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U-Pb zircon dating using Nd-YAG (213 nm) Laser ablation-ICP-MS, and evaluating the
consistency with SHRIMP dating

[l T RO == g = 11 S A I V- B2, BAL - 8K, 1992; $aARIE, 1997). Tsutsumi et
EEE al.(2000) Tl KB & o e — k1 A B E et
be* r e (SHRIMP) # /=it )L 2 > @ U-Pb [RIALAALEHS D
ﬁya ?‘ZS“ » _*Y“S”Z“Y a }f[“y;’i“ . B 5, BRI & R A SRR ORI O I
Y SARASUCAL and foShto taranast EZOBEHOERMAERSM L UL, FAEHE
2012 4E 5 A 14 H=Z A, HZ 20 DEBHZEREENG TN, Fhszdiu
2012 % 6 A 23 HZH. » o <FENT 2720121, 100 KiFLALORENKE L END
REBRFRFEIFPARMREE S 27 LEGH (Dodson et al., 1988). SHRIMP TidHEHER 722 )L 0 >
Department of Earth and Planetary Systems Science, Grad- o . 7 e o 1o P
uate School of Science, Hiroshima University, Kagamiya- U-Pb FIAZARLIEITELS 1 A1 > b 20 p Ol Z 2L, K
ma 1-3-1, Higashi-Hiroshima 739-8526, Japan BHE IR 25T 5. —F, 1990 £ 5%EH

LENED L —F =7 T — a ViFE#EE T I AVER

C di thor; A. Katsub
OTESPONCINE atifion 2. Bastbe S3tEF (LA-ICP-MS) R L 7= 2L 3 > @ U-Pb Rk

Abstract: Laser ablation—inductively coupled plasma- RBAER, L —T— ORBRILICE DAL, LA
mass spectrometry (LA-ICP-MS) is a powerful tool for RO 7 0 )V OEAZROM LW 7tk B
rapid and precise U-Pb zircon age dating. Here, we re- ICKD, EREED U-Pb RALAREZ%EB L (#1213, Hirata

ort U-Pb ages for detrital zircons determined usin - . - AN
513 nm Nd-\g{AG LA-ICP-MS analysis, and comparge :‘md IieSblty:’ /1995’ S)rilhasin it al./, 20(32?)’ ! zlv‘r Zho
these results with those determined using a sensitive BRSNS C, R IO TICE L e Fik e LT
high-resolution ion microprobe (SHRIMP) to evaluate WL C& 7 (Fedo etal., 2003). A Cld, 4 HERAEN7S
approaches for detrital zircon age dating during prove- 213 nm Nd-YAG L —HF— & Ui [CP-MS ZHH L=
nance analysis. Consistency of the system was assessed 25 ATOI)L > U-Pb FFALHIE kS % SHRIMP 12k

by measuring four well-characterized standard zircon - " ) T A 2 ~ VRS I,
samples (PleSovice, SLI3, AS3, QGNG), with weighted 2P S L, RHICEETE )L 2 > O fGIRIBARNTIC 5

mean measured “*Pb/**U and *"Pb/""Pb ages of the sam- % LA-ICP-MS OH MM Z#HEY 2.

ples only slightly offset from the reference ages and N

with acceptable MSWD values, barring the “"Pb/""Pb IR

age of the PleSovice zircon, which had a low " Pb signal D> D U-Pb UGS, 5 BB at e

intensity. Detrital zircon grains were re-measured by -
LA-ICP-MS to assess consistency between the LA and FHIERREE 2 A 7 AFGHEAED LA-ICP-MS & SHRIMP

SHRIMP systems, with “"Pb/""Pb ages for zircons older II #fAW7z. LA-ICP-MS > A7 A1+ > #EEE 7o
than 1000 Ma in excellent agreement with SHRIMP A EEHHEE Agilent 7500(7 L >k - 77 0P—)

ages; typical offsets were between —3.9% and 0.3%. In E213nm Nd-YAG L — 5 — > Z 5 A UP-213 (New

addition, zircons younger than 1000 Ma had more ac- ey < -
curate zos’Pb/mU th};n 207%b/zost ages. Both LA-ICP-MS Wave Research) % @mj::: L7zdbDT (:6 5. $ AT A Li,

and SHRIMP techniques produce results that are in FrU7—AAELTAr He, N,IREARZHWTHD
excellent agreement, barring a few analyses that were (Tanaka et al., 2007), )L AERBIEICE LT D 3
affected by zircon heterogeneity or zoning. HOKB AT 7.
DEERT 4V —DEE  Ar HAPIIMEOKENE
FH, YAZAAXZ MV ET™Hg @ *Pb NOE—7 T#13
Hg OFHHEE S LITHIEERTT> Tna. ZORMDE
RS ED0I, Fr VT —HARATA ATEERT ¢
)V — (Hirata et al., 2005) Z3%\F, Ar A/ 5 Hg &%
EHRELTWS., 70y —IckD, PHg Ny 77
A PIZIENTEENDREIED )L O AIERECAE Z7 > RTOEEHEEITR 50 cps S8 cps 12, 77—
22T, TOMGRIRE R EREEOERYERZH DT 2 a VIFTHEIT0 cps 75 20 cps IIE L, Hg BREICH)
B0 L1227, W OB HMITICE ) & R T % SRSy g

©The Geological Society of Japan 2012 762

Keywords: LA-ICP-MS, detrital zircon age dating, Nd-
YAG, SHRIMP

i C & [



WEM 118(11)

Table 1. Operating conditions and data acquisition param-
eters used during LA-ICP-MS analysis.

Laser Ablation
Instrument : New Wave Reserch UP-213
Wavelength : 213 nm (Nd-YAG)
Crater diameter :30 ym
Repetition rate :5Hz
Energy density :ca.4Jcm?
IcP-Ms
Instrument : Agilent 7500cs
Forward power 1350 W
Carrier gas :Ar,He, N,
Ar gas flow rate :1.3-1.35 L/min
He gas flow rate : 0.26 L/min
N, gas flow rate : 5.5 ml/min

Data acquisition protocol  : Time-resolved analysis

Detector mode : Pulse counting

Instrument Sensitivity (**U) : 200 - 500 cps/ppm (on NIST 610 SRM)
Back ground ca. 20 - 100 cps

: 91(Zr),202(Hg, Pb), 204(Pb), 206(Pb),
207(Pb), 208(Pb), 232(Th), 238(U)

: 0.1, 5, 50, 25, 50, 5, 10, 10 ms

: FC1, 1099.0 Ma (Paces and Miller, 1993)

Monitored signal

Dwell time
Standard zircon
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Fig. 1. Time profile of (a) **U signal intensity and (b)
25U/*Pb ratio using a NIST SRM 610 glass standard and
LA-ICP-MS analysis with a stabilized laser repetition rate
of 5 and 10 Hz, and a non-stabilized rate of 5 Hz.
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Table 2. “*Pb/**U and *’Pb/**Pb ages of four zircon standards analyzed using LA-ICP-MS with previously determined iso-
tope dilution-thermal ionization mass spectrometry (ID-TIMS) ages.

Zircon Standard Reference 25Ph/z8 age MSWD  offset 27Ph/2*Pb age MSWD  offset  Concordance age =~ MSWD  offset
Plesovice Slama et al. (2008) 337.13 2 0.37 Ma s
This study 340.4x 3.1Ma* 0.81 1.0%' 327 =18 Ma* 0.73 -3.0%’ 340.2 £ 3.1 Ma** 2.6 0.9%'
N=18 N=18 N =18
SL13 Claoué-Long et al. (1995) 572.1 +0.4 Ma 574 + 7 Ma**
This study 562.2 + 9.2Ma* 0.84 -1.7%' 574 + 24 Ma* 1.16 0.0%% 565.1 + 8.6 Ma** 0.53 -1.2%'
N=16 N=16 N=16
AS3 Paces and Milter, (1993) - 1099.1 + 0.5 Ma*
This study 1119 + 13 Ma* 1.3 1.8%7T 1104 =12 Ma* 0.85 0.4%° | 1113.1 +8.5 Ma** 3.8 1.3%7
N=23 N=23 N=23
QGNG Black et al. (2003) 1842.0 £ 3.1 Ma 1851.6 1.0 Ma**
This study 1887 + 23 Ma* 1.06 2.4%' 1858.3 + 9.4 Ma* 1.02 0.4%% 1864 + 10 Ma** 6.0 0.7%7F
N =16 N =16 N =16

N, number of data for calculation. Bold, This study. /taric , referenced data. [, 95% conffidence error. [[, 20 error.
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Fig. 2. U-Pb isotope Tera-Wasserburg concordia diagrams
(open ellipses show 2o uncertainties and are corrected for
common Pb) for the four zircon standards analyzed during
this study: (a) Plesovice, (b) SL13, (c) AS3, (d) QGNG.
Filled ellipses represent the error range of concordia ages;
dashed ellipses indicate analyses rejected from age calcu-
lations.

1993), QGNGZ 7+ A2 =% > hlsT =% &R L
27Pb/ P A & Pb/ U I NEA1851.6 + 1.1 Ma
& 1842.0 = 3.1 Ma(2o: Black et al., 2003) 23#i& =41 7T
W5, PleSovice & SL1313 1 K77 AS3 & QGNG &%
NZN QKT & 6KiTZMN. DR & STHkME & DA
7+t v h% Table 212, #MIET—4 % Appendix 1 & Tera-
Wassurburg B (Fig. 2) 12", ME ORI 95% 15
BREATRL TN,

PleSovice 1, I>a—4% > MM SN S 1 77— %
BR< 18 A > BT DWT *Pb/A*U D INE - 340.4
+ 3.1 Ma(MSWD = 0.81, 7ty ; = 1.0%) T3HikfiE &
£L< L, FHEDIESDEB/MIN. —F4, *Pb/Pb
FEROMENENT 327 + I8MaMSWD = 0.75, 7t
k= -3%) &iso7n, ZHULPb DIEEMENAREL T
PH/UPh EEANIE S DWW EEZ BN S.

SL131Z 16 s ~RCAT>a—F« 7l Eic 7oy ~
TR, Pb/AU ERDINE Y 562.2 + 9.2 Ma(MSWD

=0.84, 77ty b= -1.7%), *"Pb/"Pb £ D INE R
574 = 24 Ma(MSWD = 1.16, 77t v k = 0%) T, @k
MELLS—FHT 2 HFHUET—FIIIPHELTHD,
SL13 2M9ETH 2 Z ENHIn5.

AS3 13 Pb/*U, *“Pb/'Pb HikicHEdEn 5 k& <4
N2 57— &BR\W=23 "1 > N TMEFEEEEL 72
*"Pb/Pb 4E A D I E S 13 1104 = 12 Ma(MSWD =
0.85, A7t v b=04%) THEE X< KT 5. —4,
P/ FUEMRIE 1119 + 13MaMSWD =13, A7t v b
=1.8%) T, HMEICK LETHWEZRL . AS3 1T,
SHRIMP #l5E T® 1150 Ma 2 A 5ffi& & BIT, AiT3R
HTOPO IR T IICE S EAENREINTHD
(&H1Z Schmiz et al., 2003), AT TERALZ2 7—%
oD, BEUHDMNT—FITHE L= SR T-.

QGNG 3, 16 7—% i 5 Pb/*U £ 18 & *"Pb/*Pb
FEROMENIIIE 1887 + 23 Ma(MSWD = 1.06, 7t v
b =24%) & 1858.3 + 9.4 Ma(MSWD = 1.02, 7t v
k= 0.4%) L7230, SCHRkME & AP C 39 5. *Pb/”*U
HoIEsD&ER0T > a—7 « THERESGMED R 313, 5
e TR SN TS Pb #BRIT L% U-Pb lLORTE M
(Black et al., 2003) iIC&L b EFE 2 H5N5.
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BHIRIK BRI O R AR (MSKNCH1) OHRIS AN S
EEL B D)L Th B, JRERFD SHRIMP 1T %
AWK 30 um @ 7o — 7R THIER, LA-ICP-MS #llE T
ZFO7O—TEECARO L —Y—Z2MRE L TllE Lz #l
ERICEBEOMRBAIE &)L O ki O R#EEORGRZ
V=R Xyt A(CL S THREL, RmiEzrxiz<
T EANW. #ER% Table 3 ITRT.

s OtEHE, SHRIMP @ *Pb/ U i THI 160~
500 Ma & 1700~2500Ma @ 2)ba iz kplans Z &
Mbhino . B )L—T D)L a > d *Pb/*Pb Fiinld
Pb DAY > MR SBEEBEDKE WA, P Pb/ U A
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Fig. 3. Comparison of LA-ICP-MS and SHRIMP detrital
zircon dating results, and features of the zircons omitted
from age calculations. (a) Comparison of U-Pb ages for
samples SCHKIS, TK3-8, KMY-8, TB2-18, and TB2-12
determined by LA-ICP-MS and SHRIMP, showing agree-
ment between the two techniques; note that ages less than
1000 Ma were determined using **Pb/**U ratios, with oth-
er ages determined using *’Pb/*Pb ratios. (b) Images of
zircons omitted from the age calculations, showing LA-
ICP-MS (open circles) and SHRIMP (filled ellipses) mea-
surement spots on Cathodo luminescence images, indicat-
ing spatial relationships between measurements and zircon
domain boundaries (shown as dashed lines).
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Appendix 1. LA-ICP-MS isotopic data for standard zircons
(Plesovice, SL13, AS3, QGNG).



