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Abstract: Zircon is a robust dating accessory mineral, and often develop thin ring (generally less than 5 pwm),
which poses challenges to obtaining accurate ages of this ring. This article conducted a series of comparative and
experimental studies from three aspects: (D sample preparation methods; (2 experimental conditions, and 3 data
algorithms to evaluate the reliability of multi-pulse short time ablation method for LA-ICP-MS U-Pb dating of ultra-
thin ring (~1 wm) in natural zircons. The results showed that although the double-sided adhesive sample prepara-
tion method is fast, the sample observation under microscopic and laser system are poor. The resin-fixed prepara-

tion method has high efficiency, is easy to observe with transmitted light and reflected light, and is conducive to sample
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surface focusing. For laser setting parameters, data results in 5 Hz/2 s ablation are more stable than those in
10 Hz/1s ablation. The peak integration method is superior to linear regression and mean value methods for data re-
duction. Our results show that by using rapid erosion method for PleSovice and Qinghu zircon dating are consistent
with the recommended values within the error range, but the data error is relatively large (~5%, 1o). The zircon
standards PleSovice and Qinghu are improved by 3% and 2% respectively when the 50% ~60% of each signal peak
value peak integration method was used. The combination of resin-fixed sample preparation, peak integration data
processing method and multi-pulse short time ablation method can get an acceptable age of ultra-thin zircon ring.
This method can provide more age constraints for multi-age geological processes.

Key words: ultra-thin ring in zircon; multi-pulse short time ablation method; sample preparation method; peak ar-

ea integration method; U-Pb dating
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HH 3 J/em®, SEE A EINNA T E DL O Rk
SRS EOL R 1, SEI0 B 14 4 2 5
#541 91500 ( Wiedenbeck et al., 1995) ., Plesovice
(Slama et al. , 2008) Fl Qinghu ( ZEHRAESE | 2013) ,

£ 1 HXAICP-MS S#%
Table 1 Parameters of laser system and ICP-MS

B Geolas pro+ Analyte HE+
= Agilent 7500a Agilent 7900
BRk b Ak W3 CCD Bk
RF D1/ W 1350 1350
BHIS/L - min™! 1.43 0.9
N JELE Ik of 1% 52 ok ofr
i 22 EZE L
VRS (5 Ha/2  F1 10 Ha/1 s) (10 Hz/1 s)

MEXTTE M5 ZSi, 10 ms; *®Pb, 30 ms; 2"Pb, 30 ms;
s ] 2%Ph, 10 ms; *2Th, 10 ms;*%U,10 ms
O K/nm 193
FI A E/ pm ~1
AERBEE/] » cm 2 3
HEEH 2/ pm 32 30
HWOEH R/ He 5~10 10
He 4/ mL « min ' 350 800
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MPPU IR G5, (R E SR e/ F R A
SEARSCE B A TR, Sex RN AL A Rl 2%

BT ARSI DT
Pictures of different sample preparation methods
a— WU L RIRE ;. b—AS B R kL Hl A

a—double-sided adhesive; b—resin fixation

Fig. 1
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Fig. 2 Ablation signal of zircon PleSovice by Geolas Laser
Geolas SCHR 114 32 wm 5 Hz 2 s, Hi1, 5 s HER(ES,

2 s Syt i)
the experimental conditions for Geolas is 32 pm, 5 Hz, 2 s,

where 5 s is the background signal and 2 s is the erosion time
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Fig. 3 Representative zircon pictures under microscope,laser system and SEM of two sample preparation methods
(1) —$EABSOEI A () —# A RIDEM A5 (3) —Analyte HE HOBEEL FH# A B A5 (4) —Coherent Geolas OGSk T #5417 B
(5)—Fh A AR g A

(1) —zircon transmission light photo via microscope; (2)—reflected light photo via microscope; (3)-—photo captured by the Analyte HE camera;

(4)—photo captured by the Coherent Geolas camera; (5)—photo captured by the SEM

S, AR XTI (45 41 Pledovice A1 Qinghu #E4T 91500 FUZE AR Z2KIRIGH . THA LR BoR |, XU g
YE AL, Pk JE I TR A B S RS SRR e B AR TR 38 TT AR AR B 1 o
RGN M7 BE AN, R RAEMEIRE SR FriiRgs R, 7632 wm 5 Hz 2 s ISCR 500 T A
(U 1~2 s) , LT ZEXH G 25 AR IR IE S BE HIRRIR SRS 19 Qinghu 85 417 Ph/ 2 U A3
FVPEAl, AR SCHEEM PSR 22T R R TE A FRR 159.422.2 Ma (MSWD=0.22; n=9) (Kl 4a)
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Table 2 Comparison of the effects of two sample preparation methods
LI i g R (8] 52 3
B T I 1R 2 R AR PR E B e AT
WG E R At W AT R T i 2 S R T 17+ LSRR
Analyte HE AEN LTSS SURERE TR, I e A AT
HOLBEk [P0 WA M, kR MBI AE
Coherent -Geolas Pro
G i e 2 A sE sl b, RS, (LT :
WOk Rl e sl REGR: EARE RTBBAETTLE . WA TS

I, BLERHGR AL

S L EL

R PR e R )

PRGN 252700, ILERTR L

AR, REanERE, S EURLE, BT

a b Mean=160.146.1 Ma (z=18), MSWD-0.3] 40
0.06 |
0.06
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] 2
£ o
Eooap 20041
= 3
=
0.02} 0.02 }
- M 1
— — ! 1
0.15 020 .. 102 0.30 o1 0.3 0.5
207pp, 235y
207ph /235
0.050 £ € Mean=165 447 1 Ma (4=8), MSWD=0.5 d  Mean=162.6:2.6 Ma (=18), MSWD~0
i 2205
0.034 |- &
i 300 034
170z 1
150 250
= - 150
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2 oo3sk
5 0.0%3 £0.028}
g 200 =
150
0.020 |- 0022}
L L 1 1
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Fig. 4 Zircon concordance diagrams of Qinghu by different experimental conditions and sampling methods
a—32 pm .5 Hz 2 s( AR BRI ) 5 b—32 wm 5 Hz 2 s(BUA ML HIFEES) 5 ¢—30 wm 10 Hz 1 s(RIAREE HIREE ) 5
d—30 wm .10 Hz 1 s( 3Bl )

a—32 wm, 5 Hz, 2 s (double-sided adhesive method) ; b—32 pm, 5 Hz, 2 s (resin-fixed slide method) ; ¢—30 wm, 10 Hz,
1 s (double-sided adhesive method) ; d—30 wm, 10 Hz, 1 s (resin-fixed slide method )

K FHRUIE S RIREY: , Qinghu 4547 Ph/28 U JIALF- 15
A A 160. 1+6. 1 Ma(MSWD=0.31; n=18) (&
4b) . SEHZHN 30 pm 10 Hz 1 s B, R [E 7E
FEESRAEAY Qinghu £5 477 Ph/ ™ U INALSE 4 4 48 4
165.4+7.1 Ma(MDSW =0.5; n=8) (K 4¢), KH

XU g A 5 |, Qinghu 85 477 Ph/ 2 U JINACE- 4 1
H162.6+2.6 Ma(MDSW=0.9; n=18) (K1 4d), [d
I 5 W 9 B RE 5 AT Plesovice 1Y U -Ph 3545 0 4F 1%
HERGE N 99% (3% 3) , i A R 45 R 51T A
I 5E HYAF W) 5 BLUF (Slama et al. , 20085 ZEHRAESE,
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Table 3 Zircon age data under two experimental parameters

P kA SR by IR Jy ik 206ph2Y 4§ (£la)
Qinghu-1 LTI 1606 Ma, MSWD=031; n=18
Qinghu-2 1594£2 Ma, MSWD=0.22; »n=9
BB

Qinghu-3 160+2 Ma, MSWD=0.55; n=13

Coherent Geolas+Agilent 7500A PleSovice.a 337+£7 Ma, MSWD=0.64; n=7
32pm, 5Hz. 2s Plesovice.b 33616 Ma, MSWD=0.92; n=5
Plesovice.c BEIE R 337+17 Ma, MSWD=0.02; »=11

Plesovice.d 335+14 Ma, MSWD=0.08; n=7

PleSovice.e 336+10 Ma, MSWD=038; »=3

Plesovice AL il 331£6 Ma, MSWD=0.49; n=20

Cetec Analyte HE+Agilent 7900 Qinghu-4 B 1 iz 165+7 Ma, MSWD=0.79; n=8§
30um. 10Hz. 15 Qinghu-5 AT 169+2 Ma, MDSW=1.10; n=13
Qinghu-6 ALl 163£3Ma, MDSW=090: n=18

2013) o MERG AT BY B v, RS A5 Al ORESERY; B PR/ DK O 30 Y SR R AR T %
Pb WHIAHXTARAS, H2°Pb/ U (558 e, Bt Sl il K o ul /b 5 3505 5 0 {8 5 B8 A% B8 1 %
P B 1 AR AT 0 4 0 B 4 748 FPPh/ 2 U S5 (Krupp et al. , 2004; Amrani et al. , 2009; Tukhmetova

B JINAS - YA AR 4 A Ay e AT et al. , 2022) . BEIIL, (# FHHEHL 40~ 60 s HELF S X [H]
2.3 AEHIBLEMITE A ETEE AR BE AL B 5 B X BRI S 8UE #E A7 A B B A

FURI, 5o/ ik bR A A S RO 7P AE 3 DR RER IR BRS .  HRTALEE LA-ICPMS 2347 £k
EAFAFR A RA A RN A NI AREEE . O 1 ABERE U5, E2ORA 3 AL BT 1 (IR ML 2
o B DN A (AN 45 S AR I ) P k] (ERR MR T SRR K S P A bR e 3 2 I )
BT AE RS RORA L @ M E B RAR Wk, AEH 3 R8s b 07 AR YO 48 52 1Y
R, AR AL SURE I 25 e A 2 ST R R R SCR A A BE A T AR B AR BRI SRR LR 4,

% 4 PleSovice 1 Qinghu £ AWM AR FELHELIBF EZLERICEA

Table 4 Results of PlesSovice and Qinghu with different reduction methods
W FRS3vk SRS [ AIERES
R e RAPIERLN (1 s) RWEFRST (2 s) KA (1 s) SRAEIXIA] (2 5)

206 Pb/238 U +1lo 206Pb/238 0] +1o 206 Ph/238 U +1o 206 Pb/238 U +1lo

Woph,28y  BiR#E/Ma

Qinghu-1
(n=18)
Qinghu-2
(n=9)
Qinghu-3
(n=13)
Plesovice. a
(n=7)
Plesovice. b
(n=5)
Plesovice. ¢
(n=11)
Plesovice

(n=23)

160 4 153 5 158 3 158 4 316 7

159 4 155 7 160 6 147 7 324 5

160 11 155 12 158 6 152 4 304 13

337 12 330 13 335 16 332 8 148 5

336 30 327 10 336 20 325 10 134 13

337 20 308 14 334 17 326 8 145 11

3366 328+5 330+10 322+10 316+5
Qinghu
160£2 1574 15943 1505 146+4
(n=40)
R¥%(+lo)/Ma 3.7 5.0 5.7 5.7 14.0
HER L/ % 99 98 98 98 82
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WEAH i AL FR 37 (peak area integration, PAL) i
FRUEEFR 53-8 , 48 XA b DU 1) 45 [0 67 28 A 15 5 D
3 A T RS P N Y TRl 2R LU AL,
ORTEACBRBR ST S5 i Tk . AR SE 5 4 s
5 B A0 AR AT R 7 B 2 AR I Steely 55 (2014)
P AT, HoR AT Niki 45 (2022) [
(EAKE BT, P R B, 855 5 = T I (E
(4 5% ~ 10% 1 DX [ A7 FR A1 T A 2 A A 506
1) A5 DX 3 A5 28] 9 ) 57 2R b A 500 1 o ff 3 o 1
XA X ] e 47 X3S A TR LE 40 A 1
ST 0, DA 30 ABL IE 285 43 A B3 X6 FR U6 I A 15
BEREAR 43 X (] s BEIORS f , A 5 dg sk 2D PRl e
TR AT T e B4k X L,

sl —n— R
—o— RUEFLYI

350

310 H\

200

SEHS/Ma
Tl
Tad
(=]
T

-1 1 Il
a c

b
TR S

et al. , 2014; Niki et al. , 2022) , A TH9 A4k 56 4
A PR —NIEAE S AR E I X E] (1 s) #EAT
T AN X B A ko 1) 42315 5 (2 ) SRR, 7%
FNFEALREAE TSR, B TR Z R IE, %
Ty E K AR B MR & 155 R B, IRl i LR E T 15
SiREN, AR ME A Plesovice B N, &
WA R 3 b FRAS B (92 Ph/ 2 U 4R I3 - 21 H 327
Ma, 1 A2 48 15 5 0 0 F2 2 Bt 1 s iF 47 B 47,
F2°Ph/ 2 U AR F-24(E R 336 Ma, SR 1M I 15 22 W]
IR (K Sa, 3% 4) , 0 ERUMEABEE G Qing-
hu A5 2 1 25 F 07 MERR BE S R T 3% RS EE L L 4
TR E T ~1% (& 5b) o B, 35 SR
O3 A R AR R I S R T )

—8— EERH S
—e— SRR

1 1 L

YRS

5 #5f Plesovice(a) Fl Qinghu(b) #R4rFR 43k 5 AR A vk SRAFAE I X LE &
Fig. 5 Comparison of age obtained by peak area integration method and full peak area integration method for zircon

PleSovice (a) and Qinghu (b)

2.3.2 ¥

YIE P (point by point, PBP) J& i B — Bt [F] i &
FUAE RS A2 1 DX 38 3 oK - 9 {E 75 21 /% ( Rubatto et
al. , 2006; Epov et al. , 2008, 2010) , H:[F {7 & A4
O3 IE SR FHAE S AR AR [R] 4 5 (SSB) 5, [ /Y LA-
ICP-MS 523628 38 {81 F} ICPMSDatacal #1755
AR B R B , A G T ICPMSDatacal 04 X645k
PEHEATT 1 s M2 s (X R PETE ST EE (£ 4) .
ST R AR I 1 B0 X TR R 2 s BK
I8 DX 8] 2 5 75 BOYEHG FE, Plesovice WEHE % T
2.2% ; Qinghu W E T 7. 2% , {H J& A 5 iR 22 % A
WAL, M Ph BITR AT TR KR 2 R
KA REE™ P A5 5 B2, A] RE B b 1 35,

Xt A1 Plesovice BRI 5 M A BL, 2 Bk POt
AT = A B AE 5 T Ph/ P U I B B K, Wik
2 50% (&1 2) , T ] T B 1 1 1 BE AR, S 28 2%
HEVRERAY ORI, b T [ R O AR 7
HXH R B XS R (1~ 2 s) |, 7RI P E 5 1 25 St
WA RIS, R, X EBE LI A E TR
A RS 5 L E AR L8, (HZ, i T ICPMS
Datacal X454 J7 (8 | ST M, BEACh UL b UL %€
FEMARIR TR 5 B, 7T LME N — A4 B TR AT
DI M T S e 580 ot
2.3.3 R

BUREEARAR A Lt [T H 83 (linear regression
calibration, LRC) , % F1iZ 7 L0, A& 1 2Pk
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VAL B Ak Sy Bl i 1 [ 7 2% L (86 5 BRIV a aok
210 W R R 02 2R AR A 5 A S D5 L Y e 5, 75 31
(R A BE S A RS R H . Tk
i T W AR 5 B B AL B AT oI5 S R AL T
1B M S AN 2 BE R4 3 ( Longerich et al. , 1997
Wehmeier et al. , 2003; Chang et al. , 2006) , £k
PERIA 73 A b, o T Ba AR 5 8uE A ARy
At T AT, R AR 495 R A LR A 532 i A R AR
()2 A5 5 W DX I P 50 o, PRI i e AR s T A
JURP 5 k58 0 A S feg i, ELRE £ 1 PRI IBR S 5
AIEW R R R WSS R RSN, %07
BRI AT HI TR0 i 50225 1 ot rh AR ] 437 3%
AL AYIE O ( Fletcher et al. , 2010; Fisher et
al. , 2011; Bauer et al. , 2017) . ASYRZAN: P38 3
Origin L QLT N AN 2000; Gao et al.,
2014) AR T (LAPh/20 A ) - LA —
B —A DS A9 Ph AP U M55, I Or-
igin A Linear Fit TAERE ST [A] T 458 . ?; =b,+ b,
K9, = by b, K VO£ 53 (1 AR
F R B B b BB £ 8t R/ T R RO
FREP AT AR — R A L . I X AR Z20PD
FEHE, YAREPU ARSI n ISR,
FRERES @ IS TG 25 SRl ok b s A A
23 R AR AT A LR 22 | AH OC 2R BRI AR 1 D
AR . PR b, BPOPL/ U M, B E RECH R
Blliisd F2ET R ORI, R B, A4
I 1R 228 /N (McKay, 1932; Hendricks and Robey,
19365 Gao et al. , 2013; a4, 2015) . KIEJR
FEPh/ U HIE A Ph/* U B MR 2T
BRI
(**Pb/?*U) g, =0. 179 2(°°Pb/7*U) i/

( 206Pb/238U) 91500 E ( 1 )
C*Pb/?*U) g = 1 064 (P Pb/*U) gy
( “Ph/PHU ) 91500l H-F-Ffi ( 2)

(Pb/U) e = L Ls COPO/ 2 U) e 17+
[sCPb/™U) gyspompnr 171 (3)
Hidr,0.179 2 24 91500 A9 Ph/** U HEZAE, 1M 1 064
4 91500 F9*Ph/ U AR AE A dh B 25 AR 25 R
LG ITRIRZE (E) F1 91500 191222 (SD) 45
1, AP s Fon
WE 6 FizR 14 525 Qinghu B 5 U4 15 21
FIAR b=18.24+1. 03 (R*=0.96) , H iR %N

5.7% , EDX BRI IIGIRE , R ER(ES) A
YRR AR AT (i A B g7 158 22 Ay LAt s /DN | AR R
P R 22 (8 R 5% B HLE G IR ER K (4. 7% ~
13.3%) , AR AL A B 1Y £ 47 45 S L 3k 22 1
ZIN  BSCHE TE JEE e 25 T A E A BR i X
BT BEASIE A 22 Ik et ik ) s fnh S s

3000
| |
2500
=
o
2 20001
= 1500 F
z y=ath'x
5.7
1000 5 W —166 144 51=106.445 26
= T [8.24223+1.032 93
i _i_ 0.959 99
50‘.} 1 i 1 " 1 " 1 " 1 i ]
60 80 100 120 140 160 180
WOph{E SR /(cps)

6 Qinghu #5417 Pb I U 55 3 BELL P&
Fig. 6 Linear fitting diagram of signal intensity for ***Ph

2. . . .
and **U in Qinghu zircon

£ 5 HBEAIREH Plesovice F1 Qinghu $EAHIER
Table 5 PleSovice and Qinghu zircon data reduced

by linear regression calibration method

ME AR

LA AF/Ma RSD HEB L/ %
TR2E/ % 72/Ma
Plegovice. a 316 3.2 3.5 6.7
Plesovice. b 324 3.18 1.83 5 93
Plesovice. ¢ 304 4.6 8 12.6
Qinghu-1 148 2.4 2.3 4.7
Qinghu-2 134 8.2 5.1 13.3 90
Qinghu-3 145 5.2 5.5 10.7

ASAEH T 4 PP R AL EE Qinghu £5 41 %K
Wi TRV B 2 SR s | S ) Ak B 9 23 3 22 3
BMR(FL), Bl T7a AEAEEAEFRZL L miE b,
Te 7d 3 GUEHE A 0 D 2 S I 2, SE TR
e S (B 2) FEE N (B 7) K30, BARIEAT T FE A
THVE S TR SRV REAA —E 58 Ph IR A BIAE
ity FOTT S BURE  AT A RASIEA,  TR TR
UM BIBR T Ph Y DX, R el SR i RN (]
Ta) , MO T4 AR 43 | 45 B 23k DA R 1 (8 1k 237
BT A sl R 415 5 M Tk HERR 38 Ph (520
AT S B8 SR B AN 2, R A f ik |
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0.06 MSWD=0.35 018 MSWD=0.9
350
o 100 170
160
= o014 150
- =}
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Fig. 7 Four results of Qinghu zircon by different data reduction methods
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a—peak area partial integration method (1 s) ; b—peak area total integration method (2 s) ; c—intercept method; d—mean method (1 s)
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g TR AR A R 01k A ) 32 58 1) 98 9%, L3R 25 K /IMXL
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~10% A SHEFE AR HL iR 221851 8. 9% ; I ¥ (E 1%
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T AR TR I, 0 o006 AR AR A
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Fig. 8 Comparison of age errors for four data

reduction methods
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