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Abstract
We present new geochronologic, isotopic, and geochemi-

cal data for selected igneous rocks in the Lane Mountain area, 
California.  We determined SHRIMP-RG U-Pb zircon ages 
for the following units:  (1) Larrea complex (~253 Ma and 
~149–146 Ma); (2) Daisy granodiorite (~151 Ma); (3) Jack 
Spring quartz monzonite (~85–82 Ma); (4) unnamed porphy-
ritic dikes and stocks (~80–73 Ma); and (5) Lane Mountain 
volcanics (~22 Ma).  These results confirm and refine previous 
age determinations for the Larrea complex, Jack Spring quartz 
monzonite, and Lane Mountain volcanics, and provide the 
first reliable ages for the Daisy granodiorite and the unnamed 
porphyritic rocks.  Sri of the plutonic rocks increases from 
~0.704 to ~0.705–0.706 to ~0.708–0.709 for samples dated 
as ~250, ~150, and ~85–70 Ma, respectively, which indicates 
progressively greater involvement of Precambrian continental 
lithosphere in magma generation through time.  The Sri and 
geochemical data suggest that the most significant change in 
magmatic source occurred between ~150 and 85 Ma.  

geology.  In this region, metasedimentary and metavolcanic 
rocks of offshore (eugeoclinal) lithologic character (McCulloh, 
1952, 1960; Carr and others, 1997) are associated with a 
variety of plutonic rocks, some of which are characterized by 
initial 87Sr/86Sr (Sri) values <0.706 and other isotopic signa-
tures that indicate little or no Precambrian continental (sialic) 
lithosphere in their magmatic sources (Kistler, 1990; Miller 
and others, 1995).  The metasedimentary and metavolcanic 
rocks constitute the El Paso terrane of Silberling and others 
(1987, 1992) (fig. 1), which many geologists have interpreted 
as allochthonous because of its apparent juxtaposition against 
Paleozoic and early Mesozoic continental shelf deposits to 
the east (for example, Burchfiel and Davis, 1981; Miller and 
others, 1995).  The associated low-Sri plutonic rocks form a 
narrow, northwest trending belt that is surrounded by plutonic 
rocks with Sri > 0.706 and is bisected and offset by the late 
Cenozoic, left-lateral Garlock Fault (Kistler and Ross, 1990) 
(fig. 2).  The tectonic significance of the El Paso terrane and 
the associated low-Sri plutonic belt has been much debated but 
remains unresolved.

To address this gap in understanding, we are conducting 
a multifaceted investigation of the Lane Mountain area that 
includes detailed geologic mapping, uranium-lead (U-Pb) zir-
con geochronology, strontium isotopic analysis, and geochem-
ical analysis.  Preliminary results of this investigation, focused 
primarily on the geologic mapping, have been presented 
elsewhere (Brown, 2016a, 2016b; Brown and others, 2016, 
2018).  In this report, we present geochronologic, isotopic, and 
geochemical data from 10 samples of igneous rocks that were 
collected and analyzed in support of geologic mapping activi-
ties from 2014 to 2016.  These data build on previous analyti-
cal studies in the Lane Mountain area and strengthen the basis 
for interpreting the local and regional geologic framework and 
history.

Introduction
The Lane Mountain area is in the north-central Mojave 

Desert about 20 kilometers (km) northeast of Barstow, Califor-
nia (fig. 1), a region of complex and incompletely understood 
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Geographic Setting

The report area includes parts of the Lane Mountain, Wil-
liams Well, Paradise Range, and Coyote Lake 7.5’ quadran-
gles, which together supersede the older Lane Mountain 15’ 
quadrangle.  The area (fig. 3) encompasses bedrock uplands 
that extend northward and southeastward from Lane Moun-
tain, including the northern part of the Calico Mountains.  
These uplands drain eastward and northward into a broad, 
alluvial valley that includes Coyote Lake, which is about 2 km 
east of the report area.  Access to the area is provided by Fort 
Irwin Road (fig. 3) and a network of unpaved roads shown on 
the topographic quadrangle maps.

Previous Investigations and General 
Geologic Framework

The geology of the Lane Mountain 15’ quadrangle was 
mapped by McCulloh (1952, 1960), who distinguished numer-
ous units of (1) pre-Tertiary metamorphic and plutonic rocks 
and (2) Tertiary volcanic and sedimentary rocks.  Later analyti-
cal work added geochronologic, isotopic, and geochemical data 
that have refined the framework of both the pre-Tertiary and 
Tertiary rocks (Kistler and Peterman, 1978; Burke and others, 
1982; Miller and Sutter, 1982; Miller and Glazner, 1995; Miller 
and others, 1995; Singleton and Gans, 2008).  A modified ver-
sion of the map of McCulloh (1960) was published by Dibblee 
(2008).  

Figure 3 presents a simplified version of McCulloh’s 
(1960) mapping with updated age information (Brown and 
others, 2018; this report).  Four major lithologic assemblages 
are shown: (1) metamorphosed and deformed sedimentary 
and volcanic rocks of Paleozoic and Mesozoic age; (2) mostly 
mafic- to intermediate-composition plutonic rocks of late 
Permian to Late Jurassic age; (3) felsic plutonic rocks of late 
Cretaceous age; and (4) Tertiary volcanic and sedimentary 
rocks, including the Jackhammer and Pickhandle Formations of 
McCulloh (1952, 1960), that unconformably overlie the older 
assemblages.  Although the metamorphic rocks are intruded by 
both groups of plutonic rocks, some are demonstrably younger 
than the oldest rocks in the late Permian to Late Jurassic 
plutonic assemblage (Brown and others, 2018).  This relation 
complicates the geologic framework and indicates a complex, 
intertwined history of pre-Tertiary sedimentation, magmatism, 
metamorphism, and deformation.

Purpose and Scope
The primary purpose of this study was to determine 

Sensitive High-Resolution Ion MicroProbe–Reverse Geometry 
(SHRIMP–RG) U-Pb zircon ages for selected igneous rock 
units in the Lane Mountain area.  Because most of these units 

had been previously dated using other methods, a specific goal 
was to test and refine the existing ages.  Ten samples (table 
1) from both major plutonic suites (fig. 3, units JPp and Kp) 
and the Tertiary Lane Mountain volcanics of McCulloh (1952, 
1960) (fig. 3, part of unit Tvs) were dated.  In addition, whole-
rock geochemical analyses were obtained for all 10 samples, 
and whole-rock rubidium-strontium (Rb-Sr) isotopic data were 
obtained for 8.  These ages and analytical data provide a basis 
for reevaluating and, where necessary, revising the map units of 
McCulloh (1960). 

Methods
U-Pb zircon analyses were carried out on the U.S. Geolog-

ical Survey (USGS) SHRIMP–RG ion microprobe at Stanford 
University.  Zircon crystals were separated from ~1–2-kilogram 
(kg) samples using standard processing techniques.  Individual 
zircons from mineral separates were mounted in epoxy, pol-
ished, and coated with gold prior to analysis.  Cathodolumines-
cence (CL) images were used to select relatively homogeneous 
spots within compositionally zoned zircons.  Most zircons were 
analyzed at a single spot near the crystal rim, but some were 
also analyzed at a second spot in the interior area of the crystal.  
Analytical data reduction utilized the software programs Squid 
2 version 2.51 and Isoplot version 3.76 (Ludwig, 2009, 2012), 
which calculated trace element concentrations and determined 
the weighted mean crystallization age of coherent groups of 
zircon spot analyses for each sample.  Trace element concentra-
tions were calibrated to MAD-559 zircon standard (Coble and 
others, 2018).

Determinations of Sri involved three steps.  First, the iso-
topic ratio of 87Sr/86Sr for each powdered sample was measured 
on a Finnigan MAT 261 solid source mass spectrometer at the 
USGS in Menlo Park, California, with methods consistent with 
those reported by Bayless and others (2004).  That ratio and the 
Rb and Sr concentrations determined by inductively coupled 
plasma atomic emission spectroscopy-mass spectrometry (ICP-
AES-MS) geochemical analysis (see below) were then used 
to calculate the 87Rb/86Sr isotopic ratio.  Finally, both isotopic 
ratios and the U-Pb zircon age of the sample were used to 
calculate the Sri.

Whole-rock geochemical analyses were performed under 
contract to the USGS using wavelength dispersive X-ray fluo-
rescence (WDXRF) and ICP-AES-MS.  We used the commer-
cial software program IgPet by RockWare® to create graphic 
displays of the geochemical data.

Results
Table 1 lists the samples studied for this report and gives 

the principle analytical results for each.  Table 2 provides 
lithologic descriptions, and figure 3 shows the mapped sample 
localities.  Table 3 presents zircon U-Pb and trace element 
data, and figures 4 and 5 show weighted mean zircon ages for 
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each sample.  Table 4 presents Rb-Sr isotopic data and figure 
6 shows the relation between Sri and sample age.  Tables 5 
and 6 present WDXRF and ICP-AES geochemical analyses, 
respectively, and figures 7–14 illustrate various geochemical 
parameters that help characterize and differentiate the sampled 
rocks.  The WDXRF data were used to produce total alkali-
silica (TAS), aluminum saturation index (ASI), and modified 
alkali-lime index (MALI) plots (figs. 7–9); the ICP-AES data 
were used to produce spider plots of rare-earth and trace ele-
ments (REE and TE) (figs. 10, 11) and selected discrimination 
diagrams (figs. 12–14).  The analytical results are summarized 
below.

Late Permian to Late Jurassic Plutonic Rocks

Geochronology
McCulloh (1960) mapped a widespread unit of dioritic 

and gabbroic plutonic rocks of presumed Mesozoic age as 
the informally named Larrea complex (most of unit JPp on 
fig. 3).  Miller and Sutter (1982) determined a Late Jurassic 
crystallization age of ~148 mega-annum (Ma) for rocks in 
the eastern part of the Larrea complex from 40Ar-39Ar data on 
hornblende.  By contrast, Miller and others (1995) obtained 
an early Middle Triassic U-Pb zircon crystallization age of 
~240 Ma for rocks in the western part of the Larrea complex 
(their Lane Mountain diorite) using multicrystalline thermal 
ionization mass spectrometry (TIMS).  The significance of 
this nearly 100 million-year  difference in age has not been 
addressed by previous work.

We obtained ages from three zircon samples of the Lar-
rea complex in our study area to test these earlier results (fig. 
3).  Sample 14-LM-43 is quartz diorite from the western part 
of the Larrea complex near the sample of Miller and others 
(1995); samples 14-LM-154 and 14-LM-490 are gabbro and 
quartz diorite, respectively, from the eastern part of the Larrea 
complex within the area studied by Miller and Sutter (1982).  
We also obtained ages using a more felsic sample, 14-LM-1, 
from the Daisy granodiorite of McCulloh (1960), which is spa-
tially associated with the eastern part of the Larrea complex 
(and is part of unit JPp on figure 3).  

Our sample 14-LM-43 yielded a weighted mean age 
of 252.8 ± 1.9 Ma (fig. 4), which is close to the currently 
accepted Permian–Triassic boundary age of ~252.2 Ma (Grad-
stein and others, 2012) and is in approximate agreement with 
the younger ~240 Ma TIMS age reported by Miller and others 
(1995).  By contrast, our other three samples yielded Late 
Jurassic ages close to the ~148 Ma age reported by Miller and 
Sutter (1982).  From oldest to youngest, samples 14-LM-1, 
14-LM-490, and 14-LM-154 yielded weighted mean ages of 
150.7 ± 3.0, 148.9 ± 2.6, and 146.0 ± 3.8 Ma respectively (fig. 
4).  These results confirm that the Larrea complex contains 
rocks of two very different ages and likely is a composite 
unit.  In addition, the data show that the Daisy granodiorite 

is approximately coeval with the Late Jurassic rocks of the 
Larrea complex.  A similar dataset was recently published by 
Cecil and others (2019), who determined U-Pb zircon ages of 
~253 and ~149 Ma, respectively, for a quartz diorite pluton 
and a quartz monzonite pluton about 4 km west of the present 
study area using individual-crystal laser ablation-inductively 
coupled plasma-mass spectrometry (LA-ICP-MS). 

Sr Isotopic Data
Miller and others (1995) determined Sri = 0.70370 from 

their ~240 Ma dated sample and Sri = 0.70400 and 0.70419 
from two other nearby samples presumed to be of about the 
same age.  These low Sri values, together with neodymium 
(Nd) and Pb isotopic data from the same samples, indicated 
“limited continental crust involvement” (Miller and oth-
ers, 1995) in the source of the sampled plutonic rocks.  Our 
late Permian–Early Triassic sample 14-LM-43 yielded Sri = 
0.70396 (fig. 6), very similar to the results of Miller and others 
(1995).

By contrast, Miller and Glazner (1994) determined Sri 
values between 0.7050 and 0.7063 for several plutonic rock 
samples of presumed Late Jurassic age in and near the Lane 
Mountain area.  These Sri values, together with Nd isotopic 
data from the same samples, indicated greater involvement 
of Precambrian continental lithosphere in the generation of 
these magmas than those of the older rocks.  Sri values from 
our Late Jurassic samples 14-LM-1, 14-LM-154, and 14-LM-
490 (0.70590, 0.70553, and 0.70511, respectively; fig. 6) are 
consistent with the results of Miller and Glazner (1995).

Geochemistry
TAS, ASI, and MALI plots (figs. 7–9) show that our late 

Permian–Early Triassic sample 14-LM-43 is dioritic, meta-
luminous, and calc-alkalic.  On the same plots, Late Jurassic 
samples 14-LM-154, 14-LM-490, and 14-LM-1 range from 
gabbroic to granodioritic, from metaluminous to weakly 
peraluminous, and from calcic to calc-alkalic, respectively.  
Similar major-element geochemical compositions for rocks of 
the same age groups were reported by Miller and others (1995) 
and Miller and Glazner (1995).

Our other plots (figs. 10–14) further illustrate the gener-
ally similar geochemical properties of all four of our late 
Permian to Late Jurassic plutonic rock samples.  All four 
samples show similar REE and TE spider plot patterns (figs. 
10, 11), with a negative niobium (Nb) anomaly and positive 
potassium (K) and Pb anomalies on the TE plot.  All four 
samples also have YbN > 9 and LaN/YbN < 12 (fig. 12) and Y > 
16 parts per million (ppm) and Sr/Y < 30 (fig. 13).  Finally, the 
four samples form a linear array near the right-hand boundary 
of the VAG (volcanic arc granites) field of the Rb vs. (Y+Nb) 
diagram (fig. 14).  Of the four samples, the Late Jurassic gab-
bro (14-LM-154) is the most chemically distinct. 
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Late Cretaceous Plutonic Rocks

Geochronology
McCulloh (1960) mapped two large bodies of light-gray, 

felsic plutonic rocks as the informally named Jack Spring 
quartz monzonite, one in the southwestern part of the pres-
ent study area and one in the northeastern part (Kp on fig. 3).  
McCulloh (1952, 1960) tentatively considered this unit to be 
of Mesozoic age and noted that it intruded rocks of the Larrea 
complex and Daisy granodiorite.  Miller and Sutter (1982) 
inferred a Late Cretaceous age of intrusion for the northeastern 
body based on an average 40Ar-39Ar mica (biotite and musco-
vite) cooling age of ~78.4 Ma.

To test this result, we obtained ages from two zircon 
samples of Jack Spring quartz monzonite, one from each plu-
tonic body in the study area (fig. 3).  Sample 14-LM-64 from 
the northeastern body yielded a weighted mean age of 81.6 
± 1.7 Ma, and sample 15-LM-1076 from the southwestern 
body yielded a weighted mean age of 84.7 ± 1.3 Ma (fig. 4), 
consistent with the Late Cretaceous cooling age of Miller and 
Sutter (1982). 

McCulloh (1952, 1960) also mapped a unit of “quartz 
latite porphyry dikes” that he recognized as younger than the 
other plutonic rocks in the area and to which he assigned an 
early Tertiary(?) age.  We obtained ages from three zircon 
samples of this previously undated unit.  Sample 15-LM-1124 
is from a dike mapped by McCulloh (1960) near the north-
east boundary of our study area, where it intrudes the Larrea 
complex; sample 16-LM-1301 is from a dike (not mapped by 
McCulloh) that cuts the northeastern body of the Jack Spring 
quartz monzonite; and sample HJB-3 is from a relatively 
large stock (not mapped by McCulloh) that intrudes metasedi-
mentary rocks near the south margin of our study area (fig. 
3).  These samples yielded weighted mean ages of 77.3 ± 1.6, 
~79.7 ± 1.5, and ~72.4 ± 1.9 Ma, respectively and indicate a 
Late Cretaceous, not an early Tertiary age (fig. 5).  Notably, all 
these samples contained a substantial number of older, inher-
ited zircons that were excluded from the age determinations.  
The inherited zircons included slightly older Late Cretaceous 
grains, Late Jurassic to Early Cretaceous grains, and a few 
Precambrian grains as old as ~1600 Ma (table 3).

Sr Isotopic Data
We determined Sri values of 0.70877 and 0.70809 for 

pluton samples 14-LM-64 and 15-LM-1076 and slightly 
higher values of 0.70976 and 0.70985 for porphyry samples 
16-LM-1301 and HJB-3, respectively (fig. 6).  These values 
are well above the Sri = 0.706 isopleth value of Kistler (1990) 
and indicate substantial involvement of Precambrian continen-
tal lithosphere in the generation of these magmas in contrast to 
the lower Sri values of the older rocks.

Geochemistry
Our five Late Cretaceous samples are all chemically 

similar and range from granodioritic to granitic, from weakly 
metaluminous to weakly peraluminous, and from weakly 
calcic to calc-alkalic (figs. 7–9).  On figures 7–9, the Late Cre-
taceous samples cluster with the most felsic Late Jurassic sam-
ple 14-LM-1 (Daisy granodiorite).   On the other plots (figs. 
10–14), however, the Late Cretaceous samples, as a group, are 
readily distinguished from all the older samples.  For example, 
the Late Cretaceous samples have a steeper REE profile (fig. 
10) and a somewhat different TE profile (fig. 11) than the older 
samples, with lower titanium–lutetium (Ti–Lu) and slightly 
stronger Nb, K, Pb, and phosphorus (P) anomalies.  The Late 
Cretaceous samples also differ from the older samples in hav-
ing YbN < 6 and LaN/YbN > 24 (fig. 12) and Y<12 and Sr/Y>50 
(fig. 13).  Finally, the Late Cretaceous samples plot to the left 
of the older samples in the VAG (volcanic arc granites) field 
of the Rb vs. (Y+Nb) diagram (fig. 14).  At the same time, 
Late Cretaceous pluton samples 14-LM-1 and 15-LM-1076 
are quite distinct from each other on all the plots, suggesting 
that they could represent separate intrusive bodies of slightly 
different age.

Lane Mountain Volcanics

Geochronology
McCulloh (1952, 1960) informally named the Lane 

Mountain volcanics to include a variety of volcanic rocks that 
he considered to be of Pliocene(?) age because they appeared 
to overlie a broad erosional surface that he interpreted to be 
post-Miocene.  This unit includes a prominent sequence of 
felsic volcanic rocks that form the upper slopes and summit 
area of Lane Mountain itself.  As mapped by McCulloh (1952, 
1960), this sequence consists of a basal unit of conglomerate 
and white tuffaceous rocks ~30 meters (m) thick, an overly-
ing unit of black vitrophyre ~10 m thick, and a massive unit 
of volcanic rocks ~150 m thick (with the top eroded) that he 
described as latite flows.  Burke and others (1982) determined 
a sanidine K-Ar age of ~23.1 ± 0.2 Ma for a sample near the 
base of the massive latite unit of McCulloh (1952, 1960), indi-
cating that this unit was much older (late Oligocene or early 
Miocene) than previously suspected.

To test this age, we obtained an age from a zircon sample 
of volcanic rocks a few meters above the top of the black 
vitrophyre layer on the west side of Lane Mountain, near 
the sample locality of Burke and others (1982).  Our sample 
(16-LM-1304) yielded a weighted mean age of 22.3 ± 0.3 Ma, 
which is slightly younger than the previously determined age 
and indicates that this unit is early Miocene.
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Geochemistry
WDXRF analysis shows that sample 16-LM-1304 is 

rhyolitic, weakly peraluminous, and calc-alkalic (figs. 7–9).  
On the REE spider plot (fig. 10), this sample has a pattern 
similar to late Permian to Late Jurassic plutons, but with 
slightly higher gadolinium–lutetium (Gd–Lu) and a sharp 
negative Eu anomaly.  The TE spider plot pattern (fig. 11) also 
resembles that of the late Permian to Late Jurassic plutons, 
but with prominent negative P and Ti anomalies and very high 
Cs and Rb.  Finally, sample 16-LM-1304 also plots in close 
association with the late Permian to Late Jurassic plutons on 
discrimination diagrams (figs. 12–14).  These similarities are 
somewhat surprising given the differences in age and major-
element composition between the rhyolite and these plutonic 
rocks but suggest that the rhyolite could have been melted 
from rocks similar to the Larrea complex.  

Discussion
The data presented in this report clarify several aspects of 

the bedrock geology and geochronology of the Lane Mountain 
area.  The Larrea complex of McCulloh (1960) contains rocks 
of both late Permian–Early Triassic and Late Jurassic ages 
that presumably represent two separate intrusive events.  In 
addition, the Daisy granodiorite of McCulloh (1960) likely 
represents a relatively felsic end member of the Late Jurassic 
part of the Larrea complex.  The close similarity of our Late 
Jurassic U-Pb zircon ages to the ~148 Ma 40Ar-39Ar horn-
blende age of Miller and Sutter (1982) suggests rapid cooling 
and (or) shallow emplacement of these plutonic rocks.  The 
Jack Spring quartz monzonite of McCulloh (1960) is con-
firmed as Late Cretaceous and may consist of two separate 
intrusive bodies of slightly different age and chemical com-
position.  Porphyritic dikes questionably assigned an early 
Tertiary age by McCulloh (1952, 1960) are Late Cretaceous, 
only slightly younger than the Jack Spring quartz monzonite.  
Finally, felsic volcanic rocks at Lane Mountain are confirmed 
as early Miocene.

These data highlight the need for new geologic mapping 
in the Lane Mountain area.  For example, it is necessary to 
define and delineate a contact between the late Permian–Early 
Triassic and Late Jurassic parts of the Larrea complex, espe-
cially because some of the associated metasedimentary rocks 
are younger than the oldest plutonic rocks as noted earlier.  
Another mapping issue involves correlation of the ~22.3 Ma 
rhyolite of Lane Mountain, which is demonstrably older than 
the ~19 Ma Pickhandle Formation (Singleton and Gans, 2008) 
but is not exposed in stratigraphic sequence beneath that unit.  
Our preliminary mapping (Brown and others, 2018) suggests 
that the ~22.3 Ma rhyolite may be a local volcanic flow cor-
relative with the upper part of the Jackhammer Formation, 
which underlies the Pickhandle Formation. 

The progressive increase in Sri values determined for 
plutonic rocks of decreasing age in the study area (fig. 6) 
indicates increasing involvement of Precambrian continental 

lithosphere in the generation of magmas through time, which 
suggests a complex magmatic and/or tectonic history.  The 
following are possible explanations for the increase of Sri:  (1) 
the successive magmas tapped increasingly older or more dif-
ferentiated parts of a static lithosphere, (2) the lithosphere was 
changing, with the crust perhaps thickening, between mag-
matic episodes, or (3) the older plutons originated in oceanic 
and/or transitional lithosphere and were tectonically emplaced 
above the continental lithosphere prior to the Late Cretaceous 
magmatic episode, akin to the interpretation of Miller and oth-
ers (1995).  In any case, this study shows that the low-Sri belt 
in the Lane Mountain area (fig. 2) is defined only by plutonic 
rocks of late Permian to Late Jurassic age and does not involve 
the Late Cretaceous rocks. 

The late Permian–Early Triassic and Late Jurassic 
plutonic rocks of this study are chemically similar and could 
have originated in a similar, relatively primitive lithospheric 
environment, with the higher Sri of the Late Jurassic plutons 
possibly reflecting assimilation of continent-derived sedimen-
tary rocks (Miller and Glazner, 1995).  The Late Cretaceous 
plutonic rocks, by contrast, are chemically distinct from the 
older plutons and seem to have originated in thick Precam-
brian continental lithosphere based on their high Sri values.  
The biggest change in magmatic source, whatever the underly-
ing cause, thus appears to have taken place between ~150 and 
~85 Ma.  More detailed geochronologic, geochemical, and 
isotopic studies of all these plutonic rocks are needed to better 
understand their magmatic and tectonic significance.

Summary
Igneous rocks in the Lane Mountain area consist of 

the Larrea complex, Daisy granodiorite, Jack Spring quartz 
monzonite, unnamed porphyritic dikes and stocks, and the 
Lane Mountain volcanics (McCulloh, 1952, 1960).  The new 
geochronologic, isotopic, and geochemical data presented 
here serve to better characterize these rocks and test previous 
determinations of their ages.  SHRIMP-RG U-Pb dating of 
zircons shows that (1) the Larrea complex is a composite unit 
containing rocks of late Permian–Early Triassic (~253 Ma) 
and Late Jurassic (~149–146 Ma) age; (2) the Daisy grano-
diorite is Late Jurassic (~151 Ma); (3) the Jack Spring quartz 
monzonite and the unnamed porphyry dikes are Late Creta-
ceous (~85–82 Ma and ~80–73 Ma, respectively); and (4) 
rhyolite of the Lane Mountain volcanics is early Miocene (~22 
Ma).  Sr isotope analysis shows that Sri in the plutonic rocks 
increases from ~0.704 for samples of late Permian–Early 
Triassic age, to ~0.705–0.706 for samples of Late Jurassic 
age, to ~0.708–0.710 for samples of Late Cretaceous age. This 
increase indicates progressively greater involvement of Pre-
cambrian continental lithosphere in magma generation through 
time.  Geochemical data suggest that the greatest change in 
magmatic source occurred between the Late Jurassic and Late 
Cretaceous, although the underlying cause of this change is 
unresolved.
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Table 1.  Location and basic lithologic, geochronologic, isotopic, and geochemical information for rock samples studied for this report.

[Values for SiO2 and K2O+Na2O are in normalized weight percent (volatile free). Sri, is the calculated initial 87Sr/86Sr ratio; Ma, mega-annum. See tables 2–6 for 
detailed information]

Sample No.
Latitude (N) 

Longitude (W) 
(NAD27)

Map 
Unit 

(Fig. 2)

Unit of McCulloh 
(1960)

Lithology Age (Ma) Sri

SiO2 
(%)

K2O+Na2O 
(%)

14-LM-1 35° 05’ 50.9”
116° 52’ 16.8”

JPp Daisy
granodiorite

Granodiorite 150.7 ± 2.7 0.70590 67.50 7.21

14-LM-43 35° 10’ 24.0”
116° 56’ 32.1”

JPp Larrea complex Quartz diorite 252.8 ± 1.5 0.70396 57.47 5.73

14-LM-64 35° 09’ 00.8”
116° 54’ 36.7”

Kp Jack Spring
quartz

monzonite

Granite 81.6 ± 1.5 0.70877 69.92 7.56

14-LM-154 35° 06’ 07.2”
116° 52’ 39.3”

JPp Larrea complex Gabbro 146.0 ± 3.6 0.70553 49.96 3.17

14-LM-490 35° 06’ 51.6”
116° 55’ 12.4”

JPp Larrea complex Quartz diorite 148.9 ± 2.2 0.70511 61.08 6.07

15-LM-1076 35° 04’ 27.0”
116° 56’ 36.4”

Kp Jack Spring
quartz

monzonite

Granodiorite 84.7 ± 0.9 0.70809 68.69 6.80

15-LM-1124 35° 08’ 18.5”
116° 52’ 39.7”

— Quartz latite
porphyry

dike

Granite
porphyry

77.3 ± 1.3 — 70.72 7.42

16-LM-1301 35° 09’ 47.7”
116° 53” 56.1”

— Not mapped Granodiorite
porphyry

79.7 ± 1.3 0.70976 68.90 7.22

16-LM-1304 35° 05’ 20.9”
116° 56’ 35.7”

Tvs Lane Mountain
volcanics

Rhyolite 22.3 ± 0.2 — 75.42 8.43

HJB-3 35° 02’ 07.6”
116° 50’ 22.3”

— Not mapped Granite
porphyry

72.4 ± 1.7 0.70985 69.81 7.41
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Table 2.  Sample descriptions, Lane Mountain area, San Bernardino County, California.

Sample Lithologic Description

14-LM-1 Medium-grained (1–3 mm) plutonic rock composed of ~30% quartz, 30% potassium feldspar, 20% plagioclase, and 20% 
mafic minerals.  Plagioclase euhedral to subhedral; potassium feldspar is poikilitic.  Primary mafic mineral is biotite; 
hornblende and opaque minerals are minor.  Mafic minerals generally form irregular, multi-crystalline clots; some biotite 
forms single crystals to 1.5 mm long.  Opaque minerals minor.

14-LM-43 Medium- to coarse grained (3–4 mm) plutonic rock composed of ~45% plagioclase, 15% potassium feldspar, 10% quartz, 
and 30% mafic minerals.  Plagioclase forms subhedral to nearly euhedral crystals as long as 3 mm; other minerals are 
anhedral.  Mafic minerals are hornblende, pyroxene(?), biotite, and opaques, all commonly occurring together in irregu-
lar, multi-crystalline clots.

14-LM-64 Medium-grained (1–3 mm) plutonic rock composed of ~40% plagioclase, 30% potassium feldspar, 25% quartz, and 5% 
mafic minerals.  Plagioclase anhedral to euhedral, partly sericitized; potassium feldspar is poikilitic microcline.  Primary 
mafic mineral is biotite that generally occurs as single crystals.  Small crystals of hornblende are rare.  Accessory sphene 
is conspicuous in thin section. 

14-LM-154 Medium-grained (~2 mm) plutonic rock composed of subequal amounts of plagioclase and mafic minerals and <5% quartz.  
Plagioclase is well preserved and forms randomly oriented, subhedral laths.  Only mafic mineral is hornblende that 
forms irregular clots approximately 4 mm across.

14-LM-490 Medium-grained (2–3 mm) plutonic rock composed of ~35% plagioclase, 10% potassium feldspar, 15% quartz, and 40% 
mafic minerals.  Plagioclase is well preserved and forms subhedral to euhedral crystals as long as 3 mm.  Potassium 
feldspar forms small, irregular, fine-grained, polycrystalline enclaves.  Mafic minerals consist of subequal biotite and 
hornblende that are closely associated in irregular clots.   

15-LM-1076 Coarse-grained (3–5 mm) plutonic rock composed of ~35% plagioclase, 30% potassium feldspar, 25% quartz, and 10% 
mafic minerals.  Plagioclase forms anhedral to euhedral, blocky crystals as long as 5 mm.  Potassium feldspar is anhedral 
and surrounds plagioclase.  Quartz forms large anhedral crystals as wide as 5 mm.  Mafic minerals, mostly or entirely 
biotite, form irregular crystals approximately 7 mm across. 

15-LM-1124 Porphyritic plutonic rock composed of a fine-grained felsic groundmass and ~50% phenocrysts as much as ~7 mm across.  
In decreasing order of abundance, phenocrysts are plagioclase, quartz, and potassium feldspar.  Plagioclase phenocrysts 
are commonly tabular and euhedral; potassium feldspar phenocrysts are blocky; quartz phenocrysts range from euhedral 
to subspherical.  Small mafic crystals (biotite and minor hornblende), mostly <1 mm across, make up ~15% of the rock.  

16-LM-1301 Porphyritic plutonic rock composed of a fine-grained felsic groundmass and ~60% plagioclase and quartz phenocrysts 
mostly ≤5 mm across. Biotite phenocrysts ≤1 mm across make up ~15% of the rock.  Small sphene phenocrysts, visible 
in thin section, are rare.  Thin section shows complex intergrowths of potassium feldspar crystals in groundmass.

16-LM-1304 Reddish-brown, flow-banded volcanic rock containing ~20% small phenocrysts of quartz, plagioclase, biotite, and rare 
hornblende in a glassy to finely crystalline groundmass. Phenocrysts are mostly ≤1.5 mm across and mostly euhedral to 
subhedral; some quartz phenocrysts are subspherical.

HJB-3 Porphyritic plutonic rock composed of a fine-grained felsic groundmass and ~50% quartz and plagioclase phenocrysts as 
long as 10 mm.  Plagioclase phenocrysts are partially to completely sericitized.  Quartz phenocrysts range from anhedral 
to nearly euhedral.  Small biotite crystals, which are commonly replaced by chlorite, make up ~5% of rock.  Small 
sphene phenocrysts are rare but conspicuous in thin section.
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Table 3.  SHRIMP-RG U-Pb zircon data for samples analyzed in this report, Lane Mountain area.

[Spot designations indicate sample number, crystal number, and spot number for each zircon analysis. For example, spot 1-01.1 indicates sample 1, crystal 01, and spot 1. Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), 
Neodymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

[Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neodymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

 Spot 204Pb 
/206Pb

±% 207Pb 
/206Pb

±% 208Pb 
/206Pb

±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb 
/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd 
(ppm)

Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

43-16.1 6.2E-5 71 0.0505 2.0 0.18 1.6 −0.12 219 119 0.0410 1.8 259 ±5 508.6 0.01 11.0 0.5 1.4 0.3 10.0 43.1 81.9 155.5 6,464.7 7.0 4.1

43-17.1 2.3E-3 70 0.0836 13.9 0.26 9.6 4.06 206 109 0.0399 3.2 242 ±8 442.7 0.11 9.6 0.4 1.0 0.2 9.4 37.9 75.8 152.4 6,748.6 6.8 13.0

43-18.1 8.9E-5 24 0.0515 0.8 0.15 0.7 0.01 1,500 671 0.0413 2.4 261 ±6 646.7 0.10 18.8 0.4 1.0 0.2 10.0 53.1 118.9 259.4 10,110.5 2.6 4.7

43-18.2 6.6E-5 100 0.0459 3.0 0.13 2.8 −0.67 114 42 0.0399 0.9 254 ±2 271.9 0.01 8.1 0.2 0.6 0.1 4.5 23.9 49.9 106.0 9,036.2 7.1 3.2

43-19.1 6.2E-5 38 0.0490 1.1 0.16 0.9 −0.29 997 514 0.0400 2.1 254 ±5 1311.2 0.00 20.3 1.2 3.5 0.4 27.1 103.0 212.1 415.8 9,324.9 3.5 7.6

 Spot 204Pb/206Pb ±% 207Pb/206Pb ±% 208Pb/206Pb ±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

Sample 14-LM-1

1-01.1 — — 0.0504 4.3 0.17 4.9 0.16 143 70 0.0237 2.6 151 ±4 592.9 0.01 15.1 0.4 1.1 0.3 11.5 47.8 105.6 211.4 7,642.5 9.0 2.7

1-02.1 6.1E-4 18 0.0621 2.2 0.12 3.7 1.77 1,834 604 0.0158 3.9 99.5 ±4 1,371.7 11.53 141.7 29.2 22.2 6.7 58.6 121.3 229.7 539.4 9,583.9 64.3 204.4

1-03.1 9.9E-4 38 0.0500 4.2 0.14 5.4 0.11 121 53 0.0240 3.8 153 ±6 604.2 0.01 13.5 0.4 1.1 0.3 11.1 48.5 110.0 230.9 7,336.2 9.6 2.2

1-04.1 5.1E-4 58 0.0520 4.5 0.18 5.2 0.36 109 55 0.0239 3.3 152 ±5 546.0 0.05 11.3 0.4 1.2 0.4 11.8 46.0 100.1 198.8 7,198.0 11.7 3.1

1-05.1 1.2E-4 100 0.0477 4.0 0.16 4.6 — 149 71 0.0236 2.9 151 ±4 491.3 0.01 14.6 0.3 1.0 0.3 9.6 40.4 89.5 192.5 7,442.4 7.7 2.4

1-06.2 8.9E-4 33 0.0590 3.4 0.11 5.2 1.21 387 100 0.0261 1.9 164 ±3 381.8 2.81 15.0 0.2 0.5 0.1 6.0 27.7 64.5 145.3 6,222.9 4.7 17.3

1-07.2 6.5E-4 45 0.0531 3.9 0.15 5.0 0.52 134 54 0.0230 3.1 146 ±4 394.5 0.01 13.9 0.2 0.6 0.2 6.7 32.4 72.2 162.3 8,424.4 6.9 3.2

1-08.2 −5.7E-4 58 0.0559 4.7 0.15 11.9 0.87 100 46 0.0236 3.1 149 ±5 478.1 0.00 12.9 0.4 1.2 0.4 11.1 42.5 85.4 171.3 8,357.7 7.8 0.7

1-09.2 3.9E-4 100 0.0740 6.1 0.26 6.6 3.09 140 88 0.0272 3.3 167 ±6 685.5 2.38 14.1 0.9 2.0 0.5 17.9 51.1 105.3 178.9 4,213.9 7.6 99.5

1-10.2 1.6E-4 100 0.0531 4.3 0.17 5.0 0.51 123 56 0.0233 3.0 148 ±4 507.0 0.01 12.9 0.2 0.8 0.3 9.4 40.5 91.8 194.2 7,740.4 7.3 1.7

1-11.2 6.0E-4 33 0.0546 2.8 0.18 5.3 0.73 301 135 0.0216 4.1 137 ±6 513.4 0.12 18.8 0.3 0.9 0.2 8.7 39.3 90.7 193.6 6,841.3 4.5 9.3

1-12.1 — — 0.0486 3.6 0.24 3.5 — 195 143 0.0240 3.4 153 ±5 1,497.4 0.04 16.0 2.3 4.9 1.3 40.7 124.3 256.0 443.6 7,189.3 12.7 0.9

1-13.1 1.4E-3 32 0.0569 14.0 0.24 12.1 0.97 129 84 0.0247 2.6 156 ±4 911.5 0.05 12.7 1.4 2.7 0.8 23.9 78.2 157.4 287.9 7,202.6 12.1 6.1

1-14.1 1.0E-3 35 0.0514 4.4 0.17 4.6 0.29 142 66 0.0242 3.8 153 ±6 504.7 0.01 17.1 0.3 0.9 0.2 9.5 46.5 92.7 185.1 8,767.4 8.3 3.1

1-15.1 4.6E-4 50 0.0518 3.9 0.25 3.6 0.35 158 109 0.0233 3.3 148 ±5 724.1 0.30 17.4 0.6 1.6 0.4 16.2 63.0 126.6 237.4 7,746.0 6.9 7.0

Sample 14-LM-43

43-01.1 2.9E-5 58 0.0495 1.1 0.12 2.8 −0.22 757 281 0.0395 1.2 250 ±3 630.5 0.01 12.8 0.1 0.7 0.1 9.5 50.0 113.7 260.7 11,135.6 3.2 11.6

43-01.2 1.2E-4 71 0.0508 2.7 0.19 2.2 −0.07 117 64 0.0405 2.0 256 ±5 395.7 0.02 9.4 0.2 0.8 0.2 7.0 34.4 76.2 142.9 7,929.1 7.2 1.3

43-02.1 2.4E-4 38 0.0493 2.1 0.23 1.5 −0.22 204 141 0.0385 1.3 244 ±3 733.5 0.02 10.6 1.9 3.5 0.5 20.9 69.5 121.0 214.3 6,124.0 6.9 52.6

43-03.1 −1.3E-4 58 0.0503 2.3 0.09 2.6 −0.08 171 47 0.0373 2.6 236 ±6 337.2 0.04 6.9 0.4 1.1 0.2 6.8 29.9 55.5 105.7 5,875.8 7.9 21.1

43-04.1 — — 0.0503 4.0 0.22 1.7 −0.11 176 124 0.0394 1.9 249 ±5 811.4 0.04 10.6 2.0 3.7 0.7 25.1 75.6 139.3 229.1 6,600.3 12.0 2.6

43-05.1 9.0E-5 58 0.0481 2.0 0.22 1.4 −0.41 242 169 0.0406 1.1 258 ±3 1,063.5 0.05 14.2 2.1 4.0 0.7 27.0 94.4 175.0 298.6 7,105.8 9.8 4.0

43-06.1 — — 0.0483 2.9 0.26 1.8 −0.37 135 104 0.0395 1.3 251 ±3 698.5 0.25 9.4 1.6 3.5 0.6 20.3 66.6 111.6 181.3 5,668.8 24.8 8.1

43-07.1 1.5E-4 50 0.0486 2.2 0.27 1.6 −0.33 184 152 0.0396 2.2 251 ±6 790.8 0.01 9.6 1.7 3.1 0.6 23.9 74.8 132.2 211.2 5,628.7 13.4 1.7

43-08.1 −1.7E-5 71 0.0508 1.0 0.16 1.8 −0.05 880 437 0.0395 1.3 250 ±3 755.4 0.01 20.6 0.4 1.2 0.2 11.7 59.2 130.5 277.5 9,603.0 3.8 1.6

43-09.1 2.5E-5 71 0.0510 1.2 0.14 1.1 −0.03 612 270 0.0399 1.5 253 ±4 551.4 0.01 15.6 0.3 1.1 0.1 9.1 44.9 96.3 210.5 8,741.2 3.4 1.6

43-09.2 6.6E-5 41 0.0505 1.2 0.22 0.9 −0.10 659 451 0.0402 1.8 254 ±5 1,763.1 0.03 24.9 2.0 4.0 0.8 42.5 165.8 356.3 668.8 12,671.7 5.7 12.8

43-10.1 — — 0.0509 2.3 0.23 1.6 −0.05 180 126 0.0398 1.8 252 ±5 755.7 0.07 8.5 2.0 3.2 0.7 20.7 72.5 122.3 203.1 5,561.2 13.1 2.2

43-11.1 1.6E-4 45 0.0513 2.0 0.23 1.5 0.02 228 162 0.0395 2.7 250 ±7 928.2 0.02 13.6 1.8 3.6 0.6 23.1 86.9 157.7 278.9 7,440.3 7.9 3.6

43-12.1 1.2E-3 19 0.0532 2.3 0.24 3.0 0.26 169 114 0.0386 0.8 244 ±2 614.3 0.02 9.8 0.5 1.6 0.3 14.4 55.1 102.9 177.9 5,894.7 7.0 5.1

43-13.1 9.1E-5 71 0.0505 4.4 0.14 5.1 −0.11 174 78 0.0407 2.1 257 ±5 363.5 0.09 12.3 0.2 0.6 0.1 6.5 30.3 63.8 131.3 8,561.1 6.1 180.4

43-14.1 — — 0.0491 1.1 0.02 2.8 −0.28 802 37 0.0404 1.6 256 ±4 150.9 0.01 6.9 0.0 0.1 0.0 1.2 10.5 28.1 81.7 9,260.6 1.3 2.0

43-15.1 2.0E-4 45 0.0503 5.3 0.25 1.6 −0.13 178 133 0.0399 1.9 253 ±5 803.7 0.04 10.1 1.8 3.4 0.6 23.4 74.3 134.0 214.4 5,673.1 12.1 1.5
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Table 3.  SHRIMP-RG U-Pb zircon data for samples analyzed in this report, Lane Mountain area—Continued

[Spot designations indicate sample number, crystal number, and spot number for each zircon analysis. For example, spot 1-01.1 indicates sample 1, crystal 01, and spot 1. Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Tho-
rium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neodymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

Table 3.	 RIMP-RG U-Pb zircon data for sample 14-LM-1, Lane Mountain area—Continued

[Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neodymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

 Spot 204Pb 
/206Pb

±% 207Pb 
/206Pb

±% 208Pb 
/206Pb

±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb 
/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

154-02.2 −3.8E-4 45 0.0476 3.2 0.21 3.2 — 231 139 0.0234 3.9 150 ±6 175.5 0.01 3.5 0.2 0.5 0.4 4.0 20.6 31.6 78.0 5,467.0 3.7 5.0

154-03.2 3.3E-5 100 0.0495 2.1 0.14 2.5 0.06 502 207 0.0235 3.1 150 ±5 314.2 0.01 5.8 0.1 0.4 0.4 4.0 24.8 61.5 168.2 5,163.6 6.1 6.5

154-04.1 −3.8E-4 58 0.0520 4.0 0.17 8.5 0.38 133 61 0.0230 3.8 146 ±5 74.5 0.00 2.6 0.1 0.1 0.1 1.4 10.6 14.0 35.6 5,283.9 4.9 0.3

154-05.1 6.4E-4 38 0.0562 3.2 0.16 4.0 0.90 210 89 0.0237 3.1 150 ±5 154.7 0.39 3.6 0.1 0.3 0.2 2.8 15.7 29.9 83.5 5,834.4 5.4 184.0

154-06.2 — — 0.0482 2.7 0.22 2.7 — 305 202 0.0227 4.1 145 ±6 298.2 0.04 3.9 0.6 0.9 0.8 6.7 24.2 54.7 124.7 4,367.0 4.7 6.1

154-07.1 4.1E-5 100 0.0494 2.3 0.37 1.8 0.05 433 481 0.0232 3.5 148 ±5 723.5 0.17 7.3 1.0 1.9 1.8 19.1 57.6 121.5 250.2 3,986.0 8.8 118.3

154-07.2 1.6E-4 71 0.0493 3.2 0.20 3.4 0.03 220 125 0.0233 3.2 148 ±5 256.7 0.05 3.5 0.7 0.9 0.7 6.2 23.0 48.4 113.4 4,624.9 5.8 1.9

 Spot 204Pb/206Pb ±% 207Pb/206Pb ±% 208Pb/206Pb ±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

Sample 14-LM-43—Continued

43-20.1 1.5E-4 71 0.0527 3.0 0.19 2.4 0.16 105 62 0.0410 2.5 258 ±6 367.4 0.01 9.1 0.3 0.7 0.2 7.8 31.7 60.5 113.7 6,210.6 12.8 1.9

43-21.1 3.3E-5 58 0.0505 2.5 0.09 1.3 −0.13 751 186 0.0416 2.2 263 ±6 264.7 0.01 7.6 0.2 0.3 0.1 3.4 19.8 47.7 113.6 9,812.9 3.5 1.7

43-21.2 3.6E-5 100 0.0480 2.2 0.18 1.7 −0.41 222 120 0.0401 1.2 254 ±3 531.4 0.01 11.7 0.2 1.2 0.2 10.1 44.7 94.3 175.1 8,183.1 6.6 4.9

43-22.1 3.3E-5 71 0.0514 1.4 0.12 1.4 0.01 502 190 0.0400 1.3 253 ±3 621.3 0.01 15.4 0.2 0.8 0.1 9.5 52.4 127.8 294.1 15,928.1 4.2 1.5

43-22.2 2.6E-5 45 0.0504 0.8 0.02 2.0 −0.12 1,450 81 0.0401 1.2 254 ±3 318.8 0.01 11.4 0.1 0.2 0.1 3.5 23.5 72.7 219.7 19,188.8 1.7 2.2

Sample 14-LM-64

64-01.1 3.5E-4 71 0.0500 4.7 0.16 8.0 −0.08 110 55 0.0353 5.7 224 ±13 817.0 0.02 15.7 0.4 1.3 0.6 14.4 63.6 148.6 284.4 7,989 12.6 1.1

64-02.1 1.7E-3 19 0.0795 2.2 0.23 3.8 4.03 998 424 0.0117 2.7 72.1 ±2 790.2 38.63 169.7 29.9 15.0 10.7 46.9 87.2 118.7 232.9 12,502 10.7 414.3

64-03.1 1.8E-4 71 0.0480 3.4 0.22 4.7 0.06 691 505 0.0121 4.3 77.8 ±3 842.7 0.03 49.8 1.4 3.1 1.6 24.7 84.4 138.4 268.8 11,867 4.2 3.0

64-04.1 1.5E-4 71 0.0442 3.2 0.20 4.5 −0.45 715 428 0.0135 2.4 86.9 ±2 433.9 0.00 36.2 0.3 1.0 0.4 10.0 37.7 72.3 157.9 12,579 3.7 2.9

64-05.1 4.0E-4 71 0.0470 5.2 0.19 7.7 −0.08 272 154 0.0127 5.3 81.7 ±4 253.0 0.00 20.8 0.2 0.7 0.3 5.8 22.8 42.7 90.1 10,738 4.9 0.9

64-06.1 1.9E-4 100 0.0495 4.9 0.16 8.3 0.23 271 144 0.0128 5.8 81.7 ±5 400.0 0.71 23.0 0.4 0.9 0.4 8.6 34.7 67.2 145.5 10,352 5.3 1.5

64-07.1 5.6E-4 50 0.0462 4.4 0.30 5.1 −0.20 296 248 0.0142 3.0 91.3 ±3 111.4 0.00 14.5 0.1 0.2 0.1 2.7 9.1 17.7 38.9 10,229 1.8 1.6

64-08.1 7.0E-4 27 0.0639 2.3 0.33 2.9 2.07 845 810 0.0110 4.9 69.0 ±3 313.5 29.25 123.7 28.0 13.5 6.5 26.5 36.5 42.7 83.5 8,633 14.5 418.6

64-09.1 1.3E-3 22 0.0583 2.6 0.23 3.8 1.34 1,029 586 0.0126 2.4 79.8 ±2 838.2 9.06 99.7 12.6 8.2 5.0 28.5 80.4 132.4 249.3 10,773 14.5 201.2

64-10.1 1.3E-4 100 0.0490 4.0 0.19 6.1 0.15 501 275 0.0134 1.6 85.9 ±1 336.8 0.01 32.6 0.3 0.9 0.4 9.1 27.9 52.2 96.9 10,425 3.3 2.1

64-11.1 — — 0.0458 7.1 0.23 9.5 −0.24 147 126 0.0126 2.8 80.8 ±2 337.4 0.02 30.4 0.5 1.3 0.5 10.4 32.0 52.2 86.3 10,604 4.2 1.1

64-12.1 1.9E-3 24 0.0671 3.1 0.25 4.8 2.48 617 477 0.0116 2.4 72.8 ±2 478.4 13.57 87.4 13.3 8.3 4.7 25.0 54.4 74.5 144.9 12,889 12.9 149.3

64-13.1 2.4E-4 33 0.0487 1.9 0.26 4.0 0.10 2,820 1820 0.0143 5.5 91.2 ±5 353.9 6.28 57.4 3.6 2.3 1.5 12.2 32.9 53.5 116.7 11,463 11.6 46.9

64-14.1 −1.2E-4 100 0.0531 3.9 0.13 7.1 0.69 481 227 0.0129 3.5 82.3 ±3 410.9 0.00 33.6 0.1 0.8 0.3 8.3 34.8 70.1 152.8 12,952 3.8 1.7

64-15.1 4.3E-4 41 0.0552 2.9 0.12 5.6 0.97 749 261 0.0121 7.1 76.8 ±5 320.8 3.95 48.5 4.9 3.6 2.1 11.7 28.7 50.5 116.4 11,078 5.8 29.3

64-16.1 2.3E-3 17 0.0903 2.0 0.43 2.7 5.40 1,425 1,647 0.0121 2.2 73.2 ±2 1,259.2 32.82 188.1 31.9 14.3 12.5 66.0 146.9 193.1 331.2 12,594 50.4 385.7

64-17.1 −2.9E-4 100 0.0451 6.3 0.30 7.4 −0.32 197 208 0.0124 1.8 79.8 ±1 680.9 0.15 53.5 1.0 2.6 1.1 21.1 73.0 113.2 191.5 12,246 5.2 2.2

64-18.1 — — 0.0468 3.3 0.22 4.5 −0.11 600 412 0.0131 3.1 83.7 ±3 737.4 0.03 42.2 0.5 1.5 0.6 16.6 67.5 127.9 268.3 11,498 5.9 3.8

64-19.1 — — 0.0464 4.5 0.33 5.1 −0.14 533 506 0.0111 3.8 71.3 ±3 399.0 0.00 41.1 0.4 1.2 0.7 10.9 38.6 63.7 111.0 11,529 3.4 1.9

64-20.1 1.7E-4 100 0.0454 4.8 0.21 6.8 −0.30 314 199 0.0129 5.0 83.1 ±4 498.5 0.41 32.7 0.6 1.6 0.7 14.3 46.2 82.0 163.6 10,267 6.0 1.9

Sample 14-LM-154

154-01.1 1.6E-3 41 0.0486 5.9 0.35 4.7 — 120 101 0.0216 2.0 138 ±3 343.6 0.08 4.1 0.7 1.0 0.9 8.5 26.8 57.5 120.9 3,511.3 8.8 0.3

154-01.2 2.8E-4 41 0.0504 4.8 0.56 1.6 0.22 526 790 0.0206 2.7 131 ±4 1,049.3 0.12 9.2 1.1 3.3 3.3 32.8 84.9 174.7 335.7 3,532.3 6.6 1.3

154-02.1 8.4E-4 58 0.0646 5.4 0.18 6.9 1.99 54 23 0.0212 3.7 133 ±5 72.7 0.03 1.9 0.1 0.1 0.1 1.2 9.8 13.3 35.1 4,094.8 5.2 22.0

Figures and Tables 
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Table 3.  SHRIMP-RG U-Pb zircon data for samples analyzed in this report, Lane Mountain area—Continued

[Spot designations indicate sample number, crystal number, and spot number for each zircon analysis. For example, spot 1-01.1 indicates sample 1, crystal 01, and spot 1. Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neo-
dymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

 Spot 204Pb/206Pb ±% 207Pb/206Pb ±% 208Pb/206Pb ±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

Sample 14-LM-490

490_01.1 4.0E-3 32 0.0536 7.0 0.25 7.1 0.68 227 164 0.0175 2.9 111 ±3 1,182.1 0.05 0.05 1.0 2.1 1.0 23.0 77.9 190.8 354.4 6,316.0 9.6 0.9

490_02.1 4.4E-4 71 0.0585 5.1 0.36 4.4 1.27 258 245 0.0189 4.6 119 ±5 1,321.2 0.20 20.6 1.9 4.1 1.7 33.1 108.0 209.7 336.9 5,151.3 6.4 3.0

490_02.2 2.4E-3 35 0.0593 5.8 0.27 5.9 1.34 86 66 0.0205 5.1 129 ±7 774.9 0.07 10.6 1.2 2.5 0.8 20.1 69.2 128.7 223.9 5,673.7 10.5 2.6

490_03.1 — — 0.0539 4.2 0.17 9.7 0.66 153 81 0.0210 2.9 133 ±4 742.0 0.02 12.7 0.6 1.3 0.6 13.1 58.2 128.1 273.7 5,975.8 9.2 1.6

490_03.2 6.6E-3 16 0.0519 4.4 0.17 5.2 0.43 403 129 0.0188 3.8 120 ±5 325.2 0.46 11.6 0.2 0.5 0.2 6.3 24.6 56.8 126.3 7,762.9 3.8 1.3

490_04.1 4.2E-4 71 0.0508 5.1 0.28 4.7 0.26 85 64 0.0210 3.3 133 ±4 913.3 0.04 9.5 1.3 2.8 0.9 23.7 82.9 159.6 279.3 5,711.6 13.1 0.7

490_04.2 1.4E-4 50 0.0505 2.2 0.10 7.7 0.20 794 211 0.0221 2.9 141 ±4 787.9 0.65 16.2 1.8 2.8 1.1 20.1 68.6 134.9 273.4 9,443.9 9.1 39.7

490_05.1 1.5E-3 35 0.0617 4.4 0.16 5.7 1.62 90 37 0.0225 5.5 141 ±8 353.9 0.10 10.2 0.2 0.7 0.2 7.3 35.7 61.1 129.1 7,348.6 7.8 7.0

490_06.1 1.4E-3 38 0.0526 5.0 0.18 10.6 0.47 119 66 0.0220 4.0 140 ±6 549.5 0.01 14.4 0.3 0.9 0.4 10.4 46.6 93.2 187.8 6,702.7 8.9 2.2

490_07.1 1.3E-3 38 0.0564 10.6 0.18 5.4 0.94 90 42 0.0230 4.4 145 ±6 366.7 0.21 11.7 0.2 0.6 0.2 7.5 34.2 61.6 121.4 5,845.8 7.2 7.0

490_08.1 8.7E-4 45 0.0527 4.7 0.17 5.3 0.46 87 41 0.0234 3.3 149 ±5 434.5 0.01 11.6 0.3 0.9 0.3 9.0 38.2 77.9 152.6 7,387.2 10.7 1.5

490_09.1 −3.7E-4 71 0.0546 4.6 0.17 5.6 0.71 98 46 0.0225 2.0 142 ±3 635.8 0.01 11.0 0.5 1.3 0.5 14.1 52.6 112.5 224.2 6,559.5 15.3 1.1

490_10.1 9.9E-4 41 0.0525 4.5 0.24 4.4 0.43 97 68 0.0242 2.9 153 ±4 875.7 0.02 15.2 1.0 2.8 0.8 23.1 76.3 149.1 267.5 7,307.6 12.8 1.1

490_11.1 −2.0E-4 100 0.0527 4.9 0.18 5.6 0.45 85 44 0.0241 2.8 153 ±4 497.7 0.01 12.5 0.3 1.0 0.4 11.8 43.8 87.9 174.0 7,448.7 12.3 0.8

490_12.1 9.2E-4 50 0.0528 5.6 0.10 9.0 0.37 182 44 0.0296 3.1 188 ±6 136.0 4.35 7.9 0.1 0.2 0.1 2.0 17.3 21.6 55.9 4,674.9 3.0 6.3

490_13.1 1.8E-3 35 0.0527 5.4 0.18 6.1 0.42 103 48 0.0255 2.0 162 ±3 342.1 2.55 12.5 0.2 0.7 0.2 7.1 30.4 55.2 114.1 5,492.1 8.4 27.5

490_14.1 2.2E-4 100 0.0549 5.0 0.23 5.2 0.74 85 52 0.0237 3.9 150 ±6 724.7 0.02 12.0 0.9 2.2 0.7 18.9 62.0 126.0 232.7 7,480.1 13.2 6.2

490_15.1 1.3E-3 38 0.0528 4.7 0.13 6.4 0.46 93 32 0.0244 2.0 154 ±3 282.1 0.03 8.3 0.1 0.4 0.2 4.3 30.9 51.3 124.2 9,136.0 6.2 4.9

490_16.1 5.8E-4 58 0.0483 8.4 0.16 5.7 — 94 42 0.0235 3.6 150 ±5 595.0 0.01 10.9 0.4 1.4 0.5 13.7 50.1 104.9 209.8 6,777.2 14.6 0.9

490_17.1 9.8E-4 45 0.0507 5.0 0.18 5.5 0.20 84 44 0.0242 4.3 154 ±7 498.3 0.01 11.7 0.4 1.1 0.4 11.2 42.2 88.5 172.5 7,176.5 14.6 0.8

490_18.1 2.5E-3 20 0.0701 20.2 0.16 19.7 2.65 155 50 0.0238 6.4 148 ±10 129.0 0.46 5.5 0.1 0.2 0.1 1.8 13.9 23.1 67.4 6,362.6 4.9 28.5

490_19.1 — — 0.0540 5.5 0.27 5.3 0.62 62 52 0.0238 2.1 150 ±3 852.4 0.01 13.1 0.8 2.4 0.9 23.8 77.3 144.3 250.3 6,748.0 17.5 0.6

490_20.1 1.4E-3 38 0.0521 4.9 0.22 5.1 0.38 80 51 0.0237 3.9 150 ±6 547.6 0.01 14.6 0.5 1.3 0.5 13.2 48.7 95.7 184.1 6,862.7 17.3 0.5

490_21.1 5.4E-4 58 0.0518 4.8 0.26 4.4 0.38 100 67 0.0217 3.3 138 ±5 705.6 0.21 11.6 1.0 2.3 0.8 19.6 58.6 112.9 196.0 4,852.7 7.4 8.7

490_22.1 6.0E-4 58 0.0535 4.9 0.23 5.1 0.54 97 64 0.0243 2.4 154 ±4 893.4 0.40 13.5 1.0 2.8 0.9 24.2 79.9 154.5 272.9 7,889.3 12.8 3.9

Sample 15-LM-1076

1076-01.1 −1.0E-4 100 0.0454 3.8 0.18 9.2 −0.28 454 302 0.0122 3.6 78.7 ±3 355.7 0.17 35.1 0.4 0.9 0.5 10.3 33.8 60.8 125.6 11,823.2 3.1 4.5

1076-02.1 1.9E-4 100 0.0460 5.0 0.13 8.8 −0.22 282 122 0.0129 3.4 83.0 ±3 207.7 0.01 15.2 0.1 0.2 0.2 3.4 16.0 35.5 85.3 11,478.4 2.1 1.6

1076-03.1 — — 0.0471 3.8 0.19 5.7 −0.08 500 288 0.0133 2.3 85.2 ±2 296.6 0.01 23.1 0.2 0.6 0.4 7.4 27.9 49.4 108.9 12,617.2 2.4 3.1

1076-04.1 −3.5E-4 71 0.0452 5.0 0.12 9.3 −0.33 223 112 0.0137 1.7 87.7 ±2 600.0 0.01 16.7 0.6 1.7 0.6 17.2 61.1 96.4 149.2 8,763.4 8.2 1.1

1076-05.1 5.4E-4 58 0.0464 4.9 0.18 7.5 −0.17 285 166 0.0133 1.7 85.1 ±1 727.3 0.02 41.8 0.5 1.9 1.2 21.6 71.0 113.4 208.6 9,677.8 3.1 2.5

1076-06.1 — — 0.0430 4.9 0.11 9.2 −0.60 335 145 0.0135 4.3 86.7 ±4 252.9 0.01 16.8 0.1 0.3 0.3 3.7 18.4 43.0 113.7 12,217.0 2.4 1.3

1076-07.1 — 100 0.0443 4.7 0.13 8.2 −0.44 300 121 0.0136 2.3 87.4 ±2 212.3 0.02 13.5 0.1 0.3 0.2 3.2 14.9 35.6 98.7 9,112.2 2.4 1.4

1076-08.1 — — 0.0498 3.6 0.17 5.6 0.26 570 320 0.0131 2.5 83.4 ±2 701.0 0.01 46.6 0.4 1.3 0.7 13.5 61.4 120.2 244.8 11,794.0 3.9 2.3

1076-09.1 1.3E-4 100 0.0490 4.5 0.17 6.5 0.17 422 207 0.0128 1.9 81.7 ±2 522.2 0.02 34.7 0.3 1.2 0.6 10.9 47.2 88.6 190.4 11,616.2 3.2 2.5

1076-10.1 −1.6E-4 100 0.0488 4.5 0.14 8.1 0.14 286 122 0.0129 2.3 82.7 ±2 164.3 0.08 13.8 0.2 0.2 0.2 2.2 11.8 28.9 78.6 10,770.2 2.0 2.1

1076-11.1 1.4E-4 100 0.0497 4.2 0.19 15.0 0.24 398 234 0.0140 1.8 89.2 ±2 562.4 0.73 27.6 0.9 1.8 0.8 15.4 50.6 92.1 193.7 10,106.0 4.3 2.7

1076-12.1 — — 0.0477 3.3 0.31 3.8 0.00 566 487 0.0132 2.3 84.7 ±2 213.7 0.01 22.1 0.4 0.5 0.4 6.1 19.4 36.7 80.0 11,770.9 2.2 3.3
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Table 3.  SHRIMP-RG U-Pb zircon data for samples analyzed in this report, Lane Mountain area—Continued

[Spot designations indicate sample number, crystal number, and spot number for each zircon analysis. For example, spot 1-01.1 indicates sample 1, crystal 01, and spot 1. Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neo-
dymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

Table 3.  SHRIMP-RG U-Pb zircon data samples analyzed in this report, Lane Mountain area—Continued

[Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neodymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

 Spot 204Pb 
/206Pb

±% 207Pb 
/206Pb

±% 208Pb 
/206Pb

±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb 
/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

Sample 16-LM-1301

1301-02.1 — — 0.0499 10.5 0.435 10.6 0.294 56 62 0.012 5.3 75.9 ±4 334.3 0.06 15.4 2.6 4.4 2.4 22.1 41.8 43.3 67.5 7,967.3 10.5 3.2

1301-03.1 2.1E-4 100 0.0509 5.1 0.200 7.8 0.229 101 61 0.024 1.9 154 ±3 812.0 0.01 21.1 0.4 1.5 1.1 15.9 67.8 144.5 289.1 8,665.6 5.1 2.0

1301-04.1 — 100 0.0461 4.1 0.076 10.6 −0.189 344 75 0.012 2.8 80.1 ±2 443.9 0.00 7.4 0.2 0.9 0.3 8.1 37.6 77.8 171.8 11,264.7 2.8 3.0

1301-04.2 2.5E-4 71 0.0458 4.1 0.052 12.1 −0.230 384 81 0.013 2.0 82.0 ±2 429.9 0.01 6.8 0.2 0.9 0.3 9.6 40.7 75.6 167.1 11,584.7 2.8 1.2

1301-05.1 −1.0E-3 100 0.0511 12.0 0.111 21.7 0.440 47 27 0.013 3.5 80.6 ±3 373.1 0.01 11.2 0.3 0.8 0.5 6.4 30.2 69.9 177.4 9,467.1 3.7 0.8

1301-06.1 1.2E-4 100 0.0472 4.0 0.107 13.7 −0.061 393 142 0.013 2.9 81.2 ±2 514.7 0.00 21.3 0.2 0.8 0.6 10.8 41.6 84.4 203.9 11,932.4 2.0 4.7

1301-07.1 — 100 0.0433 10.3 0.212 14.2 −0.528 55 35 0.012 5.2 75.8 ±4 728.4 0.01 12.5 1.1 2.4 1.4 18.8 69.9 118.2 208.0 8,855.4 13.4 0.6

1301-08.1 −1.8E-4 100 0.0489 4.8 0.128 16.0 0.096 193 77 0.016 2.0 104 ±2 636.9 0.00 19.1 0.3 1.1 0.5 11.3 55.6 116.9 266.9 12,034.6 5.5 2.3

Table 3.  SHRIMP-RG U-Pb zircon data samples analyzed in this report, Lane Mountain area—Continued

[Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neodymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

 Spot 204Pb 
/206Pb

±% 207Pb 
/206Pb

±% 208Pb 
/206Pb

±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb 
/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

Sample 15-LM-1124

1124-01.1 — 100 0.0405 9.6 0.20 13.5 −0.90 94 63 0.0128 3.1 82.8 ±3 203.8 0.01 20.0 0.2 0.5 0.3 5.9 19.8 34.0 65.9 10,131.4 4.2 0.4

1124-02.1 — — 0.0483 3.9 0.13 7.0 0.07 484 227 0.0134 2.3 86.0 ±2 637.9 0.02 30.6 0.4 1.3 0.8 14.3 54.7 100.2 184.6 10,916.2 2.5 2.7

1124-03.1 — — 0.0369 11.0 0.24 12.7 −1.35 84 75 0.0120 3.3 78.0 ±3 546.4 0.01 18.0 0.8 1.9 0.8 14.9 52.7 96.6 196.6 9,734.0 6.4 0.3

1124-04.1 −7.0E-4 100 0.0469 10.0 0.14 16.8 -0.09 80 37 0.0121 1.9 77.8 ±2 224.5 0.01 12.9 0.4 1.0 0.5 7.6 21.3 35.9 62.8 9,962.6 4.8 1.7

1124-05.1 — 100 0.0385 8.6 0.10 16.6 −1.14 135 50 0.0119 2.9 77.3 ±2 396.7 0.01 11.2 0.4 1.4 0.6 12.5 41.6 65.8 114.3 10,595.8 4.2 0.1

1124-06.1 3.8E-3 71 0.0527 15.8 0.27 19.2 0.67 25 22 0.0105 5.7 66.7 ±4 186.8 0.01 8.5 0.2 0.7 0.3 5.6 18.4 29.5 52.2 8,585.0 6.8 3.4

1124-07.1 7.1E-5 100 0.0696 2.9 0.20 7.9 −0.73 52 33 0.1821 8.1 1,086 ±85 385.6 0.00 9.1 0.2 0.8 0.1 9.1 39.4 76.1 122.1 11,134.5 8.4 0.2

1124-08.1 — 100 0.0439 5.5 0.24 7.0 −0.68 115 90 0.0254 2.9 163 ±5 474.1 0.03 24.6 0.3 0.8 0.3 10.1 40.5 82.2 168.8 9,389.0 6.8 0.6

1124-09.1 −3.5E-4 58 0.0473 3.9 0.20 5.6 −0.22 243 150 0.0233 2.1 149 ±3 631.7 0.01 29.7 0.3 1.0 0.3 10.6 55.4 116.3 242.0 12,297.7 6.2 0.8

1124-10.1 — — 0.0407 13.0 0.15 18.0 −0.88 64 43 0.0126 3.7 81.2 ±3 589.7 0.03 11.2 1.0 2.4 1.3 20.3 65.4 87.0 127.9 8,844.1 12.7 0.5

1124-11.1 1.9E-3 71 0.0458 11.8 0.25 15.2 −0.22 51 48 0.0118 3.0 76.0 ±2 562.6 0.06 9.6 2.7 4.4 2.5 30.8 69.6 79.5 103.2 7,452.8 10.1 0.1

1124-12.1 — 100 0.0594 16.1 0.35 17.9 1.49 28 27 0.0123 2.2 77.4 ±2 357.2 0.05 11.0 1.9 3.3 2.2 22.1 45.4 53.0 70.0 6,987.7 10.5 0.4

1124-13.1 1.0E-3 71 0.0517 8.1 0.12 15.9 0.50 100 54 0.0136 1.8 86.6 ±2 515.7 0.01 22.4 0.8 2.0 1.1 16.8 47.4 86.7 164.4 8,268.0 6.2 0.2

1124-14.1 −5.1E-4 100 0.0492 8.2 0.18 12.5 0.21 111 54 0.0114 7.1 72.7 ±5 223.6 0.01 13.7 0.2 0.5 0.3 5.5 19.6 37.6 81.4 9,961.3 3.9 0.3

1124-15.1 — 100 0.0476 17.6 0.31 9.5 0.01 107 106 0.0117 4.5 74.9 ±3 978.7 0.01 13.5 1.4 4.2 2.0 34.2 113.7 151.2 213.6 9,005.5 15.0 1.0

1124-16.1 — 100 0.0452 8.8 0.14 14.8 −0.30 100 48 0.0119 3.3 76.5 ±3 589.9 0.01 17.7 0.9 1.9 1.1 16.7 55.6 106.5 194.7 9,901.8 8.5 0.1

1124-17.1 — — 0.0495 4.7 0.18 7.4 0.21 283 150 0.0140 3.5 89.1 ±3 430.3 0.01 20.7 0.3 1.1 0.3 8.3 35.4 75.4 163.8 10,136.8 6.4 0.3

1124-18.1 — — 0.0544 6.8 0.18 11.1 0.86 148 96 0.0122 2.4 77.2 ±2 501.5 0.01 18.7 1.0 2.3 1.0 17.1 52.0 81.0 146.3 9,235.5 4.6 0.7

1124-19.1 5.7E-4 71 0.0479 6.2 0.19 9.4 0.02 191 118 0.0134 3.1 85.7 ±3 467.0 0.00 9.2 0.6 1.5 0.5 13.7 44.5 77.1 157.5 9,332.7 7.0 0.1

1124-20.1 1.4E-3 100 0.0431 14.2 0.25 18.8 −0.56 39 29 0.0119 3.6 76.6 ±3 329.0 0.01 10.5 0.5 1.2 0.8 9.8 31.8 51.3 87.8 7,670.4 6.9 0.7

 Spot 204Pb/206Pb ±% 207Pb/206Pb ±% 208Pb/206Pb ±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

Sample 15-LM-1076—Continued

1076-13.1 −3.7E-4 100 0.0428 7.5 0.12 13.1 −0.62 140 61 0.0133 1.8 85.6 ±2 339.7 0.01 19.5 0.3 0.9 0.4 8.3 30.9 54.5 115.1 10,367.1 2.6 1.0

1076-14.1 1.3E-4 100 0.0480 4.1 0.11 20.0 0.04 388 166 0.0131 4.7 83.7 ±4 255.1 0.03 17.1 0.3 0.6 0.3 6.6 22.9 37.8 75.4 10,825.5 1.8 3.2

1076-15.1 — 100 0.0467 4.4 0.16 7.2 −0.13 300 134 0.0131 2.5 83.7 ±2 232.9 0.01 13.6 0.1 0.4 0.3 5.0 18.7 36.2 83.6 8,825.2 1.6 1.5

1076-16.1 −9.7E-5 100 0.0493 3.5 0.16 5.9 0.20 542 302 0.0136 2.0 86.7 ±2 412.5 0.01 24.7 0.4 1.1 0.4 11.3 38.8 65.7 122.9 10,660.6 2.2 2.5

1076-17.1 1.5E-4 100 0.0497 4.4 0.13 8.3 0.24 308 137 0.0134 1.7 85.8 ±1 243.0 0.00 15.7 0.2 0.5 0.3 4.9 20.0 40.3 95.7 10,012.5 1.8 1.5

1076-18.1 3.6E-4 71 0.0463 4.9 0.20 6.9 −0.18 196 139 0.0135 4.3 86.3 ±4 211.9 0.00 15.8 0.1 0.5 0.3 5.6 18.6 33.9 71.8 9,462.6 2.2 1.4

1076-19.1 — 100 0.0454 4.2 0.14 18.9 −0.30 352 154 0.0135 3.4 86.7 ±3 303.3 0.00 14.4 0.1 0.5 0.3 5.6 24.1 48.9 109.3 9,701.3 2.0 1.9

1076-20.1 — 100 0.0536 3.9 0.17 6.7 0.75 425 224 0.0127 2.7 80.5 ±2 251.5 0.14 20.5 0.2 0.6 0.3 5.4 20.8 40.0 92.1 8,657.9 2.2 2.9
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Table 3.	 SHRIMP-RG U-Pb zircon data for sample 14-LM-1, Lane Mountain area—Continued

[Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neodymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

Table 3.	 SHRIMP-RG U-Pb zircon data for sample 14-LM-1, Lane Mountain area—Continued

[Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neodymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]

 Spot 204Pb 
/206Pb

±% 207Pb 
/206Pb

±% 208Pb 
/206Pb

±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb 
/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

1304-04.1 1.8E-4 71 0.0468 3.0 0.120 6.5 0.043 2,200 704 0.003 2.1 22.1 ±0.5 2,846.8 0.01 16.5 0.7 4.0 0.8 56.5 291.7 519.5 893.4 12,938.3 3.1 3.6

1304-05.1 1.2E-3 32 0.0505 3.4 0.081 15.8 0.516 1,514 434 0.003 3.8 21.9 ±0.8 3,036.0 0.05 10.5 1.3 4.6 0.9 63.4 299.5 523.4 878.7 10,098.3 1.8 14.1

1304-06.1 1.8E-3 35 0.0673 4.0 0.130 10.1 2.634 773 219 0.004 2.9 22.3 ±0.7 2,036.1 2.41 8.1 6.8 6.9 1.5 54.6 204.1 348.7 587.7 10,051.5 1.8 26.5

1304-07.1 3.4E-4 58 0.0499 3.3 0.150 17.3 0.436 1,596 830 0.003 2.3 22.3 ±0.5 4,842.5 0.07 24.7 3.6 12.3 1.9 122.2 530.0 863.9 1,416.9 10,412.8 2.7 0.9

1304-08.1 — 100 0.0497 2.6 0.090 6.9 0.415 2,297 681 0.003 3.0 21.5 ±0.6 2,925.4 0.07 20.5 0.8 4.1 0.8 57.6 286.2 507.7 876.8 11,673.0 3.0 20.2

1304-09.1 — 100 0.0434 5.4 0.084 23.0 −0.391 848 258 0.003 2.8 22.2 ±0.6 1,948.7 0.01 8.6 1.1 3.1 0.6 38.4 195.3 350.0 638.7 10,031.9 2.7 0.7

1304-10.1 1.1E-3 41 0.0446 4.3 0.044 14.8 −0.239 1,000 190 0.003 2.3 21.9 ±0.5 1,942.6 0.01 5.7 0.4 1.9 0.4 29.3 178.5 363.5 664.1 12,441.0 1.8 4.3

1304-11.1 — 100 0.0494 3.3 0.073 9.2 0.365 1,508 357 0.004 2.1 22.9 ±0.5 2,836.4 0.12 8.4 0.9 3.6 0.7 49.3 272.3 509.2 922.9 11,912.6 1.7 1.3

1304-12.1 6.1E-4 45 0.0474 3.4 0.143 6.9 0.124 1,508 600 0.003 2.2 22.1 ±0.5 3,314.0 0.57 21.5 2.0 6.3 1.2 70.7 336.2 599.2 1,078.9 9,877.9 4.3 2.1

1304-13.1 1.3E-4 100 0.0429 7.7 0.071 10.4 −0.456 1,375 253 0.004 1.8 22.7 ±0.4 2,077.5 0.00 4.9 0.3 1.8 0.4 30.6 184.7 375.7 703.1 11,729.1 1.4 0.7

1304-14.1 1.1E-3 35 0.0474 3.8 0.146 7.4 0.119 1,236 555 0.004 2.3 23.2 ±0.5 4,220.2 1.58 19.9 7.5 10.4 2.4 121.5 452.7 723.7 1,152.6 9,560.4 3.7 131.9

1304-15.1 — — 0.0453 3.4 0.108 7.9 −0.152 1,612 554 0.004 2.2 22.6 ±0.5 3,718.9 0.03 16.9 2.2 6.9 1.4 82.3 385.4 663.7 1,134.8 10,567.0 3.0 0.9

1304-16.1 — — 0.0478 4.3 0.066 12.5 0.166 966 267 0.003 2.5 21.2 ±0.5 2,403.4 0.01 8.6 1.2 4.5 0.9 54.1 243.4 433.4 722.0 10,819.7 2.3 0.4

1304-17.1 3.9E-4 50 0.0442 3.2 0.131 6.4 −0.287 1,927 699 0.004 3.4 23.3 ±0.8 3,528.1 0.46 15.2 1.6 5.5 1.1 76.3 355.3 593.7 994.2 8,786.6 2.0 8.1

1304-18.1 7.9E-5 100 0.0447 2.9 0.088 17.6 −0.234 2,184 595 0.004 2.2 23.8 ±0.5 3,228.0 0.02 8.4 0.6 3.5 0.6 51.8 314.4 601.2 1,051.5 12,052.0 1.7 0.8

1304-19.1 −7.4E-4 58 0.0449 5.2 0.117 11.2 −0.203 765 262 0.003 2.0 22.1 ±0.4 2,175.2 0.02 9.7 1.7 5.7 1.1 52.9 227.3 402.8 701.5 10,646.5 3.4 0.8

1304-20.1 2.6E-4 71 0.0440 3.7 0.052 12.5 −0.313 1,417 246 0.003 1.8 21.6 ±0.4 1,467.8 0.00 5.6 0.3 2.1 0.5 28.5 144.4 237.7 417.6 11,630.5 1.7 0.7

Sample HJB-3

HJB3-01.1 8.3E-5 100 0.0468 6.8 0.165 5.2 −0.099 647 359 0.01226 3.2 78.6 ±3 746.4 0.46 32.3 1.2 2.7 1.4 24.2 73.4 115.5 216.0 11,160.7 3.5 6.9

HJB3-02.1 −3.6E-4 100 0.0509 6.9 0.086 15.6 0.253 85 32 0.02199 3.9 140 ±5 237.6 0.01 11.3 0.1 0.2 0.1 3.8 18.6 44.2 101.9 9,779.9 4.5 0.2

HJB3-03.1 1.6E-5 58 0.1021 0.6 0.002 10.9 0.360 491 5 0.28364 1.6 1605 ±26 1169.1 0.02 4.5 0.2 0.9 0.4 18.4 126.8 162.7 161.1 12,916.6 4.7 14.7

HJB3-04.1 5.3E-5 71 0.0815 1.5 0.199 2.7 0.409 140 95 0.19553 2.7 1147 ±29 517.3 0.12 32.8 0.3 1.1 0.3 11.8 50.4 90.6 166.9 11,696.6 9.7 1.0

HJB3-05.1 5.4E-4 71 0.0390 6.6 0.209 8.6 −1.092 216 127 0.01228 1.7 79.5 ±1 893.9 0.01 24.5 0.8 2.8 1.4 26.8 93.0 146.1 247.3 9,819.2 4.2 0.3

 Spot 204Pb/206Pb ±% 207Pb/206Pb ±% 208Pb/206Pb ±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

Sample 16-LM-1301—Continued

1301-09.1 −2.3E-4 100 0.0405 6.2 0.236 16.7 −0.909 194 163 0.013 2.7 83.8 ±2 870.2 0.02 34.0 2.8 5.9 2.8 36.0 94.1 136.0 230.2 10,040.9 4.2 2.2

1301-10.1 1.0E-3 71 0.0457 8.7 0.132 15.7 −0.243 98 50 0.013 2.8 81.2 ±2 431.0 0.00 14.2 0.5 1.6 0.7 12.2 42.2 74.3 148.3 11,225.4 4.3 1.0

1301-11.1 — — 0.0514 5.6 0.182 8.7 0.477 204 106 0.012 4.4 77.8 ±3 339.2 0.01 25.2 0.3 1.0 0.5 8.2 30.5 55.7 127.3 10,790.1 3.6 2.2

1301-12.1 −3.2E-3 71 0.0454 15.6 0.381 16.0 −0.278 31 38 0.012 3.2 78.6 ±3 671.5 0.11 25.3 5.1 8.6 5.0 46.4 92.5 97.5 139.4 7,940.4 14.1 6.0

1301-13.1 1.8E-4 58 0.0482 4.9 0.378 7.1 −0.100 414 443 0.023 2.4 149 ±4 1,263.0 0.03 63.6 1.2 2.1 1.2 22.3 99.1 226.2 577.6 11,498.5 4.9 2.9

1301-14.1 −1.4E-4 100 0.0444 4.5 0.071 10.6 −0.402 343 85 0.012 2.0 79.4 ±2 370.7 0.00 10.8 0.1 0.5 0.4 6.1 29.5 63.0 154.7 14,466.0 1.3 4.3

1301-15.1 — — 0.0488 2.9 0.190 4.4 −0.068 374 218 0.026 2.3 164 ±4 759.3 0.01 39.6 0.3 1.1 0.2 12.7 66.1 147.1 336.6 11,935.4 5.1 2.0

1301-16.1 2.5E-4 58 0.0474 3.4 0.082 13.4 −0.069 415 73 0.015 2.2 95.4 ±2 722.8 0.01 38.3 0.3 1.0 0.4 11.9 60.2 136.9 314.3 11,460.0 3.5 2.4

1301-17.1 — — 0.0461 4.6 0.115 8.6 −0.183 318 109 0.012 3.1 78.3 ±2 485.7 0.05 16.5 0.2 0.7 0.5 9.1 40.7 81.6 185.3 13,905.4 2.1 6.4

1301-18.1 3.8E-5 100 0.0506 2.1 0.692 1.8 0.179 609 1199 0.025 2.4 156 ±4 4,120.8 0.17 339.6 10.4 19.6 8.2 136.0 441.8 703.9 1,173.7 8,086.2 8.4 12.8

Sample 16-LM-1304

1304-01.1 1.1E-3 71 0.0399 8.0 0.157 13.6 −0.827 352 176 0.004 2.3 22.8 ±0.5 1,484.5 0.08 6.4 2.3 2.6 0.8 48.0 167.1 261.0 433.3 10,063.7 7.3 35.6

1304-02.1 3.1E-4 71 0.0480 9.4 0.088 10.0 0.194 1196 327 0.003 2.4 22.3 ±0.6 2,765.8 0.01 7.4 1.4 5.4 1.0 62.1 273.7 477.1 754.6 11,082.4 1.9 2.9

1304-03.1 9.1E-4 38 0.0490 3.5 0.136 7.2 0.326 1416 589 0.003 2.2 22.0 ±0.5 3,191.8 0.16 20.0 3.3 8.3 1.5 81.9 327.2 548.0 951.1 8,868.8 2.8 9.2

Table 3.  SHRIMP-RG U-Pb zircon data for samples analyzed in this report, Lane Mountain area—Continued

[Spot designations indicate sample number, crystal number, and spot number for each zircon analysis. For example, spot 1-01.1 indicates sample 1, crystal 01, and spot 1. Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neo-
dymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]
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 Spot 204Pb/206Pb ±% 207Pb/206Pb ±% 208Pb/206Pb ±% % 
206Pbc

ppm 
U

ppm 
Th

Total 
206Pb/238U

±% 206Pb /238U 
Age (Ma)

Y 
(ppm)

La 
(ppm)

Ce (ppm) Nd 
(ppm)

Sm 
(ppm)

Eu 
(ppm)

Gd (ppm) Dy 
(ppm)

Er 
(ppm)

Yb 
(ppm)

Hf 
(ppm)

Ti 
(ppm)

Fe 
(ppm)

Sample HJB-3—Continued

HJB3-06.1 4.7E-4 100 0.0435 8.5 0.264 10.1 −0.496 111 89 0.01114 3.9 71.8 ±3 951.3 0.03 16.2 1.3 2.3 1.6 24.4 89.8 155.6 255.0 7,313.3 14.2 0.3

HJB3-07.1 5.5E-4 100 0.0465 8.8 0.145 15.0 −0.119 162 99 0.01125 1.8 72.2 ±1 266.5 0.00 17.3 0.2 0.7 0.4 7.2 23.8 44.6 80.6 11,752.7 4.1 1.3

HJB3-08.1 — 100 0.0486 14.5 0.215 18.8 0.168 38 27 0.00997 2.9 63.8 ±2 406.4 0.01 8.8 0.9 2.2 1.3 17.0 44.8 61.2 95.0 8,623.2 9.9 3.4

HJB3-09.1 −1.3E-3 71 0.0427 10.4 0.445 9.7 −0.602 91 136 0.01137 6.0 73.3 ±4 887.1 0.04 33.4 2.5 5.3 3.4 50.7 113.2 114.1 128.0 7,935.0 22.2 0.5

HJB3-10.1 — 100 0.0499 9.1 0.219 13.6 0.318 92 65 0.01062 1.8 67.9 ±1 833.3 3.23 27.7 3.0 3.6 2.7 32.6 88.4 136.0 228.1 7,693.1 9.3 3.9

HJB3-11.1 3.6E-4 100 0.0428 14.1 0.144 11.7 −0.621 152 86 0.01295 1.8 83.5 ±2 320.3 0.01 13.4 0.4 1.0 0.5 8.8 29.3 51.8 98.4 9,917.9 4.8 0.3

HJB3-12.1 — 100 0.0468 4.7 0.254 6.1 −0.258 195 172 0.02200 2.5 141 ±4 1,545.9 0.02 32.7 0.9 2.8 0.7 28.8 148.8 291.7 551.9 12,392.5 8.3 8.0

HJB3-13.1 2.1E-4 100 0.0712 4.4 0.062 13.7 2.959 220 70 0.01365 3.1 84.8 ±3 262.9 0.01 11.4 0.1 0.4 0.3 5.3 20.2 40.5 91.9 8,321.5 1.5 1.6

HJB3-14.1 4.1E-4 100 0.0472 7.6 0.085 16.8 −0.207 70 27 0.02156 1.9 138 ±3 261.9 0.05 10.6 0.1 0.5 0.1 3.8 20.0 46.9 107.2 9,541.4 6.9 3.6

HJB3-15.1 — 100 0.0398 15.4 0.161 21.2 −0.961 38 23 0.01088 2.8 70.4 ±2 480.4 0.49 14.1 1.1 2.1 1.5 18.8 56.6 75.0 103.8 9,808.1 49.0 8.1

HJB3-16.1 5.0E-3 71 0.0469 18.5 0.323 20.0 −0.062 28 25 0.01028 8.4 66.0 ±6 345.3 0.01 12.1 1.2 2.3 1.3 17.6 42.6 49.3 72.0 9,194.8 8.7 0.1

HJB3-17.1 — 100 0.0477 3.6 0.152 6.1 0.020 614 284 0.01149 4.7 73.6 ±3 415.9 0.03 7.8 0.1 0.2 0.3 4.0 29.9 57.2 134.0 13,575.2 2.2 4.7

HJB3-18.1 1.0E-2 22 0.1382 5.0 0.491 7.8 11.451 136 172 0.01224 4.9 69.5 ±3 1,098.8 0.61 41.5 2.1 3.8 2.6 44.9 125.9 148.5 208.4 8,780.5 18.2 450.9

HJB3-19.1 — — 0.0734 2.2 0.247 3.5 2.298 182 59 0.06625 6.1 404 ±24 490.5 0.03 12.0 0.9 2.2 0.5 14.3 42.7 80.0 152.6 9,515.4 4.5 3.1

HJB3-20.1 −8.4E-5 100 0.0464 6.2 0.137 5.8 −0.200 414 197 0.01553 3.3 99.5 ±3 1,249.2 0.11 22.6 1.9 3.8 1.8 34.3 115.2 200.0 358.8 8,987.1 4.2 1.7

Table 3.  SHRIMP-RG U-Pb zircon data for samples analyzed in this report, Lane Mountain area—Continued

[Spot designations indicate sample number, crystal number, and spot number for each zircon analysis. For example, spot 1-01.1 indicates sample 1, crystal 01, and spot 1. Zircon spots highlighted in yellow were statistically rejected from age determinations. Concentrations of Uranium (U), Thorium (Th), Yttrium (Y), Lanthanum (La), Cesium (Ce), Neo-
dymium (Nd), Samarium (Sm), Europium (Er), Ytterbium (Yb), Hafnium (Hf), Titanium (Ti), and Iron (Fe) measured in parts per million (ppm)]



32    Geochronologic, Isotopic, and Geochemical Data from Igneous Rocks in the Lane Mountain Area, California

Table 4.  Rubidium-strontium isotopic data for the eight samples analyzed for this report. 

[Sri is the calculated initial 87Sr/86Sr ratio; Ma, Mega-annum; concentrations of rubidium (Rb) and strontium are measured in parts per million (ppm)]

Sample
Age 
(Ma)

Rb 
(ppm)

Sr 
(ppm)

87Sr/86Sr 87Rb/86Sr Sri

14-LM-1 151 110 370 0.70772 0.8601577 0.70590

14-LM-43 253 65 634 0.70501 0.2965487 0.70396

14-LM-64 82 88.5 671 0.70921 0.3816552 0.70877

14-LM-154 146 16.8 485 0.70573 0.1002005 0.70553

14-LM-490 149 56 480 0.70581 0.3374837 0.70511

15-LM-1076 85 116 541 0.70883 0.6204331 0.70809

16-LM-1301 80 99.9 645 0.71026 0.4482299 0.70976

HJB-3 72 91.7 604 0.71029 0.4393683 0.70985

Table 5.  WDXRF (Wavelength dispersive X-ray fluorescence) geochemical analyses of samples studied for this report. 

[Numerical values are in weight percent; LOI, loss on ignition]

Samples

Element (Oxide) 14-LM-1 14-LM-43 14-LM-64 14-LM-154 14-LM-490 15-LM-1076 15-LM-1124 16-LM-1301 16-LM-1304 HJB-3

SiO2 66.8 56.9 69.9 49.5 61.1 68.4 70.2 68.6 74 69.1
TiO2 0.56 0.94 0.36 1.05 0.81 0.58 0.42 0.54 0.07 0.46
Al2O3 15.7 16.7 16.3 18.7 17.1 15.4 15.3 15.7 12.9 15.6
MgO 1.33 3.36 0.72 6.98 2.41 1.25 0.71 0.98 0.12 0.87
Fe2O3 3.92 8.16 2.04 7.42 6.49 3.34 2.39 3.13 1.64 2.74
MnO 0.06 0.14 0.01 0.11 0.12 0.05 0.03 0.03 0.03 0.03
CaO 3.3 6.83 2.97 11.9 5.65 3.65 2.72 3.22 1.07 2.71
K2O 3.42 2.21 3.45 0.6 2.03 3.29 3.58 3.29 4.89 3.45
Na2O 3.72 3.46 4.11 2.54 4.04 3.48 3.79 3.9 3.38 3.88
P2O5 0.16 0.3 0.11 0.22 0.24 0.14 0.12 0.18 0.02 0.14
Cr2O3 <0.01 0.01 <0.01 0.05 0.05 <0.01 0.01 <0.01 <0.01 <0.01
LOI 0.89 0.68 0.69 1.94 0.76 0.67 0.79 0.54 1.08 1.13
Total 99.86 99.69 100.66 101.01 100.80 100.25 100.06 100.11 99.2 100.11

Normalized values (volatile-free)

SiO2 67.5 57.47 69.92 49.96 61.08 68.69 70.72 68.9 75.42 69.81
TiO2 0.57 0.95 0.36 1.06 0.81 0.58 0.42 0.54 0.07 0.46
Al2O3 15.86 16.87 16.3 18.88 17.09 15.46 15.41 15.77 13.15 15.76
MgO 1.34 3.39 0.72 7.05 2.41 1.26 0.72 0.98 0.12 0.88
Fe2O3 3.96 8.24 2.04 7.49 6.49 3.35 2.41 3.14 1.67 2.77
MnO 0.06 0.14 0.01 0.11 0.12 0.05 0.03 0.03 0.03 0.03
CaO 3.33 6.9 2.97 12.01 5.65 3.67 2.74 3.23 1.09 2.74
K2O 3.46 2.23 3.45 0.61 2.03 3.3 3.61 3.3 4.98 3.49
Na2O 3.76 3.49 4.11 2.56 4.04 3.49 3.82 3.92 3.44 3.92
P2O5 0.16 0.3 0.11 0.22 0.24 0.14 0.12 0.18 0.02 0.14
Cr2O3 <0.01 0.01 <0.01 0.05 0.05 <0.01 0.01 <0.01 <0.01 <0.01
Total 100 99.99 99.99 100 100.01 99.99 100.01 99.99 99.99 100
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Table 6.  ICP-AES-MS (Inductively coupled plasma atomic emission spectroscopy-mass spectrometry) geochemical analyses of 
samples studied for this report. 

[Numerical values are in weight percent (%) or parts per million (ppm), as indicated. Si, silicon; Ti, titanium, Al, aluminum; Mg, magnesium; Fe, iron; Mn, 
manganese, Ca, calcium; K, potassium; P, phosphorus; S, sulfur; Li, lithium; Be, beryllium; B, boron; Sc, scandium; V, vanadium; Cr, chromium; Co, cobalt; Ni, 
nickel; Cu, copper; Zn, zinc; Ga, gallium; Ge, germanium; As, arsenic; Rb, rubidium; Sr, strontium; Y, yttrium; Zr, zirconium; Nb, niobium; Mo, molybdenum; 
Ag, silver; Cd, cadmium; In, indium; Sn, tin; Sb, antimony; Cs, cesium; Ba, barium; Hf, hafnium; Ta, tantalum; W, tungsten; Tl, thallium; Pb, lead; Bi, bismuth; 
Th, thorium; U, uranium; La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, 
dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium]

Samples

Elements 14-LM-1 14-LM-43 14-LM-64 14-LM-154 14-LM-490 15-LM-1076 15-LM-1124 16-LM-1301 16-LM-1304 HJB-3

%

Si — — — — — — — >30 >30 —
Ti 0.32 0.54 0.19 0.58 0.46 0.33 0.24 0.3 0.04 0.26
Al 8.19 8.81 8.36 10.1 8.93 8.07 7.85 8.36 7.08 7.81
Mg 0.77 1.94 0.41 3.93 1.32 0.74 0.42 0.57 0.05 0.49
Fe 2.59 5.5 1.34 4.84 4.21 2.21 1.62 2.07 1.08 1.98
Mn 0.06 0.115 0.027 0.09 0.09 0.042 0.029 0.037 0.027 0.029
Ca 2.45 4.88 2.2 8.1 3.85 2.4 1.8 2.4 0.8 1.9
K 2.82 1.98 2.8 0.59 1.73 2.8 3 2.9 4.2 2.9
P 0.05 0.15 0.04 0.09 0.1 0.06 0.05 0.07 <0.01 0.06
S — — — — — — — 0.01 <0.01 —

ppm

Li 20 20 30 10 20 40 30 31 54 22
Be <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
B — — — — — — — <10 40 —
Sc 9 21 <5 31 15 5 <5 <5 <5 <5
V 70 229 32 163 126 58 32 48 9 39
Cr 10 10 <10 300 10 10 10 <10 <10 <10
Co 8.1 22.5 3.5 30.5 14.1 6.8 3.2 5 <0.5 3.8
Ni <5 <5 <5 74 18 <5 <5 11 8 <5
Cu 6 110 <5 56 39 <5 13 6 6 7
Zn 55 79 50 52 70 57 60 61 57 70
Ga 18 19 22 17 19 22 23 23 23 21
Ge 2 2 1 1 1 1 1 1 1 1
As <30 <30 <30 <30 <30 <30 <30 <30 <30 <30
Rb 110 65 88.5 16.8 56 116 115 99.9 198 91.7
Sr 370 634 671 485 480 541 579 645 95.5 604
Y 25.5 25.5 5.2 17.2 23.4 10.6 9.7 10.2 31 10
Zr 221 132 115 81.2 187 141 172 193 137 180
Nb 13 13 6 5 10 11 11 10 22 10
Mo 2 2 <2 <2 <2 <2 <2 <2 4 <2
Ag <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Cd <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
In <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Sn 2 1 <1 1 2 2 2 1 6 2
Sb 0.4 0.6 0.2 0.3 0.2 0.2 0.2 <0.1 0.9 0.4
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Table 6.  ICP-AES-MS (Inductively coupled plasma atomic emission spectroscopy-mass spectrometry) geochemical analyses of 
samples studied for this report.—Continued 

[Numerical values are in weight percent (%) or parts per million (ppm), as indicated. Si, silicon; Ti, titanium, Al, aluminum; Mg, magnesium; Fe, iron; Mn, 
manganese, Ca, calcium; K, potassium; P, phosphorus; S, sulfur; Li, lithium; Be, beryllium; B, boron; Sc, scandium; V, vanadium; Cr, chromium; Co, cobalt; Ni, 
nickel; Cu, copper; Zn, zinc; Ga, gallium; Ge, germanium; As, arsenic; Rb, rubidium; Sr, strontium; Y, yttrium; Zr, zirconium; Nb, niobium; Mo, molybdenum; 
Ag, silver; Cd, cadmium; In, indium; Sn, tin; Sb, antimony; Cs, cesium; Ba, barium; Hf, hafnium; Ta, tantalum; W, tungsten; Tl, thallium; Pb, lead; Bi, bismuth; 
Th, thorium; U, uranium; La, lanthanum; Ce, cerium; Pr, praseodymium; Nd, neodymium; Sm, samarium; Eu, europium; Gd, gadolinium; Tb, terbium; Dy, 
dysprosium; Ho, holmium; Er, erbium; Tm, thulium; Yb, ytterbium; Lu, lutetium]

Elements 14-LM-1 14-LM-43 14-LM-64 14-LM-154 14-LM-490 15-LM-1076 15-LM-1124 16-LM-1301 16-LM-1304 HJB-3

ppm—Continued

Cs 3.3 1.4 1 0.6 1.7 2.8 1.2 2.5 6.9 2.5
Ba 1010 613 726 276 782 854 1280 1114 642 1091
Hf 6 4 3 2 5 4 5 5 5 5
Ta 0.9 0.7 <0.5 <0.5 0.5 0.8 0.7 0.6 1.8 <0.5
W 2 2 1 <1 <1 <1 <1 <1 3 <1
Tl <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 1 <0.5
Pb 11 5 17 5 10 15 17 16 26 17
Bi <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Th 10.4 5.2 8.1 1.1 4.2 10.3 11.2 10.3 16.5 11
U 2.85 1.95 2.9 0.39 1.66 2.54 2.67 2.25 5.11 2.57
La 38.4 21 25.1 10.7 23.6 30.2 42.2 41.7 27.2 39.4
Ce 73.5 44.9 37.6 24.4 47.2 55.1 78.2 74.1 49.7 74.5
Pr 8.31 5.69 3.82 3.34 5.77 6.25 8.91 8.32 5.94 8.79
Nd 28.8 23.4 12.9 14.5 23.5 22.3 31.3 30.1 22.1 29
Sm 5.2 4.9 2 3.4 4.7 4 4.8 4.9 5.4 5.1
Eu 1.11 1.17 0.6 1.2 1.41 0.93 1.1 1.26 0.79 1.22
Gd 4.6 4.78 1.52 3.56 4.57 3.04 3.19 3.41 5.33 3.58
Tb 0.69 0.7 0.19 0.53 0.7 0.41 0.39 0.43 0.91 0.47
Dy 4.09 4.18 0.98 3.17 4.05 2.06 1.88 2.1 5.64 2.09
Ho 0.84 0.88 0.16 0.65 0.86 0.37 0.33 0.31 1.02 0.33
Er 2.46 2.51 0.46 1.84 2.48 0.99 0.85 0.91 3.06 0.9
Tm 0.38 0.37 0.06 0.26 0.38 0.14 0.12 0.13 0.49 0.12
Yb 2.5 2.3 0.4 1.6 2.6 0.9 0.7 0.8 3 0.7
Lu 0.38 0.37 0.07 0.23 0.38 0.13 0.11 0.12 0.5 0.13
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