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Table 3 U - Pb dating data of titanite from Laoniushan
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WP/ U 220 |PPh/M™Ph 20 | Ph/PU 220 | TP/PU 20 |["Ph/*Ph  +20 | ®Ph/PU £20
LNS -1 2.0279 0.0717 0.2880 0.0114 0.0511 0.0011 1125 24 3407 60 321 7 4.18
LNS -2 1.5281 0.0232 0.2389 0.0038 0.0464 0. 0006 942 9 3113 25 292 3 3.69
LNS -3 2.4669  0.0699 | 0.3274  0.0105 | 0.0547  0.0011 1262 20 3605 48 343 6 4.89
LNS -4 1.8544  0.0333 | 0.2735 0.0053 | 0.0492  0.0007 1065 12 3326 30 310 4 3.88
LNS -5 2.4246 0.0493 0.3266 0.0074 0.0538 0.0008 1250 15 3601 34 338 5 4.64
LNS -6 1.0037 0.0192| 0.1736  0.0035 | 0.0419  0.0005 706 10 2593 33 265 3 1.68
LNS -7 3.4678  0.0913 | 0.4037 0.0126 | 0.0623  0.0013 1520 21 3923 46 390 8 4.13
LNS -8 1.9058 0.0342 0.2763 0.0054 0.0500 0.0007 1083 12 3342 30 315 4 4.30
LNS -9 2.1051 0.0387 0.2981 0. 0060 0.0512 0.0007 1151 13 3460 31 322 4 4.25
LNS -10 1.9612  0.0374 | 0.2839  0.0059 | 0.0501 0.0007 1102 13 3385 32 315 4 3.86
LNS-11 2.9569  0.0455| 0.3726  0.0063 | 0.0576  0.0008 1397 12 3802 25 361 5 4.52
LNS -12 1.5686 0.0231 0.2418 0.0037 0.0471 0. 0006 958 9 3132 24 296 3 3.76
LNS -13 1.6780  0.0270 | 0.2532  0.0043 | 0.0481 0. 0006 1000 10 3205 27 303 4 2.95
LNS -14 3.1227  0.1236 | 0.3767  0.0173 | 0.0601 0.0016 1438 30 3818 68 371 10 4.54
LNS - 15 2.2435 0.0557 0.3068 0.0085 0.0530 0.0009 1195 17 3505 42 333 6 3.94
LNS -16 2.5732 0.0537 0.3322 0.0077 0.0562 0.0009 1293 15 3627 35 352 5 3.42
LNS -17 2.2066 0.0446 0.2985 0. 0066 0.0536 0.0008 1183 14 3463 34 337 5 3.12
LNS -18 3.1525 0.0579 | 0.3738  0.0076 | 0.0612  0.0009 1446 14 3807 31 383 5 4.39
LNS-19 1.5754  0.0322 | 0.2490 0.0055| 0.0459  0.0007 961 13 3178 35 289 4 2.53
LNS -20 2.5158 0.0440 0.3293 0.0063 0.0554 0.0008 1277 13 3614 29 348 5 3.87
LNS -21 0.849%4 0.0201 0. 1557 0.0039 0.039%6 0. 0006 624 11 2409 42 250 3 0.79
LNS -22 2.6741 0. 1078 0.3517 0.0163 0.0552 0.0015 1321 30 3714 69 346 9 4.29
LNS -23 2.1411 0.0430 | 0.3006 0.0066 | 0.0517  0.0008 1162 14 3473 34 325 5 4.19
LNS -24 1.9925 0.039%4 0.2921 0.0063 0.0495 0.0007 1113 13 3429 33 311 4 2.39
Brigt: B KA James Cook University iy Carl ablation — inductively coupled plasma - mass

Spandler 1 -2 fit T4r#E MKEDL, o [5] 3 Ji R} 2 [
A R 1 g R L RN R e A R
BLR 1, w5 3 S A5 J=) 7Y 2 3t Jo ] £ o o0 B/ e
TREIAEASCH BUN Rl i b 4 T T 207 |
B, kA R L e rp s T 7B, A

I — I RN

5 ZE
[1]
[J]. HERBIIERE 2006 ,21(4) 1372 - 382

PRETF, S AR 5 U R 0 AR RS T LA

Zhong Y F,Ma C Q. A review of geochronology of U —

bearing accessory minerals [ J ]. Advance in Earth

Science,2006,21(4) ;372 - 382,
(2]

TRT WA B AT, A5 45 il - B A HOG#)

ik — P SR A A TR T UL B X A i R [T ]

HHIK,2012,31(1) 129 - 46.

Fan C Z,Hu M Y, Zhao L H, et al. Advances in situ

microanalysis of U — Pb zircon geochronology using laser

— 280 —

(3]

(4]

(5]

spectrometry| J ]. Rock and Mineral Analysis, 2012, 31
(1):29 -46.

v R HERE. & U B R RX U — Ph g 4R
Tk [T AR 2224 (B AR R RR) ,2009,39(4)
630 —649.

Sun J F, Yang J H. A review of in situ U - Pb dating
methods for the accessory U — bearing minerals [ J ].
Journal of Jilin University ( Earth Science Edition ),
2009,39(4) :630 - 649.

NG ERE , AR T, 45 A8 A1 AL X LA ~ ICP
~MS U -Pb AFRMELT]. Bloid i ,2012,57(18)
1603 - 1615.

Sun J F,Yang J H,Wu F Y, et al. In situ U — Pb dating
of titanite by LA — ICPMS[ J]. China Science Bulletin,
2012,57(20) :2506 -2516.

e SR A BhIEER 55 AR AT U - Ph g AE AR T P~
T— o Ul L [ 1], IR FL27 k5, 2007,22 (12)
1258 - 1267.

Xiang H, Zhang L, Zhong Z Q, et al. Titanite; U — Pb



2

B EL, 45 M7 LA - ICP - MS U - Pb SEAEH LR MR IR SR IE TS

539 &

(6]

(7]

(8]

(9]

[10]

[11]

dating and applications on defining P — T' -t path of meta
morphic rocks[ J]. Advances in Earth Science,2007,22
(12) :1258 - 1267.

JEFEHE, TAn . Bt h ik AT A A AR A1 O LT
FHERIEAFAFIEL ) ] HhBR L%, 1988 ,9(3) :224 - 233
Zhou L D, Wang Y C. REE geochemical characteristics of
apatite, sphene and ziron from alkaline rocks [ J ].
Geochimica, 1988 ,9(3) :224 -233.

XIFRAE, A, T, 45 BRI R AT A FIRS A7 Y
RIS SRR AE ST [T ] O6i 2 50t o
#r,2013,33(8) ;2235 —2241.

Liu C H,Wu C L, Lei M, et al. The characteristics of
microstructure and chemical compositions of K -
feldspar, sphene and zircon with zoing structure [ J].
Spectroscopy and Spectral Analysis, 2013, 33 (8):
2235 -2241.

ot BEE R, i, % IR F IR L BES
RIB- DA i) W 5E [0 ] s BRI 4z, 2014, 33
(3) :44 -50.

Pan H B,Kang Z Q, Yang F, et al. Preliminary study on
the accessory mineral of sphene in dacite porphyry from
Dabaoshan, Northern Guangdong Province[ J ]. Geological
Science and Technology Information, 2014, 33 (3):
44 -50.

RT3 M, 55 1L 1l s RBURY R
IR A HAE AR A FRAE AR ALK LA - ICP - MS
U-Pb B4E[J]. A4 ,2014,30(5) ;1322 - 1338.
Zhu Q Q,Xie G Q, Jiang Z S, et al. Characteristics and
in situ U — Pb dating of hydrothermal titanite by LA -
ICPMS of the Jingshandian iron skarn deposit, Hubei
Province [ J ]. Acta Petrologica Sinica, 2014,30 (5):
1322 - 1338.

AT W AR, AT, 2. A IR 7 TR A 114 o
JUR R AE S H X AR 5 B 8 1845 18 A6 1 52 i
[C]/72016 Hf [ MR A} 22 5 2 R AF 2218 SC4R. L
52 :2089 -2090.

Zhao L H, Zeng L S, Gao L E. Trace Element
Characteristics of Magma and Metamorphic Spites and
Their Effects on the Formation and Evolution of Granitic
Magma [ C]//Proceedings of 2016 Annual Meeting of
Chinese Geoscience Union. Beijing:2089 —2090.
ST, B, TRHGE , A5 S L T AR B P
H - -4&44 U -Pb KR Ao £t - hAER
Fie — P RIC R [T ], %5 1524, 2016, 32 (10)
3019 -3032.

Li Q L,Zhao L,Zhang Y B, et al. Zircon - titanite — rutile
U - Pb system from metamorphic rocks of Jungshan

“Group” in Korea: Implications of tectonotermal events

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

from Paleoproterozoic to Mesozoic [ J]. Acta Petrologica
Sinica,2016,32(10) :3019 - 3032.

Simonetti A, Heaman L M, Chacko T, et al. In situ
petrographic thin section U - Pb dating of zircon,
monazite ,and titanite using laser ablation — MC - ICP -
MS [ J]. International Journal of Mass Spectrometry,
2006,253.87 -97.

Storey C D, Jeffries T E, Smith M. Common lead -
corrected laser ablation ICP — MS U — Pb systematics and
geochronology of titanite [ J ]. Chemical Geology, 2006,
227.37 -52.

AR, INEPH AT, S5 M4 LA - ICP - MS U -
Ph &4 SO BF T [ ] 3 57 2 41k, 2015, 89 (3
) :351 -355.

Yuan J H,Sun D Y,Zhao L. H,et al. Research on matrix
effect of in — situ U — Pb dating of titanite by laser
ablation inductively coupled plasma — mass spectrometer
(LA —1ICP - MS) [J]. Acta Geologica Sinica,2015,89
(Supplement ) ;351 —355.

FEYRIE  PIAPH X, 4. Hifr LA - ICP - MS U -
Ph & AF H R WFSE [ T]. 3 it 2 4, 2016, 90 (8)
2059 -2069.

Yuan J H,Sun D Y, Zhao L H, et al. In — situ U — Pb
dating of titanite by laser ablation inductively coupled
plasma — mass spectrometer ( LA — ICP - MS) [J]. Acta

Geologica Sinica,2016,90(8) :2059 —2069.

Spandler C, Hammerli J, Sha P, et al. MKED1 . A
new titanite standard for in situ analysis of Sm - Nd
isotopes and U - Pb geochronology [ J ]. Chemical
Geology,2016,425:110 - 126.

Wiedenbeck M, Alle P, Corfu F, et al. Three natural
zircon standards for U — Th — Pb, Lu — Hf, trace element
and REE analyses [ J ]. Geostandards Newsletter, 1995,
19(91) .1 -23.

Woodhead J D, Hergt ] M. A preliminary appraisal of
seven natural zircon reference materials for in situ Hf
L]
Geoanalytical Research,2005,29(2) ;183 - 195.
Wiedenbeck M, Hanchar J] M, Peck W H, et al. Further

isotope  determination Geostandards  and

characterisation of the 91500 zircon crystal [ J ].
Geostandards and Geoanalytical Research,2004,28(1) :
9 -39.

Jackson S E, Pearson N J, Griffin W L, et al. The
application of laser ablation — inductively coupled plasma
— mass spectrometry (LA — ICP - MS) to in — situ
U - Pb zircon geochronology [ J ]. Chemical Geology,
2004 ,211:47 - 69.

Aleinikoff J N, Schenck W S, Plank M O, et al.

— 281 —



24

a o
http: // www. ykes. ac.

ek

2020 4

cn

[22]

[23]

(24]

[25]

[26]

(27]

(28]

[29]

Deciphering igneous and metamorphic events in high —
grade rocks of the Wilmington Complex, Delaware:
Morphology, cathodoluminescence and backscattered
electron zoning, and SHRIMP U — Pb geochronology of
zircon and monazite [ J ]. Geological Society of America
Bulletin,2006,118(1/2) ;39 - 64.

TEXURL, A 5%, 246 ), 45 A ] LA - ICP - MS 7£
16jum Al 10pum BOEABER A T s 41 U - Th -
Pb 4EE [T ]. A H 3L ,2016,35(4) .349 - 357.

Wang S S,Han Y B,Li Y G,et al. U - Th - Pb dating of
monazite by LA — ICP — MS using ablation spot sizes of
16pm and 10um[J]. Rock and Mineral Analysis,2016,
35(4) :349 -357.

Aleinikoff J N, Wintsch R P,Unruh D M, et al. Ages and
origin of rocks of the Killingworth Dome , South — Central
connecticut; Implications for the tectonic evolution of
Southern New England[ J ]. American Journal of Science,
2007,307:63 - 118.

JelsEst IR, £J7, 4. LA - ICP - MS TAES %l
AR A1 U = Ph @ 4R p Mo i T LT ] 2 0
1,2017,36(4) :350 - 359.

Zhou L L, Wei ] J, Wang F, et al. Optimization of the
working parameters of LA —ICP — MS and its application
to zircon U — Pb dating[ J ]. Rock and Mineral Analysis,
2017,36(4) :350 -359.

Jackson S E, Longerich H P, Dunning G R, et al. The
application of laser — ablation microprobe — inductively
coupled plasma — mass spectrometry ( LAM —ICP - MS)
to in situ trace — element determinations in minerals[ J].
Canadian Mineralogist,1992,30.1049 — 1064.

Horn I, Rudnick R L, McDonough W F. Precise
elemental and isotope ratio determination by simultaneous
solution nebulization and laser ablation — ICP — MS.
Application to U - Pb geochronology [ J ]. Chemical
Geology,2000,164 :281 -301.

Kosler J, Sylvester P J. Present trends and the future of
zircon in geochronology: Laser ablation ICPMS [ ]].
Reviews in Mineralogy and Geochemistry,2003,53 (1) :
243 -275.

Liu Y S,Hu Z C,Gao S, et al. In situ analysis of major
and trace elements of anhydrous minerals by LA - ICP -
MS without applying an internal standard[ J]. Chemical
Geology ,2008 ,257 :34 —43.

Liu Y S,Gao S,Hu Z X, et al. 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,2010,51 (1 -2):

— 282 —

(30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

537 -571.
Liu Y S,Hu Z C,Zong K Q, et al. Reappraisement and
refinement of zircon U — Pb isotope and trace element
analyses by LA — ICP - MS [ J]. Chinese Science
Bulletin,2010,55(15) ;1535 - 1546.
Paton C, Woodhead J D, Hellstrom J C, et al. Improved
laser ablation U — Pb zircon geochronology through robust
downhole fractionation correction [ J ]. Geochemistry,
Geophysics, Geosystems ,2010,11:1 - 36.
KELEER, B, %, lolite F {140 H LA - ICP - MS
AR FAYERTZE L) ] E i, 2017,36 (1)
14 -21.
Zhu B,Zhu Z Y ,Lii M, et al. Application of iolite in data
reduction of laser ablation — inductively coupled plasma
- mass spectrometry line — scan analysis[ J]. Rock and
Mineral Analysis,2017,36(1) .14 —21.
Sylvester P J, Ghaderi M. Trace element analysis of
scheelite by excimer laser — ablation - inductively
coupled plasma — mass spectrometry ( ELA — ICP — MS)
using a synthetic silicate glass standard [ J ]. Chemical
Geology,1997,141:49 - 65.
Chang Z S, Vervoort J] D,McClelland W C,et al. U - Pb
dating of zircon by LA — ICP — MS[ J]. Geochemistry,
Geophysics, Geosystems ,2006,7(5) :1 — 14.
Thomson S N, Gehrels G E, Ruiz J, et al. Routine low —
damage apatite U — Pb dating using laser ablation —
multicollector — ICP MS[ J ]. Geochemistry,, Geophysics,
Geosystems,2012,13(1) ;1 -23.
AT TERUR, KRG, 45 R A1 LA - ICP - MS
U - PhE4E ik MO LT ] 5“4k ,2015,89 (12)
2400 -2418.
LiY G,Wang S S,Liu M W et al. U — Pb dating study of
baddeleyite by LA - ICP - MS: Technique and
application] J ]. Acta Geologica Sinica,2015,89 (12):
2400 -2418.

Ludwig K R. User’ s Manual for Isoplot 3. 00 A
Geochronological Toolkit for Microsoft Excel [ M ].
Berkeley Gerchronology Center Special Publication,
20031 -70.

Tera F, Wassertburg G J. U — Th — Pb systematics in
three Apollo 14 basalts and the problem of initial Pb in
lunar rocks [ J ]. Earth and Planetary Science Letters,
1972,14:281 -304.

FERKA, EWEEL B, 55, ARt e 28 A 1 2k
AR SR B B S A AR R LZR F
HBRAG FHTUESE L) . A4, 2012,28(1) :279 - 301.
Qi Q J,Wang X X, Ke C H, et al. Geochronology and

origin of the Laoniushan complex in the southern margin



%23 B EL, 45 M7 LA - ICP - MS U - Pb SEAEH LR MR IR SR IE TS 539 &

of North China Block and their implications;: New Fe LT R 2% 4 ,2011,85(11) 1917 — 1947.
evidences from zircon dating, Hf isotopes and Chen W,Wan Y S,Li H Q,et al. Isotope geochronology :
geochemistry[ J]. Acta Petrologica Sinica,2012,28(1) ; Technique and application [ J ]. Acta Geologica Sinica,
279 -301. 2011,85(11):1917 - 1947.
[40]  ZRKSL. U - P E 4RI ZRe s R 7 i e [T . [(42] XIS, WIJkd), 2], 4F. LA - ICP — MS £ JFkE
Y1 A R AL A 1, 2015,34(3) 2491 - 500. JCR RN [T ]. Bl 4, 2018,43 (12)
Li Q L. Characteristics and analytical methods of the U - 4269 -4282.
Pb dating system [ J ]. Bulletin of Mineralogy, Petrology Liu Y S,Hu Z C,Li M, et al. Applications of LA — ICP —
and Geochemistry,2015,34(3) :491 —500. MS in the elemental analyses of geological samples[ J].
(417 BE3C, TinA: , ZBAe e 2. AL 2 3 AR I 2 R China Science Bulletin, 2018 ,43(12) :4269 —4282.

Element Fractionation and Correction Method for U - Pb Dating of
Titanite by Laser Ablation - Inductively Coupled Plasms - Mass
Spectrometry

JIN Meng —qi'*** | LI Yan - guang' """ | WANG Peng'*”>, WANG Shuang — shuang'>">**
LI Wei - liang'*”
(1.Xi’ an Center of China Geological Survey, China Geological Survey, Xi’an 710054, China;
2. Key Laboratory for the Study of Focused Magmatism and Giant Ore Deposits, Ministry of Natural Resources,
Xi’an 710054, China;
3. Northwest China Center for Geoscience Innovation, Xi’an 710054, China;
4. Center for Orogenic Belt Geology, China Geological Survey, Xi’ an 710054, China)

HIGHLIGHTS

(1) Elemental fractionation behavior of zircon, monazite and vermiculite standard samples and unknown samples
was compared.

(2) A new data calibration method for LA — ICP — MS U - Pb dating of titanite was proposed.

(3) A calibration method based on *Intercept’ law can be used on the same types of minerals for LA — ICP - MS
U - Pb dating analysis.
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ABSTRACT

BACKGROUND:; Isotope geochronology is a basic subject to explore the temporal and special evolution of
geological bodies and geodynamics. The U - Pb dating technology of accessory minerals is the most widely used in
isotope geochronology. Titanite has a relatively low closed temperature for U — Pb isotopic system and is common in
magmatic rocks, metamorphic rocks, hydrothermal — related rocks and a few sedimentary rocks. This indicates that
it is an ideal mineral for U — Pb dating to constrain the medium to high temperature geological event.
OBJECTIVES: To understand the element fractionation behavior during laser ablation — inductively coupled
plasms — mass spectrometry ( LA —ICP —MS) U - Pb dating and propose corresponding correction methods.
METHODS: In situ U — Pb dating were performed using a Geolas Pro laser — ablation system and a 7700x
quadrupole ICP — MS. A stationary laser ablation spot with a beam diameter of 24um was used for the analyses.
The ablated aerosol was carried by helium and then combined with argon via a T — connector before being
introduced to the ICP — MS plasma. After smoothed, the sample gas will go into quadrupole ICP — MS for U — Pb
dating. Each analysis incorporated a background acquisition of approximately 10s ( gas blank) followed by 40s data
acquisition from the sample. After the experiments, the fractionation behavior of elements of titanite during the laser
ablation were compared for using different fractionation correction methods to correct zircon, monazite and titanite
separately. These correction methods were based on different mathematical model such as quadratic curve, power
function and so on. The data was processed with different softwares such as GLITTER and BUSTER based on
different mathematical equations, in order to look for the appropriate correction methods for different uranium — rich
minerals based on different fractionation characteristics.

RESULTS: The inconsistent fractionation behavior of elements between different titanite particles was revealed.
After comparison, it was proposed that the ‘Exponential Function Method’ and the ‘ Average Data method’ can
only be used for uranium — rich minerals minerals that have consistent fractionation behavior, but it was not
pragmatic for inconsistent ones. For these uranium — rich minerals minerals such as tianite, the ‘Intercept Method’
was an improvement on the current method, in order to ascertain the correct age.

CONCLUSIONS: Tt is indicated that the ‘Intercept Method’ can avoid inaccurate correction caused by

inconsistent fractionation behavior.

KEY WORDS:; titanite; LA — ICP — MS; U — Pb age; element fractionation; fractionation behavior; intercept
method
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