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URANIUM–LEAD GEOCHRONOLOGIC
ANALYSES OF DETRITAL ZIRCON
(NU HIGH-RESOLUTION INDUCTIVELY
COUPLED PLASMA MASS SPECTROMETRY)

Zircon crystals are extracted from samples by tradi-
tional methods of crushing and grinding, followed by
separation with a Wilfley table, heavy liquids, and a
Frantz magnetic separator. Samples are processed
such that all zircons are retained in the final heavy
mineral fraction. A large split of these grains (gen-
erally thousands of grains) is incorporated into a 1-in.
epoxy mount together with fragments of our Sri
Lanka standard zircon. The mounts are sanded down
to a depth of ~20 microns, polished, imaged, and
cleaned prior to isotopic analysis.

Uranium–lead (U–Pb) geochronology of zircons is
conducted by laser ablation multicollector inductively
coupled plasma mass spectrometry (ICPMS) at the
Arizona LaserChron Center (Gehrels et al., 2006,
2008). The analyses involve ablation of zircon with a
Photon Machines Analyte G2 excimer laser (or, prior
to May 2011, a New Wave UP193HE Excimer laser)
using a spot diameter of 30 microns. The ablated
material is carried in helium into the plasma source of a
Nu high-resolution ICPMS, which is equipped with a
flight tube of sufficient width that U, thorium (Th),
and Pb isotopes are measured simultaneously. All
measurements are made in static mode, using Fara-
day detectors with 3 · 1011 ohm resistors for 238U,
232Th, 208Pb–206Pb, and discrete dynode ion
counters for 204Pb and 202Hg (mercury). Ion yields
are ~0.8 mv/ppm. Each analysis consists of 1 15-sec
integration on peaks with the laser off (for back-
grounds), 15 1-sec integrations with the laser firing,
and a 30-sec delay to purge the previous sample and
prepare for the next analysis. The ablation pit is ~15

microns in depth. For each analysis, the errors in
determining 206Pb/238U and 206Pb/204Pb result
in a measurement error of approximately 1%–2% (at
2-sigma level) in the 206Pb/238U age. The errors in
measurement of 206Pb/207Pb and 206Pb/204Pb
also result in approximately 1%–2% (at 2-sigma level)
uncertainty in age for grains that are greater than1.0Ga,
but are substantially larger for younger grains due to
low intensity of the 207Pb signal. For most analyses,
the crossover inprecisionof 206Pb/238U and 206Pb/
207Pb ages occurs at approximately 1.0 Ga.

The 204Hg interferencewith 204Pb is accounted
for in measurement of 202Hg during laser ablation
and subtraction of 204Hg according to the natural
202Hg/204Hg of 4.35. This Hg correction is not
significant for most analyses because our Hg back-
grounds are low (generally ~150 cps at mass 204).

Common Pb correction is accomplished by using
the Hg-corrected 204Pb and assuming an initial Pb
composition from Stacey and Kramers (1975). Un-
certainties of 1.5 for 206Pb/204Pb and 0.3 for 207Pb/
204Pb are applied to these compositional values
based on the variation in Pb isotopic composition in
modern crystal rocks.

Interelement fractionation of Pb/U is generally
approximately 5%, whereas apparent fractionation of
Pb isotopes is generally less than 0.2%. In-run analysis
of fragments of a large zircon crystal (generally every
fifth measurement) with known age of 563.5 – 3.2 Ma
(2-sigma error) is used to correct for this fractionation.
The uncertainty resulting from the calibration correc-
tion is generally1%–2%(2-sigma) forboth206Pb/207Pb
and 206Pb/238U ages. Concentrations of U and Th
are calibrated relative to our Sri Lanka zircon, which
contains approximately 518 ppm U and 68 ppm Th.

The analytical data are reported in the following
tables. Uncertainties shown in these tables are at the



1-sigma level, and include only measurement errors.
Analyses that are greater than 20% discordant (by
comparison of 206Pb/238U and 206Pb/207Pb ages)
or greater than 5% reverse discordant (in italics in the
data tables) are not considered further.

The resulting interpreted ages are shown on Pb*/U
concordia diagrams and relative age–probability dia-
grams using the routines in Isoplot (Ludwig, 2008).
The age–probability diagrams show each age and its
uncertainty (for measurement error only) as a normal
distribution, and sum all ages from a sample into a
single curve. Composite age probability plots aremade
from an in-house Excel program that normalizes each
curve according to the number of constituent analyses,
such that each curve contains the same area, and then
stacks the probability curves.
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The following information is applicable for each
data table.

1. Analyses with >10% uncertainty (1-sigma) in
206Pb/238U age are not included.

2. Analyses with >10% uncertainty (1-sigma) in
206Pb/207Pb age are not included, unless 206Pb/
238U age is <500 Ma.

3. Best age is determined from 206Pb/238U age for
analyses with 206Pb/238U age <1000 Ma and
from 206Pb/207Pb age for analyses with 206Pb/
238Uage >1000 Ma.

4. Concordance is based on 206Pb/238U age/206Pb/
207Pb age. Value is not reported for 206Pb/238U
ages <500 Ma because of large uncertainty in
206Pb/207Pb age.

5. Analyses with 206Pb/238U age >500 Ma and
with >20% discordance (<80% concordance) are
not included.

6. Analyses with 206Pb/238U age >500 Ma and
with >5% reverse discordance (<105% con-
cordance) are not included.

7. All uncertainties are reported at the 1-sigma level,
and include only measurement errors.

8. Systematic errors are as follows (at 2-sigma level):
[sample 1: 2.5% (206Pb/238U) and 1.4% (206Pb/
207Pb)]. These values are reported on cellsU1 and
W1 of NUagecalc.

9. Analyses conducted by laser ablationmulticollector
ICPMS, as described by Gehrels et al. (2008).

10. The U concentration and U/Th are calibrated
relative to Sri Lanka zircon standard and are ac-
curate to ~20%.

11. Common Pb correction is from measured 204Pb
with common Pb composition interpreted from
Stacey and Kramers (1975).

12. Common Pb composition assigned uncertainties
of 1.5 for 206Pb/204Pb, 0.3 for 207Pb/204Pb,
and 2.0 for 208Pb/204Pb.

13. The U/Pb and 206Pb/207Pb fractionation is
calibrated relative to fragments of a large Sri
Lanka zircon of 563.5 – 3.2 Ma (2-sigma).

14. The U decay constants and composition are as
follows: 238U= 9.8485· 1010, 235U= 1.55125 ·
1010, 238U/235U = 137.88.

15. Weighted mean and concordia plots determined
with Isoplot (Ludwig, 2008). Data tables are listed
with the samplenumber (e.g.,CW1) followedby the
location of thewell, given in theCanadianDominion
Land Survey format. See text for description.
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