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Abstract

U-Pb zircon geochronology by LA-ICPMS has been widely applied in the geological field due to its relatively
high spatial resolution, high efficiency and low cost. Accordingly, there is growing considerations on the accuracy of
the method. The fractionation between U and Pb during laser ablation is the predominant factor affecting the accura-

cy. The analysis parameters such as laser wavelength, pulse width, energy density, carrier gas and the oxygen content
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in the carrier gas create a complex fractionation mode. In addition, the inconsistent laser focusing states of reference
material and sample, which has usually been neglected by the analyst, also have a significant impact on the pattern of
U-Pb fractionation and eventually degrade the accuracy. It is still unclear in which way does the focusing inconsisten-
cy influence the accuracy. In this paper, Zircon 91500 and GJ-1 were analyzed as primary reference material and sam-
ple respectively under the different laser focusing conditions with focal plane deviating from the zircon surface in the
range of 30 um below and above the zircon surface. The depth and size of craters were measured by the confocal laser
scanning microscopy and field emission scanning electron microscope. The impact of laser focus on the geometry of
the crater and the dating accuracy was systematically investigated. The results indicate that the U-Pb fractionating
pattern and degree of reference material and samples agree well with each other when their laser focal planes deviate
from the zircon surface at the same level. In this case, the age bias was less than 1%. Conversely, U-Pb fractionating
states of reference material and sample significantly differ from each other when their laser focal plane deviate at dif-
ferent level. The resulting age bias was more than 3%. The age bias are fundamentally attributed to the aspect ratio in-
consistency between reference material and sample ablation crater. When the laser focal plane deviated from the zir-
con surface more than 15 pm, the crater size increased, the aspect ratio decreased and the pattern and degree of frac-
tionation changed significantly. Focusing the laser properly could be achieved by observing the morphology of the
pre-ablation crater. The pre-ablation crater should be clear and even when the laser focal plane is within 15 pm near
the zircon surface. This can make the U-Pb fractionation mode of reference material and sample be the same and thus
improve the dating accuracy.
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Fig. 1 Locate the accurate focal panel of the laser according to the morphology of craters on the zircon 91500
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a. 3D morphology view of the crater obtained after ablation of 91500

using 150 laser pulses at 2 J/em?. Note the width of the jet layer is

around 20 um; b. Cross-section profile of the ablation crater
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Table 2 Experiment settings and results
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Fig. 3 SEM image of the ablation crater of 91500 under different focal settings

Footnote represent the position of the focal plane. d is the local magnification of h. d shows the detail of the jet layer
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Fig. 4 Impact of laser focus on **Pb/>*U age of GJ-1
a. 2°Pb/3¥U age of GJ-1 and aspect ratio of the ablation crater under different laser focal settings. Yellow dashed line and grey region represent the
TIMS reference value of 2°°Pb/?**U age of GJ-1 and +£1% error range respectively; b. 2°°Pb/?*U fractionation curve of GJ-1 and 91500 of group H.

Raw curve has been smoothed. Folded line and dashed curve represent the raw and smoothed 2°°Pb/?**U fractionation curve of 91500
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