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Lead Isotope Database of Unpublished Results from 
Sulfide Mineral Occurrences—California, Idaho,  
Oregon, and Washington 

By S.E. Church 

Introduction  
The Pb isotope database for sulfide deposits and occurrences in the Western United States was 

funded by the Mineral Resources Program, U.S. Geological Survey (USGS). Reports on Pb isotope  
data from Alaska were published in Church and others (1987a) and Gaccetta and Church (1989). The 
primary objectives of the project were three-fold: 

• To utilize Pb isotope signatures, in conjunction with the regional mapping, to assess the relative ages 
and to categorize the types of deposits studied, 

• To relate the Pb isotope and trace-element geochemical signatures of specific deposits and 
occurrences to ore-forming processes, and 

• To use the Pb isotope data to correlate lithotectonic terranes within the northern Cordillera. 
The report by Church and others (1987b) shows how this fingerprinting methodology can be applied to 
trace the offset of lithostratigraphic terranes. 

Presentation of the Data 
The Pb isotopic data presented in tables 1–4 represent the work completed on sulfide mineral 

deposits located in California, Oregon, Idaho, and Washington from 1986 through 1995 when the 
project was terminated due to reductions in funding.  The data are reported here for use by investigators 
who may find them to be of value in mineral exploration. No attempt will be made in this report to 
summarize the voluminous literature on these ore deposits. 

Deposit Information 
Geologic and site information on each specific deposit or occurrence has been provided largely 

by the sample contributor on the form used for sample submission. All sites have been evaluated by 
comparing the data provided against the data in the USGS Mineral Resource Data System (MRDS; 
accessed June 29, 2010; http://tin.er.usgs.gov/mrds/).  Specific geologic information on the deposit or 
occurrence also has been obtained from published literature referenced therein. Contributors were given 
the opportunity to modify the descriptive data in the tables.  This process should have minimized errors.  
The deposit classification used in this report is based on the compilation by Cox and Singer (1986) and 
is included here only for the purpose of dialogue. There is not widespread agreement among geologists 
on the classification of deposits into model types.  

http://tin.er.usgs.gov/mrds/�
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Since some of the samples have been obtained from museums (see table 5 for identification 
criteria), the localities of the samples may have a higher level of uncertainty associated with them.  
Some additional caution should be applied when using data from museum samples.  

Chemistry and Mass Spectrometry 
All of the Pb isotope data presented in tables 1–4 have been analyzed using the silica-gel emitter 

method (Cameron and others, 1969).  Terms used in the data tables are defined in table 5.  The Pb 
isotope data have all been corrected for thermal fractionation using the NBS SRM-981 common-Pb 
standard (Catanzaro and others, 1968) and are accurate, at the 2 sigma level, to within ± 0.1 percent or 
better. 

We report analyses from two types of samples: analyses made on those that contain galena (PbS, 
indicated by Gn in the sample mineralogy column) or tetrahedrite (TT) that could be hand separated, 
and analyses on either mixed sulfides.  Lead isotopic determinations have been made largely on mixed 
sulfides.  Where mixed sulfides have been analyzed, we have given the Pb concentration in the sample 
determined either by direct-current-arc emission spectrography or by atomic absorption 
spectrophotometry in the solution used for Pb isotopic analysis. Previous studies of mixed sulfides, or of 
separate sulfide minerals that have 100 ppm or more of Pb, indicate that the Pb isotopic data obtained 
from this type of sample were  comparable to those obtained from galena (for example, Church and 
others, 1986; Gulson, 1986). 

Several different chemical procedures have been used on special samples analyzed in this study. 
In general, galena has been hand-picked for analysis where possible.  Galena samples were prepared for 
analysis by digestion with ultrapure warm 16M HNO3 (2–5 mg in 1 mL).  The samples were then 
diluted to 10 mL with deionized water and sufficient solution pipetted out that 1 µg of Pb was available 
for analysis (usually about 10 µL).  Mixed sulfides were digested in hot ultrapure 12M HCl, 16M 
HNO3, or aqua regia. The solution was decanted, evaporated to dryness, and converted first to the 
chloride medium and then to the bromide medium.  Lead was isolated from other cations using anion 
exchange resin in the bromide medium. Ultrapure reagents were used throughout the procedure. 
Analytical blanks were less than 2.5 ng and have a negligible impact on the reported Pb isotope ratios.  
The sample was loaded on the anion exchange resin in 0.75M–1.0M HBr, washed with l.0M HBr and 
then with 1.5M HC1.  The Pb was then eluted with 6M HC1. Molybdenite samples were prepared by 
digestion in hot ultrapure 6M HC1. A white precipitate, probably Mo3Cl4(OH)2∙2H2O, formed and the 
Pb remained in solution.  The solution was decanted, evaporated to dryness, and converted to the HBr 
medium. Lead was purified by anion exchange in the bromide medium.  Sulfide samples containing 
high concentrations of Sb-bearing sulfides required special preparation because Sb is also adsorbed on 
the anion exchange resin (AG-1) in the bromide medium.  These samples (tetrahedrite-bearing samples) 
were digested in ultrapure 12M HC1 in quartz beakers.  The sample was then heated to dryness driving 
off much of the volatile SbCl3 and leaving Pb in the residue. The sample residue was dissolved in HBr 
and final separation of the Pb was done by anion exchange in the bromide medium.  Rarely was it 
necessary to electroplate the Pb samples obtained from the column-separation procedure prior to mass 
spectrometric analysis, however, when necessary, electro-deposition on a platinum anode was used. 

Mass Spectrometer 
The isotopic composition of Pb determined at the U.S. Geological Survey, Denver, Colo. was 

determined using a 30.5 cm, 68° sector, solid-source mass spectrometer of NBS (National Bureau of 
Standards) design. This instrument was completely rebuilt by W.A. Bowman at the National Bureau of 
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Standards.  Samples were analyzed by Jerry Gaccetta (JG, 1987–1989) and Robert Vaughn (RV, 1991–
1995) using the single Re-filament, silica-gel emitter technique at 1250 + 20°C (Cameron and others, 
1969).  A minimum of two sets of eight ratio pairs for 206Pb/204Pb and one set each of eight ratio pairs 
for 207Pb/206Pb and for 208Pb/206Pb were  taken over a period of 30 to 40 minutes in a typical analysis 
using peak-hopping by controlling the magnetic field (Bigelow and others, 1999).  A second set of Pb 
isotope data also was taken if the ion beam remained stable to improve analytical statistics.   

Results 
The analytical data are summarized in tables 1–4.  The data in all four tables are organized in the 

same manner.  Data are first ordered by mineral deposit type; second, alphabetically by deposit name; 
and finally by sample number.  A few samples were analyzed more than once to evaluate long-term 
reproducibility of the data.  Table 1 presents the Pb isotope results from deposits north of the Columbia 
River Basalt field in Washington to the Canadian border.  One sample from the Lynx pit on Vancouver 
Island was also analyzed and is included in this data table.  Table 2 presents the Pb isotope results from 
the Blue Mountains in central and eastern Oregon and western Idaho.  Table 3 presents the Pb isotope 
results from the Klamath Mountains in western Oregon and northern California.  Table 4 presents the Pb 
isotope results from the Shasta mining district and from the California foothills belt in northern and 
central California.  Table 5 summarizes the abbreviations used in the data tables to convey the 
maximum amount of information using the least amount of space. 



Table 1.

Pb U Th Mass
Deposit Name Sample No. Host Dep. Latitude Longitude 206Pb 207Pb 208Pb Conc Conc Conc Mineralogy Spectrometry 

Age Type DMS DMS   204Pb 204Pb 204Pb ppm ppm ppm Analyst

Pb isotope ratios

 



Table 2.

Pb U Th Mass
Deposit Name Sample No. Host Dep. Latitude Longitude 206Pb 207Pb 208Pb Conc Conc Conc Mineralogy Spectrometry 

Age Type DMS DMS   204Pb 204Pb 204Pb ppm ppm ppm Analyst

Pb isotope ratios



Table 3.

Deposit Name Sample No. Host
Age

Dep.
Type

Latitude
DMS

Longitude
DMS

Pb isotope ratios Pb
Conc
ppm

U
Conc
ppm

Th
Conc
ppm

Mass
Mineralogy Spectrometry 

Analyst

206Pb 207Pb 208Pb
  204Pb 204Pb 204Pb

 



Table 4

Deposit Name Sample No. Host
Age

Dep.
Type

Latitude
DMS

Longitude
DMS

Pb isotope ratios Pb
Conc
ppm

U
Conc
ppm

Th
Conc
ppm

Mineralogy
Mass

Spectrometry 
Analyst

206Pb 207Pb 208Pb
  204Pb 204Pb 204Pb

 



Table 5.

Column Heading Definition
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