Vol 23, No. 1

23 1
2004 3 ROCK AND MINERAL ANALYSIS March, 2004

: 0254- 5357(2004) 01- 0044- 08

[ b o T PR — BE- Y E IR A
FEIE 70 Ao B N s

B AR RLEES 0 =87 K
(1- () 430074

B

2. , 443003)

o SPEFIRE U= Th- Pb & 557 k09 AR RIL Hso 696 KA 47 S+ 5 ik A= ik
ERM AT T B A RN, It sH TR FEME PP R RAT FET B2 £ T84
T EERNTENT QAR EAFREERMERA TR F/NE F LA L2RANRESL 45
F 4, M Z — NWENE AT A ey Ak & LA, @ B¢ 69 R4z hfed o pHE 950 k4 4
HMEE TG AT R AER IAZ 6928 SF0E ) fesk B E A S AT A S 69 2 R AT
D BT ARA R ah— A 45 SFENHE, Mg AT
: P575.1; P597.3 DA

20 m ,

1 AT

20 80 " U-Th- Pb U-
, ( SIMS) Ar- Th- Pb (CHME), U Th
Ar ,
: Th 1
U= Th- Pb U 25y B .
: (=1 bm Ph , :
) ( ) Th™ 6a+ 48+ °Pb (a)
, U7 7a+ 48+ PP (b)
. U” s+ B+ pb ()
20 90 , p 08py, 07py, 206ij
U- Th- Ph 2y By B :
e N(™"Pb) = N (**Th) [ exp( A1)~ 1] (d)
[14~ 16] 207 235
; : N(*Pb)= N (™U) [ exp( dozst) — 1] (e)
1~ 3 Hm N(™Pb)= N (**U) [ exp( dosst) — 1] (H
, A : M=
: 2003-04-17; : 2003-07230\ ; : (40072069)
(1963- ),



1 : - -

23

4.947 5% 10" "/a, Mss= 9. 848 5x 107 '/a
doss= 1.55125x 107 1974 17 Th U
(Pho) Pb

+ NCO%ry+ NP+ N (my)

(
= N(Pbo)+ N(Z*Th)[ exp( Asat)— 1] +
NCPU exp( sst) - 1]+
NCPO) exp( dosst) A1 (g)
M (PPusPRu) 137. 881,

(2
N( ZPb)= N(Pbo)+ N(Th) [exp( dox2t)~ 1] +

exp( M35t)+ 137.88 exp( Xosgt)

N(U)*[ 133, 88 -1 (h)
(U= Th- Pb )
[1- 4]
w(ThO2) w(UO2)  w(PhO)
(h) I
w(PH)  w(ThOp)
MOPHO) ~ M(THO,) [P0 20 = 11+
w(UO2) exp( X3s5t) + 137. 88 exp( Xo3gt)
M(UO | 138. 88 - ()
M
M(PHO) = 224( Th ), M(PbO) = 222
U ),M(ThOy)= 264 M(UOy)= 270
t, (1) w (ThOy)
w (UO2) w(ThO2)(  Th ) w
(UO2) ( ).
w(UOy) M(ThOo)
w (ThO2 )= w(ThO2) + M(UOY
exp( X35 137. 88 exp( X238
[exp( Xozt)- 1] . t)+138. 88 S 1

(2)
w(U02 )= w(UR) +
138. 88w (ThO2) M(UO2) [ exp( Ap32t)— 1\ ]
M(ThO) [ exp( do3st) + 137.88 exp( dosst)— 138. 88]

(2)

w (Pho) , Th U

’

S b
w(PbO)= S*w(ThO2 )+ b( Th ) (3)
w(Pb0)= S*w(UO2)+ b( U ) (3)

York!®

t1:

1 _ M(ThOp)
f= s M(Pbo)]
( Th ) (4)
.M(UO ) exp( A235¢) + 137. 88 exp( R38t)
M(PhO) ~ 138.88 -
(v ) (4)
(1) 2 2)
(t2),
t b
T il PRy 1] £ A0 23 A
U Th
? [179J ”
U- Th- Pb
15~ 20 kV,
100 nA, ( + ) Pb  240s,U
200 s, 40 s, 4

min X Th Ma Pb Ma U Ma Na IB Sm La
Cela lala PriIB Y La Ca Ka Si Ka,

PaP "y PhMa  Th
MB; U Ma
, (20) PbU Th
150 Hg/g (150 Hgof 9) ,
UTh Pb s
, 1.500 mg/ g
Pb 10% , 15 mg/ g U
1%, 100 mg/ g Th
0. 15% ,
, UTh Pb 7.500
mg/ g, 2%
:Pb (PbS) ,U (UOy),
Th (ThO2),
REE (XPOy), Ca , Si



23

http: / / ykes. chingjournal. net. en

U Th Pb ,
97% 7 "o
3 HAERERTHE
Lu(iliwigl 22 Isoplot/ EX ,
U- Th- Pb \ Ludwig! >
Tsopla/ EX(V. 2.0)
Montel!® ,
Isoplot/ EX
:@©
, ’LudwingSJ
@
()
Suzukil 2 ,
Th ,
.U Pb Th
) Th , Th
Th", Pb- Th'
Th = Pb :w(Th)+ w (V) ,
Pb
( Th ( Th ,
, , Pb  Pb
Pb 2 2
Th Pb
Pb Cocherie
Pb Th' 150 Hg/g( Pb
Th )
, w(Th) + w (U)
(
)
Rbede! UTh Pb

u Wy
Pb) = Pbo) +
w (Pb) = w (Pbo) + w ( 232Th

el 1) +
“0. 992 §( ¥ — 1)+

Ayt _
235U) 0.007 200(e = 1] (5)

w(U) w(Th) w(Pbh) Ko/ g,
w ( Pho) M(*®Pb) M(*™*Th)
M(*pb) M(Z*U)y M (*7pb)  M(PU)
208Pb 232Th 206 Pb 238U 207Pb 235U

2

n Mz Aoss MUY M (U +
oy M(Puyr MU+ P 0.99 8
0. 007 200 w(Pb) = aw(Th) + b+
av(U) a b ¢ b
w (Pho) , Pb
, Pb ,
1 Hg/ g Parrish! **
b Pb .
w ( Pho) .
a Th , c
U \ U- Pb Th
- Pb
Cocherie '
w(Th/ Pb) = w (U/Pb) ,
Th U , U- Pb
Th- Pb w (Th/Pb)— w (U/
Ph) :
(5
- o —‘B—znﬁe SEE

Z:(}E}Jj).[ M(238U)):"0.992 8(e '~ 1)+
M ph)
M v
w(Th/ Pb) = 10 (U/Pb)

, S
M)
T

£0.007 200 ¢ 25~ 1) ] (6)

A
S= - {[ ©0.992 8(e 2%~ 1) +

M. e)‘zsst—
M(235U) 0.007 200( 1 1}/

M4208Pb )\Z'Qt
[M(Bll“h)(e' -] (7)
U Th Pb

w (Th/ Pb) - 1w (U/Pb)



23

(7) , U Th
, 2 000 Ma
, 3 000 Ma
w (Th) / w (Pb)
Th- Pb ,  w(U)/w(Pb)
U- Pb , ,
Th- Pb  U- Pb

w (Th) 1
w (Pbo) - 28 (8)

206
w(U) M(__Ph) A i

=1/ *0.992 §(e 8
1w (Pho) [ M(238U) (e

207

m(*'Ph
JWl-o.om 200(

m(>v)
w(Th)/ w(Pby) w (U)/w (Pbo)
w(Th) /w(Pb)  w(U)/w(Pb)
ITh-Ph  fU- 1
, w (Th)/w ( Pbo)
w ( Pho) ,
Pb w(U)/
w(Pb)  w(Th)/w(Pb) ,

U- Ph)

-1+

e}\'l(U*Pb)_ 1)] (9)

500 Ma
w(U)/

U Th
Pb , s Cov(U,
Th) Cov(U, Pb)  Cov(Th, Pb) ,
w(U)/w(Pb)  w(Th)/w(Pb)

2
Epy,
10
(B B (Er o O
w(UY w(Pb)  w (Thy/
Ery, ETv  Evu

P(uspbeTh/Ph) =

Bcurpberhs )
w ( Pb) ,
PbTh U

50~ 100 Ma , w
(Th/ Pb) - w(U/Ph) , Th/ Pb— U/
Ph w(U/Th)
, Pb- Th ,
Pb- Th' Th- Pb
w(Th) + w(U)
, U- Th- Pb
+5- £15 Ma(
300~ 3 000 Ma),
(MSWD)

4 BAERRE

U- Th- Pb ,
Isoplot/ EX , Cocherie
[ 10]
(6),U Th
Pb , w (Th/Pb) — w
(U/Ph)
Lud
Wig[21]
w(ph= be Sew (i) b+ a8’
U U 0.5
w( o) = 20 (5 )] (11)
S , b w ( Th/
Pbo), AS  Ab
(11) )
w(U/Pb) — w (Th/Ph) , Lud
W]-g[22] Titterington (=l
(S)
S(Af+ Bi- ABif.y)
S= — 12
(1- 6.y (12
A; B ,Ai= (%i— Xbar)/
oxi Bi= (}/i_ yl)ar) / Oyl_; 9(1, ¥, xX—=Yy
s ch'i: COV(xi, J/l)/ ( Oxi
ql) ’ )
R U/ Pbpa— Th/ Pbpa
(U/Pbpar  Th/ Pbie )
(12)
Ludwig'?!
N(x.y)
Isoplot/ EX

.1 (Th/Pho) = w (U/ Phy)



hitp: / / ykes. chinajournal. net. cn

23

The o U . U Th
w(Pb) =-3S8 w(Pb)+ S [W(P})l)ar)+ w(Pbbar)]
(13)
® .
U-Pb Th- Pb ,
, MSWD ( > 2)
@) ,U- Pb
Th- Pb ,MSWD
® (MSWD ~
1), s U-Pb Th-Pb
@ 9 2
w(U/Th)
Pb
@ @
: w (U/Th)
w(U/Th)
Pb

[10]

5 BRI R

(EPMA) UTh Pb
U Th
() , Th
, Pb .
UTh Pb
(150 Mg/ g) , U Pb
2%, (20) :
Pb ,
. 300~ 3000Ma ,
+20~ 30 Ma,
100 Ma

2

(@
Pb Ph; @
2 ) o 2
Pb , Parrish! ** ,
Pb Ho/ o, 1
000~ 10 000 Hg/ g Pb
(1] ’ b
) U
-~ Th- Pb
B _ Wopy By WTpy
, U- Pb
07py, _ 206py,
; U Th
U- Th- Pb
, Suzuki' >
Pb , U- Pb
Pb ,
De wolf " Montel
el : OPb
; @
) U- Pb
Pb
20 Um R
U- Pb
Fe
) U Th
) U Th
Pb
Cocherie ") ,
()
6 H4IE 5y M R I R A S
U- Th- Pb 90



23

Th

Suzuki 13

2

Cocherie* 1

- Pb

[7\ )

?

(=2 Hm)

(SIMS)

, U- Th- Pb

U- Th

U-Pb Pb- Pb

Cocherie

Pb ,
900 C

(=20 Hm)

U- Th- Pb

U-Th- Pb

@

mapping) ,

(1)

,Shay "1 Zhu

)-D( )

U- Th- Pb
( Compos itional

P-T-1t-D

U Williams 1277

5~ 10 Ma

, U- Th- Ph

Hot:

7 ZHICHR

[1]  Suzuki K, Adachi M. Precambrian Provenance and Silurian
Metamorphisn of the Tsubonosawa Paragneiss in the South
Kiakami Terrane, Northeast Japan, Revealed by the Chemi-
cal ThU-total Pb Isochron Ages of Monazite, zircon and
Xenotime[ J]. Geochan J.1991,25: 357 —375.

[2]  Suzuki K, Adachi M. The Chemical ThU-total Pb Isochron
Ages of Zircon and Monazie from the Gray Granite of the
Hida Terrane[ J] . Japan J Eath Sci Nagoya Univ. 1991,
38: 11 —37.

[3]  Suzuki K, Adachi M. Middle Precambrian Detrital Monazite
and Zircon from the Hida Gneiss on Oki— Dogo Island,
Japan: Their Origin and Implications for the Correlation of
Basement Gneiss of Southwes Japan and Forea [ J].
Tectongp hysics. 1994, 235: 277—292.

[4] Suzuki K, AdachiM, Kajizuka I. Electron M icropobe Ob-
servations of Diffusion in Metamorphosed Detrital Monazites
[J]. Earth Planet Sci Lett. 1994, 128: 391 —405.

[5] Suzuki K , Adachi M. Denudation History of the High T/P
Ryoke Metamorphic Belt, Southwest Japan: Constraints from
CHIME Monazite Ages of Gneisses and Granitoids[ J]. J
Meta Geol. 1998, 16: 23—37.

[6] Montel J M , Foret S, Veschambore M, et al. Electron Mi-
croprobe Dating of Monazite[ J]. Chem Geol . 1996, 131:
37—53.

[7] Braun I, Montel ] M, Nicollet C. Electron Microprobe Dat-
ing of Monazite from High grade Gneisses and Pegmaties of
the Kerala Khondalite Bek [J] . Southern India Chem Geol .
1998, 146: 65 —85.

[8] Rbede D, Webdt I, Forster H J. A Three dimensional



23

http: / / ykes. chingjournal. net. en

[ 10]

[ 1]

[12]

[13]

[14]

[15]

[ 16]

[17]

[ 18]

[19]

[ 20]

Method for Calculating Independent Chemical U/Pb-and
Th/ Pb-Ages of Accessory Minerals[ J]. Chem Geol . 1996,
130: 247 —253.
Cocherie A, Legndre O, Peucat J J, et al. Geochronology of
Polygenetic Monazites Congrained by in Situ Electron M+
croprobe Th U-total Pb Determination: Implications for Lead
Behaviour in Monazitd J] . Geochim Cosmochim Acta. 1998,
62(14) : 2475 —2497.
Cocherie A, Albarede F. An Improved U-Th-Pb Age Cal
culation for Electron Micrwoprobe Dating of Monazie| J].
Geochim Cosmochim Acta.2001, 65(24): 4509 —4522.
Crowley J L, Ghent E D. An Electron Microprobe Study of
the U-Th-Pb Systematics of Metamorphosed Monazite: The
Role of Pb Diffusion: Vesus Overgrowth and Recrysalliza
tion [J] . Chem Geol. 1999, 157: 285 —302.
Geisler T, Schleicher H. Improved U-Thk total Pb Dating
of Zircons by Electron Microprobe Using a Simple New
Background Modeling Procedure and Ca as a Chemical Cri
terion of Fluid-induced U-ThkPb Discordance in Zircon
[J]. Chem Geol. 2000, 163: 269 —285.
Live K JT , Olsen SN, Alcock J, et al. Some Successes
and Failures in Application of EMPA to Accessory Monazie
and Zircon[J] . EOS Swplement. 2000, 81: S27.

, ) Th- U- Pb
[J]. . 1996, 2:
120—122.
. , Th- U
- Pb [J]. . 2002, 21(4) : 241 —246.
[J]. .2001,15( 1) : 69—
73.

Steiger R H, Jager E. Subcommission on Geochronology:
Convention on the Use of Decay Constants in Geo— and
Cosmochwnology [ J|. FEarth Planet Sci Let. 1977, 36:
359—362.

Yok D. Least squares fitting of a straight line[J]. Can J
phy. 1966, 44: 1079—1086.

Scherrer N C, Engi M ,Gnos E, et al. Monaziie Analysis:
From Sample Preparation to Micwoprobe Age Dating and
REE Quantification [ J]. Schwet Miner Petroge. 2000, 80:
93 —105.

Pouchou J L, Pichoir F. “ PAP” Ph+rhe-Z Procedure for
Improved Quantitative Micoanalysis| A]. In: Armstrong J
L ( Ed ) Microbeam Analysisy M|. San Francisco Press Inc
San Francisco, 1985. 104 —106.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Ludwig K R. Calculation of Uncettainties of U-Pb Isotope
Data[ J]. Eath Planet Sci Let. 1980, 46: 212—220.
Ludwig K R. On the Treament of Concordant Uranium+
Lead Ages [J]. Geochim Cosmochim A cta. 1998, 62: 665—
676.

Ludwig K R. Users Manual for ISOPLOT/ EX, Version 2. 0
A Geochronological Toolkit for Microsoft Excel[ CP/OL] .
Beikeley Geochronology Center, Spec Pub la. 1999.

Parrish R R. U-Pb Dating of Monazite and lis Application
to Geological Poblems|[ J]. Can J Eath Sci. 1990, 27:
1431—1450.

Titeringgon D M, Halliday A N. On the Fitting of Parallel
Isochrones and the Method of M aximum Likelihood [ J] .
Chem Geol. 1979, 26: 183—195.

De wolf C P, Beshaw N, O’ Nions R K. A Metamorphic
History from Micre-scale 27 Pb/ ™ Pbh Chronometry of
Archean Monazite[ J|. Earth Planet Sci Lett. 1993, 120:
207—220.

Shaw C A, Karl¢rom K E, Williams M L, et al. Electron
Microprobe Monazite Dating of ca 1. 7—- 1. 63 and ca 1.45
— 1. 38 Ga Deformation in the Homestake Shear Zone,
Colorado: Origin and Evolution of a Persistent Intracont-
nental Tectonic Zone|[ J]. Geology.2001, 29: 739—742.
Zhu X K, d Nions R K, Belshaw N S, et al. Significance of
insitu SIMS  Chronometry of Zoned Monazite from the
Lewisian Granulites, Northwest Scotland [ J]. Chemical
Geology . 1997, 135: 35 —53.

Williams M L, Jercinovic M J. Application of Electron M+
cropobe Age Mapping and Dating of Monazite [ J]. M
crascopy and Microanalysis . 2000, 6( Supplemernt 2): 406—
407.

Williams M L, Jercinovic M J, Terry M. High Resolution”
Age” Mapping, Chemical Analysis, and Chemical Dating of
Monazite Using the Electron Micwoprobe: a New Tool for
Tectonic Analysis| J] . Geology . 1999, 27: 1023 —1026.
Williams M L, Kadstrom K E, Lanzirotti A, et al. New
Mexico Middle Crustal Cross sections: 1. 65Ga Macros copic
Geomeiry, 1.4Ga Thermal Structure and Continued Prob-
lems in Understanding Crustal Evolution[ J] . Rocky Moun-
tain Geology . 1999, 34: 53—66.

Williams M L, Jercinovic M J. Micropobe Monazite
Geochronolagy: Putting Absolite Time into Micostructural
Analysis[ J]. Jowrnal of Structural Geology. 2002, 24:
1013—1028.



U-Th-Pb Dating by Electron Microprobe and
Its Application in Structural Analysis

PENG Song-bai“*, ZHU Jia-ping®, LI Zhi-chang?,

LIU Yun-hua®, CAI Ming-hai’
(1. Faculty of Earth Scdences, China University of Geoscierces, Wuhan Hubei 430074, China;
2.Yichang Institute of Geological and Mineral Resources, Yichang Hubei 443003, China)

Abstract: This paper systematically introduces the basic principle, sample preparation, analytical procedure, age and
error calculation in U-Th-Pb dating by electron microprobe and also gives the prospect of application in the structural
analysis. The development and application of the electron microprobe dating show that this method is rapid, reliable,
inexpersive and suitable for both simple monogenetic and polygenetic monazite and zircon undergone metamorphic
events involving fluid interaction and recrystallization. Electron microprobe dating is an efficient reconnaissance tool for
evaluating metamorphic and deformational age domains. But more importantly, its #n-situ nature and high spatial reso-
lution can be used to constrain on the absolute time and rates of metamorphic and deformational processes. Thus it has

a wide application prospect in the structural analysis.

Key words: electron microprobe; uranium-thoriun-lead age calculation; structural analysis
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