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Analytical Methods 

Trace and Rare Earth Elements in zircon provide a powerful tool for studying petrogenetic 
processes of igneous samples and for reconstructing provenance and source terrane 
characteristics for detrital samples. This document outlines the methods developed for analysis 
of trace and rare earth elements by LA-ICPMS at the Arizona LaserChron Center (ALC). Some 
aspects of the methodology have been reported by Chapman et al. (2016). Analyses are 
conducted with a Photon Machines G2 laser or a Teledyne Iridia laser connected to an Element2 
ICPMS equipped with a Jet pump and interface (Pullen et al., 2018). 

Our analytical method involves measurement of 23 trace and rare earth elements at the same 
time that eight U-Th-Pb (and Hg) isotopes are measured for U-Th-Pb geochronology. The 
isotopes measured include 27Al, 29Si, 31P, 45Sc, 49Ti, 89Y, 93Nb, 139La, 140Ce, 141Pr, 146Nd, 152Sm, 153Eu, 
157Gd, 159Tb, 164Dy, 165Ho, 166Er, 169Tm, 174Yb, 175Lu, 177Hf, 181Ta, 202Hg, 204(Hg+Pb), 206Pb, 207Pb, 208Pb, 
232Th, and 235U. Dwell times of these elements range from 0.001 sec to 0.300 sec, depending on 
expected concentrations, such that concentration measurements for a typical zircon should 
have a precision of better than 5% and U-Th-Pb ages should be reliable to ~2%. Analyses are 
conducted with six jumps in magnet setting during each scan. Dwell and settle times (shown as 
settle/dwell time in seconds) are as follows: 

Al27=0.30/0.004 

Si29=0.001/0.002 

P31=0.001/0.002 

Sc45=0.026/0.002 

Ti49=.001/0.100 

Y89=0.042/0.002 

Nb93=0.001/0.01 

La139=0.034/0.300 

Ce140=0.001/0.010 

Pr141=0.001/0.004  

Nd146=0.001/0.004 

Sm152=0.001/0.004 

Eu153=0.001/0.100 

Gd157=0.001/0.002 

Tb159=0.001/0.002 

Dy164=0.001/0.002 

Ho165=0.001/0.002 

Er166=0.015/0.002 

Tm169=0.001/0.002 

Yb174=0.001/0.002 

Lu175=0.001/0.002 

Hf177=0.001/0.002 

Ta181 = 0.001/0.002 

Hg202=0.018/0.010 

(Hg+Pb)204=0.001/0.010 

Pb206=0.001/0.02 

Pb207=0.001/0.02 

Pb208=0.001/0.002 

Th232=0.001/0.002 

U235=0.001/0.005 

Each acquisition consists of 56 scans, each of which takes 1.1 seconds, for a total analysis time 
of ~60 seconds. This includes ~14 scans with the laser off to measure backgrounds, 37 scans 
with the laser firing to measure peak intensities, followed by 5 scans for sample washout. 
Analyses are conducted with a 35 micron laser beam diameter, a rep rate of 8 hz, and a fluence 
of ~7 J/cm2, which yields laser pits that are ~30 microns deep.    
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Data reduction is accomplished with TREEcalcML, which is modified from E2agecalc, our 
in-house data-reduction system that operates in Excel (Gehrels et al., 2008; Pullen et al., 2018), 
and a similar routine that runs in MATLAB (E2agecalcML). Rather than using the data from 
Thermo FIN2 files, we use a python-based decoding routine that extracts raw intensities from 
.dat files (Hartman et al., 2017). This allows calculation of an Analog Conversion Factor (ACF) for 
each isotope and for each scan, which significantly improves data quality. Intensities (and 
acquisition times) from decoded dat files are imported into TREEcalcML along with a scancsv file 
that contains information about each analysis (e.g., sample name, grain number, spot location, 
focus settings). U-Th-Pb (and Hg) results are processed utilizing E2agecalc or E2agecalcML.  

Results from analysis of T/REE analyses are reported in a variety of Excel spreadsheets that 
present both raw and reduced data.   

Internal Calibration Using Si 

The first correction applied to the data is a Si-based normalization. This is accomplished by 
calculating the average intensity (cps) of 29Si in all analyses of our standard Sri Lanka zircon 
during a session, and then calculating an internal normalization factor that sets the 29Si intensity 
of each unknown to the same value (Eqn #3 of Lin et al., 2016). The corrected intensity of 29Si 
for each unknown is then divided by the stoichiometric concentration of 29Si in zircon (7,179 
ppm; Wiedenbeck et al., 2004) or NIST 612 (15,762 ppm; Jochum et al., 2012), resulting in a 
factor that relates signal intensity (cps) to concentration (ppm). This factor is then applied to all 
other isotopes in the same analysis, resulting in Si-normalized concentrations. This is referred to 
as an internal correction because it relies only on the intensities measured during an individual 
analysis, and the assumption that Si in zircon is approximately stoichiometric. It accounts for 
spot-to-spot variations in sensitivity due to variations in the laser (laser energy & focus), the 
mass spec (e.g., sensitivity drift, which is due largely to variations in gas flows, temperatures, 
tune settings), and the sample (e.g., ablation across fractures, inclusions, or epoxy). It does not 
correct for accidental analysis of inclusions. 

External Calibration Using FC-1, Sri Lanka, R33 Zircon and NIST612 Glass 

The second correction is based on analysis of FC-1, Sri Lanka, and R33 zircon standards and 
NIST612 (trace element glass) during the analytical session. This is an external calibration, much 
like primary standard-sample bracketing for calibrating U-Th-Pb geochronologic data by 
LA-ICPMS. Concentrations of T/REE in FC-1, Sri Lanka, R33 have been determined in-house by 
comparison with concentrations of 91500 and MAD559 zircons, which have been reported by 
Coble et al. (2018). Calibration utilizing these materials is not ideal given that: (1) concentrations 
of T/REE in 91500 and MAD559 were determined by both LA-ICPMS and SIMS, and the results 
differ in many cases, (2) concentrations for some elements have large uncertainties, (3) the 
concentrations of some elements (e.g., La and Pr) in 91500 are extremely low, approaching 
detection limit for our system, and (4) we need to use secondary reference materials (FC-1, SL, 
and R33) because quantities of 91500 and MAD559 are limited. SL is used as our primary 
standard because it is more homogeneous that Fc-1 and R33, and has higher concentrations of 
La and Pr. 

2 
 



NIST612 is a trace element glass that has ~30 ppm of all elements of interest. This raises the 
possibility of calibrating with NIST612, but information from NIST612 is not directly comparable 
to analysis of zircons because NIST612 has a glass matrix, which results in total sensitivity, 
sensitivity drift, and elemental/isotopic fractionation that are different from zircon.  

TREEcalcML provides the option of performing the external calibration with either SL or FC-1, or 
some combination of the two. It also shows the impact on determined R33 and NIST612 
concentrations. This is shown on the Calibration Plot and the Offset Plot on the TREECalcML 
interface.  

TREEcalcML Output 

TREEcalcML outputs a variety of figures and tables that can be used to evaluate data quality, 
and for interpretation of data. These are saved in the original folder that contains the scancsv 
and xls files. The various tables include: 

-- AnalysisValue Table:  shows all intensities for each analysis. Labels indicate which rows are 
used for background intensities, PeakValue intensities, Tzero, stability determination, and the 
rows used to determine concentrations.  

-- PeakValue Table:  shows all intensities use to determine peak intensities for each analysis. 
Labels indicate which rows are used for Tzero, stability determination, and the rows used to 
determine concentrations. Below the data table are values from Si normalization and standard 
calibration.  

-- TREEppm Data Table: Concentrations of all elements in ppm 

-- TREEnorm Data Table: Chondrite-normalized concentrations of all elements in ppm 

-- TREE WR Data Tables: Show whole-rock concentrations utilizing a variety of partition 
coefficients. 

TREEcalc also exports all of the figures from the graphical user interface as pdf files.  

T/REE Data Interpretation 

There are many different ways to use T/REE concentrations from zircon. Following are just a few 
examples.  

Petrogenesis of Igneous Rocks 

Excellent summaries of utilizing T/REE geochemistry to determine igneous petrogenesis have 
been published by Bell et al. (2016), Belousova et al. (2002), Grimes et al. (2015), Trail et al. 
(2016), and many others. Following are some examples utilizing data from the Coast Mountains 
Batholith. 
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Analysis of Detrital Zircons 

Following are some examples of the use of T/REE data from a Cretaceous sandstone from the 
Colorado Plateau (CP39) that contains grains derived from many different provinces of North 
America. As described by Dickinson et al. (2008), grains are interpreted to have been shed from 
Archean, 2.0-1.72 Ga, 1.72-1.60 Ga, ~1.4 Ga, and 1.4-1.2 Ga basement provinces of North 
America; the Grenville (1.2-1.0 Ga) orogen, Appalachian (500-400 Ma) orogen, and 
peri-Gondwana terranes (800-500 Ma) of eastern Laurentia; the Ouachita orogen (400-300 Ma 
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grains), the east Mexico arc (300-250 Ma); and Jurassic and Cretaceous arc systems along the 
Cordilleran margin. Figures 6-9 show some of the T/REE characteristics that could be used to 
characterize these source regions for provenance studies, or, if provenance is known, to study 
petrogenesis of the igneous host rocks. 315 grains were analyzed. 
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These same methods of discrimination are also useful for determining more reliable maximum 
depositional ages, where the youngest age cluster may contain grains derived from different 
sources of variable age. Patterns of T/REE concentrations may help identify grains that are 
cogenetic, which would statistical analysis of the youngest grains that are truly coeval (e.g., 
Gehrels et al., 2006; Gehrels, 2012).  
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