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Zircon U-Pb dating by LA-ICP-MS: Measurements of age standards

Shogo AOKI'" and Kazumasa AOKI’

Abstract: Zircon U-Pb age data obtained by laser ablation inductively-coupled plasma mass
spectrometry (LA-ICP-MS) analyses are useful when attempting to constrain the timing of formation
of various rocks, because these closure temperature of U-Pb isotopic system is high (over 900 °C)
and they are basically less affected by later alteration. To check accuracy and precision of LA-ICP-
MS introduced in Okayama University of Science (OUS), we performed zircon U-Pb analysis on two
age standards (PleSovice zircon and OD-3 zircon). As a result, the weighted mean ages obtained from
Plesovice zircon and OD-3 zircons are ca. 337 Ma and 33 Ma, respectively, regardless of spot size.
Those ages are in agreement with their reference values.
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Fig. 1. (a) iCAP-RQ single-collector quadrupole ICP-MS (Thermo
Fisher Scientific, Waltham, USA). (b) Analyte G2 ArF excimer laser
ablation (LA) system equipped with HelEx 2 volume sample chamber
(Teledyne Cetac Technologies, Omaha, USA).
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Table 1. Summary of instrumental settings.

Laser ablation system

Instrument

Cell type

Laser wave length

Pulse duration

Fluence

Repetition rate

Laser diameter size

Sampling mode

Pre-cleaning

Carrier gas

He gas flow rate
Flow rate into sample cell "MFC1"
Flow rate into the HelEx arm "MFC2"

Ar make-up gas flow rate

Laser warming-up (laser shooting with

laser shutter closed) duration
Ablation duration

Signal smoothing device

ICP Mass Spectrometer

ArF Excimer Laser Analyte G2 (Teledyne Cetac Technologies, Omaha, USA)

HelEx 2-volume sample chamber

193 nm

<5ns

1.8 J/cm? for ablation of a 15-uym-diameter laser, 2.0 J/cm? for ablation of a 35-uym-diameter laser
4 Hz for ablation of a 15-um-diameter laser, 5 Hz for ablation of a 35-um-diameter laser

15 um, 35 ym

Single hole drilling

1 shot with diameter size of 50 ym

He gas and Ar make-up gas combined outside ablation cell

0.5 I/min

0.3 I/min
0.9-1.0 I/min
30s

30s
manifold-type device "squid"

Instrument
RF power

Data reduction
Detection mode
Monitored mass peak

Integration time per mass peak

Data processing

iCAP-RQ (Thermo Fisher Scientific, USA)

1500-1550 W

Integration of total ion counts per single ablation. Signals obtaind from first few seconds were not used for
data reduction, and next signals obtained from 20 s were integrated for further calculations. Signal intensity
of 25U was not monitored and ?*’Pb/?**U is calculated assuming *U/?*°U = 137.88 (Jaffey et al., 1971).
Pulse counting mode by a secondary electron multiplier

ZOZHQ, 204(Hg + Pb), ZDGPb, 207Pb, 232-|-hY 238U

0.01 s for 2°2Hg and 2**(Hg + Pb), 0.5 s for 2°Pb and ?’Pb and 0.1 s for *2Th and 2**U

Background correction

Calibration strategy

Normalization values

Common-Pb correction

Uncertainties

Background counts were obtained for 15 s of laser warming-up time, and ablation signals were subtracted
from the background counts

91500 zircon was used for correction of Pb/U and Th/U fractionation in all measurements. NIST SRM612

was used for correction of Pb/Pb fractionation. All correction factor for elemental and isotopic fractionation
are determined by linear interpolation.

206pp238 = 0.17928, U concentration = 81.2 pg/g, Th concentration = 28.6 ug/g, Pb concentration = 14.8 u
g/g (91500, Wiedenbeck et al., 1995), 2"Pb/*®Pb = 0.90726, ***Pb/?°®Pb = 0.058499, and 2**Pb/*’Pb =
0.064479 for NIST SRM612 (Jochum et al., 2005).

Not made

Uncertainties for ages and isotope ratios were quoted at 2 SD absolute to which repeatability of each six
analyses of 91500 and NIST SRM612 bracketing 15 analyses of unkown zircons were propagated.
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Fig. 2. Time profile of *>Hg, ***Pb+Hg, >**Pb, 2’Pb and ***U for NIST612 using OUS LA-ICP- MS system.

Table 2. LA-ICP-MS isotopic analytical data for the PleSovice zircon (spot size is 15 pm).

Spot No. Isotopic ratio Age (Ma)

W7p 25 26 D6ppA 20 D7y 235 26 26pp 28 20
PV15-1 0.3847 0.0221 0.05385 0.0025 330.5 16.2 338.1 15.6
PV15-2 0.3858 0.0221 0.05198 0.0025 331.3 16.2 326.7 15.1
PV15-3 0.3889 0.0221 0.05226 0.0025 3336 16.1 3284 15.1
PV15-4 0.3875 0.0220 0.05259 0.0025 3325 16.1 3304 15.2
PV15-5 0.4227 0.0242 0.05557 0.0026 358.0 17.3 348.7 16.1
PV15-6 0.3925 0.0225 0.05339 0.0025 336.2 16.4 335.3 15.5
PV15-7 0.3951 0.0227 0.05399 0.0026 338.1 16.5 339.0 15.6
PV15-8 0.3967 0.0226 0.05344 0.0025 339.3 16.4 335.6 15.5
PV15-9 0.3902 0.0223 0.05409 0.0026 3345 16.3 339.6 15.7
PV15-10 0.3873 0.0222 0.05273 0.0025 3324 16.2 331.3 15.3
PV15-11 0.3923 0.0224 0.0536 0.0025 336.1 16.4 336.6 15.5
PV15-12 0.3897 0.0222 0.05335 0.0025 334.2 16.2 335.1 15.5
PV15-13 0.4021 0.0230 0.05569 0.0026 343.2 16.6 3493 16.1
PV15-14 0.4019 0.0229 0.05383 0.0025 343.0 16.6 338.0 15.6
PV15-15 0.3827 0.0219 0.05198 0.0025 329.0 16.0 326.7 15.1
PV15-16 0.3905 0.0197 0.05419 0.0022 334.8 14.4 340.2 133
PV15-17 0.3931 0.0198 0.05326 0.0021 336.6 144 334.5 13.1
PV15-18 0.3814 0.0192 0.05361 0.0022 328.1 141 336.7 13.2
PV15-19 0.3885 0.0195 0.05284 0.0021 333.3 14.3 331.9 13.0
PV15-20 0.4038 0.0203 0.05376 0.0022 344 .4 14.7 3376 13.2
PV15-21 0.3787 0.0191 0.05396 0.0022 326.1 14.1 338.8 13.3
PV15-22 0.3859 0.0194 0.05344 0.0021 3314 14.2 335.6 131
PV15-23 0.4005 0.0201 0.05371 0.0022 342.0 14.6 3373 13.2
PV15-24 0.3916 0.0197 0.05357 0.0022 3356 14.4 336.4 13.2
PV15-25 0.3865 0.0194 0.05216 0.0021 331.8 14.2 327.8 12.8
PV15-26 0.3899 0.0196 0.05309 0.0021 3343 143 333.5 13.1
PV15-27 0.4086 0.0205 0.05433 0.0022 347.9 14.8 341.1 134
PV15-28 0.3969 0.0201 0.05436 0.0022 3394 14.6 341.2 134
PV15-29 0.4026 0.0202 0.05353 0.0022 3435 14.6 336.1 13.2
PV15-30 0.4068 0.0204 0.05373 0.0022 346.6 14.8 337.4 13.2
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Table 3. LA-ICP-MS isotopic analytical data for the PleSovice zircon (spot size is 35 pm).

Spot No. Isotopic ratio Age (Ma)

207Pb/235u 20 206Pb/238u 20 207Pb/235u 20 206P b/238U 20
PV35-1 0.4000 0.0056 0.0536 0.0004 341.6 4.1 336.8 24
PV35-2 0.4049 0.0065 0.0544 0.0006 3452 4.7 3414 3.6
PV35-3 0.3928 0.0059 0.0534 0.0005 336.4 43 335.1 3
PV35-4 0.3913 0.0065 0.0532 0.0006 335.3 4.7 334.1 3.6
PV35-5 0.3962 0.0066 0.0536 0.0006 338.9 4.8 336.4 3.6
PV35-6 0.4012 0.0061 0.0539 0.0005 3425 4.4 3384 3
PV35-7 0.401 0.0066 0.0542 0.0006 3423 438 340.0 36
PV35-8 0.3978 0.0062 0.0538 0.0005 340.1 45 338.0 3
PV35-9 0.3962 0.0061 0.0537 0.0005 338.9 4.4 3374 3
PV35-10 0.3977 0.0061 0.0536 0.0005 339.9 45 336.8 3
PV35-11 0.3932 0.0065 0.0533 0.0006 336.7 4.8 334.6 3.6
PV35-12 0.3980 0.0061 0.0536 0.0005 340.2 45 336.8 3
PV35-13 0.4025 0.0066 0.0539 0.0006 3434 4.8 3384 3.6
PV35-14 0.3977 0.0066 0.0535 0.0006 340.0 4.8 336.2 3.6
PV35-15 0.3852 0.0060 0.0533 0.0005 330.9 4.4 334.9 3
PV35-16 0.4143 0.0093 0.0554 0.0010 352.0 6.6 347.7 6.2
PV35-17 0.3947 0.0088 0.0529 0.0010 337.8 6.4 3325 6
PV35-18 0.3955 0.0088 0.0537 0.0010 338.3 6.4 337.0 6
PV35-19 0.3955 0.0089 0.0538 0.0010 3384 6.5 337.6 6.1
PV35-20 0.3950 0.0089 0.0534 0.0010 338.0 6.5 3355 6
PV35-21 0.4076 0.0092 0.0548 0.0010 3471 6.6 344.0 6.2
PV35-22 0.4042 0.0091 0.0547 0.0010 344.7 6.6 3434 6.2
PV35-23 0.3949 0.0090 0.0536 0.0010 337.9 6.5 336.5 6
PV35-24 0.3943 0.0089 0.0537 0.0010 3375 6.5 337.0 6.1
PV35-25 0.3940 0.0089 0.0534 0.0010 337.3 6.5 335.1 6
PV35-26 0.3960 0.0089 0.0539 0.0010 338.8 6.5 338.6 6.1
PV35-27 0.4011 0.0091 0.0544 0.0010 3424 6.6 3413 6.1
PV35-28 0.4046 0.0091 0.0545 0.0010 345.0 6.6 3423 6.1
PV35-29 0.4030 0.0091 0.0546 0.0010 343.8 6.6 342.9 6.2
PV35-30 0.3990 0.0091 0.0543 0.0010 340.9 6.6 340.6 6.1

Table 4. LA-ICP-MS isotopic analytical data for the OD-3 zircon (spot size is 15 pm).

Spot No. Isotopic ratio Age (Ma)

207Pb/235u 20 206Pb/238u 20 207Pb/235u 20 206P b/238U 20
OD3-15-1 0.0328 0.0016 0.00524 0.0001 327 1.6 33.7 0.8
0OD3-15-2 0.0334 0.0017 0.00521 0.0001 33.4 1.7 33.5 0.8
OD3-15-3 0.0331 0.0018 0.00529 0.0002 33.1 1.7 34.0 1.0
OD3-15-4 0.0338 0.0022 0.00526 0.0001 33.8 22 33.9 0.8
OD3-15-5 0.0326 0.0024 0.00521 0.0001 32.6 24 33.5 0.8
OD3-15-6 0.0340 0.0024 0.00529 0.0001 33.9 24 34.0 0.8
OD3-15-7 0.0330 0.0025 0.00526 0.0002 33.0 25 33.9 1.0
OD3-15-8 0.0388 0.0019 0.00515 0.0001 38.7 1.9 33.1 0.8
OD3-15-9 0.0468 0.0023 0.00525 0.0001 46.5 2.2 33.8 0.8
OD3-15-10 0.0456 0.0023 0.00512 0.0001 453 2.2 32.9 0.8
OD3-15-11 0.0343 0.0017 0.00533 0.0001 34.2 1.7 343 0.8
0OD3-15-12 0.0336 0.0022 0.00521 0.0001 335 22 33.5 0.8
OD3-15-13 0.0325 0.0024 0.00518 0.0001 325 24 33.3 0.8
OD3-15-14 0.0322 0.0024 0.00512 0.0002 32.2 24 32.9 1.0
OD3-15-15 0.0336 0.0025 0.00522 0.0001 33.6 24 33.6 0.8
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Table 5. LA-ICP-MS isotopic analytical data for the OD-3 zircon (spot size is 35 pm).

Spot No. Isotopic ratio Age (Ma)
*'pp/y 26 *ppy 20 2"ppAy 20 *pp/y 20
OD3-35-1 0.0334 0.0015 0.00521 0.0000 334 14 335 0.2
OD3-35-2 0.0322 0.0014 0.00523 0.0001 321 14 33.6 0.3
0OD3-35-3 0.0335 0.0015 0.00521 0.0000 33.5 15 33.5 0.3
0OD3-35-4 0.0336 0.0023 0.00522 0.0002 33.6 2.3 33.6 1.0
0OD3-35-5 0.0329 0.0024 0.00523 0.0001 328 24 33.6 0.7
OD3-35-6 0.0328 0.0023 0.00521 0.0001 327 2.3 33.5 0.8
OD3-35-7 0.0337 0.0024 0.00523 0.0001 33.6 24 33.6 0.6
0OD3-35-8 0.0329 0.0015 0.00526 0.0001 329 15 33.8 0.4
0OD3-35-9 0.0339 0.0015 0.00528 0.0001 338 15 33.9 04
0OD3-35-10 0.0329 0.0015 0.00526 0.0001 329 15 33.8 0.6
OD3-35-11 0.0337 0.0021 0.00524 0.0000 33.6 2.00 33.7 0.2
0OD3-35-12 0.0328 0.0024 0.00524 0.0001 32.8 2.3 33.7 0.6
0OD3-35-13 0.0336 0.0023 0.00523 0.0001 335 23 33.6 0.3
OD3-35-14 0.0328 0.0023 0.00523 0.0001 328 2.3 33.7 0.5
0OD3-35-15 0.0327 0.0014 0.00522 0.0000 327 14 33.6 0.2
358 Mean = 337.5 % 1.0 Ma. 95 % conf.
(a) Mean = 336.0 £+ 2.5 Ma. 95 % conf. (b) - -
MSWD = 0.51, probability =0.99 | 354 MSWD = 1.8, probability = 0.006
350
346
342
338
334
330
326
322
(c) 348 | (d)
34.4
34.0
33.6
33.2
32.8
Mean = 33.58 + 0.21 Ma. 95 % conf.| 32.4 Mean = 33.61 + 0.0082 Ma. 95 % conf. |
MSWD = 0.84, probability = 0.63 MSWD = 0.51 probability = 0.93
32.0

Fig. 3. Weighted mean U-Pb ages obtained from the PleSovice zircon at the laser spot size diameter of 15 pm (a) and of 35 pm (b). Weighted
mean U-Pb ages obtained from the OD-3 zircon at the laser spot size diameter of 15 pm (c) and of 35 pm (d).
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