Opal-A Modern
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Opal-CT 2178 +/-55 BP
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Quartz ~11,000-13,000 BP
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14C Dates

of Thermal Spring Deposits

-282 +/- 75 BP ~ 1950 geyserite
2178 +/- 55 BP sinter
3438 +/- 80 BP opal-cemented terraces
5040 +/- 60 BP warm spring travertine

11,000-12,000 BP Lake Dixie sinter clasts



Comparison
of ages of
seismic
events with
sinter dates
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Summary
Sinter dating and aging

*The thermal spring deposits are young (<13ka) and
related to the Dixie Valley geothermal system.

Silica mineralogy is related to age and may be used
to estimate the age of the sinters.

*Episodic spring outflow along the Dixie Valley fault
may correlate to local seismic events.

Different mineralogies (sinter vs travertine) of the

deposits may suggest different fluid sources or faulting
histories.



Age of the Dixie Valley geothermal system
Stage IV. 12 ka

Stage V. b5ka
Stage VI. 3.4 ka to modern

Cenozoic Alteration Stages (oldest to youngest)
'L."i"fll.i.i‘tk"k.'t'lIl'I'T-HL_"t-:lIl'iltl
lite
wairakite-quartz-calcite * epidote + potassium feldspai

mixed-layer illite-smectite, quartz-calcite veins

chalcedony-dolomite-caleite-barite-chlorite/smectite-hematite

quartz-calcite




History of alteration
and evolution of fluids

Conclusions |-

*Older epidote-chlorite fault material was produced
from reduced, modified meteoric (crustal) fluids along
the Dixie Valley fault.

*Mixed-layer chlorite-smectite (corrensite)
characterizes the alteration at shallow levels along
splays of the main rangefront fault.

*\Wairakite veins were produced early in the history of
the geothermal system from fluids that were slightly
more saline and hotter than current production fluids.



Conclusions Il-

*Chalcedony-calcite-dolomite-barite-hem veins
precipitated from shallow meteoric fluids
(groundwaters) that were heated and/or mixed
with upwelling thermal waters.

*This mixing occurred along the margins of the
main upwelling area and along seismically-
active faults.

oIf these veins are the subsurface equivalents
of surficial iron travertine deposits- they formed
at about 5 ka.



Conclusions lll-

Young gquartz veins in the subsurface and
opaline sinter deposits postdate carbonate vein
assemblages. The sinters are between 3.4 ka
and modern in age.

Fluid-inclusion gases in young quartz veins
are a mixture of modified meteoric (crustal)
fluids and magmatic gases, and may represent
the deep thermal fluid.

*Episodic sinter deposition and the formation of
geyserite may be related to seismic rupturing of
silica seals along upper portions of the Dixie
Valley fault zone.
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