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Strontium, Lead, and Oxygen Isotopic Data for Granitoid and Volcanic 
Rocks from the Northern Great Basin and Sierra Nevada, California, 
Nevada, and Utah

By J. L Wooden, R. W. Kistler, and R. M. Tosdal

INTRODUCTION

A Pb isotopic study of Mesozoic and Tertiary granitoid and some 
Tertiary volcanic rocks that had been investigated previously for their 
initial 87Sr/86Sr isotopic values in the northern Great Basin (e.g. Kistler 
and Lee, 1989; Robinson and Kistler, 1986) has been completed and 
interpreted with respect to regional crustal structure and to the 
occurrence of gold deposits (Wooden and others, 1998). The values of 
initial 206Pb/204Pb, 207Pb/204Pb, and 208Pb/204Pb of the igneous rocks are 
systematically variable, and the northern Great Basin is divided into 
western, central, and eastern crustal provinces based on the geographic 
distribution of characteristic Sr and Pb isotopic values (Figure 1). The 
boundary between the western and central crustal provinces closely 
follows the previously documented initial 87Sr/86Sr=0.706 line (e.g. 
Kistler, 1991) and represents a narrow zone in which initial Pb and Sr 
isotopic ratios increase rapidly. Initial Pb and Sr isotopic ratios are 
strongly correlated, generally increasing from west to east across these 
two provinces. In contrast, the eastern province is characterized by 
plutons that are not strongly correlated isotopically and that have more 
variable isotopic ratios than those to the west. The boundary between the 
central and eastern Pb isotopic provinces is sharp, and it is approximately 
coincident with the Carlin gold belt in north-central Nevada. We suggest, 
this isotopic boundary and the gold belt mark the locus of a cryptic major 
crustal fault. The Battle Mountain-Eureka or Cortez trend of gold 
mineralization lies within the central isotopic province and is generally 
parallel to both the Carlin trend and the N-S oriented portion of the 
boundary between the western and central provinces (the ISr=0.706 line). 
It is proposed that all three of these features are related to faults formed 
during the major period of continent-scale rifting that affected western 
North America in the late Precambrian and were reactivated or utilized by 
later tectonic and magmatic events in the Phanerozoic. This report gives 
the locations and isotopic data that were used to derive the conclusions 
stated above. Where available for these specimens, oxygen isotopic data 
are are also compiled in this report.
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Figure 1. Map of the crustal boundaries and regions defined by initial 
206Pb/204Pb for plutons in Nevada and adjoining parts of California and Utah 
and a comparison to the previously defined initial 87Sr/8GSr=0.706 line and 
to the Carlin trend. The break between Archean and Proterozoic crust in 
the eastern province is not defined clearly and probably represents a 
gradational boundary (modified from Wooden and others, 1998).

4



ANALYTICAL METHODS

The Sr isotopic data tabulated herein have been gathered over more 
than 20 years, mostly in the Sr isotope laboratory at the USGS in Menlo 
Park, California. Results are presented for whole-rock granitoid powders 
milled to less than 200 mesh (e.g. Kistler and Lee, 1989). Strontium 
isotopic compositions were determined on two different mass 
spectrometers and are normalized to 86Sr/88Sr=0.1194. Measurements of 
NBS strontium carbonate standard SRM 987 yield a mean 87Sr/86Sr of 
0.710239±0.000015 over this period. The decay constant for rubidium used 
to calculate the initial 87Sr/86Sr values reported in Table 1 is from 
Steiger and Jager (1977). Analytical uncertainties in whole-rock 87Sr/86Sr 
values are about ±0.008%. However, we report initial 87Sr/86Sr values to 
only ±0.014% (1 in the 4th place) because of uncertainties in ages 
assigned to many of the plutons investigated in this study. Strontium data 
from other labs is referenced in Table 1.

Oxygen isotope compositions for samples beginning with GR in Table 
1 are from Lee and others (1981). The other oxygen isotope compositions 
were determined by the BrF 5 technique of Clayton and Mayeda (1963), 
using conventional isotope ratio mass spectrometry in the USGS stable 
isotope laboratory of the late Ivan Barnes. All of the d-values are given in 
permil relative to the SMOW standard. All samples were analyzed in 
duplicate with reproducibility of d 180of ± 0.15 permil or better.

The Pb isotope data have been determined over about a ten year 
period in the Pb isotopic laboratory at the U.S. Geological Survey in Menlo 
Park for a number of topical studies (e. g. Wright and Wooden, 1991) 
focused primarily on magmatic and tectonic histories and processes. Most 
of the initial lead isotopic compositions were obtained on feldspar 
separates made from whole-rock crushes by conventional magnetic and 
heavy-liquid separation techniques. Sodium and particularly K-rich 
feldspars from granitoid rocks have relatively high concentrations of Pb 
and very low concentrations of U and Th. For "GR" samples the present-day 
Pb isotopic composition of the whole-rock powder has been determined 
along with a Pb concentration by the isotope dilution technique. These 
data have been combined with U and Th concentration and crystallization 
age data (Lee, 1984; Kistler and Lee, 1989) to calculate an initial Pb 
isotopic composition for each specimen.

Pb was separated from feldspar and whole-rock samples using 
standard anion exchange resin processes that utilize HBr and HCI. All 
feldspar mineral separates were leached with HCI, HN03 , and weak HF to



remove labile Pb before dissolution. Pb isotopic compositions were 
determined in static-collection mode on a MAT 262 mass spectrometer. 
Thermal fractionation is monitored by running NBS-981 and -982. The 
empirically determined fractionation correction factor is 0.0011 per mass 
unit and its uncertainty is the largest contribution to the total analytical 
uncertainty of about 0.1% associated with the Pb isotopic ratios.

Data are given in two tables: Table!. Northern Great Basin, Sierra 
Nevada Pb, Sr and oxygen Isotopic Data; Table 2. Northern Great Basin Pb 
Isotopic data.
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