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Abstract The parent and daughter of Pi-Os, Re-Os and Hf-W isotopic systems (1. e. Pt, Os, Re, Hf and W) and other platinum
group elements ( PGEs) are refractory in chemical properties, which are named collectively as refractory elements and refractory
elemental radiogenic isotope systems in present paper. Refractory elements and their representative radiogenic isotope systems can not
only directly determine the age of metal deposits, oil and gas reservoirs and sedimentary rock series, but also effectively trace the core-
mantle reaction in the deep earth, which makes them irreplaceable geochemical tools. This paper reviews the research progress of Pt-
Os, Re-Os and Hf-W isotopic systems and PGE elemental analysis technology. It is pointed out that; (1) the Re-Os isotopic dating
error is still large, so it is necessary to optimize and improve the analysis technology in order to greatly improve the accuracy and
success rate of Re-Os isotopic dating. (2) The analysis technology of Pt-Re-Os and W isotopes needs to simplify the cumbersome
chemical separation process and improve the efficiency of instrumental analyzing. In the meantime, it is suggested to establish new
chemical separation and instrumental analysis methods. Only by realizing accurate analysis of samples with very low content of Pt, Re,
Os and W, it is possible to effectively trace material recycling processes in the deep earth. (3) The analysis technology of PGE needs
to be optimized, and the analysis precision still needs to be further improved. With further improvement of the analytical techniques of
refractory elements and representative radiogenic isotopes, it is anticipated that these geochemical tools will be more widely used in
tracing and/or dating the material recycle processes of core-mantle, mantle-mantle and crust-mantle, the precise timing and formation
mechanism of metal deposits and complex petroleum systems, and the environment change during Mesoproterozoic.

Key words Refractory element; Radiogenic isotope; Analytical technique; Isotopic dating; Isotopic tracing
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EEREVBRR, AMEERLEGEIITHER, KB E Re-0s I E L F U RABE R % ;(2)Pt-Re-0s Fo W B2 £ 854
HBAEEMAELEHNLFESERAEPRINEIFTOME AR EEINORF L EFRNESNFT &, T RSN
MR, AN FA& P Re Os 2 W A SHLA EASN, 4 AR TIRFERY R MR, (3)PCE A XS HHAK
HERE, DM HENEER— TR, BNFANEELE - T RARBAETFRARASRAE LGS THE, 2FEIKR
LETERE LBAEB B-BFE-BYRARLIBTRE LB AMBESARANN LA SHRAAANEFPOTR

AR FAERREELEFHRRFPHRANE S ZHEM,
X§gR
FREESES P597

FEXTF % B Rb-Sr.Sm-Nd , Lu-Hf 1 U-Th-Pb Z£[F]{; &
A% ,Pt-Os Re-Os fl HE-W [Ff RIKRRITFERTEHIRBLZ
S AGRRN Z MK 5 AN EE RS ERAR &
F; A FE M AR TR (REE) 44 (P) (48
(Pd) 5% (Rh) 4R (0s) 4K (Ir) 147 (Ru) 2575 —HHIRILE
PRI TCER , AR AR TR (PGE) , Kt B HER{b#
HRFEZREN—HEEITLE. Pr-Os Re-0s Fl HE-W [7]
PLRER BRI TAITE Pt.Os Re Hf 71 W LIR BT A B
HERMBETERAE M HERERR, B RS TTR
FEERFWE SRS, BB THRESE, B4 S0l X 85T
EHAR AR TR, T Pt-Os Re-Os fl HE-W R E R R th
PR IEE TR AR RN RER, & TS
TCER RH R R AR BRI 2 BT, A7 BRI
FREFFANFRIFERRETEMFAME T EATH
REy. AW, LRME TR MEMEEARFRHRPEE R
AR S B, XX e R MR AL R 56 R
Wit A SCRUBERS i TR M T R R AR R
B ROT BB ST R FNFFE [ R, 3 %of HL Rz FH AT SR A
HRE,

1 Pt-Re-Os il Hf-W Fifir &k & & PGE &
MR EIE PR B

BRI REREE RAPKNE, A—RFAMLRE
F, R RE B E MBS R R ERERNET Y5
R PR H A Y IR 3 (%) 4 i R R EOR
B, R BB S R AL R RO B AT, RBCE B )
YRGB AR ER0 86 R AL R ER, B BN R R 4
BAFEFST AL, 2 T I B A B YA PR X 28 30 IR
ERREAE SR, B FREN—HTEK, I#H L
TRMEBTE, b TENRAMLA IR R, £ 4
R B B T R & B R — Hn R AR
A R, B A 1 U R BB RTC R B R 2 384 AT S BR
— A3 R B R AT R AR R

FEIRMI R S 4E J7 T, U-Pb 1 Ar-Ar R R & R %5 B A2
EHRTI B Z R RAEFE TR, Gl X Rk a8
U Pb [FALFNE 5347, 7T LA T 58 3t 3R X 86 30 B A TE SR A
HER RO R WG R T R B RE T AR BT o2 —80E

B A A REE; SRR AEE S A E TR

/N, BRTEER BB )T Z# 2% A8 U-Pb M REFTER
¥ B IR AT SR B RE AR R Z — , A A R Earthtime” B
FH RN E RIS . Ar-Ar R RER GRS S — 1 FH
BE AL R SF I E BT 2% B BB FRIEE BRRH
ERRET N ENHKO%, EROXEEFHE
BA ZEAAKASEE T NE R RFURRET YN E
AR, MPREKECE, ATMEARALE-LEEN
RS, FMARFRESBT REFFSRELFTEX
sy, B AKX S TE R AR LB X S AR &R
KRB RRERIE . FERHNOEERTE—MER
T ERENERY KT Z& N, b TERT FENE
# Re 1 Os & BIFRERIFIRFFA Re-Os R F AR B H K
2R, HRIFREN & RO FRUEH F 0 € M R 8K, H7E
BERERTERNERWUEH B T M, BANE
“Earthtime” BT+ B9 75 — 1~ ¥ 72 B HE B 11 B &5 R,
Re-Os AR EFRRERE S RY KOFRTE, RHAM
R R E AR AR

R, 73 Sh— B B BRI AN B AR 57 A T SRR
BRI R F R E B ATUIR B R B £ R 0 — 1
SERE o W SIRRA R e AR R LA B R LB ULAR A I ik
Z U-Pb 1 Ar-Ar R R EFPT B BB 0850 AR A 8
B, B LR I 26 07 vk XX 4 SR AR IRUA AT H
RS, AW, MR EREETAAIRAD, X
HHHEAS TR R Re 0s &8, Hir LE £
R Re-0s R RBEANFEHMARRE T REEESE, IHH
BEARERNMEFELH, FIL,Re-0s ALK EFHAL
E BT LASH X SOROT R B EAF I T M — AT R BOR o

TEMIBRBL LB M R TR B 07 T, TR M IR 2 E
BEXERRE B[R] (2 2 B 07 vk AR DR BB E J , USR]
PR LA RIEERG RRERARC R RN Z E AR AT 5
HIH IR E IS TR . Pt-Re-Os Fl HE-W [R50 R & R AR B
BARWAEM IR — Lot BRBE R B B T T Z N, 3 B8
A BT e R A R s E R L RO BR R XE DL
RERLFRE 1o BN, MRS T 8 A 7E o 45 HER i
ERE R, HRMEYRETS 5K YRR RN
IR MR AFB TR T A E R, X R E A kR
EMRHESBREREZ —, BRAXBAEUERIE
B A I 0 57 B AR BN TRAL R A, TR XETT R AR K
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RIFBH TR R, R, BACHREZRKA Pt-Re-0s 1
HE-W BRI RBAR X Y R B R BT & T #F 5%, Al
LAt Pt-Re-Os F1 HE-W 7] i /R B £ R R BE B T R X 08 )
RSB D BT RBEARZ —

MR EHAR CEBRB NS TREE T
ZRLA, BIIE TR L TR (—HTR A4
TELR) SR TR MR B RARERAFEG T Y
D" PR 3t B A f) 2HL BRUARRAE T R 4 R e 3\ LA R 5%
£ 5, HTMERE A KRB L2 JE R HEF 5 LA
B RE A HLRE. 550, MR e T R R
AR T SREOE LA R IR S 0T TR B T REFK
JOFFH , T 30K 6 7 Y R FL B TU R4 EL S T ROURBR A T L
B BEESITHARKABEGHE, B AR TR AR AE
HIERPLEBT I A E R RS ST o

2 SrirBIRE R EE

2.1 Pt-Re-Os F{IEE R

Os TERA TN RUE B R A2 ™ 0s F1' Os, H '™ 0s
H'PET o AR, 0s ' Re @t B~ HEA M, X
BAIEL T ' Pt-"* 0s F1'" Re-'"" Os B BUHHERI LR AR 8
HRATEX A BOHE F AL R K R & FF A Pt-Re-Os AL R
k% . Pt-Re-Os [RIi % st BRL 2 B B S FORL A48 42 F 20 A
WA AR B KR , R L2 H] & WA R R L L R L
BREENIERF, Pr-Re-Os R H EMBLFEHEMH
4% ,Pt.Re #1 Os B3 B LA R AL (& 1) o

H B IR Pt-Re-Os [6]i7  # 5 B 43 A J7 35 NiS K
RE M Carius FIHFEE, NS AREEHRHTEAERERX
(FT35 50g) BOHRE &, FTAXERE SR R iS) Os AT TR &, IEHE
&K Pr-0s RO R 407 0 IR 0 40 8 07 s (H R BR S RTERE
MmN R E AR N E RN (W, KRN
) XEEERXANRG 4k, FER 0s MBFKTL .
Carius VAR B AR AT ASRAG AL RO W RERCR , T EL AT LA
RISEET RS Os MIE R RIE R A 3 32 387 85 DA R AR i
B A, Z2EE L Re-0s [FAL R 247 5958 B 7 ¥ B R %07
EBAERRA( <3g) % F P-Os RN RS R, AT E
ERBEMN Os, —MERTERANFL R Carius EIEH, 6t
#h MABHELSBPFERERNER.

PO LB R B (ZERSE, 2011) AR E (D EFF,
2000) ¥1EN Os I B k. WEMAREBRERFMAT
0s0, 77U ELERA YA 5 8 B | I W AL 2 ettt 1T 0
B, xR EAREREMRENR R ZRIEERFA 0s0,
FEBMKIREE T (80°C) M 5 #F R RRHER 418 Os, XTI H
B H , I BLAEW Os 5 Pt fl Re T2 B, XPFMTH
FEMAMRERERER K 0s AL 0s0,, TRRA
TIMS J5E Os, /3B Y Os B BT EL I MARIE T ik#t—
#5414k (Roy-Barman and Allegre, 1995) , B+ #9 Pt 1 Re

Carius &
240°C, 24h

CCI, ZE

Y=

l 0.5 M HCI &%

l HBr RER

5
AG1 X8 o

iy
13 M HNO,
i)
[

e Pt
(MC)-ICP-MS

B 1 Pt.Re.Os {2 BEAKRERER

Fig. 1

purification of Pt, Re and Os

O
6 M HNO,
aR
[ ]

R

Schematic diagram of chemical separation and

— R B T 3C e R 2 47 4 B A4k (A RI%E, 2003;
Horan et al. , 2003) , 4 0] PAFI FARESLUTIE 2 (BERE 5§, 2006)
MAERERE (HRES, 1994) #1170 EMm4t.

Pt .Re f1 0s TE S BEERARMERBEENE, ;1T
EAHE — R B EE/RE , Pt.Re 1 Os (00 B5E % 5 F ey /RS
A% B TR % (ICP-MS) (#LZiE %, 1994; Du et al.,
2004 ) 5%, % B2 W 28 LR AR A % B T T % (MC-ICPMS) (%
K%, 2007; Nowell et al. , 2008) , 1 B T # e B %% ( N-
TIMS) & H# Os & &1 Os R 3 I8 B 3 At R BT i
F785, Re 7] AR FI N-TIMS #, Re 1 Os 435I 2 LA 1 5§
F ReO, 71 0sO; #iMl5E ,Re #1 Os 7E N-TIMS Jl] &2 4
Y FERE, BT EANER, B REELS, LHEER
K Pt-0s("* 0s/'™ 0s) AL E WM E . HL N Ireland et al.
(2009, 2011) F|F3 ICP-MS F1 N-TIMS X} H 5235 2 i A 247
TERERTRBEITTR (P F1'7 0s/'% 0s AT, BEA
100 ~200ng [ Os(0s0; {ZE3REF > 100mV ) , WK B X D)
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+25x10°°(20,,) ., EREHE NI KRR Os FEHL 100g
BIERCARES , IR T Os FBERM LR EHT Pr-0s [{
MEIN RTETREWHEHE, I, Reisberg and
Zimmermann (2021) #| B¢ & 10° Q o pHAL K 288 N-TIMS
W T Sng B9 0s(0s0; {F53REE >2.5mV) , MK B XF)
+85x107°(20, ), BIR10°Q BEHMK KB ITURERH
BE, NI T Os B9RE S I, fHR" 0s/' Os P WM BE
BiK, B, 81F 0s RUE A B FHRIEA BN E , TEHIT
JB R IE , R R BB AR IE 7 i & = A 3 K™ 0/ 0s HU{H
HAF 4L ( > 100 x 107°) , MC-ICP-MS 7E B4 B Pt-Os Rl &
WEFHBAE W HKRE S, 5 N-TIMS fil &7k H
H ,MC-ICPMS ELA W& &M S MR, A ERE
RIEM R, HEHTRABREREKNI R, Os KEHK
HARMEK, T H Os B “iTIZ300 " LR , TE Ve B R L EHE
ft, Nowell et al. (2008) | MC-ICP-MS WiE T Os $RMER
Wi,0s W9 #E 5% FI B ~ 600ng, W iZ K5 FF X B £ 100 x 10°°
(20,). ¥EFIFA10°Q K 10”0 BEABABRHLEEHET
R 0s0, SRR X, A RLH PR BN
BER) Pt-Os [FALRWE o

2.2 Hf-W B kiR

Volkening et al. (1991) B JoE 7 T f B T Hh el B R 3%
W R W 7 ¥, L fi15R A Re %7, Lk La(NO, ), 1 Gd
(NO; ), ARSI, LA WO, BFEAWET W R RHR.
Quitté ez al. (2002) 3L T RA Ir §T4, LA MgO o R 51511
NTIMS FEE#lE W BIALE, 1995 48, MC-ICP-MS {% 8% [a] it
B E 1R 55K MC-ICP-MS R i T W [ & B & (Lee and
Halliday, 1995, 1996, 1997; Lee et al. , 1997; Halliday et
al. , 1998; Kleine et al. , 2002 ; Touboul ez al. , 2007) , Qin et
al. (2007)4r*HekBARES, B T H-BEFRIRESEA
AWABRE(EMEEER X 3g), kA MC-ICP-MS i
%, W BEALRMERE AT 10 x107°(2RSD) ., B FAHTHE
FERIRRE], B8 W R E BN T X2 (Lee and
Halliday, 1995, 1996, 1997; Kleine et al. , 2002, Yin et al. ,
2002)

ILEER, BEE HE-W R R A REIR BRI A
EAERSSURN AT A RE &R, BR W/ MW e K
BEARTF 5 x107°(2RSD) , A SRR BE S W Rl 3 M3/
EZR(—MRIE -10x107° ~ +20 x 107°Z A]) , Willbold et
al. (2011)R IR REUE Jet BUREE-XSkimmer 2RI H &
AR RIS RS , B3 T Neptune MC-ICP-MS @R ¥EBF W
B R W E T8, W/ S W R SMEERBIT <5x10°°
(2RSD) , ffiTRAAE FRE=REHLSE W, R HE
B3k 1g, Fat, i TR S T R A 4l Na, O, 5 Rk 4 ff
B H0 RIS, B AR FRHRESE W KIS (%8
HEET WA WO,” R L), Mei et al. (2018) 4%
MC-ICP-MS 437 W R %, B T FH B F 38 #:-TEVA #ig
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P W HERE, FRLHEER X 1g, Touboul and Walker
(2012) 8377 NTIMS M EIEE W [R AL R W€ 7 ik, i1 E
T W S B 18] , 3R R YR 418 8 T B J 2k T B R 1 0
AEF O R EXT W R ALK E M E,0.5 ~ 1pg
W, "W/ W [ AL F (G S SR A B 4.5 x 107
(2RSD) , £FXF NTIMS #BE {5 W [R5 F 247, Touboul and
Walker (2012) Z#37 T PUKBA-FEBS F IR 380 W 43 B3
B AERCHEERA3 ~10g, X W EBEMES, RERm
Kot MITER RS RESH5 T, REH W RREGE
43,347 NTIMS il 52 (Mundl et al. , 2017) , Trinquier et al.
(2016) L Fz Archer et al. (2017) & T ELEKIE W FAL
R NTIMS 34k, i — B R\ T W R R R E
FINGHE . Peters et al. (2019) 3R P& #7488 BR B4 Uk JB0 ¥ bk
T, BRETHEFLHRETI AW KB, Chue a. (2020)
BHSEHEIL T TODGA # g Ti-W 2B Jr ik, R A 3M HNO, ¥t
Jit Ti, #RJ5 R A 3M HNO,-H,0, ¥Ef% W, 77 i B A RE R R
R (E2),

2.3 PGE

TR PGE 4347 B T EEAHE NiS K43k (Ravizza
and Pyle, 1997; Sun et al. , 2009; Savard et al. , 2010) f
Carius F (Qi et al., 2007; Li et al., 2014; Chu et al.,
2015a) 8%, /& E JK 1k 2% (High Pressure Asher, HPA) ( Meisel et
al. , 2001) RR¥E ¥, LA K B B B AR 75 -900A 458 & (Morgan
and Walker, 1989; Qi et al. , 2004) %, NiS kiR&EEBH
FRALFRREIK , AT A R R R B SR B U A5 TR EE T A R
MY PGE 5 &M, RABEAIRKMN A ER, kik&ER
BAEEA R A R B A 5 ik i & (Pearson and
Woodland, 2000; Meisel et al. , 2003b), Carius & . 4F I &
HPA B3 BA A KK A48 5 ( Day and Walker, 2015) ,{B
BT RAYEKERE, RNRES AR P REREA, Bo¥E
WK, Carius B F E HPA FR¥5 35, PGE AT REIRIUA B2, B

NTIMS W isotope
determination

tep 2b
pep w |

L]

B2 ERTRMEM TODGA WS Ti-W 4B 5 W H
AL FE R E 5 (3§ Chu et al. , 2020)

Fig.2 TODGA resin for silicate Ti-W separation and W
isotope determination (after Chu et al. , 2020)
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M, FEEFERTS , A ZOR A HF S PR RERR E0 AR RO 75 % ( Dale
et al. , 2012 ; Ishikawa et al. , 2014; Li et al. , 2015),

PGE 4387 — & % FH [R5 Z #% #2 (ID ) ICP-MS( Pearson and
Woodland, 2000; Fischer-Godde et al. , 2011 Li et al. , 2014
Day et al. , 2016) 8, MC-ICP-MS( Chu et al. , 2015a) , Tt
FiFtdh o PGE & BAKH SN E B P A EREAMESHE
FHITHE, PGE AT AT Hr B & EHEFIA PGE 7£
HCL /v B rPTE U4 B B T I et , SR PR B 3B B AR
WL B PGE 55 4 i & 1k K& F 41 7T % 19 4 B (Pearson and
Woodland, 2000; Meisel et al. , 2003a; Li et al. , 2014; Chu et
al. , 2015a) , Pd Ir Pt ] 3R A Ln( &% P507) (Qi et al. , 2007;
Chu et al. , 2015a) 5%, BPHA ( N-benzoyl-N-phenylhydroxylamine)
WEBE (Li et al. , 2014) 4T IR AL, LAHE— 2B REAR Zr HE &
WY EF3F Pd I Pt BTG T4E, X PGE B ML,
WNERBA N8 IR G ALY %A &, TR A] LA-ICP-MS HE# 1T
PGE {lll £ ( Campbell and Humayun, 1999; Alard et al.,
2000) .

2.4 Re-Os B REE

H 20 {42 80 4E4X, Re-Os R R AT HARESL LI, B
TR E S MR R R R B Ss " Re
70 H BT M B A TR = DA R AR UE ) R ) B B, (AR
W E K2 B Re-0s [ 2 4T B TE 3 BR B2 U015 2
TI Zh A, CRIHER T &R KA ZEEEF
LRI,

BHH % ReOs TEEEEHME REEMEFILE:
L MBRILFAE R, X E T Re-0s R B A RESBRALY
PRERVRES PR EM A, Carius BH ABEHEXTT
Re-Os AU BT EXEE , GRS ELSHARGT B
iR R, BRRE R i Rt 0s0, MIBIR , LRESEARIE FIfL
RBRENF . X TR, 85K EKER T
BEAYURTUEAE , Creaser et al. (2002) HEFE R FMER-=F 1k
BEAE 0 BT BE B IR R IR B 1 T4, 15 2 B8 RS 0 £ 3t
JRUUEA Re-Os 4%, AT, T FE AR, A E SRS
BEEMBOHT, — SR ¥ E R A EKRNRR- =8
WEEAE BT, B REB K BUK 4 I Re-Os 4E 1%, Li et al.
(2021) 42 4 R B BR- 4% BREMAE S AL , BE BB REARAUR,
SRS R RRS VR B I T4

F45 % BT Re Os TERZHHTH P2 BB,
TEXIGHIT B AL, 7 BB BT RN AF W & . Re 143
BEEANE FRREMBE AR, BB FRRERER
K, MRAGRISHRN, FEEEN ¢ BIREE CF A Y
BEKEBRBRMBIWIEHE L& Re Wl E (4% E%,
2009) , WEAZEBUE RAEERBM:ZAE T, Re NI RFHA
DU, AT 2] T Re B4 B E AR (M5, 2009) . &7k
HAfERE  E R = A RS A, ook g 2 Bl sh
FHERA(FEILES, 2013; Li e al., 2014; Georgiev et

al. , 2018), Os WX BT LA A BUA AR MY . EBUER
R I = S8 e a0 AR B ZE BORE R IR VR P i R R, R R
FRASRRHTRER; ZBEEAMANE/RKIER
P BRI P B 0s0, 7808, R ASIRBR SRRk, B
FOTEREIMBERYFERAEMEEY Os L E&E4
4k (Birck et al. , 1997; Li et al. , 2014) , A Ge 883 J2 NTIMS
AT E

REME X FHEHETER SR Re M 0s WIUE, RA
VU4 FE SRS ( QICPMS ) 38 BB 4515 B X M8 8 1Y Re-Os %
B Os ZEREHH RS P BJM(107° ~107° %), 3
H R F ICPMS 1 MC-ICPMS il & B, B A5 58 0 12308
(Liet al. , 2010a) , B, RA NTIMS Jil & A REIR1S RE &
Os [AfL E SR ( Wang et al. , 2017, 2019), Re BEFHAR
fE (" Re.'Re) , B, R NTIMS ] £ b, 7R 0 xih 2 B &
SHEHITIRIE, FFH PLifF Re S ARE, MBS HKREE
FHRISEARBER W ERER AR SERE SRS,
XF FA% Re #E L EFR I B B B AR S (A%, 2007; Li
et al. , 2010a) , FOLRM-ZRINFE FIEB AT AL Re-
Os [FIfLE R Z R B SE, SR th THFEEEME,
B&&"Re SEE TR 0s AEMHAFREK, SBLEAR
HffRREHTEES FREMEHT HEANFEMESESP
(Hogmalm et al. , 2019) ,fRAEM HEZ B HROLE R E
¥k,

3 MR CREMRINLR BRSNS E
!

"TRe-'""" Os USRI L RK RE R AL R EEMREF
o, CEENMER T Z® A (Xu et al., 2007; Li et
al. , 2010b; Huang et al. , 2015; Gong et al., 2020), SR T
PP-"0s " HE- W RIS RAE R, i THEREE R BT R
FEML 2 A ARARE BE , B X B AT R BE 4+ 43 R, 3
FRBERNBERE DR ERER, ULNEALEREZER
£ Pt-"0s " HE-" W [ BT RE ST, R EEALTEBT &
XL R A B R B 25 B B, 348 20 WA S R AR S
190 P18 (g F1'S? HE-2 W R 37 2 B0 1 4

H29% Pt-Re-Os [RIAL R AR T2 R FIA LA T M £UF1 6]
f&:(1)Pt.Re 1 Os ZEMFTHE R TS BIL(— A 107" ~
107%) T B Pt (IR K (0.014% ) LMK, HR
FH'*0s/0s RN R LEAE BN, SRFEREEE
Os AT PRIE Os [RIz 38 20 LI ik 0 b B8 v o B, R b Xt A
ot B A2 Tl B T 0 S B SR ERAR 5 (2) “ BRI
W, B4R F PRI Os {1 6 A BN H- 4, T X L8099
BEEHIEIATEHREAT, SRS ESRWERYS
Z2:3) R ERMBEILZ Pr-Re-Os FAL R ¥ M H
%, RGO RS RS S SRHBER B Pt Re #1 0s Z
(55378 AR A B[R] o7 28 P-4 5 (4) AB XS T 72 4 BORE o TR
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KB Pt.Re M1 Os, K2 RBEAE W ™E; (5) BEiE
PR L5RZ Pt-Re-Os L RS H 45k, LHE Pt-0s XS
R W T X BIRS REREN TR,

Pt-Re-Os [R] i & {4 7 B 45 B W i 2R #E A WU & Pt Re
1 0s B SRR 0s/'™ 0s 1™ 0s/' Os [ i Z LLAH , XE R
K42 SR 05/ 0s F1'* 0s/'™ Os [F) 3 HAE B F 45 B
R, 75 B A2 7 A 2 A0 A28 000 B A O EE AT R AR I
o FERTAESE, TRAKRETEAKRBHGPHE
# Os, %7 B AR LA i @ A 2F R AL B B Os &
RS, MEBRERER(>20g)  EFEARSERRNE
# (R EAFTE /Y 17 BB 25 B LA & Re 9 1R AR
FEERAFRN A, fRERE G P-Re-Os 3K 5] 1 7]
HRER SRS A, XERIUE 7, S15R AR B g @
Os ML, @R BB &4 (B0 : Bh &7 SR X
UREKREFRE) & Os BRBE U REKRTHR, Pt
Re ()& &R Fi MC-ICP-MS 5 ICP-MS {ill g , IR S B 5
i) Pt Fl Re RS RMA Ir, B3 AL M1 Ir BRI R AME R
RIEE N RRE.

CHLPW RN R LR ERE—NREBRER, CH K
RBERRE , EH R R R FE B3 K H AR,
JLRFRAERCH ESFERT W, Bk, Xt #ekee & IF
REZEFRMEERST EERRBEMM W FAL K LE, 57
BIREETW/ MW HAE W/ W H R I BREE 5 AR
WREIEF /D, DA SHTEERT 5 x10°° , A REA RS
WIRFEZ B S A RN W RN EER, B
BT, W R R AL BB A T R 8 o BB, BIR AR
(85% SLEEAR) , IS BITK, 5047 77 35 iR 17 Bt
BERBEEREN W BRI TEE, FEMNMLES B
FREMERA T EEF:AFEFBETE, FEZXA R
BIRIE S ZE(RE W TP 23 B A R 6 3 B E KL R
A 5 B 2 75 T , % S I E A AT IR, SRR
05 o R o 20 3 R DA BB T IR T R R, 3 R BUR B
MARE BATHEHE W FAES.

Re-Os [RI{. F & 7 1 @ K B A0 W B R F s B3 B R O 1
REMNEZNLREE AL 5ESEKF Re-Os [F i &L
WERBEMITEN, EXRRKENHEXHTRRE. 6
i, Re-Os AL EEEB/ R HTBRE LRI KB R F
k%, FIBH A Re-Os [FIfLE 5 M PGE BX A 18/ th £ BExE
SRURME ML BILE . SR, E PS8 &
— AR, {3 Re-Os [RIGL R 7 X 8- A5 Y M <R
RN E MRS, XEEN BiTE NI R RN KR
Re-Os ) B EEHE, ML RBH KA XHEHY KRS
K Re .Os SERMFILY (RET . BHEVF)NEFERE
7E 10% £ HEZEE R  AHHSHKA Re-Os EEREHZHIL
20% DA b A8 TR B Z AN A K U-Pb AR EFE
¥IE, HER A TRET/NT 1% FEZRTF 1%, B AT Re-Os
AR EFRENRUER. Z—FHH, —LEENLEREY
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RPN EES Re-Os MR E KT B, $1X 2
FHEE Re Os R ERAEMLY (WHRT MAKT
%) ,Re-Os [ 3 % 45 9B R KAK , 3 ELBP (i BB AR B4R ¢
PURERHRZMAB K, HITBRERRERHEY
Re-0s R & 7 A H R LUKIER TR 4F B U Zh SR A HERf v

AT R (PGE) M TR B — X BRI BAR (5
Rt TR U BRAE ) PGE & BRMIR, — MR
A REE 107" ~ 1077 G, o G BE 6 MR ST (5 SR A —
NEASMIXERS, iR PGE BB 7 4 H7 5 A E ¥ RB K
MAHHRTRM IR ERSHKRT 10% F 10% 4,1
RAELIF R R R ERE SR, Hit, aUREMR
FLFEERT PGE JURK L2 2 B ML T R, J1 s o
PrkE BE SR T2 5% BUE 4T, XA R IR E R —TUORE
£% .

4 AR

4.1 BBTEMECRGE R RIEHEKRAPLRE

BT Pt.Re Fl Os BIRA R TRMEMZ P EE,
3 H Pt.Re #l Os X =T REBEF-BSEBHEK S8
BEBR/NBFEHN D, > Dg, > Dy, (Cook et al. , 2004) ,HBER A
5 RIS SME B Pr/Os 1 Re/Os HofE S5 , BEE B A] A 3
A SN PR ™ 0/ 0s F1'™ 0s/"™ 08 H (1 K 5675, BRI,
HERSMZHY Os IO F 4 BUE ¥ & TRRBBLA B8, B
EEBSHERE ™ 0s f1'V0s WEEHX, SMZ Os SR
g P RERE (K220 100 ~300 £%) , RER T D'EHY
MY R BIROBNT 0.5%) SMEY REIIMA, HB A
LT 08/ 0s A1 05/ Os HAE, 7 4 B 1™ Os
'70s WEEHAR., Bk, XML RERE B~
A LA R X 43 b | st 088 A0 3 7 ) 3 U X Y [ o 3R b BR AL 2
MRFE, FHHE G PR T AT U R BEEER
2R ¥ 8] & ( Shirey and Walker, 1998)

IR, X3 R REOR B B R B ek A SRk E A
ERERER W R AT R B3 st BR TR 5 72 A A 2
KA —ARTBR. RS RIS, B R
REW <0, BFR A W RIGLE FF %, T4 5 h #3008 ) &
HREM;MERAGBARNHESZ 2R WRMERR
B UNRAF S RMAR T #0822 s (& 3; Mundl e
al., 2017) , Bk, P-Re-Os Fl W A {if Bk R 0T RLIL R Sk 7w
BRI RREFEARERN,H BT UHERIE, EFRE
SARHERFFRT Pr-Re-Os Fl W RJL 3 44 8 XF A% 088 [ 0T B9 7
B AR ABAZ R BHMEEF BRI, R
B R R F R S E A X RE K Pr-Re-Os AL R
BA BN H™0s 7'V 0s E LR, 58 0l REH B R
i (Brandon et al. , 1998) ;T W [F{ F B4 52 W 87w Br ot
FWFEDHBA W RN R R FH (Scherstén et al. , 2004) , 1)
PRI, FELE AR BTG  RREE R P
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usz(O

Hawaii

\Si\f‘l70 Samoa o

B3 g F (CMB) W [ fi R 4 b B (3
Yoshino et al. , 2020)

ULVZ-#{R# X ; LLSVP-KIKEH

Fig.3 Schematic drawing of W isotope modification at the
core-mantle boundary (CMB) (after Yoshino ez al. , 2020)
ULVZ-Ultra-Low Velocity Zone; LLSVP-Large Low Shear

Velocity Province

Os F1 W R R BRI A RIEH A R, B0 Xt BB IT Rt
BRI B 52 B R A0 R T AR S 3R 5 TR & 0k A Bigih
FHZRAEHRFNPR, BUTERRRERMXLLEE,
A BEXT B8 I X — Bk [ AR At — 2 B IR AR

A3 B AT AE LARE IR GERR AR i , k207 5% B e WL
FB, N IR IR AR S A (A0 8 R T o 8 2H RN ) T R
W)W TREMYRZ, RRFEQIRERIEER P-0s
HE-W BSHE R R 53 B0 R , S8 % 7T BB SR 5 T Mo BR % 0
IR TR R (IR B RE K KREE A R IR
BAESE) FRAR XA DA A EMR Pr.0s . WKW ZRE,
JFRRENEHEH) Pt-Re-Os [/ 7 2 A1 HE-W [& 2 R 2047, iR
O OsTU LA W L1 R $1 5 R & FEAE, T B R
HOFRIRAL 7 22 e 08 I LA % T B F) -8 T 28 2 (1]
WY RSB ATERR LR ; 55 50, R B Bk S B e B A (R
BRI MR G R (SR LA, B BRI FR e 7 )
BAESRAY) , 38 X R Bk B 45 T IR M 48 4 1R) i R -PGE
BE5T, ZH/MT 2 RITE U 80 R 4 U E AR AT
&, AT B R TR 0 T A B A AR R R Ak
iE; TP R & S NI BB IRUA M58 8597 ) Pt-Re-Os Z7T[A]
AR ARGEI T, AT B2 A (R R B 0 9y R AL A AT S
Y1 BAE IS TR 5 4 ok o 2 S S R -0 0 S -0 0y TR
FHEPNEACERL, BALXT o IR A ERIZ 1T AL RN

4.2 SRE RHEEEEENRIRE A
Re-Os AL RAR T LN &R KEEEF, RMEN
Shx48 B B YR AR E S T K R, B AT Re-Os RAL 2

FIRETE 10% 24 , RKIBRFEFREE NS EABRAE L
B Au H R JEET IR MVT Pb-Zn 7 REH IRE BB 5T itk —
BPREBRAYIRE. SHET YA Ar-Ar.Rb-Sr,Sm-Nd
U-Pb ESEIE R A LL, Re-Os [FI L K EE R HETHE— 7T H 8
JE5E 5 4 F8 % ) B AL Y T BB AR A B 4F 4K R (Selby and
Creaser, 2004) , BT A4 X & 4T . H Re LY FK Re
BB E LR Au BB RGETFFR T KE K Re-Os
EE TR, BUR T BN EF 4R (Ame et al. , 20015
Morelli et al. , 2007 ; Steven et al. , 2015) , SR LA Au 5"
i # BAERERNTARR, () RERD M
IWE Au B KEH R B ZHARLY ALY EERETY
R K Re FALY 5 R BRBE W FEIESFHS (Wang and
Groves, 2018; Wang et al. , 2020; Yang et al. , 2020, 2021a,
b), B, LHMERE LR AuF IR Re-0s EER, HATR
BIERAD KRS AL |, 15 By 3L LA-ICP-MS  TOF-SIMS |
Nano-SIMS & FBJF W ¥ 25 (L4317 , T A RIM B A
TYERIRSI AR AR B, FTHR i L& Au §7K Re-Os &
FERNBRNBEARESEME, Fln, HX & Za MY
IR Au B BR, FEWH S WA, KA G R, K
BEEHLY Re-0s i 513 & AE KK RAYRE 5T
FRAEmMAY, TEAT YIEFS], EFERT HLETY
%t FFJ& Re-Os & 4E (Hall et al. , 2021)

PEET REA BB AR PR IR, KRB AR
SR E BT fERE B P EE ZEXEZMIEM (Richards
and Mumin, 2013 ; Henley et al. , 2015) , T B H H#
BIKERNLIER T BET R RERFAT R, § 3|
BRI LA B 43 B ST, VT LASR 7R B e Ak B SR U L B AL
B2 Rk 48 H 3R % 5 B ( Zajacz et al. , 2010; Mungall et
al., 2015; BRIEHRSE, 2020) o H AP X & A K Pl Bk A 19 6
W LA, RIERA XA R AR WL SR B
BEE B KIEEEE Re-0s &, HE R AR FEANEIE
BE U-Pb 58 4F, A LA SLRBEE H1 98 3K - Wik R G B = 4%
%8 (Yang et al. , 2009; Correa et al. , 2016; Li et al. , 2017),
X T @AY R PIEA TERNAR. B, BRK
PRI R BE Re-Os B S B AR E U-Pb EEMH
PRI EN A T HARE A B R, ATTA EX AR &
S & R EEIEI LU R B 7E AL BA #— 2 HIAR.

AR KREFTRERNET EANKRERRLY
T RERE)E Pb-Zn FIBFEREZ —, —HREMFERKE
BFFT A Tl 3R 825 9 B s (Leach et al. , 2010; Wang et
al. , 2014) , HUIBRERET S AN Pb-Zn 7 R LIHEH €
F.0 KRREFEERFIS, NTIH L4 T RERPF A
BT EIRAR, T Re-Os AINEAERRERL R IKEF
AT EFBr 22—, #20 Hnatyshin ez al. (2016) Mzt B &K
Northern Baffin Island #[X. Nanisivik 7" K # £k %" Re-Os & i}
ZAEHRSH 1115 £52Ma, Liv et al. (2015)#ET K E
IR IRTT S50 - N T YIXT B Re-Os S RTLR4FIR R 20.4 +



1572

3.2Ma, FUEBRBIF AR T Pb-Zn § IKRBW ik, FEL
HEE, RSN ET a6 NREBHRAYY KEESH
BRIHFESA IR, 7E Re-0s AL R W ER, T XHE AN
4L 7R (Song et al. , 2020),

4.3 BSHWAEEMRIRMA

WGRRTE R ERIRE R EMEZE RRIRE R
A BRI E T S MR PP RS — R E R A B AR
s 6] _ERECE , B b 7 I SRR T S R A R e AU AR
SR KE, Re f1 0s B FHA VKT EE, o
KRR RIS RS 3T LR R I
P, Bt Re-Os [0 K A 7R & B B Xt M AT 2 45 /0
BIRRE R EEF B (Selby and Creaser, 2005; Ih{&3k
& 2011; FEH%, 2020),

L4k, R Re-Os R BB REST W REN 4 -
BUR AR IR A B I3k 3 [ I 5 3 1 B4 38 4 LA B
BB HEBUR T — R 5% & (Finlay et al. , 2011; Liu
et al. , 2018, 2019; Georgiev et al. , 2019) , (M S FK K Re-
Os [Alfi & %€ 4F H RN R & 68

B, MK Re A1 Os 3 B — MK, BEHMMBASE
TS AR RE , R ELIEH A Re-0s ALK 54
Prid & B Pk R (Chu, 2021; Chu et al. , 2015b; Z=EAEEE,
2010, 2011; ZEZR%, 2018) , — MR JEI AVE BLBVE I 75
PR Re-Os ERTR MR R A B, MAE W &8
# Re-Os SFBT R TE R A T AR R, Bt
A, R IR A VB A 45 5206 IF B D 9 T LA A LA TR A 4K R
Re 1 0s LA R Os B 240 1, (** 0s/"* 0s; Cumming et al. ,
2014; Rooney et al. , 2012) ,0s [F){i Z 4 B H 7T A F IR
BICEHREE

HIK,JFHHH Re f1 0s FERFERYFT R T, HR
FRBAIATERE (Selby et al. , 2007) , YiF HA WHHTIER
YRR, SEUTIEL 2001 Re 0 Os F B — M B & ( DiMarzio et al. |
2018; Liu et al. , 2019; Mahdaoui et al. , 2013) , {EfZBRITIE
JBUF , Ui BK A 5" Re/'™ 0s F1'™ 0s/'™ Os )2 {LAE Y &
. VT BAEHERUR 2 FERIEIME Re 1 Os S BT HE
517 Re-0s [RALREMAE L, AR F 24N F AL & 2
i Re-Os ERTERAER

BE BRBERBUR S, 2R M SR SR
e B i A A ) A S TR 5 22 ) P BB FEAE AR [R)'™ 0s/'% Os
PG L AR | 220 1 3t B B8 S5 L RS F F A 22 Re-Os
R REEFHR, B0, "™ 0s/'"0s FEF WS AHR
B EH—HLEINREAR B 5] & X Re-0s 4E 8 #1572 LA H
o Georgiev et al. (2016) 12 FA AN M HEAT & 4F LA AL
AL, B RS R B IE M b 43 B8 I — SR o 48 3 i U
JE# maltene #J5 Re-Os SBF LR 4F e, WoSh, A AV H i
W53 #4T Re-Os R R EEM A BE, B HE RIKA 52 (7]
AR 0s/'™ Os 2 BRPT B A2 1 A 44 3R o0 '™ Re/'™ Os HUAH
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RIZEHETS IR H), AT AT Re-Os [ fi R EM L E4F, BT,
XA EF TR AN T 2 A R R S,
HEFEGERZWHHT RBREEE/, B R AA A ZIHLL
FAFERY o R SO A R .

JE It Re-Os [ fir 2 {4 2 A1 4F L FH B9 AR HETE H 4528
KESLHRMLEFTZHEH. BT Re fl Os EFMIR
e TR A RO AR R AP AE S I R A6 247 0 A S
RAREWE 2 AR EOR, ¥ 7 [0 8 LA T EE R : il Re
1 Os 19 EZRIF (R IRE RE A FAK) \Re T Os 727
FEIFFFETL K &Rl s B 72 (A0 i e ) R AR P AL 2
RRELE RS ) A RIAYLBAEZS Z 18] Re #1 Os 1518 5
ERBEME, F—I7m, 13Tl Re-Os ALK EF HIbRHE
BRAEHERZ A, I X NIST RM 8505 Ji i AR ) 43 1
BrFs &M, €T A& & 15 R < Re-Os B4R B R FRAE
(Hurtig et al. , 2020) , B BLBF % 36 38 & T UHE 4F BOBRAE,
BRI — N8 VI T BRI [ R

RHeTH B A GBS SR Re-0s [F £ K T 58 5 40
M EEWFRA , #L Re-0s [ R 54K CTEK (PGE) 4
B HRRIRAE N B B 07 8k, (R B 08 2 15 - 4 o T SO
Re-0s-PGE 73 AT EIATAE ; R 41X AR & T LR G T B
KX ERTE AR S K Re-0s [/ RFE#R I
ZEWRHTHXT L, 3R A TR RS Os R R M
Heoo# (PGE) B, JEL5E /2 U 75 A0 R B0 T AU AE 18 , #50
HSAERE FEEMRRESET R, BRI REERERZ, B
AR FRE MR GE M RA  , B AP R
B E AR HERE

5 &

(D)Re-Os BSHERMREFHREEEENESBRY
RS & B VURTTRE R E R AR T B B R
HH Re-Os AR @ FIREIE K, 18 VT ERABGH BT
TR, KIBHEF Re-0s R R E FHMWEHEMRINE,

(2)Pt-Re-Os #1 W AL R A AT EAR T E AL EBHY
e E o B REME RS O HBCR, AR R LI
FRBALBEAT I &, - S RE T, TN ER
Pt.Re.Os 71 W & B i B HERR S0 4T, A4 BESE A BUUR BR 3t
PR Y BB ISR

(3) PGE JLHE MBI A i 7 Bk, M HE BE A 5 ot —
2T

i BT AR SCRITR RAR T Bk
GRICT §< 3008
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