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Abstract

LA-ICP-MS U-Pb dating (238U-206Ph dating) was performed on two zircon age standards, Fish
Canyon Tuff (FCT) and Buluk Member Tuff (BMT), using both Nd-YAG (213 nm wavelength) and
excimer (193 nm wavelength) lasers. Main results are as follows. 1) Mass fractionation effects are
negligible in both systems as was revealed by measuring Pb isotopic ratios on NIST SRM 610 glass
standard. 2) In CRIEPI system using Nd-YAG laser, a systematic isotopic fractionation between U
and Pb was found and the U-Pb age of BMT was 20% older even though age correction using FCT
was performed, therefore improvement is necessary to obtain more reliable ages. 3) In Kanazawa
Univ. system using excimer laser, no systematic isotopic fractionation between U and Pb was found
and the U-Pb ages of FCT and BMT were in agreement with their reference ages. 4) Confocal laser
microscopy revealed that the surface of the bottom of the ablated pit is severely uneven for Nd-
YAG laser and almost flat for excimer laser.
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Table 1. LA-ICP-MS operating conditions.
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3., QICBELTIE, L—Y—DlEENEIZED
WREO L mETHNOFEDRFEZX S 2
EBTEZEINTWE CEMIED, 2004) |
7, QIELTIE, ¥F¥xYT7—F AL LTHe
ZEMTZZ LIk, UPPbi EDOEWILHESE
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CRIEPI (Komace)

Laser Ablation:

Laser type 213 nm (Nd-YAG)
Crater size 40pm

Repetition rate 10 Hz

Preablation 10 sec

Energy density 19 - 23 J/em’
Data acquisition 24 sec

ICP-MS:
Acquisition mode Time resolved analysis
Scanning mode  Peak jumping

1208 W

plasma) 13.7 1/min (Ar)
auxiliary) 0.68 1/min (Ar)

carrier) 1.09 1/min (Ar)

Forward power
Gas flow rate

Measured isotopes

New Wave Research UP213-A/F

Thermo Fisher Scientific X series 11

88q.. 90 139y _ 140~ 141y 146
Sr, “Zr, “La, "Ce, " Pr, TNd,
147 151 169 172 175 178
Sm, “'Eu, ~Tm, “Yb, "Lu, "Hf,

Kanazawa Univ.
MicroLas GeoLas Q plus
193 nm (Excimer ArF)
50pm

10 Hz

1-2 sec

8 J/cm®
18-19 sec

Agilent 7500s

Time resolved analysis

Peak jumping

1200 W

plasma) 15 l/min (Ar)

auxiliary) 0.31 I/min (Ar)

carrier) 1.3 I/min (Ar), 0.3 /min (He)
29g; 88y 204py, 206py, 207pp 208py
22y, 25y5 28y

202Hg, 204Pb, 206Pb, 207Pb, 208Pb, 232Th,

2351 B8y
Dwell time 10 ms
Standard glass NIST SRM 610

40 ms for Pb and U
NIST SRM 610, 612
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Fig. 1 Time profile of 206Pb and 238U counts for
FCTO08-2-08 sample using Kanazawa Univ. system.
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Table 2. LA-ICP-MS analytical results.

Sample name Ssr 2%pp 206pp, 27pp, 2%p BT 3y 33U Age” (£ 29) Age” (¢ 29) Depth™ Diameter™
[eps] [cps] [cps] [cps] [eps] [cps] [cps] [cps] [Ma] [Ma] Hm Hm

CRIEPI

Blank-01(Ar) 27 17 8 7 13 1 0 2

Blank-02(Ar) 27 11 7 3 15 5 0 6

SRM610-01 74941 3789 64103 58129 141361 322831 905 388929

SRM610-02 79446 4271 71980 66277 161035 333494 1036 425961

SRM610-03 73500 3590 63580 57420 138794 318293 916 383372

Blank-04(Ar) 78 18 22 14 49 0 0 0

Blank-01(tef) 78 25 5 6 7 0 0 0

Blank-02(tef) 60 26 4 8 11 0 0 1

Blank-03(tef) 69 17 3 2 7 0 0 0

FCT08-2-01"* 735 34 474 39 115 78602 1325 177557 17 2 27 3270 41.7

FCTO08-2-02 159 30 543 34 113 93019 1299 180696 19 2 31 3

FCT08-2-03 676 32 1688 155 756 589989 4246 626008 17 1 28 1 300 38.7

FCTO08-2-04 103 37 687 29 155 119112 1795 249333 17 1 28 2

FCTO08-2-05 133 29 758 46 171 137669 2073 281115 17 1 28 2

FCTO08-2-06 153 38 576 33 137 81627 1621 218082 17 1 27 2

FCT08-2-07 4003 35 447 88 213 102355 1034 144563 19 2 31 3 274 41.7

FCT08-2-08 96 34 340 30 85 69651 908 130041 16 2 26 3250 44.2

FCTO08-2-09 79 22 135 13 36 22721 404 43067 19 3 30 5

FCTO08-2-10 97 31 3476 173 1646 1583505 9627 1317304 17 1 27 1

Blank-05(Ar) 95 10 11 10 28 0 1 0

Blank-04(tef) 85 22 3 1 10 0 1 0

Blank-05(tef) 79 15 4 3 7 0 0 1

Blank-06(tef) 83 14 5 4 8 0 0 0

BMO08-1-01 106 30 76 22 32 21744 297 44241 10 2 15 4

BMO08-1-02 246 38 180 108 241 89574 437 59997 18 3 29 5

BMO08-1-03 85 28 80 14 26 26459 402 56020 8 2 13 3

BMO08-1-04 92 33 78 22 31 22917 329 48339 9 2 15 4

BMO08-1-05 78 40 85 13 14 19439 353 46677 0 2 17 4

BMO08-1-06 425 39 227 78 179 53381 721 97264 14 2 23 3

BMO0S-1-07 966 146 1922 1278 4020 1277451 1204 175830 70 3 112 5 303 46.5

BM08-1-08 205 54 255 66 168 61991 822 113511 14 2 22 3 304 42.7

BM08-1-09 90 33 216 22 53 61543 830 119484 12 18 2

BMO08-1-10 199 42 273 153 393 32524 411 56378 30 4 48 6

SRM610-04 83676 4354 75160 70348 168890 355352 1035 430137

SRM610-05 80900 4347 73394 67060 162279 348222 955 419211

SRM610-06 76908 4061 69635 63665 151816 327349 882 396151

Blank-06(Ar) 103 20 17 13 26 0 1 1

Blank-07(tef) 105 24 4 6 6 0 0 0

Blank-08(tef) 104 22 2 0 8 0 0 0

Blank-09(tef) 79 21 3 0 4 0 0 0

Kanazawa Univ.

BMO0S-1-08 25569 151 2889 920 2422 379432 5837 793916 23 1 22 1 13.3 543

BMO0S-1-07 8196 100 3370 521 1378 512397 9025 1233944 17 1 17 1 13.7 53.7

BMO08-1-103 5409 74 3106 289 907 526539 9006 1227933 16 1 15 1

BMO08-1-104 7018 88 3321 315 1023 548198 9056 1257718 17 1 16 1

BMO08-1-105 5473 69 1804 201 605 269880 5006 690477 16 1 16 1

BMO08-1-106 9344 87 1911 348 880 283895 5035 692922 17 1 16 1 14.7 50.7

BMO08-1-107 4373 66 1370 188 541 181299 3515 490271 17 1 16 1

BMO08-1-108 7760 69 3157 250 887 498888 9086 1241318 16 1 15 1

BMO08-1-109 11163 98 3599 588 1792 541481 9174 1254385 18 1 17 1

BMO08-1-110 6819 73 2976 397 1200 395044 7860 1083708 17 1 17 1

SRM610-101 4274373 49584 851080 768377 1841177 2512214 8834 3649080

SRM610-102 3963570 46434 799121 719942 1713981 2353223 8275 3450549

SRM610-103 3765547 44009 750268 674419 1605974 2173062 7677 3191893

FCT08-2-08 5694 109 18056 1153 3913 1475243 30435 4041300 29 0 28 0 150 60.0

FCT08-2-07 88093 128 11832 1382 4426 1131912 17621 2401593 31 1 30 1 13.7 529

FCT08-2-03 8709 209 21688 2687 8473 1342148 29992 4055236 34 0 33 0 150 523

FCTO08-2-204 7160 128 13186 1356 5173 1384415 20429 2715413 31 1 30 1

FCT08-2-01 10342 107 21593 1463 3939 1242403 35591 4810808 29 0 28 0 15.1 53.3

FCT08-2-206 12358 73 11512 634 3335 1312950 18990 2551798 29 1 28 1 14.5 49.9

FCTO08-2-207 606610 220 14635 2831 10223 1615658 20344 2738343 34 1 33 1

FCTO08-2-208 5454 88 10029 689 2633 932866 16262 2203747 29 1 28 1

FCT08-2-209 6722 89 26997 1399 5726 2321928 45927 6099602 28 0 27 0

FCTO08-2-210 6849 84 18739 972 4624 1800848 30899 4129792 29 0 28 0

SRM610-104 4777569 56566 976290 878946 2096032 2796108 10073 4182488

SRM610-105 4572299 55350 953147 859482 2050339 2736550 9823 4089508

SRM610-106 4642773 56466 962576 866571 2065227 2758704 9962 4156111

*1) 28y20pp age determined using measured (uncorrected) 26pp/238Y ratio.

*2) 28y 200pp, age determined using corrected 206p|

*3) Depth and diameter are those of ablation pit.
*4) Sample name in italics analized on the same zircon crystal by both systems.

b/2*U ratio.
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Fig. 2  Comparison of 207Pb/206Ph isotopic ratio
measurements of the SRM610 standard glass. Error
bars are 2SD.
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Table 212238U-206Pb4EA Z i IEHT & & (Vl(2)
& BHIEROER E LR L. #IERIDFish
Canyon TuffofERZER2 &, BRI RATLT
1316~19 Makt%b, @RKRATLTIF28~
34 Matk#-o, @SR T L%, TIMSTH
5 #7zFish Canyon Tuffo4% (28.402+0.023
Ma : Schmitz and Bowring, 2001) 2k, B
SEWICHEVEREZRTH, i, AYATLT
13238V LER206Ph R S 2 TR T4 v 712 (8
38%) EKAHIELTWE b EEZLNDS, Ly
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HWESTHhITWV 2 LI NG, SRR AT
LD9H YL, 34 Mazmnd2akHEflosikHT i
RRRITE W23, 26 280K 0 201Pbfid i3 fth D Ff
BHZEERK & W (200 cpsBl b) ZRT729,

Zn s 2ikkHIcommon PbDsEE % 571 F 7- 4EAY
PRI EEZSND, E, common Pbé& i,
SRR AN DPbD Z & TH D, 209Ph D FHE
VSR PEAR IR T 22 0 206Ph 8Tl E F— Z I & ¥
Tw3aZ E%2T (Andersen, 2002) . Z#5
2B Z R &, SRR AT L DHERIZ28~31
Mak 7 b, TIMSTHE S N EREIZIT—HL &
HERBGons, DEDZ E»s, ERfE AT
L TIE2B8UIL HR206Ph 2 S 2T = T 4 v 71L&
CHIET 253, SRR AT L TIRIEMEICHIEL
TR WSS, £k, WA TLHED, £
RIEDF L FDIIRL, KELLHEMTbiLT
w3 EEZISND,

HR(2)I2 X BHIEE DFish Canyon Tuffd4AY;
&, BHRFS AT L TIE26~31 Ma, &Rk
AT LTI, BER2EEZER L, 27~30 Ma
Lol K@) & 2H1IE# DBuluk Member
Tuff D FERIE, EHFC AT LTIE13~112
Ma, @RKP A5 L TIiE15~22 Mak o7z,
BRI AT LOFERD I L, 112 Mazindi
D 204Ph A I fth D FREHZ LR EHF I K E 2%
ALTWEZ EDS, common PbDEZRZ T

HHEMRZRTEEZZONE LD, TOEREBZEL
&, 13~48 ManFEMRZRT, TN 69N FDF

ROBEDOMBEF %2 KD S L, 19.8+1.1 Ma
BEsnsd, Hon-EMR%, Buluk Member
TuffO#HESEEL (16.2+0.6 Ma : Hurford and
Watkins, 1987) (iR, 20%8E E iz R
T BIRNKRC AT LOEMAUE, B HVEN (22
Ma) #7R9 KT D2M4PbiEA R b K E 2fE (151
cps) Zm§7-®, common PbDEZRZIT
HRENEVWEEZSNS, 5T, ZORT%
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Table 3. Pb isotopic ratio of the NIST SRM 610 standard glass.

207pp/2%py (+ 2SD) 208p,,2%py, (+ 2SD)

No."  2™Pb/*%Pb (£ 2SD)
CRIEPI 6 0.05840 0.00220
Kanazawa Univ. 6 0.05828 0.00062
Walder et al. (1993) 70
Orihashi et al. (2003) 20
Orihashi et al. (2008) 33 or 34 0.05914 0.00015

0.9158 0.0233 2.2106 0.0548
0.9008 0.0027 2.1487 0.0159
0.9096 0.0008 2.1670 0.0018
0.891 0.044

0.9105 0.0014 2.1521 0.0066

*1) No.: Numbers measured.
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Fig. 3 Comparison of laser ablated pits on Fish
Canyon Tuff zircon surface. A) 3D view of zircon
surface. Excimer laser creates flat pit while Nd-YAG
laser creates zigzag pit. Sample is FCT08-2-0O1.
Dashed area corresponds to zircon surface. B) Line
profile at B-B' in Fig. 3 A. C) Line profile at C-C' in
Fig. 3 A. Line profiles are raw data without filtering
and they are about three times vertically
exaggerated. Scales are in pm.
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Appendix Table 1. LA-ICP-MS analytical results with additional calculation.

Sample name 206py, 38U Age™! (* 20) Age” (2 20) Age” (¢ 29)
[eps] [cps] [Ma] [Ma] [Ma]
CRIEPI
FCT08-2-01"* 474 177557 17 2 27 3 22 2
FCT08-2-02 543 180696 19 2 31 3 25 2
FCT08-2-03 1688 626008 17 1 28 1 23 1
FCTO08-2-04 687 249333 17 1 28 2 23 2
FCTO08-2-05 758 281115 17 1 28 2 23 2
FCTO08-2-06 576 218082 17 1 27 2 22 2
FCT08-2-07 447 144563 19 2 31 3 26 2
FCT08-2-08 340 130041 16 2 26 3 21 2
FCTO08-2-09 135 43067 19 3 30 5 25 4
FCTO08-2-10 3476 1317304 17 1 27 1 22 1
Kanazawa Univ.
FCT08-2-08 18056 4041300 29 0 28 0 28 0
FCT08-2-07 11832 2401593 31 1 30 1 30 1
FCT08-2-03 21688 4055236 34 0 33 0 33 0
FCT08-2-204 13186 2715413 31 1 30 1 30 1
FCT08-2-01 21593 4810808 29 0 28 0 28 0
FCT08-2-206 11512 2551798 29 1 28 1 28 1
FCT08-2-207 14635 2738343 34 1 33 1 33 1
FCT08-2-208 10029 2203747 29 1 28 1 28 1
FCT08-2-209 26997 6099602 280 27 0 27 0
FCT08-2-210 18739 4129792 29 0 28 0 28 0
*1) 238-2%pp age determined using measured (uncorrected) 206pp/38Y ratio.

206

206

238

*2) 28y.2%pp age determined using corrected “ Pb/“""U ratio by zircon age standard.
*3) 28y.2%pp age determined using corrected 296pp/ 28 ratio by NIST SRM 610 glass

standard.

*4) Sample name in italics analized on the same zircon crystal by both systems.
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