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Abstract: Building on previous research, we employed laser ablation inductively coupled plasma mass spectrometry
(LA-ICP-MS) zircon U-Pb dating method to maximize sensitivity and minimize elemental fractionation effects. This
was achieved by improving the testing process, optimizing the instrument parameters, and incorporating auxiliary
gas sensitization equipment, such as nitrogen. In this study, three standard zircons—Qinghu, PleSovice, and
Tanz—were dated using beam spot diameters of 32, 24, and 16 pwm, respectively. The experimental results reveal
that with a 32 wm beam spot, standard zircon Qinghu **Pb/**U age range is 162 ~ 157 Ma, weighted average
*°Ph/**U age is 159.5+0.8 Ma (20, n= 6, MSWD=0.36); Standard zircon Plesovice **Pb/**U age range is
340~334 Ma, weighted average “Pb/**U age is 337. 1+1.5 Ma (20, n=27, MSWD=0.085); Standard zircon
Tanz **Pb/**U age range is between 574 ~562 Ma, weighted average **Ph/**U age 566.6+2.9 Ma (20, n=29,
MSWD=0.070). With a 24 wm beam spot, standard zircon Qinghu **Pb/**U age range is 162~157 Ma, weigh-
ted average *°Ph/**U age is 159.3+0.7 Ma (20, n=30, MSWD=0.22); Standard zircon Pleovice **Ph/**U
age range is 341 ~334 Ma, weighted average *°Pb/**U age is 337.2+1.5 Ma (20, n=29, MSWD=0. 13);
Standard zircon Tanz **Ph/**U age range is 568 ~ 561 Ma, weighted average **Ph/**U age is 566. 5+2.9 Ma
(20, n=30, MSWD=0.054). With a 16 wm beam spot, standard zircon Qinghu **Pb/**U age range is 163 ~
154 Ma, weighted average **Pb/**U age is 159. 5+1. 4 Ma (20, n=25. MSWD =0. 45); Standard zircon
Pleovice *Ph/**U age range is 340~334 Ma, weighted average **Pb/**U age is 337.3+2.0 Ma (20, n=30,
MSWD=0. 063); Standard zircon Tanz **Pb/**U age range is 575 ~563 Ma, weighted average **Pb/**U age is
567.0 + 4.3 Ma (20, n=30, MSWD=0.028). The weighted average ages of the three standard zircons (Qinghu,
Plesovice, and Tanz) are consistent with their recommended values within the margin of error. These findings dem-
onstrate the feasibility of using small beam spot sizes (24 pwm and 16 pm) for zircon LA-ICP-MS U-Pb dating. This
refined method extends the applicability of LLA-ICP-MS zircon U-Pb dating, making it suitable for small zircon
grains with complex structures. This model has significant theoretical research implications and economic value.
Key words: laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS); small laser beam spot;
zircon U-Pb dating
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®1 LA-ICP-MS (B IESH
Table 1 Operating parameters of LA-ICP-MS

TAESHL BE A
ICP-MS &%t
SHT(RT ) D32 1550 W
FEFR LA 15 L/min
RS 700 kPa
. 204 pp \2f)6 Ph 27p, \zzzzh \Azis TR
20 ms, HARITCHEN 6 ms
32 wm 40 s
{55 R4 24 um 50 s
16 pm 40 s
HWOLR i R 58
B 193 nm
e 7 1/em?
HRBE A% 32 pm 24 wm, 16 pm
FPh 20 He Wit 0.5 L/min
32 pm 7 Hz
iR 24 pwm 6 Hz
16 wm 5 Hz
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( Griffin et al. , 2008) ; U-Ph & H1 & FIMALCE 2435
TAEf# H Isoplot 4. 15 R A 8 J¥ 52 i ( Ludwing,
2008) .

2 rHriART R

Qinghu #5417 FI g IA PU R FE Y ) PERE 1A 2R
A A2 FEHh X KA R KA, KR AR
HIE di, HoHr R 28085 A 10 AR & O Mg o Ho g
BRI (ZEEMELE ) 2013) , ZEHRAESE(2013) R
FH SIMS #8715 Qinghu 4% 47 Ph/ ™8 U IIACE 4R Ky
159.6+0. 7 Ma (20, n=30); 25# % (2019) %
LA-ICP-MS 7E 35 wm B HAZ .5 Hz S5 551k
T, LLBRHESS A 91500 A A, FRA5 HPh/28U i
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Fig. 2

Standard zircon Qinghu, Plefovice and Tanz concordant diagram (a, ¢, e) and weighted average age diagram(b, d, f )

at the spot of 32 um
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Fig. 3 Standard zircon Qinghu, PleSovice and Tanz concordant diagram (a, ¢, e ) and weighted average age diagram(b, d, f)

at the spot of 24 pm
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Fig. 4 Standard zircon Qinghu, PleSovice and Tanz concordant diagram (a, c, e ) and weighted average age diagram(b, d, )

at the spot of 16 um



552

W KL, PR A A A RIBE LA-ICP-MS BN X U-Ph 4RI XF L 52 B oy P ST 487

(£2), *Pb/™*U IBCE A A 337.3£2.0 Ma
(20, n=30, MSWD=0. 063, &l 4d) ; 545 #5541
Tanz 1 30 3 5 19 Ph/ 20 U 4E 395 Bl Ry 575 ~
563 Ma (% 2), *Pb/™ U MMACE 4348 567. 0+
4.3 Ma(20, n=30, MSWD=0. 028, & 4f) , DI &%
RS PRUERS O WA E AR DR 22V BN — 3, R T
ARALEESBEAET , LL 16 wm FBEFAG A bR v 45
41 Qinghu ,Pleovice  Tanz 045 5 B A B4 UE
TPE S L

4 g

FIH LA-ICP-MS X454 47 U-Pb 45, il # 7F
~32 pm WEREEAR AN AT AT, T BRUSUR R
JEREIN BERIE R E A aS AR S B Y ~ 32 um
WEHET LA-ICP-MS ARG L MoK, Ak —
A R/NRBE ELAR W T sk 6 2 a2 ] {3620 BT (4 B
aiiE, EUE T TR IR B AR 3 25 I 0 o %
B ST R RN s Ak, FRR R R 2R A S 1
B B i 22, AT 3 2 5 IR A A ) ok
IRk 25 X,

AR S SEAEOE 2% 32 pm HEBE TR TR 4 4
PRUERE S HEAT IS 00T, LG B0 AR 0 AT RE 1, TR
IR J5 25 KA B Bl S XS B TAE S 4K
(R D), 24805, 75 RF D% 1 550 W,
B T RA W R 15 L/min, & <K J7 700 kPa,
204Pb \206Pb \207Pb ‘mTh \235U ‘238U \49Ti ﬂg/u\ ﬁj\ EH. I‘ET] jil
20 ms, HARATTRERBUTHIER 6 ms, R 2 < He Ui
B 0.5 L/min, #6193 nm, fEREE 7 J/em’,
FIATE 6 Hz {55 RAERTE] 50 s AITEBLT , LAY
24 wm EARHBEMR > BT 45 AR HE T 55 7RI
Bz b, RFEE— 2 A S8, 7245 5 R B B[]
40 s JEOGRI BT % 5 Hz HAh S5 — 3, 345
() 16 pm ELAR SBEIN 20 A7 45 SR HL A R 4 %) o 1
P, MBS TR EE A2 32 wm 1 24 pm, OGS
THAREE A2 16 pwm B 3 PIURE i it 06 SR BR AR I /L
(A5 E 38 1 0 ik g 38 5545 5 SR A B Ta) e 38 o
BES R Pl (255 | & 7 55 (1 0 2 4 BN, AT
SR HER R, BAh et /NI AR R R
W YR ) b 7 S 08 P R ot A e A A TR PRI Ut
55 WA /N SR BEHOE 10 5 SRR B 25 LTk,
FE/NRIPRELAR T, BT A5 AR R b A 3 48 R R
SERFIR], AR YK S 56 448 152 1 20U BCRE i B e

B R R R R TCP-MS 0 R U | B4R e 40
kG B RESCHE o

WHTSCHT 7R, 30 33 A3 2 B0 0 A DA R 38 s
BB, AR SO AR HEES A1 Qinghu | PleSovice , Tanz
BT T AR R BE T B LA-ICP-MS %5 41 U-Pb E4E,
5H W AR ARG T INR [F] SRBE T 1Y 3 A
A E RS R E R — 8, o W, AR SO e
) BASORL B 7 /N IRBE (24 pum A1 16 wm) LA-ICP-MS
JEALHIX U-Ph 5 45 5 22 B

ASC/NHREBE (24 pm K 16 pm, JLH 16 pm)
LA-ICP-MS #54 U-Pb & 453 Hr ik B &L 58 1
LA-ICP-MS B FHIE R, 3% 7 i ) o7 B A 7 o
PR S Ho— e RSO /I AR IR 2R R
HNE AR A fE—E R LI T SIMS 465E
SEFR BIMAS , T4 LA-ICP-MS /NI BE A8 4F 10 6 4%
I H A7 B4 7 A AR 454 5y 7 4 | ) o
S, W] R TG T A R R ) R ) S 4
B H T N BE LA-ICP-MS B 57, o] U )
LA-(MC)-ICP-MS [RI3 20 5E DL S 4 e 1X 1) B 43
OYHT, TERROM R 1 3R A5 0™ W 1 Sz [ 437 6 Fn ot &R
2K, AR T A R DX S5 S R ) R Y S )y T

WRGE IR, AT T B BB 9 B ST 25 M
5 4k

X3 PR UEEE A1 Qinghu | PleSovice 1 Tanz 43 J3)
TE 32 um . 24 pm DL K 16 pm RBE H AR 554 S b7
LA-ICP-MS U-Pb & 4, 3815 197 Pb/>* U 4F #% I A
SEXEAR R . FRUESS A Qinghu, HBE EH 4% 32 um
T, A 4 159. 5+0. 8 Ma (20,
n=26); WHEE L 24 pm 500 T, IMACE B4R 1 Hy
159.3+0. 7 Ma(20, n=30) ; I EHAZ 16 um 55 44F
T IACE AR N 159. 5+1. 4 Ma (20, n=25),
FRUERS A1 PleSovice, HBE H A2 32 wm &4 T, AL
SRS K 337, 1£1.5 Ma (20, n=27) ; WBE 54
24 pm FFEN IBCEEAFEEY R 337.2+1. 5 Ma( 20,
n=29); WBEH L 16 pm 50T, IACE B4R H
337.3+2.0 Ma(20, n=30) , ARUEES AT Tanz, FEREH
7232 pm ZRAFEN, INECE 4418 R 566. 6£2. 9 Ma
(20, n=29) ; WHE 4% 24 pm £ F, MECSE 4R
14 566.5+2.9 Ma(20, n=30); HBEEH 4R 16 pm
ZM T, IMACE Y W R 567. 0+ 4. 3 Ma (20,
n=30) . 3 MhRIEEE A 0 45 R 5 (A A



488 F=

fi 9

i 44 3%

TR 2270 [ P PR — 25, UE B AR YRR 9 ST B B U
BEA/INRBE(24 wm 116 pum) LA-ICP-MS J5Av i X
U-Pb E4F8 7k, B AT AT 5 R 1

AIERZOTE T, B Sl S 7 2 A 3 it
BRI RS ICP-MS 2102 5 i R i
JE 5 FLURAE o R HT T, 2 B AR O 3% ok 4
B | R ) W TR R T R S A N S
LA-ICP-MS U-Pb g4

References

Cai Yue. 2024. Exploration of new methods in marine strontium isotope
stratigraphy[ J]. Geological Journal of China Universities, 30(3):
253~268 (in Chinese with English abstract).

Duffin and Andrew M. 2015. Femtosecond laser ablation multicollector
ICPMS analysis of uranium isotopes in NIST glass[ J]. Journal of An-
alytical Atomic Spectrometry, 30(5): 1 100~1 107.

Griffin W, Powell W, Pearson N, et al. 2008. GLITTER ; Data reduction
software for Laser Ablation ICP-MS Laser Ablation-ICP-MS in the
Earth Sciences[ J]. Mineralogical Association of Canada Short Course
Series, 40: 204 ~207.

Hou Kejun, Li Yanhe and Tian Yourong. 2009. In situ U-Pb zircon dat-
ing using laser ablation-multi ion counting-ICP-MS[ J]. Mineral De-
posits, 28(4) . 481~492 (in Chinese with English abstract).

Hu Z C, LiX H, Luo T, et al. 2021. Tanz zircon megacrysts: A new zir-
con reference material for the microbeam determination of U-Pb ages
and Zr-O isotopes[ J]. Journal of Analytical Atomic Spectrometry, 36
(12):2715~2 734.

Li Xianhua, Tang Guogiang, Gong Bing, et al. 2013. Qinghu zircon: A
working reference for microbeam analysis of U-Pb age anf Hf and O
isotopes[ J]. Chinese Science Bulletin, 58(20): 1 954~1 961 (in
Chinese with English abstract).

Liu Ruiping, Li Li, Xie Shenngkai, et al. 2023. Simultaneous determi-
nation of U-Pb age and trace elements in zircon by LA-HR-ICP-MS
with small beam spot[ J]. World Nuclear Geoscience, 40(2) ; 435~
443 (in Chinese with English abstract) .

Liu Xiaoming, Gao Shan, Diwu Chunrong, et al. 2007. Simultaneous de-
termination of LA-ICP-MS U-Pb age and trace elements in 20 pum
small-beam in-situ micro-area of single-grain zircon[ J]. Chinese Sci-
ence Bulletin, 52(2) ; 228 ~235 (in Chinese with English abstract).

Luan Yan, He Ke and Tan Xijuan. 2019. In situ U-Pb dating and trace

element determination of standard zircons by LA-ICP-MS[ J]. Geolog-
ical Bulletin of China, 38(7): 1206~1 218 (in Chinese with Eng-
lish abstract) .

Ludwing K R. 2008. User’s manual for Isoplot 3.70; Ageochronological
toolkit for microsoft excel [ R]. Berkeley: Berkeley Geochronology
Center Special Publication 4.

Massimo T. 2003. In situ Pb geochronology of zircon with laser ablation-
inductively coupled plasma-sector field mass spectrometry[ J]. Chemi-
cal Geology, 199. 159~177.

Peng Lu, Li Quanzhong, Chai Fada, et al. 2017. Single zircon in situ U-
Pb age by LA-ICPMS at small beam spot[ J]. Journal of Hefei Uni-
versity of Technology (Natural Science Edition), 40(1): 110~116
(in Chinese with English abstract) .

Simonetti A, Heaman L M, Chacko T, ¢t al. 2006. In situ petrographic
thin section U-Pb dating of zircon, monazite, and titanite using Laser
Ablation-MC-ICP-MS[ J]. International Journal of Mass Spectrome-
try, 261(2): 239~239.

Slama J, Kosler J, Condon D J, et al. 2008. Plesovice zircon—A new
natural reference material for U-Pb and Hf isotopic microanalysis[ J].
Chemical Geology, 249(1-2) : 1~35.

Song Biao, Zhang Yuhai, Wan Yusheng, et al. 2002. Zircon SHRIMP
sample target preparation, age determination and related phenomenon
discussion[ J]. Geological Review, 48 (S1): 26 ~30 (in Chinese
with English abstract) .

Wang Sen, Zhang Shuanhong, Zhang Qiqi, et al. 2022. 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[ J]. Journal of Ge-
omechanics, 28(4) : 642~652 (in Chinese with English abstract) .

Wiedenbeck M. 2004. Further characterisation of the 91500 zircon crystal
[J]. Geostandards and Geoanalytical Research, 28(1): 9~39.

Wu Yuanbao and Zheng Yongfei. 2004. Zircon genetic mineralogy study
and its constraints on U-Pb age interpretation [ J ]. Chinese Science
Bulletin, 49(16) : 1 589~1 604 (in Chinese with English abstract).

Yang Zhiqing, Liu Dunyi, Fang Jianguo, et al. 2016. Innovative high
resolution 3D sample stage in ultra High Vacuum for SIMS[ J]. Jour-
nal of Chinese Mass Spectrometry Society, 37(5) : 418 ~413 (in Chi-
nese with English abstract) .

Zhang Bangtong, Ling Hongfei, Wu Jungi, et al. 2013. “The closure
temperature of zircon U-Pb system crystallized from granite magma =
850°C” doubt—LEvidence based on element diffusion theory, compari-

son of zircon U-Pb age and whole rock Rb-Sr age[ J]. Geological Re-



552 1

W KL, PR A A A RIBE LA-ICP-MS BN X U-Ph 4RI XF L 52 B oy P ST 489

view, 59(1): 63~70 (in Chinese with English abstract) .

Bt 1 32 5% STk

2B 2024, BRI MR SR O IR IT ()], SRS T A AR,
30(3) : 253~268.

PERZE, 2R3, THA 2. 2009. LA-MC-ICP-MS 547 i X JE 47 U-Pb
FEAEHIRTT]. W RHLTT, 28(4) : 481~492.

ZEpkAE, FEEGE, 28 0K, %5 2013, Qinghu (GGEW)) 854 —ANFHY
U-Ph 4EI A1 O, HE RN 2 X407 TARBRBE[T). Bl ak,
58(20): 1954~1961.

XUEGHE, 25 B, WHHEDL, %. 2023, LA-HR-ICP-MS /N BE45 1
U-Ph 4 & R i oG 36 A4 (R B 0 ().t S8 ot R B 2
40(2) ; 435~443.

MI/NT, B, SETREA, . 2007, FUBRES A Y 20 wm NBESR
JEAZ X LA-ICP-MS U-Pb 4F#S Rl TR B Iz (1], B
AR, 52(2) ; 228~235.

28 g, fif 3T, EEARLE. 2019. LA-ICP-MS FR#ERs£7 AL IX U-Ph

FEAFE R TT R B ST s [T, B4z, 38(7): 1206~
1218.

R, A, kiR, % 2017, SBURES £ /R BE LA-ICPMS
JEAAAIX U-Ph AFREAGIINE [ T]. A AL Tl 2l ( FAAREE
Ji), 40(1); 110~116.

Ko, KEME, A, % 2002 £5 4G SHRIMP B G HUEE AER
M B A RMEIB[ )], HFIEIT, 48(S1) : 26~30.

R, kg, SKBLHL % 2022, LA-ICP-MS #5471 %X U-Pb 4
J5718: B N R AR B AR X SR 25 SR VR AR (D). sl
AR, 28(4) ; 642~652.

FICPR, MK K. 2004, SRR 2T X U-Ph 4R I i RE
MIRIZI[T]. Blefaddi, 49(16) : 1589~1 604.

W2, X8—, BEE, 4. 2016, B/ RE TR
e GHRILT]. Bk, 37(5): 408-413.

B, LK, SR, . 2013, “ALi A SR IE AT U-Ph K&
S L RE = 850°C ” BT AE——FE T OUR Y HOIE B4 U-Pb 4F
#5542 Rb-Sr AR R X LU AR (1], #BTIEIF, 59(1): 63~
70.





