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Fig. 1 Zircon U-Pb dating results by LA-SF-ICP-MS; Red data measured only U-Pb isotopes, while blue data determined U-Pb and

key trace elements simultaneously (laser spot size 25um).

2.2 LA-SF-ICP-MS XI5 8541 U-Pb 4FHEN R TRt A I ARSI A e 4 SR A S, AR SCHEAR
B

B LA-SF-ICP-MS U-Pb 4 #4 Fl s i [R)SE 56 25440 F, ANAG I U-Pb € 4EHH C RN £, B4



a8 Wk

FH1H 2024 4F
http: //www. ykes. ac. cn
0.074 440
: eighted mean age
@) Temoral Zircon 45 (®) Weighted *Pb/7¥U ag
0.072 Vi 430
0.070 |
2 0.068 | 2 420
: :
& 0.066 f £ 410
Concordia age
0.064 |
418.2+1.1 Ma 400
0.062 | Concordia age 418.242.9 Ma 416.7+3.4 Ma
417.5+1.5 Ma n=20 MSWD=0.10 »n=26 MSWD=0.25
0.060 L L L 1 L 390
0.42 0.46 0.50 0.54 0.58 0.62
207Pb/235U
0.058 352
_ . eighted mean age
© Plesovice Zircon 348 (@ Weighted *Pb/U ag
0.056 | 344
340
D 0.054 | =3
& 0052 £ 332
o Concordia age “ 328
337.7+0.9 Ma
0.050 324
4 Concordia age 320 337.842.3 Ma 335.842.5 Ma
/ 334.6+1.0 Ma [ n=20 MSWD=0.17 =25 MSWD=0.29
0.048 . . L L 316
0.34 0.36 0.38 0.40 0.42 0.44
207Pb/235U
@ . 169 :
Qinghu Zircon () Weighted mean®*Pb/>*U age
0.027 167
165
S 0.026 | ) 163
& & 161
£ 0025 £ 150
Concordia age 157
0.024 ¢ 159.4+0.5 Ma 155
Concordia age
i 159.1+1.3 Ma 160.5+1.3 Ma
0.023 | 160.120.6 Ma ii 7=20 MSWD=024 =20 MSWD=0.56

0.145 0.155 0.165 0.175 0.185 0.195 0.205
207ph/235U

PP LD R O A E B A7 U-Pb [R5 B AR A5 T B s AR A O T 28 35 et R G 7 6 e AR5 2R
B2  LA-SF-ICP-MS Hifi U-Pb ARSSH (LB 251m)
Fig. 2 Zircon U-Pb dating results by LA-SF-ICP-MS; Red data measured only U-Pb isotopes, while blue data determined U-Pb and

key trace elements simultaneously (laser spot size 25um).

22 PRI A U-Pb 4RSS A L
Table 2 Zircon U-Pb dating results by LA-(SF)ICP-MS with two methods.

{2 U-Pb B itk U-P A R TE R &Iy ik
ik 206pp, 238y Wiy, 35 206py, 2381y 26ppB8Y W5y 26py, 238
i FEi RSD i RSD WA | ECE o O . SERER | e
‘ 20 ! 20 (Ma) A " 2% i 2 (Ma) BytER
(Ma) (%) (Ma) (%) (Ma) (Ma) () (Ma) %) o)

91500 |1045.3~1076.8 15.0~16.2 0.8 |1047.7~1106.4 0.8 ~ 11.7 1.3 |1065.9+2.4| 1065.4+6.8|1045.7 ~ 1080.5 20.3 ~22.7 1.0 | 1044~ 1093 14.7~21.7 1.2 |1063.32.4|1062.5+7.3
Gl-1 | 5982~6039 8.6~89 02| 3587.6~6035 69~77 0.6 600.5:1.3| 601.7+3.8) 599~610 114~124 04| 563~618 9.8~12.7 1.8 | 603.8+1.6] 604.043.8
Tanz | 556.3~568.1 83~8.6 (5| 554.6~5694 69~73 08| 563.2+1.3| 564.6£3.7] 550~570  109~11.9 0.8 | 546~577  9.1~115 1.6 | 559.5+1.7| 562.7+4.2
SA01 | 525.0~539.6 79~9.6 0.6 527.8~5375 7.8~93 05| 532.9+1.5| 533.243.8] 526~542  10.1~12.1 08| 519~548  10~172 1.4 533.8+2.0 534.5+4.7
Temoral | 413.8~4219  65~68 5| 4126~4272 5.6~73 10| 4182+1.1| 4182+29] 401~427  8.1~113 1,0| 404~456 T~197 27| 417.51.5| 416.7+3.4
Plesovice| 333.9~341.8 48~64 06| 330.1~340.9 44~58 06| 337.7+0.9 337.8+23| 326~340  48~69 10| 321~342 48~69 1.8 334.6£1.0 335.8+2.5
Qinghu | 161.8~156.6 2.6~3.1 09| 165.5~1562 2.7~32 13| 159.4205| 159.1£1.3| 1563~164.9 2.9~32 14 (1543~1764 3.1~41 33| 160.1+0.6| 160.51.3
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FE Al 20 40, U-Po AR 88 25 2R DUIEL 10 [ 281 78 40s BYBOGF LGN Y, SRAESTER (R 5 0m B4
%2 i 134 4H; 1M U-Pb AR08 5 im0 2R & wt W 4

91500 %5 471+ B 55, 2%Pb/> U F127Pb/?°U 4E 2 4
51 1045.3 ~ 1076.8Ma Fl 1047.7 ~ 1106.4Ma, B4 15
IR HM 15.0 ~ 16.2Ma( ~ 1.4%) 1 10.8 ~ 11.7Ma
(~ 1.1%)o % FE i B 438 A1 A % 1065.9+2.4Ma
(E 1a), *Pb/7*U il A 24 4F i 4 1065.4+£6.8Ma
( 1b),

GI-1 8547 B 5. 2°Pb/238U FI27Pb/A U AEHE 435
;7 598.2 ~ 603.9Ma Fll 587.6 ~ 603.5Ma, FfL 15 i% 225
Bk 8.6~ 8.9Ma(~ 1.4%) Fl 6.9~ 7.7Ma(1.2% ~
1.3%). ZFESREARIE AR 600.5+1.3Ma([A] 1c),
200pb/28U MIACFIIAERS A 601.7+3.8Ma(&] 1d).

Tanz %% 47 : B 15 2%Pb/?8U F12VPb/A U 4R 12 43
R 556.3 ~ 568.1Ma I 554.6 ~ 569.4Ma, H. iR %
439N 8.3 ~ 8.6Ma( ~ 1.5%) 1 6.9 ~ 7.3Ma(1.2% ~
1.3%). I%ZFE S REARIEFIAERS S 563.2+1.3Ma([A] le),
200pb/28U A4 WE A 564.6+3.7Ma([&] 16).

SAO01 &5 47 : B 15 2°Pb/28U F127Pb/ U AR A 43
S 525.4 ~ 539.6Ma Fll 527.8 ~ 537.1Ma, B JH 5% 2%
9K 8.2 ~ 9.2Ma( ~ 1.5%) Fil 8.3 ~ 8.8Ma(1.5% ~
1.7%). K S EERIS FIAEIE y 532.9+1.5Ma(/4] 1g),
0P/ PU MBI AE RS Ry 533.243.8Ma(fE 1h),

Temoral £ 47 : B4 15 2°°Pb/28U F17Pb/* U 4R 1R
I3 5H 413.8 ~ 421.9Ma 1 412.6 ~ 427.2Ma, B 15 5%
ZO K 6.5 ~ 6.8Ma( ~ 1.5%) F15.6 ~ 7.3Ma(1.3% ~
1.7%)o %HE B AARIE FIAEIS S 418.2+1.1Ma(] 2a),
200pb/ P80 B4R N 418.2+2.9Ma([4] 2b).

Plesovice £ /7: 515 2°Pb/28U F127Pb/A5U AR
439°h 335.0 ~ 341.8Ma Al 333.7 ~ 340.9Ma, B 11 %
259N 4.9 ~ 5.8Ma(1.3% ~ 1.5%) 1 4.6 ~ 5.2Ma
(1.5% ~ 1.7%). % AF i 3 1R8 FAE 3% o 337.7+
0.9Ma([ 2¢), **°Pb/> U JIBCFHAFIA A 337.8+2.3Ma
(K 2d).

Qinghu £5 47 : B 15 2°Pb/? U F127Pb/2 U 4E
52k 161.8 ~ 156.6Ma F1 165.5 ~ 156.2Ma, F 1 1%
Z4y Bk 2.6 ~ 3.1Ma(1.6% ~ 2.0%) Fl 2.7 ~ 3.2Ma
(1.7% ~ 2.0%) ZFE RIS FIAEEY N 159.4+0.5Ma
(A 2e), *Pb/7*U Il AL F 2 4E i R 159.141.3Ma
(# 26),

2.3 LA-SF-ICP-MS € 4E 5 %2y £ % & IR I i

FiiBEH U-Pb sEAE T AT bR

3% SF-ICP-MS 37 5 o7 B[] B 52 1), AR SCH Y
I U-Pb A5G R 2 7 125 B i B vk 4 B ] 0306,

2 R AR FIEIN ] 0.857s, 7E 40s SO RAEERTTA]
PARAFA U5 iR A 47 41,

P 1 IR 2 X PR ik e A1 485 R e 8 B N
WHREHEAT T B L, AR F, AR U-Pb [F]
7V AR A R R 22 N, HBE S R
g,

LA-SF-ICP-MS Y A&l U-Pb [R] {3 2 Jy 32 % 4F
4 JL200ph/ 28y FIP7Pb/ AU AR IR IR 2243 N 1.5% FI
1.3%, B 152°Pb/> U F12Pb/?°U 4F I — Sk 84
RSD {843+ 514 0.2% ~ 0.9% F1 0.5% ~ 1.3%; kit
T, U-Pb & 4 1 2 0 & % &2 8] B K 0 5 1k 3k 45
200pb/ 78U F2PL/APU AE R 1R 22 W AT 1K, 4k
1.9% F 1.7%, B 54T i B 0% 14 K, 2°Pb/~ U Ml
2pb/ U AE Wy RSDAH 4% 9l A 0.4% ~ 1.4% Fil
1.2% ~ 3.3%, H:ip?Pb/* U 4E#% RSD {EH KA &

ST PR R0 S A 2 SR o R AR AL T
JRIH, A SCLL 91500 #5440 A6, gt 1 AR SEEe 451
T, BRI 5 2 Ph ., 27Pb 155 5 K P PU P

5 5 LA YRR X A o 25 (RSD). v, A il
U-Pb ] fif & )7 1 R 4 2°Pb., 2Pb {5 5 F12*U/ P
E5 Y RSD 43910 13%. 13% #1 5.2%, £ G
El o NN o BB S R = il N R R

P8U/APb [H] A2 E 15 5 H{E A9 RSD 43 51 4 14%,
19% 1 9.3%., ZICE [RIFERAELER T B R4
B 1], FF — 8 A X R[] 437 2R 15 5 o B e
LU B AR P T s ), 0 LR TR 2 [ A2 3R 4
27pb [N A IA S PRI ek R R S S K
FAE AR AL IR S U-Pb a2 4F 45 SR A8 AL RRAE A — 30 .
ZRA 75 TR AL B B v AR NI B TSR R
UM 26 L0 IR, 2590 2 [ IR I T [ 37 2%
T AR T ) S T R SR R 2 A A R AR
2R A

B LA-ICP-MS et i rp, 20 Z# B 2 Xt
IR 23 SR P 220 5 R A B s S i, 4800 Al 3
RS L ARHERE S HEAR (A . B A B v B A
4 HET—MIAH LA-ICP-MS £ f1 U-Pb E4E4E
K% BN 1% ~ 2%, AHXTFHEFE A LA-ICP-MS il
AR W 45 B IN2E O B ) AT gk B 196 )
ARSI S5 TR, A 22 50 2 (R ARG I T 3 A B
RS AT U-Pb AR S5 AR (L R, (R R 25 51
KB AT 2%, F L2502 [RI RS F4% 5
TEFNAE I FI20Pb/ 7 U T 354 4 A A 1 V5 5%
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R, A OGN - o FEE TG 7 VR R 45 25 8 1A B i [T I 5 8541 U-Pb AR AU SO R 5

543 4%

Ml —A A U-Pb [R5 28 5 15 3R A5 45 FF i i FIAE
I FIPPo/A U INACE S A AT TIMS AR f 22 24
INF 0.5%, 2250 E R RN 43 BT 7 V5 AR AT 45 R i
FAEE PP/ U AT B4R A X TIMS 41 fi
Z5rH/NF 1.0% F10.7%, 5841 JE U-Pb [A) 7 2
J AR A M SR, [T, 8 G B R ey 5[] 3 B o8
() 22 AT 7 3 ARG A0 20 ) A 2% b 5 o AR R AR 4 R
Sef el
2.4 LA-SF-ICP-MS %% 1 %€ 4 [ I 73 B il s e &R

G UL TR B

KA LA-SF-ICP-MS Il 5& #% 41 U-Pb 4F-#% 1) [
i, X447 9 SiL TiL Y. Zr, Hf, REEs, Pb, Th #l U
FXRHE, M REITE RS LR R
NIST610 1 R i i JC F & =t o A A oz, i b
PR Si(SiO, & B 32.8%) B # Zr(ZrO, & &
67.2%) YEHWARITCE, MHTERGI T3 3,

Fii £ ICE MG BRTE 11 ~ 73ng/g 2Z 18], KFR5/IN
T 20ng/g, Forf La F1 Pr & th R 23 51 2~ 20ng/g F1I
13ng/g, iX W™ JC 3 78 22 B0 A TP B =5 46, AR
i BRAE X PN TC 2 AR AR . T A PR
{535 302ng/g, Pb. Th, U £ i1 BREAR, 53574 15ng/g.
4ng/g M 2ng/g. AT7 LK H FRBERS I 2 45 ¢
SR O R R E TR

H T R IR A TR DT R 40 A R B 5T 1,
1, X4t A A G 2R ) U 4 R LA s 3B
T3V FAORG o FE R B . AR 2% TR AN NIST612
FKL2-G /E R Bt WA dt o 10 ZH WS 43R il 45 21

15

TR IOKS B (18] 3a), NIST612 W[4 Ti T &
RSD W& &5 (4.8%), Ha ot RSD {H/INVF 3%; KL2-G
& R AR AY Tm A1 Lu B9 RSD {8 ~ 5%, HAv e &
RSD {EY/INTF 5% Far I 285 5L V-S4 {8 S5 AR A S 4
B HL#E, NIST612 H Ti (RN 1R (8.5%) ¥,
HARTCER WA X R 22 ¥ /N T 5%, HERA B 55 5 1
KL2-G 14T E IAHXT IR 22 2 7E 5% ~ 10% Z[1], U
AR IR 2Z B KA ~ 17%, HiSk KL2-G 450 HR &
S A AR, R A A DSOS 22 3 2 I 8 15 A AR X
P25 B A e & T NIST610 5 KL2-G =2 [a] iy 344
ZESRREm . A HRTES AR TR R R A
NIST610 1E MARAERE i, (HF 55 B NIST R5AR1HE
REGh S RRG YRR R R ) R TR S
AW T8, o HJE LREEs &8, I T485 4
OO R S AERIE A R T — P . SR L,
AR S ST 7 X T NIST612 Fil KL2-G 7] 3k 458
E | ETRI AT AR

AR JT 2 2 52 LA-ICP-MS 73 AT 45 5
HEMPEM BN &R . R BT £ LA-ICP-MS 1l
SE RS AR TR S B P, 7E NIST610 KoM 2%
PFF, Ze HIXET St S A NbRT R 7L AR
A BIR St A Ze VB AR TR HEAT R BT,
FIA B ATRE S B A R R R Si VRN NFR TR T
Bah R B EREE T Ze FE M BRI ESE R (1 3b).
XTF 91500 Fl SAO1 i, SR Si bR T 434
255 SCHR [35] A1 [48] HEFEMEMIXHRZEZ /N T 10%,
TR FH Zr N FR &5 SR A XHRE 22 7E 10% ~ 20% Z 7],

30

(a) = NIST612 (b) .
® KL2-G 20
10— 2 = e
° o9 ® P 10
® ©
5 ° ® o o B i .,
_ ~ e o s - o3 -
S 0 " © s @ "y e 2ée o |
i . " = . m g 10 il LR A .—.'—0—
oK s""n ] e g " _mmy " » * ¥
E 5. e S —20 .
=
= 30
1o a0 | 01500 877 Si kRIS
m 91500 ¥4 Zr WhRITHE
-15 50 SAO01 i f1 Si INFRiT3E(E »
° ® SAO1 5547 Zr WhRH AN
_20 ................... A0

Ti Y La Ce Pr NdSm Eu Gd Tb Dy Ho Er TmYb Lu Hf Pb Th U

AN R 2 =(I S - AR B KB X B £10% .

Ti Y La Ce Pr NdSmEuGd Tb DyHo Er TmYb Lu Hf Pb Th U

B3 (a)NIST612 Fl KL2-G M5l 5 SCHHERAEHIA IR ZE; (5)91500 il SAO1 BEATHE EHE S BINE M 5 X HRHERA R 1R 2%

Fig.3 (a) Relative errors of NIST612 and KL2-G between measured value and reference value; (b) Relative errors of 91500 and

SAO01 zircon between measured value and reference value.



HO

1

i

2024 4F:

http: //www. ykes. ac. cn

T35k, BT A SRR ERE S Ze S EERE
7 R =T s e G| S K v Y o s S T e
T Z A T W LA REARAN 2 Ze T 5008, T ey
Ml A VEAE i Ze R AR M . ARG Si 2R
SF-ICP-MS #4377 Ak B, 764 250 ] P 982 451 4
UL (29980 5 AR, (HZRA S g 455, X F U-Pb
TE AR S5 B iR 22 AT W B 2, DR A SE B T vk v
Rl Si fERNPRICER

91500, SAO1., GJ-1 Fll Tanz R Nk G E
P — PRy, K25 Bk Ti, La IRZERE & 48, HAT
FKiR2ZH/NT 10%; Plesovice Tk PN & 0 2 #)—+4
2%, A Rl ST R AR R 221 KT 10%; Qinghu
H1 Temoral 5 A7 B T Ha i kA7 T A [ J0kE, A It
MEITR SRR EER ., K L, i RE A
B U3 & &=, 91500<SA01<Temoral<Tanz<GJ-1
<Qinghu<Plesovice, H: #' Qinghu, Temoral, 91500
FTSAOTL 4 P Pb B A (K20 10 ~ 13pg/g),
Tanz &% 41 i 4 £ Pb B & ~ 34pg/g, B AL F GJ-1
(~ 42pg/g); Plesovice #5417 HHBUR M Pb &85 HL
AR, FH ~ S2ug/g. LRI ZE A Y R L
Rl gs i R 4 RN b U-Pb 3 i, RS IS
AIARIFERE T o

TERORL WA AR AL R L, Br A B A ke B
—31Y 74 LREEs & 4 HREEs [WAFE, B W1 Ce
1E 5%, Bu 538 22 51| B 2., Temoral #1 PleSovice H
AW BRI Eu 5 (18 4 T a, o), Tanz 85471 2 255
i Bu 5% (& 4b), GJ-1 F1 SA01 H Eu 2 B 55 1 5%
WL (1514 ' a, b).

T T R R B A b AT RS A G5 R REAE
18 S MR, LA-ICP-MS 3 Afr aef 2 v s e O G 1k A%
TR IR U-Pb 4E 5 45 58 19500 |/, 7645 £
U-Pb & AF 2 AT LUARE DAL 25 A8 A PR e il i)

TR TER AR, 255 AU TAR SR AR B S 1 MBS
ity B VR E A DT e A A 9, AR AER £ I mT B SR 19

I

3 &g

K OG- F T2 10 7 15 3 R 45 B A o ik
(LA-SF-ICP-MS) &3y T 541 U-Pb i 5t iR
B i [ B RS AHr vk, RN R IR RS 4 U-Pb 2 4F
PRUERE B IEAT 0BT o o3 B s S BH : AH XTSRS DU
U-Pb AHCRI 71, U-Pb & 4 K it Te K [F) i 46
W A — R LR T U-Pb [ R 5 SR
P, o HIE NI & B e 2/ A B A5 5 R e M B R i
FEA B G, TN U-Pb s 445 SR % B 7 AR RS
AEXHURI U-Pb [R5 2B 5 kg 5, 20K Rl
S HPOPh/RU AR IS FPTPY U AR IS AR AL T AR K,
HA?Pb/2*U 4F i RSD fH M 0.2% ~ 0.9% 3 K &
0.4% ~ 1.4%; *"Pb/*°U 4E#% RSD fH M 0.5% ~ 1.3%
HARKZE 1.2% ~ 3.3%, HSAFIR TR ZE N ~ 1.5% HEKZE
~2.0%, JAEMI, 20 R T AR S X R
Al B AR 23 SR AR R S, 3200 I E A% R
T FNAE I AP/ 25U A ¥ 4E 1% 5 40K I U-Pb
[ 28 7 I R s R IR Z W EN—8L 5
TIMS 4F 88 25 Fe A 22 ¥/ 1%, 56 421 2 b FUARAR
ST oK o IR, M2 455 A RE S R TR
HH 5 SCEGE I &, Ho 91500 F1 SAOL A4
A 0 R W 2 (5 SCHRIR T8 (A X iR 25 /N T 10%.
ZEA VL L Hr g 8, SR H LA-SF-ICP-MS #5719 4
BTk SR T v 43 B T S A B Y e, T
L, i) A 7 Aff 3000 5 5 A7 8 U-Pb AFI8 A G A T R
i

R LA-ICP-MS %5 /1 U-Pb E4E B+l
B (AR = s (B e R, I ELZEA BRI 20 #r 2 B 4R

10000 1000 100007
&) Temoral C i

- 1000 | 100 SA 01 1000l Qinghu
= 100 k /‘/A
2 0l A 10 o Mook
%® 91500 10} AT
a 1~ . INZ
}\c‘ 1 -_/, ".éy
| o0a} - 1 /i

0.01} 0.1r 0.1H/

ooot b v v v v g e e e e e g e

0.01
La Ce Pr NdSmEu Gd Tb Dy Ho Er TmYb Lu

B4 Bia kMR TSR B

La Ce Pr NdSmEu Gd Tb Dy Ho Er TmYb Lu

1
La Ce Pr NdSmEu Gd Tb DyHo Er TmYb Lu

Fig. 4 Rare earth element distribution patterns for zircon samples. Chondrite normalization values are after Sun and McDonough

(1989).
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Simultaneous Determination of U-Pb Age and Trace Elements of Zircon by
Laser Ablation Sector Field Inductively Coupled Plasma-Mass
Spectrometry

ZHAO Linghao, SUN Dongyang, HU Mingyue, YUAN Jihai, FAN Chenzi, ZHAN Xiuchun
(Key Laboratory of in situ Elemental Micro-probe and Speciation Analysis, China Geological Survey;
National Research Center for Geoanalysis, Beijing 100037, China)

HIGHLIGHTS

(1) Simultaneous determination of zircon U-Pb age and multiple trace element contents by LA-SF-ICP-MS can
affect the stability of U-Pb isotope signals and ratios, leading to an increased uncertainty in single-analysis U-Pb
dating results. However, it has no effect on the accuracy of the concordant ages due to multi-point analysis, and
the precision is slightly reduced.

(2) Simultaneous measurement of zircon U-Pb ages and trace element contents using LA-SF-ICP-MS, yields zircon
U-Pb age deviations of less than 1% and deviations in key trace elements such as REE, Ti, Hf, Pb, Th, and U of
less than 10%.

(3) Solely determining zircon U-Pb ages by LA-SF-ICP-MS effectively reduces uncertainty introduced by single-

analyses isotope ratio measurement, improving dating precision (20<2%) and accuracy (RSE<0.5%).

ABSTRACT: Laser ablation sector field inductively coupled plasma-mass spectrometry (LA-SF-ICP-MS) is
widely applied in U-Pb dating of zircon due to its remarkable sensitivity. However, the utilization of a magnetic
sector mass analyzer imposes constraints on its scanning speeds, potentially affecting the concurrent acquisition of
U-Pb isotopes and other trace elements. Here a method for simultaneous zircon U-Pb dating and key trace elements
quantifying by LA-SF-ICP-MS were developed. Seven zircon U-Pb standard samples were measured to assess the
method's feasibility. Experimental data indicate that simultaneous collection of U-Pb isotopes and other trace
elements may decrease signal stability, particularly for low-content isotopes like **’Pb, which in turn leads to an
increased age uncertainty and dispersion for single analyses. However, the accuracy of the concordance age and
weighted mean **Pb/***U age of each sample, and the statistical results of all data points, are not affected
significantly. Compared to TIMS ages, the discordance in these ages across all samples remains below 1.0% and
0.7%, respectively, meeting the requirements of U-Pb geological dating. Furthermore, the determination of key trace
elements in zircon samples shows relative errors to recommended values of less than 10%. LA-SF-ICP-MS can
accurately determine both zircon U-Pb ages and trace element contents simultaneously. The BRIEF REPORT is
available for this paper at http://www.ykes.ac.cn/en/article/doi/10.15898/j.ykes.202309110151.

KEY WORDS: laser ablation sector field inductively coupled plasma-mass spectrometry; zircon; U-Pb dating;
trace element
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BRIEF REPORT
Significance: Zircon (ZrSi0O,) is a common accessory mineral in both terrestrial and extraterrestrial rocks. It serves
as the most frequently utilized mineral in determining the age, origin, and thermal history of rocks through U-Pb
geochronology, primarily due to its high closure temperature, resistance to alteration, high uranium content, and
minimal incorporation of common lead during its crystallization. Apart from age determination, zircon also provides
various geochemical information, including trace elements (Ti, REEs), O isotopes, and Zr isotopes. By combining
all these data, it assists in constructing metamorphic P-7-¢ paths, which helps in inferring the mineral growth history,
making it an integral component of “Petrochronology” research™ Natural zircon, however, generally exhibits
small grains and often possesses intricate internal structural features. Hence, higher analytical spatial resolution and
acquiring more in-situ elemental/isotopic information within limited analytical space is crucial.

Laser ablation inductively coupled plasma-mass spectrometry (LA-ICP-MS) is a routine technique for zircon U-
Pb dating. The sector field mass spectrometer (SF-ICP-MS) possesses high sensitivity, offering possibilities for high

(282%) and ultra-low uranium mineral content™®' > "1 However, the usage of

spatial resolution U-Pb dating of zircon
the magnetic sector mass analyzer results in slower scanning speeds”””.. Consequently, in the reported zircon U-Pb
dating by LA-SF-ICP-MS, typically, only U-Pb-ages-related isotopes are detected, and simultaneous quantitative
analysis of key trace elements cannot be conducted.

This study optimized instrument parameters and enhanced signal stability to enable simultaneous determination
of U-Pb dating alongside quantification of key elements such as Ti, REEs, and Hf. Seven commonly employed
zircon U-Pb standard samples were measured to assess the feasibility of the method and its influence on U-Pb dating
results.

Methods: The experiments were carried out at the Key Laboratory of Elemental Microanalysis and Morphology of
the China Geological Survey using an ESL NWR 193UC ArF excimer laser and the ELEMENT I sector field
inductively coupled plasma-mass spectrometer (SF-ICP-MS, ThermoFisher Scientific, USA).

Helium gas was used as the carrier gas®™”

, while 1mL/min of nitrogen was introduced to boost instrument
sensitivity*”. A signal homogenization device with higher aerosol diffusion space was utilized to improve signal
stability. Laser spot size and frequency were 25um and 8Hz, respectively, with a laser energy density of 3J/cm”. SF-
ICP-MS was employed in low-resolution mode (M/AM=300), with sensitivity of U about 5000cps/(ug-g™), and
signal stability RSD of 1% to 2%, oxide production rates (ThO"/Th") below 0.2%. U-Pb isotopes and key trace
elements were measured, including 281, “Ti, ¥Y, 'Zr, "PLa, "°Ce, "'Pr, *Nd, '*'Sm, "*'Eu, *’Gd, "*Tb, 1“3Dy,
1%Ho, "8Er, 'Tm, 'Yb, ' Lu, '"Hf, 2°Pb, 2’Pb, **Pb, **Th, and ***U. The measuring time for 206py,  208py,
B2Th, and »*U was 10ms, *’Pb was 20ms, and the remaining elements were Sms each, resulting in a total
measuring time of 0.87s per reading, with an effective analysis time of 71%. Since most zircons contain no, or
extremely low, common lead and single-collector mass spectrometry it makes it challenging to accurately measure
29pp for common lead correction. **Hg and ***Pb were not detected to improve the proportion of effective analysis
time. Detailed instrument operating condition parameters are provided in Table 1.

The 91500 zircon and NIST610 were used as standard materials for U-Pb isotope ratios and trace element
quantitative analysis, respectively. For every 10 unknown sample analyses, a set of standard samples was inserted to
correct for fractionation effects. Each spot analysis consisted of a 20s background collection and 40s sample data
acquisition and 30s flushing. Raw data were reduced offline using GLITTER 4.0 software package''l. All samples
shared the same signal interval as the standard zircon 91500 for analysis. Age calculations and Concordia diagram
construction were performed by Isoplot/Ex version 2.23!*. The uncertainty for all isotope ratios and age values in

this study were reported at a 20 level.
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Two methods were used to determine zircon U-Pb ages. Method 1: Only U-Pb-related isotopes were measured,
including 2°2Hg, 204pp, 26pp, 207pp, 208pp 22TH and #*PU. Single measuring time was 0.306s per reading, and within
the 40s sampling time, data for 134 sets of element signal intensities were collected. Method 2: Simultaneous
determination of U-Pb ages and trace elements content, including Ti, REE, Hf, and U-Pb isotopes 20pp, 207pp, 208pp,
22T, 2¥U, etc. Single measuring time was 0.857s, and within the 40s sampling time, effective signal intensity data
for 47 sets were obtained.

Data and Results: The U-Pb dating results are shown in Fig.1 and Table 2, while the measured trace element
contents are presented in Fig.3 and Table 3.

(1) U-Pb dating results comparison

Fig.1 provides a visual comparison of precision and accuracy of the results obtained by these two dating
methods. It shows that the dating results from Method 1 exhibit smaller errors, and the data points are more
concentrated.

Using LA-SF-ICP-MS with solely U-Pb-related isotope detection, the dating results show an error of 1.5% and
1.3% for **Pb/**U and **’Pb/*°U, respectively. The consistency of single-point *°Pb/?*U and **’Pb/**°U ages is
good, with RSD values ranging from 0.2% to 0.9% and 0.5% to 1.3%, respectively. In contrast, when employing
Method 2, the errors for **Pb/?*U and *"’Pb/**°U ages increase slightly to 1.9% and 1.7%, respectively. The
dispersion of single-point ages increases as well, with RSD values for 2*Pb/**U and *’Pb/**°U ages ranging from
0.4% to 1.4% and 1.2% to 3.3%, respectively. Particularly, the RSD value for **’Pb/*°U ages notably increases.

To investigate potential causes for the variability in precision between the two methods, the RSD of the signal
intensities of “Pb, *’Pb, and ***U/**Pb signal ratios of zircon 91500 obtained under the same experimental
conditions were statistically analyzed. For Method 1, the RSD values for the collection of **°Pb, *’Pb signals, and
28/2%pp signal ratios were 13%, 13%, and 5.2%, respectively. Meanwhile, for method 2, the RSD values for 206pp,
297pp signals, and ***U/**°Pb isotope signal ratios were 14%, 19%, and 9.3%, respectively. Simultaneously collecting
multiple elements extended the mass spectrometer’s single-scan time, which to some extent affected the stability of
the detected element/isotope signals and their ratios, especially for low-content isotopes like **’Pb. The fluctuation
characteristics of isotopic signals and ratios corresponded to the changes in U-Pb dating results. Considering factors

143461 it can be inferred that

during data processing, age uncertainty calculation methods, and influencing elements
the impact of simultaneous multi-element detection on the stability of isotope signal intensity might be the primary
cause for the increased final dating result errors.

Generally, the precision of LA-ICP-MS zircon U-Pb dating results is considered to be within 1% to 2%, while
the accuracy of the measured age can reach 1% or better' . The experimental results in this study indicate that
although simultaneous multi-element detection can increase the range of changes in single-point zircon U-Pb ages,
the precision of the data is still better than 2%. Furthermore, simultaneous multi-element detection does not affect
the accuracy of the sample’s concordia age and the **°Pb/**U weighted average age. For method 1, the relative
deviations of concordia ages and **Pb/***U weighted average ages for each sample compared to TIMS ages are less
than 0.5%, while for method 2, these figures are less than 1.0% and 0.7%, respectively.

(2) Quantitative results of trace elements

The results of trace element analysis in zircon samples are shown in Table 3. The detection limits for REE
range between 11ng/g and 73ng/g, with the majority being below 20ng/g. Among these, the detection limits for La
and Pr are 20ng/g and 13ng/g, respectively. Ti has the highest detection limit, reaching up to 302ng/g, while Pb, Th,
and U have the lowest detection limits at 15ng/g, 4ng/g, and 2ng/g, respectively.

Si and Zr were employed as internal standard elements for quantitative analysis. All quantitative results of
zircon samples using Si as the internal standard element show slightly higher values overall than those calculated
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using Zr as the internal standard element (Fig.2b). For the 91500 and SA01 samples, the analysis results using Si as

the internal standard exhibit relative errors of less than 10% compared to the recommended values in literature [35]

and [48]. However, when using Zr as the internal standard, the relative errors range between 10% and 20%.

Furthermore, due to significant differences in Zr content between zircon and the selected standard samples,

prolonged flushing is required after zircon analysis to decrease the background Zr levels in the instrument under

conditions of high aerosol diffusion space. This prolonged flushing might impact the accuracy of Zr detection in the

standard samples.
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