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L u-Hf

60-80 Sr Nd Pb
Re-Os Lu-Hf Re-Os Lu-Hf

Patchett, 1983

MC-ICP-MS Lu-Hf
Blichert-Toft, 2001
1. Lu-Hf
Lu +3 093A Hf Ti Zr
+4 0.71 A Lu = Hf
Lu 175Lu 176Lu Hf 6 174Hf 176Hf 177Hf 178Hf 179Hf 180Hf
1
1 Lu Hf
(%)
Ly 97.416
Lu 76 4 2.584
7y £ 0.162
76y ¢ 5.206
TTHE 18.606
Hf 8yt 27.297
Mt 13.629
180y ¢ 35.100
176Lu 176Hf
Hf 176Hf 176Lu 177Hf

) VARl S VR & (/ANd S 1) Lu-Hf Rb-Sr  Sm-Nd
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176Hf/1 77Hf

1922 Hf 70 Lu-Hf
Boudin and Deutsch, 1970 80
Lu-Hf
1 TIMS Patchett era 1980 Lu Hf
TIMS 0.01-0.03% Patchett and Tatsumoto, 1980a

Patchett and Tatsumoto, 1980b,
1980c; Pettingill and Patchett, 1980; Patchett et al., 1981, 1984; Patchett, 1983; Stille et al., 1983, 1986; Unruh
et al., 1984; White and Patchett, 1984; White et al., 1986 1980

Gruau et al., 1988; Salters and Hart, 1991; Corfu and Noble, 1992; Corfu and Stott, 1993; Barovich et al.,

1995 TIMS Hf pg  Hf
Zr Hf Hf
Hf
2 Hot-SIMS Salters era  Hf hot-SIMS
Salters, 1994; Salters and Zindler, 1995 Hf
TIMS TIMS 50 ng  Hf ,
ToHf/ T THE Zr Hf
Hf
3 MC-ICP-MS 10 TIMS 5 hot-SIMS Hf
MC-ICP-MS Halliday, 1998;
Albarede et al., 2004 8000°C
TIMS 2000°C Hf
10ng Zr
Hf 20 TIMS  hot-SIMS
90 Plasma 54 MC-ICP-MS (Walder et al., 1993; Halliday et al., 1998)
MC-ICP-MS Micromass Isoprobe Nu Instrument VG Axiom
Finnigan Neptune  (Albreade et al., 2004) MC-ICP-MS Hf
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1 1980
2. Lu-Hf
30
Hf
(1980a)  Lu-Hf
Lu Hf
2.1 Lu-Hf
(1)
HCI HF ; Hf
mol/L ,Lu

Hf

Lu-Hf

Lu-Hf

Lu

Hf

1985 1990 1995

2000

Lu Hf

1980 Patchett and Tatsumoto

(
Lu-Hf
90
1998
HF HCI
Lu Hf
Blichert-Toft, 2001 , 1mol/L

L u-Hf

Hf

b

, Lu
Lu-Hf

Hf> 0.1



Hf
Teflon (bom b) 3:1:0.5 HF, HNO;
HCI1O4 , 100 120°C 24 48h
(2) Lu-Hf
TIMS hot-SIMS Lu-Hf Patchett and Tatsumoto,
1980a; Salters, 1994 MC-ICP-MS Blichert-Toft et al., 1997
HF, , Hf ,
, HF 3 90% Hf ,
(matrix elements) ( Ti Zr Nb Mo Ta )
REE Hf : N SV ¢
176py¢
Hf 1:1 HF, HCl1 , (AGI12X8, 200
400 ) REE JHf Zr Ti( ¢ Nb Mo
Ta W ) , 6 mo I/L
Hf Hf Zr Ti Hf
, Ti Hf , Hf
Ti , (electrical shield) Hf , s Ti
Hf Cr Hf Ti , Cr ( )
200 400°C HCIO, HF ,cCr’ Cr*" (CrO;) Hf
, , Hf Ti Cr Hf
(AG50W-X8 ,200 400 ), HCI-H,0,-HF Zr, Zr
, Hf , Zr Hf )
Hf Hf Zr , TIMS  hot-SIMS
HF:HNO;:HClO,4 ( HCl1Oy) , HNO; HCI1O4
,  REE (AG50W-X12 , 200 400 ),
HNO;:C,H,04 HNO; ,  REE , HNO; HREE,
MC-ICP-MS Lu
TIMS  hot-SIMS MC-ICP-MS Hf , TIMS

hot-SIMS Lu Lu Yb
David et al., 1999; Yang and Pin, 1999; Blichert-Toft, 2001; Le
Fevre and Pin, 2001; Munker et al., 2001; Bizzarro et al., 2003b; Ulfbeck et al., 2003
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Lu-Hf Sm-Nd U-Pb REE
Amelin et al., 2000; Kleinhanns et al., 2002

2.2 Hf
Hf MC-ICP-MS TIMS  hot-SIMS
MC-ICP-MS
Micromass Isoprobe Nu Instrument VG Axiom Finnigan Neptune
Finnigan Neptune Hf 2004
2
variable
multicollector SEM
. [opticnal)
zoom optics /A p
I . = ;."f
E——
isolation
valve
amplifier
housing
plasma interface
and transfer optics
torch
ESA vy
ground
potential
2 Neptune MC-ICP-MS
Neptune MC-ICP-MS Finnigan Mat TRITON TIMS ELEMENT?2 (ICP-MS)
2 zoom

17% Neptune 9



Hf

200ppm  JMC475 Hf Neptune MC ICP  MS
Hf 2
Neptune MC ICP MS block
block
3 Hf IMC475
— Johnson Matthey Company  Alfa Aesar
14374 IMC14374 3
2 Hf
L4 L3 L2 L1 C H1 H2 H3 H4
172Yb 173Yb 175Lu 176(Hf+Yb+Lu) 177Hf 178Hf 179Hf 180Hf ISZW
15 L/min 15 L/min
0.6 L/min 0.6 L/min
1.15 L/min 1.20 L/min
Menhard (50 pL/min)
RF 1200 W
RF 3wW
3x 10 °Pa
1600 V
Hf 30 V/ppm 0.6 mV/ppm (32 pm )
15min(® x 10 ) 275 (0.131 sx 200
0.28225 1
¥ =3 oy R iy 11 | R W JMC14574 (0= 64)
Hf*ﬂ;:ﬁ IE J‘IE.‘FM .EE?I:! % "HETHE = L2821853 2 16
0.28223
S
— (), 28221
. IMCATS (1= 14)
L “HUTHI = 0282160 £27
b 028219 | |
TR AT
am *Fltlu il |||| |
= 028217
i b
28215 | | I
0.28213
3 Hf



Mc475  CHETHE

0.282160+0.000027 n=14,2 S.D.

U " HE=0.7325
Nowell et al., 1998

IMC14374 4 0.282183+0.000016 (n=64, 2 S.D.)  IMC 475  '°Hf/'""Hf
6 Neptune 9 x 10
8 0.5 mass  baseline
2 HNO; 1 HF 2 180
40 15 eHtTHE
0.2821830.000017 (n=6, 2 S.D) Hf
58 Neptune 0.131
200 1 6
58 ToH T HE 0.282183+0.000030 (n=58, 2 S.D)
Hf
MC-ICP-MS Hf
MC-ICP-MS Lu-Hf
3. Hf
U-Pb
SHRIMP (LA-ICPMS) U-Pb
Z1SiO, 0.5% 2% Hf
Hf Lu/Hf eLu/TTHE 0.002
176Lu 176Hf 176Hf/177Hf 176Hf/177Hf
Patchett et al., 1981; Knudsen et al., 2001; Kinny and Mass, 2003
Hf TIMS  hot-SIMS
Hf Hf
in-situ  Hf SIMS
SIMS Hf oHt THE TIMS
Kinny et al., 1991 SIMS
MC-ICP-MS
in-situ Ar He
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LA-MC-ICP-MS (Thirlwall and Walder,

1995; Machadao and Simonetti, 2001; Griffin et al., 2000, 2002) Hf
TIMS
BSE CL Hf
U-Pb Hf
Neptune
Geolas 193nm LA MC ICP MS Hf
2004
3.1193nm
Neptune 193nm
LA MC ICP MS Geolas 193nm Lamda Physik
193nm 193nm Geolas
Cetac
ESX200 15ns 18x18, 3
6 16 32 63 94 127 7 35J/cm’
3.2
ToHf oLu - ovb ToHf/ T THE
Yb Lu Chu et al., 2002
TOHE = 176m-[ " Lumx("7*Lu/ "Lu)(M17¢/M175) P+ Y b x (Y b/ 72 Y b)(My76/M 1 72) )]
oLu/ TTHE 0.002 oHf 7oyb
IMC14374 Yb/Hf=0.005 0.01 0.02 0.05 0.3 Yb
DeBievre and Taylor (1993) 7ovb/Yb  0.5799 Yb Mass bias
Hf , Yb/HE ToHt/' HE (0.282183)
4 7oYb/"Yb  0.5865 (Griffin et al., 2000) Yb Hf
Yb Touf/ THE 4
1 7oYb/ YD Yb 2 Yb

Hf
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0.282 - 2k
- "Yh'TYh = 05865
i Bow™ B
“.IEI 1 1 i i | i 1 1 i I 1 1 1 1
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2.0
1.8 |
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- -
= 14 | M 4
B o
1.2 J:'J B, =0.87250,,,
R’=0.996
]“ frl.-..I...I...I...
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B
5 Yb  Hf
TIMS 76y b/'?Yb=0.5886 Chu et al., 2002 Yb Hf
Yb JMC14374 Hf Yb/Hf 0.3 0.6 0.8 1 Byv/"?yb  HEHE
50 Byb=0.8725% By 5



Nu MC ICP MS TIMS oYb/'*Yb = 0.5886  Byp =
0.8725xByy  Yb/Hf=0.005 0.01 0.02 0.05 0.3 4
Yb IMC14374
3.3 Hf
Hf 193 nm
2 2
1
Neptune Lw/"Lu=0.02655 '*Yb/'°Yb  0.5886 Pyb
0.8725% Py
91500 Ar 32 15 J/em® 10Hz
180y¢ 3V in situ line scan
Hf 32 11 TeHE T E 0.282338+17
26 6a 63 10 TeHE T E 0.282331+10 2o 6b 94
10 oHt/ " THE 0.282321+6 2o 6¢ 16
Hf TeHt T THE
176Hf/177Hf
16 11 TeHETHE 0.282306+25 2o 6d 32
10 A VA S 028232149 26 6e 63 13 eHt/ T HE
0.282315+4 2o 6f
eH{THE 6
91500 Hf LuwHf TIMS
Yb Yb Hf
65 oHt/THE 0.282321+3 (20)
0.282321+24 (2 S.D.) 31 0.282325+5 (26) 34
0.282316+4 (20) Hf
Yb  Hf
0.282316+4 (20) 91500 Hf 7
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W 91500 standard zircon
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Woodhead et al., 2004
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Lu-Hf
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Lu-Hf 1980
Lu-Hf Patchett and Tatsumoto (1980b)
7Ly Pettingill and Patchett (1981)
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Lu-Hf MC-ICP-MS
Duchene et al. (1997)
Lu-Hf Sm-Nd Lu-Hf
32.8+1.2 49.1+1.2 69.2+2.7 Ma 8 U-Pb
Sm-Nd Ar-Ar
Anckiewicz et al. (2004) Franciscan
Lu-Hf Sm-Nd 9
Sm-Nd Lu-Hf
Franciscan
Lu-Hf
Lu/Hf
Sm-Nd Lu-Hf
Sm-Nd Lu Sm
Lu-Hf Lu/Hf
Lu-Hf Scherer et al., 2000;
Blichert-Toft and Frei, 2001
Duchene et al. (1997) Lu-Hf

“ Lu-Hf Lu-Hf garnet geochronology

Blichert-Toft, 2001

Scherer et al., 1997, 2000; Blichert-Toft et al., 1999a; de Sigoyer et al., 2000; Philippot et al.,

2001, 2003; Vervoort and Frei, 2001; Blichert-Toft and Frei, 2001
Lu-Hf
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Hf Nd
1 Hf
SHf(O) — ((176Hf/177Hf)S/(176Hf/177Hf)CHUR,0'1)x 10000
enro = (("°HE THDs-("*Lu/ T He)sx (-D)((THE Hf)cruro-( 7 Lw/ T H)cuurx (€7-1))-1)% 10000
Tug = 1/A% (1+((176Hf/177HDS_(176Hf/177HDDM)/((176Lu/177HDS_(176LU/177HDDM))
Tup = Tun - (Tua - ((fec - fs)/(fec - fom))
frume= (7°Lu/ HAg/(TLu/ T HE ) cur-1
("°Lu/"Hf)s  °HE/TTHI)g ("°Lu/ "H)cgur = 0.0332, ("°HE " H)cruro =
0.282772; ("Lu/ ""Hf)py = 0.0384, ("*H/'TH)pm = 0.28325. fee, fs, fom

flome  t A =1.867x10" year"
2 Nd-Hf
Sm-Nd Lu-Hf Nd Hf 11 enr (t) = 2ena(t)
1 Lu/Hf
Sm/Nd oL 36Ga *Sm 108Ga
Hf Nd
Lu-Hf 2 Sm/Nd
Lu-Hf Hf Zr
Luw/Hf “ " zircon effect, Patchett et
al., 1984 Vervoort et al. (1999) 100
12 3 Hf Nd Sm-Nd Sm Nd
Lu Hf Lu Hf
) €Hr  &Nd Nd-Hf
Lu
, Hf ToHf/ THE Nd/Nd

Patchett et al., 1981; Schmitz et al., 2004
Salters and Zindler, 1995; Bizimis et al., 2003a

Vervoort et al., 1996, 2000; Vervoort and Patchett, 1996
Nd-Hf Nd-Hf
13
Hf
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Recent Pb loss
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