2025 41 H A o8 W R Vol. 44, No. 1
January 2025 ROCK AND MINERAL ANALYSIS 51-62

X, LA, RFA, 55 EIEET LA-ICP-MS B /KA1 U-Pb 5 AR 45 A2 IR A I J7 vk L] E I, 2025, 44(1): 51-62.
DOI: 10.15898/j.ykes.202404070079.

LUO Tao, WANG Hanlin, ZHU Songbai, et al. Impacts of Common Lead on Apatite U-Pb Geochronology by LA-ICP-MS:
Assessment and Correction Strategies [J]. Rock and Mineral Analysis, 2025, 44(1): 51-62. DOI: 10.15898/j.ykcs.202404070079.

WEEDY LA-ICP-MS K10 U-Pb 4RSS L2 BBk 75 1

oA TR, KA, WE4g!, R kdn!
(1. H E T A (BRI MR S PR ¢ B S0 5, b RN 430074,
2. v FE A TR EELAC T P R SRR A HRIX . B /R ) 841000)

HE: Bk AKRE. ERERRABEP T ZHHGEF Y, FTRBERE U-Pb FRFFLTBTER

/;fwc:ji\ TIENREF@AAETEE L, HOLR R BABEE B TR iE 5 (LA-ICP-MS) & FF R 5 Kk &

U-Pb MR o T2 F B2 —, 437, RIREEEE AL U-Pb £ 55 AR EEL 2 fodfAE P R 7T 8 %09

£ B AL T ) Y LA-ICP-MS & 45 E B8k & U-Pb ¥ 54789 £ BHLF . AT WAT R T ARAR P 2538 45 2t

LA-ICP-MS # & & U-Pb & F 2 R g%, RAA-5E45609 85 & & MAD 4F SR AL 42T & U-Pb F#4 IE,

EIFHM BT F o T AR EW A% E (RKRY 6%); *APb ik 3, Tera-Wasserburg B i % /4% E4F

AP L AL, FARR G BB AT U E B B IR AR EN T KA A 6 B R B U-Pb 8, 5%

AR ZLE 2% VAR, B —7r @, AHREEPLBES LR A, AR R KRB R] 4R

Fik, FIVANISTO12 3k 354F A é]‘?ﬁ«fﬁfﬁ ST HER B U-Pb SFih, fk T kG U-Pb EFMESW & RE

AFERBZ GO MERR A SR AT A ATAE P B A A TR E SR A AE AR IR BT, 52T &b B LA-ICP-MS #i k%

U-Pb & #7175 %, FHARutBE Kk & U-Pb FKF LA FH 7 P o 2R

KB ORIk E B S F B TRk, BRE; U-Pb 2 F; H@ 4R IE; JF AR BT

£

(1) 4 A 40538 45 09 B G AFAE MAD 1E9MF, AR EAS = A 2.5% ~6.0% 0 Z 5k % .

(2) FAAR EAFAE £ 18 45 (*OPb % 3 Tera-Wasserburg 8 fif ik) B3t AT 4% Pb/U 54845 i 7T 3K 13 /2 74 - 7
%R (I ZKT 2.0%).

3) 7%)*] KAAINB R Mk, VAZ IS NIST612 3 JAR I Be A7 B & & MAD. Otter Lake ## Durango 7 3

Ry, R AOUE AR P G845 3 54T 5 R Fa
¢l§lﬁx«;: 0657.63; P597.3 XERFRINED: A

B K AT R 45 Rl B IRSE Th Z AR TRz — 4P T LA-ICP-MS B K £7 U-Pb
Yyt sEE e — ZE;&EE’J%EE UL ng/g 3180 ng/g  EAENIE, Chew %5 112 2011 45 R HIBOL L 46
PAE) ") BRBE IR AT U-Pb E4E % T TRRE RS S0 I 43 R IE 8557, LA-ICP-MS B /K 41 U-Pb
IR AR S BB L MO AR, IR IHRTERS KA U-Pb AEI X ST
ol R SR £ 265 B TR B (LA-ICP-MS) PRILRE Sl il iz H
2 TR T AR L T R X R A R A TR A A B A Y RATEOEM
AU RBIFIR AT Y U-Pb AR UX T TR B AT BERE R, L PO/U SRS R S R

s BHA: 2024-04-07; fEEIBHA: 2024-07-06; %3 HHEE: 2024-07-11; WEHABHEE: 2024-08-07
HEEWA: BRARPAILSIH 42373032); B34 ARRIFAILEIHH (2024AFD372)
TEEBEN: B, L, BIWFER, FEMNFEREIT Y U-Th-Pb AEFC 23RO o B A 25 B8 R B il b L oY

E-mail: luotaoll@cug.edu.cn,


https://doi.org/10.15898/j.ykcs.202404070079
https://doi.org/10.15898/j.ykcs.202404070079
mailto:luotao11@cug.edu.cn

HO

1

R
i 2025 4E

http: //www. ykes. ac. cn

[ f%, Thomson % 12°) SR FWOG 3 i I8¢ Fl MC-1CP-
MS S #T, 43 51 FH 3L B A AR 32 00280 2P Th, *®Pb.
27Pb 2P, FE OB SR BE 65um B 3R A5 A 8 K
bR A FESD MAD A9 2%°Pb/ U BAL A5 43 # K B
4% ~ 409%(2SD). Chew %5 |21 R FH DU AT Hiy SR
SR TR R T R K AT U-Pb 4RI 04T, 7E34 il o
BE 50pum B} 345 () Durango 5 7K £12°°Pb/ U B 45 43
WrAs -l 8% ~ 10% (2SD), T fE R HE 130um I 4 5k
FE R BOG/ TSR IRTBE (29 2%). PRI, FF R
X BE IR AT U-Pb G AE A3 M, DA A 2 A3 %
A3 BRG 5 0 AR A VARG 5 43 B 4 S AR T
P —J7 T, B KA AESS St R P ) s e BETR A
Pb JLE, 143 Pb A1 U, Th %55k ik w48 7=, B
IR AT R R R R B K A A
U Y, O HGHE 1) H T B KA U-Pb & X o i
BRIERE S S R TR R A m 1202 U-Pb
SE AR TR AR T LA 157 (157°°Pb/ U A1 Pb/ %P
FUAE, YK AT ke T A ASTR] S i 3 Sl A B, bR
S 2°Pb/ 20U FPTPb/ P L (R 2 HL R A
FAB AR ) & B m A IR AR R, A EEAT
Pb/U J3 18 R RS AL B IE, W2 X i I A A i 1) 5
AT 48 SR B B 4 s B R . T AT R B K A
U-Pb % 4 43 B B 35 >R 3k 1R VT BC 0 % K A
MAD "2 fEAMRAE IE A3 AR R S AR, TFSE & %
KPP i 5E % MAD T EEARGE O L T
MAD FRFEEE A Fr i (29 1% BIAEIR AR F20)
SR TP U5 T ARASUE R 0 AT 25 5, (R ANl
FH 38 30 5 B PR RE AT o Bl s A T
U-Pb SEAFHA ) & e AR X 43T S 46 2 e i 389 i,
I AT AT MAD B = o RIS A 13
JEIHIX U-Pb EAREE L, DR L 75 BB K A b
WHTRIE 7 AT R Gu AT AT K AR SEAR VT BE 434
Jide XY ETRRE BRI U-Pb - 5 X 20 # 81 o
AR B 2 0 ), Sy 2E il T & T AR
NN RS iy SRR ([ ¥ s ot N g S LAY ]
A FRRERIE AT A P2 Fg e P2 L Luo
250K K 78 S0 B SO il )y iR S DL B Ak
NIST BEEsfEoMRa et ) s ) Bz
VRIS 173 TR D 9 Ly Tl 3~ b7 Ll
U-Th-Pb 4Fi& . SRFHAESARDCEC ST 71, AMUAT LA
S35 fipp PRI A D T e B = 1 [, s T — 5 R
HhsBE G AR P S A T 4 TR s R A D 2
b, BT % S AT ROGHIX B KA U-Pb 2 440 #r
e H S S0 5 M AT 2 SR o 8 RIORS 2% B 55 )

R, AR SCR e PP 0 REBUZ X WK A1 U-Pb TE4F
SRR B RS, o HCBIT ST K A1 b v T
JRRS o BT 4G R 3 A i 225 22 I ST K A AR SR
DC 731 J7 3k LA B35 3 A 05 o A 2 SR A 52 ),
SET R RS BE OL BUX B KA U-Pb & 4F 37
Tk

1 S5k
L1 SRR

ARSI A L B OR A () b B R S
R E A SR = T, R Agilent 7900 VUK AT
EB TR RIS (Agilent Technology, Tokyo, Japan)
1A A T2 B 193nm 1 5 T 91 B 30OE (GeoLas
HD, MicroLas Gottingen, Germany), 41155655
BINTE 1.

#1 LA-ICP-MS BHRAi U-Pb AE RN RS HL
Table 1 Instrumental parameters for LA-ICP-MS U-Pb dating

of apatite.
LA &%k GeoLas HD 193nm #E43 706
AN 193nm
WOLHE 2 10J/cm?
F R 5Hz
B iy ] 50s
e asing] 20s
He Jii# 650mL/min
WBF AR 60 ~ 90pm
ICP-MS %% Agilent 7900 %
B TRIIR 1400W
FERA 0.86L/min

ZQSi’ 42Ca, 4‘)Ti7 S]V, RQY7 93Nb7 139La7 MOCG,

]4]Pr, I46Nd, WSm, ISIELI, ]57Gd, ISQTb, 163Dy,

]65H0, '66Er, 169Tm’ 173Yb, ]75LU, 179Hf7 IRITa,
ZOIHg, 204Pb, 206Pb7 207Pb, 208Pb, 232Th, 238U

e

1.2 SERAEA BT i

MAD # JK £ > 3 T 5 35 i hn 4 “ 1st Mine
ID-TIMS 4£ #% W it # 4> 4F %
486+0.85Ma F1474.25+0.41Ma, Th/U {HZ)H 15 ~ 30,
MAD i JK A7 2 H BT OGI X 85 K A U-Pb AE #3704
TSR 12200 AHIFGE v SE AR DTS S 3R
H MAD & R 4E % IEARFE . Durango % K 1 7= T
S5 VU AR 22 X B R R, B KA B LS K
AR AR OC, 77 T R PR 2 B R
) 12 TR A BB TR KA A
Ar4F #% & 31.4440.18Ma (2SD) '?7' . Durango

Discovery” .


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

14

B, A WAV LA-ICP-MS #5AT U-Pb %E 4RSS R FE MR KA IETT 5

%44 5

WA TR EH U & a3, P [R) 7 22 X LAE
D , 7RI ih 75 2R R BN &, I [ 8 WD 4R 5
A, B0 M A R I X B M T 3R A5 5 g 32 Y
Pb/U 4140 i 1) . Otter Lake B KA 7 Fhng k&
BLE 7, X B A A T 2RI B, 7R A
I DX (Bl AR il R SR TR (- K S kA
A, X R — B I A b AR P i s M TRl 6 3R
7E27Pb/ " Pb->"Pb/ 2P K] fift rp 4K A5 A 25 1} 2R AF i1y
4 913+x7Ma (2SD, MSWD=0.24), iZ 4 i3 /£ & Otter
Lake B IR AT HEZEAR RS B2 R0 12028 L et
ARG AR AR Bl 2 1) [ R, 9F 5 A1) SR HH 5 1 [ R
Fr o 5 5 R WF 52 AT (NIST) F 4 )i 3 35 NIST610,
NIST612 & NIST614 "2 {2y U-Pb 4% 23 #7 i 14
AFRAS TEAX B84 M AN B gy | 13302 ) AR S
U &858 A0 804 1Y NIST612 35 1E
JEFEARVC BC 43 B ] (8 SRS IEARAE o B ab 3R
Tolite /4 >3 il Excel #2J%, U-Pb ¥ FI1&I 1 Isoplot R
Bk B

2 HiR5iie
2.1 A5E RS HORE EE I R

U-Pb & 4F BIN0RS B2 G T U Fl Pb BYR 55
JE, WifE S omE SEEM P UL Po Y& bR R
Ko WFEEEAH YE) U-Pb 475 2% Hib 47
W R IE, PR TR K A U-Pb 8 4R U, BR T
K Po/U B4 BT ANHA E BE AL, 3875 1 % Pb/Pb 141
BEASHE BE o 1l U-Pb {4 Z8 H (14 HU AR JiE 32 B2 B
TG EICREME TR, K1 ER THEAREE
Z5AFF TR I A8 K A 225 Wi MAD Fl Durango
AT U-Pb AR Y NIRASH B S Pb [F 55 BE AY K

10
9@ Ty
81
7F
~ 6f
X :
TS
ﬂ 4 ':':.
M| $=89.222 0450 MAD
21 gy R-09756 Durango
L g
0 : I
. 20000 40000
zoon(cpS)

(@2 Pb U 4E 5 (b) 2Pb %P 4ES
Bl 2Pb/2*U FIP7Pb/ Pb AEHSREERE Pb 155 SRR AL

. XFFPo/PMU, 247%°Ph $HEAF] 6000cps i, H:
AHE AT IZE/NE 29%; 257%Pb TGS 6000cps i,
R 2 BE R B AR 22, 8 2 20000cps B A] LA ik
B ~ 1% WIATHERE . XHT2Pb/ P, HAH & i
TR T &R EARAPh (U5 S0 B, NI HOR
T 5 JE B0Ph/A U A EE R o 24 °Ph i B R
~ 600cps I, HAH E FE T LK E ~ 5%, b5 2818 %
1%, B F ~ 2400cps ik 2 ~ 2% MY7KF-o A 136
] LUE B, X482 A9 FE 5 Durango, T2 Pb &
TG, U-Pb AFIE A N FIRG B LR 251K
2.2 A U-Pb SEREERDLAC S

R U-Pb & 4F M — R FHARAE | A 5 (]
T AR IETCR RS IEAS o T 2 HMERAL IE
FRAE i f — o PR B T I, 75 2 e AR A R T
W ATFISR, i A IE S B Po/U LGB AR i
PEATAZIE o ARBFFERT EG T 8 KA MAD fESMRET EL
FEAC TE A3 FHAS [R] 5 2 204 7 3530 A 1E S X A= A
it T ATAE RS
2.2.1 BERA MAD FLEERSIESS

WAl 2 JRIRTEAKIARFE MAD #5475 #5452 1E
TEOLT, B HHAC IE WA 258 . %) T Otter
Lake, 7F /A [ % 353 4 2H 515 2] /) Tera-Wasserburg
WEFE RS AR SIEEE N R ZETE 1% N, (20156
YA SR A T 3R 22, AR 36%; [ 5E
Tera-Wasserburg i 1 €338 4541 i (**"Pb/*"°Pb=0.9,
PR IR o 22 A A 70 135 ) i s ), A8 AR IR R 24
4 2.5%. XFF Durango W KA1, FEAS [ E W) I A4
i CYPb/A°Pb=0.84) 1535 Y Tera-Wasserburg 18 H1[&l
AR 2ZE R3] T 30%, W1 URET A RS A (E
He T BRI 22, AR 60%; [& % Tera-Wasserburg 1

30

(b 207ply/206Ply
25 +

y=211.95x7056 MAD
5|, R?=0.8844

Durango

0 20000 40000
27Pb(cps)

Fig. 1 The precision of *°Pb/***U and *’’Pb/*"°Pb ages varing with Pb signal intensity: (a) ***Pb/*U age; (b) **’Pb/**Pb age.
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Fig.2 U-Pb ages results obtained by calibrating with apatite MAD as the external standard: (a) Apatite Otter Lake, without anchored

initial Pb isotopic composition; (b) Apatite Otter Lake, with anchored initial Pb isotopic composition; (c) Apatite Durango,

without anchored initial Pb isotopic composition; (d) Apatite Durango, with anchored initial Pb isotopic composition.
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Durango, without anchored initial Pb isotopic composition; (d) Apatite Durango, with anchored initial Pb isotopic composition.
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Impacts of Common Lead on Apatite U-Pb Geochronology by LA-ICP-MS:
Assessment and Correction Strategies

LUO Tao', WANG Hanlin®, ZHU Songbaiz, OING Liyuan1 , HU Zhaochu'
(1. State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences
(Wuhan), Wuhan 430074, China;
2. PetroChina Tarim Oilfield Company, Korla 841000, China)

HIGHLIGHTS

(1) A systematic bias of 2.5% to 6.0% is observed when using the common lead-containing apatite standard MAD as
an external standard for direct U-Pb calibration.

(2) Accurate results (with bias below 2.0%) can be obtained by correcting for common lead in the standard (using
the **’Pb method or Tera-Wasserburg diagram method) prior to performing Pb/U elemental fractionation
correction.

(3) Accurate U-Pb ages of apatite reference materials of MAD, Otter Lake, and Durango can be obtained through
calibration against non-matrix-matched NIST612 glass using a water vapor-assisted laser ablation method,

effectively mitigating the influence of common lead in standards on the analytical results.
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ABSTRACT: Apatite is a widespread U-bearing mineral in igneous, metamorphic, and sedimentary rocks. U-Pb
geochronology of apatite can provide significant information for constraining magmatic evolution processes and
tracing provenance. Laser ablation inductively coupled plasma-mass spectrometry (LA-ICP-MS) is a crucial
technique for in situ U-Pb age analysis of apatite. However, the lack of suitable matrix-matched apatite reference
materials and the inevitable presence of common lead in reference materials are major obstacles restricting high-
precision determination of apatite U-Pb ages. This study investigates the impact of common lead on LA-ICP-MS
apatite U-Pb dating results. The significant systematic biases (6%—30%) in both measured lower intercept ages and
initial lead compositions are observed when calibrating against MAD apatite without common lead correction.
However, accurate apatite U-Pb ages (within 2% systematic bias) can be obtained by correcting for common lead in
MAD using the *’Pb method or Tera-Wasserburg plot method prior to Pb/U fractionation calibration. Furthermore,
a vapor-assisted laser ablation method is employed in conjunction with NIST612 glass as an external standard to
accurately analyze apatite U-Pb ages. This non-matrix matched method eliminates the need to consider the influence
of common lead in the reference materials. Novel high-precision LA-ICP-MS apatite U-Pb dating methods are
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established with both matrix-matched and non-matrix-matched analyses, which greatly promote the application of
apatite U-Pb geochronology in Earth science. The BRIEF REPORT is available for this paper at http:/www.
ykes.ac.cn/en/article/doi/10.15898/j.ykes.202404070079.

KEY WORDS: laser ablation inductively coupled plasma-mass spectrometry; apatite; U-Pb dating; common lead

correction; non-matrix-matched analysis

BRIEF REPORT

Significance: Apatite is a ubiquitous accessory mineral occurring in diverse geological environments!'l. It typically
contains U ranging from a few to several hundred ppm or more. Consequently, apatite U-Pb dating is widely
employed to constrain the timing of significant geological processes, including diagenesis, mineralization, and fossil
formation™ . Laser ablation inductively coupled plasma-mass spectrometry (LA-ICP-MS) is one of the important
techniques for conducting in situ U-Pb age analysis of accessory minerals. Matrix-matched standards are crucial for
obtaining accurate results in LA-ICP-MS U-Pb geochronology. However, apatite from diverse geological origins
typically incorporates common lead, and the standards reported for in situ U-Pb geochronology of apatite likewise
contain variable amounts of common lead. The measured Pb/U ratios are a mixture of radiogenic and common lead
components when the apatite standards contain variable amounts of common lead. In previous apatite U-Pb
geochronology studies, the *’Pb method was commonly employed to correct for common lead in MAD standards,
which contain minimal common lead (approximately 1% age discordance). However, this approach is unsuitable for
analyzing standards with higher common lead contents. As in situ U-Pb dating techniques for apatite continue to
advance and the number of microanalysis laboratories expands, the availability of apatite MAD standards with low
common lead content is diminishing. To obtain accurate and precise LA-ICP-MS apatite U-Pb results, different
common lead correction methods (**’Pb method or Tera-Wasserburg plot method) are performed to the apatite
standard prior to Pb/U elemental fractionation correction in this study. Moreover, a water vapor-assisted method is
proposed to determine accurate apatite U-Pb ages with NIST612 glass as the external standard. This non-matrix-
matched analytical approach alleviates the lack of apatite U-Pb dating standards and effectively mitigates the impact
of common lead in apatite standards on analytical results.

Methods: Experiments were performed with Agilent7900 quadrupole inductively coupled plasma-mass
spectrometer (Agilent Technologies, Tokyo, Japan) coupled with a Coherent 193nm excimer nanosecond laser
ablation system (Geolas HD, MicroLas Goéttingen, Germany). Detailed experimental parameters are presented in
Table 1. Apatite reference materials MAD, Durango, Otter Lake, and NIST612 glass were analyzed for U-Pb dating.
For matrix-matched apatite U-Pb dating analysis, MAD was used as an external standard and Durango, and Otter
Lake served as monitors to evaluate data accuracy. To obtain accurate and precise apatite U-Pb results, different
common lead correction methods (**’Pb method or Tera-Wasserburg plot method) were performed to the MAD
standard prior to Pb/U elemental fractionation correction. The calibration procedures for the **’Pb method were as
follows: (1) Subtract the background from the U and Pb signals for each measured MAD; (2) Perform common lead
correction for each measured MAD; (3) Use the common lead-corrected MAD samples for Pb/U fractionation
correction. These specific correction steps can be implemented using the VizualAge UComPbine function in the
Iolite software. The principle of the Tera-Wasserburg plot method is based on the Tera-Wasserburg concordia
diagram. The processes are as follows: (1) Calculate the intersection point of the discordia line constructed from all
measured MAD with the X-axis of the Tera-Wasserburg concordia diagram; (2) Calculate the intersection point of
the discordia line passing through the recommended age of the MAD standard with the X-axis. The ratio of these
two intersection points is the Pb/U fractionation correction factor; (3) Correct the Pb/U ratios of unknown samples
using the fractionation correction factor. The **’Pb/*”Pb ratios of the unknown samples were directly corrected
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using a standard with homogeneous Pb isotopic composition (such as NIST glass). A water vapor-assisted method
was proposed for non-matrix-matched apatite U-Pb age determination with approximately 4mg/min of water vapor
introduced into the laser ablation cell. Apatite U-Pb ages were determined using NIST612 glass as the external
standard.

Data and Results: The U-Pb age results of apatite Otter Lake and Durango by calibration against MAD without
common lead correction are presented in Fig.2. The initial lead compositions of apatite standards are anchored with
the Pb isotopic compositions from Stacey and Kramer’s model. The obtained lower intercept ages of Otter Lake and
Durango show systemic bias of 2.5% and 6% relative to their reference ages, respectively. The results indicate that
significant systematic biases in measured lower intercept ages are observed when calibrating against MAD apatite
without common lead correction.

Fig.3 presents the U-Pb results for Otter Lake and Durango, calibrated against apatite MAD after common lead
correction using the “”’Pb method. The obtained lower intercept age for Otter Lake is less than 1% younger than the
reference value. Moreover, the lower intercept age of Durango shows a deviation of —1.7% with the initial lead
composition anchored in the Tera-Wasserburg concordia diagram. The results of Otter Lake and Durango using
MAD as the external standard with common lead correction via the Tera-Wasserburg plot method are presented in
Fig.4. The lower intercept ages of Otter Lake and Durango are 929.0+7.1Ma (20, MSWD=1.2) and 29.3+0.5Ma (20,
MSWD=1.0), showing deviations of 1.7% and 6.6% from their recommended values, respectively. The larger
deviation for Durango apatite may be attributed to its higher common lead content and the insufficient spread of the
measured Pb/U ratios. Fig.5 shows the U-Pb results of apatite MAD, Otter Lake, and Durango using NIST612 glass
as the external standard with the addition of water vapor within the laser ablation cell. The obtained lower intercept
ages from the Tera-Wasserburg diagrams for apatite MAD, Otter Lake, and Durango are 474.7£2.7Ma (20,
MSWD=1.6), 934.842.1Ma (20, MSWD=2.1), and 31.2+1.2Ma (20, MSWD=1.6), respectively. These ages show

good consistency with their recommended values within the analytical uncertainties, respectively.
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