Pb ISOTOPIC MAPPING OF CRUSTAL STRUCTURE
IN THE NORTHERN GREAT BASIN
AND RELATIONSHIPS TO Au DEPOSIT TRENDS

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

ABSTRACT deep-seated, pre-Cenozoic crustal structures. These structures
may be pre-Cenozoic faults, Mesozoic and/or Paleozoic fold

A regional common Pb isotopic study of Mesozoic andfxes, or upcertain features of the Prgcambrian basement. Both
é;eophysmal and geochemical-isotopic studies can

Tertiary granitoids and some Tertiary volcanic rocks in th : i ‘ ;
H;;ompllment field based geologic studies of these features,

northern Great Basin provides a better understanding of t
regional crustal structure and composition, and their
relationship to the apparent linear alignment of gold deposits

120° W 118° 116° 114°
along the Carlin and Battle Mountain - Eureka trends. The Phy,.[ x x 1 1 ]
isotopic data allow for the subdivision of the northern Great N Independence group
Basin into western, central, and eastern provinces. The g}
boundary between the western and central provinces closely G,%C,,/Zf"’ ,’
follows the previously documented initial Sr (ISr) = 0.706 . %\ CE;IT” vond
line and represents a narrow zone in which initial Pb and Sr TSR NN
isotopic ratios increase rapidly. Initial Pb vs. Pband Pbvs. Sr | @%\‘\‘,‘ Alligator |
isotopic ratios show strong positive correlation, and initial Pb Reno * /’3%\\ ‘\\ f:‘\ gR;'ggg
and Sr isotopic ratios increase from west to east across these . . o”é W ‘\,J\
two provinces. The eastern province is characterized by "%\.\_ﬁ
plutons in which the Pb and Sr isotopic ratios are not strongly %> E

correlated and exhibit much greater variability than those in
plutons from the two provinces to the west. The boundary
between the central and eastern provinces is sharp and S
approximately coincident with the Carlin trend in north-central
Nevada. It is suggested that this isotopic boundary and the
Carlin trend mark the locus of a cryptic major crustal
discontinuity. The Battle Mountain - Eureka trend lies within
the central province and is generally parallel to both the Carlin
trend and the north-south oriented portion of the boundary® [~
between the western and central provinces as marked by the
ISr=0.706 line. Itis proposed that the Pb province boundaries, 0 100 km
the ISr = 0.706 line, and the gold deposit trends are related to _—
crustal-scale discontinuities formed during continent-scale
rifting along western North America in the latest Precambrian ) ) ) o
and that these discontinuities, which probably were originally'9ure 1. Location of major belts of precious metal deposits in
fault systems, were reactivated or utilized by subsequerrfto rth-central Nevada.

tectonic and magmatic events in the Phanerozoic.

Las Vegas

and both have been successfully applied in studies of crustal

INTRODUCTION structure in the northern Great Basin and the western U.S (for
example Blakely and Jachens, 1991; Grauch and others, 1995;

Two subparallel north-northwest to northwest-trending mineraZoback and others, 1994; Kistler and Peterman, 1973, 1978;
belts in Nevada, the Battle Mountain-Eureka trend on the S\Vand Kistler, 1983, 1991). Geophysical studies measure time-
and the Carlin trend on the NE (fig. 1), are thought to reflecintegrated physical parameters and attempt to distinguish

20



CRUSTAL STRUCTURE

shallow from deep and younger from older features but argeneral interest to the present study.
limited in temporal distinctions because the basic data are Pb and Sr isotopic data are suitable for regional scale
tied to present conditions and may be dominated by recestudies because the data are relatively easy to acquire for
crust-mantle events. Isotopic studies have the advantage refgional-scale sample suites. Rocks and magmas derived from
investigating time-related features by comparing the isotopithe mantle have low Pb concentrations (1-2 ppm or less)
compositions of rocks formed at different times during theelative to feldspar-rich crustal rocks that typically have 10-
geologic history of a region for systematic or significant30 ppm Pb. Because of this strong contrast in Pb
changes. However, the sampling interval for isotopic studiesoncentration, the Pb isotopic composition of most granitoid
is controlled by the present-day outcrop distribution of theocks reflects that of the crust with which it is associated even
rocks to be studied, and the result can be a very unevéinthe magma had a significant mantle contribution to its
geographic distribution. In comparison, the sampling intervalormation. Doe and Delevaux (1973) report an early example
for geophysical studies is not tied to the outcrop patterns araf the application of Pb isotopic studies to Mesozoic granitoids
can be designed to provide an even geographic coverage ahahe western U.S. Chen and Tilton (1991) have demonstrated
chosen scale. The isotopic signatures of igneous rocks largelye usefulness of combined Pb and Sr isotopic studies in the
reflect the average characteristics of their source regions plesuthern Sierra Nevada. Building on the work of Zartman
any later interaction with the crustal column through which(1974), Wooden and others (1988), Wooden and Miller (1990)
they moved or into which they were emplaced and any latexnd Wooden and DeWitt (1991) used the Pb isotopic
modification by metamorphism or hydrothermal alteration.compositions of Proterozoic and Phanerozoic rocks to better
In general isotopic signatures of granitoid rocks reflect thelefine the extent and nature of the crustal provinces in the
geochemical properties of the lower and middle crust andouthwestern U.S. Wooden and Mueller (1988) provide a Pb
the mantle from which they were melted and are unlikely tésotopic characterization for the Archean Wyoming province.
reflect the upper crust, the structure of which is more readilirhese studies provide the background necessary to interpret
revealed by geophysical methods. Since one goal of thtsie Pb isotopic signatures of the Great Basin granitoids. It
study is to provide a basis for the comparison of theshould be pointed out that the Precambrian crustal provinces
geophysical and isotopic data sets with respect to the crus@fithe southwestern U.S. as defined by the Pb and Nd isotopic
structure of Nevada, it is important to remember that the twstudies mentioned above are similar in their geographic extent,
methods have some fundamental differences in what featurest not the same (compare figures in Wooden and DeWitt,
of the crust and mantle system are providing the basic datd991, to those in Farmer and Ball, 1997). One of the areas of
Kistler and Peterman (1973, 1978) and Kistler (1983disagreement is the extent of the Mojave crustal province in
1991) demonstrated that the distribution of Sr isotopiche Nevada, Utah, and Arizona, but this difference mostly
compositions of granitoid rocks in the northern Great Basirffects the details, not the main thesis, of the data interpretation
delineated crustal structure, particularly the location of therovided below. Given that there are fundamental differences
boundary between continental and oceanic crust as mark@dthe geochemical basis of the Pb and Nd isotopic systems,
by the initial87SrB6Sr (ISr) = 0.706 line (fig. 2). Elison and these differences in the extent of the crustal provinces may be
others (1990) showed that the ISr = 0.706 line correlates waléal and/or rooted in sample distribution, sample types, and
with the shelf-slope break defined by Early Paleozoic anéhterpretation. A large database of Sr isotopic data and
Triassic strata. Farmer and DePaolo (1983, 1984) usemlystallization ages is already available for granitoids from
combined Nd and Sr isotopic compositions of Great Basitthe northern Great Basin. We report here on the results derived
granitoids to study the petrogenesis of these rocks arnfdom the determination of initial Pb isotopic compositions for
regional crustal structure; however, their pioneering studiemany of the same samples used in the studies by Kistler and
were limited by the small sample suite for which Nd isotopicco-workers (see references above and below) and for other
data were available. Bennett and DePaolo (1987) angew samples.
DePaolo and others (1991) present examples of the
application of Nd isotopic studies to understanding the DATA SOURCES AND
distribution of Precambrian crustal provinces in, and the more ANALYTICAL PROCEDURES
general crustal structure of, the southwestern U.S. Farmer
and Ball (1997) provide an excellent example of using Ndrhe data used herein have been determined over about a ten
isotopic characteristics of Precambrian crustal provinces tgear period in the Pb isotopic laboratory at the U.S. Geological
determine provenance of Late Precambrian to early Paleozd&urvey in Menlo Park for a number of topical studies (e.g.
sedimentary rocks in the Great Basin. Since these rocks aféight and Wooden, 1991) mostly focused on magmatic and
potential sources for Pb in the ore minerals associated witiectonic histories and processes. Most of the data represent
the gold deposits in Nevada (Tosdal and others, this voluméggldspar separates made from whole-rock crushes by
the conclusions reached in Farmer and Ball (1997) are a@bnventional magnetic and heavy-liquid separation techniques.
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Figure 2. Outline map of California and Nevada showing the ISr = 0.706 line and Paleozoic facies boundaries (from Kistler and Fleck,
1994, Stevens and others, 1992; and Kistler, 1990). BME, Battle Mountain-Eureka mineral belt; C, Carlin.

Sodium- and particular K-rich feldspars from granitoid rockshas mostly disappeared because of its much higher decay
have relatively high concentrations of Pb and very lowate compared t838U, and232Th (parent of208Pb) has a
concentrations of U and Th. The very low U/Pb and Th/Pllower decay rate that$8U.

ratios of feldspars mean that the Pb isotopic composition of Some analyses used herein are from whole-rock powders
feldspars changes little with time, and a present-day isotopigsed in the regional geochemical and isotopic studies of Lee
composition of feldspar is a good estimate of the initial Pif1984) and Kistler and Lee (1989). For these samples the
isotopic composition of the feldspar and the magmaresent-day Pb isotopic composition of the whole-rock
(assuming equilibrium) at the time of crystallization. In thepowder has been determined along with a Pb concentration
rare cases where a feldspar has a significant U/Pb or Th/Bly the isotope dilution technique. These data have been
ratio, failure to correct for the added radiogenic Pb will makecombined with U and Th concentration and crystallization
the measured Pb isotopic ratios higher than the true initi@lge data (Lee, 1984; Kistler and Lee, 1989) to calculate an
values. The Pb isotopic composition of feldspar is subject tmitial Pb isotopic concentration. Initial Pb isotopic ratios
resetting during heating events that reach about @00r  calculated from whole-rock samples carry a higher
approximately the same temperature range in which biotitancertainty than those measured in feldspar mineral separates
K-Ar and Rb-Sr ages are reset. During such a heating eveitgcause of the analytical uncertainties associated with the U
radiogenic Pb produced in minerals or along grain boundaried Th concentrations, and the tendency of medium- and
where high U/Pb and Th/Pb exist migrates and is taken intooarse-grained granitic samples to lose U in surficial
the feldspar crystal structure. The Pb isotopic compositioweathering environments. The most common error in initial
of such a feldspar will be more radiogenic that the initialPb ratios calculated from whole-rock powders is for the
composition. In Paleozoic and younger systems, the Rfresent-day08PbR04Pb ratios to be under-corrected because
isotopic ratio that is most likely to be effected by failure tothe measured U concentration is too low as a result of U-loss
correct for a significant U/Pb or Th/Pb ratio or for thermalduring weathering. Th&06PbR04Pb ratio experiences the
resetting i206PbL04Pb because most of the U present duringmost change in Phanerozoic materials because of the very
this time is238U, the parent 0206Pb;233J (parent oR0O7Pb)  high ratio 0f238U to 23J for this time interval.
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Pb was separated from feldspar and whole-rock samples RESULTS

using the standard anion exchange resin process that utilizes
HBr and HCI. All feldspar mineral separates were leached There are approximately 400 samples for which

with HCI, HNO;3, and weak HF to remove labile Pb beforecommon Pb isotopic data are available (fig. 3). Srisotopic
dissolution. Pb isotopic compositions were determined imlata produced from separate studies are available for most
static-collection mode on a MAT 262 mass spectrometenf these samples, and the existence of these previously
Thermal fractionation is monitored by running NBS-981 andanalyzed sample suites and Sr isotopic data was a great
-982. The empirical fractionation correction factor is 0.001lasset in the conduct of the present study. Observations
per mass unit and its uncertainty is the largest contributiomade in the early stages of this study were that for most of

to the total analytical uncertainty of about 0.1% associatethe samples a strong positive correlation exists between the
with the Pb isotopic ratios. three Pb isotopic ratios and between the initial Sr ratio and
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Figure 3. Outline map of California (CA), Nevada (NV), and Utah (UT) showing distribution of igneous samples used for the Pb isotopic
study. The approximate boundary of the ISr = 0.706 line is shown as are the boundaries (heavy dashed lines) for thepPivisoEpi

of Zartman (1974) and two boundaries (Rb-depletedthidd= -7) proposed by Farmer and DePaolo (1983) from their Nd and Sr isotopic
data. See text for additional discussion.
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each of the Pb isotopic ratios (Wooden and Stacey, 198itervals in the northern Great Basin indicates a subdivision
Wright and Wooden, 1991). These positive correlationspf the region into three major provinces which for descriptive
however, were not observed for many samples from eastepurposes will be referred to as western, central and eastern
Nevada (fig. 4; Wooden and others, 1991, 1993). Thesig. 8). The boundary between the western and central
observations were consistent with those made by Chen apdovinces corresponds closely, but not exactly, to the ISr =
Tilton (1991) for a transect in the southern Sierra Nevada.706 line reflecting the selection criteria of the Pb isotopic
That transect in some aspects represents a telescoped verslata intervals. The observation that this boundary represents
of the Nevada data set including the fact that the strong narrow geographic zone across which Pb (and Sr) isotopic
correlation between isotopic ratios is no longer observed aatios change rapidly (figsA5 6B and B) is confirmation
its eastern end. Since previous Sr isotopic studies (Kistlehat this boundary represents more than just a numerical
and Peterman, 1973, 1978; Kistler, 1983, 1991) had alreadijvision of the data set. This zone separates a broad region
established a correlation between geographic position and central-western, northwestern, and central-northern
Sr isotopic ratio (i.e. the I1Sr = 0.706 line), the positiveNevada (western province) whé&@gPb204Pb = 18.75-19.1,
correlation between Sr and Pb isotopic ratios indicates th&08PbR04Ph = 38.45-38.8, and ISr = 0.704-0.706, from a
the Pb isotopic ratios must also be related in a regular way tegion in central Nevada (central province) where the
geographic position. Simple plots of sample longitude vscorresponding ratios are 19.3-19.6, 39.0-39.7, and 0.707-
Pb (and Sr) isotopic values confirm this situation and).710.
demonstrate that the Pb isotopic data indicated a general The boundary between the central and eastern provinces
increase in Pb isotopic ratios from west to east (fig. 5)is best defined by the occurrence of samples ¥éRb/
However, the changes in orientation of the ISr = 0.706 lin€%4Pb greater than 39.7. The western edge of this field of
from northerly in western Nevada to east-northeast in northewalues defines a fairly sharp boundary that trends north-
Nevada and the loop defined in west-central Nevada anmibrthwest and is approximately coincident with the Carlin
California (Kistler, 1983, 1991; Elison and others, 1990)trend (figs. B-8A). The distribution of samples wigdéPb/
indicate that no simple west to east geographic distributioA%4Pb either greater than 19.6 or less than 18.7 suggests a
of the Sr isotopic data exists across the full N-S extent afimilar but more poorly defined boundary (fig8)6 Pb
Nevada (fig. 2), and consequently none should be expectésbtopic variations in the eastern province are more irregular
for the Pb isotopic data either. Another complication for théhan in the western and central provinces. Notable features
interpretation of the Pb and Sr isotopic data is that locare the reappearance of samples ®if*b204Pb less than
geographic variations occur in the distribution of the ratios39.0 anc?06Pb204Pb less than 19.3. The eastern province
In other words somewhat anomalous values, either higher anay be divisible into northern and southern areas based on
lower, with respect to the average of surrounding values atbe occurrence of samples wibePb204Pb either greater
fairly common, and the occurrence of these values preventisan 19.6 or less than 19.1 a?#PbL04Ph less than 39.7
a simple, monotonic contouring of the data. Some of théfigs. 6B-7B) The data do not define a sharp boundary
analytical reasons for these anomalies were discussed abobetween these two areas, but only a broad zone. Possible
but the anomalies may also be geologic in origin and relategasons for the irregular isotopic variations of the eastern
to variations in the age and geochemical properties of therovince will be discussed below. The paucity of samples
sources and/or magmatic interaction with upper crustal rockéor Utah and southernmost Nevada prevent the clear
Regardless of the reason for the anomalies, it becomes simpéattension of these three Pb isotopic provinces or the definition
to examine the geographic distribution of the data sets in ternod province boundaries. However, a sufficient body of Pb
of ranges of values rather than simple monotonic contourssotopic data exists both for Precambrian and Phanerozoic
Figures 6 and 7 show the geographic distribution of selectawcks in southeastern California and for Precambrian rocks
ranges of06PbL204Ph (<18.7,18.7-19.1, 19.1-19.3, 19.3-19.6,in western Arizona to conclude that the Proterozoic Mojave
>19.6) anc?08PhL04Pb (<38.8, 38.8-39.0, 39.0-39.7, >39.7); crustal province exists in this region (Wooden and Miller,
geographic plots fo207Pb204Ph are not shown because the 1990; Wooden and DeWitt, 1991). The Pb isotopic signature
much more limited range of these data result in pooreof Mesozoic and Tertiary igneous rocks in the Mojave crustal
geographic resolution. Only two to three ranges of data aggrovince is very similar to that observed for the eastern
shown on each figure in order to minimize the problem oprovince in Nevada. Itis an inescapable conclusion that the
overlapping data points during plotting which obscure thesouthward extension of the boundary between the central
geographic distribution of the data. The break8@®$H204Pb  and eastern Pb provinces of Nevada must turn back to the
= 19.1 and208PbR04Ph = 38.8 were chosen from the Pbwest. Furthermore the boundary must remain north of the
isotopic ratio vs. ISr plots to correspond generally to ISr #Proterozoic outcrops in the Mojave Desert and in the Death
0.706 (fig. B). Valley region (unpublished Pb isotopic data show these to
The geographic distribution of these Pb isotopic datdoelong to the Mojave crustal province, Wooden and Calzia,
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Figure 4. (A) Initial 206Pb204Ph vs. initial208PbhL04Ph for all samples. Pb isotopic compositions for
samples west of the Carlin trend (open squares, within rectangular box) show a strong, tight positive
correlation. Pb isotopic compositions for samples east of the Carlin trend (solid triangles) are not well
correlated, and many have much high@PbL04Ph relative t?08PbL04Pb than samples west of the
Carlin trend. B) Initial Sr isotopic ratio v€08PbL04Ph for all samples. Srand Pb isotopic compositions

for samples west of the Carlin trend show a strong positive correlation (solid circles, within rectangular
box) while those from samples east of the Carlin trend (triangles) are poorly correlated and have a larger
range of values.
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Figure 5. Variation of A) initial 206Pb204Pb Pb andR) initial Sr with west longitude in degrees for all
samples. Initial isotopic compositions for samples located west of the Carlin trend (solid circles) show
regular variations from west to east while those east of the Carlin trend (solid triangles) range to much
lower 208PbR04Pb) and higher (initial Sr) values. These composite west to east transects indicate more
apparent variation for western samples than actually exists because isotopic isopleths do not have simple
north to south orientations. For example the ISr=0.706 line and corresponding Pb isotopic values cross
from 117 and 118 in central Nevada (see fig. 6-8) and then loops back to the east producing the two
increasing trends in initi&P6PbL04Ph at 118 and 117 degrees longitude.
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Figure 6. The geographic distribution of samples with selected ranges of 2a@4d204Pb in Nevada and adjoining

areas of California and UtahA) Distribution of samples for only two non-overlapping range®®@th204Ph, 18.7

to 19.1 and 19.3 to 19.8) Distribution for three ranges - less than 18.7, 19.1 to 19.3, and greater than 19.6. The
ranges were plotted separately in this figure and in figure 7 to avoid visual clutter. The break at 19.1 was chosen to
correspond approximately to ISr = 0.706 based on the correlation between ISr ardfeRiigd4Pb and marks the
boundary between the proposed western and central Pb isotopic provinces. The occurrence of samples with initial
206PbhLo4Ph Pb less than 19.1 in eastern Nevada and Utah indicates more heterogeneous crust and may imply an age
difference across the marked east to west and northeast trending lines. See text for further discussion.

27



CONTRIBUTIONS TO THE GOLD METALLOGENY OF NORTHERN NEVADA OPEN-FILE REPORT 98-338

1995; see Ramo and Calzia, 1996, for Nd data), and connegitows for a southerly embayment in the Pb isotopic isopleths
to the eastern portion of the transect of Chen and Tilton (1991ihto the northern part of the Battle Mountain-Eureka mineral
The southern edge of the basement gravity low of Blakelyelt (figs. 6-8). This area of less radiogenic isotopic values is
and Jachens (1991) may be related to the edge of the preservedghly coincident with the geophysical basement feature
Precambrian craton in southern Nevada. In general, thtefined by Grauch and others (1995) and the northern Nevada
boundary between the central and eastern Pb provinceist of Zoback and others (1994). Atthe present time, however,
probably roughly parallels the ISr = 0.706 line and westernit is not possible to correlate an isotopic feature with the south-
central Pb province boundary in Nevada until it reaches theoutheastward extension of the Battle Mountain - Eureka
east side of the Sierra Nevada batholith where the boundaryineral belt. This trend may simply represent the reactivation
appears to run southerly toward the Garlock fault. Thigin old major crustal fault largely within the region of a thinned
boundary can be traced south of the Garlock fault througbontinental crust.
the western Mojave Desert as the western edge of the Mojave These well-organized isotopic trends end abruptly along
crustal province (Martin and Walker, 1992). It is possible tahe north-northwest-trending boundary that marks the western
define provinces roughly similar to the western and centradédge of the eastern province and approximates the position of
Pb provinces in Nevada there also; however, the need to restae Carlin trend. East of this boundary, the sharpness of which
the Tertiary tectonic disruption of this region and othersuggests a major crustal fault or suture, most samples exhibit
geologic differences (Kistler, 1990; Miller and Glazner, 1995igh to very highk08Pb204Pb (and many have hig®Pb/
make that discussion beyond the scope of this paper. 204PDb) relative t@06PbR04PDb, the range of Pb and Sr isotopic
ratios expands greatly, and isotopic ratios show no simple
correlation trends (figs. 4, 5, and 9). Farmer and DePaolo
(1983) defined a Nd isotopic boundary based on the occurrence
DISCUSSION AND CONCLUSIONS of granitoids with very low epsilon Nd values in this general
location. The eastern province represents Precambrian crust
Pb vs. Pb and Pb vs. Srisotopic ratios within the westerand subcontinental mantle?) that has experienced the least
and central provinces of Nevada as defined above show stroagrount of modification by Late Precambrian and Phanerozoic
positive correlations, increase generally west to east, hawvents. As noted above, and by Wright and Wooden (1991),
the same trends regardless of pluton age, and mimic twtis province can be divided on the bas@Pb204Ph,207Ph/
component mixing systems. These features are at lea#t¥Pb, and208PbR04Ph ratios into northern and southern
partially attributed to the process of averaging tens of cubiregions along a broad east-northeasterly trending belt. The
kilometers of the source region during the melting thadistinction between northern and southern regions is
accompanies magma production. The isotopic signature gfrticularly sharp in the isotopic data for Tertiary igneous
granitoids in the western province is not entirely oceanic asocks, which can show significant differences from the isotopic
compared to that of granitoids in the Klamath region ofdata of Jurassic rocks in the same area. The characteristics of
northern California (Barnes and others, 1992) and mughe isotopic data (fig. 9) suggest that the northern region
contain a significant component derived from the continentalepresents the Archean Wyoming province and the southern
lithosphere. The granitoid source region for the centralegion an Early Proterozoic province most similar to the
province must have a dominant crustal component anMojave crustal province of Wooden and Miller (1990). Wright
probably represents thinned Precambrian crust andnd Snoke (1993) suggest that in the Ruby Mountains and
subcontinental mantle and an (underplated?) oceani€ast Humboldt Range this east-northeast-trending boundary
component. The Battle Mountain-Eureka mineral belt liess a relatively sharp feature that represents the continuation of
within the central province and roughly parallels the norththe Cheyenne belt into northeast Nevada. The Nd isotopic study
northwest-trending section of the ISr = 0.706 line (fi§).8 of the Cheyenne beltin southern Wyoming by Ball and Farmer
This mineral belt lies along the east side of an area from tH@991) also suggested a relatively sharp boundary that may
East Range to Battle Mountain that contains unusuallpave resulted in large part from erosion of overthrust crust.
radiogenic Pb and Sr isotopic compositions with respect tdhe regional isotopic data in eastern Nevada can also be
their geographic position (Figs. 5 and 8). The ISr = 0.706nodeled, however, as a broad zone of crustal mixing probably
line makes a noticeable bend around the west and north sidestablished by a combination of tectonic, magmatic, and
of this area as it turns to the east-northeast (fig. 8). Thesedimentary processes during the juxtaposition of these
more radiogenic isotopic values are more similar to those &trranes in the Early Proterozoic and, as such, would be similar
the eastern edge of the central province (near Carlin), andtd the boundary zone between the Mojave and Arizona crustal
is possible that this area has been displaced tectonically towgsdovinces (Wooden and DeWitt, 1991). This model is
the west at some unknown time. The limited data set presenttyeferred.
available indicates that less radiogenic Pb isotopic values are  The west to east sequence of isotopic provinces across
found immediately east of this more radiogenic area whiciNevada is a unique feature in the western U.S., and possibly
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Figure 7. The geographic distribution of samples with selected ranges of3f#®&l204Pb in Nevada and adjoining

areas of California and UtalA\) Distribution of samples for two, non-overlapping ranges of irfiébL04Pb, less

than 38.8 and 39.0 to 39.7B)(Distribution for the ranges 38.8 to 39.0 and greater than 39.7. The break at 38.8 was
chosen to correspond to an ISr of 0.706 and represents the boundary between the proposed western and central Pb
isotopic provinces. Note the concentration of samplesaR#PbL04Pb between 38.8 and 39.0 along the western-

central province boundary. The western edge of the distribution of sample¥®8riti#04Pb greater than 39.7 is

proposed to mark the boundary between the central and eastern provinces. The southern extent of this range may
also denote a crustal age difference in the eastern province. See text for further discussion.
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Figure 8. Summary maps of the boundaries and regions defined) liyitjal 208Pb204Ph and B) initial 206Pb/

204pp for Nevada and adjoining parts of California and Utah and a comparison to the ISr = 0.706 line and to
Carlin, Battle Mountain-Eureka, and Getchell mineral trends. Note the difference in north-central Nevada between
the ISr = 0.706 line and the lines defined by the Pb isotopic data. The break between Archean and Proterozoic
crust in the eastern province is not clearly defined and probably is indicative of a gradational boundary.
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in western North America. Although isotopic patterns similarcould have been so severe as to greatly displace the regular
to parts of what is present in Nevada can be observaghttern of isotopic zoning. Therefore a model calling for over
elsewhere (e.g. the northern Peninsular Range is similar ohundred kilometers of eastward thrusting as suggested by
the western and part of the central province), there appears\right and Wooden (1991) seems unlikely, and the contrast
be nowhere else that the complete transition is preserveih the isotopic signatures between Jurassic and Tertiary
Given the tectonic history of western North America in theintrusions in the eastern Pb province, that stimulated this model,
Phanerozoic, particularly the north-south movement by strikes probably more related to differences in the depth of melting
slip faults along the continental edge, it is not surprising thah the same crust-mantle system than to lateral movements of
the character of a continental margin created in the Latide upper crust. Similar arguments also hold for the Tertiary
Precambrian would be greatly disrupted. Itis also unclear gxtensional events that produced the modern geomorphic
the Late Precambrian continental margin would haveattern of the northern Great Basin. In spite of the variable
experienced the exact same processes along the entire rifgebgraphic distribution of this extension, the zoning patterns
margin. The general preservation of the isotopic zoning ilhave been preserved perhaps in part because the extension is
Nevada since the Late Precambrian does, however, placgostly normal or parallel to the strike of the isotopic provinces
constraints on the relative displacements of crust and mantéand breaks the crust into discrete extensional domains of
in the Phanerozoic. Although the continental margin irsmaller scale than that proposed for thrusting events.

Nevada has experienced several shorting events, none of them The most significant Pb isotopic boundary identified in
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Figure 9. 206PbR04Ph vs. initial207PbR04Pb on a Pb isochron diagram for all samples in this study. Samples located west of the Carlin
trend (open squares) define a relatively small field compared to those east of the Carlin trend (solid triangles). Fefehencesire
shown for the Early Proterozoic Mojave crustal province (two parallel lines) and the Late Archean rocks of the Wyoming §tempece
single line) and encompass most of the eastern samples. See text for additional discussion.
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this study lies between the eastern and central provinces; thisennett, V.C., and DePaolo, D.J., 1987, Proterozoic crustal history
boundary corresponds in location and orientation to the Carlin  of the western United States as determined by neodymium
trend. The Battle Mountain-Eureka or Cortez mineral belt  isotopic mapping: Geological Society of America Bulletin, v.
shares the orientation of this boundary but is not distinguished =~ 99, p. 674-685. _ _
by isotopic data. The north-trending part of the boundaryBlakely, R.J., and Jachens, R.C., 1991, Regional study of mineral
between the western and central provinces that matches in resources in Nevada: Insights from three-dimensional analysis
location this part of the ISr = 0.706 line shares the same general zfm%rﬁgzlityBaT:ﬂ:w%gQggcpar;%nswigloe;. Geological Society of
north-northwest t_rend as the two mlneral_belt.s. _The I:’Q:hen. J.H., and Tilton, G.R., 1991, Applications of lead and
province boundaries and the ISr = 0.706 line indicate the  strontium isotopic relationships to the petrogenesis of granitoid
presence of major crustal-scale features. The common rocks, central Sierra Nevada batholith, California: Geological
orientation of the Battle Mountain - Eureka mineral belt Society of America Bulletin, v. 103, p. 439-447.
suggests that its location may have resulted from the sam@ePaolo, D.J., 1981, Aneodymium and strontium isotopic study of
process that formed the other two crustal-scale features. Our the Mesozoic calc-alkaline granitic batholiths of the Sierra
interpretation of these crustal-scale features is that most gz\éagasiiglth:g;zﬁlir E;a“gig’ﬁg'igr:ég Journal of
resemble areg|_onal fault system and/or sutures. Interesting ePaoIo,pDYJ., Linn. AM., and Sc?mbert, 1091, The continental
publlshe_)d graVI_ty data (G_rauch and others, 1995_) are most = ¢ stal age distribution: Methods of determining mantle
su_pportlve of th|§ Conclq5|on f(_)r the Battle MOL_JnFaIn-Eureka separation ages from Sm-Nd isotopic data and application to
mineral belt, which the isotopic data do not distinguish as a  the southwestern United States: Journal of Geophysical
major crustal boundary. These gravity data, however, are at  Research, v. 96, p. 2071-2088.
least suggestive that the Carlin trend may also representoe, B.R., and Delevaux, M.H., 1973, Variations in lead isotopic
geophysical discontinuity. The combination of north- compositions in Mesozoic granitic rocks of California - A
northwest-trending crustal boundaries and their high angle of ~ Preliminary investigation: Geological Society America
intersection with the east-northeast trend of the ISr = 0.706  Bulletin, v. 84, p. 3513-3526. )
line and stratigraphic trends in north-central and northeasterf's0" M-W., Speed, R.C., and Kistler, R.W., 1990, Geologic and
. . . L isotopic constraints on the crustal structure of the northern Great
Nevada suggests a model in which major northwest-striking

. Basin: Geological Society America Bulletin, v. 102, p. 1077-
normal fault systems developed to accommodate an extending g5

and thinning continental margin during Late Proterozoic rifting Farmer, G.L., 1988, Isotope geochemistry of Mesozoic and Tertiary
of the western margin of North America. Phanerozoic  igneous rocks in the western United States and implications
reactivation of these fault systems has focused younger for the structure and composition of the deep continental
tectonic, magmatic, hydrothermal and mineralization events,  lithospherejn Emst, W.G., ed., Metamorphism and crustal

and possibly influenced even the orientations of the modern ~ €volution of the western United States: Englewood Cliffs, New
basins and ranges. Jersey, Prentice Hall, W.W. Rubey v. VII, p. 87-109.

Farmer, G.L., and Ball, T.T., 1997, Sources of Middle Proterozoic
to Early Cambrian siliciclastic sedimentary rocks in the Great
Basin: A Nd isotope study: Geological Society America
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