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Abstract: The LA-ICP-MS U-Pb dating technique is a crucial tool that has been widely employed in geologi-
cal sciences. Despite its relative maturity, several critical issues still require attention in practical applications.
This article provides a brief discussion of five critical aspects of this technique, including sample preparation, se-
lection of dating results, lead loss, common lead, and presentation and interpretation of dating results. Firstly, for

the U—Pb dating of complex minerals, it is recommended to employ mineral identification and location tech-

Wrfs B HA: 2023-04-24; 18 H #: 2023-05-10; HEHE: ZIIK

EE£TR: BVEH ARBH S IMAHRIH “ 3T U-Th-Pb FE M FFRE BT R AR P ARIEE” (2021Q-327)
Ll

fEHE R HT (1984, B, W TR, I FiFE R 22 0F 58 T/E . E-mail: liyanguangok@126.com,


https://doi.org/10.12401/j.nwg.2023104
mailto:liyanguangok@126.com

55 44

niques in combination with LA-ICP-MS instruments for in—situ analysis directly on rock thin sections or pol-
ished sections, without mineral separation. However, attention must be paid to Pb contamination in sample
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preparation. Secondly, for the selection of dating results for detrital minerals, the “"Pb/” 'Pb age is utilized to
represent the crystallization age of grains older than 1.5 Ga, while the ***Pb/**U age is employed for grains
younger than 1.5 Ga. The determination and selection of the maximum depositional age of sedimentary rocks
mainly rely on statistical methods and sometimes require the combination of geochemical data and geological
background information as supplementary criteria. Thirdly, for young samples with continuous age distribution
on the concordia line, various methods such as the concordia diagram, weighted mean diagram, CL images, and
element contents should be used to identify whether there is an inconsistent lead loss line or not. Furthermore,
this article focuses on a rarely used common lead correction method for detrital mineral U-Pb dating. Finally,
this article emphasizes the theoretical basis that, when evaluating the quality of the weighted mean value, the
closer the MSWD is to 1, the higher the data quality is. In summary, to conduct U-Pb dating studies on minerals

using LA-ICP-MS technology, it is essential to consider multiple factors comprehensively to obtain accurate,
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reliable, and geologically meaningful dating results.
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Fig. 1 Statistical results of 37 358 zircon U-Pb dating data

PEIX ., TEEER R, 1.5 Ga X A3 ALkl i i
G 1*Po/Pb 1 Pb/ U (B RS EAS B A, SE B TAE
HOR A SR BT O, 3 2 T A DG Y U S R
B A R PR T S 5 1 R AR

T3 > SR 0] LI el >R FH R S 4 U-Pb 2 4F
L5 R AT IS F R UTRAE I (— PR VE MDA: Maxi-
mum Depositional Ages) fH] Wi 5% £ .

FNGEH 7 BTl U—Pb 4E A R 25 1 (& 7] LKy
i MDA 241 H J1 5% . &R Ig . FHRRE
R A DA {1 8 A 5 1) B UKL ) AR, DA RO B A
B2 AL BA RS Lo NS R 00K 5o vt
13 KL $4) % (Dickinson et al., 2009 K H:%: 2% SCHk) .
IR b 24 F5 A5, W0FG + 0 R (REEYAL K . fl i e 2 43
A AEE B, W] DU T DU B R, R 90 3 38 2o X L
it 5 TR K TR Ml 1) b BR T2 RRAE, A B T MR L
) LA AL R Ak 27 8 A, Sl B B 5 e R T AR

B ROUBRAE RS (Vermeesch, 2021) . #1185 5,
LU A o AN B P U NG s BT 2 2
MDA W HIWr 5k FE R R A EE WS HEME. 46
DX 35 b 5 T S5 A B R DA RUCHE B 5 AR A L, DA 42
f MDA i HERf 7 .

Herriott %5 (2019)f# i LA —~ICP -MS % 1 CA —
TIMS 2 (Rl 27 0 Tl — 3R e B o i 76 ) 43 A 1 3% [ Bl ir
LT | e T S s A SO R (W R o S N D e 9 o
LA-ICP-MS i & i K W B R 5% — e S 0 W it — 20
HEAT CA-TIMS B 1) B550RT 22 47 7T LA SR ARG i ) e K
TURUAFS .

3 BYER IR

T £ 5 e LA-ICP-MS U-Pb EE4 T &%
LX) ) — A EEZE R, W o # B 092 30150 9 1
g5 SRS, IS ATERF AN R AR, W F5 E A TR A
A7 2 RV BT 2 WL, AT e SR AR TC AR BT . JE XU 9 BT
B AR G DD RHAETE RS B R T AT o .
SR H A2 AR W 0 45 A I NS AR I, )R
BRI e 2 Mo BT 0 O 5 A AR T, R D
B 25 A, DAARAR B AR AN — B
FRR A — B L4528 B Y1) U-Pb & 4F B 7018
1 B (Wetherill 1 F1 & DAl & 18 F1 K] (Tera—Wasser-
burg IEFNE, B T-W & L BT 280 H B 2070 o

Wetherill 3 FIZE ) B 238 22 50N -

y= (-1 -1

K x R PHAU, y R PUPOU, 4K R
U-"Pb AR H AL, LERU-""Pb AR HHL

Terra—Wasserburg i Flk BB R B A 0N

A
1 T
y=—_|[=+1]" -1
137.818 |\ x

2 s x R U Ph; y % R PO/ Pb; 4K R
PRU-""Pb Y A8 H B 2R PU-""P 1 R AR AL
137818 £ /m HAR R L ZU 5 UM £ ¥ 1
(Hiess et al., 2012)

£ Wetherill 1 1 & F 98T — B4 518 fZ /7
FE_E NP3 A5, A8 s — MR R B ) 14 485 i A
1%, T 28 SR LA IR R 0 1 & A Y 5 R i B AR, B
AR A

EHESHHU TR FHAELIBEMBE T E



278 o4t o# R

NORTHWESTERN GEOLOGY

2023 4F

Wetherill 18 1 & 1 19 45 R — 802k AT 408 — S B ZK,
AN 2 T 26 s JE R

R ARE p RoRTPIEA U, Pb 45 AL 2 5K
B, B EAET YT o B &, T o B R AR TR, 5
FRT AWHIH UITEM B ILHIH PbITER, ZA L
B LA™ 9 & A= AR AT UL Pb & 8 TR LM

Wik w2 EHEARXN=NCY, 59T 60
PUNY JEFHiE>

Wy, =P8U,eht

W2, 04 K A 78 R A9 U R 8
B8Upe2(1+A)

Mt B 6, B0 107U (R 2R A8 77 A 1P [F]
P ZR R

W6Ph, , = 28Ut x (14 A) (V0 — 1)
l
5P, _,, = (1+A)« 28 Up(e" —eh*)

HEM AT A4S 2

206ph, =28y, (e = 1) + (1 — B) * (1+A) % 28Up (eM — ehi™)
)

W06pp, /28U, = (e = 1)+ (1 = B) # (14+A) % 2¥Up (et — ehi®)

X FU-"Pb AR R, [l HLAT LAAS )
7Pb, /75U, = (&M = 1)+ (1= B)x(1+4)+™Up (e - ")
B3R 2 AR HIEE(1-B)*(1+A), 157

el _ ghin2

206Pbp /238Up —

207 235
T Pb,/e~”U,+

Aiy _e/llfz

(=) S )
el — phity

Yﬂ? Ly\ 207Pbp/235Upj"jX$H5| s uZOGPbP/%SUPﬂg y Efﬂ E(]
Wetherill 1& F1&] FE7R 4

Ah

Al Aity _6/1112

e —e 4
x4 -1)-

e/lzh —_ e/lzrz

(e/lgig _ 1)

y:

e/lzh — e/lztz

i BT LLFE Y, Wetherill 3 F1 & _EAYEY A — 2K
LSRR EHLK.

5 TR ) AR S AE T-W 3R &] | 5 — 4K
) E 2R R A, X i T8 & R T-W B 9 48 B
*"Pb/ P {H AR A R, X T EOZ A — Bk S AL
IAETE— 38 8, — R R 0 ) 1 285 T AF S
I, 78 T-W AR b, AR T ERNEZFE L,
SRR PRI W ) 5 & A T AR . AR 5 40 4 i
17 58 - WF o ik K BE 454 Wetherill 355 F1 & 547 43 47

KFHA—HEL, 75— A HEEEN RS, 2
FEREHERNLHITX . BR T EMEEL, 1,

TG S B A B — B AR, 2% H AR
N REL, T RGBT A — LAl SR IS 2 AN —
Y, 75 Wetherill 1 A1 b 5BE T BUAE R 09 3
X TR VR AR AR O R R A R R R BN .
TE U-Pb & FHEUFI O RN, B T A &As &, A
FAFE S BT 2R A 2

YT AETERS 2R B AR, th T A A AR
1% B ARG, 0 AS 2 U Hh 5 AR S ALY
YA — B, TR R 1 o 3% 2 0 A 7R N2k I
(RS, T 0T 2 A 45 SR 1 b o i B IR IR . 4
UL 2R i O 2 A % i B Ay R B e B ] LA
Ko X T/NT 400 Ma B4 88 %54, Spencer %5 (2016)
HEAER AT 4 AW BR AE R B AT A — 22k O
SR SR o A AR R b {E B A AT R R
Qi 5 AEIMALT 349 P o IR AR 3 — i A7 76 T4
GO OB B H AR R /INHE e FAE I BT 34 14 A4 R
FIHAD . QKB Py B 2t (CL) BHR S wht
(BSED [FI{5 48 I 4 W, TR0 W) 02 75 A7 7E 4% (8D 3 45
F o @AnSRE AR 5 U 58 Th & i — il S5 4R 2 )
ARG, IR 4 I AT BEAAAE A AN — Bk .

4 3E E A IE ] A

FEW ) U-Pb 5 4F TAE R &5 2 8 3 & 4 5l A5
M0 . BT, BRI B A, AT LA o R
A RN A Y 2 28 A A R R
YTV 1B AR A A 1 R A, R TR T P R
SR A o WA S A R AR AT R RS S i #)
) R T 3 S A, SRR TS 0 o s Ak A
SO (11 2 T Nl N - (DR N B S I 2
(Bowes, 1977; Fripiat, 1984; Fleet, 2003; Merriman,
2007) o FERE ih il A R v, A0 SRR o e S
R R SR ATIDNE | R/ €3 L - S R A LI P e
¥ 22 52 U -Pb [A] 7 2 FL AR, JF 07 7™ 5 52 A )
U-Pb 7 445 5 0 e 1 A e S

Y TR Tl AR IR A 2%, H R T vt L
s dnie, ik, 7269 U-Pb & FEWE5EH, R k5
PEPRAFAE YR A 30 30 45 1 1 4 R R 4 7 03K

Jir A R TC PR o) LR A T o A A
IERAERWEEMN . T AR U NIRRT K
FPU BT8R, 200 137.818 7% (Hiess et al., 2012),
IX 5 HOU SE Y A AR X Wetherill 18 1 20 A8 A Y 5%



55 44

4 ] 4. LA—ICP—MS U—Pb & 4F 5 AR K 56 IR R R 279

M) b A Al b S /NS 22, DT A A5 5 3K 8 48 1) T A
Wetherill 18 1 8] th 5 RER BN HZ 0 A . 75 T-W
PRI 3 3 Y T 5Tt R R A A, A
BRI 5 25 R4S T 0 45 B R ) G 0 EEL, B
AN—F 5 T-W R Y fl C7Pb/ " Po) A # 5 17
3 O AN 0 A ) T A AN — S
T-W I RIZR AT 28 &, — e iR 0 ) i 25 S AR
WA LS T-WEMLW EZSAURE
T-W I &L Xl 028 5 18 H T S

HFRZF ), s IKA . &40 Ba Ll X
AR IR B Y, WO HER RS IE, K JC kA5 5
AR ARG . BOE BRI AR Y AR AR Y
W30 A 14 O D A R R R A, OF R AR AN B R
WK IE B EEH LR 4Fh (Spencer et al.,
2016):

(10204 %+ A2 20 A 0 22 P 5 2 A T K
FAEW, 1& T SIMS ¥ U-Pb E4E /0 #r. HHEAR
mr:

206 Pb . 206 Pb/204 Pb .
Jaos = 206 = 206 204
Pb, Pb/?%4 Pb,

(2)207 ¥ J2& H BN 512 0955 B R Jr 2k,
o P A 2 T R BUERY . AR AX T
*7Pb)  (*"Pb\’
o, _ (5~
206Pp, - 207pp 206pp \ *
(206Pb)(__( Pb )
(35208 ¥ L FH ir 4 2 AL 1 KBRS, IO B
B3R U-Pb & R Al Th-Pb K RIE M. 1EHF Th & i
AWy, b A, Xl s A 55 s Th 9 AN 3E .

fzoa =

PR AT
208pp, 208pp\*
206ppy, (2oopb )1 - (zospb)
Jaos = 206, = 208, 208pp \*
(206Pb )F - (206Pb)
WSpp\* 2T et _ |
(206Pb) TEY gt |

(OT-W B L a3 Yy A i e T-W i Al
B &t — R A A, RIE RS T-WiMZi T
A2 AT S M R A5 AR o 2 E A — Bk
£ BT A 0 s B A — B0 0 4R 3 8 P/ Pb
WAl AT WK R S AR R R (TR R 5 SRR X 50D .
T3 1 WO i S Rl R Bk W B 28 D ad s 25 %, 45 DR T
LA AR BT .

IR T 3T R Stacey—Kramers X Bz
BRAG A UG T W 45 fv B 00 46 38 38 4 LR .

Stacey—Kramers XX ¥ Bz Hli 3R #5 J fb 455 74 2 — Fp
534 o BR N W) T A2 B RN s BR AR AR A AR A L R
A3 A HE R B RN S TR A B B . D AE ) AR HE AR
B Bx, B HLERTE R 2 90, ML ER Y R t F B B A ARG
RAEMIE R, WA A5G T MK PH 2 oAt 2 Bk oFn B
R P BT . X B, HbBR R BT R IR
G ¥%5), Po [RI 2 0 40 AT WA 5], Rt BR 1Y Pb [R]
LR AR . QBEE I ] i HERS , ) A HEFR
Wy BB W25 O, Hh BN R BT R IR G 3450, XA B
Bl FR b IR 5 B B . 7EIX BB, s b i ) B
THIRTR G, BR8P 5T 09 43 A AR 45 T8 34 59, 5 [a)
7 2R B 50 A 3% Wi s A2 (Stacey et al., 1975)

SR, X TAEFE S @ 8y iR B ), LR GE Ty
RBIARIE o WR B8 1) 2 48 168 DURS I A L™ ),
1A T A ) OS2 4 A AR AR 223 FR 78 04T i DR U5
s B “H880RM7 BMRsE R, £ 2 LY E
e A BT AS [] b 2 ) SR DG AR, SR TR ) o 0 U
5% 1y — Fh # B F Bt (Cawood et al., 2007, 2012; Ver-
meesch, 2013; Chiarenzelli et al., 2014; Spencer et al.,
2014),

BT 0 B IR XA AR A B 4%, o AR I SO B
A — BRI EY P P (B, I AR T A T S
RN R o A A T R B I, T AN B A R
207 ¥ 208 351 T-W A A DEA T i T BR A AT
WAL, H TR T ) AR RO K R R — i
D B A AN D, B o8 A B — A Sk & 5t HL
FEMT A TIMS 88 SIMS £ A FEAT M3, JC 2k 1 4 2K 1
WP (14 f, DT 0 TC 7 R 204 325 147 58 4 1
FRITH

David (201 D& 1 — Ml A s AR E T vk
T A R 45 A Stacey—Kramers AU B i
BREG 7 AL AL Terra—Wasserburg i85 Al 2R, SR FH %
A% JE BR 3 3 FL S AR IS o 4R, David 45 (2011 31 1%
AR EE A E TR R, 2B AR Ik A A
T DU BRI R (E DR E R, B R R
ERETIEESE

AR s A A 1 S . DA Stacey—
Kramers X B b BRE (A5 8Y 11 55 VAR % CoO BW) 45
I EG) . OQFH —A B/~ U5 Terra—Wasser-
burg [l 4k 28 2 B 38 A58 E B 1. @R A Stacey -



280 o4t o# R

NORTHWESTERN GEOLOGY

2023 4F

0946 [
0.846 7%
0.746 1N\
0.646 |
0546 |
0446 |

207Pb/206pb

0.346
Terra-Wasserburg

0.246 | il
0.146 |

0.046

12 14 16 18 20
238/206p}

B2 #REEEHREHFEE
Fig. 2 Mathematical model of ordinary lead

correction by iterative method
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