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Table 1 Measurement parameters of LA — ICP — MS instrument
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Fig.1 Flow chart under different experimental conditions
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Fig.2  Analytical results of U — Th — Pb age of monazite sample Bananeira by LA — ICP — MS. And, the figure on the left are

distribution maps of >’ Ph’**Th weighted average age, on the right are distribution maps of ** Ph’**Th weighted average age.

Fig. A and Fig. a are under the conditions that the laser beam spot is 24um and the laser frequency is 3Hz; Fig. B and Fig. b

are under the conditions that the laser beam spot is 16um and the laser frequency is SHz; Fig. C and Fig. ¢ are under the

conditions that the laser beam spot is 10pm and the laser frequency is 4Hz
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P4 SRR A RHR 25 7E 1% LAY, >  Pb/*? Th
IECT- 174 8 1 264 K o WL R BE B A2 98 /Ny
10wm  J3i % 4Hz B, 15 3| Bananeira £J* Ph/* U
7% Pb/?* Th B 5 AF 3 785 Bl 43 51| R 466 ~ 523Ma,
459 ~488Ma, S5 HEFE M XTIR ZE 290 -4.88% |
-5.23% ,” " Pb/*° U FI*® Pb/™* Th JNAL 34 4F 5 1Y
WREMK K, HTMEAAEREN Th U &5, H
EBEE A 52 2%, & 2 A K, Fir AL LA - ICP -
MS il Jg 4 U — Th — Pb il 4F 22 3K /N 3R B
FM L R A P A T IR R B R R A
JEATE, UH FAR R R AT F  WOLHBER /D,
WOGFI T P HERE 5 /D, 23 52 s A A A R A R
AN , OO SR BE B A2 10wm B 4Hz S5 44T
P/ UM P/ Th 4E IR 22 80 K. 45 Lk,
WO BE HAE 16 um B8 SHz (19 5544 Ry e ft: LA 2
BOAEM M TGS LA - ICP - MS M /& 1
U = Th - Phyllj4F
2.2 78 ICP - MS SE01) 95545 R

TERBEHAZ 16 wm JHOCHTA Ry SHz 5047 ,

1245 /N ICP = MS % Th 3§ 83 Bt ] , 4K U#* Th 5
P INFE] (10ms ) 72224 6ms 3ms HI Ims HEAT 1525,
53| Bananeira [ U — Th — Pb JIACE 48 an &l 3
iR : OTESE B B[] 6ms Z5 4 T, 73 3] Bananeira
B2 Ph/*P U FI*® Pb/* Th B &5 AFE 3 75 [l R 490 ~
591Ma 485 ~ 541Ma, 5 #E 75 H 09 AH X 5% 22 49
0.49% 2.79% ., QFEFEEEF] 3ms F5 1 F, 155
Bananeira [1°” Pb/*° U F1°® Pb/** Th P 5 4F 4 5 [
7 495 ~537Ma 484 ~ 508 Ma, 5 3 75 {8 14 A X 22
2354 0.59% | -0.14% . QFEFE R 1ms 551F T,
5% Bananeira [ Pb/* U FI*®Ph/**Th PR S AR TE
[l 502 ~545Ma 486 ~512Ma, 5 HEFEL A AH X 152 22
230 1.20% 0. 44% , X be & B, 76 B0 R BE B AR
16pm i % SHz % {4 F, B 28" Th 3k 87 B a) X
“"Ph/ P UTCH R, 247 Th 1 B 10 6] B\ 10ms R AIG 5]
6ms FIM 3ms FEALE] 1ms, H*®Ph/*? Th 4E 8 5 HEZE
{BLAS) AH X 158 22 28 A S 5 BN 6ms [ A% 3] 3ms,
" Phy/* ThAR M SHERERE A HIXT D22 2. 79% 254k 5]
-0.14% ,3ms Fll 1ms Z5fF T AERS T HEE THERH.
2.3 Itk LA il ICP - MS S B0t

R T2 T O DU, T AR AR AR R
Bl Loy R B TR 2 . ATLUE L 7EBUE LA
ZHCHOCRBERBOCE ) ML, 458 s 41
B B/ NRBEE AR A BER , (E /N B SR BE S BRI
AHER, 27 Gk F , RBEE AR 16 um O HI % SHy
R 25 A O HAB T 20 25 1 CRBE B AR 24 o BOGHIR
3Hz; sBE EAR 10wm JEOGHIA 4Hz) B58E 5 0 T
U - Th — Pbill4E

32 ARIZRAE TS £ Bananeira PN FIIAERE e 53 18 &R
Table 2 Analytical results of U —Th — Pb age and fractionation factor of monazite sample Bananeira by LA — ICP — MS under specific
conditions
LA — ICP B MS '.7(]7Pb/'.735U 2()7Pb/235U Lﬁfﬁﬁﬁ 2()6Pb/238U 2()6Pb/238U Lﬁ‘jﬁﬁ,ﬁ&*ﬁ 2[)6Pb/'_738U 2()8Pb/232Th 2[)8Pb/23'_7Th Lﬁ‘jﬁj{;‘z,ﬁg 2()8Pb/232Th
THSHK AR +20 MLLRZE | Ml 20 WIREKD MERRE | FEER +20 HLRZE  MEREK
o T (Ma) (Ma) KM% ) | 5 (Ma) (Ma) (%) (%) T (Ma) (Ma) KM% ) (%)
24pm,3Hz,10ms
(n=19) 479 ~514  495.5 £5.1 -2.32 487 ~504 494.0+5.7 -3.82 1.9 483 ~501 490.5+5.6 -1.43 1.2
n=
16pum,5Hz,10ms
(n=18) 492 ~540  509.1 £9.4 0.27 497 ~516 511.4+8.5 -0.42 1.3 497 -522 507.9 +8.8 2.06 2.3
n=
10pum,4Hz,10ms
(n=23) 466 ~523 482.9+5.7 -4.88 486 ~503 493.3+5.5  -3.95 0.1 459 ~488 471.6+5.0 -5.23 1.7
n=
16pum,5Hz,6ms
(n=19) 490 ~591  510.2 £6.2 0.49 494 ~540 514.4 £6.1 0.16 1.0 485 ~541 511.5+8.6 2.79 2.3
n=
16pm,5Hz,3ms
(n=9) 495 ~537  510.7 £8.6 0.59 489 ~515 499.8 +8.7  -2.69 3.7 484 ~508 496.9+8.6 -0.14 2.3
n=
16pm,5Hz, 1ms
(n=20) 502 ~545 513.8 5.7 1.20 485~515 499.9+5.6 -2.67 1.0 486 ~512 499.8 +5.6 0.44 <0.1
n=
F£ 4 Bananeira
WA ID - TIMS; 507.7 +1.3Ma ID - TIMS: 513.6 +1.2Ma LA -MC -1ICP - MS: 497.6 +1.6Ma
&3
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U, PP Th B B ] AL 6ms JE%& 4 3ms, > Pb/** Th 4§
BB B AL RN 3ms %Ly 1ms,*® Ph/** Th 4E %
FEARTCAEAL ;> Th G B B[R] 3ms F1 1ms B, BE A
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Fig.3  Analytical results of U — Th — Pb age of monazite sample Bananeira by LA — ICP — MS under the laser beam spot of 16 um and

the laser frequency of SHz. And, the figure on the left are distribution maps of > Pb/**U weighted average age, on the right

are distribution maps of **Ph/**Th weighted average age. The dwelling time of Fig. A and Fig. a is 6ms, Fig. B and Fig. b is

3ms, and Fig. C and Fig. ¢ is 1ms.
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B LA (2 AR ST 1T A S R0 7 e [B20HR: 1T
L2y 120km*, {2 7 F 3 oC # 10—2E R R 2

Rl 30 R AR G R A, AT LA B /N
B R R AE R AR A o B IR AE 4 A
FE(SIO, >75% ) . Efk( >7.9% ) & FeO " /MgO H.
 RFUE £ oo R, B o Rt e s
“PURARN” , B Eu 5755, Ak A 2L K
HERREST . W TF IR RS AR T R R
A J A AP IR R DL AR 3B

AYGE LB A FEa (HS - 1) 5% B 8 1IL KU IX

FIHREUS , ABr i M HR AR . BRI AR A A IR ZL
o AR S A  HORA 1, BT ARk A
(25% ~35%) . # K 1 (50% ~55% )./t A
(~10% ) BubE(5% ~10% ) J/bighi4a s 41
ERIT Y.

3.2 FIFES (HS -1) 53¥r )itk

A TCTT Y M R RN A A ) BT ) O
FETRT A0 AR TR B3 T s b T IR 55 A PR BT AT, F b
THIHEAE A T Tl A A it A B % 58 B, B AR &

(CL) EH§ S H A HIUM ( BSE ) EHRTE A IE Lol KA
PR BE = 52 B, B 40 U — Ph il 4R F g g A7 1Y
U — Th — Phill 4 TAEAE & IE Tl K2% LA — ICP - MS

SIS, £ 4 U - Pb 4R 76 06 R 3 B A2
32pm, OB R 6Hz S5 4F T, LLES A B Br Ar FE
91500 YEMARitE, #5 41 An i Pleovice 1F 4 MR #EHE,
B 8 AN ity s M — IR AR HEAE i

R A AR SC 2.3 515 3 Y fe fE A,
B BB EL AR 16 wm , RE 555 O 40/ em?” | OG5
SHz,28 5 (He) Jiii# 0. 35 L/min, 25 ( Ar) 3
0.95L/min,**Th 3§ B HE] 3ms, LIS A AREE RW
— 1 VERPRE, ol & 43 FF 4 Bananeira {F 8 W44,
FERR 8 AME it I — AR ERE b o

XT3 AT B 1 8 2 Ak B (A5 X AR i A A R
SRR AR R U RS A E TR E i A
FEAE ) SR HT Fp b i oK 2 (i) X1 B8 A 1Y
ICP — MSDataCal #¢ 4" ~*'' . ] ISOPLOT3. 23 % I
IR B 22 TV RT B RIS Y AR
3.3 KA (HS 1) PUAESSR
3.3.1 HS -1 8:HER

BB A (HS = 1) 1y LA - ICP - MS 4
41U - PRI EE S T34 3. R ARRAZ BN FI4E
W A s A 1 0 A R HE R E T TR R AR IR TR
Gho T HT AR o EIEMN , B A K AR, B
RR/NTE 100 ~200pm Z 8], KB EZFE 2 1 Z
8] o BAR A GG S s e A OB N AR B A B IR
M E IR ARG PRl 4548, B A A ) . XSRS
Th/U H S ARTERITE0.39 ~0.76 (£ 3) , LAY
HIEATTY L 12 BT S I Ph/ U AR
FEI A7 123 ~ 135Ma,* Pb/™* U A 4ERS R 127.0
+2. 1Ma(MSWD =0.93) ([ 4a) , 577 A FK15 1 4F

3 AR (HS - 1) Y LA - ICP - MS %41 U - Pb ARG 23 Birali R
Table 3 LA —ICP — MS zircon U — Pb dating results for Huangshan sample (HS —1)

HS -1 B2y, 385 207 p}, /206 p}, 207 pp, /235U 206 p, /238 208 py, /232 T} W Ph/* U 0 Ph/2E Y 2% Ph/*2Th
vixin Th/U e (Ma) | 4FHE(Ma) | 4Fh(Ma)
e (x107%)|(x107%) - -

R B <lo | B =lo tlo | i tlo |F# =lo | Fl lo | FlE =zlo
1 462 929 | 0.49 |0.0508 0.0021|0.1349 0.0055[0.0192 0.0005|0.0061 0.0002| 129 4.9 | 123 3.3 | 124 4.6
2 313 601 | 0.52 |0.0502 0.00250.1335 0.0063 [0.0184 0.0006|0.0064 0.0002| 127 5.6 | 124 3.5 | 129 4.9
3 412 820 | 0.50 |0.0503 0.0022[0.1360 0.0060|0.0197 0.0006|0.0062 0.0002| 129 5.3 | 126 3.5 | 125 4.8
4 398 899 | 0.44 |0.0521 0.00230.1425 0.0061 [0.0200 0.0006|0.0067 0.0003 | 135 5.4 | 127 3.6 | 134 5.0
5 348 603 | 0.57 |0.0547 0.00230.1508 0.0062 |0.0200 0.0006|0.0066 0.0002| 143 5.4 | 128 3.4 | 133 4.7
6 201 506 | 0.39 |0.0507 0.0023|0.1368 0.0060 [0.0197 0.0006|0.0066 0.0002| 130 5.4 | 126 3.5 | 132 4.9
7 188 355 | 0.52 |0.0533 0.00300.1433 0.0072|0.0198 0.0006|0.0070 0.0003 | 136 6.4 | 126 3.7 | 141 5.5
8 399 806 | 0.49 |0.0526 0.0022|0.1424 0.0057 |0.0194 0.0005|0.0066 0.0002| 135 5.1 | 124 3.5 | 132 4.7
9 145 242 | 0.59 |0.0520 0.0025 |0.1524 0.0074 [0.0212 0.0007[0.0060 0.0003| 144 6.4 | 135 4.3 | 122 5.2
10 163 212 | 0.76 |0.0636 0.0038|0.1740 0.0096 |0.0204 0.0006 |0.0076 0.0003 | 163 8.3 | 130 4.0 | 153 6.1
11 119 165 | 0.72 |0.0698 0.0044 |0.1897 0.0116[0.0201 0.0006|0.0073 0.0003 | 176 9.9 | 128 3.8 | 148 5.9
12 133 199 | 0.66 |0.0701 0.0035(0.1972 0.0095 |0.0208 0.0006|0.0077 0.0003 | 183 8.1 | 133 3.9 | 154 6.2
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IBFERZEVE R N — 30, AR T 85 = e A1k
I U o
3.3.2 HS -1 JEAFER

BOLAARE L (HS = 1) ) LA — ICP — MS it J%
17U = Th - Phop 4 i 5m 41 T4¢ 4. e o3 A i) 1
JEATE DG T IR E A, R K/ E 50 ~ 100 um
Z A, AFRN AT B AR, R il D B L
BSE E4 7R R 2 HO0R A 1R, X 28l Ja A
(%2 Th 57U & B ARG 40 51 7E 11495 x 10 ° ~
125333 x 10 ° F1 782 x 10°° ~ 5058 x 10 ° 2 [a],
Th/ULLAEASAGTEFITE 4. 12 ~75. 24 0 WHZHE kAT
LA - ICP - MS Jli j&E 5 U — Th — Pb Jl| 4, 3k 15
CPh/ 7P U MMACE AR S 128. 1 = 1. 6Ma ( MSWD
=0.95),”"Pb/* U AL EI4EIS 7 128.3 2. 4Ma
(MSWD =0.73) (& 4b) ,”® Pb/** Th AL 4F 15
7 129.4 £2.0Ma( MSWD =1.4) (K 4¢) ., TEI S
T BESL I PP U = 2 Ph/* U 4RI AL,

ARSI P YRR A A 1L A 1 5 0 A 9™ Phy/
U Ph/P U %P/ 7 Th INABCE 4R IR (128, 1 +

1. 6Ma, MSWD = 0. 95; 128. 3 + 2. 4Ma, MSWD =
0.73;129.4 +1.0Ma,MSWD =1.4) 552 11 /£
b B 0 17 P/ U AP 39 4R % (127.0 £ 2.1
Ma,MSWD = 0. 93), LI K Rl A B9 85 A7 48 5% 25
(127.7 £1.3 Ma,MSWD =0. 84) 75 1% 24 35 [l P —
B UL A SR o 1 R AR SR 2R T BRAT I 4R
BB A i AT EE . AR L 2 R, B LD e R R B A
U —Phll 45 B 22 # B, (H X 8 12 (Rl s £
U —Th — PhIUAF Y I8, A 5 3 AT A 3 K Y
FRMEAT U~ Th - Ph A SR 0T 52 9 5514

4 e

7E LA - ICP — MS #5471 U — Pb Il 4 1 SL i I,
XL S A X PR R 22 5 MR A 2
A AR G R Th F A s SRR, 8 A 46
WO AR BE AR, KR IO B 2% B AR ek > Th
GERA S E], S TR A U = Th — Ph 4R ) J5 1%
%7 B 25 F ICP — MS W 5 T #4748 4k
Ho— oMU O R BE AR R R AN B g 7%

4 EIFEN (HS - 1) LA ~ICP - MS #5f7 U - Th - Pb 4EE /0 Hra R
Table 4 LA - ICP — MS monazite U — Th — Pb dating results for Huangshan sample (HS -1)

HS -1 5, Th 28 207 py, /206 pp, 207 pp,/ B35 206 pp,/ 238 " Pb/ WTPb/FU | HOPh/ZRU | 2P/ # 2 Th
iR Th/U 2 Th AR (Ma) | AR (Ma) | A (Ma)
e (x107%)|(x10 )
~NT W +lo | WA =zlo | E zlo | E =xlo | F zlo | FR lo | Fi =lo

1 14737 1448 10. 17 [0.0477 0.0021|0. 1351 0.0058 |0.0212 0.0008 [0.0063 0.0001| 129 5.1 135 5.3 128 2.8
2 90110 1899 | 47.45 |0.0539 0.0057 |0.1558 0.0179|0.0209 0.0005 |0.0065 0.0001| 147 15.8 | 133 3.0 132 2.9
3 8699 969 8.97 [0.0513 0.0025|0. 1400 0.0067 |0.0200 0.0005 [0.0063 0.0001| 133 6.0 128 2.9 127 2.8
4 76018 1540 | 49.36 [0.0609 0.0022 |0.1752 0.0064 [0.0209 0.0005 |0.0064 0.0001| 164 5.6 133 2.9 128 2.7
5 12920 1403 9.20 [0.0488 0.0019 |0.1378 0.0056 |0.0205 0.0005|0.0064 0.0001| 131 5.0 131 2.9 129 2.8
6 61612 1236 | 49.82 |0.0536 0.0029 |0.1471 0.0076|0.0203 0.0005 |0.0065 0.0001| 139 6.8 130 3.0 130 2.8
7 82496 2223 37.10 |0.0496 0.0017|0.1373 0.0047 |0.0201 0.0004 [0.0065 0.0001 | 131 4.2 128 2.8 131 2.8
8 58849 782 75.24 |0.0655 0.0032{0.1922 0.0092|0.0216 0.0005 |0.0065 0.0001 | 178 7.8 138 3.3 132 2.8
9 26975 1527 17.66 |0.0483 0.0020|0.1306 0.0052|0.0198 0.0005 [0.0061 0.0001| 125 4.6 126 2.9 122 2.7
10 60598 1296 | 46.74 |0.0532 0.0025|0.1514 0.0067|0.0210 0.0005 |0.0065 0.0001| 143 5.9 134 3.0 131 2.8
11 83898 2148 | 39.05 |0.0529 0.0020 |0.1540 0.0060|0.0211 0.0005|0.0066 0.0001 | 145 5.2 | 135 3.0 | 132 2.8
12 107300 | 4797 | 22.36 |0.0480 0.0014 (0. 1309 0.0038|0.0198 0.0004 [0.0066 0.0001 | 125 3.4 | 127 2.8 133 2.8
13 21830 1634 13.36 |0.0501 0.0022|0.1404 0.0060 |0.0206 0.0005 [0.0066 0.0001| 133 5.3 131 3.0 132 2.9
14 24883 1008 | 24.68 |0.0533 0.0025 [0.1525 0.0073|0.0207 0.0005|0.0067 0.0001| 144 6.5 132 3.0 134 2.9
15 38800 2070 18.74 10.0458 0.0018 |0.1313 0.0052|0.0209 0.0005 |0.0070 0.0001 | 125 4.7 134 3.1 141 3.1
16 11495 1419 8.10 |0.0502 0.0022|0.1394 0.0059 |0.0204 0.0005 |0.0066 0.0001| 133 5.2 130 3.0 132 3.0
17 64585 1648 | 39.19 |0.0484 0.0020 |0. 1357 0.0055|0.0206 0.0005 |0.0064 0.0001| 129 4.9 132 3.0 130 2.8
18 72333 2071 34.92 (0.0752 0.0029|0.2185 0.0089 |0.0211 0.0005 [0.0065 0.0001 | 201 7.4 134 3.0 131 2.9
19 23523 1643 14.31 |0.0737 0.0033|0.1783 0.0075|0.0184 0.0006 |0.0060 0.0001| 167 6.5 118 3.5 121 2.9
20 76446 1456 | 52.49 |0.0734 0.0023 |0.2125 0.0068 |0.0210 0.0005 [0.0065 0.0001| 196 5.7 134 3.0 131 2.8
21 117613 | 4410 | 26.67 [0.0494 0.0015 |0.1342 0.0041|0.0197 0.0004 |0.0065 0.0001| 128 3.7 136 2.7 131 2.8
22 | 125333 | 5058 | 24.77 [0.0481 0.0014|0.1314 0.0038 [0.0199 0.0004 |0.0066 0.0001| 125 3.4 | 137 2.7 133 2.8
23 41657 1197 | 34.80 |0.0559 0.0025[0.1578 0.0070|0.0207 0.0005|0.0065 0.0001| 149 6.1 132 3.0 130 2.8
24 16645 4031 4.12 |0.0494 0.0015(0.1308 0.0040|0.0193 0.0004 |0.0063 0.0001 | 125 3.6 123 2.7 126 2.7
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Analytical Conditions for U — Th — Pb Dating of Monazite by LA — ICP - MS

ZHANG Ya, LI Quan —zhong ™ , YAN Jun, XIE Jian — cheng, YANG Qing — liang, GAO Ling
(School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China)

HIGHLIGHTS

(1) According to the properties of monazite, the best dating conditions were explored from three aspects: laser
frequency, beam spot diameter and dwelling time of **Th .

(2) The optimum conditions were the laser spot diameter of 16um, the frequency of SHz, and the **Th dwelling
time of 3ms or 1ms.

(3) The monazite age of Huangshan granite samples was consistent with the zircon age, which verified the dating

conditions.
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ABSTRACT

BACKGROUND: Compared with zircon U — Pb dating, monazite has more advantages in the dating of some
metamorphic rocks or highly differentiated rocks. However, the U — Th — Pb isotopic dating of monazite has been
limited, because of high Th concentration ( commonly >7% ) , many mineral inclusions, and rare dating standard
samples. Previous research on LA — ICP - MS U - Th - Pb dating of monazite mainly focused on laser parameters,
and lacked attention on ICP — MS conditions.

OBJECTIVES: To find suitable experimental LA — ICP — MS monazite dating conditions.

METHODS ; Using 193nm ArF excimer laser ablation system and Agilent 7500a inductively coupled plasma — mass
spectrometer, laser parameters (laser beam spot diameter and laser frequency) and ICP — MS parameters ( dwelling
time of **Th) were investigated. The laser beam spot diameter was set to 24um, 16um and 10pum, and the laser
frequency was set to 3Hz, 4Hz and 5Hz. The dwelling time of **Th was set to 10ms, 6ms, 3ms and 1ms for
U - Th - Pb dating. Finally, the monazite sample RW —1 was used as the standard sample to calibrate the monazite
sample Bananeira.

RESULTS: It was suitable for monazite dating when the beam spot diameter was 16m, the dwelling time of **Th
was 3ms or 1ms, the energy density was 4]/cm’, the laser frequency was SHz, the carrier gas (He) flow rate was
0.35L/min, and the carrier gas (Ar) flow rate was 0. 95L/min. Under these conditions, Bananeira’s weighted
average ages of " Ph/*’U were 510.7 +8.6Ma (MSWD =0.87), and 513.8 +5.7Ma (MSWD =0.38), which
were consistent with the recommended age of 507. 7 + 1. 3Ma with respective errors of 0. 59% and 1. 20%.
*®Ph/**Th weighted average ages were 496.9 +8.6Ma (MSWD =0.596) and 499.8 +5.6Ma (MSWD =0.37),
which were consistent with the recommended age of 497.6 +1.6Ma, with respective errors of 0. 14% and 0.44% .
The *"Ph/*U weighted average age of Huangshan sample HS — 1 was 128.3 £2.4Ma (MSWD =0.73), which
were close to the zircon age of 127.0 £2. IMa (MSWD =0.93) in the Huangshan area.

CONCLUSIONS: The optimal laser and ICP — MS conditions are suitable for monazite U — Th — Pb isotopic age

determination.

KEY WORDS: LA - ICP - MS; monazite U — Th — Pb isotopic dating; laser spot; dwelling time of **Th
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