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Abstract

As a stable submineral, zircon occurs in all kinds of magmatic rocks, metamorphic rocks and sedimen-
tary rocks on Earth. Due to its high temperature and corrosion resistance, high concentration of ele-
ments such as U, and high sealing temperature, zircon has been an ideal mineral for U-Pb isotope
dating. In recent years, with the development of in situ microzone measurement technology, the
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applied research of zircon has gradually shifted from the traditional U-Pb isotope dating to the field
of microzone isotope and trace element tracing. Based on the collection and collation of relevant re-
search results at home and abroad, this paper systematically summarizes the application of zircon in
determining the crystallization age of magma, identifying the composition of magma source region,
inverting the physical and chemical conditions of magma, identifying the crystallization differentia-
tion process of magma, and discriminating the plate tectonic environment of magma formation. It pro-
vides important reference for further study of magma formation and evolution by zircon in the future.
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PRI ARG AR R RS SE ,  REAR S I (R ST AR T AN A B 2224k, B BE FE RO 1 TE Bk 301
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Figure 1. Inconsistent age diagram of zircon U-Pb concordant curve [2] (according to Gao et al., 2013)
B 1. $54A U-Pb IEMBIZAR—EFR REE[2] (51 B&E1E(2013))

REONRE S EETHT, SRJERE S 2P A iR AR B A, f i 8 I A AR A A I R R S e R A
5 SR RAT A5 B [3] o WO RIS B - A v R N WOK 9 DL R TR 7 2% L AE I, 7E85 4 U-Pb
SEEFAR T G E AT, 4775 %(2022)1KFE LA-ICP-MS #4745 A i IX R AL U-Pb SE4E 7L, Mllitah 3
FHEFAEAE R ZE VO B N — 2, AR T 07V 1A 2 (4]

(ID-TIMS) & 18 LEVA R I RE S NN [F A7 2R 85550, A O3 I RN IR &, A
AN =R S R R AR H AT, R 2R R4 L B8 T BV U-Pb 8 AF Hh R R A v 1Y) ) 7 3 1t
AR T . IUAE, E PR E ID-TIMS U-Pb AEAR VLI 8 (ARG FE C 42 v LIS 3 0.03%, K H 10 mifH

R A Uy Pb

SRITESARE RS A TAFEE T, AR 2 SRR AR A RIS (E 1),

Table 1. Comparison of the advantages and disadvantages of common methods for zircon U-Pb dating

Ffrz, HZ2iAF 0.01% [5].
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3. iRERE RIFXLERR
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AR LR R AL AR 5T HE (R Z AR, AT RE -5 30 0 524 2K [8] o £ (Lu) & AR (— i T7eLu/M"HF < 0.002),
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B, AEXNFECA A RERERL T, emoit— PAHCA RIEXRHE. B85, emp > 0, RREX NTH
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Z 2R HE-O AR ARG B R ER Gn B IR IX A2 AR
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BETT(ZrSiOa) & — R IR S 140, Herb (s (Zr) Ak (SI) B g AR (T HEAT A IR B e, M Ti S &
FEUAREE /1 SR EAE — @ AR, (RIS AT DL ks 85 A i Ti 5 B8 5 2K 3R - Harrison and Watson
(2005) 5644 Ti HIRERCR R, = Ti &R A .

log (Ti) = (6.01+0.03) ~ 5080+ 30/T (K)

A RRTEIRE R S5 0.7~3.0 GPa; 580°C~1070°C 25t R H#EAT SEEG I, A H e VE Bl iR % &
HAERHEAT IR, R ) SR A TR
BEj5, Ferry and Watson (2007)2& a7 AW 78, K Ti ZEANSEREA X, ©E7HHE TiO il SiO;
TEEREW, S8 e R HER B A 0.
log (ppm Ti-in-zircn) = (5.711+0.072) - (4800 +86) /T (K) - log g, +10g ey, [11]
H,  ago, N SIOIFE,  agp, N TIO2 K

BEE Ja A FRAWE TR L, fEIe ] THR TR IR EHE B LT R 1) K. EmEFHLT
(P> 3.5 GPa), Ti i T-HAREA i Zr A2 Si, IR Si BIREIFEA, 30 Ti il iH g R
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A%, ik, THRETHE & T AR SR R IE - 2) SiO2 iF ¥ ( asi, ) TiO2 i ¥ (i, )o BN Ti
RE R LA $e Si, tn] LB e Zr, B LA Ti M5 BE U1 1 HER FE A IO, Al TiO, 15 B A X (18] 2). B, XF T TiO.,
BAEAER S ago, 2055 SRR AFAERT, ag, 2065 HEARIERIEERE FEAERT, g, =0.7 3 BLLAAFAE
I, o, =1 XFT Si0z, EREFUE AT, ago, 2035 FRAFAEN, ago, =1. 3) FHEERFERISERR .
ARG AR 2 0 Ti AAE: Si, ik Ti S BMTHE, S8CTiEEHRMERTE[12].
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Figure 2. The temperature values calculated by Ti-in-zircon

thermometer at different activity of TiO2 (according to Crisp

et al., 2023)

E 2. ~ETiO EE TA TiRE Tt ERREE[13]
(518 Crisp et al., 2023)
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(1%l (Ce) FEH (Bu) 7o 25 RA JR A R I AU B B BRI BIURR B, Refig1c Sl A0 45 SR D28 R I U TR RS .
Ce f+3 FI+4 PR NZS, Horh, Ce¥fEAHXTILJFINEE NAAAE, Ce* fEAHXI FMIA B NAAAE: Eu A +2 Hi+3
PRI AS,  [FRE AT LSS A M AR FOIR S .

Ce**/Ce¥ LUl v AR AN AH X AR E, HARN:

C Cey
Cot* ik — Nl
3+
= ce [14]
C 3+ Ce
€ Jun Ht__ca
Y Histh
Ce“*

FEAE PRI I 5 B0, ORI AR S e 4 i MR, 2 S IR W 2, 5 B ORIESk
RIS — AR R R A, OB A La< 0.1 x 1078, =R Sk S AR R R (R 55 R B 0K < 3[15], BEEE
B, ZARRETE M ROR L, A RERE 40 ROREZ . O TR AEUR L, Trail 5(2012)# 3 154
Yot IR A

In(Ce/Ce")_ =(0.1156+0.0050)xIn( f,, ) +13860+ 708/T (K)~6.125+0.484 [16]
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R PR X A 22 R 515 R
5. RAERGER T FIIIE

R RN A TR S A e, AR TT R A RO TR XA S B0y« IR S5 P2 18] 7T
FIHCRE, DRGSR R T R s . AR AR K A T s LRI, T
gh SRR o Ze Gz KT HE, S RIEAL R ) Ze/HE LU S B B 1 B A TR AR N, A
ghi i R, BEAMESCR R Hf RS ETHE, Zo/Hf L E SRR, R tkar e
VEN RS S 25 o e R AR[18]. iR A I E A HE. U S8 DUBIRE Zr/Hf < 55 I, #il A2
F o SR R B RE

AR, B MC-ICPMS i ik R e, g Zr AR, 1980 2 00E, EHEIFEFH Zr [H
PEREBATE R RS R TT. HAl, BT 0%Znece (C4Zr/*Zr) LA ARIEE K, ST
Zr R 3RS AELE G, SRS A BORL % Zr R 3R, 1 s A Re A, O T AT R
For vl R P BRI A E R HE Zr FAIZR[19]. J3— 71, MK i B A 0N AN R B H R )
Ak, T HBR R S E R Zr AR, MR B SE RER, wRER TR EUN[20]. AR
W oR, FIHASE Zr RO RS Zr RN 2T DU SIS S E N 4 i R id /e, TRA A AT
FRREROARI A Zr [FAL B SRS E AR B Zr RG240 S A2 . 78 B UMICRE FE A Rl B
KSR Zr [RAL 2 KR A

_ya-1
594Z|’m1 = (594Zr510 +1000)><0!><((1_ F)x(l— PF/Di )l/P 1)

S Zr o NEHKIEIX Zr FIRLRAR, o NEMLRSEE T, FOERMIEE, P AS 5 IER Wi /i
R, DN Zr A E S R AL
FE MR R AL LSS R B, IRIR IR Zr RN R R -
5%zr, =(1-1,)6%Zr  + f,6%Zr,,

L ONBROREE AR Zr SR LB RAE A A KBEATH, RS BRI G R A R, AT
PR A R AR [21]. HAT, Zr FERLRIRBIEE K R R R IS8, (HERKIIA T
el FRY T 5% o

N T IRNIRVE IR S 45 i 3 A R DA e o e R v BT 0 d i, AN IR B0k o e o 3k it
1700, I ES SR A U-Ph FRE L CL BRI A B B) AT L E W TT . BISA G55 55 H

DOI: 10.12677/ag.2024.1412141 1509 HOBRBL 2RI


https://doi.org/10.12677/ag.2024.1412141

[ SEREE 3
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FI 2 2T BB A 1 PRI W] AR R 5 A A e RO, 5 e RAE T A [RI A i R B s AR
TR LR A, R E IR E IR IE PR B 45 AN AR X R G, fE A — e R B BA kKR
XA 2R IE[23] . BEE R FCHIRN, HENIRBESE . TER S KA A 0 I ER b 223 532 i
DE HEMZ SN E, #oSBORA. AT RIUXE R, EEANITRS S BT PR on R
il 240 2 fA 55 1)

B RS R R W BN 2 —, W8 R 70 3 AT 25 518 F R A I 5 T U PRI AR
PGS AR TC R (REE + Y (52))-P(%) U AT T- X7 | BUAER A AT S AR S, T S AR
A REES AN YTEUR T Zr 158): ZrSiO4 = (REE)POs, FE( S MM AR/ | KA SEHE LM
P, Bk, ATLAFIH(REE + Y(£2))-P(1%) EIfE AT S UL R A A, Sl didibs, 35S BIERA#A
A TF(REE +Y)>0.77 x P fI(REE + Y) < 1.23 x P 2 [i], FfH. P [IEE/RIKE > 15 umol-g~t (& 3).
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Figure 3. Zircon trace element (REE + Y) -P diagram of S-type granite and I-type
granite [24] (according to Zhu et al., 2020)
B 3. S BfEAEF | BlTERaE[24] (518 Zhu et al., 2020)
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REEZEL.

E&WH
2B U O I 2t Rl 5 H (YZ22023011), KVT K20k 7 £535 H (0Y 2023001) -

SEEk

[1] Zouff, MK & B R P 7T LT U-Ph SRR HIZ0[0]. Rl22iA R, 2004, 49(16): 1589-1604.

[2] wE/bte, RS, s, . A U-Pb FALEEFEMEE, Tk KA D]. LEl%, 2013, 31(3): 363-368, 408.

[3] &, #AKR, KEM. BOLRMOGIE- BB G5 S TR TS B HOR B R[], L4 G, 2011,
1(3): 16-22.

[4] &%, ikEM, ZEHH, % LA-MC-ICP-MS 547 U-Pb & 75 [9]. 1L 48 B £ %4, 2022, 38(1): 31-36.

[6] fHEMR, WRA, Wik, 25 SERTELEMIE 205Pb-233U-236U Fi el Stk 40 ID-TIMS U-Pb i B2 4E %
WE J5vE0]. A 2R, 2022, 38(12): 3695-3702.

[6] AT, ZERTE, HUK'K, 5 Lu-Hf RA R4 R &AM H[]. & A7k, 2007, 23(2): 185-220.

[7]1 Li, Z, Zhang, S., Zheng, Y. and Sun, G. (2024) Homogenization of Hf Nd Isotopes Induced by Hydrothermal Fluids during
the Differentiation of Granitic Magmas into Pegmatites. Chemical Geology, 670, Article ID: 122455.
https://doi.org/10.1016/j.chemge0.2024.122455

[8] Wang, Y., Gao, P., Sun, G., Mayne, M.J., Zhang, J., Yin, C., et al. (2024) Zircon Hf Isotope Behavior during the Mag-
matic-Hydrothermal Processes: A Case Study from the Yashan Pluton, South China. Lithos, 470, Article ID: 107519.
https://doi.org/10.1016/j.lithos.2024.107519

[0 kM, JEA, VIR, TERIUA AR RS kB WIEAM X s 5 RIS R A A0). &
224, 2024, 40(3): 785-810.

DOI: 10.12677/ag.2024.1412141 1511 HOBRBL 2RI


https://doi.org/10.12677/ag.2024.1412141
https://doi.org/10.1016/j.chemgeo.2024.122455
https://doi.org/10.1016/j.lithos.2024.107519

[ SEREE 3

[10]

[11]
[12]
[13]

[14]
[15]
[16]

[17]
(18]
[19]

[20]

[21]

[22]
[23]
[24]

[25]

Hotw, HEEE, XRE, & NERERFZ LAY B WA S & REX R R ——R A 84 U-Pb T4
Lu-Hf FIAz 2 IHIZ9[]. Hus 772224, 2017, 23(5): 661-672.

FmETE, MK K. &4 Zr FiEEA Ti S EHUTRZTI]. A AR, 2011, 27(2): 417-432.

WA, TRER, KRB, & URS ERES A THRE T RER]. HBkELE, 2019, 44(12): 4034-4041.
Crisp, L.J., Berry, AJ., Burnham, A.D., Miller, L.A. and Newville, M. (2023) The Ti-In-Zircon Thermometer Revised:

The Effect of Pressure on the Ti Site in Zircon. Geochimica et Cosmochimica Acta, 360, 241-258.
https://doi.org/10.1016/j.gca.2023.04.031

B gk, e, B Ce FUREE TR B I IR (0 EMLIE R[], Wil i 4R, 2022, 28(4): 484-492.

RAx, MR, FE PREEANSNEIRETEN] TER, 2018, 38(1): 1-14.
REFfe, I%EUL, BRARZE, . BAFUREEXT A ML IX K A BV PR L B B TR & SC[I] b R,
2024, 98(1): 181-205.
KA, %5, BUR TR RRE B A K ARSI U AR [3). /RS, 2018, 37(5): 1052-1064.
PRT:, BUNEN. B AR T R IR AR LS R R AR A B AT YA, 2021, 40(5): 939-951.

Zieman, L.J., Ibafiez-Mejia, M., Tissot, F.L.H., Tompkins, H.G.D., Pardo, N. and Bloch, E.M. (2024) Zirconium Stable
Isotope Fractionation during Intra-Crustal Magmatic Differentiation in an Active Continental Arc. Geochimica et Cos-
mochimica Acta, 365, 53-69. https://doi.org/10.1016/j.gca.2023.11.023

Zhu, Z., Zhang, W., Wang, J., Wang, Z., Guo, J., Elis Hoffmann, J., et al. (2023) Magmatic Crystallization Drives Zircon
Zr Isotopic Variations in a Large Granite Batholith. Geochimica et Cosmochimica Acta, 342, 15-30.
https://doi.org/10.1016/j.gca.2022.12.003

ST, BIE, R S HSRRA R A Zr RS RMR]. P ERE HERELE, 2024, 54(8): 2534-
2545,

XN, XZ—, TkEHE, 2. FH SHRIMP @ 85 A ah-Er R ik S5 03]. A4 MK, 2011, 30(03): 265-268.
PRk, ZEPCAS. AL R A M M ERAL S R I [D]: [ L&A ], dbat: Ao M5 k2%, 2018.

Zhu, Z., Campbell, 1.H., Allen, C.M. and Burnham, A.D. (2020) S-Type Granites: Their Origin and Distribution through
Time as Determined from Detrital Zircons. Earth and Planetary Science Letters, 536, Article ID: 116140.
https://doi.org/10.1016/j.epsl.2020.116140

BIRE. W YIMEICERARA T KA WELE S A0]. Kk 5 sl 2, 2016, 40(5): 986-995.

DOI: 10.12677/ag.2024.1412141 1512 HOERAL R


https://doi.org/10.12677/ag.2024.1412141
https://doi.org/10.1016/j.gca.2023.04.031
https://doi.org/10.1016/j.gca.2023.11.023
https://doi.org/10.1016/j.gca.2022.12.003
https://doi.org/10.1016/j.epsl.2020.116140

	锆石在探究岩浆形成与演化中的应用
	摘  要
	关键词
	Application of Zircon in the Exploration of Magma Formation and Evolution
	Abstract
	Keywords
	1. 引言
	2. 确定岩浆结晶的年龄
	3. 示踪岩浆源区组成
	4. 反演岩浆结晶的物理化学条件
	4.1. 物理条件
	4.2. 化学条件

	5. 识别岩浆结晶分异过程
	6. 判别岩浆形成的板块构造环境
	7. 结论
	基金项目
	参考文献

