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In-situ zircon U-Pb dating method by LA-ICP-MS and discussions on the effect of different
beam spot diameters on the dating results

Abstract; By using the newly introduced Geolas HD 193 nm ArF excimer laser ablation system and the Agilent
7900 quadrupole inductively coupled plasma mass spectrometer ( ICP-MS ) in the Key Laboratory of
Paleomagnetism and Tectonic Reconstruction at the Institute of Geomechanics, we successfully established the in-
situ zircon U-Pb dating method and trace element analytical method by LA-ICP-MS. U-Pb dating experiments were
carried out on PleSovice, Temoral and Qinghu zircons under the experimental conditions of 32 pwm beam spot
diameter, 5.0 J/cm® energy density and 5 Hz denudation frequency using the standard zircon 91500 as the external
standard. The ideal age results are consistent with their recommended values, and the measured U-Pb ages for
Plesovice zircon remain stable in different periods. Meanwhile, a comparative study of the U-Pb dating results in
different laboratories was carried out on an unknown sample 11-5, and the dating results are consistent with that
obtained in the State Key Laboratory of Geological Processes and Mineral Resources at China University of
Geosciences ( Wuhan) within analytical error. Trace elements in zircon standard 91500 and glass standard NIST
SRM 612 were analyzed by using NIST SRM 610 as an external standard and *’Si as an internal standard, and the
measured values are consistent with the recommended values of trace element contents. In addition, the influence of
different beam spot diameters on the zircon U-Pb age results was explored by using the Plefovice zircon as an
example. The results show that a denudation diameter of 16 ~44 pum can obtain reliable zircon U-Pb ages similar to
the recommended age, and under the same energy density and denudation frequency conditions, U-Pb ages
obtained by using 32 ~44 pwm beam spot diameters are more accurate than those obtained by 16 ~24 pwm beam spot
diameters.
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JRAIA R | B AT SR A R R A R AL
IESE (A, 20125 XIBEMESE, 2013; kAR,
2015; JHzsm4 . 2017; TH%, 2019),

FI SR 8 VR oty b b 1 A SR
F 2019 FH 5| T L HERRHE A F] Agilent 7900 #Y
DU BT H R 5 45 S A BT X (ICP-MS) il SE
EAHT (Coherent) /3] GeoLasHD %Y 193 nm 43
THOEH MRS (LA), R ZFHEBHL, @& T
LA-ICP-MS U-Pb € 4F Ko 2 MK L e %, I
FRTH:A, AMA, KA, BASES UTY
U-Pb IAE TAE , SCHE A O R ik — i B & 45 5
TSR G T8 A MIX U-Ph Z4FE Rt R
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Table 1 Major working parameters of the LA-ICP-MS
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Fig. 1  U-Pb concordia plot and weighed mean age of the zircon PleSovice in different periods
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4 (6 A8 H—I12 H) Frill i 232 4~ Plesovice
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520Ph/ 2 U A i A ¥ fH 337.95 £0.41 Ma
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PL 91500 K Ahbr, 3K4F T 125 4~ Temoral %%
i, A B APL/ U IS TE 401 ~ 433 Ma JEH
FEEPIE 413 ~418 Ma, 7 U-Pb i F1 & LR
L TRR, b o A R M e
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Fig. 2 U-Pb concordia plot and weighed mean age of the zircon Temoral

(a) U-Pb concordia plot; (b) Weighed mean age

(3) Qinghu #5471

Pl 91500 K Ahbs, M5 84 4~ Qinghu ¥, it
B RPOPh/ U AERETE 144~ 171 Ma YU, £
LTE 157 ~ 163 Ma, fE U-Pb 15 FIAEl |3 B0 %
LR, £ o maEE ML XL (F
3a) P/ U AR AT {H K 160.4£0.7 Ma

(MSWD=3.6, N=84; [&3b), [ Qinghu bt R
ANURE S AR R S S = A B IS AR, ORI A i
A7 & 1 BECRH 36 5 0 R B AP 10 s, AR IR
SR A — s RAK, EEER AR
R AR 8 75 B2 Ph/ 70U AR IR 57 Ph/ MU 4R
R bR — 3,
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Fig.3  U-Pb concordia plot and weighed mean age of the zircon Qinghu

(a) U-Pb concordia plot; (b) Weighed mean age
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WSS EEE SR EESTRT
B U-Pb AR Horb A P AS 2 I 25 0 FIZE 3 A
WL A ), AIRE MY P A B A A IR IR 22 51
CEVIR 7 % S A G N < S S O < Wl = I TS
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Fig. 4 Comparison of U-Pb concordia plot for sample 11-5 from different Laboratories

(a) Results from the Key Laboratory of Paleomagnetism and Tectonic Reconstruction; (b) Results from the State Key Laboratory of

Geological Processes and Mineral Resources
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FEJEAT U-Ph [R5 2005 0 Atk b, X6 454
FUFEZEIFRE T ST &R 43 M. LA NIST SRM 610 4
Ghbi, LAPSi b AR, 4 B 6 AR o RE S 91500 Al
NIST SRM 612 £ 47 La, Ce, Pr, Nd, Pm, Sm,

10° 10°
b 91500 NIST SRM 612
10!
g 100 g IOJ_
% k=
107 &
of = 02
4102 22 107 i
i —xmren | X —— W T
107
10!

Eu., Gd, Tb, Dy, Ho, Er, Tm. Yb, Lu & F+ %
i 170 2 43 . SCE 43 Bk T B A 91500 AN
NIST SRM 612 {J 108 F1 123 AN &, I3k 1T fik &
JTCR A, SRWE S PR, R 6 K RN 45
JCE BRSNS, S R BIE AR A

]La (Iie I"r I\Kld le Slm ]éu (I}d "i"b by ll—lo ]lir ]im S‘{b Lu

La ICe IPr II\Id f’m ém iEu ‘Gd Tb by i—lo ‘Er "‘fm IY‘t) ILu

B5 4 % 91500 A NIST SRM612 4 #F i £ J0 & 3 A I3 5 A o (L B2 2 A% 5 B Coom 9t 43 42 o 4 Sun and
McDonough, 19895 91500 4 £ 19 fift i 7€ % - ¥ & 4k (19 2 % (H I £ <5, 2012)
Fig. 5 Chondrite-normalized REEs patterns of the standard sample 91500 and NIST SRM612 ( Chondrite-normalized values are cited

from Sun and McDonough, 1989; reference values of trace elements for zircon 91500 are cited from Wang et al. , 2012)

4 itk
4.1 A U-Ph EREREDT
(1) Plesovice A1
Plesovice 5 A1 & 90 B 5L R AR K24 BR B2 &R 5K

8% U-Pb M EFRUE, Sldma et al. (2008) iEAY
TIMS 3 W H°°Ph/**U 4F % 24 337.13 £0.37 Ma,
BEN S (2009) DL GJ-1 K AMR, FIH LA-MC-
ICP-MS ¥ I 592 Ph/ > U 4E % i K 5 6 K
337.3+0.9 Ma, T K% (2012) LA GJ-1 4R,
FIH LA-ICP-MS #£45 (92 Ph/>* U 4F % in A F $4{8
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9 338.7+2.4 Ma, LK SZE DL 91500 S 5hFR, M
Plesovice %5 f1 ) 3 #t 3 671 A~ & W 3R 5 1Y
OPh/PU AR E B AP AE 335~338 Ma, 43Ik
T 337.34+0.44 Ma (MSWD = 1.2, N =214) .,
337.96+ 0.45 Ma ( MSWD = 0.42, N =225) #l
337.95+0.41 Ma (MSWD =0.77, N =232) I
Ph/ U AR MBI, S8 BEALIE L 2020 |
TREAE AT 2021 B2 AR B — /N ) B IR A
HEATGE T A0 B, DA A A5 0 1 98 R RE R — B4R iR
AT LLE P/ U AR R 52°Ph/ U — 2, JFHA
[Fi] B[] B2 1N 1 — S04 % R AF 188 i 4SO 389 18 A o
UT . X OSSR AE R 226 [ A 5 B NS Pledovice A
WS EE -3, Ul A RKER w550
T A S ST W U-Ph AR 5 VA 7E A [ i
(] B N PRAF T A1 1 245 5 1) o 0 1k R AR e

(2) Temoral #5417

Temoral #5477 H 8 K F] W AR 5 # Hr B Jak 7K 3t
B Temora $H , J& I F| W E 57 K2 U-Pb [R5
HrdsAE, TIMS B H1 SHRIMP 345 92 Ph/ 2 U 4F #
439K 416.75+0. 24 Ma il 416.6+1.0 Ma ( Black
et al. , 2003) ., Yuan et al. (2004) F]H LA-ICP-
MS 3R A5 12 Ph/ 2P U AR B ¥ {E R 415. 2+
4.1 Ma, BZI3C% (2008) 3 3k LA-ICP-MS 315
(AR Ry 416+5 Ma, SCE FIH] LA-ICP-MS J5 ¥ X}
Temoral HRFEMY 125 AN & AR15 1 P/ U 4F 1% 3
FLETE 413 ~ 418 Ma 35 [, 4F & m BV 5 H
416.0+1.1 Ma (MSWD=1.4, N=125), 5 L
T BB o AR B R 22 Y Bl SRV RN — B,

(3) Qinghu #5171

Qinghu &5 A1 MR H o E T R AR 5 )98 Rl
JBYZE B Z A0 0908 W 5 ik, Sy B R e s i
Hb ER Yy B 5T BT B AR LI & AR . Li et
al. (2009) #E A Ph/>*U TIMS 4E#4 K 159. 38+
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