High-uranium matrix effect in SHRIMP U/Pb measurements of zircon
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Introduction

Previous work showed that a correlation existed between highly elevated uranium
concentrations (>3000 ppm) and an increase in apparent U/Pb age obtained from
ion microprobe analyses (Fig. 1) (Williams and Hergt 2000), though this problem
had not been investigated in detail.
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Fig. 1. Williams and Hergt (2000) found that the apparent “°°Pb/#8U ages derived
from SHRIMP measurements are mostly similar within analytical uncertainty
between 0 and 2500 ug/¢ U, after which they they increase at a rate of
approximately 3% per thousand pg/g U.

Machine Dependence

We used different generations of the SHRIMP (I, Il and RG) to analyse samples of
varying uranium concentration and age (~180 Ma, ~100 Ma, ~50 Ma and ~20 Ma) to
quantify the effects related to the nature of the samples and/or instrumentally
induced fractionation (instrument, analytical setup and/or matrix effect).

Of the four samples that were analysed, the high-uranium effect was most
pronounced in the ~180 Ma Tasmanian Dolerite (Fig. 2). This typically shows an
increase in Pb/U age of around 3% per thousand pg/g of uranium when measured
on SHRIMP RG. However, one session on SHRIMP RG obtained a strong correlation
of an increase in apparent age with 8% per thousand pg/g of uranium. The effect
was not as apparent when the same sample was analysed with SHRIMP | (no
correlation) and SHRIMP Il (weak correlation) (Fig. 2).
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Fig. 2. Age vs uranium concentration plots of (a-b) SHRIMP RG, (c) SHRIMP | and (d)
SHRIMP Il measurements of zircons from the Tasmanian Dolerite. There is a positive
correlation between an increase in apparent age and uranium concentration when
measured with SHRIMP RG, but there is considerable different in the slope of the
line of best fit for each SHRIMP session (a-b). There is a weak-positive correlation

between an increase in apparent age and uranium concentration when measured
with SHRIMPs | and Il (c-d).
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Age Dependence

High-uranium zircons from the 98 Ma Mt Dromedary monzonite show little to no
correlation between uranium concentration and U/Pb age when measured with
SHRIMP [, Il and RG. Though, a correlation between uranium concentration and an
increase in apparent U/Pb age was observed in analyses of younger (~50 - 20 Ma)
high-uranium zircons, but these were less pronounced than the results obtained
from the older Tasmanian Dolerite (Fig. 3).
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Fig. 3. Apparent %°°Pb/%3U age vs. uranium concentration for SHRIMP RG analyses
of several samples of different age. This shows an apparent increase in U-Pb age
with uranium concentration, but also shows there is a correlation between an
increase in apparent age and an increase in the high-U matrix effect.

The “high uranium effect” is linked to zircon metamictisation

Raman spectroscopy was used to examine the crystal structure of the zircons that
had been measured previously with SHRIMP. This was done so that the uranium
concentration and U/Pb age was known for each Raman spectrum. The Raman
data indicate that the link between uranium concentration and apparent age is
related to the degradation of the zircon matrix due to radiation damage (Fig. 4).
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metamictization). *Also shown
is a typical Raman spectrum
for zircon that has experienced
relatively low radiation damage
(Zhang et al., 2000).
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Can we correct for the high uranium matrix effect?
e The change in crystallinity of the zircon matrix enhances the emission of

Pb+ relative to U and U oxide species analysed with SHRIMP.

e The effect is associated with matrix and machine parameters so an
external correction cannot be made assuming a constant correction

value.

e [t might be possible to quantify the effect with a secondary high-uranium
standard, but the matrix of this standard would need to be closely
matched in age (radiation damage) and chemistry (U concentration), this

is an impractical solution.

e We instead propose that workers be aware of this matrix effect when
measuring zircon with SHRIMP, and to use Raman spectroscopy before or
after SHRIMP analyses to ensure that the zircon is crystalline.




