Testing for the effects of sediment sorting on detrital-
zircon age spectra by sampling multiple bedforms
in single fluvial channels: Case studies from the
Wood Canyon Formation (Terreneuvian) and
Stirling Quartzite (Ediacaran),
southeastern CA

A Thesis Presented for the
Master of Science
Degree
The University of Tennessee, Knoxville

Jason Gerhard Muhlbauer
December 2015



Copyright © 2015 by Jason Gerhard Muhlbauer
All rights reserved.



ACKNOWLEDGEMENTS

Completion of this study required the assistance and aid of many people and
institutions. Dr. Chris Fedo provided constant inspiration, guidance, and instruction as
my advisor. Committee members Dr. Bob Hatcher and Dr. Colin Sumrall helped to
review my work and progress. Dr. G. Lang Farmer granted access to NSF funding and
instrument time. Detrital-zircon geochronology was completed at the University of
Arizona in the Arizona LaserChron Center, where Dr. George Gehrels, Mark Pecha, and
several operators provide reliable services and support. Erin Donaghy aided in the
operation of geochronology equipment and in logistical concerns at the University of
Arizona. Graduate students at the University of Tennessee, friends, and family offered
support and confidence during the completion of my degree. The National Science

Foundation and the Geological Society of America funded this study.



ABSTRACT

Multiple bedforms were sampled from single fluvial channels in the
Neoproterozoic (Ediacaran) upper member of the Stirling Quartzite and the Cambrian
(Terreneuvian) middle member of the Wood Canyon Formation, southeastern California.
Sampling strategy was designed to determine if sorting of detrital zircon populations by
their textural properties can affect detrital-zircon age spectra in fluvial sandstones. Four
samples derive from the middle member Wood Canyon Formation and two samples come
from the upper member Stirling Quartzite. Sandstone samples vary in textural
characteristics: grain sizes sampled range from fine to coarse sand, sorting ranges from
moderately well to poorly sorted, and sampled sedimentary structures include tabular
planar cross-stratification, tabular tangential cross-stratification, and plane stratification.
Wood Canyon Formation samples contain whole detrital zircons with similar grain size
ranges, from ~80 um [micrometer] to ~300 um. Whole detrital zircons in samples of the
Stirling Quartzite range in size: sample SQ1-JM contains zircons from 76 um to 288 pum,
whereas SQ5-JM contains grains from 67 um to 183 um. Age spectra from each of the
fluvial channels are compared quantitatively using Kolmogorov-Smirnov (K-S) testing,
overlap, and likeness. Kolmogorov-Smirnov testing classifies all samples from each
channel as similar. No two samples from the same channel have an overlap of less than
73 %. Likeness values are greater than 72 % for samples from the same fluvial channel,
indicating similarity. Comparing the size, sphericity, and roundness of whole detrital
zircons to their ages, yields no general correlations. Sorting of sediments by their textural
properties does not affect detrital-zircon age spectra in the Stirling Quartzite or Wood

Canyon Formation, and is not a general rule in fluvial sediments. The main factor
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controlling the detrital-zircon age spectra of a sedimentary rock is its provenance. The
findings confirm that the high-frequency Grenvillian peak in the middle member of the
Wood Canyon Formation results from provenance, not sampling bias. Rift-flank uplift
caused by the Ouachita rift in modern Texas and Oklahoma may have generated a pulse
of Grenvillian detrital zircons entering westward-flowing braided-alluvial systems that is

recorded in the middle member of the Wood Canyon Formation.
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1. INTRODUCTION

Detrital-zircon geochronology forms a cornerstone in the field of sedimentary
provenance analysis, yet it relies on the generalization that detrital-zircon populations are
a faithful proxy for the provenance of siliciclastic sediments and sedimentary rocks. In
actuality, the detrital-zircon population of any deposit has multiple controls including
original source composition (Fedo et al., 2003), zircon chemistry and texture (Hoskin and
Schaltegger, 2003; Hietpas et al., 2011), recycling of sedimentary rocks (Eriksson et al.,
2004), and transport processes capable of separating mineral phases (Lawrence et al.,
2011). As the body of detrital-zircon provenance research rapidly expands owing to
increased analytical capability (Gehrels et al., 2008), studying the limits of detrital-zircon
geochronology as a provenance tracer in sediment remains crucial work. Identifying
factors and processes that can influence a detrital-zircon age population, from source to
sink, is an essential means to improve provenance analysis.

Detrital-zircon geochronology research commonly centers on identifying specific
sources or source terranes for a sedimentary deposit under the premise that zircon is
basically ubiquitous in the crust, and therefore in siliciclastic sediments. Studies have
used results to interpret tectonic evolution (Schoenborn et al., 2012; Nasiri Bezenjania et
al., 2014; Laskowski et al., 2013), paleogeography (Rainbird et al., 1992; Gehrels et al.,
2011), basin analysis (Horton et al., 2014), erosion rates (Malusa et al., 2011), and
maximum depositional age (Nelson, 2001; Dickinson and Gehrels, 2009). Less
commonly, but just as important, are methods papers, which focus on analytical
technique (Johnston et al., 2009; Gehrels and Pecha, 2014, Schaltegger et al., 2015) or

statistical assessment of the minimum number of grains needed to generate a robust
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representation of provenance (Dodson et al., 1998; Vermeesch, 2004, Andersen, 2005,
Vermeesch, 2013). Comparatively fewer studies of sampling strategy, laboratory
preparation (Slama and Kosler, 2012), or bias limitation (Sircombe and Stern, 2002;
Malusa et al., 2013) exist, even though these considerations are integral to rendering
meaningful provenance interpretations. Still, several papers have identified limitations of
provenance analysis based on sampling strategy. Conclusions by Degraaff-Surpless et al.
(2003), Zimmermann et al. (2015), Cawood et al. (2003), Hietpas et al. (2011), and
Lawrence et al. (2011), detailed below, are essential to better understanding the use of
detrital zircon as a provenance tracer of siliciclastic detritus.

Commonly, one or two sandstone samples are collected from a stratigraphic unit
to characterize the detrital-zircon age spectrum (e.g., Dickinson and Gehrels, 2003; Park
et al., 2010; Hessler and Fildani, 2015). An age spectrum is a visual representation of the
ages of detrital zircons in a sample, defined by a probability density plot (PDP), inclusive
of age-peaks that represent specific provenance sources.

DeGraaff-Surpless et al. (2003) studied detrital zircons from samples
(approximately 60 grains per sample) collected 10-15 meters apart in the Cretaceous
braided-fluvial Winthrop Formation of the Canadian Cordillera. Four samples yielded
different detrital-zircon age spectra. Age-peaks in some spectra are not present in others,
indicating that if only one sample was selected for provenance analysis, specific sources
would have been excluded.

The results of Zimmermann et al. (2015) echo the findings of Degraaff-Surpless
et al. (2003) in a similar study of Cambrian shallow marine sandstones that found vastly
different age spectra at the top and base of the Herreria Formation, Cantabrian
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Mountains, Spain. Less than 11 Myr of deposition are recorded within the studied unit,
providing a further indication that important provenance changes can occur within
lithostratigraphic units.

Detrital-zircon studies conducted in modern sedimentary systems, where the
provenance is known, are crucial to identifying controls that can affect detrital-zircon age
spectra (Hietpas et al., 2010; Yang et al. 2012; Saylor et al., 2013). For example, a study
of sediment from the Frankland River in southwestern Australia demonstrates the concept
of downstream masking of detrital-zircon age populations (Cawood et al., 2003). In a
string of samples, Archean-age detrital zircons diminish in percentage in the lower limits
of the river so that 70 % of the provenance of the watershed is described by only 25 % of
the 78 detrital zircons in the most distal sample.

In a study by Hietpas et al. (2011), who sampled modern sediments in the French
Broad River watershed of North Carolina and Tennessee, sediment derived from
crystalline rocks formed during the Grenville orogeny makes up only 40 % of the
watershed by area, but overwhelmingly dominates the detrital-zircon age spectra for
samples within the watershed. By content, detrital zircons whose ages overlap with the
Acadian and Taconic orogenies are present at much lower percentage, despite a greater
areal distribution relative to Grenvillian (1000-1300 Ma) rocks. Although a total of over
200 zircons were analyzed, no zircons overlap in age with Alleghanian orogeny, the last
major collisional orogenic event to shape the Appalachians. The overabundance of
Grenvillian zircons can be attributed to their size and abundance by comparison with

zircons derived from crystalline rocks intruded during younger orogenies and to the bias



that arises from preferentially selecting large zircons for analysis (Moecher and Samson,
2006).

Both the Hietpas et al. (2011) and Cawood et al. (2003) studies provide evidence
that the detrital-zircon populations of active sedimentary systems can vary laterally and
that overrepresentation and underrepresentation of sources can occur. Extending these
findings to the sedimentary record confirms that single-sample strategies for detrital
zircon studies could fail to fully represent the provenance of a specific stratigraphic unit.

Findings presented in Lawrence et al. (2011) suggest that, at even finer scales,
collecting a single sample could lead to a misinterpretation of sediment provenance. The
study examined five locations on a single fluvial dune (approximately 1.25 meters high
with wavelength of about 20 meters) and determined the detrital-zircon age spectrum for
each location. No single sample recorded every age-peak found in the composite
spectrum. Lawrence et al. (2011) concluded that detrital zircons are separated into grain-
size fractions, where smaller zircons are older in age. Despite this conclusion, no similar
research has been conducted in ancient sedimentary deposits where most provenance
research takes place.

This paper presents new U—Pb age dates on detrital zircons from multiple
sandstone samples collected only centimeters apart from two ancient fluvial channels,
one in the middle member of the Cambrian Wood Canyon Formation, and the other in the
underlying upper member of the Ediacaran Stirling Quartzite, from exposures in the
Nopah Range, southeastern California (Figs. 1, 2). This sampling strategy is aimed at
testing whether sorting during sedimentary transport will produce different age spectra in
rocks that have the same bulk provenance. Sedimentary structures containing sediment of
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Figure 1. Map of the field area in the southern Nopah Range, southeastern CA, chosen for this study.
Channel sites in the middle member of the Wood Canyon Formation (mmWCF) and upper member of the
Stirling Quartzite (umSQ) are marked. NR — Nopah Range; RSR — Resting Spring Range; KPF — Kingston
Peak Formation; ND — Noonday Dolomite; JF — Johnnie Formation; SQ — Stirling Quartzite; WCF — Wood
Canyon Formation; ZQ — Zabriskie Quartzite; CF — Carrera Formation; BKF — Bonanza King Formation; €
— Cambrian undifferentiated; PS — Precambrian basement.



Figure 2. Detailed aerial image of the field area. Middle member of the Wood Canyon Formation
(mmWCEF) site and upper member of the Stirling Quartzite (umSQ) are marked. Lines provide the geologic
contacts between the upper member of the Stirling Quartzite (umSQ), lower (IMWCF), middle (mmWCF),
and upper members (umWCF) of the Wood Canyon Formation, and undifferentiated Zabriskie Quartzite
(Z2Q), Carrera Formation (CF), and Bonanza King Formation (BKF) rocks. Image courtesy Google Earth.



different grain sizes, from fine to coarse sand, were collected to increase the likelihood of
sampling deposits that represent a range of flow regimes. Each sample was taken from an
isolated sedimentary structure, primarily tabular cross-stratification, with the intention of
investigating the effects of sorting on detrital-zircon age spectra. If sorting does not affect
the detrital-zircon age populations, then the age spectra for samples from the same fluvial
channel should appear to be statistically similar. By measuring the grain size, sphericity,
and roundness of whole detrital zircons, it is possible to provide further data on textural
properties and any possible age correlations that may extend beyond provenance as the

singular control of a detrital zircon age spectrum.



2. STRATIGRAPHIC SEQUENCE SELECTION

2.1 Reasoning behind choice of formations

The Neoproterozoic (Ediacaran) upper member of the Stirling Quartzite and the
Cambrian (Terreneuvian) middle member of the Wood Canyon Formation in
southeastern California (Figs. 1, 2) represent ideal stratigraphic units to conduct closely
spaced sampling for detrital zircon. Previous work (Stewart et al., 2001; Schoenborn et
al., 2012; Gehrels and Pecha, 2014) interprets detrital-zircon provenance for both
formations, which provides context for comparison with data generated in this study.
Detrital-zircon ages from the Stirling Quartzite and Wood Canyon Formation record a
shift in provenance (Schoenborn et al. 2012). The approximate age of deposition of both
units is known biostratigraphically (Corsetti and Hagadorn, 2000; Hagadorn and
Waggoner, 2000), making it possible to comment on the effectiveness of detrital-zircon
maximum depositional ages. Both formations are similar in sedimentology, containing
abundant nested sets of cross-stratified (Fedo and Cooper, 2001) sandstone with a range
of grain size and sorting values representative of deposition in shifting flow regimes
(Garzanti et al., 2008). Sandstones with different textural properties are necessary to test
whether sorting plays an important role in determining detrital-zircon age spectra. Using
fluvial sediment reduces the complicated provenance factors found in marine
environments, such as long-shore drift.
2.2 Geologic setting

Neoproterozoic—Cambrian stratigraphy in southeastern California records the
development of the Cordilleran Laurentian margin (Fedo and Cooper, 2001). Beginning

with the Cryogenian Kingston Peak Formation and progressing to the Ediacaran-
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Cambrian Wood Canyon Formation, the breakup of Rodinia is preserved in a transitional
rift-to-drift sequence (Miller, 1985; Prave, 1991; Fedo and Cooper, 2001; Schoenborn et
al., 2012) with passive-margin sedimentation beginning with the Noonday Formation,
which underlies both units studied here. Stirling Quartzite and overlying Wood Canyon
Formation strata (Fig. 3), included in the passive-margin succession, represent the
transition from nascent passive margin to passive margin (Fedo and Cooper, 2001; Hogan
etal., 2011; Schoenborn et al., 2012). In the Nopah Range, both formations are hundreds
of meters thick (Hogan et al., 2011; Schoenborn et al., 2012), having been deposited
basinward of the craton margin hinge zone (Cooper and Fedo, 1993). Sampling within
the thickest stratigraphy increased the likelihood of locating well preserved and well
defined fluvial channels.
2.2.1 Stirling Quartzite

The sedimentology, stratigraphy, depositional environment, and provenance of
the Stirling Quartzite are well documented (Stewart, 1972; Diehl, 1979; Wertz, 1983,
Fedo and Cooper, 2001; Schoenborn et al., 2012). Both the lower and upper members of
the Stirling Quartzite are braided fluvial, medium-to-coarse grained, trough cross-bedded
quartzite (Fedo and Cooper, 2001), whereas the middle member is composed of intertidal
interbedded siltstone, shale, and dolomite (Fedo and Cooper, 2001). A channel sampled
in the upper member of the Stirling Quartzite, was included in this study (Fig. 3).
Schoenborn et al. (2012) addressed the provenance of the upper member of the Stirling
Quartzite and concluded that it mainly sources California, Nevada, and Arizona bedrocks.
Dominant detrital-zircon age-peaks of ~1400 Ma and ~1700 Ma represent input from
Mojavia granites and gneisses (Farmer and Ball, 1997; Wooden et al., 2012). Smaller

9
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Figure 3. Generalized stratigraphic column of the Stirling Quartzite and Wood Canyon Formation, with
members and depositional age included. The stratigraphy was sampled at 1) the middle member of the
Wood Canyon Formation and 2) the upper member of the Stirling Quartzite. Modified after Schoenborn et
al. (2012).
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~1000 to ~1200 Ma age-peaks are consistent with Grenvillian rocks (Park et al., 2010;
Gehrels et al., 2011), and multiple ~2600 to ~2700 age-peaks are likely sourced from the
Wyoming craton (Mueller et al., 1998; Mueller and Frost, 2006). Studying a formation
with such a diverse range of sources increases the possibility of sampling zircon
populations with different textural properties, improving the chance of discovering
sediment sorting effects on age spectra.

2.2.2 Wood Canyon Formation

The Wood Canyon Formation has been described and interpreted by Diehl (1979),
Fedo and Cooper (1990), Fedo and Cooper (2001), Corsetti and Hagadorn (2000), and
Hogan et al. (2011). Marine-shelf siltstone and carbonate in the lower member are
overlain by subarkosic, braided-fluvial, trough cross-stratified sandstones of the middle
member (Fedo and Cooper, 2001; Hogan et al., 2011). Upper member stratigraphy
returns to marine siltstone and contains hummocky cross-stratification and interference
ripples that represent a shallow marine shelf (Diehl, 1979; Fedo and Cooper, 1990; Fedo
and Cooper, 2001).

Samples were collected from a channel in the middle member of the Wood
Canyon Formation (Fig. 3), ~5 m below the Skolithos piperock that marks the base of the
upper member (Fedo and Cooper, 2001). Detrital zircon age populations from the middle
member of the Wood Canyon Formation show a major shift in provenance from the
upper member of the Stirling Quartzite (Stewart et al., 2001; Schoenborn et al., 2012).
One major age-peak at ~1100 Ma in the detrital zircon age spectrum, found in every
sample suite from the unit, represents major input from Grenville orogeny detritus
(Gehrels and Pecha, 2014; Howard et al., in review). Minor peaks at ~1400 Ma and
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~1700 Ma represent Mojavia bedrock (Wooden et al., 2012), and few Archean ages have
been recovered (Mueller et al., 1998; Mueller and Frost, 2006). Primary input of
Grenvillian zircons indicates a source to the east of Nevada, Arizona, and New Mexico
(Rainbird et al., 1992) for the middle member of the Wood Canyon Formation (Gehrels et
al., 2011; Schoenborn et al., 2012). In the context of this study, the age spectrum of the
Wood Canyon Formation allows for a test of the possible impacts of detrital zircon

sorting on samples with a single dominant detrital-zircon age-peak.
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3. TECHNICAL APPROACH AND METHODS

3.1 Sampling strategy

The experimental design requires that samples be collected from individual
sedimentary structures in a single fluvial channel. Channel cross-sections displaying
nested sets of cross-stratification and variations in grain size were chosen for this study
(Figs. 4, 5) because sediment deposited within a single channel should have been
deposited essentially isochronously and thus have the same provenance. Encapsulating
mudstone units or erosive features clearly define preserved channel margins. Fluvial
channels from both units were deposited on a pre-vegetated, braided-fluvial landscape,
where single channels could have width-to-depth ratios exceeding 1000:1 (Long, 2011).
As a result, complete channel cross-sections are rare, so samples were collected from
localized measured sections through a channel at each site.

Characteristics of each channel were documented in the field by measuring
detailed stratigraphic columns and building three-dimensional stratigraphic panels where
possible (e.g., Fig. 4). Sedimentary structures, their bounding surfaces, and the grain sizes
of the sand composing each structure were documented to identify samples for detrital
zircon analysis. Both channels (Figs. 4, 5) are composed of nested sets of tabular
tangential cross-stratification with less common plane stratification, tabular planar cross-
stratification, and trough cross-stratification. Samples were chosen to include different
grain sizes and bedforms (Figs. 4, 5). Six samples were processed for detrital zircons:
EP01-B, EP02-A, EP02-C, and EP03 from the middle member of the Wood Canyon
Formation, and SQ1-JM and SQ5-JM from the upper member of the Stirling Quartzite

(Appendix A).
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Figure 4. A) Three-dimensional stratigraphic panel of the channel sampled in the middle member of the Wood Canyon Formation. Dark gray coloration
represents mudstone, light gray represents heavily oxidized sandstone, and white represents sandstone. Fluvial sedimentary structures, predominantly north-
flowing tabular tangential cross stratification, make up the sandstones in the outcrop. Marked are the three samples collected in the field, and 1) sample
EP01-B, 2) sample EP02-A, 3) sample EP02-C, and 4) sample EP03. Sample images can be found in Appendix A. B) Field image of samples EP02-A and
EP02-C. C) Field image of sample EP01-B. D) Field image of sample EP03. Images B, C, and D include dashed lines marking the upper and lower
boundaries of the channel, and the base of an upper erosive unit in the channel from which EP01-B is sampled.
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Figure 5. Field image of the upper member of the Stirling Quartzite sample site, with bounding surfaces of
the sedimentary structures within the fluvial channel. Included are the locations of 1) sample SQ1-JM and
2) sample SQ5-JM.
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3.2 Sample preparation
3.2.1 Importance of sample sedimentology

To test the potential sorting effects on detrital-zircon age spectra, the chosen
samples contain different grain size, scale of sedimentary structure, and sorting
characteristics. Sorting can only occur if flow velocities change (Garzanti et al., 2008),
so this study is most relevant if the same fluvial channel is sampled and yet represents
different depositional energies. For this reason, the textural properties of each sample are
presented below (Chapter 4.).

3.2.2 Contamination assessment

In a study focused on comparison of detrital-zircon age populations in samples
collected only centimeters apart, the identification of contamination through processing
becomes essential. Field observations were used to determine the bounding surfaces that
separate each sedimentary structure. A rock saw and hydraulic splitter were used to
remove weathered surfaces and isolate each sedimentary structure from which individual
samples were extracted for detrital zircon recovery. Each sample was placed in an
ultrasonic bath for two hours to remove any loose material and then rinsed in distilled
water; clean chips were stored in a clean, sealed plastic container.

Rock samples were crushed using standard crushing techniques, including
reducing samples for zircon separation using a jaw crusher and disk mill. Several tests
were designed to determine the likelihood of contaminant introduction from material
retained within the jaw crusher between cleanings. The jaw crusher was initially run for
10 minutes after a thorough cleaning without processing any material. Grains of quartz
and magnetic iron (generated from wear on the jaws of the machine) comprise most of

16



the debris released, but no zircon was identified. Because material was released from the
jaw crusher during normal operation, a test was designed to assess the amount of material
retained and released through time by the jaw crusher. After crushing 150 g of calcite, the
machine was cleaned and run for six intervals of five minutes without crushing additional
samples. Analysis of the debris indicates that after 15 minutes of shaking, the percentage
of calcite was reduced considerably (Appendix B). Consequently, the jaw crusher was
cleaned twice and left to run for 15 minutes between processing each rock chip for
detrital zircon. Between samples, 150 g of calcite was crushed through the jaw crusher to
liberate any contaminants from pitted surfaces within the machine. Calcite was used to
avoid any potential for zircon addition. Contamination from the disk mill is unlikely,
because it can be easily cleaned between samples, and new disks were used during
operation.

Accessory mineral separates were drawn directly from milled samples using
conventional heavy liquid techniques with methylene-iodide (Ml, p = 3.32 g/mL). Ml
was conserved and reused for each separation, necessitating measures to prevent zircon
addition. To preclude detrital zircons from moving sample-to-sample, the MI was filtered
twice before reuse using 20 um micron filter paper. Zircons of less than 20 um cannot be
dated by the analytical methods used in this study.

3.2.3 Limiting potential bias during zircon recovery

While contamination may be the most immediate source of errors introduced into
detrital-zircon analysis, systematic bias of the results by techniques used in the
preparation process or by the user is also possible (Sircombe and Stern, 2002), and was
carefully avoided. A water table was not used to concentrate accessory minerals,
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including zircons, because it carries the risk of removing some populations of detrital
zircons from the sample (e.g., Dodson et al., 1988; Gehrels et al., 2011; Hadlari et al.,
2012). Similarly, a magnetic separator was not used as a means to remove ferromagnetic
and paramagnetic zircon (Fedo et al., 2003), because removal of such grains may
eliminate a population of detrital zircons and bias the results (Sircombe and Stern, 2002;
Slama and Kosler, 2012). Detrital zircons, representing all textural properties, were hand
picked after separation in MI with cognizance of not biasing in favor of large and
translucent grains. In one case (sample SQ5-JM), when the yield of detrital zircons was
low, all zircons in a separate were picked for analysis.
3.3 Detrital-zircon U-Pb geochronology

Uranium-lead (U—Pb) geochronology was completed at the Arizona LaserChron
Center facility, University of Arizona. Zircon separates from the six samples were
mounted in epoxy and imaged using reflected light and with an SEM using a
backscattered electron detector to identify any non-zircon grains before analysis.
Concentration of U, Th, and Pb, and isotope ratios 2**Pb/2%Pb, 2°U/2°7Pb, 238U/2%Pb, and
207pp/206pp of individual zircons were measured using the Thermo Element2 single-
collector inductively coupled plasma mass spectrometer (ICPMS) coupled to a Photon
Machines Analyte G2 excimer laser set to a spot size of 20 um. Ablation depth is
approximately 15 um (Lane and Gehrels, 2014). Analysis spots were pre-ablated with
three laser bursts at a spot size of 30 um to clean the zircon surface. Data were compared
against SL (Gehrels et al., 2008), FC (Woodhead and Hergt, 2005), and R33 (Slama et
al., 2008) zircon standards, which were measured before, during, and after each analytical
run (Fornash et al., 2013). Isotope ratios of U and Pb and calculated ages are presented in
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Appendix C. Measured 2%U/2°®Pb and 2°’Ph/?%Pb isotope ratios from the ICPMS are
plotted on Tera-Wasserburg concordia diagrams (Fig. 6), using Isoplot (Ludwig, 2008).
Age dates used in the study are those calculated from 2°7Pb/?%Pb. Only grains that are
less than 20 % discordant or 5 % reverse-discordant are included in the results (e.g.,
Finzel, 2014; Lane and Gehrels, 2014; Malone et al., 2014).

3.4 Comparative statistical methods

Because the comparative aspect of this study is integral to addressing whether
sorting of sediments by their textural properties affects age spectra, multiple statistical
methods are used to analyze the data. Age spectra for the six samples are presented as
probability density plots (PDPs) that graph age versus probability as a non-continuous
function for visual comparisons. Multiple PDPs are compared using statistical metrics,
including Kolmogorov-Smirnov (K-S) testing, overlap (Gehrels, 2000), and likeness
(Satkoski et al., 2013), all of which are common in provenance studies (Fedo et al., 2003;
Satkoski et al., 2013).

Probability density plots, a typical method of communicating the findings of
detrital zircon analysis (Fedo et al., 2003), represent the principal mechanisms to
visualize the detrital-zircon age data in this paper. Using PDPs allows for comparison
with previous studies, as well as a discussion of provenance interpretation. By examining
the detrital-zircon age spectrum of a sample, it is possible to identify potential
provenance by proxy of the age-peaks present (Fedo et al., 2003). By comparing age
spectra through time, a record of provenance change can be constructed.

The statistical tests used in this study make comparisons between age spectra,
allowing for an examination of consistency between each test. A two-sample
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Figure 6. Tera-Wasserburg concordia diagrams, generated using Isoplot (Ludwig, 2008), for the analyses
presented in this study. The four middle member of the Wood Canyon Formation samples included are A)
EP03, B) EP02-C, C) EP02-A, and D) EPO1-B. The two upper member of the Stirling Quartzite samples

are E) SQ5-JM and F) SQ1-JM. Note the large gap in age between the maximum depositional age of these

formations and the known depositional age.
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Kolmogorov-Smirnov test examines the null hypothesis that any two sample populations
could be selected from the same population distribution (Vermeesch, 2013). The test is
non-parametric, and compares an unlimited number of samples in table format to
determine similarities or shifts in provenance. If a K-S test generates a p value less than
0.05, than the null hypothesis is rejected at 95 % confidence (Satkoski et al., 2013).
Overlap, developed by Gehrels (2000), is used to compare the age-peaks present within
two age spectra without including the probability (height, or frequency) of the peaks. In
this test, results for multiple samples are presented in a table, with zero indicating no
shared peaks and one representing identical shared ages (Gehrels, 2000). Likeness, a
non-parametric test recently developed in Satkoski et al. (2013), and created especially
for detrital zircon provenance analysis, compares the area between two PDPs to test the
null hypothesis that two age spectra are similar (Satkoski et al., 2013). If two age spectra
are identical, the area between them will zero, and the likeness value will be 100 %.
Dissimilar curves will generate smaller percentages. Rejection of the null hypothesis
occurs at a percentage lower than 72 £ 6 % where n = 100 (Satkoski et al., 2013). For n-
counts greater than n = 100, rejection occurs at higher percentages. Similar to K-S
testing, the likeness metric incudes peak height when determining difference.

Although it is important to compare detrital-zircon age spectra using quantitative
means, statistical results cannot be viewed as the sole means of identifying provenance.
This study advocates the use of statistical tests to inform interpretations that take prior
knowledge into account. Changes in peak height through time may not indicate a shift in
provenance. For example, two similar detrital-zircon age-peaks are a proxy for similar
provenances, but may also represent two different sources of the same age. A pair of
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samples that do not have a high likeness or overlap may still include age populations that
represent the age-ranges of distinct geological provinces, indicating that they are of the
same provenance. In such circumstances, age-peak presence versus absence is addressed
during comparisons. Final determinations of the similarities or differences between two
detrital-zircon age spectra must be decided using solid geologic rationale coupled with

statistical approaches.
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4. SAMPLE DESCRIPTIONS

4.1 Middle member Wood Canyon Formation

The middle member of the Wood Canyon Formation is classified as a poorly
sorted, trough cross-bedded subarkose with variable rounding (Fedo and Cooper, 2001).
Deposition occurred on a fluvial braid plain with a northwest-directed paleocurrent (Fedo
and Cooper, 1990), indicating an easterly source (present coordinates). Samples
presented below are from a channel outcrop that is approximately 50 cm thick, 5 m wide,
and bounded by mudstone beds (Fig. 4).
4.1.1 Sample EPO1-B

Sample EP01-B was collected from a 9 cm-thick set of tabular planar cross-
stratification (Fig. 4; Appendix A). This sample was collected from the upper unit of that
channel, which has an erosive base and a darker color compared to lower channel
sandstones. Grain size ranges from very-fine to very-coarse sand, with a mean of medium
sand (Table 1; Figs. 7A, 8A; Appendix D). Sorting is moderate, and the grain size
distribution is unimodal (Table 1; Figs. 7A, 8A; Appendix D).
4.1.2 Sample EP02-A

A 10 cm-thick tabular tangential set of cross-stratification was sampled (Fig. 4;
Appendix A). The sample has a grain size range of very-fine to very-coarse sand, with a
mean of medium sand (Table 1; Figs. 7B, 8B; Appendix D). Sorting is moderate with a
unimodal distribution of grain sizes (Table 1; Figs. 7B, 8B; Appendix D).
4.1.3 Sample EP02-C

Sample EP02-C, taken from an 8 cm-thick set of tabular tangential cross-

stratification (Fig. 4; Appendix A), differs from the other Wood Canyon Formation
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Figure 7. Photomicrographs in cross-polarized light of Wood Canyon Formation thin sections of A) sample
EPO01-B, B) sample EP02-A, C) sample EP02-C, D) sample EP03, and Stirling Quartzite thin sections of E)
sample SQ1-JM, and F) sample SQ5-JM. These images depict the textural differences between samples
from the same channel, including the range of grain sizes from the middle member of the Wood Canyon
Formation, and the differences in sorting in the upper member of the Stirling Quartzite. All images are at
the same scale.
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Figure 8. Histograms based on point counts of the major-axis grain size distributions of the modal mineral
grains and whole detrital zircons in A) sample EP01-B, B) sample EP02-A, C) sample EP02-C, D) sample
EP03, E) sample SQ1-JM, and F) sample SQ5-JM. Sandstone grains are measured in ® and presented in
0.5-® bins, detrital zircons measured in um and presented in 20 um bins. Wood Canyon Formation modal
mineral grain sizes have normal distributions, whereas Stirling Quartzite modal mineral grain sizes are
skewed to smaller sizes. Sample SQ1-JM is bimodal. Note the differences in the range of zircon sizes found
in the Stirling Quartzite.
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Table 1. Modal Mineral Textural Data*.

Wood Canyon Formation

Stirling Quartzite

EP01-B EP0O2-A EP02-C EPO3 SQ1-JM SQ5-IM
Grain Size 3.88 - 3.16 - 3.82 - 3.56 — 3.44 — 2.90 -
Range (D) -0.59 -0.90 0.33 -1.39 -0.51 -0.16
Grain Size
Graphical 161 111 2.16 0.88 1.18 0.94
Inclusive Mean
(@)
Grain Size 0.91 0.90 0.58 1.03 0.95 0.59
Sorting
Grain Size -0.07 0.14 0.02 0.04 0.51 0.34
Skewness
Grain Size 0.88 0.87 1.03 0.84 0.82 0.97
Kurtosis
Modality unimodal unimodal unimodal unimodal bimodal unimodal
Rounding 4-6 4-6 4-6 4-6 5-6 5-6
Sedimentar tabular tabular tabular tabular tabular
y planar tangential tangential tangential plane strat. tangential
Structure
cross strat.  cross strat.  cross strat.  cross strat. Cross strat.
Composition subarkose  subarkose  subarkose  subarkose quartz arenite  quartz arenite
TeXt“fa' submature  submature  submature  submature submature submature
Maturity

*Textural classifications and calculations after Folk (1980).
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samples used in this study. Grain size ranges from very-fine to coarse sand, with a mean
of fine sand (Table 1; Figs. 7C, 8C; Appendix D). The sample is moderately well sorted
and has a unimodal grain size distribution (Table 1; Figs. 7C, 8C; Appendix D).
4.1.4 Sample EP03

Collected from a 17 cm-thick set of tabular tangential cross-stratification, EP03
(Fig. 4; Appendix A) is the coarsest sand found in the channel site. Grain size ranges
from very-fine sand to granule, with a mean of coarse sand (Table 1; Figs. 7D, 8D;
Appendix D). Sorting is poor and the grain size distribution is unimodal (Table 1; Figs.
7D, 8D; Appendix D).
4.2 Upper member Stirling Quartzite

Sandstones of the upper member of the Stirling Quartzite in southeastern
California are classified as quartz arenites (Wertz, 1983; Fedo and Cooper, 2001).
Samples collected for this study share well-rounded quartz and feldspar framework grains
(Fig. 7). Deposition occurred on a fluvial braid plain with a west-directed to southwest-
directed paleocurrent (Fedo and Cooper, 2001). Erosional surfaces bound the top and
base of the sampled channel deposit, which is approximately 1 m thick and 2 m wide
(Fig. 5).
4.2.1 Sample SQ1-JM

Sample SQ1-JM was taken from an 11 cm-thick bed of plane stratified sandstone
within the Stirling Quartzite channel site (Fig. 5; Appendix A). Grain size ranges from
very-fine to very-coarse sand, with a mean of medium sand (Table 1; Figs. 7E, 8E;
Appendix D). The sample is moderately sorted and has a bimodal distribution, with one
dominant mode of coarse sand and a subordinate mode of fine sand (Table 1; Figs. 7E,
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8E; Appendix D). As plane bedding, this sand was likely deposited under upper flow
regime conditions.
4.2.2 Sample SQ5-JM

SQ5-JM was sampled from a 20 cm-thick set of tabular tangential cross
stratification (Fig. 5; Appendix A). Grain size ranges from fine to very-coarse sand, with
a mean of coarse sand (Table 1; Figs. 7F, 8F; Appendix D). SQ5-JM is moderately well

sorted with a unimodal grain size distribution (Table 1; Figs. 7F, 8F; Appendix D).
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5. DETRITAL-ZIRCON CHARACTERISTICS

5.1 Middle member Wood Canyon Formation

To test whether detrital zircons might be separated by their textural properties,
each whole zircon was measured for grain size (major [Dc] and minor [Di] axes), Riley
sphericity (Di/Dc), and roundness (Powers, 1953; Folk, 1980; Table 2; Fig. 8; Appendix
E). The value D represents the largest circumscribing circle placed around an image of a
zircon, while the value D; represents the largest inscribing circle placed within an image
of a zircon (Folk, 1980). Detrital zircon fragments with sharp edges were clearly broken
during processing and so were not measured. Backscattered electron (BSE) images and
incident light images of detrital zircons are included in Appendices F and G. Sample
EP01-B contains zircons that range from 90-307 um in size (D) with a mean size of 126
um. Grains in sample EP02-A range from of 87-276 um with a mean of 142 um. In
sample EPO2-C, detrital zircon sizes range from 70-275 um with a mean size of 134 um.
Sample EP03 contains zircons that range from 80-374 um with a mean size of 158 pm.
These distributions are comparatively similar, even though the grain sizes of the
entraining sand are noticeably different. Riley sphericities of the zircons in all Wood
Canyon Formation samples are similar, with means ranging from 0.73 to 0.80 (Table 2;
Appendix E). Zircons from all samples have a mean roundness of 5 (Table 2).
5.2 Upper member Stirling Quartzite

The detrital-zircon grain size, sphericity, and roundness for the upper member of
the Stirling Quartzite was measured with the same methods as used for the Wood Canyon
Formation (Table 2; Fig. 8; Appendix E). Backscattered electron (BSE) images and

incident light images of detrital zircons are included in Appendices F and G. Zircon grain
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Table 2. Whole Detrital-Zircon Population Textural Characteristics*.

EPO1-B EPO2-A EP02-C EPO3 SQ1-JM SQ5-IM
Zircon Size Range (um) 90-307 87-276 70-275 80-374 76-288 67-183
Zircon Size Graphical 126 142 134 158 126 104
Inclusive Mean (um)
Zircon Size Skewness 0.17 0.11 0.17 0.17 0.17 0.11
Zircon Size Kurtosis 1.18 1.16 1.63 1.07 1.18 1
Modality Unimodal  Unimodal Unimodal Unimodal Unimodal Unimodal
Riley Sphericity Range  0.65-0.94 0.56-0.89 0.49-0.92 0.44-0.88 0.65-0.94  0.58-0.95
Riley Sphericity Mean 0.8 0.76 0.75 0.73 0.8 0.8
Roundness Range 2-6 1-6 1-6 1-6 1-6 1-6
Roundness Mean 5 5 5 5 6 5

*Textural classifications and calculations after Folk (1980).
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sizes (D¢) in sample SQ1-JM range from 76-288 pum with a mean of 126 pm. Zircons in
sample SQ5-JM range from 67-183 um with a mean of 104 um. Given the similarity in
the range of modal-mineral grain sizes present in the Stirling Quartzite samples, the
difference in the range of detrital zircon sizes between them is unexpected. Riley
sphericity values of the zircons average 0.8 in both samples (Table 2; Appendix E).
Zircons from sample SQ1-JM have a mean roundness of 6, and zircons from SQ5-JM

have a mean roundness of 5 (Table 2).
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6. U-Pb GEOCHRONOLOGY

This study analyzed the cores of 576 concordant detrital zircons from four
samples of the Wood Canyon Formation (Figs. 6, 9) and 226 concordant detrital zircons
from two samples of the Stirling Quartzite (Figs. 6, 9). More than 150 concordant
analyses were collected for each sample, except where discordant and reverse-discordant
results or low yield from sample SQ5-JM reduced the number of usable analyses. All
reported age-peaks include three or more grains, following the usage of Dickinson and
Gehrels (2009), except as otherwise specified. Reflected light images and
cathodoluminescence (CL) images that show analysis spots on each detrital zircon are
included in Appendix H and I.

6.1 Middle member Wood Canyon Formation

Wood Canyon Formation sample PDPs can be found in Figures 9A-9D, with the
original data in Appendix C. EP01-B (n = 146) contains one major peak at 1099 Ma, two
subordinate peaks at 1252 Ma and 1334 Ma, and three minor peaks at 1424 Ma, 1653
Ma, and 2683 Ma (1 grain). Sample EP02-A (n = 92) includes one major peak at 1096
Ma, two subordinate peaks at 1245 Ma and 1366 Ma, and three minor peaks at 1443 Ma,
1629 Ma (1 grain) and 1872 Ma. Ages from sample EP02-C (n = 178) fall into one major
peak 1096 Ma, three subordinate peaks at 1259 Ma, 1368 Ma, and 1453 Ma, and two
minor peaks at 1636 Ma and 1741 Ma. In sample EPO3 (n = 160), ages compose one
major peak at 1089 Ma, three subordinate peaks at 1227 Ma, 1370 Ma, and 1422 Ma, and

a minor peak at 1662 Ma. One grain with an age of 1852 Ma was analyzed.
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Figure 9. Normalized probability density plots for samples used in this study. A-D are from the middle
member of the Wood Canyon Formation. E and F are from the upper member of the Stirling Quartzite.
Calculated age peaks are marked in Ma. Ages presented are those calculated from 207Pb/2%Ph. Gray fields
represent ages of source rocks from the Grenville orogen (G), Mojavia (Mv), and Wyoming craton (W).
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6.2 Upper member Stirling Quartzite

Stirling Quartzite sample PDPs can be found in Figures 9E, 9F, and the original
data is included in Appendix C. Sample SQ1-JM (n = 142) contains two major peaks at
1440 Ma and 1775 Ma, two subordinate peaks at 1232 Ma and 2678 Ma, and 6 minor
peaks at 1081 Ma, 2147 Ma, 2476 Ma, 2614 Ma, 2918 Ma (1 grain), and 3278 Ma (1
grain). Sample SQ5-JM (n = 84) contains three major peaks at 1430 Ma, 1710 Ma, and
1772 Ma, two subordinate peaks at 2659 Ma and 2855 Ma, and 4 minor peaks at 1061

Ma, 1251 Ma (2 grains), 1884 Ma, and 2224 Ma (2 grains).
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7. STATISTICAL COMPARISON OF AGE SPECTRA

7.1 Middle member Wood Canyon Formation

A Kolmogorov-Smirnov (K-S) test including all of the sample age-spectra (Fig.
9), and a compiled age spectra made from pooling all samples, reveals that no Wood
Canyon Formation sample can be considered different than another, and that no sample is
different from the compiled age spectra (Figs. 10A, 10B; Table 3). For samples to be
considered different at 95 % confidence, a p value of less than 0.05 is needed. No p
values are less than 0.45 for the Wood Canyon Formation samples.

The overlap metric, again, indicates that all of the samples studied from this
channel have similar age spectra. Every comparison between the Wood Canyon
Formation samples, including comparisons made to the compiled age spectra, generates a
value greater than 0.77 (Fig. 10A,; Table 4), where 1.0 describes identical age spectra
(Gehrels, 2000). Overlap measures the percentage of shared peaks between samples
(Gehrels, 2000), so the calculated values indicate that each of the Wood Canyon
Formation samples share 77 % to 87 % of reported age-peaks.

The likeness metric values range from 86 % to 89 % (Fig. 10B; Table 5), and
complements the results of both the K-S and overlap statistical tests. Sample comparisons
that result in values larger than 72 + 6 % are classified as similar when n = 100 (Satkoski
etal., 2013). At n = 150, the percentage increases to 79 + 4 %. The comparison metrics
indicate that each of the four samples collected from the middle member of the Wood
Canyon Formation have nearly identical detrital-zircon age spectra. Despite processing
sandstones of different grain sizes, and slightly different ranges of zircon size between

samples, there is no difference in provenance within the channel site.
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Table 3. K-S Test*.

EPO1 EP02-A EP02-C EP0O3  AIIWCF SQ1-JM SQ5-JM Al SQ
EPO1 - -
EP02-A - -
EP02-C - -
EPO3 - -
All WCF - -
SQ1-IJM 0.000 -
SQ5-JM 0.000 0.000 0.000 0.000 0.000 0.050
All SQ 0.000 0.000 0.000 0.000 0.000 0.793 0.369

*Table of p-values. Values > 0.05 (bold) indicate 95 % confidence that 2 samples are not from different
populations.

37



Table 4. Overlap* Statistics.
EP01-B EP02-A EP02-C  EP03 AIIWCF SQ1-JM SQ5-JM AllSQ

EPO1-B

EP02-A 0.773 - - — _
EP02-C 0.818 0.874 - - _ —
EPO3 0.823 0.860 0.857 - -

All WCF 0.818 0.869 0.928 0.861
SQ1-IJM 0.544 0.609 0.579 0.545 0.631
SQ5-JM 0.605 0.651 0.628 0.593 0.685 0.773

All SQ 0.516 0.566 0.551 0.519 0.601 0.947 0.844
*Qverlap after Gehrels (2000). Bold values indicate 77 % or more shared ages between 2 samples.
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Table 5. Likeness* Statistics.
EP01-B EP02-A  EP02-C EP03 SQ1-JM  SQ5-JM

EP02-C
EPO3
SQ1-JM
SQ5-JM

*Likeness after Satkoski et al. (2013). Values > 72+6 % (bold) at n =100 indicate similarity.
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7.2 Upper member Stirling Quartzite

Sandstones processed from the Stirling Quartzite had different sorting
characteristics and produced different mean sizes of detrital zircon. Because sample SQ1-
JM has a maximum zircon size over 100 pum larger than sample SQ5-JM, the Stirling
Quartzite channel represented the most likely site to discover sorting effects. The K-S test
of the two samples generates a p value of 0.05 (Figs. 10A, 10B; Table 3), indicating that
the PDPs of these samples (Fig. 9) are similar but not identical. However, the overlap
metric between the two samples is 0.77 (Fig. 10A; Table 4), signifying that 77 % of the
age-peaks between SQ1-JM and SQ5-JM are shared. Likeness for the two samples is 72.3
% (Fig. 10B; Table 5), within the range of values that indicate similarity (Satkoski et al.,
2013). By visual comparison, there are no differences in provenance in the Stirling
Quartzite sediments. Age-peaks of Grenville, Mojavia bedrock, and Wyoming craton
provenance are present in both samples (Mueller et al., 1998; Mueller and Frost, 2006;
Park et al., 2010; Gehrels et al., 2011; Wooden et al., 2012), and both have a similar

youngest age-peak.
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8. TEXTURAL PARAMETERS AND AGE RELATIONSHIPS

8.1 Grain size

Multiple studies have demonstrated weak negative correlations between detrital-
zircon grain size and age and suggested that older zircons represent a smaller grain size
fraction (Lawrence et al., 2011; Yang et al., 2012). Plotting major-axis grain size against
the corresponding age of whole detrital zircons shows no linear correlation in either the
Wood Canyon Formation (Fig. 11A) or Stirling Quartzite (Fig. 11B). Zircons from all
age-peaks range an order of magnitude in size, from approximately 50-200 um, in both
units, demonstrating that older detrital zircons do not represent a smaller grain-size
population. There is, however, a relationship between grain size and provenance, which
indicates that there is no geologic reason to expect a linear correlation between grain size
and age. Therefore, no linear fit is generated in this study. Grains larger than 200 pm are
1.1 Ga Grenvillian grains in the Wood Canyon Formation samples (Fig. 11A), and 1.7 Ga
Mojavia-age grains in the Stirling Quartzite samples (Fig. 11B). These results indicate
that selecting only detrital zircons larger than 200 um for analysis during handpicking
should be avoided to prevent bias, though it is unlikely that any researchers have selected
such a large minimum size limit for detrital-zircon analysis. Furthermore, it is unlikely
that the separation of detrital zircons by size does impacts age spectra in these fluvial
deposits. Schoenborn et al. (2012), who did not find a linear correlation between grain
size and zircon age, are supported by the findings reported here.
8.2 Sphericity

Sorting of sediments occurs not only as a result of grain size, but also shape and

sphericity (Garzanti et al., 2008). Because zircons were observed in two dimensions in
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Figure 11. Graphs of major-axis grain size of detrital zircons vs. age. A) the middle member of the Wood
Canyon Formation and B) the upper member of the Stirling Quartzite.
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this study, the Riley sphericity values of whole detrital zircons are presented to further
investigate potential sorting effects. Data in Figure 12 illustrate no relationship exists
between detrital-zircon sphericity and age in the Wood Canyon Formation (Fig. 12A) or
Stirling Quartzite (Fig. 12B) samples. To determine if the sphericity of a detrital zircon is
related to its size, grain size versus sphericity plots for each formation are included in
Figure 13. The results provide evidence that smaller zircons tend to be more consistently
spherical than larger grains. Presumably, as zircons move through sedimentary transport
systems, elongate zircon crystals break down by grain-to-grain impact and are rounded
by abrasion (Folk, 1980).
8.3 Roundness

Roundness is commonly cited as evidence of transport, where more rounded
grains generally represent greater transport distances (Folk, 1980). As a result, the
assumption that well rounded detrital zircons have travelled further from their source than
angular, euhedral detrital zircons may seem valid. However, mean roundness values in
both the Wood Canyon Formation and Stirling Quartzite detrital zircons range from 5-6,
despite the less distal provenance of the Stirling Quartzite. Plots of detrital zircon
roundness and age for Wood Canyon Formation and Stirling Quartzite grains (Fig. 14)
reveal that several specific age populations contain angular, euhedral detrital zircons. In
the Wood Canyon Formation, angular grains clustered at ~1.1 Ga and ~1.4 Ga (Fig.
14A). Grenvillian ~1.1 Ga grains have a provenance in Texas (Fedo and Cooper, 2001;
Howard et al., in review). Either roundness does not represent a useful proxy for detrital-
zircon transport distance, or multiple sources of Grenvillian zircons contribute to the
provenance of the Wood Canyon Formation. Angular grains in the Stirling Quartzite
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Figure 12. Graphs of Riley sphericity of detrital zircons vs. age. A) the middle member of the Wood
Canyon Formation and B) the upper member of the Stirling Quartzite.
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samples are ~1.7 Ga and ~2.6 Ga grains (Fig, 14B). Both the ~1.4 Ga and ~1.7 Ga
Mojavia ages are sourced from California, Nevada, and Arizona bedrock, yet only ~1.7
Ga angular grains occur. Furthermore, several Archean grains sourced from the distant
Wyoming craton (Mueller et al., 1998; Mueller and Frost, 2006) are angular. Results
from both formations in this study demonstrate that the rounding of detrital zircons in
fluvial systems is complex and perhaps not easily connected to transport distance.

8.4 Implications for detrital-zircon provenance studies

8.4.1 Sorting and age spectra

Detrital-zircon age spectra that represent individual sedimentary structures from a
single fluvial channel are statistically similar. With no differences found between the age
spectra collected within each unit (Fig. 10), the results indicate that separation of fluvial
sediments by textural properties does not impact detrital-zircon age spectra. Despite
differences in the range of modal-mineral grain sizes sampled in the middle member of
the Wood Canyon Formation (Figs. 8A-8D), and differences in the modal-mineral sorting
values of samples in the upper member of the Stirling Quartzite (Figs. 8E, 8F), zircons of
50-200 pm are found across all age-peaks. There is no opportunity for sorting to occur in
these units because each age-peak in an age spectrum represents a wide range of detrital-
zircon sizes and sphericities.

Differences in transport distance have do not effect the likelihood of sorting of
detrital zircon in this study, as neither the Texas-sourced Wood Canyon Formation
(Howard et al., in review) nor the Mojavia-sourced Stirling Quartzite (Schoenborn et al.,
2012) show differences between sample age spectra. The Wood Canyon Formation, with
a single dominant Grenvillian peak, may not contain the abundance of age-peaks
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necessary to produce sorting differences in ages of detrital zircons. However, the Stirling
Quartzite has multiple major age-peaks from the Mezoproterozoic to the Mesoarchean, a
range that indicates the absence of detrital-zircon sorting is not simply a result of
provenance diversity.

Continuing work in detrital-zircon studies, particularly those of provenance, is
directly impacted by the findings of this study. Sorting of detrital zircon by age cannot be
viewed as a general rule in fluvial sediments. Therefore, the collection of detrital zircon
samples at the scale of individual sedimentary structures is not necessarily warranted in
all provenance studies of fluvial sediments. Marine sediments, which may be impacted by
mixing of sources through longshore drift (e.g., Sircombe and Freeman, 1999; Dickinson
and Gehrels, 2003), have yet to be tested for the effects of sedimentary sorting on age
spectra. My findings suggest that cases of under-represented or over-represented age-
peaks, common in sediments that contain Grenvillian detrital zircons (Hietpas et al.,
2010), are less related to the effects of sediment sorting, and more likely related to the
characteristics of the source rock. For example, source rocks with smaller or fewer
zircons produce smaller age-peaks (Moecher and Samson, 2006) that may go
undiscovered in a sample of ~150 grains. In this study, the primary influence on detrital-
zircon age spectra is the source of the sediment, as is commonly assumed in provenance
studies.

8.4.2 Evaluation of maximum depositional age

Analyses collected in this study allow for comment on using detrital zircon ages
to determine depositional age of stratigraphic units. Previous work (Nelson, 2001)
suggested an alignment of youngest detrital-zircon age and approximate age of
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deposition. Based on biostratigraphy, the Wood Canyon Formation and Stirling Quartzite
were deposited in the Cambrian (Terreneuvian) and Ediacaran respectively (Corsetti and
Hagadorn, 2000; Hagadorn and Waggoner, 2000). However, using the detrital-zircon age
spectra presented in this paper, if the youngest detrital-zircon age-peak in the Wood
Canyon Formation (1095 Ma) is taken as an approximation of depositional age (Figs. 6,
15A), the interpretation is approximately 500 Myr early. Similarly, if the youngest
detrital-zircon age-peak in the Stirling Quartzite (1065 Ma) is taken as an approximation
of depositional age (Fig. 6, 15B), the result is approximately 500 million years early.
These estimates of depositional age are not only inaccurate, but suggest that the
Ediacaran upper member of the Stirling Quartzite is younger than the Cambrian middle
member of the Wood Canyon Formation. Such outcomes point towards caution when
using detrital zircon to determine depositional age, particularly in the thick, mature

stratigraphic sections of passive margins.
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Figure 15. Compiled normalized probability density plots for A) the middle member of the Wood Canyon
Formation and B) the upper member of the Stirling Quartzite. All concordant ages collected in this study
are presented. Note that the youngest age peak in the Wood Canyon Formation (1095 Ma) is older than the
youngest age peak (1065 Ma) in the stratigraphically older Stirling Quartzite. Calculated age peaks are
marked in Ma. Gray fields represent ages of source rocks from the Grenville orogen (G), Mojavia (Mv),
and Wyoming craton (W). No age-peaks occur within 500 million years of the known depositional age of
these formations.
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9. DEVELOPMENT OF THE SOUTHWESTERN LAURENTIAN

MARGIN

New detrital-zircon age data, repeated here, provide an opportunity to add to
earlier provenance interpretations of the Stirling Quartzite and Wood Canyon Formation.
Prior studies of the southwestern Laurentian margin have established detrital-zircon age
spectra for both formations (Stewart et al., 2001; Schoenborn et al., 2012; Gehrels and
Pecha, 2014). Results from this study (Fig. 15) corroborate established age spectra,
strengthening previous interpretations that the Wood Canyon Formation has a Grenvillian
source far to the east of its present coordinates (Fedo and Cooper, 2001; Howard et al., in
review). Such a provenance is different from the Stirling Quartzite, which is derived from
bedrock sources in California, Nevada, and Arizona (Farmer and Ball, 1997; Schoenborn
et al., 2012). A comparison of representative samples of the Wood Canyon Formation
and Stirling Quartzite (EP01-B, SQ1-JM) generates a K-S p-value of zero (Table 3), and
overlap of 54.4 % (Table 4), and a likeness of 18.1 % (Table 5), which supports a
difference in provenance. Therefore, the deposition of the middle member of the Wood
Canyon Formation likely did not involve deep scouring and erosion into the upper
member of the Stirling Quartzite, as Hogan et al. (2011) envisioned, because major
Archean peaks present in the upper member of the Stirling Quartzite are not recycled into
the Wood Canyon Formation.

Closely spaced sampling permits additional conclusions about the provenance of
sediments and tectonic history in southwestern Laurentia. Previous work interpreted the

large Grenvillian detrital-zircon peak in the Wood Canyon Formation as an influx of
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sediment from eastern Laurentia (Fedo and Cooper, 2001; Schoenborn et al., 2012;
Howard et al., in review). Others provided an alternative hypothesis that these
Grenvillian grains were more locally sourced and represent recycling, explaining that the
Transcontinental Arch prevented Grenville detritus from reaching southwestern Laurentia
during the Early Cambrian (Amato and Mack, 2012). Until this study, it was uncertain
whether or not sorting effects on detrital zircons could be responsible for the Grenvillian-
peak. However, the results demonstrate that sedimentary sorting did not impact age
spectra. Grenvillian zircons in the middle member of the Wood Canyon Formation likely
represent the arrival of detritus from eastern Laurentia, not recycling from locally derived
sediments. Sediment from California, Nevada, and Arizona, which make up the upper
member of the Stirling Quartzite, do not contain the abundance of Grenvillian zircons
found in the Wood Canyon Formation.

Crystalline rocks from the Llano uplift and Franklin Mountains in Texas are the
proposed source of the Grenvillian peak in the middle member of the Wood Canyon
Formation, based on Hf isotopes in detrital zircon (Howard et al., in review). | present a
model to explain the process that led to the arrival of detrital zircons from Grenvillian
rocks in Texas to the southwestern Laurentian margin. Prior to deposition of the middle
member of the Wood Canyon Formation, Neoproterozoic deposits (e.g., Johnnie
Formation, Stirling Quartzite) were deposited basinward of the craton-margin hinge zone
in a passive-margin setting that postdated the fragmentation of Rodinia (Fedo and
Cooper, 2001). Before arrival of middle member of the Wood Canyon Formation
detritus, the surface of Laurentia in this region was deeply eroded as a result of erosion of
the rifted margin (Hogan et al., 2011; Schoenborn and Fedo, 2011). Therefore, much of
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the detritus deposited earlier than the Wood Canyon Formation derives from Mojavia and
Yavapi/Mazatzal bedrock (Schoenborn et al., 2012). This is particularly apparent in the
lower Johnnie Formation, where no detrital zircons of ~1.1 Ga were recognized by
Schoenborn et al. (2012). As the landscape matured through erosion of local highlands,
the provenance became more diverse. By the time of deposition of the upper Stirling
Quartzite, Grenville grains and Archean grains from the Laurentian craton interior
became important contributors (Schoenborn et al., 2012). Local topography was lowered,
leaving sea-level fluctuation as the principal means of base-level change and stream
incision (e.g., Montafiez and Osleger, 1993; Hogan et al., 2011). The depth of incision
would be limited because for this time (and for certain through the Cambrian), sea level
fluctuation occurred as high-frequency, but low-amplitude, cycles (Hogan et al., 2011).
Evidence for the lowering of topography is seen in the development of a thick, very
mature weathering profile (Fedo, unpublished data) developed on the crystalline rocks in
cratonic settings, upon which arenites of the middle member Wood Canyon Formation
nonconformably rest (Fedo and Cooper, 1990). Stratigraphic patterns in the Wood
Canyon Formation again indicate very low relief on the unconformity surface (Hogan et
al. 2011).

During the earliest Cambrian, the Ouachita rift was active and beginning to
separate eastern Laurentia from what would become the Argentine Precordillera (Thomas
etal., 2012). This rift was located in modern Texas and Oklahoma (Thomas, 2014), and
likely resulted in the rift-flank uplift as a result of the rising asthenosphere (Weissel and
Karner, 1989; Ferraccioli et al., 2011). Uplifted rocks on the rift flanks included
Grenvillian crystalline rocks acting as a point source (Spencer et al., 2011; Howard et al.,
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in review). As local relief changed, and subsequent weathering and erosion occurred, a
pulse of Grenvillian detrital zircons entered the sedimentary transport system, burying
local bedrock, which by the late Neoproterozoic and Early Cambrian would have been
reduced to a low-relief sediment bypass surface. Consequently, sediment from Texas
(Howard et al., in review) could have traveled in westward-flowing (Fedo and Cooper,
1990; Stewart et al., 2001; Karlstrom et al., 2004) alluvial systems towards California,
and resulting in deposition of the middle member of the Wood Canyon Formation. As
demonstrated here, this increase in Grenvillian detrital zircon abundance is important and
not a result of sediment sorting effects. The Zabriskie Quartzite, stratigraphically above
the Wood Canyon Formation, contains few Grenvillian zircons (Gehrels and Pecha,
2014) and represents a return to derivation of sediment from deeply eroded sources,
including remnants of the rift shoulder in Texas. From this time until the Carboniferous,
arenites in southwestern Laurentia are rare but are dominated by Mojavia and
Yavapai/Mazatzal sources (Gehrels et al., 2011). Based on biostratigraphy, deposition of
the middle member of the Wood Canyon Formation began shortly after the Cambrian-
Ediacaran boundary (Corsetti and Hagadorn, 2000), and continued until deposition of the
upper member of the Wood Canyon Formation, which contains olenellid trilobites
(Corsetti and Hagadorn, 2000). Olenellid trilobites occur in Stage 4 of the Cambrian
(Babcock et al., 2005), at approximately 515 Ma and younger. If the middle member of
the Wood Canyon Formation represents deposition from ~542 Ma to ~515 Ma, then
erosion of the rift shoulder in Texas may have occurred in approximately 25 Myr, which
corresponds with typical rift shoulder erosion at a passive margin in of a few tens of
millions of years (Burke and Gunnell, 2008).
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10. CONCLUSIONS

Individual sedimentary structures (mainly sets of tabular cross-stratification),
collected using centimeter-scale sampling of single braided-alluvial channels in
the Neoproterozoic (Ediacaran) upper member of the Stirling Quartzite and the
Cambrian (Terreneuvian) middle member of the Wood Canyon Formation, have
different grain size and sorting characteristics.

Sorting of detrital zircons by grain size does not occur in samples of individual
sedimentary structures from a fluvial channel in the middle member of the Wood
Canyon Formation, but does occur in the upper member of the Stirling Quartzite.
Sample SQ1-JM and SQ5-JM have similar mean framework grain sizes of 1.18 ®
and 0.94 @, and yet detrital zircons range from 76 um to 288 um in SQ1-JM and
only 67 um to 183 pum in SQ5-JM. Here, the grain size may be attributed to
difference in bedforms, as SQ1-JM represents plane stratification, whereas SQ5-
JM represents tabular tangential cross-stratification.

Detrital-zircon age spectra are statistically similar for samples collected from the
same fluvial channel. Wood Canyon Formation sample comparisons have
liknesses of over 86 % and greater than 77 % overlapping age-peaks. Stirling
Quartzite sample comparisons have likenesses of over 72 % and greater than 77 %
overlapping age-peaks. Therefore, sorting effects on detrital-zircon age spectra do
not occur in the Stirling Quartzite or Wood Canyon Formation, and are not a
general rule in fluvial sediments.

Measurements from whole detrital zircons indicate that grain size, sphericity, and

roundness have no linear correlation with age. All age populations in the samples
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are represented by zircons ranging from 50 pum to 200 um. Therefore, age spectra
will remain unaffected by sorting because detrital zircon grain sizes and
sphericities are evenly spread across age populations.

Results provide evidence that the Grenvillian peak in the middle member of the
Wood Canyon Formation represents a meaningful change in provenance from
lower stratigraphy, and is not a result of sedimentary sorting effects. The
representative grain size of a detrital-zircon age-peak should not affect its
presence in a detrital-zircon age spectra. Further, the statistically significant
difference between the Wood Canyon Formation and Stirling Quartzite age
spectra, collected from the same field area, provides additional evidence that the
middle member of the Wood Canyon Formation did not deeply scour upper
member of the Stirling Quartzite sediments.

The actual age of deposition and detrital-zircon maximum depositional age for my
samples are over 500 Ma apart. Additionally, the maximum depositional age for
the Stirling Quartzite (Ediacaran) samples is 1065 Ma, whereas the maximum
depositional age for the Wood Canyon Formation (Terreneuvian) samples is 1095
Ma. These results highlight the inaccuracies of assuming that maximum
depositional age is commonly coeval with the age of deposition.

New detrital-zircon age spectra from the upper member of the Stirling Quartzite
and the middle member of the Wood Canyon Formation provide additional
information about the development of the southwestern Laurentian margin from
the latest Ediacaran through the Early Cambrian. Age spectra from the upper
member of the Stirling Quartzite predominantly include ~1.4 and ~1.7 Ga ages
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from California, Nevada, and Arizona bedrock. Rift-flank uplift caused by the
Ouachita rift in modern Texas and Oklahoma may have resulted in a pulse of
Grenvillian detrital zircons entering westward-flowing braided-alluvial systems.
Ultimately, these detrital zircons resulted in the 1095 Ma peak in the middle

member of the Wood Canyon Formation.
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Appendix A

Sample images
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Figure Al. Sample EP01-B image with cm scale.
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Figure A2. Sample EP02-A and EP02-C image with cm scale.
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Figure A3. Sample EP0O3 image with cm scale.
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Figure A4. Sample SQ1-JM image with cm scale.
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Figure A5. Sample SQ5-JM image with cm scale.
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Appendix B

Coulometer data
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Table B1. Coulometer Test for Contamination in the Jaw Crusher.

5 minute 10 minute 15 minute 20 minute 25 minute
shake shake shake shake shake
Wt. % C 0.5519 0.4913 0.3081 0.1445 0.2703
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Appendix C

U-PDb-Th isotope data on detrital zircons
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Table C1. EP01-B Geochronology*.

Analysis U 206Pb  U/Th  206Pb* =  207Pb* =  206Pb* +  eror 206Pb*  +  207Pb*  +  206Pb* +  Conc
(opm)  204Pb 207Pb* (%)  235U* (%) 238U (%) corr.  238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

EPO1B -Spot 135 734 118369 31 134942 10 18066 16 01768 13 078 10495 122 10479 105 10443 202 1005
EPOL1B -Spot 119 81 22964 25 134912 15 18626 23 01822 17 075 10793 172 10679 152 10448 308 1033
EPO1B -Spot 117 400 75154 27 134760 11 18737 15 01831 11 072 10841 108 10718 100 10471 213 1035
EPO1B -Spot 146 77 16052 22 134693 20 18682 24 01825 14 056 10807 135 10699 161 10481 407 103.1
EPO1B -Spot 164 702 92957 23 134530 08 18048 15 01761 12 081 10456 114 10472 95 10505 17.1 995
EPO1B -Spot 152 257 40167 26 134498 12 18818 15 0183 10 066 10864 102 10747 102 10510 234 1034
EPOL1B -Spot 196 284 58668 24 133889 13 18733 32 01819 29 091 10774 290 10717 213 10602 269 1016
EPO1B -Spot 144 185 47163 26 133656 1.4 18521 25 01795 20 081 10644 196 10642 163 10637 290 100.1
EPOL1B -Spot 165 146 108469 2.3 133547 19 18500 22 04792 12 054 10625 119 10634 147 10653 378  99.7
EPO1B -Spot 143 194 61889 22 133505 12 19328 43 01871 41 096 11059 415 10925 285 10659 239 1037
EPO1B -Spot 151 713 5637363 16 133465 11 18723 24 01812 21 088 10737 207 10713 158 10665 229  100.7
EPO1B Run1-Spot 28 27 41632 27 133403 26 18306 30 01771 14 048 1051.2 136 10565 194 10675 523 985
EPOL1B -Spot 170 106 26137 29 133400 15 17770 18 01719 10 056 10227 95 10371 117 10675 299 958
EPO1B Run1-Spot 20 521 63584 44 133161 09 18576 16 01794 13 082 10637 127 10661 104 10711 182  99.3
EPO1B Runl-Spot 34 109 49692 26 133150 15 18770 31 01813 27 087 10739 266 10730 205 10713 305 100.2
EPO1B -Spot157 131 27760 14 132956 16 18291 21 01764 14 068 10472 138 10560 138 10742 312 975
EPO1B Runi1-Spot 80 172 52801 20 132929 09 18891 14 01821 10 075 10786 100 10773 90 10746 181 1004
EPO1B -Spot 155 38 362802 25 132918 27 17870 43 01723 33 078 10246 317 10407 280 10748 544 953
EPOL1B -Spot 210 305 59034 26 132896 10 19391 17 01869 14 081 11046 141 10947 115 10751 204 1027
EPO1B Run1-Spot 93 427 50934 80 132889 07 17297 17 01667 15 091 9940 142 10197 109 10752 141 924
EPOL1B -Spot 137 134 51448 32 132827 13 19251 25 0185 21 085 10967 212 10898 164 10762 257 1019
EPO1B -Spot 174 806 178699 3.8 132812 07 19082 14 01838 12 086 10877 120 10840 9.2 10764 142 1011
EPOL1B -Spot 148 142 51973 26 132722 13 18526 30 01783 27 089 10578 262 10644 198 10777 269  98.2
EPO1B Runi-Spot 62 188 94836 33 132698 11 19010 18 01830 15 080 10831 147 10814 122 10781 21.8 1005
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Table C1. EP01-B Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  eror 206Pb*  +  207Pb*  +  206Pb*  +  Conc
(opm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

EPO1B Run1-Spot 55 290 109772 33 132671 11 19517 20 01878 16 082 11095 165 10990 133 10785 228 1029

EPO1B Run1-Spot 32 77 30587 18 132641 15 19048 20 01832 13 066 10847 134 10828 135 10789 303 1005

EPO1B -Spot 219 274 82556 45 132623 10 19169 15 01844 11 073 10909 111 10870 102 10792 209  101.1

EP01B Runl-Spot 64 240 68441 1.7 13.2594 0.7 1.8878 34  0.1815 33 098 1075.4 325 1076.8 22.3 1079.7 14.2 99.6
EPO1B Runl-Spot 82 277 56773 3.2 13.2567 1.0 1.8778 1.7 0.1805 14 081 1069.9 13.8 1073.3 11.4 1080.1 20.0 99.1

EPO1B -Spot 114 283 89056 4.0 13.2496 1.0 1.9247 16  0.1850 12 075 1094.0 11.8 1089.7 10.5 1081.2 20.7 101.2
EPO1B Runl-Spot 43 56 83526 11 13.2459 15 1.8966 20  0.1822 1.3  0.66 1079.0 133 1079.9 135 1081.7 30.7 99.8
EPO1B Run1-Spot 79 75 54359 1.8 13.2404 15 1.8827 2.1 0.1808 15 071 1071.3 15.0 1075.0 14.1 1082.5 29.9 99.0
EP01B Run1-Spot 38 67 47999 1.6 132319 20 1.9388 23 0.1861 1.1 047 1100.0 10.9 1094.6 15.4 1083.8 406 1015

EPO1B -Spot 182 110 201897 25 13.2318 1.1 1.8551 23 0.1780 20 087 1056.2 19.1 1065.3 14.9 1083.8 22.5 97.5
EP01B Run1-Spot 9 42 30294 2.3 132301 20 1.8797 3.3 0.1804 26  0.79 1069.0 26.0 1074.0 22.1 1084.1 41.0 98.6
EPO1B Run1-Spot 90 213 71068 4.5 132288 1.1 1.8943 1.8  0.1817 14 077 1076.5 13.8 1079.1 12.0 1084.3 229 99.3

EPO1B -Spot 141 425 622989 11 13.2184 09 1.9548 15 0.1874 1.2 079 1107.3 12.3 1100.1 10.3 1085.9 18.7 102.0
EPO1B Runl-Spot 56 165 79047 3.6 132159 11 1.9353 17 0.1855 1.3 077 1096.9 135 1093.4 11.6 1086.3 220 101.0
EP01B Run1-Spot 7 57 32573 1.6 13.2157 16 1.8902 2.1 0.1812 14 065 1073.4 135 1077.7 13.9 1086.3 31.8 98.8
EP01B Run1-Spot 99 246 35682 2.1 13.2146 1.2 1.9064 16  0.1827 1.1 0.69 1081.8 111 1083.3 10.8 1086.4 23.7 99.6

EPO1B -Spot 215 101 36333 2.2 13.2138 15 1.8821 20 0.1804 1.3 064 1069.0 12.4 1074.8 13.0 1086.6 30.2 98.4

EPO1B -Spot 160 322 53231 2.2 13.2097 11 1.9294 16  0.1848 12 075 1093.4 12.1 1091.3 10.8 1087.2 215 100.6

EPO1B -Spot 115 150 23056 1.8 132034 1.0 1.9104 3.1 0.1829 29 094 1083.0 29.1 1084.7 20.7 1088.1 20.8 99.5
EP01B Runl-Spot 96 72 40248 2.4 131913 15 1.9826 1.8  0.1897 11 0.60 1119.7 11.2 1109.6 12.3 1090.0 293 1027

EPO1B -Spot 187 213 117880 2.2 131913 14 1.9306 3.2 0.1847 29 0.90 1092.6 29.1 1091.7 21.5 1090.0 28.2  100.2

EPO1B Runl-Spot 2 68 35098 1.8 131893 1.3 2.0287 19 01941 1.3 071 11433 14.0 1125.2 12.8 1090.3 26.7 1049

EPO1B -Spot 145 702 171262 3.6 13.1887 0.8 1.9825 11 0.1896 08 0.69 1119.4 8.0 1109.6 7.6 1090.4 16.2  102.7

EPO1B -Spot 138 101 92710 25 131825 16 1.8937 2.1 0.1811 1.3 0.65 1072.7 13.2 1078.9 13.7 1091.3 31.4 98.3

EP01B Run1-Spot 88 111 30361 2.7 131721 22 1.9258 43 0.1840 3.7 0.86 1088.7 37.0 1090.1 28.7 1092.9 43.7 99.6
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Table C1. EP01-B Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  eror 206Pb*  +  207Pb*  +  206Pb*  +  Conc

(opm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

EPO1B -Spot 194 103 29505 12 131631 1.4 19003 20 01814 15 072 10747 145 10812 134 10943 27.8  98.2
EPO1B -Spot 173 22 5963 35 131623 35 16857 42 01609 23 055  961.9 207 10031 269 10944 705  87.9
EPO1B -Spot 130 288 113134 24 131603 10 19111 21 01824 19 088 10801 189 10850 143 10947 201 987
EPO1B Runl-Spot104 119 149677 22 131576 13 18773 16 01791 10 060 10623 94 10731 105 10951 254  97.0
EPO1B -Spot 190 161 60331 20 131563 1.1 19507 22 01861 19 087 11004 193 10987 148 10953 220 1005
EPO1B Run1-Spot 8 287 103057 28 131547 10 19253 18 01837 15 084 10871 148 10899 118 10956 194  99.2

EP01B Run1-Spot 87 174 83804 2.1 13.1544 12 1.8985 3.1 0.1811 29 092 1073.1 28.7 1080.6 20.9 1095.6 24.0 97.9
EP01B Run1-Spot 50 302 36962 33 131521 0.7 1.9829 28 0.1891 28 097 1116.7 28.3 1109.7 19.2 1096.0 135 1019

EP01B Run1-Spot 6 78 80169 25 13.1514 20 1.9563 45 01866 40 0.89 1102.9 40.1 1100.6 29.9 1096.1 41.0 100.6
EP01B Runl-Spot 52 87 25868 2.4 131396 1.6 1.9265 24  0.1836 1.8 074 1086.6 17.7 1090.3 16.1 1097.8 32.7 99.0
EP01B Run1-Spot 23 170 71637 2.2 131360 1.2 1.9457 19 0.1854 15 079 1096.2 15.1 1097.0 12.8 1098.4 234 99.8
EPO1B -Spot 113 198 129303 14 131354 1.0 1.8774 1.8 0.1789 15 083 1060.7 14.4 1073.2 11.7 1098.5 19.5 96.6
EPO1B -Spot 156 168 31862 2.3 131333 15 1.9279 2.2 0.1836 16 072 1086.8 15.9 1090.8 14.8 1098.8 30.9 98.9
EP01B Runl-Spot 91 70 36619 2.1 131258 1.2 1.9209 2.7 0.1829 24 090 1082.6 24.1 1088.4 18.0 1100.0 23.6 98.4
EPO1B -Spot 162 329 123887 3.7 131015 0.9 1.8778 1.7 0.1784 14 085 1058.4 13.8 1073.3 11.0 1103.7 17.2 95.9
EPO1B -Spot 149 133 36682 1.6 13.0999 1.0 2.0371 17 0.1935 1.3 080 1140.5 13.9 1128.0 11.3 1103.9 19.7  103.3
EP01B Runl-Spot 29 201 131245 2.4 13.0951 1.2 1.9444 18  0.1847 1.3 072 1092.4 12.7 1096.5 11.8 1104.6 24.5 98.9
EPO1B Runl-Spot 1 94 27563 2.1 13.0949 14 1.9586 2.0 0.1860 15 074 1099.8 14.9 1101.4 135 1104.7 27.0 99.6
EP01B Run1-Spot 60 136 113108 3.1 13.0845 11 1.9139 1.7 0.1816 1.3 075 1075.8 12.7 1085.9 11.4 1106.2 22.6 97.3
EPO1B -Spot 140 258 62198 3.1 13.0842 09 1.9476 2.7 0.1848 25 094 1093.3 25.4 1097.6 18.1 1106.3 18.9 98.8
EP01B Runl-Spot 97 42 16356 2.1 13.0841 19 1.9158 26  0.1818 1.8 0.69 1076.8 17.7 1086.6 17.3 1106.3 37.6 97.3

EP01B Run1-Spot 89 168 29161 2.3 13.0833 0.7 1.9339 34  0.1835 34 098 1086.1 33.8 1092.9 231 1106.5 13.6 98.2
EP01B Runl-Spot 39 428 174936 2.4 13.0825 1.0 1.9656 1.7 0.1865 14 082 1102.4 14.3 1103.8 11.6 1106.6 19.9 99.6
EP01B Runl-Spot 81 112 67806 34 13.0786 1.3 1.9096 23 01811 19 081 1073.2 18.3 1084.4 15.2 1107.2 26.4 96.9
EP01B Runl-Spot 35 72 36060 25 13.0658 1.8 1.9178 23  0.1817 15 063 1076.5 14.7 1087.3 15.7 1109.1 36.4 97.1
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Table C1. EP01-B Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  eror 206Pb*  +  207Pb*  +  206Pb*  +  Conc
(opm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

EPO1B Run1-Spot 18 250 190994 16  13.0620 08 17884 42 01694 41 098 10089 384 10413 273 11097 166  90.9
EPO1B -Spot 175 59 114260 15 130616 21 18838 25 01785 14 054 10585 132 10754 166 11097 420 954

EP01B Run1-Spot 30 190 74816 2.8 13.0588 1.0 1.9604 14  0.1857 1.1 073 1097.9 10.6 1102.0 9.7 1110.2 19.5 98.9
EP01B Runl-Spot 33 138 45138 2.6 13.0585 0.9 1.9470 3.7 0.1844 36 097 1090.9 36.5 1097.4 25.1 1110.2 17.3 98.3

EPO1B -Spot 172 102 42435 1.9 13.0583 2.2 1.9018 26  0.1801 14 053 1067.6 135 1081.7 17.2 1110.2 43.8 96.2
EPO1B -Spot 129 155 40767 15 13.0553 1.0 1.9858 16  0.1880 12 0.76 1110.7 12.1 1110.7 10.6 1110.7 204 100.0
EPO1B -Spot 191 46 53551 1.8 13.0535 1.8 1.8902 23 0.1789 15 065 1061.2 14.8 1077.6 15.4 1111.0 35.0 95.5
EPO1B Runl-Spot 4 59 127691 2.1 13.0533 15 2.0160 2.1 0.1909 15 0.69 1126.0 15.1 1120.9 14.4 1111.0 305 1014
EP01B Run1-Spot 83 131 39091 14 13.0521 15 2.0472 19 0.1938 1.1 059 1141.9 11.4 11314 12.7 1111.2 30.0 1028
EPO01B Run1-Spot 36 41 22482 14 13.0514 14 1.9055 1.8 0.1804 11 0.62 1069.0 11.0 1083.0 12.0 11113 28.1 96.2
EPO1B -Spot 214 277 56816 2.4 13.0512 0.7 1.9404 23  0.1837 22 095 1087.0 22.0 1095.1 155 11113 14.0 97.8
EPO1B -Spot 186 102 24816 14 13.0487 1.7 2.0179 3.1 0.1910 26 084 1126.6 26.7 11215 20.9 1111.7 333 1013
EP01B Run1-Spot 67 79 48624 2.0 13.0456 1.0 1.9080 25  0.1805 23 091 1069.9 22.6 1083.9 16.7 1112.2 20.7 96.2
EPO1B -Spot 150 105 173505 2.0 13.0456 1.1 1.9000 19 0.1798 15 081 1065.7 14.8 1081.1 12.3 1112.2 21.6 95.8
EP01B Runl-Spot 13 90 36800 0.7 13.0408 1.2 2.0022 42 0.1894 40 0.96 1118.0 41.3 1116.3 28.4 1112.9 239 1005
EPO1B -Spot 205 335 686450 25 13.0372 09 1.9002 20  0.1797 1.8 0.90 1065.2 17.6 1081.2 13.2 11135 17.0 95.7
EPO1B -Spot 111 152 104686 14 13.0230 11 1.9396 20 0.1832 1.7 083 1084.4 17.0 1094.9 13.7 1115.6 22.7 97.2
EPO1B -Spot 166 370 36245 1.0 12.9989 0.8 2.0067 18  0.1892 16 0.89 1117.0 16.6 1117.8 12.3 1119.4 16.5 99.8
EP01B Runl-Spot 63 155 44987 2.8 12.9967 1.0 1.9109 49  0.1801 48 098 1067.6 475 1084.9 32.9 1119.7 19.8 95.3
EPO1B -Spot 202 59 162097 2.0 129744 13 1.8972 18 0.1785 1.3 070 1058.9 12.4 1080.1 12.0 1123.1 255 94.3
EPO1B -Spot 168 202 122011 1.6 129693 15 1.9162 25 0.1802 20 0.80 1068.3 19.7 1086.7 16.6 1123.9 29.6 95.1
EPO1B Runl-Spot 106 99 51743 2.7 12.9659 1.5 1.9681 20 0.1851 14 0.68 1094.6 13.9 1104.6 13.7 11245 29.8 97.3
EPO1B -Spot 154 211 39782 2.0 129610 1.0 2.0007 15 0.1881 11 075 1110.9 11.2 1115.7 9.8 1125.2 19.0 98.7
EP01B Run1-Spot 15 162 45837 3.2 12.9592 1.0 1.9471 1.7 0.1830 14 083 1083.4 14.4 1097.5 11.6 1125.4 19.3 96.3
EPO1B -Spot 136 169 49942 2.9 129399 11 1.8990 15 01782 1.0 0.66 1057.2 9.8 1080.7 10.1 1128.5 22.8 93.7
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Table C1. EP01-B Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  eror 206Pb*  +  207Pb*  +  206Pb*  +  Conc
(opm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

EPO1B -Spot 120 272 37811 33 129370 09 20249 15 01900 13 083 11214 132 11239 105 11289 170  99.3
EPO1B -Spot 176 102 36949 11 129354 16 20173 34 01893 30 088 11173 305 11213 230 11291 321  99.0
EPO1B -Spot 206 82 30192 21 129341 13 19219 20 01803 15 075 10685 146 10887 132 11293 263 946
EPO1B -Spot 121 180 88138 23 129169 10 19966 20 01870 17 086 11053 174 11144 136 11320 207 976
EPO1B -Spot 217 200 35341 07 129128 12 20139 17 0188 12 068 11138 118 11202 115 11326 248 983

EPO1B Runl-Spot 100 182 106697 1.9 129102 11 1.9864 16  0.1860 11 0.68 1099.6 10.8 1110.9 10.6 1133.0 22.8 97.1
EP01B Run1-Spot 78 106 55556 2.8 129055 1.0 2.0301 1.7 0.1900 1.3 079 11215 13.8 1125.6 115 1133.7 20.6 98.9
EPO1B Runl-Spot 84 136 41487 2.1 12.8890 1.2 1.9998 1.7 0.1869 1.3 074 1104.8 13.1 11154 11.7 1136.3 23.0 97.2

EP01B Run1-Spot 3 31 37162 2.4 12.8821 18 2.0527 2.7 0.1918 20 074 11311 20.8 1133.2 18.6 1137.4 36.6 99.4
EP01B Run1-Spot 58 43 48589 1.6 12.8601 1.5 1.9971 36  0.1863 33 091 1101.1 331 11145 24.2 1140.7 29.1 96.5
EP01B Runl-Spot 31 43 41043 2.4 12.8328 26 1.9436 45  0.1809 3.7 082 1071.9 36.8 1096.2 30.4 1145.0 51.5 93.6
EPO1B Run1-Spot 94 16 26597 2.2 12.8103 3.1 2.0180 35 0.1875 16 047 1107.8 16.6 1121.6 235 1148.4 60.7 96.5
EPO1B Runl1-Spot 110 192 110612 1.6 12.8096 1.1 1.9769 1.8  0.1837 15 081 1087.0 14.7 1107.7 12.2 11485 20.9 94.6
EPO1B -Spot 112 342 31368 14 12.8095 2.2 2.0110 2.7 0.1868 1.7 061 1104.2 17.1 1119.2 18.6 1148.6 43.1 96.1
EP01B Runl1-Spot 5 129 158579 1.9 127957 13 1.9720 35 0.1830 33 093 1083.4 32.7 1106.0 23.8 1150.7 26.3 94.1
EPO1B -Spot 181 52 108385 2.2 12.7258 1.6 2.0164 33 0.1861 29 087 1100.2 28.9 1121.0 22.3 1161.6 325 94.7
EP01B Runl-Spot 12 55 35170 2.1 12.7138 1.7 2.0668 25  0.1906 1.8 073 11245 19.0 1137.9 17.4 1163.4 34.6 96.7
EPO1B -Spot 189 54 29372 2.7 125759 19 2.0564 3.2 0.1876 26 081 1108.1 26.8 1134.4 22.2 1185.1 375 93.5
EP01B Runl-Spot 59 160 71695 2.8 125190 1.2 2.2962 16  0.2085 1.0 065 1220.8 113 12111 111 1194.0 235 1022
EPO1B -Spot 208 65 36088 14 12.3379 3.1 2.1005 40  0.1880 24 061 1110.3 24.7 1149.0 27.2 1222.7 61.6 90.8
EPO1B -Spot 211 458 100654 1.2 12.3074 08 2.4458 16  0.2183 15 089 1273.0 16.8 1256.2 11.8 12275 150 1037
EP01B Run1-Spot 70 83 139479 3.2 12.2395 1.0 2.3018 16  0.2043 1.3 079 1198.6 13.7 1212.9 113 1238.4 19.3 96.8
EPO1B -Spot 197 98 40391 1.6 12.2101 13 2.3368 1.7 0.2069 11 064 12125 12.2 1223.6 12.3 1243.1 26.0 97.5
EPO1B -Spot 207 143 169165 2.2 12,1858 1.2 2.3106 35  0.2042 32 094 1197.9 35.3 1215.6 245 1247.0 23.8 96.1
EPO1B -Spot 147 262 38106 2.7 121399 09 2.4384 19  0.2147 16 087 1253.8 18.5 1254.0 135 1254.4 18.0 100.0
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Table C1. EP01-B Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  eror 206Pb*  +  207Pb*  +  206Pb*  +  Conc
(opm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

EPO1B Run1-Spot 24 87 91029 23 120768 14 24216 19 02121 12 065 12400 140 12490 137 12646 282  98.1
EPO1B -Spot 161 490 58106 1.1 120640 07 24213 33 02119 33 098 12387 369 12490 241 12667 134 978

EP01B Run1-Spot 37 221 76685 2.7 119108 1.0 2.4296 2.2 0.2099 20 089 1228.2 22.2 1251.4 16.1 1291.5 20.0 95.1
EPO1B Runl-Spot 44 344 92584 2.7 117574 1.0 2.7106 14 0.2311 1.0 0.73 1340.5 125 13314 10.4 1316.7 185 1018

EP01B Run1-Spot 69 36 21069 15 117466 15 2.7035 2.1 0.2303 15 070 1336.2 17.8 13294 155 13185 288 1013
EPO1B -Spot 134 188 41741 2.7 11.7201 09 2.6887 20  0.2285 1.8 0.89 1326.9 215 13254 14.9 1322.9 175 100.3
EPO1B -Spot 199 42 8185 0.8 11.6314 15 2.6373 2.1 0.2225 15 070 1294.9 17.3 13111 155 1337.6 29.0 96.8
EPO1B -Spot 159 57 42578 2.3 116273 15 2.6455 20 0.2231 1.3 0.66 1298.2 15.4 13134 14.6 1338.3 28.6 97.0

EP01B Runl-Spot 41 35 20047 11 11.6022 18 2.6487 25  0.2229 1.7 0.68 1297.1 19.6 1314.3 18.1 1342.4 34.7 96.6

EPO1B Runl-Spot 75 622 60959 9.4 115804 0.8 2.7099 34 02276 33 097 1321.9 38.9 1331.2 24.9 1346.1 155 98.2
EPO1B -Spot 216 199 28870 15 114969 1.1 2.8868 1.7 0.2407 1.3 077 1390.4 16.1 1378.5 12.5 1360.0 203  102.2
EPO1B -Spot 133 140 61498 1.7 11.4108 09 2.8124 15 0.2328 1.3 083 1348.9 15.5 1358.9 115 13745 16.5 98.1
EPO1B -Spot 163 452 715306 1.7 11.3252 08 2.9186 1.2 0.2397 09 0.76 1385.3 11.0 1386.8 8.8 1389.0 14.5 99.7

EPO1B Runl-Spot 26 198 235396 35 11.2673 1.1 2.8873 17 0.2359 1.2 073 1365.6 15.2 1378.6 12.7 1398.8 21.9 97.6
EPO1B -Spot 195 314 83854 3.9 111399 08 2.9738 1.3 0.2403 1.0 077 1388.1 125 1400.9 9.9 1420.6 15.8 97.7
EPO1B -Spot 171 248 183104 2.8 10.9828 1.0 3.1812 1.3  0.2534 08 0.61 1456.0 10.0 1452.6 9.7 1447.7 189  100.6
EPO1B -Spot 185 140 225002 1.3 109770 11 3.1800 18  0.2532 15 081 1454.8 19.4 1452.3 14.2 1448.7 205 1004

EPO1B Runl-Spot 61 238 65152 0.7 9.8640 0.7 3.7308 2.1 0.2669 20 094 1525.1 26.6 1578.0 16.7 1649.5 13.4 92.5
EP01B Runl-Spot 73 247 137767 0.8 9.8465 0.7 3.8009 2.1 0.2714 20 095 1548.1 27.7 1592.9 17.0 1652.8 12.1 93.7
EPO1B Runl-Spot 72 272 99612 1.6 9.8023 0.9 3.8951 40  0.2769 39 098 1575.8 54.8 1612.7 324 1661.1 15.9 94.9

EPO1B -Spot 183 118 104935 4.7 9.5468 1.2 4.3570 15 0.3017 1.0 065 1699.6 14.7 1704.2 12.5 1709.9 21.2 99.4
EP01B Runl-Spot 86 71 60785 1.2 5.4562 06 128355 15 05079 14 091 2647.8 29.8 2667.7 14.3 2682.7 10.6 98.7

*Analyses collected using the Thermo Element2 single-collector inductively-coupled plasma mass spectrometer at the Arizona LaserChron Center,
University of Arizona.
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Table C2. EP02-A Geochronology™.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + emor 206Pb*  +  207Pb* &  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) com. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-A_Run2-Spot 193 424 35455 12 134574 08 18688 16 01824 14 085 10801 135 10701 106 10499 170 1029
EP02-A_Run2-Spot 143 94 21005 10 134067 15 19071 22 0854 17 076 109.6 171 10836 149 10575 292 1037
EP02-A_Run2-Spot 142 241 37111 20 134053 15 18944 19 01842 13 065 1089.8 126 10791 128 10577 29.3 103.0
EP02-A_Run2-Spot 188 536 102492 12 133779 09 19141 34 01857 33 096 10981 335 10860 230 1061.8 189 103.4
EP02-A_Run2-Spot 125 271 35354 19 133668 08 18834 13 01826 11 079 10811 105 10753 88 10635 163 1017
EP02-A_Run2-Spot 126 382 36453 22 133610 08 1949 17 01889 15 088 11156 153 10983 115 10644 167 1048
EP02-A_Run2-Spot 179 473 161094 14 133367 13 18892 19 01827 13 072 10819 133 1077.3 123 10680 258 101.3
EP02-A_Run2-Spot 130 217 44294 10 133353 18 1.8687 23 01807 14 062 10710 140 10701 151 10682 360 100.3
EP02-A_run1-Spot 106 116 28006 15 133272 14 18779 34 01815 31 091 10752 308 10733 225 10695 277 1005
EP02-A_Run2-Spot 162 474 79828 21 133096 11 17328 20 01673 17 083 9970 155 10208 130 10721 224  93.0
EP02-A_Run2-Spot 203 178 47012 16 133061 14 1.8239 35 04760 3.2 092 10452 311 10541 229 10726 272 974
EP02-A_Run2-Spot 122 91 13826 17 132978 14 19171 27 01849 23 085 10937 232 10871 180 10739 281 1018
EP02-A_Run2-Spot 116 306 116172 21 132821 09 19239 16 01853 13 083 10960 132 10894 105 10763 175 101.8
EP02-A_runl-Spot 110 316 46534 23 132730 09 19912 16 01917 13 081 11305 134 11125 108 10776 186 104.9
EP02-A_Run2-Spot 124 144 32655 19 132722 13 19125 27 01841 24 087 10893 238 10854 182 10777 268 10L.1
EP02-A_runl-Spot 105 87 134796 24 132639 17 19970 21 01921 12 056 11328 123 11145 141 10790 346 1050
EP02-A_run1-Spot 32 228 56402 31 132495 12 18893 17 01816 12 068 10755 115 1077.3 113 10812 249 995

EP02-A_run1-Spot 19 87 28332 30 132297 16 19451 21 01866 1.3 063 11031 130 109.8 138 10842 321 1017

EP02-A_run1-Spot 99 119 36698 2.0 132285 17 19040 22 01827 14 064 10815 143 10825 149 10844 344 997

EP02-A_Run2-Spot 133 82 31769 14 132226 14 19237 31 01845 2.8 090 10914 283 10894 210 10852 274 1006
EP02-A_Run2-Spot 211 168 67162 17 132202 11 16081 38 01542 36 095 9244 311 9734 238 10856 230 85.1
EP02-A_run1-Spot 15 68 36301 2.8 132194 15 19856 1.8 01904 11 058 11234 109 11106 124 10857 30.0 1035

EP02-A_runl-Spot 42 154 26844 36 132165 11 19320 15 01852 10 068 10953 103 10922 101 10861 222  100.8

EP02-A_Run2-Spot 111 117 29957 16 131995 11 19169 20 01835 16 081 10861 159 10870 130 10887 227 998
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Table C2. EP02-A Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  eror 206Pb* &  207Pb*  +  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-A_Run2-Spot 132 79 67433 19 131970 17 19134 31 01831 26 084 10841 263 10858 208 10892 334 995
EP02-A_Run2-Spot 146 182 37951 14 131914 15 19184 35 01835 32 091 10863 317 10875 233 10900 293  99.7
EP02-A_Run2-Spot 120 250 126067 21  13.1856 14 19133 19 01830 12 064 10832 120 10857 125 10908 29.0  99.3
EP02-A_Run2-Spot 129 372 56525 51 131822 11 18492 21 01768 18 086 10494 175 10631 138 10914 212  96.2
EP02-A_runl-Spot 85 69 44788 29 131770 16 19838 25 01896 19 078 11192 200 11100 169 10921 314 1025
EP02-A_Run2-Spot 147 227 158836 12 131753 12 19821 19 01894 14 076 11181 148 11094 129 10924 249 102.4
EP02-A_run1-Spot 3 308 45203 25  13.1608 0.7 1.8688 28 01784 27 096 10581 260 10701 183 10946 150 96.7
EP02-A_run1-Spot 50 74 40810 26 131608 10 19531 39 01864 38 097 11020 383 10995 263 10947 199  100.7
EP02-A_runl-Spot 51 431 67234 49 131600 09 19892 17 01899 14 083 11206 143 11118 113 10948 187 1024
EP02-A_runl-Spot 12 118 46991 26 131599 10 18940 21 01808 19 088 10712 186 10790 142 10948 202 978
EP02-A_runl-Spot 65 145 68323 25 131500 1.3 19113 20 0183 15 076 10794 148 10850 132 10963 259 985
EP02-A_Run2-Spot 139 283 177435 27 131455 10 19867 17 01894 13 079 11182 133 11110 112 10970 205 101.9
EP02-A_run1-Spot 6 157 85903 27 131239 17 19079 22 01816 14 065 10757 142 10838 148 11002 337 97.8
EP02-A_runl-Spot 40 219 57528 27 131238 10 20082 17 01911 13 078 11276 134 11183 112 11003 207 1025
EP02-A_Run2-Spot 123 315 59326 15  13.1164 12 20200 18 01922 13 072 11331 135 11223 122 11014 248 1029
EP02-A_runl-Spot 91 86 27988 36 131160 1.4 20527 17 01953 10 059 11498 105 11332 115 11014 272 1044
EP02-A_runl-Spot 43 114 47586 28 131149 14 19310 18 01837 11 064 10870 112 10919 118 1101.6 273 987
EP02-A_runl-Spot 55 189 32332 24 130937 11 19611 30 0182 28 092 11009 27.9 11023 201 11048 228  99.6
EP02-A_Run2-Spot 115 138 62523 09 130848 15 19723 30 01872 26 087 11060 267 11061 204 11062 304  100.0
EP02-A_runl-Spot 44 187 38054 18 130796 13 20061 20 01903 15 075 11230 157 11176 138 11070 270 1014
EP02-A_Run2-Spot 201 1837 909983 47 130498 0.8 18450 24 01746 23 094 10375 221 10616 161 11115 163  93.3
EP02-A_run1-Spot 89 298 38758 33  13.0341 13 20277 23 01917 19 083 11305 199 11248 158 11139 260 1015
EP02-A_runi-Spot 80 81 58842 32 130086 11 20245 19 01910 16 081 11268 162 11238 132 11179 229 100.8
EP02-A_runl-Spot 61 472 82247 12 129990 07 18091 30 01706 29 097 10152 275 10488 197 11194 147 907
EP02-A_Run2-Spot 202 359 113746 36 129739 10 1.8046 16 01698 12 075 1011.0 111 10471 102 11232 205  90.0
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Table C2. EP02-A Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  eror 206Pb* &  207Pb*  +  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-A_Run2-Spot 121 50 49690 14 129525 17 19466 32 01829 27 084 10826 265 10973 212 11265 339  96.1
EP02-A_run1-Spot 5 206 83667 42 129408 12 19596 20 01839 17 082 10884 167 11018 137 11283 234 965
EP02-A_runl-Spot 53 2751 238063 150 129294 10 18047 22 01692 20 090 10079 188 10472 146 11301 194  89.2
EP02-A_Run2-Spot 145 294 124205 09 129207 12 20226 25 01895 22 088 11189 228 11231 172 11314 242 989
EP02-A_run1-Spot 8 226 64935 17 129190 13 19159 18 01795 13 070 10643 124 10866 121 11316 260 94.1
EP02-A_Run2-Spot 128 385 71644 14 129180 09 20239 17 01896 14 083 11193 141 11236 112 11318 183 989
EP02-A_run1-Spot 109 138 123831 33 129149 13 20539 23 01924 18 082 11343 191 11336 154 11323 259 100.2
EP02-A_Run2-Spot 112 274 50554 19 129116 09 20361 15 01907 12 081 11250 121 11277 99 11328 169 993
EP02-A_run1-Spot 2 151 40947 48 129115 11 19856 19 01859 16 081 10993 159 11106 131 11328 225 97.0
EP02-A_Run2-Spot 113 39 39287 16 129063 25 19925 55 01865 49 089 11024 494 11130 37.0 11336 495 97.3
EP02-A_runl-Spot 98 451 94439 20 128657 10 19597 27 01829 25 092 10826 244 11018 179 11399 203  95.0
EP02-A_run1-Spot 9 246 59007 22 128476 10 20178 23 01880 21 091 11106 216 11215 158 11427 195  97.2
EP02-A_Run2-Spot 136 397 45193 17 128181 10 20720 20 01926 17 087 11356 180 11396 136 11472 191  99.0
EP02-A_Run2-Spot 210 572 137905 14 128178 10 1.8745 17 01743 13 080 10355 127 10721 11.0 11473 200  90.3
EP02-A_runl-Spot 17 91 47066 19 128102 17 20728 25 01926 19 074 11353 193 11399 172 11485 337 989
EP02-A_Run2-Spot 148 356 153734 16 127903 08 21192 20 01966 18 092 11570 191 11551 135 11515 149 1005
EP02-A_Run2-Spot 205 244 45281 13 127855 14 19029 30 01765 27 088 10476 258 10821 201 11523 280  90.9
EP02-A_Run2-Spot 206 359 159061 20 127524 10 16861 19 01559 16 086 9342 140 10033 120 11574 192 807
EP02-A_runl-Spot 21 210 195266 3.6 125594 34 20901 56 01904 45 080 11235 467 11456 387 11876 662  94.6
EP02-A_Run2-Spot 212 186 57220 20 124728 08 18935 19 01713 17 091 10192 165 10788 127 12013 152 8458
EP02-A_runl-Spot 29 77 30492 31 124659 18 22857 34 02067 28 084 12110 313 12079 238 12024 358 100.7
EP02-A_runl-Spot 52 314 92699 07 123609 12 20818 36 01866 34 094 1103.1 347 11428 249 12190 241 905
EP02-A_run1-Spot 20 77 33223 27 122519 13 24385 22 02167 18 082 12643 207 12540 158 12364 248 1023
EP02-A_runl-Spot 18 138 376673 47 121589 13 23402 31 02064 2.9 091 12094 314 12246 222 12513 247  96.7
EP02-A_run1-Spot 107 108 23257 19 121390 11 25329 16 02230 12 073 12977 136 12815 116 12545 214 1034
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Table C2. EP02-A Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  eror 206Pb* &  207Pb*  +  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-A_runl-Spot 71 119 48493 29  11.9404 20 20348 24 01762 14 057 10462 132 11272 164 12867 387 813

EP02-A_Run2-Spot 135 95 34966 09 119348 14 25284 31 02189 28 089 12758 324 12802 228 12876 273 991
EP02-A_Run2-Spot 144 82 47898 14 117508 15 26993 21 02300 15 070 13347 181 13283 158 13178 295 1013
EP02-A_runl-Spot 77 103 45395 17 115612 13 28853 18 02419 12 068 13968 150 13781 132 13493 248 1035

EP02-A_Run2-Spot 118 1206 156096 21 115507 10 26879 47 02252 46 098 13092 544 13251 347 13510 187  96.9
EP02-A_runl-Spot 88 4177 44047 26 114867 11 29246 53 0243 52 098 14056 652 13883 400 13617 215 1032

EP02-A_runl-Spot 96 117 90073 1.0 114461 11 27864 39 02313 38 096 13414 455 13519 292 13686 207  98.0

EP02-A_runl-Spot 82 199 37520 36 113880 07 28651 2.9 02366 2.8 097 13692 350 13728 220 13784 140 993

EP02-A_Run2-Spot 176 226 48755 19 111904 08 30798 17 02500 16 089 14383 201 14277 134 14119 151 1019
EP02-A_Run2-Spot 196 263 52284 19 111329 10 30384 14 02453 09 067 14144 117 14173 105 14218 196 995
EP02-A_runi-Spot 68 300 65657 60  11.0077 0.7 3.1873 14 02545 12 085 14614 152 14541 105 14434 136 1013

EP02-A_runl-Spot 14 101 53923 16 109899 14 31462 18 02508 12 066 14425 158 14441 142 14464 264  99.7

EP02-A_runi-Spot 108 351 302503 1.8 109103 09 32882 15 02602 13 083 14908 169 14783 120 14603 164 1021
EP02-A_Run2-Spot 134 223 150872 16 99720 13 39591 36 02863 34 093 16232 481 16259 291 16293 239 996
EP02-A_runl-Spot 31 283 59687 25 92776 11 45680 3.4 03074 32 095 17278 483 17435 280 17623 197  98.0

EP02-A_runl-Spot 75 150 51874 57 90221 11 49605 29 03246 27 093 18121 426 18126 246 18132 197  99.9

EP02-A_Run2-Spot 119 247 141698 32 88909 10 51144 16 03298 13 080 18374 210 18385 139 18398 178  99.9
EP02-A_Run2-Spot 127 206 100515 08 87392 09 54575 16 03459 13 083 19150 214 18939 134 18709 158 1024
EP02-A_runl-Spot 30 219 92109 13 87041 09 53258 37 03362 3.6 097 18684 579 18730 314 18781 159 995

*Analyses collected using the Thermo Element2 single-collector inductively-coupled plasma mass spectrometer at the Arizona LaserChron Center,
University of Arizona.
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Table C3. EP02-C Geochronology*.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb* +  206Pb* +  emor 206Pb*  +  207Pb* &  206Pb*  +  Conc
(opm)  204Ph 207Pb* (%) 235U* (%) 238U (%) corr.  238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-C Run2-Spot 202 57 4601 08 135531 17 16025 22 01575 14 064 9430 122 9712 136 10355 337 911
EP02-C Run1-Spot 47 205 25989 19 134440 10 18253 16 01780 12 077 10559 116 10546 102 1051.9 202 100.4
EP02-C Run2-Spot 204 252 142518 16 134396 14 17891 21 01744 16 075 10362 151 10415 137 10525 283 984
EP02-C Run2-Spot 114 104 20460 14 134194 14 18344 21 01785 15 072 10590 147 10579 137 10556 29.0 100.3
EP02-C Run1-Spot 53 2749 196236 20 134149 09 14758 17 01436 14 086 8649 116 9205 101 10563 175 819
EP02-C Run2-Spot 138 144 26103 20 134139 19 18326 24 01783 14 058 10576 136 10572 157 10564 391 100.1
EP02-C Run1-Spot 95 59 10116 14 133903 26 18599 39 01806 29 074 10704 283 10669 258 10600 531 1010

EP02-C Run1-Spot 106 216 209349 3.1 133789 09 18615 16 01806 13 082 10704 133 1067.5 10.8  1061.7 18.8 100.8
EP02-C Run1-Spot 107 274 61684 2.3 133769 1.1 18985 2.0 01842 17 0.85 1089.8 17.1 1080.6 134 10620 215 102.6

EP02-C Run2-Spot 119 102 12123 2.6 133754 16 18656 21 01810 13 064 10723 13.2 1069.0 137 10622 318 101.0
EP02-C Run1-Spot 104 1140 193080 3.2 133699 09 18690 14 01812 10 0.76 1073.7 10.4 1070.2 9.2 1063.0 183 101.0
EP02-C Run1-Spot 110 166 41125 2.6 133632 16 18687 21 01811 13 063 1073.1 133 1070.1 140 10640 33.0 100.9
EP02-C Run2-Spot 152 211 18169 3.0 13.3454 13 18783 20 01818 15 0.74 1076.8 14.5 1073.5 131  1066.7 269 100.9
EP02-C Run1-Spot 93 932 140625 2.0 133388 08 18094 14 01750 12 084 1039.8 113 1048.8 9.2 1067.7 152 974
EP02-C Runl1-Spot 11 117 38668 1.6 133243 14 19412 21 01876 16 0.74 1108.3 16.0 1095.4 142 10699 28,6 103.6

EP02-C Run1-Spot 8 153 61279 1.8 133152 16 19595 21 01892 13 064 11172 13.8 1101.7 142 10712 326 1043
EP02-C Run1-Spot 18 361 49875 1.8 13.3083 0.8 18741 14 01809 11 0.80 10718 10.8 1072.0 9.0 1072.3 16.3  100.0
EP02-C Run1-Spot 89 231 45645 35 133032 13 1825 19 01761 14 074 10459 135 1054.7 124 10731 256 975
EP02-C Run1-Spot 49 189 51256 2.4 133005 14 19439 21 01875 16 074 11079 16.1 1096.3 142 10735 285 103.2

EP02-C Run2-Spot 196 201 75474 2.2 132998 11 1839 20 01774 17 083 1053.0 16.3 1059.7 132 10736 223 981
EP02-C Run2-Spot 218 427 116413 2.7 132879 14 19436 24 01873 19 080 1106.8 19.2 1096.2 158 10754 285 1029
EP02-C Run2-Spot 199 490 50296 1.9 132798 0.7 19320 15 0181 13 088 1100.1 133 1092.2 10.0  1076.6 141 102.2
EP02-C Run2-Spot 136 188 119284 2.4 132709 14 18510 21 01782 16 075 1056.9 15.2 1063.8 138 10779 28.0 98.0
EP02-C Run1-Spot 73 372 57205 2.2 132580 09 18718 16 01800 13 080 1066.9 12.3 1071.2 103 1079.9 185 9838
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Table C3. EP02-C Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + eror 206Pb*  +  207Pb* &  206Pb*  +  Conc
(opm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-C Run1-Spot 70 146 115051 38 132534 14 19248 33 01850 30 091 10943 301 1089.7 220 1080.6 278 1013
EP02-C Run2-Spot 128 279 84940 31 132529 12 19293 17 01854 13 073 10967 127 10913 115 10807 238 1015
EP02-C Run2-Spot 184 117 26074 31 132507 18 18688 25 01796 17 068 10648 169 10701 167 10810 371 985
EP02-C Run2-Spot 127 54 20188 16 132366 19 16329 21 01568 10 046 9387 85 9830 132 10831 373 867
EP02-C Run1-Spot 42 693 62213 17 132307 09 19123 17 01835 14 084 10861 141 10854 112 10840 180 100.2
EP02-C Run1-Spot 74 980 105434 179 132278 09 18857 18 01809 15 085 10719 148 10761 117 10845 186 98.8

EP02-C Run2-Spot 137 218 67058 4.2 132274 11 1933 20 0185 16 083 1096.9 16.6 1092.7 133 10845 224 1011
EP02-C Run2-Spot 131 395 38187 7.0 132268 0.8 19272 13 01849 10 0.79 10935 10.4 1090.6 8.8 1084.6 16.2  100.8

EP02-C Run1-Spot 40 196 44883 2.6 132235 11 19205 1.7 0.1842 1.3 077 1089.8 133 1088.2 115 1085.1 222 1004
EP02-C Run2-Spot 171 210 29019 25 13.2219 11 1.9265 2.0 0.1847 17 085 10928 17.3 1090.3 135 1085.3 21.3  100.7
EP02-C Run1-Spot 37 197 201840 1.6 132193 1.2 19191 19 01840 15 0.76 1088.8 14.7 1087.7 12.8 1085.7 25.0 1003

EP02-C Run1-Spot 101 308 149341 3.0 132192 09 19239 13 01845 10 0.72 10913 9.6 1089.4 8.9 1085.7 18.7  100.5
EP02-C Run2-Spot 134 488 84051 1.8 132176 09 19475 17 0187 14 084 11034 14.6 1097.6 116 1086.0 19.0 1016

EP02-C Run1-Spot 87 200 33385 2.1 132168 1.0 19241 18 01844 15 084 1091.2 15.5 1089.5 124  1086.1 204 100.5
EP02-C Run1-Spot 57 293 25591 25 132150 14 19247 19 01845 12 0.64 10913 12.2 1089.7 126 10864  29.0 100.5
EP02-C Run1-Spot 60 146 83228 0.9 13.2056 1.3 1.8840 1.7 01804 10 0.62 1069.4 10.2 1075.5 11.0 10878 259 983
EP02-C Run1-Spot 26 165 106864 14 132044 12 19148 15 01834 09 062 10854 9.1 1086.3 9.8 1088.0 231  99.8
EP02-C Run2-Spot 115 142 16181 2.1 132028 15 19584 21 01875 15 070 1108.0 15.0 1101.3 141 10883 299 1018
EP02-C Run2-Spot 213 142 36344 2.7 131938 09 20008 15 01915 12 080 1129.2 12.6 1115.8 102 1089.6 181 103.6

EP02-C Run2-Spot 150 1548 116219 0.9 131937 09 15701 13 01502 10 0.74 902.3 8.0 958.4 8.0 1089.6 175 828
EP02-C Run2-Spot 112 295 67131 3.8 131936 1.1 19358 20 01852 17 084 10955 16.7 1093.6 132 10896 214 100.5
EP02-C Run2-Spot 205 291 33045 3.2 131930 0.8 19293 17 01846 15 0.87 1092.1 14.6 1091.3 111 1089.7 16.2  100.2

EP02-C Run1-Spot 38 396 85769 2.0 131869 09 19234 16 01840 13 081 10885 129 1089.2 106 10906 187 998
EP02-C Run2-Spot 111 460 95591 2.0 131791 08 19729 18 01886 16 0.88 11137 164 11063 122 10918 169 102.0
EP02-C Run1-Spot 84 466 96569 1.8 131759 10 1.89%5 17 01812 14 080 10737 139 10799 116 10923 209 983
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Table C3. EP02-C Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + eror 206Pb*  +  207Pb* &  206Pb*  +  Conc

(opm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-C Run2-Spot 201 216 27253 17 131744 11 19483 23 01862 21 088 11005 208 10979 156 10925 221 1007
EP02-C Run2-Spot 212 146 28770 17 131702 16 19185 24 01832 17 073 10847 173 10875 158 10932 323 992
EP02-C Run2-Spot 132 132 13331 21 131679 14 18803 29 01796 25 088 10647 247 10742 191 10936 27.9 974
EP02-C Run1-Spot 6 161 48292 19 131664 10 18050 19 01724 16 084 10251 155 10473 127 10938 209 937
EP02-C Run2-Spot 163 147 39365 22 131650 15 18742 20 01790 14 068 10613 133 10720 133 10940 297  97.0
EP02-C Run1-Spot 19 122 72978 22 131604 13 19220 20 01834 15 076 10858 149 10887 132 10947 258 992
EP02-C Run1-Spot 108 219 150658 1.7  13.1583 1.1 19381 17 01850 13 076 10940 134 10943 116 10950 224  99.9
EP02-C Run1-Spot 59 94 29018 29 131574 19 18693 25 01784 16 064 10581 157 10703 167 10952 389  96.6
EP02-C Run2-Spot 207 178 103306 19 131549 12 19751 23 01884 20 086 11129 200 11070 154 10956 234 1016
EP02-C Run1-Spot 69 342 36419 52 131512 11 19267 18 01838 14 078 1087.6 140 10904 121 10961 228  99.2
EP02-C Run2-Spot 140 286 20482 36 131512 13 19504 1.8 0.1860 1.3 069 10998 128 10986 123 10961 264 1003
EP02-C Run2-Spot 195 163 17211 14 131468 10 19771 26 0885 24 092 11133 247 11077 177 10967 209 1015
EP02-C Run1-Spot 31 298 46172 22 131456 12 19021 19 01813 15 078 10743 149 10818 129 1097.0 242 979

EP02-C Run2-Spot 151 680 74041 2.8 13.1452 1.0 19004 1.7 01812 14 082 10734 13.7 1081.2 11.3  1097.0 196 978
EP02-C Run2-Spot 187 402 207080 1.7 131433 12 19946 16 01901 11 067 11221 111 1113.7 109 10973 240 1023
EP02-C Run2-Spot 118 238 38084 2.4 13.1424 14 19200 19 01830 13 0.68 1083.4 13.0 1088.1 127 10974 278 987

EP02-C Run2-Spot 147 133 24784 1.7 131348 1.3 20495 27 01952 24 088 11497 249 11321 184 10986  26.0 1047
EP02-C Run2-Spot 170 192 29298 3.1 131339 11 19653 1.7 01872 13 0.78 1106.2 13.7 1103.7 116  1098.7 217 100.7
EP02-C Run2-Spot 194 541 35951 7.9 131296 09 20215 18 01925 16 087 11349 16.4 1122.8 124 10994 183 103.2
EP02-C Run1-Spot 33 689 220931 34 131294 10 19213 19 01830 16 0.83 1083.1 15.5 1088.5 125 10994 209 985
EP02-C Run2-Spot 135 78 25192 1.0 131287 19 15358 24 01462 14 0.60 879.8 11.6 944.8 146 10995 381  80.0
EP02-C Run2-Spot 172 664 105532 15 131282 0.8 18507 1.7 01762 15 0.88 1046.2 14.1 1063.7 109  1099.6 155 951
EP02-C Run2-Spot 217 160 21900 25 131240 16 19182 19 01826 11 057 10811 10.8 1087.4 127 11002 311 983
EP02-C Run1-Spot 55 102 30762 2.1 131193 18 18416 25 01752 18 0.70 1040.9 17.0 1060.4 16.7 11009 365 945
EP02-C Run1-Spot 92 55 14828 2.2 131187 25 19215 3.0 01828 17 055 10824 16.6 1088.6 202 1101.0 50.6 983
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Table C3. EP02-C Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + eror 206Pb*  +  207Pb* &  206Pb*  +  Conc

(opm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-C Run1-Spot 14 264 69512 32 131153 1.1 19343 23 01840 20 088 10888 200 10930 152 11015 216 9838
EP02-C Run1-Spot 20 874 118967 21 131121 09 19858 31 01888 30 096 11151 309 11107 213 11021 181 1012
EP02-C Run2-Spot 183 154 13706 14 131108 17 18989 26 01806 20 077 10700 19.7 10807 173 11023 333 971

EP02-C Run2-Spot 166 222 143937 1.6 131073 1.3 19297 18 01834 13 070 1085.8 12.7 1091.4 121 11028 258 985
EP02-C Run2-Spot 145 248 52329 11 131029 19 19814 25 01883 16 064 11121 16.1 1109.2 16.6 11035 376 100.8

EP02-C Run1-Spot 51 2284 167045 4.0 131023 0.7 16474 19 01565 1.7 093 937.6 15.0 988.6 11.7  1103.6 138 850
EP02-C Run1-Spot 98 70 8203 1.6 131023 19 19431 24 01846 14 057 1092.3 13.6 1096.1 159 11036  39.0 99.0
EP02-C Run1-Spot 29 359 122536 14 13.0989 1.1 1938 21 01842 18 0.84  1089.7 17.6 1094.5 139 11040 223 987
EP02-C Run2-Spot 141 363 78538 2.4 13.0985 0.8 17278 24 01641 22 094 979.7 20.1 1018.9 152 11041 16.3 887
EP02-C Run2-Spot 198 93 20809 1.3 13.0937 14 18482 16 01755 09 055 10424 8.7 1062.8 10.8 11048 274 943
EP02-C Run1-Spot 68 510 76066 3.0 13.0933 08 20308 20 01929 19 091 1136.8 19.3 1125.9 139 11049 169 1029
EP02-C Run1-Spot 82 618 152047 4.0 13.0932 13 19345 19 01837 14 073 1087.2 13.6 1093.1 125 11049 257 984
EP02-C Run1-Spot 103 208 27941 1.2 13.0861 11 19037 23 01807 20 0.88 1070.7 19.6 1082.4 150 11060 213 96.8
EP02-C Run1-Spot 27 674 85511 5.3 13.0849 09 19881 18 01887 16 087 11142 16.2 11115 123 1106.2 176  100.7
EP02-C Run2-Spot 191 405 437084 2.2 13.0750 0.7 20176 16 01913 15 090 1128.6 15.1 11215 109  1107.7 139 1019
EP02-C Run1-Spot 72 115 24066 2.8 13.0743 19 19320 48 01832 44 092 10844 441 10922 321 11078 375 979
EP02-C Run1-Spot 41 654 58123 2.2 13.0685 09 19713 25 01868 23 093 11042 236 1105.7 16.7  1108.7 178 996
EP02-C Run1-Spot 24 422 207665 3.0 13.0605 1.1 19863 33 01881 31 094 11113 319 11109 225 11099 229 100.1
EP02-C Run2-Spot 216 256 31484 2.1 13.0580 09 20542 15 01945 12 079 11459 125 1133.7 104 11103 187 103.2
EP02-C Run2-Spot 117 123 27213 1.9 13.0575 16 18924 21 01792 13 0.63 1062.7 13.0 1078.4 140 11104 326 957
EP02-C Run1-Spot 79 217 27312 2.9 13.0468 16 19927 21 0188 13 063 1113.6 13.7 1113.0 143 11120 328 100.1
EP02-C Run1-Spot 28 154 202788 1.2 13.0431 15 19389 20 01834 13 066 1085.6 13.1 1094.6 135 11126 303 976
EP02-C Run1-Spot 83 132 24655 2.1 13.0406 1.8 2.0040 23 0.189% 14 062 11189 145 1116.9 155 11130 358 100.5
EP02-C Run2-Spot 197 580 25926 2.2 13.0254 09 20028 17 01892 15 086 1117.0 15.4 1116.5 11.8 11153 17.8  100.2
EP02-C Run1-Spot 25 81 32047 1.9 13.0245 15 20275 22 01915 16 072 1129.6 16.2 1124.8 148 11154 300 1013

90



Table C3. EP02-C Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + eror 206Pb*  +  207Pb* &  206Pb*  +  Conc

(opm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-C Run1-Spot 43 407 28317 16 130216 10 20066 19 01895 16 083 11187 160 11178 127 11159 208 1003
EP02-C Run1-Spot 1 607 74397 14 130097 09 20919 15 01974 11 077 11613 119 11462 100 11177 187 1039
EP02-C Run1-Spot 23 654 77845 2.8 130091 07 20034 12 01890 10 081 11161 100 11167 82 11178 144 9938
EP02-C Run1-Spot 17 149 85394 17 129986 15 19710 3.1 01858 27 087 10987 275 11057 211 11194 307 981
EP02-C Run2-Spot 186 383 37654 27 129963 09 20266 16 01910 13 081 11269 137 11245 111 11198 189 1006
EP02-C Run1-Spot 61 138 213932 1.1 129890 13 19257 18 01814 12 069 10747 123 10900 120 11209 257 959
EP02-C Run2-Spot 175 122 22265 2.9 129886 15 19830 20 01868 12 063 11041 126 11098 134 11210 307 985
EP02-C Run2-Spot 173 184 33093 17 129670 14 19776 26 01860 22 084 1099.6 224 11079 177 11243 281 978
EP02-C Run1-Spot 65 49 18971 14 129642 20 19360 28 01820 20 071 10781 201 10936 190 11247 396 959
EP02-C Run1-Spot 9 291 25437 19 129583 14 20010 20 01881 14 073 11108 148 11158 134 11256 271 987
EP02-C Run1-Spot 10 192 170896 18 129581 15 19688 33 01850 29 088 10944 289 11049 220 11257 308  97.2
EP02-C Run2-Spot 168 79 33110 12 129475 17 18736 23 01759 15 068 10448 149 10718 151 11272 334 927
EP02-C Run1-Spot 34 305 42193 26 129319 16 20100 24 01885 17 073 11134 176 11189 159 11297 319 986
EP02-C Run1-Spot 64 126 56791 19 129234 13 10475 26 01825 22 086 10808 222 10976 174 11310 267 956
EP02-C Run1-Spot 71 467 31865 60 129052 08 20160 17 01887 15 088 11143 154 11209 117 11338 164 983
EP02-C Run1-Spot 2 568 199517 4.9 128926 13 20046 16 01874 09 058 11075 91 11171 106 11357 254 975
EP02-C Run1-Spot 88 245 72158 14 128920 1.1 19815 37 01853 35 095 10957 352 11092 247 11358 220 965
EP02-C Run1-Spot 63 139 31172 25 128724 15 20463 20 01910 14 067 11270 142 11311 140 11389 303  99.0
EP02-C Run1-Spot 4 78 22040 19 128705 17 19239 20 01796 10 051 10647 100 1089.4 133 11391 340 935
EP02-C Run1-Spot 44 235 111213 22 128529 15 20326 28 01895 23 083 11186 234 11265 187 11419 306 98.0
EP02-C Run1-Spot 67 103 42355 17 127963 16 20421 22 01895 16 072 11188 165 11297 153 11506 311  97.2
EP02-C Run1-Spot 97 108 115911 3.6 127834 15 19347 25 01794 20 080 10635 198 10932 169 11526 302  92.3
EP02-C Run2-Spot 189 111 30747 21 127631 12 19896 2.6 01842 23 089 10897 230 11120 175 11558 239 943
EP02-C Run1-Spot 75 168 33488 19 126689 11 20700 21 01902 19 087 11224 193 11389 147 11704 209 959
EP02-C Run1-Spot 50 99 48216 16 126060 1.6 20551 2.1 01879 13 064 11099 134 11340 141 11803 314 940
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Table C3. EP02-C Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + eror 206Pb*  +  207Pb* &  206Pb*  +  Conc
(opm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-C Run1-Spot 91 34 40270 17 125277 23 20512 30 01864 19 064 11017 196 11327 205 11926 454 924
EP02-C Run1-Spot 30 677 71835 17 124126 09 23697 13 02133 10 074 12465 111 12335 95 12108 17.8 1029
EP02-C Run2-Spot 161 127 17963 22 123784 19 22177 25 01991 16 065 11705 172 11867 174 12163 373 962
EP02-C Run1-Spot 32 428 201350 27 123734 09 22800 14 02046 10 073 12000 111 12061 98 12170 185 986
EP02-C Run2-Spot219 1195 48931 19 123708 08 18590 2.6 01668 25 095 9944 230 10666 174 12174 165 817
EP02-C Run2-Spot 188 199 21378 39 123389 10 24545 17 02197 14 080 12800 161 12587 125 12225 203 1047

EP02-C Run2-Spot 148 240 38005 14 123387 12 22773 19 02038 14 075 11957 153 1205.3 132 12225 242 978
EP02-C Run2-Spot 174 221 234710 15 12.2668 1.2 23438 19 0208 15 0.78 1221.0 16.5 1225.7 135 12341 231 989

EP02-C Run1-Spot 80 180 92237 2.7 122075 11 23310 20 02064 17 0.83 12095 18.6 1221.8 144 12435 220 973
EP02-C Run2-Spot 185 251 16276 1.2 12.1842 09 24765 13 02188 10 0.77 12758 12.0 1265.2 9.8 1247.3 16.8 102.3
EP02-C Run2-Spot 182 102 14470 14 12.1467 11 2391 21 02110 18 085 12341 205 1241.1 153 12533 219 985
EP02-C Run1-Spot 81 111 44782 0.9 121328 14 23426 43 02061 40 094 12082 440 12253 303 12556 283  96.2
EP02-C Run2-Spot 206 168 111735 0.4 12.1104 1.7 23543 21 02068 13 060 12117 14.1 1228.9 153 12592 336  96.2
EP02-C Run1-Spot 52 1127 228373 25 12.0848 0.6 2428 13 02129 12 0.88 1244.0 13.1 1251.1 9.5 1263.3 122 985
EP02-C Run1-Spot 85 232 32850 1.7 12.0823 1.0 24455 20 02143 18 087 12517 200 1256.1 146  1263.7 198  99.0
EP02-C Run1-Spot 16 280 58207 1.2 12.0794 13 23646 48 02072 47 097 12137 517 12320 346 12642 246  96.0
EP02-C Run1-Spot 62 274 225120 1.3 12.0639 0.8 24043 23 02104 21 094 12308 238 1243.9 16.2  1266.7 150 972
EP02-C Run2-Spot 215 95 15948 2.7 12.0344 16 23551 21 02056 13 0.62 1205.1 14.3 1229.1 149 12715 319 948
EP02-C Run1-Spot 13 896 195697 25 119717 1.0 24714 19 02146 17 087 12532 19.2 1263.7 140 12816 187 978
EP02-C Run2-Spot 149 265 32118 14 118646 15 25331 33 02180 29 089 12712 338 12816 239 12991 290 978
EP02-C Run1-Spot 48 195 196153 1.3 118091 12 22849 16 01957 11 067 11521 115 1207.6 115 13082 234 881
EP02-C Run1-Spot 90 1412 268293 1.3 11.8037 09 26206 1.7 02243 14 083 1304.8 16.4 1306.4 123 1309.1 18.0 997
EP02-C Run1-Spot 78 45 19502 1.8 11.7611 18 26803 27 02286 20 075 13273 245 13230 202 13161 353 100.9

EP02-C Run2-Spot 120 347 60534 1.3 11.6000 0.9 26587 27 02237 25 094 13013 293 1317.1 19.6 13428 181  96.9
EP02-C Run1-Spot 102 443 43953 1.8 115845 1.0 26507 15 02227 12 079 129.2 14.3 1314.8 114 13454 184 963
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Table C3. EP02-C Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + eror 206Pb*  +  207Pb* &  206Pb*  +  Conc

(opm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-C Run2-Spot 143 324 27309 2.9 115036 09 29009 17 02420 14 083 13972 175 13822 127 13589 181 10238
EP02-C Run2-Spot 164 159 19243 16 115004 14 27284 22 02276 17 078 13218 207 13362 164 13594 266 972
EP02-C Run2-Spot 126 135 29900 10 114756 1.0 28258 17 02352 14 081 13616 171 13624 129 13636 195 99.9
EP02-C Run1-Spot 99 494 61821 21 114374 08 29083 28 02412 27 096 13932 337 13841 211 13700 147 1017
EP02-C Run1-Spot 77 728 113158 11 114369 09 22425 14 01860 11 079 10997 115 11944 101 13701 169 803
EP02-C Run2-Spot 208 165 65813 20 113725 09 28597 21 02359 18 089 13652 227 13714 156 13810 182 989
EP02-C Run2-Spot 167 52 42839 12 113390 17 25432 20 02091 10 051 12243 113 12845 144 13866 327 883
EP02-C Run1-Spot 66 308 48216 12 113013 13 28093 26 02303 22 086 13359 269 13580 193 13930 249 959
EP02-C Run1-Spot 35 105 40366 07 112041 19 29917 22 02451 12 054 14129 153 14055 169 13942 358 1013
EP02-C Run1-Spot 7 156 109410 08  11.2905 25 23466 33 01922 22 067 11330 233 12265 238 13949 474 812
EP02-C Run1-Spot 39 76 16255 13 112373 15 28555 27 02327 23 083 13487 276 13703 206 14039 295 96.1
EP02-C Runi-Spot109 1121 66749 1.0 111982 11 26293 30 02135 28 093 12477 320 13089 223 14106 217 884
EP02-C Run1-Spot 3 157 2666758 1.1 111110 14 27539 21 02219 16 077 12920 192 13431 159 14255 259  90.6
EP02-C Run1-Spot 94 183 39994 12 109989 14 30840 3.0 02460 26 088 1417.9 330 14287 227 14449 270 981
EP02-C Run2-Spot 165 77 16795 10 109718 1.1 29506 1.8 02348 1.4 080 13596 17.7 13950 137 14496 207 938
EP02-C Run1-Spot 15 634 539049 21 109060 08 32370 16 02560 14 085 14696 183 14661 126 14610 161  100.6
EP02-C Run1-Spot 58 149 156454 1.1 108411 12 31275 17 02459 12 072 14173 159 14395 132 14724 225  96.3
EP02-C Run1-Spot 22 358 96873 23  10.7638 0.8 32896 16 02568 14 086 14735 186 14786 128 14859 157  99.2
EP02-C Run1-Spot 46 248 73530 1.7 103645 10 35035 32 02634 30 095 15070 405 15280 251 15572 187  96.8
EP02-C Run1-Spot 5 187 78563 2.9 100392 12 39799 19 02898 15 080 16404 224 16301 157 16168 217 1015

EP02-C Run1-Spot 105 313 127939 2.4 10.0371 09 39186 27 0283 26 095 16178 36.6 16175 218 16172 159 100.0
EP02-C Run2-Spot 177 212 126996 25 9.9694 08 41388 16 02993 14 086 16876  20.7 1662.0 132 1629.8 151 103.6
EP02-C Run2-Spot 181 199 22322 15 9.9455 11 37841 14 02730 10 0.67 15558 13.4 1589.4 116  1634.2 198 952
EP02-C Run2-Spot 162 229 20705 1.6 9.8801 10 39288 24 02815 22 091 15991 314 1619.6 19.7  1646.5 184 971
EP02-C Run1-Spot 100 234 57937 14 9.8271 08 4079 16 02908 13 084 16454 19.0 1650.2 127 16564 156 993
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Table C3. EP02-C Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + eror 206Pb*  +  207Pb* &  206Pb*  +  Conc

(opm)  204Pb 207Pb* (%) 235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EP02-C Run2-Spot 113 388 62042 16 97971 09 39107 20 02779 18 090 15807 251 16159 162 16621 165 95.1
EP02-C Run1-Spot 45 336 148204 31 94165 08 45564 17 03112 15 088 17465 226 17413 139 17351 144 1007
EP02-C Run2-Spot 203 344 36172 37 93818 09 44038 18 02996 15 085 1689.6 222 17130 146 17419 172 970
EP02-C Run1-Spot 21 495 125802 21 92609 08 44753 17 03006 15 088 16942 221 17264 140 17656 147  96.0
EP02-C Run2-Spot 193 197 29583 23 89988 10 47539 37 03103 36 096 17420 551 17768 314 18179 182 958

*Analyses collected using the Thermo Element2 single-collector inductively-coupled plasma mass spectrometer at the Arizona LaserChron Center,

University of Arizona.
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Table C4. EP03 Geochronology*.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + error 206Pb*  +  207Pb* &  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) com. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

EPO3 Run2-Spot 166 86 18208 1.9 136424 14 17330 20 01715 15 073 10202 138 10209 128 10223 275 9938
EPO3 Run2-Spot 138 92 48649 16 135827 22 18082 25 04781 13 051 10567 126 10484 164 10311 437 1025
EPO3_Run1 -Spot 45 34 40184 31 134777 24 18631 27 01821 14 050 10785 136 10681 180 10468 477 103.0
EP03 Run2-Spot 135 221 93842 11 134776 13 18176 3.1 01777 28 091 10542 277 10518 206 10469 268 100.7
EPO3 Run2-Spot 124 85 19342 18 134759 19 17914 26 01751 17 067 10401 167 10423 170 10471 391 993
EPO3_Runl -Spot 21 38 15144 15 134645 30 18723 32 01828 11 036 10825 114 10714 210 10488 598 103.2
EPO3 Run2-Spot 144 146 19094 26 134531 17 18880 3.0 01842 25 082 10900 249 10769 201 10505 348 1038
EP03 Run2-Spot 188 125 24299 16 134463 12 18346 18 01789 13 074 10610 130 10579 11.8 10515 242  100.9
EPO3 Run2-Spot 187 118 19860 24 134277 17 18582 24 04810 17 071 10722 172 10663 161 10543 343 1017
EPO3_Runl -Spot 35 48 32408 15 134221 19 18847 24 0183 14 058 10859 138 10757 158 10552 39.1 1029
EPO3_Run1 -Spot 11 81 29527 19 134148 15 18617 19 01811 12 063 10731 118 10676 127 10563 301 1016
EP03 Run2-Spot 158 111 26062 13 134069 19 18222 27 01772 19 070 10516 184 10535 177 10575 388  99.4
EPO3 Run2-Spot 149 64 44367 20 134045 22 17905 24 01741 10 041 10345 94 10420 158 10578 445 97.8
EP03 Run2-Spot 136 307 55645 21 133994 10 19029 21 01849 19 087 1093.8 188 10821 142 10586 211 1033
EPO3 Run2-Spot 175 196 41360 25 133983 13 18632 30 01811 28 090 10727 272 10681 201 10587 265 1013
EP03 Run2-Spot 161 281 95938 22 133934 07 1.8607 14 01807 11 084 10711 113 10672 90 10595 149 101.1
EPO3_Runl -Spot 34 50 24889 12 133856 20 19217 34 01866 27 081 11027 278 10887 226 1060.6 39.7 104.0
EP03 Run2-Spot 118 253 46757 12 133830 15 1.8789 34 01824 30 090 10799 299 10737 222 10610 299 1018
EPO3_Run1 -Spot 36 480 203131 64 133815 09 19072 14 01851 11 076 10947 108 10836 95 10613 187 1032
EPO3_Run1 -Spot 40 136 70056 1.3 133764 14 18780 1.9 01822 13 068 10790 126 10734 124 10620 275 1016
EPO3 Run2-Spot 146 231 54309 14 133632 13 18624 31 01805 29 091 10697 281 1067.8 207 10640 262 1005
EPO3 Run2-Spot 207 252 49952 26 133592 12 1.8999 19 01841 14 076 1089.2 141 10811 123 10646 241 1023
EPO3_Run1 -Spot 29 124 51978 13 133550 16 19342 22 04873 15 067 11070 150 10930 147 10653 325 103.9
EPO3 Run2-Spot 169 301 55862 19 133481 10 19388 15 01877 11 074 11089 112 10946 99 10663 19.8 104.0
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Table C4. EP03 Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  ermor 206Pb*  +  207Pb* &  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EPO3_Run -Spot 54 339 3486 18 133399 08 19333 14 01870 12 084 11053 122 10927 96 10675 159 1035
EPO3_Runi -Spot 13 208 64640 30 133370 10 18909 15 01829 11 073 10828 11.0 10779 100 10680 205 101.4
EPO3 Run2-Spot 183 99 55798 20  13.3302 18 18338 22 01773 13 058 10522 126 1057.6 147 10690 365  98.4
EPO3_Runi -Spot 76 234 140157 21 133277 09 19234 14 01859 10 073 10992 103 10892 93 10694 190 1028
EPO3 Run2-Spot 181 237 31552 15 133264 08 18760 30 0.1813 28 096 10742 281 10726 196 1069.6 168  100.4
EPO3 Run2-Spot 137 304 32083 22 133176 13 18851 20 01821 15 076 10783 154 10758 135 10709 264 1007
EP03 Run2-Spot 163 199 41430 16 133158 15 18800 19 01816 11 058 10755 107 10741 123 10712 303 100.4
EPO3 Run2-Spot 127 239 57453 23 133101 11 19137 16 01847 12 073 10928 117 10859 106 10720 219 1019
EPO3 Run2-Spot 147 116 42734 20 133099 12 18323 26 01769 23 088 10499 224 10571 172 10721 249  97.9
EPO3 Run2-Spot 162 33 71568 24 133078 11 18989 16 01833 11 071 10849 112 10807 105 10724 221 1012
EPO3_Runl -Spot 56 107 45742 2.6 133060 11 19493 17 01881 12 073 11112 124 10982 111 10726 228 1036
EPO3 Run2-Spot 140 317 85515 14 132943 13 18702 29 01803 25 088 10687 250 10706 190 10744 269 995
EP03 Run2-Spot 160 348 60208 14 132908 1.1 19768 17 01906 13 074 11244 130 11076 114 10749 228 1046
EPO3_Runi -Spot 99 126 26115 24 132868 13 19002 19 01831 14 075 10840 143 10812 127 10756 252  100.8
EP03 Run2-Spot 117 606 60577 40 132859 1.1 19070 16 0838 12 072 10875 118 10835 110 10757 230 101.1
EPO3_Runi -Spot 68 220 29333 20 132836 09 19497 14 01878 11 078 11097 108 10983 92 10760 174  103.1
EPO3_Run -Spot 79 206 62740 22 132746 10 19064 21 01835 19 089 10863 186 10833 140 10774 194 1008
EPO3_Run1 -Spot 9 60 73030 19 132734 21 1987 30 01913 21 070 11282 220 11110 204 10775 430 1047
EPO3 Run2-Spot 196 221 58575 16 132710 14 19101 20 01838 15 073 10880 149 10846 135 10779 27.7 1009
EPO3_Runi -Spot 10 187 130142 18 132681 10 19869 46 01912 45 098 11278 469 11111 314 10783 198 1046
EPO3 Run2-Spot 156 132 34455 22 132506 15 19523 20 01876 13 066 11085 136 10992 136 1081.0 305 1025
EPO3 Run2-Spot 208 114 64838 29 132506 22 18559 27 01784 15 057 10580 148 10655 17.7 10810 442  97.9
EPO3 Run2-Spot 171 284 193630 20 132456 11 18458 16 01773 12 075 10523 118 10619 107 10818 218 973
EPO3 Run2-Spot 113 270 27199 19 132425 12 17864 25 01716 22 088 10208 208 10405 163 10822 239 943
EPO3 Run2-Spot 201 553 77144 26 132396 10 19130 15 01837 12 078 10871 119 10856 102 10827 194  100.4
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Table C4. EP03 Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  ermor 206Pb*  +  207Pb* &  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EPO3 Run2-Spot 193 115 26273 31 132320 18 18418 21 01768 10 050 10492 99 10605 136 10838 361  96.8
EPO3_Runi -Spot 50 81 37955 21 132248 16 18943 25 01817 19 077 10762 191 10791 167 10849 324  99.2
EPO3 Run2-Spot 205 448 209360 17 132134 08 18850 18 01806 16 089 10705 157 10758 119 10867 163 985
EPO3 Run2-Spot 179 131 36700 11 13209 12 19508 17 01869 13 075 11045 131 10987 116 10872 230 1016
EPO3_Run1 -Spot 16 363 219986 22  13.2083 09 18973 22 01818 20 091 10765 195 10801 144 10874 178  99.0
EPO3 Run2-Spot 152 167 25035 17 132036 13 19244 20 01843 14 073 10903 142 10896 131 10881 269  100.2
EPO3_Runl -Spot 41 130 115763 2.6 132032 13 19342 21 01852 16 077 10954 162 10930 140 10882 268  100.7
EPO3 Run2-Spot 154 488 83981 13 132014 12 17946 23 01718 20 086 10222 191 10435 153 10885 240  93.9
EPO3 Run2-Spot 194 348 90455 24 131992 09 19135 16 01832 14 084 10843 136 10858 109 10888  17.9  99.6
EPO3 Run2-Spot 178 708 79199 09 131969 09 19220 39 01840 38 097 10886 37.6 10888 257 10892 172  99.9
EPO3_Run1 -Spot 66 130 171820 25 131948 16 19061 26 01824 20 078 10801 199 10832 171 10895 321  99.1
EPO3_Runi -Spot 18 47 37651 14 131914 15 19004 22 01818 16 073 10769 163  1081.2 149 10900 30.8 9858
EPO3 Run2-Spot 195 342 45474 23 131827 12 19407 18 0185 14 076 10972 138 10952 120 1091.3 233 1005
EPO3 Run2-Spot 172 1263 141279 25 131788 08 15584 12 01490 09 078 8951 79 9538 75 10919 153 820
EPO3_Runl -Spot 49 773 102917 21 131776 08 18630 23 01781 21 093 10563 206 10681 150 1092.1 168  96.7
EPO3 Run2-Spot 212 107 28727 18 131694 16 19612 21 01873 14 065 11069 138 11023 141 10933 320 1012
EP03 Run2-Spot 185 212 75265 11 131685 12 19236 16 01837 10 064 10872 100 10893 104 10935 241  99.4
EPO3_Runi -Spot 75 138 27547 26 131588 11 19307 20 01843 17 083 10902 169 10918 136 10949 229 996
EPO3 Run2-Spot 202 548 53757 16 131545 11 19698 16 01879 12 075 11102 124 11052 109 10956 214 1013
EPO3 Run2-Spot 216 372 93627 17 131497 14 18504 37 01765 34 092 10477 327 10636 241 10963 278 956
EPO3 Run2-Spot 123 309 213350 27 131481 1.1 20498 23 01955 21 089 11509 221 11322 160 10966 21.2  105.0
EPO3 Run2-Spot 170 276 108670 21 131384 10 18824 21 01794 19 088 10635 182 10749 140 10980 203  96.9
EP03 Run2-Spot 184 1887 113408 88 131373 08 19056 15 01816 13 085 10755 128 10830 101 10982 158  97.9
EPO3_Runi -Spot 96 1293 211535 7.9 131279 07 19057 18 01814 16 091 10749 160 10831 119 10997 148 97.7
EPO3_Run -Spot 51 23 86118 32 131216 25 19670 30 01872 17 056 11062 170 11043 202  1100.6  49.8 1005
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Table C4. EP03 Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  ermor 206Pb*  +  207Pb* &  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EPO3 Run2-Spot 211 46 19896 23 131158 21 17558 2.8 01670 1.8 065 9957 168 10293 180 11015 422 904
EPO3_Runi -Spot 32 86 37390 12 131127 17 20075 41 01909 38 091 11264 390 11181 281 11020 341 1022
EPO3 Run2-Spot 120 175 32961 21 131106 1.4 19906 2.0 01893 13 069 11175 138 11123 133 11023 286 1014
EPO3_Runl -Spot 6 61 32650 12 131074 18 19997 23 01901 14 063 11219 148 11154 155 11028 358 1017
EPO3 Run2-Spot 148 254 60019 23 131071 12 19832 21 01885 17 081 11134 175 11098 143 11028 249 101.0
EPO3_Runi -Spot 102 157 29538 2.6 131048 18 19428 22 01847 13 057 10924 126 10960 146 11032 357  99.0
EPO3_Run1 -Spot 19 400 162078 16  13.0947 08 19383 31 01841 29 096 10893 295 10944 205 11047 164 986
EPO3 Run2-Spot 126 307 73924 26 130918 09 19821 20 01882 18 090 11116 181 11094 133 11051 175 100.6
EPO3_Run1 -Spot 48 145 33743 18 130838 10 19601 16 0180 12 075 1099.7 121 11019 107 11064 209  99.4
EPO3_Runi -Spot 82 125 49185 14 130802 11 19573 29 01857 27 092 10980 27.3 11010 197 11069 226  99.2
EPO3_Run -Spot 65 114 76315 21 130750 17 19225 28 0183 22 079 10796 221 10889 189 11077 348 975
EPO3_Runi1 -Spot 20 195 140893 21 130736 12 19561 17 01855 12 072 10968 122 11006 112 11079 231  99.0
EPO3 Run2-Spot 204 182 44159 29 130733 11 20225 16 01918 11 071 11309 11.9 11231 110 11079 229 1021
EPO3_Runi -Spot 71 155 91493 20 130707 11 19098 15 01810 10 065 10727 94 10845 97 11084 221 968
EP03 Run2-Spot 206 544 58694 06 130662 10 19540 32 01852 3.1 095 10952 307 10998 21.6 11090 207  98.7
EPO3_Runi -Spot 85 213 126371 15  13.0609 11 19822 14 01878 09 064 11092 91 11095 94 11099 214  99.9
EPO3_Run1 -Spot 95 106 49564 12 130606 13 19286 17 0187 12 067 1081.6 115 10910 11.6 11099 258 975
EPO3_Runi -Spot 47 143 30532 22 130531 15 19798 19 01874 12 061 11074 120 11087 130 11110 305 997
EPO3_Run1 -Spot 27 123 33975 25 130456 11 20443 15 01934 10 065 11399 103 11304 103 11122 229 1025
EPO3_Runi -Spot 78 147 35079 22 130437 13 19845 19 01877 14 073 11091 141 11102 128 11125 257  99.7
EPO3_Run1 -Spot 25 854 165360 10  13.0354 09 19649 16 01858 13 081 10984 129 11036 106 11138 183 986
EPO3 Run2-Spot 218 179 51110 17 130257 16 19808 26 01871 20 077 11058 199 11090 172 11152 327  99.2
EPO3_Runt -Spot 30 141 3881 12 130217 11 19032 25 01797 22 089 10656 220 10822 167 11159 226 955
EPO3_Runi -Spot 57 29 27560 16  13.0209 3.3 19481 37 01840 18 048 10887 177 1097.8 249 11160 650 975
EPO3_Runl -Spot 67 102 27534 24 130147 16 20241 19 01911 10 052 11271 104 11237 131 11170 328 1009
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Table C4. EP03 Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  ermor 206Pb*  +  207Pb* &  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EPO3 Run2-Spot 133 239 31994 26 130143 12 19922 22 01880 1.8 083 11107 184 11129 146 11170 238 994
EPO3_Run1 -Spot 74 63 26854 15 130120 19 19597 22 01849 11 048 10939 107 11018 148 11174 384 979
EPO3_Run -Spot 46 200 69678 09  13.0068 1.8 19343 22 01825 13 060 10804 132 10930 147 11182 350 96.6
EPO3_Runi -Spot 88 89 36173 1.8 129742 13 19848 17 01868 11 066 11038 115 11104 115 11232 254 983
EPO3_Runl -Spot 101 263 97965 22 129712 10 20182 12 01899 07 057 11206 7.0 11217 81 11236 197  99.7
EPO3_Runi -Spot 61 394 73319 27 129706 09 20509 12 01929 09 071 11372 92 11326 84 11237 172 1012
EP03 Run2-Spot 186 223 150461 33 129650 1.4 20284 24 01907 20 083 11253 204 11251 163 11246 27.0 100.1
EPO3_Runi -Spot 31 132 65658 2.0 129456 13 20260 3.2 01902 29 091 11226 298 11243 215 11275 255 996
EPO3_Run -Spot 94 170 32749 14 129414 14 20524 31 01926 28 090 11357 289 11331 212 11282 275 1007
EPO3 Run2-Spot 192 217 57598 15 129401 12 19388 16 01820 10 066 10777 103 10946 105 11284 234 955
EPO3_Run1 -Spot 53 188 37667 15 129168 13 20106 20 01884 16 078 11125 159 11191 136 11320 252 983
EPO3_Runi -Spot 103 334 66825 14 128884 09 19855 16 01856 13 083 10975 134 11106 108 11364 174 9656
EPO3_Runl -Spot 105 121 34724 16 128493 16 19894 30 01854 25 085 10964 256 11119 202 11424 313  96.0
EPO3 Run2-Spot 180 643 81347 17 128483 11 20191 15 01881 10 067 11113 99 11220 99 11425 215 973
EPO3_Runl -Spot 17 143 109987 2.0 128203 1.4 20909 20 01944 15 073 11452 154 11458 139 11469 276  99.9
EPO3 Run2-Spot 129 78 32919 09 126947 18 19680 27 01812 20 074 10735 201 11046 185 11664 364 920
EPO3_Run1 -Spot 108 79 62685 1.4 126519 2.8 20172 30 01851 12 041 10948 126 11213 205 11731 544 933
EPO3 Run2-Spot 128 265 36954 13 125989 1.3 22283 19 0203 14 075 11947 155 11900 133 11814 248 101.1
EP03 Run2-Spot 153 2449 136552 3.6 125639 0.8 20845 17 01899 15 089 11211 152 11437 114 11869 148 945
EPO3_Run1 -Spot 44 41 28812 12 124100 34 20294 40 01827 22 053 10815 214 11254 274 12112 670 893
EPO3_Run1 -Spot 15 309 65295 20 123464 08 23280 15 02085 13 084 12206 140 12209 106 12213 158  99.9
EPO3_Runl -Spot 106 79 66398 53 123361 13 22076 36 01975 34 094 11620 364 11835 255 12229 246 950
EPO3_Runt -Spot 64 1221 80617 89 123277 07 18419 17 01647 15 091 9827 137 10605 109 12243 136  80.3
EPO3 Run2-Spot 121 118 135449 17 123164 13 23108 19 02064 14 073 12097 156 12156 138 12261 261 987
EPO3 Run2-Spot 139 451 49856 31 122787 11 23458 20 02089 17 083 12230 186 12263 144 12322 223 993
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Table C4. EP03 Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  ermor 206Pb*  +  207Pb* &  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EPO3_Runi -Spot 98 196 26296 2.3 122222 11 24207 16 02146 11 070 12532 125 12488 113 12412 219 1010
EPO3_Runi -Spot 92 330 51634 20 121056 1.0 24710 23 02169 21 090 12657 242 12636 169 12599 198 1005
EPO3_Run -Spot 38 132 82301 10 120885 13 23111 19 02026 14 073 11894 152 12157 136 12627 255  94.2
EPO3 Run2-Spot 125 62 47007 17 120659 16 24935 21 02182 14 066 12724 157 12701 150 12663 306 1005
EPO3_Run -Spot 39 38 219862 22 120628 24 22225 28 01944 15 052 11454 154 11882 199 12669 475 904
EPO3 Run2-Spot 213 92 45550 12 12.0273 46 21146 49 01845 18 036 1091.3 181 11536 341 12726 899 858
EPO3_Run1 -Spot 55 49 31681 17 119914 18 25140 26 02186 19 072 12747 215 12761 186 12784 344  99.7
EPO3 Run2-Spot 145 576 73573 30  11.8772 08 24205 29 02085 28 097 12208 316 12487 211 12971 147 941
EP03 Run2-Spot 159 173 25679 38  11.8003 1.0 26501 14 02268 09 065 13178 107 13147 101 13097 202  100.6
EPO3_Runi -Spot 22 164 37648 14 117388 13 26435 20 02251 15 076 13086 179 13128 146 13198 248 991
EPO3 Run2-Spot 209 328 91414 21 116815 09 26364 17 02234 14 086 12096 171 13108 124 13293 165 97.8
EPO3_Runi -Spot 12 94 43213 16 116516 12 26310 31 02223 29 092 12942 336 13094 230 13342 239 970
EPO3_Run1 -Spot 109 69 30170 14 115907 14 27706 20 02329 13 068 13497 162 13477 146 13444 277 1004
EPO3_Runi -Spot 63 103 57783 14 115881 12 27250 19 02290 15 077 13294 175 13353 140 13448 232 989
EPO3 Run2-Spot 141 443 210640 15 115291 11 29140 16 02437 11 071 14057 141 13855 119 13546 215 1038
EPO3 Run2-Spot 200 202 43876 25 114944 14 27606 27 02301 23 086 13352 281 13450 201 13605 261  98.1
EPO3_Runl -Spot 77 282 60754 21 114509 13 29037 17 02412 10 061 13927 130 13829 128 13678 260 1018
EPO3 Run2-Spot 199 491 135396 09 114263 09 28131 30 02331 29 096 13509 349 13500 224 13719 168 985
EPO3_Runl -Spot 91 105 55004 10  11.4193 14 28436 18 02355 11 061 13633 132 13671 132 13731 269  99.3
EPO3 Run2-Spot 177 638 163840 17  11.3724 08 29151 15 02404 12 082 13890 151 13858 111 13810 160 100.6
EP03 Run2-Spot 215 148 26563 20 113539 10 28173 17 02320 14 081 13449 166 13601 126 13841 190 97.2
EPO3_Runl -Spot 2 408 225556 37 112112 09 31232 15 02540 12 081 14588 159 14384 116 14084 171 1036
EP03 Run2-Spot 115 433 156393 13 111595 09 26081 28 02111 2.6 094 12346 294 13029 204 14172 179  87.1
EPO3_Run1 -Spot 14 128 83016 09 111521 1.0 29860 16 02415 12 077 13946 155 14041 123 14185 198 983
EP03 Run2-Spot 190 241 50406 16 111494 10 30939 15 02502 12 075 14394 148 14312 118 14189 193 1014
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Table C4. EP03 Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  +  ermor 206Pb*  +  207Pb* &  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

EPO3 Run2-Spot 197 874 125351 20 111062 10 29332 14 02363 10 072 13673 128 13905 109 14264 191 959
EPO3_Runl -Spot 5 237 48740 08 110862 07 30339 12 02439 10 084 14072 128 14162 92 14298 126 984
EPO3 Run2-Spot157 280 81031 17 109938 12 31752 28 02532 26 091 14548 337 14511 219 14458 220 100.6
EPO3 Run2-Spot 167 248 62419 16 109171 11 33178 32 02627 30 094 15036 404 14853 250 14591 205 103.1
EPO3_Runl -Spot 43 171 73452 12 10.8924 09 32302 14 02552 11 077 14651 142 14644 110 14634 172 100.1
EPO3_Runl -Spot 3 432 222074 07 108353 07 32637 14 02565 12 086 14718 163 14724 112 14734 142 999
EPO3_Runl -Spot 107 103 46378 22 101100 1.0 39647 15 02907 11 074 16451 157 16270 119 16037 184 1026
EPO3 Run2-Spot 203 370 68706 11 99117 10 39160 19 02815 16 084 15989 231 16170 156 16406 193 975
EPO3 Run2-Spot 151 766 115281 13 98164 09 35061 30 02496 28 095 14365 362 15286 233 16585 167 866
EPO3 Run2-Spot 220 745 94953 24 98131 08 40707 13 02897 11 080 16401 155 16485 109  1659.1 148 989
EPO3 Run2-Spot 142 276 153813 22 97453 07 42060 15 02973 14 088 16778 201 16752 127 16719 134 1004
EPO3_Runl -Spot 4 180 214842 11 88333 10 49656 42 03181 41 097 17806 631 18135 353 18515 177  96.2

*Analyses collected using the Thermo Element2 single-collector inductively-coupled plasma mass spectrometer at the Arizona LaserChron Center,

University of Arizona.
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Table C5. SQ1-JM Geochronology™.

Analysis U 206Pb  U/Th  206Pb* =  207Pb*  +  206Pb*  + eror 206Pb*  +  207Pb*  +  206Pb*  *  Conc

(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

SQ1-JM run3-Spot 251 274 85252 21 133825 10 17929 22 01740 20 090 10342 192 10429 145 10611 192 975
SQ1-JM run3-Spot 297 116 21051 23 133820 18 17077 21 01657 12 054 9886 106 10114 137 10612 364  93.2
SQ1-JM run2-Spot 207 194 29229 64 131626 09 19309 16 01843 13 081 10906 133 10919 109 10944 189  99.7
SQ1-IM run3-Spot 266 74 11063 16 131320 15 1.8832 22 01794 16 073 10635 160 10752 149 10990 308 9638

SQ1-JM run2-Spot 155 202 59499 15 125426 0.9 2.1895 17 01992 14 084 11709 154 11777 120 11903 18.7 98.4
SQ1-JM run3-Spot 261 201 43598 2.7 12.3213 0.9 2.2607 17 02020 14 084 1182 153 12001 118 12253 17.6 96.8
SQ1-JM run2-Spot 159 216 214651 15 12.2983 0.9 2.3373 19 0208 16 087 1220.7 179 12237 132 1229.0 18.2 99.3
SQ1-JM run2-Spot 191 246 51369 2.0 12.2509 1.0 2.3356 15 02075 12 078 12156 132 12232 108  1236.6 18.7 98.3

SQ1-JM-run-Spot 72 115 245126 14 12.2449 19 2.3231 23 02063 14 058 12091 149 12194 165 12376 37.2 97.7
SQ1-JM run2-Spot 215 163 60098 0.8 121979 11 2.3871 17 02112 13 077 12351 147 12387 121 12450 21.0 99.2
SQ1-JM run2-Spot 156 71 30452 2.0 116221 0.8 2.7551 17 02322 15 087 13462 177 13435 124 13391 156  100.5
SQ1-JM run3-Spot 259 460 120344 2.0 11.2061 1.0 2.8552 17 02321 14 083 13453 173 13702 13.0  1409.2 18.6 95.5

SQ1-JM-run-Spot 96 118 33993 15 111644 1.0 3.0491 15 02469 11 075 14224 145 14200 116 14164 194 1004
SQ1-JM run2-Spot 150 68 40464 2.4 111532 13 3.0390 20 02458 15 075 14169 193 14175 154 14183 25.4 99.9
SQ1-JM run2-Spot 176 368 58666 2.9 11.1428 0.8 3.0919 17 02499 15 088 14378 189 14307 128 14201 151 1013

SQ1-JM-run-Spot 58 417 167152 1.7 111376 0.8 2.9722 13 02401 11 078 13872 132 14005 102 14210 16.0 97.6

SQ1-JM-run-Spot 50 117 41115 2.0 111137 11 3.0773 17 02480 13 076 14284 164 14270 129 14251 21.0 100.2
SQ1-JM run2-Spot 153 31 24599 3.3 11.0591 16 3.0533 19 02449 11 059 14121 145 14211 149 14345 30.1 98.4
SQ1-JM-run-Spot 104 103 47094 1.0 11.0579 1.2 2.4801 33 01989 31 093 11694 327  1266.3 239 14347 235 81.5

SQ1-JM run3-Spot 227 251 78736 2.6 11.0494 13 3.0470 19 02442 13 071 14084 16.7 14195 14.2 1436.1 25.0 98.1
SQ1-JM run2-Spot 202 273 60646 0.9 11.0446 1.1 3.0664 18 02456 15 081 14159 18.6 1424.3 13.8 1437.0 20.1 98.5

SQ1-JM-run-Spot 44 91 64647 11 11.0442 0.9 2.9034 19 02326 17 088 13479 207 1382.8 14.7 1437.0 17.8 93.8
SQ1-JM run3-Spot 321 334 59768 2.3 11.0285 0.8 3.1726 15 02538 13 084 14579 16.3 1450.5 115 1439.7 155 1013
SQ1-JM run2-Spot 112 327 75620 1.3 11.0285 1.2 3.1220 20 02497 15 0.78 14370 19.8 1438.1 15.2 1439.7 23.7 99.8

102



Table C5. SQ1-JM Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb* + eror 206Pb* &  207Pb* &  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

SQ1-JM-run-Spot 73 215 71959 33  11.0283 11 31061 19 02484 16 082 14304 201 14342 146 14398 204 994
SQ1-JM run2-Spot 196 84 39812 25 109794 11 30517 16 02430 11 070 14023 141 14207 122 14483 217 9638
SQ1-JM run2-Spot 219 406 66044 24 109729 12 30905 20 02460 16 080 1417.6 200 14303 151 14494 223 9738
SQ1-JM run3-Spot 270 94 39577 39 109690 1.1  3.0519 28 02428 25 091 14012 317 14207 211 14501 215 9656

SQ1-JM run2-Spot 185 167 64344 15 109535 1.2 3.0952 22 02459 18 084 14173 232 14315 167 14527 22.8 97.6
SQ1-JM run2-Spot 211 283 80125 3.2 10.9476 0.7 3.1175 14 02475 11 084 14257 145 14370 104 14538 14.1 98.1
SQ1-JM run2-Spot 167 355 162412 25 109152 1.0 3.1576 44 02500 43 097 14383 549 14469 337 14594 18.8 98.6
SQ1-JM run2-Spot 175 142 80095 1.9 10.9130 0.9 3.2459 16 02569 14 084 14740 181 14682 128 145938 171 101.0
SQ1-JM-run-Spot 100 144 107137 1.6 10.9076 1.1 3.2123 37 02541 36 095 14597 46.7 1460.1 29.0  1460.7 21.2 99.9
SQ1-JM run3-Spot 235 162 84419 3.0 10.8150 0.8 3.2038 16 02513 14 088 14452 185 14581 125  1476.9 14.5 97.8
SQ1-JM run3-Spot 290 159 45474 1.2 9.9840 1.0 3.8634 18 02798 14 081 15901 203 16061 143 1627.1 19.4 97.7
SQ1-JM run3-Spot 222 240 63718 25 9.8672 0.9 3.9102 19 02798 16 086 15905 228 16158 151  1648.9 17.5 96.5
SQ1-JM run2-Spot 198 449 187142 2.6 9.7546 0.9 3.3777 39 0230 38 097 13813 477 14992 309  1670.1 16.6 82.7
SQ1-JM run3-Spot 300 77 35988 2.0 9.6881 1.6 4.1615 24 02924 17 074 16535 255 16665 194 168238 29.4 98.3
SQ1-JM-run-Spot 89 318 57708 2.9 9.6640 0.7 4.3014 25 03015 24 096 16987 359  1693.6 20.7 16874 13.6  100.7
SQ1-JM run2-Spot 133 123 67571 3.6 9.5924 1.0 4.2429 18 0292 15 082 16674 215 16824 146 17011 18.6 98.0
SQ1-JM run3-Spot 304 448 647526 6.6 9.5823 0.9 4.2425 30 02948 29 096 16657 420 16823 245 1703.0 15.8 97.8
SQ1-JM-run-Spot 87 97 53168 11 9.5394 0.8 4.2787 16 0290 14 086 16716 200 16893 13.0 17113 14.9 97.7
SQ1-JM run2-Spot 136 344 110351 2.7 9.5378 1.0 4.3220 17 0290 14 080 16862 201 16976 140 17116 18.8 98.5
SQ1-JM run3-Spot 253 165 482556 1.3 9.5377 0.9 4.1798 19 02891 17 089 16372 249 16701 159 17116 16.3 95.7
SQ1-JM-run-Spot 109 365 92927 2.3 9.5256 11 4.4207 16 03054 11 072 17181 172 17162 131 17140 20.3  100.2
SQ1-JM run2-Spot 165 175 89867 2.8 9.5145 11 4.4564 19 03075 16 081 17285 240 17229 161 1716.1 209  100.7
SQ1-JM run2-Spot 140 409 109750 2.0 9.5030 0.9 4.3936 16 03028 13 083 17052 199 17111 133 17183 16.6 99.2
SQ1-JM run2-Spot 147 182 209027 2.4 9.5015 0.8 4.4263 17 03050 14 086 17162 215 17173 137 17186 15.5 99.9
SQ1-JM-run-Spot 79 272 217115 14 9.4927 1.0 4.1558 19 0281 16 086 16221 236 16653 157 17203 18.2 94.3
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Table C5. SQ1-JM Geochronology*. Continued.

Analysis U 206Pb U/Th  206Pb* 207Pb* + 206Pb* + error  206Pb* 207Pb* 206Pb*

(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

I+
I+
I+
I+

Conc

SQ1-JM run3-Spot 310 474 207809 2.6 9.4819 0.8 3.8903 15 02675 13 084 15283 172 16117 122 17224 15.2 88.7
SQ1-JM run2-Spot 173 266 67952 35 9.4599 1.0 4.3939 16 03015 13 081 16985 200 17112 136  1726.7 17.6 98.4
SQ1-JM run3-Spot 317 245 26050 2.0 9.4385 0.9 4.4377 18 03038 16 087 17100 238 17194 151 17308 16.7 98.8
SQ1-JM run3-Spot 280 500 240164 2.8 9.4307 14 4.4482 45 03042 43 095 17123 648 17214 376 17323 25.7 98.8

SQ1-JM-run-Spot 80 290 97033 2.7 9.4262 0.8 4.5905 16 03138 14 087 17595 219 17475 136 17332 145 1015
SQ1-JM run2-Spot 131 258 172263 3.9 9.3890 0.9 4.5038 19 03067 17 088 17244 257 17317 161 17405 17.0 99.1
SQ1-JM run3-Spot 236 260 111175 2.0 9.3788 1.0 4.2751 16 02908 13 081 16455 191 1688.6 134 17425 175 94.4
SQ1-JM run2-Spot 152 784 74670 33 9.3744 0.9 4.2230 15 02871 12 079 16271 177 16785 127 17433 17.3 93.3
SQ1-JM run2-Spot 184 353 121166 2.0 9.3659 0.7 4.4413 12 03017 10 083 1699.7 147 1720.1 9.9 1745.0 12.2 97.4

SQ1-JM-run-Spot 35 254 97674 2.4 9.3565 0.9 4.0789 24 02768 22 093 15752 312 16501 196  1746.8 16.1 90.2
SQ1-JM run2-Spot 190 567 134839 14 9.3179 0.9 4.4573 17 03012 15 085 16974 220 17231 144 17544 17.0 96.8
SQ1-JM run3-Spot 315 178 309080 2.6 9.3075 11 4.4339 19 02993 16 083 16879 240 17187 16.0 17564 19.6 96.1
SQ1-JM run3-Spot 313 296 27405 1.7 9.2982 1.0 4.0115 49 02705 48 098 15435 655 16365 39.6 17583 18.5 87.8
SQ1-JM run3-Spot 228 480 608441 15 9.2974 0.7 4.6309 14 03123 13 088 17519 193 17549 120 17584 12.6 99.6
SQ1-JM run3-Spot 302 843 234858 25 9.2952 0.7 4.0966 23 02762 22 095 15721 301 1653.6 185  1758.9 12.3 89.4
SQ1-JM run2-Spot 149 255 78081 1.8 9.2892 1.0 4.6539 14 03135 09 066 17581 137 1759.0 113  1760.0 18.6 99.9

SQ1-JM-run-Spot 60 147 192273 1.0 9.2873 0.8 4.7038 26 03168 25 096 17743 386 17679 218 17604 13.7 1008

SQ1-JM-run-Spot 36 410 222184 2.3 9.2760 0.8 4.3791 14 02946 11 082 16645 166 17084 115 1762.6 14.7 94.4
SQ1-JM run3-Spot 279 217 87053 3.2 9.2673 11 4.5256 16 03042 11 072 17120 171 17357 131 17643 20.0 97.0
SQ1-JM run3-Spot 307 118 163121 2.1 9.2578 1.2 4.4603 44 02995 42 096 16887 627 17236 364  1766.2 22.2 95.6
SQ1-JM run3-Spot 256 508 198090 0.9 9.2528 0.9 4.3669 16 02931 13 084 16568 196 17061 132  1767.2 15.7 93.8
SQ1-JM run2-Spot 154 297 69753 11 9.2404 0.7 4.6927 15 03145 13 087 17628 202 17659 126  1769.7 13.4 99.6
SQ1-JM run3-Spot 240 945 164836 2.8 9.2363 0.8 4.8066 15 03220 13 085 17994 205 17861 129 17705 146 101.6

SQ1-JM-run-Spot 82 373 106272 1.6 9.2313 0.8 4.7770 15 03198 13 086 17889 199 17809 125 17715 138 101.0
SQ1-JM run3-Spot 286 282 84675 2.9 9.2302 1.0 4.6492 20 03112 17 087 17468 265 17582 166 17717 17.6 98.6
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Table C5. SQ1-JM Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb* + eror 206Pb* &  207Pb* &  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)
SQ1-JM-run-Spot 48 249 105442 31 92272 09 48037 15 03215 12 078 17969 182 17855 124 17723 168 1014

SQ1-JM run2-Spot 164 365 154305 8.0 9.2266 0.8  4.7643 18 03188 16 090 17839 247 17786 148 17724 140  100.7
SQ1-JM run2-Spot 166 509 71274 1.7 9.2253 0.9  4.6549 17 03115 15 086 17478 224 1759.2 143 17726 16.1 98.6
SQ1-JM run3-Spot 277 7 62198 2.3 9.2248 0.7 4.8373 13 0323 11 086 18075 172 17914 107 17727 11.9 1020

SQ1-JM-run-Spot 43 257 89980 1.2 9.2231 0.8 47812 13 03198 10 079 17889 156 17816 106  1773.1 14.0  100.9
SQ1-JM-run-Spot 75 123 31395 11 9.2219 0.7 4.6831 20 03132 19 094 17565 293 17642 17.0 17733 131 99.1
SQ1-JM run2-Spot 195 556 216838 1.6 9.2162 0.8 4.3125 14 02883 12 083 16328 170 16957 117 17744 145 92.0
SQ1-JM-run-Spot 97 596 114513 4.0 9.2151 0.9 4.9120 14 03283 11 076 18301 174 18043 122 17747 172 103.1
SQ1-JM run2-Spot 137 668 294547 5.8 9.2140 0.9 45181 17 03019 14 086 17009 216 17343 140 17749 15.8 95.8
SQ1-JM-run-Spot 56 106 69155 0.8 9.2116 1.0 4.7632 26 03182 24 093 17810 368 17784 214 17754 176  100.3

SQ1-JM run3-Spot 316 238 44544 0.8 9.2071 0.7 4.5249 32 03022 31 097 17020 470 17356 268  1776.2 131 95.8
SQ1-JM run2-Spot 205 227 50318 3.9 9.2060 1.2 4.7518 14 03173 08 055 17764 121 17764 118 17765 215  100.0
SQ1-JM run3-Spot 231 383 96719 2.9 9.2045 0.7 4.5409 14 03031 12 085 17069 184 17385 119 17768 13.7 96.1

SQ1-JM-run-Spot 41 325 105256 34 9.1926 0.7 4.8800 16 03254 14 090 18158 227 17988 134  1779.1 123 1021
SQ1-JM run3-Spot 246 762 192050 10.6 9.1877 0.7 4.0111 19 02673 17 093 15270 235 16364 152  1780.1 12.8 85.8
SQ1-JM-run-Spot 94 125 72332 25 9.1726 1.0 4.7128 17 03135 13 078 17580 201 17695 140 17831 19.0 98.6

SQ1-JM run2-Spot 194 932 51316 8.1 9.1665 0.6 4.2859 20 02849 19 095 16161 275 16906 16.7 17843 115 90.6
SQ1-JM run2-Spot 161 286 103559 2.8 9.1636 0.9 4.7687 15 03169 12 079 17747 179 17794 123 17849 16.3 99.4

SQ1-JM-run-Spot 110 316 221511 3.3 9.1472 0.7 4.8794 15 03237 13 087 18078 205 1798.7 12.6 1788.1 136 1011
SQ1-JM run3-Spot 308 46 39352 1.6 9.1454 11 4.8205 21 03197 18 086 17884  27.7 1788.5 17.4 1788.5 195 100.0
SQ1-JM-run-Spot 20 219 158258 3.1 9.1404 11 4.7631 24 03158 22 090 1769.0 339 17784 205 1789.5 19.6 98.9

SQ1-JM run2-Spot 162 289 60153 15 9.1360 0.9 4.7726 21 03162 19 090 17713 289 1780.1 173 17904 16.2 98.9
SQ1-JM run3-Spot 298 414 77625 35 9.1359 0.9 4.7499 19 03147 16 087 17639 251 17761 156 17904 16.5 98.5
SQ1-JM run2-Spot 208 384 63133 1.9 9.1313 0.9 47734 13 03161 09 067 17708 132 17802 10.7 17913 17.2 98.9
SQ1-JM run3-Spot 272 119 51803 2.1 9.1261 11 46171 28 03056 26 092 17190 39.2 17524 237 17924 20.6 95.9
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Table C5. SQ1-JM Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb* + eror 206Pb* &  207Pb* &  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

SQ1-JM-run-Spot 90 369 157341 48 91242 09 47864 28 03167 27 095 17738 417 17825 237 17927 159 989
SQ1-JM run2-Spot 145 361 163193 12 94230 11 47139 17 03119 13 076 17501 197 17697 142 17930 203 976
SQ1-JM run2-Spot 183 130 195566 1.1 91174 10 48052 17 03177 14 081 17787 221 17858 147 17941 184  99.1
SQ1-JM run2-Spot 174 80 92253 06 91111 13 48188 34 03184 32 092 17820 495 17882 290 17953 239 993
SQ1-JM-run-Spot 77 210 86721 47 91109 07 4797 19 03170 18 092 17749 274 17843 161 17954 132  98.9

SQ1-JM run3-Spot 234 280 63594 2.1 9.1008 0.9 4.8153 18 03178 15 086 17791 241 17876 152 17974 17.1 99.0
SQ1-JM run2-Spot 171 284 194349 2.2 9.1008 1.0 4.7884 19 03161 16 084 17704 250 17829 161 17974 18.9 98.5

SQ1-JM-run-Spot 78 243 61767 2.1 9.0907 1.0 4.9011 33 03231 31 095 18050 494 18024 279 17994 18.8  100.3
SQ1-JM run2-Spot 117 77 42638 3.8 9.0805 1.6 4.7264 22 03113 15 067 17470 223 17719 182 18015 29.4 97.0
SQ1-JM run2-Spot 217 341 277168 2.9 9.0142 1.0 4.9212 22 03217 20 089 17982 31.0 18059 187 181438 18.3 99.1
SQ1-JM run2-Spot 189 149 60991 45 9.0037 0.9 4.9908 14 03259 10 074 18185 158 18178 114  1816.9 165 100.1
SQ1-JM run3-Spot 309 422 50483 9.6 8.9932 0.9 4.8310 16 03151 14 084 17658 211 17903 137  1819.0 16.1 97.1
SQ1-JM run2-Spot 210 257 41945 2.8 8.9644 0.8 5.1423 18 03343 16 089 18594 266 18431 156 182438 150 101.9

SQ1-JM-run-Spot 63 291 7517907 4.8 8.9549 0.7 5.0774 32 03298 31 098 18372 50.0 18323 272  1826.8 12.6  100.6
SQ1-JM run3-Spot 225 595 131548 55 8.9505 0.9 4.7569 18 03088 16 086 17348 238 17773 152 18277 16.8 94.9
SQ1-JM run2-Spot 138 102 86155 5.3 8.8422 1.2 5.2012 18 03336 13 075 18556 214 18528 151 18497 21.3  100.3
SQ1-JM run2-Spot 168 166 186691 2.0 8.8249 1.0 5.1763 26 03313 25 093 18447 395 184877 225 18532 17.7 99.5
SQ1-JM run3-Spot 233 388 123569 44 8.8063 0.7 4.9057 15 03133 13 089 1757.0 205 1803.2 127  1857.1 12.6 94.6
SQ1-JM run2-Spot 111 654 208822 3.1 8.7977 0.8 4.6332 17 0296 15 088 16696 225 17553 144 185838 14.6 89.8

SQ1-JM-run-Spot 55 176 366896 2.8 8.7590 0.9 5.2169 23 03314 21 091 18452 338 18554 19.6  1866.8 16.8 98.8
SQ1-JM run3-Spot 269 143 153385 3.8 8.7033 038 5.1046 17 03222 14 088 18005 227 18369 140 18783 14.4 95.9
SQ1-JM run3-Spot 224 44 15099 2.0 8.6585 1.7 54030 41 03393 37 091 18833 60.2 18853 348  1887.6 30.6 99.8
SQ1-JM run2-Spot 206 92 51443 11 79735 49 5.5996 53 03238 21 040 18084 337 1916.0 459 20347 86.4 88.9

SQ1-JM-run-Spot 33 442 235496 1.6 7.4782 11 6.0344 18 03273 14 079 18252 229 1980.8 158 21474 194 85.0

SQ1-JM-run-Spot 34 95 30195 3.0 7.4084 5.8 5.9548 61 03200 17 027 17895 26.0 1969.3 529 21638 1019 827
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Table C5. SQ1-JM Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb* + eror 206Pb* &  207Pb* &  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)
SQ1-JM run3-Spot 282 70 34844 24 67451 44 69125 48 03382 20 041 18778 322 21003 429 23259 755 807
SQ1-JM run3-Spot 258 199 65504 27 65784 08 87939 30 04196 29 096 22585 552 23169 274 23687 136 953
SQ1-JM run2-Spot 134 301 74886 21 64281 08 97004 13 04522 11 081 24052 215 24067 121 24080 130  99.9

SQ1-JM run3-Spot 249 291 245080 2.6 6.2153 0.7 102280 15 04611 13 088 24442 269 24556 139 24651 12.1 99.2
SQ1-JM run3-Spot 319 1054 81199 3.2 6.1487 10 107730 16 04804 13 080 25291 274  2503.7 152 24832 164 1018

SQ1-JM-run-Spot 37 156 86396 2.0 6.1312 09 103811 23 04616 21 092 24467 424 24694 211 24881 15.4 98.3
SQ1-JM run3-Spot 226 663 109471 2.8 5.9188 08 105422 14 04526 11 080 24066 224 24836 13.0 25473 14.2 94.5
SQ1-JM run3-Spot 314 610 157770 11 5.7841 11 109617 3.0 04598 28 093 24389 570 25199 282 25858 19.2 94.3
SQ1-JM run3-Spot 322 419 107658 0.8 5.6946 06 118900 28 04911 27 097 25753 574 25958 260 26118 10.5 98.6
SQ1-JM run3-Spot 301 106 59077 0.9 5.6857 10 116206 1.7 04792 14 081 25238 287 25743 158 26144 16.4 96.5
SQ1-JM run3-Spot 273 733 192840 8.8 5.6762 07 121875 16 05017 14 090 26212 307 26189 148  2617.2 11.3  100.2

SQ1-JM-run-Spot 70 168 640009 15 5.5424 09 125859 19 05059 1.7 089 2639.2 37.3 2649.2 182  2656.8 14.7 99.3
SQ1-JM run2-Spot 163 177 105348 2.0 5.5095 0.7 125756 14 05025 11 084 26246 244 26484 127  2666.6 12.2 98.4
SQ1-JM run2-Spot 181 17 34578 1.9 5.4758 14 128280 19 0509 14 071 26543 300 2667.1 183  2676.8 22.5 99.2

SQ1-JM-run-Spot 59 102 75503 14 5.4677 07 13.0933 16 05192 15 090 26959 320 26864 153 26793 11.9  100.6
SQ1-JM run3-Spot 245 385 166321 2.4 5.4413 08 124914 19 04930 18 091 25835 374 26421 182 26873 133 96.1

SQ1-JM-run-Spot 52 144 112109 1.3 5.4286 09 133671 16 05263 13 084 27258 297 27059 150 2691.1 142 1013

SQ1-JM-run-Spot 71 327 102469 11 4.7249 09 142499 21 04883 19 090 25634 408 27665 203  2918.2 14.8 87.8

SQ1-JM run3-Spot 255 131 80499 1.1 3.7730 10 235493 16 06444 13 080 32064 329 32499 159 32769 15.5 97.8

*Analyses collected using the Thermo Element2 single-collector inductively-coupled plasma mass spectrometer at the Arizona LaserChron Center,
University of Arizona.
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Table C6. SQ5-JM Geochronology™.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb* + emor 206Pb*  +  207Pb* &  206Pb*  *  Conc

(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb* (Ma) (%)

SQ5-JM run2-Spot 215 76 25027 24 134135 21 17214 26 01675 15 057 9981 135 10165 164 10565 423 945
SQ5_run1-Spot 67 453 81592 44 133924 07 19059 31 01851 30 097 10949 302 10831 205 1059.6  13.9 103.3
SQ5-JM run2-Spot 150 71 35972 39 130136 17 17553 22 01657 13 062 9882 122 10291 139 11171 338 885
SQ5_run1-Spot 55 318 31485 06 123113 10 21825 17 01949 13 080 11477 142 11755 117 12269 195 935
SQ5-JM run2-Spot 120 60 42625 16 120167 15 20837 21 01816 15 068 10757 144 11434 146 12743 302 844
SQ5_run1-Spot 35 225 50479 18 111189 0.8 31206 16 02516 14 086 14470 179 14378 123 14242 156 1016
SQ5-JM run2-Spot 134 626 116643 12 111100 07 28145 15 02268 13 090 13176 158 13594 111 14257 126 924
SQ5_run1-Spot 48 586 68634 84 111060 0.8 31382 1.8 02528 1.6 091 14528 209 14421 137 14264 144 1019
SQ5_runl-Spot 1 473 51231 23  11.0989 09 31464 14 02533 11 078 14553 144 14441 109 14276 170 1019
SQ5-IM run2-Spot 156 281 71074 24 110977 13 31504 39 02536 3.7 094 14569 483 14451 304 14278 256 102.0
SQ5-JM run2-Spot 113 418 74673 14 11090 09 29638 21 0238 19 090 13790 237 13984 161 14281 176 966
SQ5_run1-Spot 72 217 168618 26  11.0666 09 30892 19 02479 16 087 14279 211 14300 145 14332 179 996
SQ5_run1-Spot 80 242 46683 45 110264 09 32712 14 02616 12 080 14980 156 14742 113 14401 164 104.0
SQ5_run1-Spot 9 422 150827 15  11.0188 08 31872 16 02547 13 085 14627 174 14541 121 14414 158 1015
SQ5_run1-Spot 79 196 218243 32 108902 10 3.3248 16 02626 12 076 15031 161 14869 124 14638 198 1027
SQ5-JM run2-Spot 118 303 239956 14 98696 12 41793 18 02992 12 071 16871 184 16700 144 16484 231 102.3
SQ5-JM run2-Spot 170 687 106745 30 96216 08 41130 16 02870 14 088 16266 202 16569 130 16955 140 959
SQ5-JM run2-Spot 207 609 126615 3.3 95988 0.6 40852 1.8 02844 17 095 16135 243 16513 147 16999 106 949
SQ5-JM run2-Spot 216 279 126554 2.0 95862 08 43062 13 02994 10 079 16883 155 16945 109 17023 149  99.2
SQ5_run1-Spot 100 400 175475 52 95783 0.8 34798 18 02417 16 090 13957 204 15227 142 17038 144 819
SQ5-JM run2-Spot 146 177 38946 19 95766 13 43281 19 03006 14 074 16943 211 16987 159 17041 240 994
SQ5-IM run2-Spot 184 214 52540 19 95756 11 43710 19 03036 16 084 17089 245 17069 161 17043 195 100.3
SQ5_runl-Spot 81 384 207047 80 95209 07 44493 16 03072 14 089 17271 209 17216 129 17149 131 1007
SQ5_run1-Spot 104 373 403873 16 95003 0.8 45008 15 03101 13 086 17413 195 17311 123 17188 139 1013

108



Table C6. SQ5-JM Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + emor 206Pb*  +  207Pb*  +  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

SQ5-JM run2-Spot 198 200 52099 19 94907 10 43858 18 03019 14 082 17007 215 17097 146 17207 188 9838
SQ5-JM run2-Spot 168 787 59916 13 94856 10 36108 47 02484 46 098 14303 590 15519 375 17217 188  83.1
SQ5-JM run2-Spot 115 524 130426 19 94799 1.1 44156 24 03036 22 089 17091 328 17153 202 17228 200 992
SQ5-JM run2-Spot 202 308 82274 28 94520 12 44602 26 03058 23 090 17198 351 17236 215 17282 211 995
SQ5_run1-Spot 50 313 60775 25 94343 15 41610 38 02847 35 092 16151 497 16664 310 17316 273 933
SQ5-JM run2-Spot 131 489 191012 99 93819 08 46240 15 03146 13 086 17635 194 17536 122 17419 137 1012
SQ5-JM run2-Spot 182 1822 147911 48 93762 10 40845 15 02778 11 075 15801 153 16512 119 17430 17.7  90.7
SQ5-JM run2-Spot 219 178 36285 17 93248 08 46220 15 03126 13 086 17534 197 17533 125 17530 142  100.0
SQ5-JM run2-Spot 199 989 152858 37 93102 0.8 3.8485 30 02599 29 097 14891 387 16030 243 17559 144 848
SQ5_runi-Spot 13 236 87228 20 92913 11 44772 16 03017 12 075 16998 181 17268 134 17596 194 9656
SQ5-JM run2-Spot 171 805 166295 15 92879 1.1 40808 18 02749 14 079 15656 198 16505 147 17603 203  88.9
SQ5-JM run2-Spot 193 678 659297 2.6 92733 07 40803 25 02744 24 096 15632 335 16504 205 17632 131 887
SQ5_run1-Spot 63 810 52845 49 92657 07 37948 18 02550 16 093 14643 215 15916 142 17647 120  83.0
SQ5_runi-Spot 12 887 50540 7.7 92576 06 40054 18 02689 16 093 15354 224 16353 143 17663 115 869
SQ5-JM run2-Spot 163 1055 193266 7.9 92527 11 46488 30 03120 28 093 17504 426 17581 250 17672 202  99.0
SQ5_runi-Spot 75 151 109306 2.7 92244 11 48477 21 03243 18 085 18108 281 17932 176 17728 201 1021
SQ5_run1-Spot 82 530 167363 7.7 92110 08 46091 28 03079 27 095 17304 404 17509 233 17755 152 975
SQ5-JM run2-Spot 191 1610 183163 138 9999 0.7 40005 18 02669 16 091 15252 219 16343 144 17777 135 858
SQ5_run1-Spot 84 425 146651 27 91941 07 48358 12 03225 10 083 18017 160 17911 103 17788 126 1013
SQ5-JM run2-Spot 138 1129 209114 125 91911 09 47359 35 03157 34 097 17687 521 17736 292 17794 156  99.4
SQ5-JM run2-Spot 135 246 96750 19 91878 10 47179 36 03144 34 096 17622 527 17704 298 17801 179  99.0

SQ5-JM run2-Spot 174 421 89965 2.8 9.1852 0.8 47713 21 03178 19 092 1779.2 29.6 1779.9 17.4 1780.6 14.6 99.9
SQ5-JM run2-Spot 206 1206 759935 3.9 9.1758 0.7 4.4327 27 0290 26 096 16664 375 17185 220 17825 135 93.5
SQ5_runl-Spot 37 499 210695 4.3 9.1704 0.9 49175 20 03271 18 088 18241 28.0 1805.3 16.9 1783.5 172 1023
SQ5_runl-Spot 32 227 58161 41 9.1558 11 4.8337 17 03210 13 078 17945 21.0 1790.8 145 1786.4 19.8 1005
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Table C6. SQ5-JM Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + emor 206Pb*  +  207Pb*  +  206Pb*  +  Conc
(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

SQ5_runl-Spot 109 1075 53290 251 91377 09 41725 26 02765 24 094 15738 341 16686 213 17900 161  87.9
SQ5-JM run2-Spot 172 231 71748 23 91170 09 48191 16 03186 13 081 17831 197 17882 131 17942 167 994
SQ5_run1-Spot 7 408 255351 2.8 90960 11 50195 18 03311 14 078 18439 232 18226 156 17984 208 1025
SQ5_run1-Spot 59 244 210572 23 89944 09 50208 16 03275 13 083 18264 212 18228 135 18188 161 1004
SQ5_run1-Spot 4 25 16311 12 89539 15 500992 26 03311 21 082 18439 334 18360 217 18270 268 1009
SQ5-JM run2-Spot 183 264 100299 18 87894 08 50164 17 03198 15 088 17887 238 18221 146 18605 148  96.1
SQ5-JM run2-Spot 176 155 45279 04 86746 10 47907 19 03014 16 086 16983 243 17833 159 18842 175  90.1
SQ5_runi-Spot 90 94 40993 11 86509 09 55075 14 03456 11 077 19133 185 19018 124 18892 165 1013
SQ5_run1-Spot 93 291 45496 56  8.6436 09 54466 20 03414 18 090 18936 301 18922 176 18907 164  100.2
SQ5-JM run2-Spot 217 622 135890 51  7.1902 17 72279 30 03769 25 082 20619 433 21399 266 22157 295  93.1
SQ5-JM run2-Spot 117 281 31827 39 74212 10 67871 22 03505 19 089 19372 323 20840 192 22324 171 8638
SQ5_run1-Spot 69 305 50917 28 62152 09 102917 21 04639 19 090 24568 381 24614 192 24651 152 997
SQ5-JM run2-Spot 189 594 76793 09 60532 08 100991 14 04434 12 082 23657 233 24439 132 25096 136 943
SQ5-JM run2-Spot 152 664 179724 22 58947 11 111523 35 04768 33 095 25133 695 25359 327 25541 182 984
SQ5_run1-Spot 94 979 135465 34 57457 11 98153 23 04090 20 089 22105 37.9 24176 211 25969 176  85.1
SQ5_runi-Spot 88 196 74163 09 56973 06 122127 15 05046 14 092 26337 301 26209 142 26110 100 100.9
SQ5_run1-Spot 18 214 91698 13 56588 08 112762 23 04628 2.1 093 24519 432 25462 213 26223 140 935
SQ5_runi-Spot 34 316 150536 1.6 56470 09 123932 18 05076 15 087 26463 333 26347 166 26257 145 100.8
SQ5-JM run2-Spot 159 362 85892 12 55696 08 112921 1.6 04561 13 086 24225 27.2 25476 146 26487 131 915
SQ5_runi-Spot 33 535 248870 16 55666 0.8 117279 27 04735 26 096 24989 533 25829 252 26495 129 943
SQ5-JM run2-Spot 210 376 65338 34 55278 07 130196 21 05220 20 094 27075 446 26811 201 26612 116 1017
SQS5_runi-Spot 28 104 66128 10 55139 08 129717 21 05187 19 093 26938 425 26776 196 26653 127 1011
SQ5_run1-Spot 97 73 73597 35 55050 1.1 130091 1.8 05194 14 079 26966 317 26803 172 26680 186 1011
SQ5_runi-Spot 26 89 31120 11 54838 12 127178 30 05058 27 091 26387 585 26590 27.9 26744 202 987
SQ5_run1-Spot 86 136 93720 31 54484 07 129537 15 05119 14 090 26646 300 26763 144 26851 111  99.2
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Table C6. SQ5-JM Geochronology*. Continued.

Analysis U 206Pb  U/Th  206Pb*  +  207Pb*  +  206Pb*  + emor 206Pb*  +  207Pb*  +  206Pb*  +  Conc

(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) cor. 238U* (Ma) 235U  (Ma) 207Pb*  (Ma) (%)

SQ5_runi-Spot 24 81 51071 18 54049 11 133950 14 05251 0.8 062 27207 189 27079 129 26984 177 1008
SQ5_run1-Spot 29 432 57476 12 53956 07 135568 2.1 05305 20 095 27436 449 27193 200 27012 109 1016
SQ5_runi-Spot 70 99 39732 43 53850 06 138037 15 05391 14 090 27798 305 27363 142 27044 107 1028
SQ5_run1-Spot 83 580 51081 27 53039 09 127750 30 04914 29 095 25768 610 26632 284 27295 155 944
SQ5-JM run2-Spot 111 501 138129 13 50142 14 131218 21 04772 16 076 25150 340 26884 203 28216 227  89.1
SQ5-JM run2-Spot 114 180 83348 13 49964 11 147572 16 05348 11 069 27615 246 27997 151 28274 187  97.7
SQ5-JM run2-Spot 161 404 138747 18 49623 11 122595 33 04412 31 094 23561 60.8 26245 307 28385 179  83.0
SQ5_run1-Spot 87 511 115033 43 49190 08 151601 1.8 05409 16 089 27870 365 28253 172 28528 132 977
SQ5-JM run2-Spot 165 389 110741 10 48829 1.1 141138 19 04998 15 080 26130 330 27574 181 28648 185 912
SQ5-JM run2-Spot 112 626 223224 21 48726 08 158949 13 05617 11 079 28737 246 28705 128 28682 134  100.2
SQ5_run1-Spot 44 130 60873 17 46359 08 172413 28 05797 26 096 29475 626 29484 265 29489 128 100.0

*Analyses collected using the Thermo Element2 single-collector inductively-coupled plasma mass spectrometer at the Arizona LaserChron Center,
University of Arizona.
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Appendix D

Point count data for sandstone grain size

112



Table D1. Major-Axis Grain Size Point-Count Data in ®*.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM
Grain (D) (©) (©) (©) (©) ()
1 0.88 1.83 3.25 -0.29 1.02 1.16
2 2.13 1.19 2.89 -0.02 0.61 0.50
3 1.68 1.81 2.15 -0.58 1.04 2.54
4 -0.59 1.09 2.08 -0.84 1.98 0.88
5 2.02 1.97 3.16 1.03 2.60 1.64
6 191 241 2.32 0.45 0.52 0.62
7 1.88 2.31 2.04 -0.76 0.50 1.32
8 0.11 2.56 2.01 2.32 0.49 0.52
9 3.06 2.76 2.32 -0.43 1.04 0.45
10 1.85 2.56 1.81 -0.51 0.30 1.10
11 0.92 1.93 1.88 -0.51 2.86 0.41
12 2.45 1.78 0.81 0.17 2.10 0.37
13 2.53 2.56 3.07 2.20 0.46 0.20
14 1.36 3.16 1.66 1.81 0.17 0.15
15 2.35 1.93 2.04 1.16 1.80 0.65
16 2.13 1.78 2.70 1.10 0.67 0.74
17 1.14 1.68 3.01 1.60 3.44 0.31
18 1.01 1.54 2.52 151 0.43 1.38
19 0.24 1.97 2.58 1.63 0.31 0.65
20 1.85 0.93 1.76 -0.67 0.25 0.04
21 0.26 -0.38 2.58 -1.32 2.68 -0.06
22 2.40 0.16 2.47 1.11 0.66 0.96
23 0.74 -0.58 3.31 1.43 3.35 2.73
24 0.50 0.85 1.29 1.66 0.21 0.32
25 1.63 1.33 3.12 0.17 0.39 0.57
26 0.42 0.85 2.43 2.34 0.53 0.38
27 2.45 0.95 2.68 0.55 2.68 0.40
28 2.88 0.63 2.31 -0.01 0.44 2.15
29 1.29 1.99 2.27 1.61 0.73 0.45
30 1.89 1.48 2.24 1.67 2.52 0.58
31 0.53 2.16 2.27 -0.58 2.43 -0.12
32 0.00 2.09 2.36 1.79 0.98 0.48
33 1.43 1.60 2.73 1.33 0.43 0.74
34 1.88 1.68 1.62 0.07 0.87 -0.17
35 1.77 2.38 1.27 0.96 1.48 0.64
36 0.93 2.09 1.74 1.71 2.01 0.56
37 1.95 1.12 2.52 0.64 0.41 0.18
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain __ (®) (@) (@) (@) (@) (@)
38 0.81 2.86 2.02 1.49 0.34 0.46
39 1.11 2.28 3.82 1.03 0.98 0.70
40 0.93 1.70 2.32 0.56 0.18 0.40
41 2.68 1.78 3.18 -0.74 0.45 -0.06
42 1.21 1.59 2.63 2.41 0.95 0.13
43 0.63 0.60 1.63 0.89 0.83 0.70
44 0.97 1.74 2.47 2.52 0.55 0.84
45 1.66 -0.25 1.92 0.51 0.34 1.35
46 2.11 0.44 1.87 2.00 1.12 -0.12
47 2.88 -0.63 2.36 -0.64 0.69 0.76
48 1.29 1.62 2.08 0.60 2.62 0.11
49 1.62 0.95 1.79 2.15 2.68 0.63
50 0.91 1.31 2.08 0.70 1.77 0.66
51 2.33 0.69 1.66 1.37 0.68 1.86
52 1.56 1.53 1.77 1.95 0.63 2.47
53 0.03 1.41 2.14 0.17 1.67 0.68
54 1.63 1.16 2.50 -0.11 1.84 0.52
55 1.99 1.53 1.70 0.74 2.84 0.53
56 2.66 1.16 2.56 0.88 1.97 0.16
57 1.38 1.97 1.40 1.35 0.36 1.11
58 2.10 1.38 2.10 -0.14 0.08 1.45
59 1.56 1.93 2.58 1.74 0.29 1.29
60 0.79 1.08 1.68 0.39 0.25 0.73
61 1.96 2.91 1.92 -0.05 0.67 0.45
62 1.82 2.15 1.73 1.45 0.82 0.60
63 1.73 2.53 1.31 -0.34 0.63 1.17
64 0.15 2.14 1.60 1.40 2.52 0.42
65 2.55 1.64 2.06 2.05 0.63 1.17
66 0.85 2.56 2.14 1.84 -0.09 1.91
67 2.21 1.81 1.22 2.50 2.97 0.69
68 1.84 2.06 2.36 1.63 3.16 0.58
69 0.28 2.31 2.70 1.47 0.85 0.46
70 1.72 1.78 2.58 0.64 2.12 0.35
71 2.39 2.49 2.16 1.59 0.47 0.54
72 1.63 0.49 1.65 1.71 0.42 1.02
73 1.21 1.20 1.98 -0.46 0.58 0.30
74 2.40 2.65 1.37 0.82 0.58 0.43
75 0.94 0.80 1.35 2.75 2.97 1.49
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain (@) (D) (@) (©) (D) (©)
76 2.63 0.85 1.50 0.67 0.40 0.04
77 0.74 0.59 3.44 0.74 0.85 0.33
78 1.64 0.45 2.63 0.50 0.03 0.43
79 1.06 1.83 2.15 0.02 2.26 0.51
80 2.11 0.78 2.60 2.60 1.09 0.18
81 2.22 0.99 2.73 0.84 2.16 -0.11
82 1.95 1.93 1.66 -0.49 1.49 1.57
83 2.81 1.64 2.10 0.53 1.19 1.49
84 2.10 0.77 1.88 1.35 1.83 1.41
85 2.13 1.43 2.26 -0.46 0.81 1.16
86 3.12 0.88 2.58 0.58 0.49 0.46
87 1.61 241 1.68 1.62 2.86 2.90
88 0.86 241 2.11 2.40 2.89 0.99
89 0.39 2.02 1.77 0.07 2.80 0.99
90 1.35 2.49 2.47 1.22 0.69 0.63
91 0.33 1.40 2.89 0.68 1.00 0.69
92 0.85 1.08 3.78 2.93 1.59 0.46
93 1.10 241 2.20 -0.47 0.65 1.25
94 0.32 1.69 2.43 1.56 1.39 -0.03
95 1.49 1.76 3.01 0.50 0.28 0.31
96 1.67 2.31 2.00 1.23 1.22 0.62
97 0.05 1.36 1.74 0.57 -0.04 0.79
98 2.37 1.83 241 0.47 0.60 0.41
99 0.30 231 2.89 1.16 0.01 0.68
100 1.35 1.38 1.18 -0.16 0.32 0.14
101 0.09 0.09 2.52 -0.06 2.47 0.42
102 2.24 -0.84 2.75 2.29 0.14 1.00
103 1.62 -0.11 2.50 1.40 3.31 0.43
104 1.06 0.90 1.97 2.54 0.49 0.82
105 1.92 0.85 0.88 1.77 0.02 0.54
106 3.25 0.40 1.71 0.01 2.50 1.14
107 1.83 0.59 2.99 0.75 1.06 0.36
108 1.14 1.79 1.85 2.14 2.34 0.70
109 2.47 -0.20 1.96 0.74 0.65 0.50
110 0.85 0.58 1.80 1.33 0.26 0.13
111 2.31 2.12 2.32 1.79 0.54 1.16
112 1.00 1.48 2.84 1.77 1.70 0.25
113 1.49 0.39 2.18 2.58 0.66 0.62
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain (@) (D) (@) (©) (D) (©)
114 0.21 1.18 2.15 -0.71 1.81 2.08
115 0.89 1.72 2.15 1.26 1.62 0.58
116 0.64 1.60 2.84 0.54 0.56 0.53
117 1.31 1.81 1.55 0.26 0.58 1.66
118 1.08 1.89 1.83 1.07 2.82 151
119 1.11 2.53 2.29 0.04 1.41 2.08
120 2.24 2.86 2.48 -1.14 0.58 0.62
121 1.82 1.67 2.80 0.63 0.85 0.76
122 1.03 2.02 1.68 -0.22 0.12 0.82
123 0.50 2.14 1.76 0.40 2.77 1.65
124 2.40 241 2.32 0.79 0.56 0.65
125 0.69 1.15 0.68 0.69 1.63 0.40
126 1.28 1.00 1.98 0.33 1.97 1.54
127 0.87 1.32 2.27 -0.87 2.47 0.64
128 2.55 1.11 2.44 1.95 1.56 0.28
129 2.26 -0.08 1.91 1.74 0.48 0.70
130 1.01 1.08 1.49 1.81 0.53 0.90
131 3.21 0.30 1.31 0.69 0.38 1.03
132 1.82 0.97 3.44 2.56 2.01 0.82
133 3.02 0.47 2.10 1.55 0.77 0.49
134 1.72 0.31 241 -0.12 3.25 0.33
135 1.84 1.10 2.54 0.17 0.27 0.47
136 0.73 1.75 1.54 0.50 0.00 0.63
137 1.51 1.35 1.97 -0.32 1.03 2.06
138 0.50 0.98 2.23 -0.35 0.47 0.28
139 2.16 0.10 2.43 0.67 1.49 0.50
140 2.24 1.85 3.56 1.81 0.57 0.60
141 1.64 2.08 2.66 -0.26 0.26 0.17
142 1.62 2.59 1.97 -0.34 0.36 0.65
143 1.34 1.69 2.37 -0.46 0.50 0.49
144 2.29 2.23 1.89 1.70 0.63 1.07
145 0.98 2.14 2.54 0.91 0.16 1.03
146 1.95 2.06 291 2.66 0.24 1.49
147 0.65 211 2.66 1.16 0.35 0.63
148 1.70 2.12 2.37 0.02 1.25 0.34
149 1.40 2.93 3.68 2.18 0.38 0.45
150 0.42 2.59 2.21 1.11 2.70 0.21
151 1.04 0.21 0.74 0.61 1.32 2.13
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain __ (®) (@) (@) (@) (@) (@)
152 1.58 0.54 2.80 1.70 0.41 1.66
153 1.38 1.15 2.37 0.30 0.35 2.05
154 2.21 0.73 2.82 1.93 1.24 0.48
155 2.59 0.99 2.05 2.52 1.20 0.90
156 0.53 0.74 2.24 1.89 0.54 0.63
157 1.80 -0.45 2.99 0.72 1.85 1.07
158 2.21 0.88 2.47 1.35 0.13 0.64
159 2.91 1.18 3.49 2.24 3.35 0.20
160 2.22 0.75 3.49 -0.27 1.96 0.53
161 2.28 0.54 1.95 1.06 0.81 0.76
162 1.96 0.76 1.06 1.97 -0.46 1.18
163 2.40 0.89 2.00 1.48 1.89 0.37
164 2.53 1.19 1.91 2.04 3.35 0.76
165 3.08 0.43 1.97 2.29 1.92 0.20
166 0.23 1.46 1.49 -1.14 0.74 0.44
167 1.22 1.67 2.27 2.52 0.38 0.15
168 0.54 2.29 2.80 1.68 0.89 0.57
169 0.75 2.53 3.38 1.39 0.68 1.37
170 0.85 1.28 1.85 1.00 1.10 0.48
171 2.81 0.94 2.66 2.15 0.51 0.33
172 1.53 1.01 2.11 -0.82 2.86 0.04
173 1.33 1.99 2.63 2.58 0.19 1.00
174 1.88 1.70 2.80 -0.24 2.18 0.04
175 1.29 0.74 2.01 0.82 -0.16 0.53
176 0.93 2.74 3.16 -0.01 0.74 1.07
177 2.55 -0.25 2.05 1.52 2.16 0.76
178 2.55 0.07 1.05 1.71 0.37 0.89
179 1.53 2.04 2.26 1.54 0.01 0.53
180 1.88 0.59 2.06 1.45 1.04 1.24
181 2.93 0.04 1.98 2.20 0.71 0.76
182 2.76 0.24 1.54 0.63 0.54 2.38
183 0.52 0.84 1.88 2.20 1.14 1.07
184 1.51 0.45 2.06 -0.71 0.61 0.64
185 0.69 1.51 1.49 2.56 1.73 0.60
186 1.43 0.93 1.72 1.87 2.16 0.89
187 1.88 1.15 2.48 0.64 0.65 0.65
188 0.34 0.72 2.26 1.46 2.60 0.36
189 1.38 0.85 1.84 0.58 0.71 0.63
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain __ (®) (@) (@) (@) (@) (@)
190 1.22 0.35 2.86 0.28 1.68 1.42
191 2.86 0.82 1.85 0.41 2.54 0.95
192 2.02 0.57 2.23 0.19 2.77 0.51
193 0.73 1.28 2.54 0.73 1.19 0.57
194 3.02 1.32 3.12 0.63 2.63 2.38
195 0.26 1.46 3.25 2.75 1.85 0.36
196 1.22 2.20 1.52 0.43 2.34 1.07
197 1.26 0.85 2.08 2.01 0.36 1.20
198 1.12 2.26 1.65 1.17 0.97 1.75
199 -0.52 1.36 2.93 -0.19 2.47 1.26
200 2.29 -0.13 2.93 -0.16 0.27 0.29
201 2.49 0.38 1.47 1.97 2.23 0.60
202 0.80 -0.60 2.68 1.66 2.41 1.52
203 0.69 -0.19 1.79 2.75 0.69 0.38
204 1.27 0.28 1.37 1.63 0.01 1.56
205 0.43 -0.33 1.11 0.87 0.41 1.70
206 2.45 0.16 2.20 0.78 0.58 1.39
207 2.55 0.88 1.53 0.61 0.68 1.47
208 2.13 1.11 2.14 0.36 0.82 0.59
209 1.16 0.68 1.84 1.01 1.66 1.18
210 1.51 1.28 3.10 0.68 0.13 0.60
211 2.02 -0.74 2.14 0.49 1.05 1.10
212 2.16 1.12 1.65 0.68 0.73 1.26
213 1.45 0.80 1.70 -0.02 2.68 1.24
214 1.32 0.84 2.15 0.11 0.73 0.47
215 0.57 0.10 1.86 0.28 2.89 1.22
216 3.02 1.06 1.84 0.91 1.02 2.29
217 -0.17 2.16 2.36 1.92 0.53 1.90
218 2.39 1.23 1.37 1.24 0.68 1.52
219 3.06 0.31 3.01 2.11 0.74 1.65
220 0.24 -0.04 2.10 0.33 1.48 0.24
221 2.97 0.97 2.70 -0.02 2.18 0.63
222 3.25 1.45 2.48 -0.02 1.14 0.48
223 0.82 -0.36 2.21 -0.60 0.81 0.83
224 0.06 1.97 1.71 1.10 0.35 0.95
225 2.78 -0.90 2.73 0.50 3.44 0.36
226 -0.13 0.05 1.56 2.37 0.99 0.56
227 2.15 0.18 1.42 -0.17 -0.02 0.81
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain (@) (D) (@) (©) (D) (©)
228 2.40 0.04 3.16 -0.72 1.14 0.44
229 0.30 -0.09 2.62 0.85 0.38 0.40
230 2.88 0.69 1.12 1.65 2.77 1.05
231 1.31 1.53 0.33 -0.01 0.78 1.52
232 2.13 0.91 1.25 0.55 0.56 2.13
233 0.00 1.67 2.10 -0.71 2.58 1.07
234 -0.36 1.12 2.36 0.98 0.75 1.62
235 2.53 0.54 241 -0.12 0.33 2.23
236 0.60 0.89 1.92 1.77 1.27 1.17
237 2.55 2.74 3.38 1.00 0.69 2.20
238 2.24 2.06 2.37 2.63 2.34 1.13
239 1.80 1.46 1.62 1.77 0.79 0.80
240 1.18 1.12 2.54 -1.04 2.05 0.38
241 2.05 1.38 0.89 1.51 0.80 0.48
242 2.45 0.82 2.23 3.56 241 0.80
243 2.62 0.79 2.73 2.08 2.90 0.53
244 2.57 -0.62 2.86 0.06 0.14 0.58
245 0.70 0.59 2.54 2.01 0.22 0.72
246 -0.09 -0.15 2.63 0.94 1.55 1.56
247 2.18 1.60 2.48 1.60 0.78 2.12
248 1.79 0.50 2.40 1.40 0.54 0.54
249 1.47 -0.10 1.02 0.14 2.93 1.05
250 1.27 0.08 1.58 1.39 -0.19 2.73
251 1.15 0.00 1.44 0.16 0.82 1.46
252 1.31 0.08 1.98 1.35 0.74 1.29
253 0.76 0.79 1.43 1.60 2.56 2.24
254 1.42 1.10 1.79 1.92 0.95 0.66
255 0.75 0.35 2.40 -0.97 0.62 0.74
256 1.29 0.88 1.35 0.63 1.89 1.56
257 3.25 1.34 0.72 -0.23 0.55 0.90
258 3.25 0.37 2.15 2.00 1.19 0.93
259 1.92 0.86 2.20 0.96 241 0.62
260 1.88 0.36 2.10 2.24 3.18 0.64
261 3.84 0.56 2.36 0.70 1.89 1.28
262 -0.24 1.01 1.19 2.86 2.84 0.52
263 3.32 0.12 1.56 1.68 0.79 0.49
264 2.86 0.83 2.12 -0.73 0.89 0.69
265 1.56 0.85 3.07 0.36 1.79 0.73
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM
Grain (@) (D) (@) (©) (D) (©)
266 2.68 0.45 2.63 -0.30 0.35 1.35
267 2.86 0.88 2.00 2.58 0.94 0.83
268 1.79 -0.09 2.84 -0.48 1.26 0.98
269 2.18 2.99 1.98 0.02 0.52 0.83
270 0.04 -0.19 1.66 0.29 3.35 1.73
271 3.25 1.18 2.05 -0.54 -0.51 1.57
272 0.74 0.17 2.68 0.67 1.48 1.42
273 0.22 0.64 2.24 2.37 0.33 0.86
274 2.68 0.04 2.26 -0.18 0.33 0.92
275 2.10 0.57 2.20 0.79 2.08 0.54
276 2.83 -0.44 2.84 -0.09 1.27 0.86
277 0.99 0.05 2.89 1.02 0.16 0.88
278 191 0.48 2.14 0.98 1.62 0.90
279 0.55 0.50 2.80 2.27 2.66 0.55
280 2.21 2.64 2.15 0.54 0.07 1.16
281 0.24 0.47 1.58 0.70 1.56 0.63
282 0.79 2.93 2.47 1.66 1.00 0.54
283 1.53 1.15 0.81 -1.39 0.67 0.56
284 2.28 0.99 2.15 -0.85 0.67 1.24
285 1.54 0.89 2.26 0.45 0.26 1.52
286 2.19 0.73 1.89 0.98 0.58 1.94
287 291 1.35 2.77 -0.16 1.33 2.05
288 1.88 1.00 2.86 0.73 0.48 1.00
289 0.69 0.74 1.95 0.85 1.25 1.70
290 1.30 1.17 2.10 1.76 0.26 0.83
291 2.08 0.99 2.14 1.32 2.93 1.45
292 2.16 0.66 2.08 1.39 2.89 2.51
293 0.93 3.01 1.72 3.16 0.30 0.92
294 3.88 0.43 1.29 0.28 1.06 1.80
295 2.33 0.68 1.89 2.06 0.09 0.51
296 2.31 0.44 1.43 -0.15 1.05 1.47
297 -0.30 0.82 2.08 1.67 0.47 0.77
298 1.84 -0.01 2.23 2.60 3.28 0.25
299 0.40 0.78 241 0.94 1.95 1.19
300 0.91 -0.11 1.67 -0.35 2.47 0.77
301 2.35 -0.57 2.86 1.61 2.52 0.87
302 0.91 0.60 2.24 0.41 0.77 0.16
303 0.24 -0.09 247 -0.56 1.31 0.80
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain (@) (D) (@) (©) (D) (©)
304 2.29 0.32 2.32 0.13 0.41 1.11
305 2.59 1.51 2.86 1.33 0.82 1.44
306 0.46 0.18 291 2.00 0.33 0.83
307 2.81 -0.11 2.02 0.37 0.27 0.84
308 0.97 1.60 0.82 -0.95 0.09 0.95
309 0.96 0.79 1.00 -0.72 3.25 0.58
310 0.73 0.56 2.23 1.39 0.24 0.81
311 221 1.50 1.93 0.91 0.56 0.21
312 1.83 1.00 3.16 -1.17 0.70 0.93
313 2.49 0.95 2.16 0.11 1.95 1.70
314 -0.09 2.21 2.20 -0.61 1.19 0.43
315 1.24 0.80 1.62 0.59 0.81 1.88
316 1.19 1.72 1.71 1.55 2.97 1.13
317 3.21 1.10 1.71 1.38 1.56 0.98
318 1.60 0.57 1.63 1.50 0.61 1.68
319 2.08 0.87 2.05 -0.24 0.64 1.05
320 2.78 0.75 2.05 1.17 -0.01 1.35
321 1.60 0.39 1.58 1.39 0.31 2.18
322 1.77 0.71 291 0.15 0.67 0.98
323 2.05 2.28 2.70 0.23 2.58 0.76
324 1.79 0.45 3.16 1.73 2.77 2.08
325 1.84 0.23 2.75 2.32 1.25 1.24
326 2.10 -0.28 2.54 2.37 2.68 1.60
327 0.51 -0.14 247 2.26 0.55 1.16
328 1.28 1.05 2.27 2.14 3.05 0.34
329 1.79 -0.14 2.02 0.92 0.37 0.46
330 1.88 -0.62 2.18 -0.40 0.38 1.82
331 0.31 0.08 2.10 0.14 0.56 0.89
332 2.73 2.08 1.92 0.85 0.45 0.61
333 0.69 0.97 2.29 0.51 0.08 0.95
334 1.74 0.20 1.20 -0.77 0.52 0.70
335 2.78 0.76 2.73 -0.43 0.31 1.47
336 1.35 -0.31 2.06 -0.14 2.34 1.82
337 2.59 0.99 2.08 -0.07 231 1.09
338 2.06 0.33 3.10 1.56 0.25 0.98
339 0.75 1.08 2.37 -1.01 2.18 0.64
340 2.04 0.80 1.19 -0.18 0.50 0.68
341 -0.04 0.65 1.40 1.40 0.72 0.83
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain (@) (D) (@) (©) (D) (©)
342 1.92 0.22 1.35 2.04 0.25 0.20
343 2.19 0.33 2.93 1.30 0.04 2.13
344 3.32 1.28 2.10 1.80 -0.18 0.29
345 1.00 0.67 2.26 -1.33 0.55 0.50
346 2.13 -0.28 1.63 0.18 0.74 0.70
347 2.86 2.21 1.43 1.52 1.14 1.41
348 191 1.60 2.56 2.89 0.19 1.16
349 291 1.51 2.06 1.68 2.29 1.25
350 0.52 2.43 2.54 -1.02 1.46 1.14
351 1.84 2.51 2.66 0.98 0.35 2.06
352 0.28 -0.52 2.27 0.98 0.30 1.41
353 -0.18 1.98 2.29 1.89 2.60 1.24
354 0.25 -0.45 2.70 0.42 0.63 1.59
355 0.97 2.51 2.02 0.13 1.13 1.21
356 1.83 -0.19 2.20 -0.03 0.84 1.74
357 0.85 0.38 2.80 1.40 0.87 1.95
358 2.66 0.77 2.27 1.21 1.58 1.64
359 211 0.33 1.65 0.51 3.18 1.95
360 0.72 2.01 0.59 0.79 0.19 0.11
361 0.05 0.74 1.49 2.27 0.70 0.81
362 0.56 0.76 2.32 0.47 0.63 2.09
363 1.70 0.27 1.69 -0.62 0.49 2.54
364 1.45 1.06 2.73 2.34 0.64 1.42
365 1.99 0.90 2.26 0.70 0.76 1.37
366 2.68 2.15 1.04 1.65 0.87 2.37
367 2.49 0.60 2.86 1.84 0.09 1.78
368 0.63 0.25 1.62 3.16 0.43 0.65
369 1.16 0.19 1.87 0.69 1.10 1.14
370 0.27 0.60 1.56 -0.29 0.45 0.76
371 3.06 0.40 2.01 -0.67 241 0.39
372 2.57 1.93 2.70 -0.40 2.93 0.24
373 1.82 241 1.26 0.47 2.05 2.08
374 2.73 2.12 3.38 -0.26 1.03 0.36
375 1.79 2.18 1.66 1.70 -0.30 0.81
376 0.47 1.87 2.32 2.04 0.82 2.40
377 1.73 1.83 1.98 -0.09 1.71 2.40
378 0.85 2.49 2.14 0.86 1.11 1.13
379 1.57 -0.24 2.82 3.05 0.95 1.05
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Table D1. Major-Axis Grain Size Point-Count Data in ®*. Continued.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-IM

Grain (@) (@) (@) (@) (@) (@)
380 0.83 2.88 1.97 2.48 0.64 2.01
381 0.85 1.05 2.52 -0.54 0.71 1.24
382 1.13 0.22 2.26 0.42 2.58 1.20
383 2.81 1.10 3.78 0.83 0.04 0.73
384 1.75 1.68 2.05 -0.14 0.30 0.80
385 1.92 1.13 0.75 2.60 0.82 2.35
386 0.13 2.09 0.39 0.89 2.97 1.26
387 2.05 2.49 1.47 -0.62 2.80 1.62
388 3.15 1.03 2.14 0.60 2.80 1.38
389 -0.17 0.31 2.15 0.91 2.10 0.43
390 2.40 0.56 2.26 2.52 1.23 0.92
391 0.87 0.15 1.27 -0.83 1.16 0.89
392 1.10 -0.01 1.63 0.23 0.56 0.48
393 2.28 0.48 2.11 0.06 0.04 1.88
394 2.47 2.20 2.99 2.04 2.31 1.75
395 2.81 0.88 2.24 1.27 0.23 1.80
396 3.15 2.65 1.78 0.85 2.29 0.63
397 2.53 2.47 1.35 1.02 0.90 2.20
398 2.10 2.15 1.61 1.06 0.29 2.06
399 2.47 3.04 2.73 1.43 1.92 0.50
400 1.93 1.69 2.32 1.85 0.91 0.76
401 1.43 241 2.44 0.06 0.91 0.64

*® = -logy(pum)

Major-axis grain size after Folk (1980).
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Appendix E

Detrital zircon textural measurements

124



Table E1. Whole Detrital Zircon Major-Axis Grain Size in um.

Zircon EPO1-B (um) EP02-A (um) EP02-C (um) EPO3 (um) SQIL-JM (um) SQ5-JM (pm)

1 170 122 139 137 133 110
2 132 206 131 193 257 82
3 141 170 131 107 117 97
4 242 156 230 122 172 86
5 122 184 137 107 103 84
6 235 154 86 176 133 88
7 162 108 88 183 236 140
8 116 168 146 216 123 183
9 124 108 88 134 137 129
10 183 154 117 118 115 99
11 200 160 119 185 138 108
12 132 92 185 176 129 71
13 147 94 117 153 82 97
14 218 124 230 202 144 166
15 250 150 158 160 92 127
16 166 156 160 162 137 90
17 183 128 115 107 113 116
18 307 276 133 105 148 97
19 113 158 168 124 150 110
20 120 110 107 134 127 108
21 174 86 131 191 133 84
22 193 152 94 208 96 97
23 130 120 135 160 115 108
24 120 142 123 162 261 110
25 195 178 94 200 107 123
26 145 112 152 191 109 86
27 181 126 166 374 203 67
28 275 88 133 208 107 108
29 172 122 152 88 142 84
30 90 148 156 143 117 73
31 239 136 139 116 109 116
32 147 132 150 174 121 103
33 193 106 174 134 125 118
34 164 198 103 109 119 123
35 107 254 135 143 133 125
36 200 148 133 288 109 112
37 143 184 103 124 84 99
38 181 - 107 162 113 103
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Table E1. Whole Detrital Zircon Major-Axis Grain Size in pum. Continued.

Zircon EP01-B (um) EP02-A (um) EP02-C (um) EPO3 (um) SQI1-JM (um)  SQ5-JM (um)

39 212 - 139 277 94 101
40 250 - 148 179 140 90
41 172 - 275 151 113 112
42 281 - 70 208 105 97
43 137 - 123 160 88 135
44 260 - 105 145 140 105
45 166 - 150 120 164 103
46 151 - 131 258 150 105
47 223 - 170 80 176 103
48 143 - 139 267 154 97
49 176 - 148 116 148 129
50 101 - 164 103 86 86
51 216 - 166 187 146 84
52 208 - 131 153 146 77
53 97 - 252 179 90 112
54 158 - 133 155 98 88
55 185 - 144 139 98 138
56 90 - 123 113 166 -
57 229 - 156 195 84 -
58 105 - 115 158 168 -
59 197 - 139 179 140 -
60 118 - 100 130 88 -
61 195 - 133 - 170 -
62 191 - 92 - 123 -
63 - - 131 - 150 -
64 - - 131 - 103 -
65 - - 105 - 131 -
66 - - 90 - 90 -
67 - - 107 - 103 -
68 - - 156 - 142 -
69 - - 141 - 131 -
70 - - 119 - 288 -
71 - - 193 - 127 -
72 - - 160 - 189 -
73 - - 129 - 121 -
74 - - 168 - 76 -
75 - - 115 - 84 -
76 - - 96 - 111 -
77 - - 166 - 131 -
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Table E1. Whole Detrital Zircon Major-Axis Grain Size in pum. Continued.

Zircon EP01-B (um) EP02-A (um) EP02-C (um) EPO3 (um) SQI1-JM (um)  SQ5-JM (um)

78 - - 92 - 103 -
79 - - - - 109 -
80 - - - - 213 -
81 - - - - 146 -
82 - - - - 101 -
83 - - - - 117 -
84 - - - - 127 -

127



Table E2. Whole Detrital Zircon Sphericity*.

Zircon EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-JM

1 0.69 0.74 0.83 0.76 0.74 0.79
2 0.79 0.60 0.77 0.64 0.67 0.87
3 0.89 0.67 0.85 0.75 0.67 0.83
4 0.79 0.71 0.63 0.72 0.72 0.89
5 0.83 0.84 0.66 0.70 0.88 0.88
6 0.76 0.74 0.80 0.76 0.73 0.84
7 0.74 0.83 0.90 0.79 0.78 0.83
8 0.77 0.82 0.62 0.65 0.70 0.61
9 0.83 0.85 0.90 0.84 0.85 0.70
10 0.86 0.60 0.74 0.78 0.80 0.87
11 0.75 0.58 0.67 0.76 0.80 0.77
12 0.87 0.85 0.67 0.57 0.90 0.87
13 0.72 0.88 0.84 0.50 0.87 0.86
14 0.62 0.84 0.74 0.62 0.80 0.73
15 0.71 0.77 0.74 0.71 0.85 0.71
16 0.63 0.71 0.85 0.81 0.77 0.89
17 0.89 0.68 0.77 0.73 0.73 0.79
18 0.81 0.81 0.70 0.82 0.85 0.86
19 0.81 0.75 0.72 0.80 0.79 0.79
20 0.86 0.77 0.77 0.83 0.86 0.87
21 0.88 0.79 0.75 0.57 0.80 0.83
22 0.77 0.73 0.85 0.61 0.81 0.77
23 0.68 0.83 0.88 0.71 0.86 0.72
24 0.83 0.68 0.82 0.87 0.76 0.79
25 0.80 0.86 0.91 0.66 0.90 0.78
26 0.88 0.86 0.69 0.78 0.79 0.85
27 0.78 0.89 0.66 0.56 0.73 0.76
28 0.84 0.87 0.76 0.80 0.85 0.58
29 0.90 0.64 0.79 0.83 0.86 0.78
30 0.91 0.66 0.79 0.77 0.79 0.89
31 0.69 0.88 0.61 0.71 0.88 0.81
32 0.85 0.77 0.69 0.75 0.80 0.78
33 0.69 0.73 0.59 0.83 0.88 0.85
34 0.76 0.74 0.77 0.85 0.69 0.81
35 0.84 0.66 0.90 0.79 0.80 0.87
36 0.81 0.78 0.78 0.73 0.80 0.73
37 0.77 0.56 0.92 0.65 0.89 0.81
38 0.85 — 0.87 0.64 0.73 0.76

128



Table E2. Whole Detrital Zircon Sphericity*. Continued.

Zircon EPO1-B EP02-A EP02-C EPO3 SQ1-IM SQ5-JM

39 0.88 - 0.76 0.44 0.87 0.76
40 0.83 - 0.77 0.74 0.83 0.82
41 0.85 - 0.50 0.78 0.86 0.87
42 0.71 - 0.86 0.62 0.91 0.71
43 0.79 - 0.71 0.79 0.77 0.69
44 0.74 - 0.86 0.88 0.83 0.64
45 0.91 - 0.77 0.85 0.76 0.79
46 0.72 - 0.86 0.69 0.77 0.88
47 0.81 - 0.60 0.86 0.67 0.83
48 0.69 - 0.83 0.67 0.75 0.84
49 0.83 - 0.87 0.81 0.84 0.95
50 0.78 - 0.76 0.71 0.92 0.82
51 0.71 - 0.60 0.81 0.76 0.88
52 0.81 - 0.71 0.79 0.86 0.67
53 0.83 - 0.49 0.82 0.88 0.85
54 0.82 - 0.80 0.83 0.75 0.77
55 0.85 - 0.75 0.76 0.88 0.87
56 0.82 - 0.67 0.75 0.66 -
57 0.61 - 0.65 0.67 0.89 -
58 0.94 — 0.65 0.60 0.73 -
59 0.66 - 0.65 0.65 0.82 -
60 0.64 - 0.81 0.62 0.83 -
61 0.73 — 0.51 — 0.76 —
62 0.70 - 0.87 - 0.89 -
63 — — 0.78 — 0.83 —
64 - - 0.67 - 0.84 -
65 — — 0.75 — 0.67 —
66 - - 0.83 - 0.90 -
67 — — 0.85 — 0.75 —
68 - - 0.61 - 0.88 -
69 — — 0.70 — 0.79 —
70 - - 0.72 - 0.66 -
71 — — 0.69 — 0.81 —
72 - - 0.67 - 0.79 -
73 — — 0.79 — 0.88 —
74 - - 0.58 - 0.82 -
75 — — 0.81 — 0.88 —
76 - - 0.89 - 0.81 -
77 — — 0.57 — 0.75 —
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Table E2. Whole Detrital Zircon Sphericity*. Continued.

Zircon EPO1-B EP02-A EP02-C EPO3 SQ1-IM SQ5-JM

78 - - 0.87 - 0.84 -
79 - - - - 0.94 -
80 - - - - 0.89 -
81 - - - - 0.65 -
82 - - - - 0.76 -
83 - - - - 0.71 -
84 — — — — 0.81 —

*Riley sphericity after Folk (1980).
Riley sphericity (Sg) = (Di/Dc), where D; is the largest inscribing circle and Dc is the largest circumscribing
circle.
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Table E3. Whole Detrital Zircon Roundness*.

EPO1-B EP02-A EP02-C EPO3 SQ1-JM SQ5-JM

Zircon

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

28
29
30
31

32
33
34
35

36
37

38
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Table E3. Whole Detrital Zircon Roundness*. Continued.

EP01-B EP02-A EP02-C EPO3 SQ1-IM SQ5-JM

Zircon

O O O© O LH O OO O© OO OO T OOLH OOVOLH OOVLL MW ST OO O OLW WL LWOO

OO OO OO LW LWOLWSTLOLOLOLONOTOLW OLOMOMOLWLWILWWOWOANTSTOOOLWLWOLW -

O OO OO OMOLOLW O OLWOLWWOLONLOLLN || & 1+ F 1 1 1111

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

132



Table E3. Whole Detrital Zircon Roundness*. Continued.

Zircon  EP01-B  EP02-A  EP02-C  EP03  SQI-JM  SQ5-JM

78 - - 5 - 5 -
79 = - - -
80 - - = =
81 - - = =
82 - - = =
83 = - - -
84 - - - - 5 -

D W o 01O
I

*Powers roundness scale (Powers, 1953), visual estimate 1-6, where 1= very angular, 6 = well rounded.
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Appendix F

Backscattered electron images of detrital zircons
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Figure F1. BSE image of detrital zircons recovered from sample EP01-B. Detrital zircons are within the
white box, surrounded by standards.
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Figure F2. BSE image of detrital zircons recovered from sample EP02-A. Detrital zircons are within the
white box, surrounded by standards.
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Figure F3. BSE image of detrital zircons recovered from sample EP02-C. Detrital zircons are within the
white box, surrounded by standards.
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Figure F4. BSE image of detrital zircons recovered from sample EP03. Detrital zircons are within the
white box, surrounded by standards.
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Figure F5. BSE image of detrital zircons recovered from sample SQ1-JM. Detrital zircons are within the
white box, surrounded by standards.
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Figure F6. BSE image of detrital zircons recovered from sample SQ5-JM. Detrital zircons are within the
white box, surrounded by standards.
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Appendix G

Incident light photomicrographs of detrital zircons
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Figure G1. Incident light photomicrograph of detrital zircons recovered from sample EPO1-B. Detrital
zircons are within the white box, surrounded by standards.
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Figure G2. Incident light photomicrograph of detrital zircons recovered from sample EP02-A. Detrital
zircons are within the white box, surrounded by standards.
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Figure G3. Incident light photomicrograph of detrital zircons recovered from sample EP02-C. Detrital
zircons are within the white box, surrounded by standards.
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Figure G4. Incident light photomicrograph of detrital zircons recovered from sample EP03. Detrital
zircons are within the white box, surrounded by standards.
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Figure G5. Incident light photomicrograph of detrital zircons recovered from sample SQ1-JM. Detrital
zircons are within the white box, surrounded by standards.
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Figure G6. Incident light photomicrograph of detrital zircons recovered from sample SQ5-JM. Detrital
zircons are within the white box, surrounded by standards.
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Appendix H

Reflected light photomicrographs of detrital zircons including analysis spots
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Figure H1. Reflected light photomicrograph of detrital zircons recovered from sample EP01-B showing analysis spots. Detrital zircons are within the white
box, surrounded by standards.

149



Figure H2. Reflected light photomicrograph of detrital zircons recovered from sample EP02-A showing analysis spots. Detrital zircons are within the white
box, surrounded by standards.
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Figure H3. Reflected light photomicrograph of detrital zircons recovered from sample EP02-C showing analysis spots. Detrital zircons are within the white
box, surrounded by standards.
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Figure H4. Reflected light photomicrograph of detrital zircons recovered from sample EP03 showing analysis spots. Detrital zircons are within the white
box, surrounded by standards.
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Figure H5. Reflected light photomicrograph of detrital zircons recovered from sample SQ1-JM showing analysis spots. Detrital zircons are within the
white box, surrounded by standards.
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Figure H6. Reflected light photomicrograph of detrital zircons recovered from sample SQ5-JM showing analysis spots. Detrital zircons are within the
white box, surrounded by standards.
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Appendix |

Cathodoluminescence (CL) images of detrital zircons including analysis spots
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Figure 11. Representative cathodoluminescence image of detrital zircons recovered from sample EP01-B.
Color observations show blue color with no obvious metamorphic rims.
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Figure 12. Representative cathodoluminescence‘image of detrital zircons recovered from sample EP02-A.
Color observations show blue color with no obvious metamorphic rims.
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Figure 13. Representative cathodoluminescence image of detrital zircons recovered from sample EP02-C.
Color observations show blue color with no obvious metamorphic rims.
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Color observations show blue color with no obvious metamorphic rims.
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Figure 15. Representative cathodoluminescence image of detrital zircons recovered from sample SQ1-JM.
Color observations show blue color with no obvious metamorphic rims.
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Figure 16. Representative cathodoluminescence image of detrital zircons recovered from sample SQ5-JM.
Color observations show blue color with no obvious metamorphic rims.
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