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In Situ U-Pb Dating of Apatite Using LA-MC-ICP-MS
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Abstract: A new in situ U-Pb dating method for apatite using LA-MC-ICP-MS has been established, and the
experimental process is described in this paper. 5 apatite U-Pb dating results determined by the new method and verified
by ID-TIMS method are reported in this paper, with the data obtained being standard gpatite SDG, (1596+15) Ma
(MSWD=L.5, n=7, LA-MC-ICP-MS), (1602+13) Ma (n=5, MSWD=0.578, ID-TIMS); apatite samples from an iron
deposit, (125+£14) Ma (n=25), (124.2+3.5) Ma (MSWD=1.5, n=37); apatite from gneissic rocks in the Altun Mountains
of Xinjiang, (250.843.9) Ma (MSWD=8.6, n=26), (245.4+2.9) Ma (MSWD=2.1, n=39).

Key words: apatite; in situ U-Pb dating; LA-MC-ICP-MS

[Cas(PO,)s(F,C1,OH)], 204pp, ,
U-Th-Pb , (LA-MC-ICP-MS)
, PTt , LA-MC-ICP-MS  SIMS
U-Pb ,
- (ID-TIMS) U-Pb U Th ,
, (Oosthuyzen et al., 1973; ,
,1984) ID-TIMS , U
(SIMS), ,
“ U-Pb 77( :200911043-15)
:2012-02-23; :2012-10-05
: s , 1966 s 1300170,

:022-24023524 E-mail: zhouhy305@163.com



858

U-Pb ; 4
, (Kennedy et al., ( 202~238 ),
1997; Sano et al., 1999a, b; Chamberlain et al., 2000; , 17%
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1 LRMURELRTE :
11 1.2
LA-MC-ICP-MS U-Pb 1.2.1 LA-MC-ICP-MS U-Pb
Thermo Fisher NEPTUNE, LA-MC-ICP-MS U-Pb
U-Pb
, 17% ’ ’
9 4 ’ PVC
’ ] PVC ,
(1) : (2002
, 4 L4
ESI NEW WAVE
193 nm FX ArF , 193 nm,
4 ns, 2 10 20 35 50 75 )
100 150 pm , 1~200 Hz , ; 193 nm FX
15 J/em? , He
ID-TIMS U-Pb MC-ICP-MS, U-Pb
Thermo Fisher SDG U Pb
TRITON , NIST612
, LA-MC-ICP-MS Pb U Th
b 9 2 1
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Table 1 Machine conditions and protocols for apatite LA-MC-ICP-MS U-Pb analysis
L4 L3 L2 L1 C HI H2 H3 H4
204Pb ZUGPb 207Pb 208Pb 2 l 926 232Th 238U
(Ar) 16 L/min
(Ar) 0.75 L/min
(Ar) 0.968 L/min
(He) 0.86 L/min
RF 1250 W
0.131s
60 s
10~11 J/em?
50 75 pm
8~20 Hz
| L4 L3 L2 LI C HI H2 H3 H4 9 , 204pp  2pp  207pp  2%pp
PTh Py U Th Pb ,219.26
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Table 2 ID-TIMS U-Pb isotopic dating results of apatite SDG
(x20) /Ma (£20)
U/ Pb/ Mpb  2%Ppb 25pb 2pb 27pb 2%5ph 27pb 27pb

(mg) (ng/e) (ng/e) *™Pb  ™Pb 8y 2y 205ph 5y ) 206pp,
1 3.1 52 78 79 3995  0.2840(0.0056)  3.996(0.147)  0.1021(0.0029)  1612(32)  1634(60)  1662(53)
2 33 51 89 89 3927 0.2835(0.0103)  4.016(0.182)  0.1027(0.0025)  1609(59)  1637(74)  1674(45)
340 50 72 101 3.945 0.2853(0.0058)  4.006(0.123)  0.1018(0.0021)  1618(33)  1636(50)  1658(39)
4 52 52 70 104 3702 0.2795(0.0102)  3.835(0.165)  0.0995(0.0021)  1589(58)  1600(69)  1615(39)
5 33 52 76 86  3.887 0.2805(0.0033)  3.858(0.120)  0.0998(0.0026)  1594(19)  1605(50)  1620(49)

26 , : 0.2840(0.0056) 0.2840+0.0056 (20)
%3 WA SDG LA-MC-ICP-MS U-Pb , , , ,
EfI RN EL R 207py,
Table 3 LA-MC-ICP-MS U-Pb isotopic data
for Apatite SDG Th , 20%ph
B8Y/ATPh /% °Pb/**’Pb 1% ,
SDG.01 10.53 0.093 4.250 0.065 s , ( 4
SDG.02 10.21 0.15 4.162 0.059 8), U-Pb
SDG.03 13.64 0.15 5.117 0.072 i ’
SDG.04 11.50 0.17 4.507 0.073
)

SDG.05 11.75 0.12 4.596 0.092 AP ’ ID-TIMS
SDG.06 13.38 0.12 5.050 0.062
SDG.07 13.80 0.15 5.176 0.069 ! ’ ’

U-Pb
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Table 4 ID-TIMS U-Pb isotopic dating data of apatite AP
(x20) /Ma (£20)
u/ Pb/ ®Pb 2y 2Ph 2Pb 2P *®Pb
™ (e e TR e =y y P =

1 69 342 10 161.6(1.9) 8297(100)  0.0172(0.0001)  0.1143(0.0080)  0.0481(0.0033) 110.2(0.8)

2 5.6 687 48 45.62(0.04) 1414(4) 0.0192(0.0004)  0.1321(0.0489)  0.0500(0.0177) 122.4(4.6)

3 63 675 62 37.87(0.03) 967(1) 0.0200(0.0002)  0.1342(0.0282)  0.0486(0.0099) 127.7(2.6)

4 2.1 680 121 26.95(0.02) 415(1) 0.0203(0.0005)  0.0788(0.0670)  0.0281(0.0232) 129.7(6.2)

5 3.1 887 171 24.72(0.01) 369(6) 0.0168(0.0006)  0.0594(0.0748)  0.0256(0.0315) 107.4(7.8)

26, :161.6(1.9) 161.6+1.9 (20)
&=5 WA LA-MC-ICP-MS U-Pb E{u &N EL R
Table5 LA-MC-ICP-MS U-Pb isotopic data of apatite
238/27ph /%  2Pb/Pb /% 38U/27ph /% 200pp/27Ph /%
AP AQ10-12-1
AP.01 570.7 0.49 13.12 0.49 AQ10-12-1.01 2.775 2.0 1.207 0.17
AP.02 555.0 0.35 12.60 0.34 AQ10-12-1.02 7.226 0.44 1.382 0.35
AP.03 567.4 0.37 13.31 0.34 AQ10-12-1.03 6.326 1.2 1.345 0.40
AP.04 511.3 0.39 12.19 0.36 AQI10-12-1.04 4.995 0.83 1.284 0.29
AP.05 534.0 0.37 12.66 0.35 AQ10-12-1.05 50.59 0.44 3.126 0.40
AP.06 536.8 0.36 12.92 0.37 AQ10-12-1.06 3.922 1.5 1.199 0.63
AP.07 578.2 0.26 13.63 0.25 AQ10-12-1.07 8.300 0.60 1.425 0.37
AP.08 558.9 0.30 13.40 0.26 AQI10-12-1.08 3.362 2.8 1.230 0.44
AP.09 577.4 0.24 13.56 0.23 AQ10-12-1.09 3.480 2.9 1.271 1.3
AP.10 584.1 0.27 13.81 0.25 AQI10-12-1.10 11.07 0.73 1.537 0.27
AP.11 598.2 0.34 13.97 0.30 AQ10-12-1.11 52.40 1.0 3.187 0.57
AP.12 587.8 0.24 13.87 0.22 AQ10-12-1.12 8.126 1.4 1.419 0.53
AP.13 480.6 0.35 11.79 0.34 AQ10-12-1.13 5.971 0.91 1.341 0.49
AP.14 618.4 0.35 14.51 0.32 AQI10-12-1.14 5.661 0.65 1.325 0.53
AP.15 498.9 0.29 12.34 0.27 AQI10-12-1.15 4.576 2.7 1.273 0.39
AP.16 571.7 0.28 13.90 0.24 AQI10-12-1.16 4.357 1.6 1.293 1.0
AP.17 543.2 0.34 13.33 0.26 AQI10-12-1.17 34.65 0.49 2.420 0.26
AP.18 526.5 0.30 12.98 0.29 AQI10-12-1.19 5.069 0.52 1.294 0.14
AP.19 514.8 0.36 12.69 0.35 AQ10-12-1.20 0.894 0.55 1.137 0.04
AP.20 649.0 0.33 15.32 0.31 AQI10-12-1.21 6.113 0.97 1.342 0.38
AP.21 461.0 0.56 11.16 0.51 AQI10-12-1.22 5.093 0.54 1.287 0.16
AP.22 529.6 0.31 12.76 0.27 AQI10-12-1.23 2.421 0.69 1.196 0.09
AP.23 550.6 0.30 13.12 0.25 AQ10-12-1.24 2.224 0.87 1.174 0.13
AP.24 688.3 0.56 15.67 0.56 AQ10-12-1.25 6.070 1.7 1.331 0.42
AP.25 748.4 0.41 16.92 0.38 AQI10-12-1.26 6.190 0.94 1.336 0.29
AP-1 AQ10-12-1.27 35.11 0.57 2.499 0.28
AP-1.01 89.55 2.0 2.891 1.9 AQ10-12-2

AP-1.02 134.8 4.4 3.917 3.9 AQ10-12-2.01 4.063 0.85 1.20 0.91
AP-1.03 61.77 1.1 2.271 0.6 AQ10-12-2.02 4.310 0.90 1.19 0.73
AP-1.04 92.51 1.2 2.890 1.0 AQ10-12-2.03 15.35 0.69 1.63 0.59
AP-1.05 101.5 1.7 3.118 1.4 AQ10-12-2.04 6.769 0.44 1.29 0.46
AP-1.06 55.24 0.6 2.206 0.5 AQ10-12-2.05 19.24 0.68 1.77 0.49
AP-1.07 59.66 1.3 2.165 1.3 AQ10-12-2.06 4.569 0.77 1.21 0.63
AP-1.08 73.48 5.6 2.797 5.0 AQ10-12-2.07 23.99 0.50 1.97 0.53
AP-1.09 137.7 2.4 3.812 2.1 AQ10-12-2.08 3.922 1.5 1.20 0.63
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HkS5
B8y 2ph /% 206pp,207pp /% B8y 27ph /% 206pp,207pp /%
AP-1.10 77.10 2.3 2.716 1.7 AQ10-12-2.09 17.81 0.55 1.74 0.41
AP-1.11 165.5 3.7 4.457 33 AQ10-12-2.10 13.76 0.63 1.58 0.51
AP-1.12 256.6 1.4 6.111 1.3 AQ10-12-2.11 7.871 0.86 1.34 0.45
AP-1.13 57.33 1.7 2.207 1.3 AQ10-12-2.12 8.158 0.40 1.34 0.21
AP-1.14 59.76 1.4 2.278 1.2 AQ10-12-2.13 1.964 0.44 1.10 0.32
AP-1.15 74.84 2.1 2.592 1.6 AQ10-12-2.14 6.961 0.55 1.30 0.42
AP-1.16 53.67 1.7 2.209 0.9 AQ10-12-2.15 13.51 0.42 1.56 0.36
AP-1.17 51.45 1.4 2.149 1.4 AQ10-12-2.16 9.955 0.65 1.42 0.42
AP-1.18 76.64 2.3 2.594 1.4 AQ10-12-2.17 6.485 0.72 1.29 0.47
AP-1.19 294.8 3.5 6.961 3.2 AQ10-12-2.18 5.582 0.57 1.26 0.36
AP-1.20 98.93 5.5 3.109 33 AQ10-12-2.19 1.727 0.61 1.11 0.36
AP-1.21 62.57 2.3 2.342 1.4 AQ10-12-2.20 14.01 0.57 1.58 0.40
AP-1.22 193.8 4.3 4.908 3.8 AQ10-12-2.21 4.049 0.53 1.20 0.31
AP-1.23 91.48 1.7 2.942 1.5 AQ10-12-2.22 16.28 0.59 1.66 0.51
AP-1.24 62.55 3.5 2.483 2.5 AQ10-12-2.23 15.87 0.37 1.64 0.34
AP-1.25 157.7 4.7 4.280 4.5 AQ10-12-2.24 7.010 0.50 1.32 0.46
AP-1.26 102.8 2.3 3.211 2.1 AQ10-12-2.25 12.55 0.46 1.50 0.37
AP-1.27 181.4 3.2 4.492 2.2 AQ10-12-2.26 3.700 0.48 1.17 0.46
AP-1.28 182.3 2.7 4.600 2.4 AQ10-12-2.27 5.763 0.59 1.26 0.45
AP-1.29 123.7 1.3 3.542 1.2 AQI10-12-2.28 12.72 1.01 1.53 0.71
AP-1.30 292.0 4.3 6.524 4.1 AQ10-12-2.29 6.159 0.47 1.28 0.38
AP-1.31 99.70 8.3 2.906 5.5 AQI10-12-2.30 2.184 0.56 1.12 0.32
AP-1.32 113.1 2.5 3.365 2.3 AQ10-12-2.31 3.525 0.33 1.18 0.26
AP-1.33 32.74 0.5 1.778 0.2 AQ10-12-2.32 25.18 0.60 2.03 0.42
AP-1.34 126.0 3.2 3.636 2.3 AQ10-12-2.33 28.25 0.34 2.12 0.30
AP-1.35 122.1 1.7 3.545 1.4 AQ10-12-2.34 8.727 0.57 1.37 0.47
AP-1.36 122.7 2.5 3.362 1.4 AQ10-12-2.35 9.821 0.42 1.42 0.37
AP-1.37 56.88 0.7 2.207 0.5 AQ10-12-2.36 3.587 0.52 1.18 0.46
AQ10-12-2.37 5.905 0.45 1.26 0.44
AQ10-12-2.38 6.599 0.45 1.30 0.36
AQ10-12-2.39 6.628 0.52 1.29 0.43
g
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; ,
g ; o BUS: WA ERARFEAR)T LA EL.
U-Pb G A S A VA B B 3R A R AT R PT IR AT
, R R AR T AR BER B AR,
U-Fb 2% 3CH:
’ s s R s . 2012.
LA-MC-ICP-MS U-Pb [J1.
U-Pb ’ , 33(6): 865-876.
s . 2012. U-Pb

> [J]. , 86(5): 793-800.



864

N s N .2002. SHRIMP
[J]. , 48(S1): 26-30.
s . 2009. U U-Pb
[J1. ( ), 39(4): 630-649.
s s . 1984.
U-Pb M1/ , 2
: 89-97.
, . 2006. U 1.
,21(4): 372-382.
s . 2008. U-Pb
[I1. ,27(1): 77-80.
N . 2011. U-Pb
[J1. , 34(1): 63-70.
, , NEMCHIM A, . 2007. 3.8 Ga
3.0 Ga _
SHRIMP U-Th-Pb [J1. , 53(1):
120-125.
References:

CHAMBERLAIN K R, BOWRING S A. 2000. Apatite-feldspar
U-Pb thermochronometer: a reliable, mid-range ( 450°C), diffu-
sion-controlled system[J]. Chemical Geology, 172: 173-200.

CHEW D M, SYLVESTER P J, TUBRETT M N. 2011. U-Pb and
Th-Pb dating of apatite by LA-ICPMSJ[J]. Chemical Geology,
280(1-2): 200-216.

CUI Yu-rong, ZHOU Hong-ying, GENG Jian-zhen, LI Huai-kun,
LI Hui-min. 2012. In Situ LA-MC-ICP-MS U-Pb Isotopic
Dating of Monazite [J]. Acta Geoscientica Sinica, 33(6):
865-876(in Chinese with English abstract).

KENNEDY A K, DANTE K. 1997. SHRIMP measurement of
U-Th-Pb ages of apatites from the Acropolis find ore prospect,
South Australia[C]//GAC-MAC Annual Meeting. Ottawa,
Canada: A-77.

LI Hui-min, ZHOU Hong-ying. 2012. Several Thoughts about U-Pb
Isotope Geochronology of the Bayan Obo Ore Deposit[J]. Acta
Geologica Sinica, 86(5): 793-800(in Chinese with English ab-
stract).

LI Qiu-li, LI Xian-hua, WU Fu-yuan, YIN Qing-zhu, YE Hai-min,
LIU Yu, TANG Guo-qiang, ZHANG Chuan-lin. 2012. In-situ
SIMS U-Pb dating of phanerozoic apatite with low U and high
common Pb[J]. Gondwana Research, 21(4): 745-756.

LIU Yong-sheng, GAO Shan, HU Zhao-chu, GAO Chang-gui,
ZONG Ke-qing, WANG Dong-bing. 2010. Continental and
oceanic crust recycling-induced melt-peridotite interactions in
the Trans-North China Orogen: U-Pb dating, Hf isotopes and
trace elements in zircons from mantle xenoliths[J]. Journal of
Petrology, 51(1-2): 537-571.

LUDWIG K R. 1993. PBDAT for MS-DOS. A computer program
for processing Pb-U-Th isotope data, version 1.24[R]. United
States Geological Survey Open-File Report 88-542: 40.

LUDWIG K R. 1997. ISOPLOT—a plotting and regression pro-

gram for radiogenic-isotope data, version 2.95[R]. United

States Geological Survey Open-File Report 91-445: 47.

LUDWIG K R. 2003. User's manual for Isoplot/Ex, version 3.
00[C]//A Geochronological Toolkit for Microsoft Excel.
Berkeley Geochronology Center: Special Publication, 4: 1-70.

OOSTHUYZEN E J, BURGER A J. 1973. The suitability of apatite
as an age indicator by the uranium-lead isotope method[J].
Earth and Planetary Science Letters, 18(1): 29-36.

SANO Y, OYAMA T, TERADA K, HIDAKA H. 1999a. Ion micro-
probe U-Pb dating of apatite[J]. Chemical Geology, 153(1-4):
249-258.

SANO Y, TERADA K, HIDAKA H, YOKOYAMA K, NUTMAN A
P. 1999b. Palaecoproterozoic thermal event s recorded in the
~4.0 Ga Acasta gnesis, Canada: evidence from SHRIMP U-Pb
dating of apatite and zircon[J]. Geochimica et Cosmochimica
Acta, 63(6): 899-905.

SONG Biao, ZHANG Yu-hai, WAN Yu-sheng, JIAN Ping. 2002.
Mount Making and Procedure of the SHRIMP Dating[J].
Geological Review, 48(S1): 26-30(in Chinese with English
abstract).

STACEY J S, KRAMERS J D. 1975. Approximation of terrestrial
lead isotope evolution by a two-stage model[J]. Earth and
Planetary Science Letters, 26(2): 207-221.

SUN lJin-feng, YANG Jin-hui. 2009. A Review of In-situ U-Pb
Dating Methods for the Accessory U-Bearing Minerals[J].
Journal of Jilin University (Earth Science Edition), 39(4):
630-649(in Chinese with English abstract).

WILLIGERS B J A, BAKER J A, KROGSTAD E J, PEATE D W.
2002. Precise and accurate in situ Pb-Pb dating of apatite,
monazite, and sphene by laser, ablationmultiple-collector
ICP-MS[J]. Geochimica et Cosmochimica Acta, 66(6):
1051-1066.

YE Bo-dan, LONG Wen-xuan, LIU Yan. 1984. Apatite U-Pb dating
and its geological significance of the Mesoproterozoic strati-
form phosphorus ore in the Hebei Province[M]//Precambrian
Geology, No.2. Beijing: Geological Publishing House:
89-97(in Chinese).

ZHONG Yu-fang, MA Chang-qian. 2006. A review of geochronol-
ogy of U-bearing accessory minerals[J]. Advances in Earth
Science, 21(4): 372-282(in Chinese with English abstract).

ZHOU Hong-ying, LI Hui-min. 2008. The improvement of the
rutile isotope dilution U-Pb dating methodology[J]. Acta
Petrologica et Mineralogica, 27(1): 77-80(in Chinese with
English abstract).

ZHOU Hong-ying, LI Hui-min. 2011. U-Pb Isotope Dating Tech-
nique and Potential Prospects for Applying in Geology[J].
Geological Survey and Research, 34(1): 63-70(in Chinese with
English abstract).

ZHOU Hong-ying, LIU Dun-yi, NEMCHIM A, WAN Yu-sheng.
2007. 3.0 Ga Thermo-tectonic Events Suffered by the 3.8 Ga
Meta-quartz-diorite in the Anshan Area: Constraints from
Apatite SHRIMP U-Th-Pb Dating[J]. Geological Review,
53(1): 120-125(in Chinese with English abstract).


http://td.alljournals.com.cn/search.aspx?subject=astronomy_earth_science&major=dzx&orderby=referenced&field=author_name&q=SONG+Biao
http://td.alljournals.com.cn/search.aspx?subject=astronomy_earth_science&major=dzx&orderby=referenced&field=author_name&q=WAN+Yusheng
http://td.alljournals.com.cn/search.aspx?subject=astronomy_earth_science&major=dzx&orderby=referenced&field=author_name&q=JIAN+Ping

	磷灰石微区原位LA-MC-ICP-MS U-Pb同位素定年
	周红英, 耿建珍, 崔玉荣, 李怀坤, 李惠民
	In Situ U-Pb Dating of Apatite Using LA-MC-ICP-MS
	1  实验仪器与实验方法
	1.1  实验仪器
	1.2  实验方法
	1.2.1  磷灰石LA-MC-ICP-MS U-Pb同位素定年的实验方法
	1.2.2  磷灰石ID-TIMS U-Pb同位素定年的实验 方法

	2  实验结果与讨论
	3  结论
	参考文献: 
	References:




