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Tables
[Available for download at http://pubs.usgs.gov/ds/0899/]

        1.		 Complete laser ablation inductively coupled plasma mass spectrometry detrital  
zircon U-Pb analytical data from sample DDH-796 from the Upper Mississippian  
Ikalukrok unit of the Kuna Formation in the Red Dog Mineral District, western Brooks 
Range, Alaska discussed in Dumoulin and others (2013).

        2.		 Complete laser ablation inductively coupled plasma mass spectrometry zircon U-Pb 
analytical data from various units of the Brookian sequence, western Brooks Range, 
Alaska discussed in Moore and others (in press).
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Introduction
This publication contains the complete results 

of U-Pb zircon age dating studies of sedimentary and 
metasedimentary units from northern and central Alaska 
that are discussed and interpreted in other reports by 
the author. Most of the U-Pb ages are of detrital zircons 
from sandstones, although U-Pb ages from igneous and 
sedimentary clasts from conglomerates in some of those 
same units are also included. In addition to the data presented 
in the interpretive reports, this publication includes data that 
were excluded due to discordance, analytical problems, and 
publication space limitations. The U-Pb age data are reported 
in Excel-file format so that they can be easily downloaded 
and referenced or reinterpreted by future workers.

Data from two studies are included in this report. 
The first study, by Dumoulin and others (2013), reported 
the detrital zircon U-Pb age analysis of a single sample 
from the Upper Mississippian Ikalukrok unit of the Kuna 
Formation (table 1). The second study is that of Moore and 
others (in press), which focuses on the Upper Jurassic and 
Lower Cretaceous part of the Brookian sequence in the 
western Brooks Range (17 samples; table 2). For the latter 
study, samples were analyzed from the following units (1) 
the Upper Jurassic unit, Jw, of Curtis and others (1984), 
(2) the Lower Cretaceous Igrarok Hills unit of Moore and 
others (2002), (3) the Upper Jurassic and Lower Cretaceous 
Okpikruak Formation, (4) the Lower Cretaceous lower 
Brookian shale of Mull (1995), (5) the Lower Cretaceous 
Mount Kelly Graywacke Tongue of the Fortress Mountain 
Formation, (6) and the upper Lower Cretaceous Nanushuk 
Formation as redefined by Mull and others (2003). The 
results for each study are reported in separate Excel files, 
with individual samples in each study being shown as 
separate sheets within the files. The analyses of individual 
zircons are listed separately on the sheet according to the 
filtering schemes of the study and by the type of mass 
spectrometer used.

U-Pb Zircon Age Data for Selected Sedimentary, 
Metasedimentary, and Igneous Rocks from Northern and 
Central Alaska

By Thomas E. Moore

U-Pb Analytical Techniques and 
Methodology Used by Apatite to 
Zircon, Inc.

All of the analyses reported here were conducted 
by Apatite to Zircon, Inc., located in Viola, Idaho. The 
analytical techniques and methodology used for U-Pb age 
dating by Apatite to Zircon, Inc. have been discussed in 
Dumoulin and others (2013), Hults and others (2013), and 
Moore and others (in press). The following paragraphs, 
written mainly by proprietors Raymond A. Donelik and Paul 
B. O’Sullivan, provide a synthesis of the U-Pb age dating 
procedures reported in these publications.

Mineral Separation

Samples were crushed using a jaw crusher and sieved 
through 300-µm nylon mesh. Lithium polytungstate and a 
centrifuge were used to produce heavy mineral concentrate 
separations to ensure that zircon grains were not inadvertently 
washed away during the separation process, as can happen 
with conventional techniques that use a Wilfley or Gemini 
table. Diiodomethane and standard magnetic separation 
processes were then used to separate zircon grains from the 
heavy mineral concentrate. The separation procedure produced 
thousands of zircons from a sample that initially weighed 
about 1 kilogram.

Following separation, zircon standards and unknowns 
were mounted in 1-cm2 epoxy wafers and ground down to 
expose internal grain surfaces before final polishing. Grains 
and the locations for laser spots on these grains were selected 
using a high power optical microscope with transmitted light. 
This method was used instead of cathodoluminescence 2-D 
imaging because it allows the recognition of features such as 
inclusions and cracks below the surface of individual grains 
that could otherwise result in spurious isotopic counts. One 
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hundred grains were selected, some of which were chosen 
to represent the variation of sizes, colors, and morphologies 
of the zircons present in the sample. A larger fraction of the 
grains were selected by random process. This methodology 
captures the ages of the broad range of zircon types present, as 
well as providing a measure of their relative abundances.

Laser Ablation Inductively Coupled Plasma 
Mass Spectrometry (LA-ICP-MS)

U-Pb analysis was conducted by LA-ICP-MS at 
two laboratories. Most of the data were determined at the 
Washington State University Geoanalytical Laboratory in 
Pullman, Wash. (for example, Chang and others, 2006) prior 
to October 2012, and the remainder of the analyses were 
completed at the laboratories of Apatite to Zircon, Inc. in 
Viola, Idaho after that date. 

For the U-Pb analyses performed at the Washington 
State Geoanalytical Laboratory, approximately 80 to 105 
grains per sample were analyzed on a New Wave YAG 
213-nm laser ablation (LA) system in line with a Finnigan 
Element2 magnetic sector, inductively coupled plasma mass 
spectrometer (ICP-MS). All analyses, including standards and 
unknowns, were performed using a 20-µm spot. Following 
approximately 6 seconds of background data collection, 
laser ablation commenced and signal data were collected 
by scanning repeatedly across the masses (in atomic mass 
units): 202, 204, 206, 207, 208, 232, 235, and 238. Ablated 
material was transported to the plasma line using He; Ar was 
the plasma gas. A total of 250 data scans were collected for 
each zircon spot analyzed, and consisted of (1) approximately 
55 background scans, (2) approximately 20 transition scans 
between background and background plus signal, and (3) 
approximately 175 background plus signal scans. Four 
standard spots were analyzed prior to and following each 
group of approximately 25-30 unknown sample spots to 
correct for machine fluctuations and to determine fractionation 
factors. Common Pb correction was made using the measured 
204Pb content and assuming an initial Pb composition from 
Stacey and Kramers (1975).

Analyses conducted at the laboratories of Apatite to 
Zircon, Inc. in Viola, Idaho were determined on an Agilent 
7700x quadrapole mass spectrometer attached to a Resonetics 
RESOlution M-50 Eximer laser. All analyses, including 
standards and unknowns, were performed using a 26-µm spot.  
A total of 47 data scans were collected for each zircon spot 
analyzed, including (1) approximately 6 background scans, 
(2) approximately 3 transition scans between background and 
background plus signal, and (3) approximately 38 background 
plus signal scans. A total of 35 different isotopes were 
scanned, ranging from 24Mg to 238U. Approximately 28 seconds 
were allowed between each analysis in order to clear the 
system prior to the next background data collection. Ablated 
material was transported to the plasma line using ultra-high 
purity He gas; ultra-high purity Ar was the plasma gas. A total 

of 26 standard spots were analyzed at the beginning, middle, 
and end of the session; an additional 13 standard spots were 
analyzed prior to and following each group of 15 unknown 
sample spots to correct for machine fluctuations and constrain 
fractionation factors. Fractionation factors were calculated 
based on the following assumptions, (1) 235U values were 
calculated from measured 238U values (Steiger and Jäger, 
1977), and (2) zero fractionation was assumed between 206Pb 
and 207Pb. The Stacey and Kramers (1975) common Pb 
model for Earth was used. Ages and common Pb ratios were 
determined iteratively using a pre-set, session-wide minimum 
common Pb age value (the default minimum common Pb age 
was set equal to the age of the oldest age standard in current 
session).

Uncertainties are calculated as asymmetric errors that 
were generated from the standards employed in the analysis 
and fractionation factors, as well as those caused by machine 
error. The most precise age from the concordant-scan-
weighted ratio 207Pb/235U, 206Pb/238U or 207Pb/206Pb was selected 
as the preferred age.

U-Pb Data Analysis

Previous LA-ICP-MS studies of U-Pb zircon dating 
used the so-called intercept method, which assumes that 
isotopic ratio varies linearly with scan number due solely to 
linearly varying isotopic fractionation (Chang and others, 
2006; Gehrels and others, 2008). The data modeling approach 
favored here is the modeling of background-corrected 
signal intensities for each isotope at each scan. Background 
intensity for each isotope was calculated using a fitted line 
(for decreasing background intensity) or using the arithmetic 
mean (for nondecreasing background intensity), at the global 
minimum of selected isotopes (206Pb, 232Th, and 238U) for 
the spot. Background plus signal intensity for each isotope 
at each scan was calculated using the median of fitted 
(2nd-order polynomial) intensity values for a moving window 
(7 scans wide) that includes the scan. The precision of each 
background-corrected signal intensity value was calculated 
from the precision of background intensity value and the 
precision of the background plus signal intensity value. Zircon 
U-Pb age standards include the 1099±0.6 Ma FC zircon 
(FC-1 of Paces and Miller, 1993) used here as the primary age 
standard. Isotopic data for FC were used to calculate Pb/U 
fractionation factors and their absolute errors for each FC 
data scan at each FC spot; these fractionation factors were 
smoothed session-wide for each data scan using the median of 
fitted (1st-order polynomial) fractionation factor values for a 
moving window (11 FC spots wide) that includes the current 
FC spot and scan. Under the operating conditions of the 
LA-ICP-MS sessions in this study, fractionation factors were 
found to vary strongly with scan number, decreasing with 
increasing scan number (presumably due to increasing ablation 
pit depth and the effect this had on fractionation; for example, 
Paton and others, 2010). The zircon crystal lattice is widely 
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known to accumulate α-radiation damage (for example, Zhang 
and others, 2009 and references therein). It was assumed here 
that increased α-damage in a zircon leads to a decrease in the 
hardness of the zircon; this in turn leads to a faster rate of 
laser penetration into the zircon during ablation, leading to 
dependence of isotopic fractionation on the degree of zircon 
lattice radiation damage. Ages calculated for all zircon age 
standards, when those standards were treated as unknowns, 
were used to construct a fractionation factor correction curve 
(exponential form) in terms of accumulated radiation damage. 
The notion of matrix-matched zircon standard and zircon 
unknown has been proposed largely on the basis of trace 
element chemistry (for example, Black and others, 2004). 
In this study, time and lattice damage, parameters invisible 
to instruments used to characterize trace element chemistry, 
were introduced and applied based on measured U and Th 
chemistries to effectively matrix-match standard and unknown 
zircons. 

Uranium decay constants and the 238U/235U isotopic ratio 
reported in Steiger and Jäger (1977) were used for the analyses. 
Errors for the isotopic ratios 207Pb/235Uc (

235Uc = 137.88238U), 
206Pb/238U, and 207Pb/206Pb at each scan included errors from 
the background-corrected signal values for each isotope, the 
fractionation factor error, and an additional relative error term 
required to force 95 percent of the FC ages to be concordant. 
Ages for the ratios 207Pb/235Uc, 

206Pb/238U, and 207Pb/206Pb were 
calculated for each data scan and checked for concordance; 
concordance here was defined as overlap of all three ages at the 
1σ level (the use of 2σ level was found to skew the results to 
include scans with any significant common Pb). If the number 
of concordant data scans for a spot was greater than zero, the 
more precise age from the concordant-scan-weighted ratio 
207Pb/235Uc, 

206Pb/238U or 207Pb/206Pb (listed under the header, 
“Age Type” in tables 1 and 2) was chosen as the preferred age. 
Although other workers suggest a rule-of-thumb preference for 
206Pb/238U for grain ages less than 1000 Ma, and 207Pb/206Pb for 
grain ages greater than 1000 Ma (for example, Gehrels, 2000), 
the above method of selecting the most precise concordant age 
on a grain-by-grain basis has been accepted for use in the U-Pb 
data sets reported here. Asymmetrical negative-direction and 
positive-direction age errors were calculated by subtracting and 
adding, respectively, the isotopic ratio errors in the appropriate 
age equation. 
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