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ilent 7900 type quadrupole inductively coupled plasma mass spectrometer, we successfully established
the method of in-situ garnet U-Pb analytical method by LA-ICP-MS. A U-Pb dating work was carried out on
the rodingite rocks form the Late Paleozoic mafic-ultramafic mélange in the northern Hebei Province and
the ore-bearing skarn from Makeng iron deposit in southwestern Fujian. It yielded lower intersection ages of
(387.6+5.4) Ma (D496-1, MSWD=1.1, N=30) and (409.3+7.8) Ma (D493-1, MSWD=2.0, N=60) for 2 rodingite
samples, and (128.6+2.1) Ma (ZK7921-b24, MSWD=2.0, N=60) and (128.7+£3.2) Ma (ZK7922-b1, calibration
with zircon 91500, MSWD=1.8, N=42) for 2 skarn samples from Makeng deposit. It yielded lower intersection
ages of (128.7+1.7) Ma (PT-b1l, MSWD=1.7, N=30) and (132.1+1.3) Ma (PT-b1, calibration with zircon 91500,
MSWD=1.6, N=30) for a skarn sample from Pantian deposit (except for samples with instructions of calibration
with zircon 91500, other samples are calibrated with garnet Willsboro). The garnet U-Pb ages above were
consistent with the Sm-Nd isochron ages and previous zircon U-Pb ages within the allowable error range.
Garnet U-Pb ages of the skarn samples collected from the Makeng-type deposit showed that the lower intersection
and 296Ph/238U ages were consistent using the garnet Willshoro and zircon 91500 as standard samples respectively,
which suggested that the matrix effect is small between zircon and garnet minerals. In case of an absence of the
standard garnet sample in the laboratory, the zircon 91500 can be used instead. Based on the above research and
understanding, an analysis on the application potential of the garnet U-Pb dating method in the geochronological
study on skarn-type deposits and rodingite rocks was done. It is considered that the garnet U-Pb dating method
has great application and promotion prospects in the chronology study of skarn-type deposits and rodingite rocks,

and it is of great importance on the theoretical guidance and practical application.
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Table 1 Major parameters of LA-ICP-MS garnet U-Pb isotopic testing method
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1 BERREBEHRTPNAWETA U-Pb iFE (a, c)F 205Pb/238U it (b, d)
Fig. 1 Garnet U-Pb concordia diagrams (a, ¢) and 2°°Phb/238U ages (b, d) of the rodingite samples collected from
northern Hebei Province

Bl 2 X5 F4E#E%E D496-1 (a)F1 D493-1 (b) Sm-Nd S At [
Fig. 2 Sm-Nd isochron diagrams of rodingite samples of D496-1 (a) and D493-1 (b) collected from
northern Hebei Province
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Table 2 Whole-rock and mineral Sm-Nd isotope data of rodingite rocks from northern Hebei Province

5 FE AR Sm/10¢ Nd/10- 147gm/144Nd 143Nd/“4Nd 26
D496-1 e 60.395 230.287 0.158 6 0.512 240 0.000 012
D496-1Gr AA 68.768 158.469 0.262 4 0.512 488 0.000 010
D496-1Hb N 2.983 16.273 0.110 8 0.512 111 0.000 012
D493-1 s 22.485 124.179 0.1095 0.512 091 0.000 013
D493-1Gr ata 31.535 68.715 0.277 4 0.512 561 0.000 012

D493-1Hb fAINA 3.952 21.554 0.1109 0.512 118 0.000 012
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Fig. 3 Garnet U-Pb concordia diagrams (a, ¢) and 2°°Pb/?%8U ages (b, d) of the ore-bearing garnet skarn from
the Makeng iron deposit
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Fig. 4 Garnet U-Pb concordia diagrams of the ore-bearing garnet skarn from the Pantian iron deposit
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Table 3 Garnet U-Pb isotope and age data from Pantian iron deposit

\{'[}]“ U/ 207Pb/206pb 207Pb/235U 206Pb/238u ﬂ;ﬁ?\& iif/Ma
)= 10 FE lo L AE lo FE lo 27py26ppy lo  2PH2U 1o PPYRU o
PT-b1(ffi Fi /3 #4F4 Willsboro A2 1E, HBHFEH 42 90 pum)
1 11.6 0.043 3 0.005 3 0.124 8 0.0139 0.020 9 0.0005 — — 119 13 133 3
2 3.31 0.2559 0.0338 1.0271 0.1119 0.0303 0.0016 3222 210 717 56 192 10
3 12.3 0.106 7 0.0104 0.365 5 0.039 8 0.0237 0.000 7 1744 184 316 30 151 4
4 145 0.055 8 0.005 7 0.154 8 0.014 8 0.0197 0.000 4 456 225 146 13 126 3
5 58.0 0.0519 0.003 6 0.1450 0.009 0 0.019 8 0.000 3 280 153 138 8 127 2
6 27.7 0.046 2 0.0037 0.127 6 0.009 5 0.0199 0.000 4 — — 122 9 127 3
7 42.3 0.044 7 0.003 4 0.1239 0.0090 0.019 8 0.000 4 — — 119 8 127 2
8 26.8 0.0490 0.004 5 0.134 3 0.011 8 0.0201 0.000 4 167 200 128 11 128 3
9 26.2 0.057 5 0.006 0 0.1619 0.0151 0.020 8 0.000 6 509 233 152 13 133 4
10 20.9 0.0820 0.0059 0.237 3 0.016 7 0.020 9 0.0005 1256 142 216 14 133 3
11 25.3 0.0719 0.005 3 0.2103 0.014 4 0.0210 0.000 4 983 149 194 12 134 3
12 19.8 0.049 7 0.004 4 0.1459 0.0119 0.0210 0.0005 189 187 138 11 134 3
13 18.3 0.0790 0.006 3 0.216 8 0.0159 0.020 4 0.0005 1162 160 199 13 130 3
14 34.6 0.053 9 0.003 9 0.1480 0.009 9 0.0199 0.000 4 365 163 140 9 127 2
15 21.9 0.044 4 0.003 8 0.1190 0.009 0 0.0199 0.000 4 — — 115 8 127 3
16 29.9 0.046 0 0.0035 0.1152 0.0090 0.0180 0.000 4 — — 111 8 117 2
17 28.2 0.059 0 0.004 4 0.1590 0.011 6 0.0198 0.000 4 554 158 150 10 127 3
18 10.8 0.096 0 0.009 0 0.258 6 0.0209 0.020 3 0.000 6 1544 167 234 17 129 4
19 255 0.056 0 0.004 4 0.158 0 0.012 2 0.0205 0.000 4 454 142 149 11 131 3
20 23.9 0.2537 0.014 3 1.168 6 0.078 0 0.0320 0.000 8 3209 89 786 36 203 5
21 28.9 0.058 0 0.004 1 0.163 5 0.0110 0.0205 0.000 4 532 156 154 10 131 3
22 26.5 0.4140 0.0201 3.1390 0.1950 0.053 8 0.002 3 3961 73 1442 48 338 14
23 26.9 0.126 7 0.008 0 0.4325 0.029 8 0.024 0 0.0005 2 054 115 365 21 153 3
24 35.1 0.0399 0.003 1 0.1134 0.008 0 0.020 4 0.000 4 — — 109 7 130 2
25 25.8 0.063 4 0.0050 0.1830 0.0135 0.020 8 0.0005 720 167 171 12 133 3
26 30.9 0.2259 0.012 8 0.9490 0.0590 0.029 2 0.0007 3023 96 678 31 185 4
27 26.3 0.1555 0.009 9 0.5327 0.0359 0.024 2 0.000 6 2 409 108 434 24 154 4
28 35.9 0.0433 0.003 2 0.120 3 0.0090 0.0199 0.000 4 — — 115 8 127 2
29 38.0 0.053 2 0.004 0 0.1454 0.0101 0.0199 0.000 3 345 166 138 9 127 2
30 8.86 0.1605 0.0147 0.566 4 0.052 2 0.025 6 0.000 8 2 461 156 456 34 163 5
PT-b1(fd 4 f7 hRAE 91500 42 1E, HHKEE /£ 90 um)

31 111 0.2735 0.0137 1.2156 0.0750 0.0313 0.000 8 3328 78 808 34 199 5
32 7.86 0.302 7 0.0180 1.3015 0.063 9 0.0327 0.000 9 3484 94 846 28 207 6
33 15.0 0.0810 0.006 8 0.2380 0.0197 0.0215 0.000 4 1221 167 217 16 137 2
34 6.32 0.097 0 0.0090 0.294 0 0.027 4 0.022 2 0.000 6 1572 169 261 22 142 4
35 34.4 0.0535 0.002 8 0.156 5 0.008 0 0.021 4 0.000 4 350 117 148 7 137 2
36 21.6 0.060 6 0.0037 0.176 1 0.0104 0.021 4 0.000 3 633 131 165 9 137 2
37 18.8 0.056 2 0.003 7 0.166 5 0.010 6 0.0219 0.000 4 461 153 156 9 140 3
38 18.1 0.053 2 0.003 9 0.1498 0.0107 0.020 6 0.000 4 345 164 142 9 131 2
39 19.2 0.061 8 0.004 9 0.1790 0.0135 0.021 8 0.000 4 665 170 167 12 139 3
40 47.5 0.047 4 0.002 9 0.134 3 0.008 0 0.020 8 0.000 3 78 131 128 7 133 2
41 23.1 0.127 6 0.006 7 0.392 6 0.0209 0.0225 0.000 4 2 065 94 336 15 143 2
42 21.6 0.2275 0.0110 0.8590 0.0519 0.026 7 0.000 5 3035 7 630 28 170 3
43 8.49 0.102 2 0.007 5 0.308 0 0.020 3 0.022 9 0.000 6 1665 137 273 16 146 4
44 21.0 0.1070 0.007 3 0.3405 0.023 7 0.023 3 0.0005 1750 125 298 18 148 3
45 19.4 0.328 0 0.0120 1.3890 0.0539 0.0311 0.000 6 3609 56 884 23 197 4
46 14.4 0.154 6 0.007 3 0.4950 0.0197 0.023 8 0.0005 2398 79 408 13 151 3
47 10.7 0.060 8 0.005 7 0.173 2 0.0156 0.0213 0.000 4 632 208 162 14 136 3
48 30.9 0.0610 0.004 0 0.1790 0.0113 0.0215 0.000 3 639 136 167 10 137 2
49 63.1 0.054 2 0.002 4 0.1498 0.006 4 0.020 1 0.000 3 389 100 142 6 128 2
50 63.3 0.061 3 0.002 6 0.176 1 0.007 0 0.0211 0.000 2 650 85 165 6 134 1
51 49.5 0.069 0 0.0030 0.196 0 0.008 0 0.0209 0.000 3 894 109 182 7 134 2
52 12.4 0.068 0 0.005 4 0.1890 0.0152 0.0205 0.000 4 880 166 176 13 131 2
53 43.2 0.058 0 0.002 4 0.166 4 0.006 7 0.020 9 0.000 4 543 89 156 6 134 2
54 16.9 0.360 8 0.012 4 1.774 7 0.0930 0.0355 0.0011 3753 51 1036 34 225 7
55 17.8 0.1118 0.006 7 0.3380 0.0197 0.022 3 0.000 4 1828 108 296 15 142 3
56 56.8 0.060 1 0.002 4 0.1701 0.006 3 0.020 6 0.000 2 609 90 159 5 132 1
57 15.7 0.5800 0.016 2 5.7190 0.259 7 0.0709 0.002 6 4 459 41 1934 39 441 15
58 14.0 0.416 2 0.014 8 2.3950 0.1225 0.040 9 0.0010 3969 53 1241 37 259 6
59 13.3 0.234 2 0.0105 0.8970 0.0419 0.027 9 0.0005 3081 71 650 22 177 3
60 16.2 0.063 4 0.004 9 0.1840 0.0137 0.0215 0.000 4 724 167 172 12 137 3

T R —ROR AR BB A R IR E IR %
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WA (Cul) 5 b k—h & Gk TR LA (Coj-P20) Z
], A 4k JoT R 5 B 4 IR B PRI A 7 A8 R 4 L (K Kk
ZELE2012; TKARINZE, 2012; F A%, 2016; Wang et
al., 2017; EFR5F, 2018). Horb s U Dt
R R DR AR R ) S SR IR, I AR 3 AR Bl
PG SR MR A R R BHC, FEAAE 130 Ma
(135~127 Ma)#l 150 Ma(153~147 Ma)¥ Fh =2 A -
(k& Ih4:, 2012; Zhang et al., 2015; Wang et al.,
2017, 2018), XGRS TE BT [B) HEA T 5 H2 RS E
FE— B WP R2A ST e, H A = S5m0
A5 BBl 1 26 Z ok [ 29 S sk A . AR i
AR KG9 58540 U-Pb AF % 3k 20 o) il it AL,
ARG W R AT RARF A U-Pb 4E 8R40
AT A I B2 AT 5 . APPSR I A A
U-Pb 4E 8 518 b A 841 U-Pb 4E 1% X ME4H Re-Os
A8 (130 Ma ZE ) TEIRZIEHIN —2, — i 5
Fokw s AR T L BRI, S —
5 T g 1 RO 3 0 G AR A B R v AN [ 5 |
1) AT B AT 4

42 AWFAUPL EEHAZENNAREN

AT AVER—FE WA ST Y, |28
TFAR A K K OBUE Y, R & A — o it Bl g
R —FPIETER U-Pb 44 (Mezger et al., 1989;
Barrie, 1990; k7 H14%, 2020; Tang et al., 2021), 4&
7T A R A DU RTG53 — 1 3 4
SARE IR A T4 U-Pb B4 A —ER R
FRME, FRRlEBEma . A . mmmath v
SRR (<1x10°8, Limaetal., 2012), A4 F U
FERVE T A E U 4 (Baxter et al., 2013),
AT A U-Pb EE AR Z N . &
T LA S — a2 35 X - R o b 5 4 4 T e
T LA-ICP-MS U-Pb [Al{ Z M, 2545 TR #0104
#1471 U-Pb 4£{#% (Deng et al., 2017; Seman et al.,
2017; Li et al., 2018; sk H1 4, 2020; 5K /4%,
2020), JLHAER A AV A B R B 5 O T 3RS T
BCAT A A B A 24 o (bR 45, 2020; 5K 7 1 4
2020; 5K/NEESE, 2020; X445, 2021; Tang et al.,
2021; F ik, 2022),

Bl A AT U-Pb @ AR AR 2 R B &,
TERY R A R AR S R B R A 52y Tl A B
RETHES™ VG T o R e — SR Y R 50 R,
FRIEZWAERKES, S SRR I & 50 (1) ik
25 (] 56 2N T A8 I HE LA B9 00T, e LU AR
W B G ) A AR 2 R 29 SR B A . an S k™
T RRAT T F A SR 2 A7 Feib A A RS
KHEHA—P EBEMEN A ZM, 507 XA
A A= AR A 4 (130 Ma 2647 )35 fih 56 2 FNH 1k

AR R IFA I, R E AR T & A=A
UK ) FR 31 5 (154~147 Ma il 315 Ma), 800 i
BRI AP ETEROR i (AR DI 4%, 2012; EAREE,
2015; Zhang et al., 2015; Wang et al., 2017), X} &#"
W R AR A RO IX. U-Pb 4 A] LA
AR AT AR R, I AT R R TR AR A
BESHRE ., AMFARY RETHE LT Y
W FERE T AT E DA, BB R AR
FEARNH % 5 W GRS shole v, XF AT A P R
U-Pb & 4E W] LU LA R AR, BA B R
NofFRHE) W o R BIRE AR B A b 5 A A I T vk
FORGZA T 8= B0 A0 ) 45 J7 1 (W4 Bk
W), SE AL ARG H AR SR R
AN, SUET KR R A RSN, SR
AR FAT U-Pb 4 5 A1 o i i A G AL 5 n
P AR, N R DR S R 8 1 F A 4l

SR RA R E S . AR S A,
W HIRSUAEE, RN A A ERSCA T
FR 7 (K B EE AR, 2011) SR AL IR A K H T EE
BRIT- MR R e, 7 AR R R
s E, AN KBS k& AR
MRS U-Pb 8 45 J7 1R ME LA SRASHRS iff i A AR 1 o
AR SRR B b H DX o AR A A T - R B Ak R
AP SRR AT RAM T A U-Pb E4E
3 S A ST 36 55 1 R0 S B e A R AR R iUk
BE, A TR U-Pb 8%, 5 Sm-Nd 75 K&l
NARE FES A U-Pb 4F 8% (5™ NIl 45, 2008; Zhang et al.,
2009) b . HRT, X5 RS 1 A T R A 1T
A1 U-Pb @AM A HE, A SCHE SR — Jy T S ik
TGS U-Ph INAE J7 74 A 78 A AR IR Ay e 2k
B A N T R, S — AR T AR T
U-Pb 78 45 J5 1L 78 5 A5 2 A AR 58 Hh i i
N AR TA U-Pb @405 15 AT DLk — SRk
A ZE TR P H BRI 3K T AN B A IBORS B b 5T 4 04 1Y
AR, BABKEHE .

IEAE, LA-ICP-MS U-Pb 52 4F J 32 HLAT I3 i
P, ORI AT R 2 2 R S AL A
T, LR F R N )z . AR A
FAPaHE Willsboro F145 A FRHE 91500 4% 1E A 1
T UIPb 4348, WD 7 23R AR B4R I8 7E 152 22 1 [
W—3, R A58 Z 8] AR SN AH X
BN, TEBZ AR A AR R, A S A bR A
91500 B A 1 T A bRkE

5 &

(1)F]F Coherent GeoLas HD % 193 nm ArF i
S FEOEF Bh R S8 Agilent 7900 I U AT Hy S
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HEBETIRFEL, #7T LA-ICP-MS G814
U-Pb 405k, JFTFJR T ANERRAE | AS[RPEE# ik
NP E L XA S H T UL SR, KA T Al SEmA
¥ 41 U-Pb 4E#5

(2)XF 2R F B AL b, DX Iy A= A 86 42K ot - 8 B Ak o
BAEAGARTHSFHERETWARMTATIRT
U-Pb [Al i Z= M3k, 43 5I4k45 T (387.6£5.4) Ma il
(409.3+7.8) Ma M T2 AR NS, 2l AL IE 5 1Y
206ph/238 AF iy i IR S4B 43 5314 (386.7+4.3) Ma
F1(406.5+5.2) Ma, 5 Sm-Nd ZEB R 4E#4(377+16) Ma
F1(405£16) Ma b, Ui A M T4 U-Pb
ARG 25 R LB AT A

(3)XF 2R A I 7Y /g S By gk v 1 S Y R A
AR A RE T U-Pb 4R, $K1% 17(128.6+2.1) Ma
F1(128.7£3.2) Ma WA AEIS, >k AW HE H iy
1 AR A RAFMRS T (128.7£1.7) Ma #1
(132.1+1.3) Ma HY4EWS, AEUSE A 511 AN TT R 1) 85
A1 U-Pb AR EE AR R T, Ui B T AR A300 A 1 F
A1 U-Pb AE#Y = LR TSR, AR DXk 2
S AT PRI T AR AL TR B E S

(4)XF 2R A 18] 7Y g 7% HH A2 A S Bk i S
AT AW RARES R A a8k HA T
A1 ARFE Willsboro F14: A1 FR: 91500 Ry brAE, 3545 1
PRI Y 200Pb/238U AR, 256 AT NI R R A
T4 U-Pb 4R o T4, BNE T AWM FA S
B 2 18] 0 SEARRON A BN, TR AR T AR
FERE, BT S ARREE 91500 1B A il T A bRkR

GYIIR T A M 41 U-Pb 5@ 4E B ey 1 4
W IR A B A5 B S5 5 8 A AR AR 24 0 5 b o
W=7, ARG T4 U-Pb B4k h
B B A AR AL BN B 4 A AR AR 2R, A R
e, 1, AR T4 U-Pb B4R D5 2] AR Kb —
AR 5 TR DR R R A T 3 A TR AR BBORS
H BT AR BN R 2 A, BT R R HET S

Bt RMALE L T ARG )T AL
WATT FmeF N, BB T# S ERABEREL
MARETAINFRAFE TRKE, Al—HE
T Bt
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