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Disseminated gold deposits (Carlin-type) are impor-
tant mineral exploration targets in the Great Basin. Many
deposits occur in Late Proterozoic and Paleozoic lime-
stones and dolomites that were mineralized in the Creta-
ceous and Tertiary by hydrothermal fluids which deposited
micrometer- to submicrometer-sized gold particles. Com-
monly, ore deposition was structurally controlled, and in
some areas shallow-dipping thrust or detachment faults
were pathways for the mineralizing solutions.

Late Proterozoic and Paleozoic shelf carbonate rocks
crop  out extensively in the mountain ranges of southern
Nevada. Bare Mountain, located about 100 miles (160 km)
northwest of Las Vegas (immediately west of Yucca Moun-
tain), is composed of heavily mineralized carbonate rock.
Other ranges, such as the Striped Hills, Specter Range, and
Spring Mountains, contain the same stratigraphic section,
but the rocks apparently are mostly barren. We have mea-
sured Sr and Pb isotopic compositions and Sr, Rb, Pb, U,
and Th concentrations in fresh (unaltered) and mineralized
(altered) rocks, including samples collected along traverses
that cross contacts between unaltered rocks and ore zones
in an operating underground mine. The objectives of this
study are to determine (1) if mineralized rock has Sr and Pb
isotopic signatures indicative of fluid alteration and Carlin-
type gold deposition, and (2) if these isotopic tracres can be
used in exploration.

Marine limestones incorporate the 87Sr/86Sr value of
sea water from which they are deposited. The oceans are
isotopically uniform in strontium at any particular time, but
87Sr/86Sr values have varied systematically throughout Late
Proterozoic and Phanerozoic time. However, if strontium of
a different isotopic composition were added to or
exchanged with strontium in the limestone, then the
87S1/%68r in these limestones might be significantly modi-
fied from its primary depositional value. Lead isotopic
ratios (206Pb/204Pb, 207Pb/204pPb, and 208Pb/204Pb) in car-
bonate are a function of the age of the rock and the concen-
trations of Pb, U, and Th in the rock. Closed-system,
modern-day Pb isotopic ratios in Paleozoic carbonate rocks
are fairly high (such as 206Pb/204Pb >20).

Cretaceous and Tertiary alteration of Paleozoic car-
bonate rocks of southern Nevada produced an increase in
Sr, Pb, U, and Th concentrations, an increase in 87Sr/86Sr,
and a decrease in 206Pb204pb, 207pp204Ph, and
208pp/204ph.  Although these modifications of the primary
isotopic compositions and concentrations could have been
caused by dolomitization or exchange among units during
metamorphism, the changes were most likely caused by
introduction of Sr, Pb, U, and Th by hydrothermal fluids
that had acquired these elements from underlying Precam-
brian basement rocks. Thus, anomalously high 87Sr/86Sr
and Pb (ppm), and low 206Pb/204pPh, 207pp/204pPh, and
208ph/204Ph could indicate hydrothermally altered and min-
eralized carbonate. For convenience and clarity, 87Sr/86S¢
values are expressed as the per mil deviation (8%7Sr) from
modern sea water 87Sr/86Sr,

Both mineralized and barren Late Proterozoic and Pale-
ozoic carbonates were collected from Bare Mountain. For
comparison, suites of unmineralized samples were also col-
lected from the Striped Hills, Spring Mountains, and various
ranges in the vicinity of Indian Springs Valley. 8%7Sr values
for Paleozoic carbonates from the Striped Hills, Spring




Mountains, and mountain ranges near Indian Springs Valley
have a limited range of -1 to +2%o. Some of these values are
slightly higher than would be expected for primary marine
values, but we attribute this to relatively minor local
exchang’,e during dolomitization or metamorphism. In con-
trast, 8°'Sr values for Bare Mountain samples range widely
and have values as high as +25%.. Low values (<+2%o) are
from areas on Bare Mountain that do not appear to be miner-
alized or altered. 8%7Sr values of +3%o or higher are from
known mineralized areas such as the Sterling mine, the Gold
Ace mine, Tungsten Canyon, Fluorspar Canyon, Secret Pass,
and the Telluride mine. Similarly, unaltered rocks have very
low Pb (0.81 ppm), U (0.35 ppm), and Th (0.78 ppm) and
high Pb isotopic ratios (for example, 206Pb/204Pb=21.87),
whereas altered rock has high Pb (51.3 ppm) and Th (4.46
ppm) and low 206Pb/204Pb (19.08).

We conclude that hydrothermal alteration of gold-bear-
ing Late Proterozoic and Paleozoic carbonate rocks is indi-
cated by modifications of the Sr and Pb isotopic systematics.
The isotopic ratios in the altered rocks presumably reflect the
isotopic signature of underlying Precambrian basement
through which the mineralizing fluids passed. Thus, we sug-
gest that Sr and Pb isotopic tracers have considerable poten-
tial for identifying hydrothermal alteration in carbonate
rocks of southern Nevada that may contain cryptic gold
deposits.
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