234 W ETIR I ¥ Vol. 23, No. 1
2004 4E 3 H ROCK AND MINERAL ANALYSIS March, 2004

NEHS: 0254- 5357(2004) 01— 0044— 08

| 1 L PR R - BE- B R TR SO
FEAAIE I3 AT FH AR N FE I

WA, RF, 22 B X B, ST
(1. v L 5T A2 (i) HeER AR 2222 e, b i 430074;
2. HBHUE WA, WA B 443003)

RE: X FEEN U= Th- Ph & F 5 EA R A SRR B i (0 ) 2 AN o0 #r e T 5 VA AR
ZESPMTHEAT T RCR LA 4, 50 7 DR E SR A M3 23 B b IO T T S 7 e . R
SEE TR T2 )1 T A FE A AT S5 A 1 22 B 1 5 — AN S 2% e R I Ak s 4 e
W9, AL AV 22 ORI TR I 1) () A7 200 A T, i EL e A JSU L P A0 23 E % oK 1 24

AT AVAS TP A I 050 RIS, ZE S5 1 ST B L O
R 0 TREE: H- B BRI i

hE 922 S: P575.1; P597.3

B U 2 32 73 X 54
FCREAY R EDFSEM A, HOTL 4 AR

Ly LT HEERED 127 WA B — A K

20 40 80 AEARLLK, bl A s& HE HiAR J7 ik 1) H 2 3
2 R5E 3, R AL B T HRET I (SIMS) GOt Ar-
Ar S5 JGUNT 58 FE AR T 1 K N, 0k i BR Bl ) 2 3
P FR RIS A T SR AT Sy HESNAE ] . HL TR
Bl U= Th= Pb s 4 LT LA A R RS R 1 — Fl st
P A ik, R AR S d W ( =1 Wm
%) et At b 0w O vk (4 B R4 i) 3
Z 15 RS R, 1T EL R R 1 S A
AN R SRR I AR R, A A
JRE R AT 5 . 20 2D 90 AEAR LK, 1M PR T
G TR AR U- Th- Pb B X 5 4 14 BF 58 1
F B gy S S S5 A LT A RN AT T X
T S8 R R 100X i ol SR R W, R B
HAR 1~ 3 Wm (88 7 R o TR AR S T X
ST A [ S 7 s, IR R OB AR LU B R RO

SCHKFRIRES: A

1% 20 Um /A2, RESR O SE/NGIIX AR .

1 FEAR BT

HLFHREF U= Th- Pb s & it fkfb 2% U -
Th- Pb %W} 2815 ( CHIME) , s E0 % £ %25 U Th
JCE GRS AR A SENY) . E R TR
JEAEVE FAT $2: AR Th 32 % iy [ 47 %2 Th 41
8, U 22 ply 3 O R 0 750 RIPPU 41k, 3X
TR P [ 25 56 A8 1 Ph [ 25, HERE AR A Ny

2Th —6a+ 4B+ *®Ph (a)
U ~7a+ 4B+ *ph (b)
U - 8a+ 6B+ **Ph (¢)

TELTERTI] ¢ 9 R BLPPPb 27Pb AIPCPh,
DU BRAE (|72 Th 22U RIPPU 5 B

N(*®Pb)= N (*Th)[ exp( knt) - 1] (d)
N(*7Pb)= N (™U) [exp( dst) - 1] (e)
N (*®Ph)= N (**U) [ exp( dsst) - 1] ()

X MR B P A7 R ) R H I k=

Weis B H#8: 2003-0417; 4237 HEA: 2003-07-30\ ; &I H: [HEK A 8RFHEHE G100 H (40072069)
TEZBIAT: (1963~ ), Y3, Brait & 1% A FE 1IN, WFFE 0, AR T 2, Rl Tl

— 44 —

All rights reserved. http://www.ykcs.ac.cn



51 SRS RN TR il — k- BV A v B LA 4T v 1N 23 %

4.9475% 100 "/a, hys= 9. 848 5 x 107 '%a A o

doyg= 1.55125x 107 74" . & Th F1 U W Fi &5 I IR ({1, U]

o S =yt Sy ) |

FRIBT UG HY( Pho) LA K JBC PR ) A Ph [R]07 35 7] K7 )

M R 7 M(UO,) {( }iT? wlffj)ss ( dagt) Y
. Y 208 207 206 . '2_exp t)+ . 00 exp t
N{EPb)-h[P]mH_N(BszH N(?Pb) + N(>Pph) S H(P0) = 138,88 -1

= N(Pbo)+ N(ZTh) [ exp( hxt) - 1]+ (BU W) )

VR0 Lexp( dast) = 1]+ FEK PO BERS 0) RN JTFR(2 502 ) 735

N(P50) [exp( dast) 2] (g TR R RS (o) L Dtk S AL IR B B 1

BT M(PU/20) 2 o H E 137, 8810 BUBERIAER o AL ME TR AR b K
F(g) X AT LA p: THIEETMRE . W, A7 KV AE AR B

N( ZPb)= N(Pho)+ N(Th)[exp( hst)- 1]+

) 137. 88
N(U)_[exp{ MSIHISS.SS exp( Kast) I (h)

HL PR SEAE (L% U= Th— Pb 250 45) 4%
SR EEARR F Y

T AEI L w (ThO,) w(UOg) Fl a0 (PHO) Hidhi sk
fiff 75 B (h) FRAFE T AE e

w(Ph0)  w(ThO

M(Ph0) ™ W[ﬂp( hsat) - 1]+

w(UOy) exp( Xast) + 137.88 exp( Mast) | ]
M(UO,) 138. 88 -1 (D

X M AR GRS AN 2 T8, RE
M (PhO) = 224( %f T Th §4) , M( PhO) = 222( X}
S5 U AT, M(ThO,) = 264 41 M (UO,) = 270.
SRIG AR R TR o ¥ 2300 1) ' w (ThO,)
Filw (UO,) B3 w (ThOS ) (4 5 Th 74) 88 w
(UO3 ) (A& B ) , 1k
w(U02) M(ThO,) .
M(U0,)
137. 88 exp(_Xast) )
138. 88

(2)

w(ThO3 )= w(ThO,) +

[exp( hsat) - 1].["-"P[ Mast) +

w(U03 )= w(U0y) +
138. 881 (ThO,) M(UO,) [ exp( doppt) - 1\ )
M(ThO,) [ exp( dast) + 137.88 exp( hsst) - 138.88]
(2)

A [R)—  RA  E [R) A ) AORL A (] 38
S35 A A (Phyo) , 10 HLEAT AR Th AU Jf
TRFFE I RS, B o i s B e R R
S FIAEH b (2R EZE L .

w(PbO)= S*w(ThO> )+ b( W Th 4  (3)

w(PhO)= S*w (U0 )+ b(EHUFH)  (3)

HL TR 2 W I % 2238 ik York! ™ X5 22 24 3%
e AR A AL, A3 5 R — S Bl 4E

All rights reserved. http://www.ykcs.ac.cn

AT BT I 25 SR A Al 25 e (] — S PR T B I 2 B
B L.

2 FESL IR A R g A
ity 19 11 46 B T DAAE 2 4 b B e o
W, AT DL S A J DR i v R O e A
PSSR U Th (0 ER 4 . — U ir A A b
it P ISR Rl R AT i A UK, J:Hm Ji A5 7
%JcﬂxJLJ‘ WEAT NSRS, Ay T8k G 17300 45 (1075 e,
J:H #a'aitu# B’w@v‘ﬁ[ 9, L&Fs’mﬁmﬁh, 75
U- Th- Pb ﬁ“&lﬁ“ﬁféﬁmﬁ ) L7 R BT IR
TAEZEC— N N R 15~ 20 kV, B 730
100 nA, vHEUN )W+ 7555 — MK Pb oh 240 s,U 4
200s, B ICEN 40 s, Wi — D — W2 4
min. X £ H Th Ma .Pb Ma U Ma Na LB Sm La .
Ce La La La PrIB.Y La .Ca Ka A Si Ka, #t Jii 5% 1
e IE 3 B PaP B2 EFE ™ . Y %} Pb Ma I Th
MB X} U Ma #5618 T i AT AL IE . 7EIX 86 T
VEZME R, LA L BR (20) XF Pb U RITh ¥ 2%
150 Mo/ g . 150K B (150 W/ g) 1 Ny 450} i 22,
EAAE U TTh A1 Ph U5 R 2080 5% 2%, X 28158 75 4
FEbRE B ARE i B g iR 22, i1, 500 mg/ g
Pb & RS MR ZE N 10%, 15 mg/ g U S5
PRZEN 1%, 1 100 mg/ g Th 75 & 5| (1) 158 25 W A
N0, 15% o 522, 75 B8 30 by e 4 o0 A hE R
AN]SR (i 22, M U Th T Ph & & KT 7. 500
mg/ g, K i /NRZE N 2% . h 3k S i 22 Rk />
PRI ) AN s P, T8 A9 bR e Bk Al
- Pb F4EJ5 850 (PBS) , U JH 4 & Bl 5™ (U 0,)
Th H4EEEAT (ThO,) , 1 X 1 38 o0 2 i e — i
REE FH i 7G5 1 16 8 4K 75 ( XPOy) , Ca F % 2K 44, Si
— 45 —



1
e

g1

W

http: / / ykes. chinajournal. net. cn

FESARAT . H B T LU s BT A3 oG 2 LA
JeU Th \Pb JG % (1) &, W AF4 4 v i) B 47 40 2%
RHERIR 2 5 WA 1, DA, — M B S & K T
97% (11 R Eicdhs 1 R GBI BR

3 HRER TR

AT, 76 5T A A S v S T A
Ludiwig! '~ ] Tsoplot/ EX 4 4k B 7% %, WL 145
B U~ Th- Pb @ 4E, BLAE—f th R A Ludwig' ™
I Tsoplat/ EX(V. 2. 0) 4 ib #1 F2 Fy ik 47 [B] JH 2k Al
RO ER TS

HL PR AR08 T S0 v AT LA R DY R

Sl Montel' © 2545 Y 1) $cdis A B 3,
KX FTAT B AN 4E IS Tsoplot/ EX Ab 31 RS ¢ HE 4T A
HOP SRS T SR AR . JEAR TR, ORAME
ﬁ“&ﬁkﬁﬁ) eLIJJwa’ﬁ *HJLE@ —Jﬂﬁ&;}ﬁﬁ/.

IS FFJ, ﬂétﬁ Ludw 1g' 3 nﬂxx %m;umwm
W E shHIBE . @R BN B £ 1K) 4E B 406 T
AR 38— I 5 P X, T AN 38— 000 5 X ] A
FHESRAN RS A1 BY) I VEAb B

S5 R Suzukil ' 2 A Y KRR B

PR Th (A0 A0 8 0 45 6] F TR0 A8 00 R
B, U 18 80T LU ™ 2[R FE Ph 94540 Th
EEL I Ry Th 5 AL 45 3R Th & &ERp

Th™ , A Pb— Th™ 25 I £& o [o] ) 28 ) % 45 JJ A
Th" — Pb #E#%: w(Th) + w (U) 2 bk, E IR 2%
AT . H1 T AN BRI 338 Ph ﬁﬁbﬂﬁ]ﬁfﬁ&
(fI€ Th) 580t = (& Thy 2, 7B 75 &
FHAH R PR, Kk, Y5 Pb 8% Pb I’Jiﬁbﬂ
[A1JH 25 76 Ph %l b 0 2 A 78 S, SR, 75—
BB Th 5 B 5 08 P RN AH 56 1) Bk A
A HEMRRERR Pb [ F 2% . %) bt Cocheriel ®! 254 H %}
Ph FiI'Th™ E4A s n—ANZ 3] 2150 Mo/ g( #124F Ph
FITh [R5 22) 5 22 5 00 (1 552 B 5 DA JRE fh 3 Fof
AN TARHE, JX 8% 7 7F w (Th) + w (U) b b
NGB, DRI 2 g7 43 A E — AN PR X S8k 1)
FERGS L G 2 5 A T8 o i o7 7 AR i
Esicbr B2, IBA7E LT B fi ol T Rl 4
H RS S BB AR LT B
55 Ff et Rbede'® 4542 1148 U Th 11 Pb &

JSC = 47 ) [ Ak B vk, IL B P AR R ) A
S

N %23 %
208
w(Pb) = w(Phg) + w(Th) * ﬁ( eduio 1)+
206
u-(li]n'[ e *0.992 8( e ™'~ 1)+
M(*Phy , st
M(mU) 0.007 200( ] (5)
A w w (Th) Fl w (Pb) [ 47 Jy Be/ g,
w ( Pho) 40" %%}Jﬁ‘.iﬁﬂﬁﬁﬁ M (*®Pb) M(m’rh) .
M(*™Pb) M(ZPU) M (7 Pb) FIM(PEU) 4R

208ply, Z2Th 2""‘Ph Fu MP}) FPU 1 5 T Jﬁm%i
Dopp Dosg Al doys 2 B AR B, M(PPUY/ M (PPU+
B8U) M (PUY I M(PPU+ PBU) 45 R0, 992 871
0.007 200. H1BEAFEIA; N w (Pb) = aw (Th) + b+
av(U) IS A28 a b Fle. 2500
fR3 Tw (Pho) V343 38 514 75 &, 10 ¥ 38 Pb (875
TR ), HHN S E Y RAE T
% BRI BLAE M D N5 P B AR AR, —
/T 1 ng.J"g HAH Parvish! > (OHIF 9T LL K2 1 2%
b A SIS Ph U AR AN RS, R AR 4K
LHEDLT w( Phy) 582 0] LL A AN, IXFES B
a N EAHEAT Th R ML, 40 ¢ WnTLL
BT U REER AL VH 5L, B U= Pb 8¢5 Th
- Pb AEES 1 — Bk RE 13 212 .

55 DY Fh J& Cocherie 261" $ Y (15 — AN BT 19
w(Th/Pb) — w (U/Pb) X RELRITIE EHEEW T
G Th RAERF U RAER, HEifdlZ U- Pb
FUE 5 Th- Pb 4FEE I — 3P . w(Th/Pb) - w(U/
Ph) A& AN 5 A {87 3t A0S g B e Rk e
A AR T FE(5) A 1 3
w(Th) ,M(**Ph)

M(**Th)

1= u(Pb)
. Hopy
( [

(eh»'= 1)+

*0.992 §( ™'~ 1)+

M7

M(Z‘”Ph) Al
M) *0. 007 200( e 1)]
7€ w(Th/Pb) = w (U/Pb) K& |

2, R R S b

(6)
5 I 28 J2 1

206
S= - {Lﬁm”*‘m *0.992 §(e ™'~ 1)+
M(*7Ph) , st
W) 0. 007 200( 1))/
MC%Ph), noi
[M( 232Th](e - 1)] (7)

AT U WTh KT Ph (0 0 38 47 2L 5 42 68 A0 5C, B 7E
w(Th/Pb) — w (U/Pb) L4420 41 A 54 2 1

All rights reserved. http://www.ykcs.ac.cn



51 LR [R50 W T R -
"ﬂi*“éfﬁ}i FH IR 88 1 — 4L B8 s S e e oy
F2(7) Frés e R A 2 b, HATU FITh & &)
Ak, . BEAT B AR AR Ak, T 2 000 Ma LA/
SRS RER I AR AL B/, (B4 T T 3 000 Ma 4F #
BRI LK . w (Th) /1w (Pb) A8 kR%h L #%
FAX A& Th— Pb A EE 11 R 2L, 10 w (U) /w (Pb) AL kg
Bl L A ) LR U= Ph 4R8I 6 B, DR, 3X—
JIEEE T NS Th= Pb I U= Pb 4%

wlTh)_ : (8)
w( Phy) (e bt (Th= P _ 1).Mll
M(%Th)
J‘LULL{ be) [Mﬁ(mm *0.992 §(e b (V=P _ )4
207
“—W[(g':}l)l €0.007 200(e U= 1y (9)

3 w0 (Th)/w (Phg) A1 w (U) 7w ( Phg) 73 5 A&
w(Th)/w(Pb) Al w (U) /1w (Pb) A& Fxdh L 1 A 5 Xt
Tt pp Bt e PIANEERS . OB/ T 500 Ma 1)
SRR RS, BT ) A2 4k w (Th) /w (Phy) Flaw (U)/
w (Pho) AL AR K, X 5 LR EF B0 B b 4
Ph £ B I KT 2 b e B A 6 N . w0 (U)/
w (Pb) Al a0 (Th) / w ( Pb) [¥15 25 & AHOCIH, X FREA
SIAT B S ARk T — AN #E o . T U Th
A1 Pb AH B[R] A& A OC ), B, B 7 % Cov(U,
Th) Cov( U, Pb) Fl Cov(Th, Pb) 1T LAIA Jy & %, JXFE
w(U) /1w (Pb) Fl w (Th)/w (Pb) Z R[5 % 5 ZR ]
RNk

Ep,
[(Ed+ ER)- (Ef ER)]*°

X p(U!PI:"I‘]:!I‘}:} & w (U)/w(Pb) Al w (Th)/
w(Pb) Z 0] ¢ R 1R 22, 1 Epy, En, A1 Ey 20 5] A
Pb Th Ffl U iz % F1or .

IX T S 0 16 5 DR PR e A A 1
SRR R RO e, Fon) 22 31 BRI (1 s A i 8 X 4
50~ 100 Ma IS [a) (R gcgifE o L e w
(Th/ Pb) = w (U/ Pb) i 25 4, 11 516 Th/ Pb- U/
Ph R R K380 T- WU AE 4w (U/Th) B A2
fk, & 5 Jg i F %) Pb— Th" 45 Ik 25 &1 AH e, %
ff) Pb— Th™ S0 ZZ I THSLK) Th— Ph 483 10K 1% 4K
T FTIE W w (Th) + w (U) S kS B As L
JE o BRAR, e S G A AT U= Th- Pb i
VLI 25 0] ABR R 31 5~ 15 Ma( 4 5165 3 [
SR 4 300~ 3 000 Ma) , H H nf L ik 5 # i [a] )5
ZR1H LA LA B 1) b HE B {26 (MSWD) 1) K /)

Ruurebeiv ey = (10)

All rights reserved. http://www.ykcs.ac.cn

Bl- BYE AR ik A i

3T R T S5t 23 4

XU PR AR T 2 WA REAT e P A

4 B IRZE S
HL T4 U= Th— Pb #8X AE 4F 19 15 22 40 BT,
JEH ELAE N H] Tsoplot/ EX FEIF#EAT . 523, Cocherie
A0V RO 1 3R 25 AT T RIS, I Xt Bl
PR ZERFIE M) SCHEAT TR . iRAE T FE(6), U Th
P (0038 25 A7 G, ok w (Th/Pb) — w
(U/ Ph) P #5 a1 £ 3 A1 (A K0 ol & ot — 4%
A2, RS XA 2R b AT AT A 1 AR W8 48 2 mT LA
VISR, il f0 A o] A s OB 2 55 I8 5 S8 by KA 1)
VAR . ZERIA LR EAT AT 55 1035 2538 0] ] Lud-
wigh ') 4yt 1R 2 AL 2 R T HBRLA L

(}}};)_ bt S¢ u(f,;) H b2+ AS2e
@ 2y )1 (11)
AP S JERNHZR R, b U w (Th/

Pho) . AS A1 Ab 43 5 A R AR R 22 . 5 2
(1) 0 e 2 U e 7 T [ 2 ), 44 4 X0 ity
28 S5 A (A AE 1) A e R BT 2 4. T HE
w(U/Pb) — w (Th/Pb) E 15— 2H H s 55, Lud-
wig! 2132 ] Titterington 22 (1) 755 7 i 48 Y T I
AMERER(S) DA iR 28 5% 2 1 J7 R 4 AT
A+ Bi- 480, )
e, (2
A A B AR ZEIMBUR 7S, A= (xi= Xyar) ]
O M Bi= (yi= yva)! G, Oy Rx— y ZRMIRE
KR, IHEW T ZEZMEA R, = Cov(xi, yi)/ (9,
0,) MR, ILTEIXFF LR, AT A 5 AR R
PE) 5, 7EIX HL % U/ Phyy— Th/ Phy, #5842 AT 2
S(U/ Py, A1 Th/ Phy, 35 43 BT B LUAY) &)
uﬁﬁ*ﬁﬁlnﬁd\{tﬂ?m H(12) (2250 5
[l 5 FEAF . Ludwig! 2 £5 H 1 5505 0 L AT i 2
R ZER R 2 N (x, v ) S50 16 AT 2
S5 it B8 80T AR Tsoplot/ EX RS HEAT 14 .
70 BT [ UH 2R 1A LR 55 R 25 A 2 X 4 A
BIANAE R () ARG, B I K AR /MR RS, A
SR RN 2R s BN BCT- ¥ el v A . MR
P25 45 23 RN, w (Th/ Pho) = w (U/ Pho) 3X 412 22
L2 1 75 P 0 5
47—



s

oW %03 %

http: / / ykes. chinajournal. net. cn

W1 i
Th U U Tk
w(py) == S u(py)+ Sy )+ w(m).l,,)l
(13)

i 0, AT PP ARG S AT LA H IR

QO MR 5 10 ] VA 28747 1 B8 S5 1 2, 7
R ZEVE N U= Pb A1 Th— Pb 4F# & AN 0] [X 43 1,
ol L 2 1, MSWD B k(— > 2) .

@ WA H 1 o] U 2k D) ik B 18 S5 I 2, U - Ph
HITh= Pb fFRAH 25K, MSWD B LEEOK .

@ MR HCHEAR U 1 HL A [l U1 A5 B 26 ( MSWD =
1), D)k BEAR SN 26, iX I U~ Pb A1 Th- Pb 4
e B

o5 OFM S DLW, A7 PR S fF 4l 5%, i HL7E
B X st AHABLI) w0 (U7 Th) 284 84 K
BT Ph L. R 2 R X AR X
W, VR P T ik A o] LR D b X AN X, R
FEIXFPE L R AR AME TS — AN ERS . 3 @RS O
Rl L2, ZEAS A1 w (U/Th) 48X id % T
22 /0 P IR, SR BAT AT LAY Bl A o S Ak
FEREE T AN ) w (U/Th) 2 800 X B AT 48 8% o
. B2, A ZWHEANT wrh, La0s R
FHUR AR B AA T 4l b S 75 I 4 ™ 0 0k o 4k 252 41
ISR Z MR R . WA RS EKRE, I
SR Ph B HUIIANYY - DXBRIHL 3 X 80T LA 2 5
g0

5 KR N &

LT 4R (EPMA) 324 2252 8 U Th F1 Ph il
SERSEEAR I Z) . WAER Y U Th Fhe T
FEAN I GRRE S () IAE IS 8 22, 09 h Th &
e, Ph )5 B v, MR S R 2SN . LT
PREFEAE 1 U Th A1 Ph U (48 ) it 22 JL T 4
WAL 150 Ma/ g), BT RRAEAL U JPh 55k (1) 4H X i
ZEM LA T 2%, FERGRZE(20) 4T, nTLL5]
ELEE K2 . R, T R AR Ak
A B AT ZE YUE T Ph 1) i, S0
4’/’JFFJ£F‘£ FLREAIE, 41T 300~ 3 000 Ma [F4EHS, i

T H 4 BAE £20~ 30 Ma, i FLH A ?ﬁi’sl oo
Hﬂﬂ'lu—.é’] 100 Ma P4 1) A8 3 S A It 4R e
X4 . BRAb, X ERE AR BT AR AN R
BEZ HE L  RVES A R PR S LA X 3 5 RS 1, 7
WG HS 0] LA Z0E S Ol (BRI — 352 A3 2R
LR ) , X R HY T LA ™ RS 1 IX 4y . A

— 48 —

THREE T 7524 — s MR © e AfEX 2
W3 Ph RBCE P A Ph; @ HLE e ASRER A

—HER, H n"ﬁfﬁ’l*rﬁ“ e ELSEIN) , AR, X AT

AE MK AR %58 P 75 4k, Parrish! ™ ({5F ¢ 2 W, A
i ‘%iﬁ'l‘[’-lﬁ"‘é{‘ﬁ Ph 3@ AT JUA B/ g, AT 1

000~ 10 000 Mg/ g [FTECH 1 R Ph 75 B 5¢ 4 vl LA
ZMEATE . AN, LERE S & 6 n) b 1A 1)
SRS BT AS L Y (A A PRk, 9% Ph R
NILFAEATT GER

BEAR, O R AN — B0 A A 5 S (1 ) 5
- Th= Pb J7 AP FEPI R A — Bt (vl fig: 26— ﬁi
f P80 - 2°Ph FIPPU- 27Ph 4E IS 2 ) LA B
AN — 80, 3X 5 %3 U- Pb [RA7 % ke A
AR L7 Ph— 2OPh AR RS L RE . XA
UM I RER S BT AS e B IR, PR S (R4
FIEAR 55 A0 LR U RFER A Th RE
W 2 ) AN — 350k ] LU B, R K A 4 o0 BT 9 oK
%} U= Th— Pb REHEITHARTFSY . 01— fig
A4S — S, quzukllsﬁ—v"‘rﬁﬁﬁﬂsrﬂﬁ"hlﬁ ¥
PREL 00020 BT 52 AEWIE 7 1R &5 S SO, 2R s 4 v
Ph (19 UL AT RERY, A58 U- Ph J7 ik 45 10 it
FUU L7 Ph A B D WL, PRI A B K
S BAT BRI O . De wolf 251781 FiI Montel
S<LO I F S 459 e O Ph ¥ BIOAS & o 2k 70
FOESAT R R @ B R S
KA, AT RESE M U- Ph VLRI ES A U A 4%
DUAEAT 0 1 B A Rl e 3 1100 4 8 VR A3 1T A A2 P 1)
. W) iE B, B A SO E A A, PEE R

ANEAR 20 Bm [TX, AP AN FHARAE B 55— 300
X B TR E s M el e gy (A — U U - Pb 4F
W, AR B 4 ER T R S BT, O R i 3R SR IX
R A, e Ui Yokl g S i ARk —
FEEASBE oA 43 BTk, 1y LA AR 32 th A A7 76 ok 1
(1) Fe £3 LAFETIE . 0T 58 28] fig 1 B0 A — 5L
P, F R ERE 20 M RERS 20 B 2 U RAE|E A1 Th
%’Ff#’“ FHATLUFEH U &R Th AXPA R0

REATLE P (R4 SOV FH B0 E — N e 1) I i)
BT . Cocherie 2 'V BIF 4R W, T2 B4R IS 404
(B o nT e AR IX B0 F s (A — Stk

6 A3 Sy B v R N T S5
R IR U= Th=- Pb i 4 90 SFARLLKRA K
FEAN 563 IO A S A D E £ 5 05, CAT IIWFITE R R

All rights reserved. http://www.ykcs.ac.cn



IR

W, BB T AR R LA T B IR BT % (SIMS)
Ab, FLAT BB BTG T JG T EE 48 ol B ] B R
R A RO 23 . HAr, 785 U= Th- Pb
MR PR s A B A4, R R A
Y1 Th 103 5 Leg e, DRy HORT REAH XS B8 .
Suzuki 213t A A v R B U
AT R G SR W, WAL s AR AE 2 A 38 4R
PR ERS, B U SRR 1) 5 A, LS T R AF
R . Cocheriel ™ " 45X g f& 45 B ) 3E4T T U= Th
- Pb ML THREHEF 5l U- Ph M1 Pb— Pb 728K
VLS AFE BN HEAF R R WL 45 S — B Fe e T2

o g WG, I ELR B A 1) A% AN 2 ) S 1 2R
AR, T A 52 00 R o AR, 33X 6 5B 0] 3R AT L I 4
WAEARE IO WF 9 RN AR FF L A7 2% X . Cocherie
450V Braun 2517 V3 o ML TR SE AEAE D T A0S
FAE 700 Cildh & 4&AF FAR KA KRN Pb ¥, 76
WARAENZ ST, B2£5] 900 ChASRAERK
[ Ph G AT TSR B, U Rk S 4
URE K AR AR A, A BT 5 kL P9 38 R 2B AT ik
PR, DR A4 2% e A ] S 8 PR B ZE AT 0 i
A T AN — Sl B b, BT L, 5L 2 S R IRl 1)
JEAT AR RN S R AR A ST T LAY i)k
T . T2 S e, T e
PR FLAR( =2 Mm) LE 3 S R BE ELA2( =20 Hm)
N, DR, 20 9% 22 BT AL A, i e T R
ARG R RAE B2 i R 4T .

HLFHRER U= Th— Ph & 4 7 iR AR AL ]
AR A et R T8 (1) DU s - 5, A — ity o A
JEAR TEAEARIX BLA 207 . ML, EI
JERURERE SR 23 10 3 2 DAy DXl R ) 3 R Ak ik
Fag 3 T I T — P A7 AP (R b SR AE AR B, I
Mk P - TOHE) - (W) - D(AETE) L
W AR FEAE ok R (R e, DA AR A S AR
TEAE ) Z 180 1) G R SR 1 st i () (1) il 2 . DA,
FL %L U= Th- P & 4 X0 S T80k 38 R0 48 4 0 i
AR R ) O 28 A A AR R 24
@AB T Rt ) (1) 1 24, B A2 Z Hh it A AR K 11
fieRe, BAT N AT St . BT U= Th- Pb
EHEHEAT DU AR 9 4 AC RN 1 43 51 ] ( Compositional
mapping) , A8 1T A AR 27 5 i 0 Bk 38 45 B
ke Aok, (i iE P- T- (- D WL
Qe ista (o) I EAN Bl AN B IR .
7, Shaw 261771 Zhu 26128 Williams 2602 32 F) H] g

All rights reserved. http://www.ykcs.ac.cn

SRR (R A Rl - Bl B A R B AR X T 08 T S

23 45

TREF 58 45 J5 0 Y ok 3 U SR AT T AT
BRSSH) TAE, ABATIHE S i R vt R 33
FSG VRIS 5 i A Bl 73 AAEARC BE, 3t X 1623 11
ANE o HTIRAG TR EAE 5~ 10 Ma 5 20 11 RS 45
W, R — R A] L B AR b B o DR
ERJE AT I ik, ST IR RO RO i J5
B A, JELRS IR 5L T S Sy 3 204

FEHBERIE T, AR 1 1] Bl XS (R 7 1)
Tk, M TR T R e AT BT BT
MR L kA2, IXTHE L7 R4 U- Th- Pb
X8 TR R A AN IR A 7 7 R 1) ), I
2 0 3K ) SO W A8 0T 4 1 B
NSRRI E O i s A6 B3 S Sl R U PPN 1V
IS 7 PREH TS 52 R O BE AL S i i R ARE SR TV,
DR b LA A0 vy 160 A s 0 AN . 5

F: b v ] b T AR B 7 0 R 5 P R
HEWF S D14 T (0 SURI 35 By 3 S0 R !

7 BHEILRK

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

[2] Suzuki K, Adachi M. The Chemical Th-U-total Pb Isochron
Ages of Zircon and Monazite from the Gray Granite of the
Hida Terrane| J]. Japan J Earth Sei 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 Southwest Japan and Forea [ J].
Tectonophysics . 1994, 235: 277 —292.

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

[5]1 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 ] M , Foret S, Veschambore M, et al. Electron M
croprobe Dating of Monazite| J|. Chem Geol. 1996, 131:
37 —53.

[ 7]  Braun 1, Montel J] M, Nicollet C. Electron Microprobe Dat-
ing of Monazite from Highr grade Gneisses and Pegmatites of
the Kerala Khondalite Belt [ J] . Southern India Chem Geol .
1998, 146: 65 —85.

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



g1

[9]

[ 10]

[11]

[12]

[13]

[ 14]

[15]

[ 16]

[17]

[ 18]

[19]

[20]

1
e

W

I

4 23 &

http: / / ykes. chinajournal. net. cn

Method for Caleulating Independent Chemical U/ Plrand

Th/Plr Ages of Accessory Minerals[ J]. Chem Geol. 1996,

130: 247 —253.
Cocherie A, Legndre O, Peucat ] ], et al. Geochronology of
Polygenetic Monazites Constrained by in Situ Electron Mi-
croprobe ThrU-total Pb Determination: Implications for Lead
Behaviour in Monazite| J] . Geochim Cosmochim Acta. 1998,
62( 14) : 2475 —2497.

Cocherie A, Albarede F. An Improved U-ThPb Age Cal
culation for Electron Microprobe Dating of Monazite[ J].
Geochim Cosmochim Acta. 2001, 65(24): 4509 —4522.
Crowley ] L. Ghent E D. An Electron Microprobe Study of
the U-Th-Pb Systematics of Metamorphosed Monazite: The
Role of Ph Diffusion: Versus Overgrowth and Recrystalliza
tion [J]. Chem Geol. 1999, 157: 285 —302.

Geisler T, Schleicher H. Improved U-Thrtotal Ph Dating
of Zircons by Eledron Microprobe Using a Simple New
Background Modeling Procedure and Ca as a Chemical Crir
terion of Fluidrinduced U-Th-Pb Discordance in Zircon
[J]. Chem Geol. 2000, 163: 269 —285.

Live KJT, Olsen SN, Alcock ], et al. Some Successes
and Failures in Application of EMPA to Accessory Monazite
and Zircon| J]. EOS Supplement. 2000, 81: S27.

JE) G I, B ve 4. BS540 Th= U= Ph &5 4588 1) o7 28
FHIE TR RAE LR A [0] . BEAR T R 3 5. 1996, 2:
120 —122.

G0 e, Wi dhe 32, 4 % B U A (0 B T BB Th- U
- PhARSEIAEL D] . A0 It 2002, 21(4) : 241 —246.
gRIGE, B, RO, T T B A I AR R K
SEAE 2 b i BRI J). BAC . 2001, 15(1) = 69 —
73.

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

York 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. Monazite Analysis:
From Sample Preparation to Microprobe Age Dating and
REE Quantification [ J]. Schweiz Miner Petroge . 2000, 80:
93 —105.

Pouchou J L, Pichoir F. “PAP” PhrrhoZ Procedure for
Improved Quantitative Microanalysis[ A]. In: Armmstrong ]
L ( Ed ) Microbeam Analysis| M]. San Francisco Press Inc
San Francisco, 1985. 104 —106.

50

[21]

[22]

[23]

[24]

[25]

[ 26]

[27]

(28]

[29]

[ 30]

[31]

[32]

Ludwig K R. Calculation of Uncertainties of U-Pb Isotope
Data[ J|. Earth Planet Sei Let. 1980, 46: 212 —220.
Ludwig K R. On the Treament of Concordant Uraniunr
Lead Ages [ ]J]. Geochim Cosmochim Acta. 1998, 62: 665 —
676.

Ludwig K R. Users Manual for ISOPLOT/ EX, Version 2.0
A Geochronological Toolkit for Microsoft Excel[ CP/OL].
Berkeley Geochronology Center, Spec Pub la. 1999,
Parrish R R. U-Pb Dating of Monazite and Its Application
to Geological Problems|[ J]. Can J Earth Sci. 1990, 27:
1431 —1450.

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

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

Shaw C A, Karlstrom 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 Fvolution of a Persistent Intraconti-
nental Tectonic Zone| J] . Geology . 2001, 29: 739 —742.
Zhu X K, O 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 Mi-
croprobe Age Mapping and Dating of Monazite[ J]. Mi-
croscopy and Microanalysis . 2000, 6( Supplement 2) : 406 —
407.

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

Williams M L, Jercinovic M J. Microprobe Monazite
Geochronology: Putting Absolute Time into Microstructural
Analysis[ J]. Journal o Structural Geology. 2002, 24:
1013 —1028.

All rights reserved. http://www.ykcs.ac.cn



G

134 SRR (R A Rl - Bl B A R B AR X T 08 T S 023 45

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

PENG Song-bai"*, ZHU Jiaping®, LI Zhi-chang”,
LIU Yun-hua®, CAI Ming-hai’
(1. Faculty of Earth Sciences, China University of Geosciences, 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,
inexpensive 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 in-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; uraniunr thoriunr lead age calculation; structural analysis
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