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Abstract The rhenium-osmium (Re-Os) radiogenic isotope system has been widely applied on the geochronology of the key timings
of the petroleum systems. Here we focus on the application of Re-Os isochron age constructed with crude oil and low-maturity bitumen
samples while discussing the optimization of Re-Os dating based on the understanding of the Re-Os systematics of crude oil. The
commonly low Re and Os contents, limited " Os/'* Os homogenization, prolonged geological processes and the heat-related crude oil
transformation processes encumber the construction of Re-Os isochron age with multiple crude oil samples. The main Re and Os bearer
in crude oil is asphaltene while the Re and Os concentrations are higher in the fractions of asphaltene which are easier to precipitate.
Heterogeneity in the Re-Os isotope composition may exist within the crude oil. This may be disadvantageous for multiple oil dating
while opening the possibility of using the fractions of a single crude oil for Re-Os isochron dating. Continuing practical application and
artificial experiments are still key for the proper application and understanding of the Re-Os systematics in petroleum systems in the
future.

Key words Petroleum system; Re-Os geochronology; Re-Os systematics; Fractions of crude oil
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FEME G R T 2 b H 1 TR AL 52 55 oty R 5B 4 3 5 40
TS, DY) SRR AT AR R R FA L
B L X5 59 Re-Os 5 K(Ar)-Ar Rb-Sr.Pb-Pb,(U-Th)/
He Zf SR B s th il MEA S WS REM R I
EEFE(Ge et al. , 2016; Mark et al. , 2005; Parnell and
Swainbank, 1990; Shepherd and Darbyshire, 1981; Wang et
al. , 2014, 2016, 2021; Zhu et al. , 2013; X|3CIC%, 2015;
IRfeT4E, 2009) . Bk(Re) FIER(0s) REFIRITE, LR
HEERBEARETERNETENRRESKERE, B
FAREERNERTHEE Re M 0s, BIAE R
FHH Re-Os BRI EERGATIMIALE T XR
AT IR] 5 SR E 4R, QR TRE UURR L A i T OB TR By 8
RPN FE T BRI IR R (TSR) 48, H BLAE h IR XY
AT X RZRAR P T —EWIEH. EA¥EERN Re-Os
EEFBESHIAEFTHMASE TEERR, FHERE
AR EA EE WS ARAE AR (Ge e al. , 20205
Wuetal, 221 MIEFHT EEMW M) ZH (Ge et al.,
2018a, b, 2016; Shi et al. , 2020; Su et al. , 2020) , 34T T
I 28 .24 B/ B2 TR (Qiu and Zou, 2020; Sai et al.
2020; M, 2008; KRS, 2014; BR¥E, 2012; 1%
FRMIFLEE, 2021; FESE, 2017; XISCLS%, 2013; B4R
FO4RA fE, 2020; FEEBHE, 2020; ik %, 2011, 2019,
2020, 20155 EHEHEL, 2013; K& WE, 2021; HKiE%,
2017) . WAh  ERILBHER T — RIS MR GHE-H
BRI R (AR U BRUK LA K K Ak ) o Re-Os (15T
FEA[E L R & R RRAE K R AL 2 17 4 ( Cumming et al.
2014 ; DiMarzio et al. , 2018 ; Hurtig ez al. , 2019; Liu et al. ,
2019; Mahdaoui et al. , 2015, 2013 ; Rooney et al. , 2012; Wu
et al. , 2015) 423 T Xf Re-Os & SE WL AR IO BRAR . 3R
ER,AMARETH Re-Os IR E BB, WHT —HH
R F B, Aid,Re-0s EEMI ARG D WA, R 51 2
ETFFE(SUERBETH) B Re-0s E4F, HRIRBE T Z
FS RN A E ISR . % T U0, A SCREER T HE QB IE A R
MBS, AR LUAE 51 K, R # & R LT Re-Os B
RM#—FRBAARA.

1 Re-Os FfEMrEAR

JEM W H T ERAR S HLBR: & B R 58 2 Re-Os T
X Re-Os B A EE, LRI B TR R4 g0 B A
SN A R (Hurtig et al. , 2020) , X 1.5 Re-Os &
FW PR A PRI Z — (Chu, 2021; Chu et al.,
2015; Yin et al., 2017; ZFE %, 2010, 2011; FEAR%,
2018) , B5E,BR T —LARIF LGRS, SR R R B [
Wi P Re 1 Os & BHM LK, RIFRAREN LB RHE
FHRBBARER, HK, AYUEHSTE Re-0s WK
fl LR L 2ER AL K # CO, , 78 200°C 2K 220°C MK
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BETA5IREBAERBITSE, AR ETEEES &
PR ARSZBIRS, #E— SR T Rk B R
A58 P 8 1L 5 TR 7 48 VAR (HIPA-S) BT LUCKEAY: i FL B | BR A
#FHRIBATE B8 150mg( Selby et al. , 2007) $2 5 2 450mg
(Georgiev et al. , 2016) ., [RI&, 755 FH EC T 0 15 WRG3 EK
POAGE BAUEUK L REHSRE Al B B 3R 7 2 400mg, 3T 325 3%
PR{E 5 B E (B, 2011),

£ EEZKAr S5 B AR5 Br (NIST) # RM8505 R i B2
Wi oL % IR H HEFEVE B PB4 Re-Os R K W
R BARYEY) I (Hurtig et al. , 2020; Liu and Selby, 2018; Sen
and Peucker-Ehrenbrink, 2014) , 8 T AF —EEHHEHE
9 RM8505 J& i, Liu and Selby (2018) #f#iiAag RM8505 &
FEMAMK Re-Os TEEEHMEMNRARSEENER R
CHEIXHRER ) TE. JLA, Hurtig e al. (2020) 4 T
5 ANF A R (NIST SRM 1634¢ F1 EnviroMAT SCP Science )
) Re-Os R RARSHH.

2 WEHREEIEIADH : Re-Os (A RKFIEM
it

FYLERTUFRA B Re #1 Os i) H Z i FE ( Selby and
Creaser, 2003; Yamashita et al. , 2007) , Tl 2 ¥ B & B B2
BRE BT LI Re M1 0s FREEEKM—-BWMHEK
(Cohen et al. , 1999) , A3t ,Re F1 Os T EH IR AGTH
BHREREENFHEZL B Re WERAIBERETH
R IR A, T Os B R SA VUK R EHE Y] (Creaser e
al. , 2002; Yamashita et al. , 2007) , Rooney et al. (2012) 0
Cumming et al. (2014)%F I | I1-S A1 I 26 &Y F B AR 2 I & i
FTRORBRUE R SCIUER , [ A] LAGK AR A2 I 25 ) Re 01 Os
EAK Os A R4 ("7 0s/"™ 0s) % {5 8., H L AT LI Os
R K #EAT W PR T L (Finlay et al. , 2012) . @S X NE
KU AR -A K R Exshaw 4 BETUABR KRB HA
Foe BRBE AL B 5T, Creaser er al. (2002) A BBER&
M Re-Os JLERE R M9 € . E81% (2007) MZEE %
(2010) WA, A4 B BB 3 AR IR E H Re-Os R R MR
3. BRIBZFESMEDERLRG R BHEMEREE
7E Re-Os fA R ERZE R (HFH R Re/™ 0s) , A AN 12
AT Re-Os R R EEMUZ R RWBE W B 0s FALR
AE—mgm, el fEZ BRI E B AMHER R W, o,
7K Re #1 Os [ J5 i ¥ % 1) 3 22 4E % R 2 ( Hurtig et al.
2019; Mahdaoui et al. , 2015) , 31 B 7Kt AT BB 2 JFH #F Re
Os FE R,

JEMFT LA A7 SARA DR R4 41 , BIY N2 ( Saturates) |
F4% ( Aromatics ) | B¢ Ji ( Resin) F1 i #% J& ( Asphaltene) , B
56, SR R LA 0o B E A ek i 7 X4 B Sk B B A AT
¥ % (maltene ) , B J5 °] 6 W] 7 B AL €235 5 ¥R 20 B M AR AN
B IS RRB R . AR Rk AL LR R &
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Table 1

Properties of the commonly used solvents and precipitants
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PR ot 26 4 Lik 3 IEBEE

i

£33 2A KBUEY

B (C) 39.8 110.6 98.4
B EE (g/cm®) 1.33 0.87 0.68
Hik B > &L > B E > EFE

3RBUEY MBS RBPRMZRL

56.5
0.79

BORBWA N 1.2A2B3 4 SLH A 2A RERATHEA
BUBY" i3 RY TIPSR R HBURE# T4

ZRPRERGER SRR, NRENEEEX
EERBLEHERARNEESH
ZRRRERERTRE; RREFHER

SLEMRE, FEEH Re M Os, A FELRE FHAHE
BIESFESBENRAENSEA—EX2FaNH¥EL
M o P IR AT BT AR AR R AR 4 S I 3RV 8 LB
Hoyr. ARFW, S TFEWBRERWIHF R REEMT Re M
Os EERE, Mi—RELT SEMEEFT I EERK
WA R 5 R Re #1 0s B 8/ —/NER 453 (Selby et
al. , 2007), B, %F Re Fl Os A& IRETE R 0 8
PLEEERFREA Y H RIRLE ST Selby et al. (2007)
M Re F1 Os 7 J5H H M RAFTE X 7l BB S USRS Mg sk 26 7
BAEX, EREREEFRER FMBROUWETFREK
M BT AR, QA W R R AR IR 4H S K 4, T v 1) R e
ZERMEBEVF A SE R Re-Os AL KA MK T
E e As (Lillis and Selby, 2013) , NI, 7E Re-Os EFEH R+
TR U5 B R & 5 R T IR R &, o AT LA F R A i
BB ; R, Os BALE #EATIMIRRT LU 7 H5 7 e 2 o
BB IFBAEYR SIS YIERE R KT KA T E,
TR MARBE AT E AT BT BT, H Re-Os
FIML AR Re-Os RIS RAETE, SRR EHFITHE
i Re-Os S5 £R4F 1 — MR AR R0 I T PSRRI AE 12 (Ge et
al. , 2016, 2018b; Su et al. , 2020),

B KRELEREK, Zhou er al. (2012) 5 WHHF RHITL
E— BIF , FUTE R BE R M 4 FR B 0 % R ek
Wt & A Y, 3 U8 B AT DR SR A AR A TR M BORE [R) — [
W B4 AR R 54 , BRI 4Rt DA U 78 R PT o Ao 2K 18
% ( Asphaltene Solubility Class Index, ASCI){E & ¥E 4t I & i
LSRR M TabR . SEI 2 Xt U 75 o o U0 3 o AR AR 4
— R % AP B — ICIR B Y W P DT R AN 7R Y B SE
B, REVE AR R AR A AR R (R e sl B o8 L B
W BRULTE MR FR T vE ) (1E Uk  IE R BE BRI R ) o 5
WBUHH A THEN S, A REMATERN EZER T IS
HIBE RUITE, W 8 O K O X B Uy SR
Ja , B P A E Z YRR AR BOR — R ULEY ; fnit
B, BT LOE 2 PR w 1R A W P TLE ) Lo B 9 O U3k
BEIHVIIE R RNEANWE R KL S, Mahdaoui et al.
(2013) .DiMarzio et al. (2018) F Liu et al. (2019) 5&/5%|FH
BHEXWE R IRA 53 H1T T Re-0s BER, A BEHEH)
R FMUTIERA BT AE . Mahdaoui et al. (2013 ) F1 Liu et al.
(2019) ff F 9 — ST VR R TE BEAE (B IE ke ) - — 4R 45t , B

S /

EER- SR
ERk-R%

1Rt
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TRF(ERER AR Z TR BETNE (%)
B1 REZTREENH SRR
Fig. 1 The changes of polarity of different binary solvent

mixtures
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Fig.2 The changes of density of different binary solvent

mixtures

i A ZARFEK G E B . T DiMarzio et al. (2018)
ERL-— R P L (H RF)) MNER-F % (A R3)) AR
# IO, B AR R AR — AN R B R . B REFIRAEA
R BRI, B RA ST EIR (R 1) . BEUTIEN 5 % L pl
HAEL, —UR-A AR (B 1) FEENEE(E2) th
Wz,

Xt F Re #1 Os TR EHE, — MRSV HRKAS TR
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Fig. 3
asphaltene, maltene and fractions of asphaltenes of the
RM8505 and Derby oil (after Liu et al. , 2019)

The Re-Os isotopic systematics of the crude oil,

R, EEEMTRASEAR; X F' Re/'™ 0s 7' 0s/
0, A LL U5 AR R B W 4143 Z [ AR AL ( 40 32 E AR R
Derby 1 Hi — & R B0 415 ) , 75 Lok & iR 40 43 2 (] U B
BRRE (4N RM8505 JiiH ) , 3 2 BB S B AF W R BF 42
(& 3; DiMarzio et al. , 2018; Liu et al. , 2019; Mahdaoui et
al., 2013) , F—HEAEREK HRIIM A RFRASH
i Re-Os & R T E A T A A ( DiMarzio et al. , 2018),
ERER-—RRRE S ER A REEXRHRPRER,
Mahdaoui et al. (2013) fl DiMarzio et al. (2018)¥UHFHF B K
UTIE SREBR R R, W R ETIRNBAREEIRA KA,
i Re #1 Os ZE M F 2 i SREH X, REAARE, W
HR- AR5 B S5 72 P R, DiMarzio ef ol. (2018)
KK RTIGE RIIIE K Re F Os 7EJ5 i o 43 4 Rl B 5535
FHEMBRER X,
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AT IEBRER ST EEN A STHERYITRE UK
Re-Os TR FEHN RN REHA—ERRENARR
KR, EERFRS, EFR-— AR RBREBERELR#
BPRAFEENORL BEERE, NE-PRESHEBH
FEEEREMREE S, BEHRHEERFERR-_®
HREEB(EL) ., BBREARGSEREARESTEYE
TGE R ER S TTIE R e R 4, BR T IR/ B R R 5
SAEHMBESERAFEFSHORELRIEHERITE
( Mohammed et al. , 2021) ,iXSeBIR B BRI EHE
HEXRRIITRREETRNLEREF. A, REMSE
MR R B AR YT RIIE R TS &, Kk, B
TR REBURERANAREMSEENE , EAF
BE(HE 2) Fidr 5T RV, A5 R ITE RITEM AT B A
RBHERFTHFENEL, BT RTINS L, 5
SCHR AR A BR BRI S ¥ 75 R U0 3€ i 1 BB R B RT3 AR it
D KA ER . ETHERKLS WIESHEBRN L E—
BOEL B OBOT IR, E RS ES B P HEE RER
THEMRMERET ER. AAARKAERGRETL
B AR FUUNE T R MH 5169 Re F1 Os TREEER.

FIRGERSHEHENBETRGEHREIRTHL
B EBRIBRTHBREAERN KN IREEAS. iR
T RS R Re-Os A RMWE MBI TFHERKLASZ
[E]# Re-Os A RMZER ,H— MRS FEF KM+ Re 1 Os
TUR F BRI 2 T AT A {5 B 06 6 BE R AIK, [R1 B o VT B
BB Re-Os RAIMBHBEETH RBEEAENL. BER
k3 B — R K 41 53 Re-Os %E4E ML W T B Re-Os &
BREES BN S EEE A58 EHE SRR
R A —EBUR SR R FR S SRR ER,

3 ZJENAER Re-Os HINEREE

B Selby et al. (2005) & YK 3E i B Re-Os [&) {7 EXF
BFHTEELR, FMAMPTEK Re-0s EFELEHA L E
MEMIRENTRPBATLH, BE,FERAZNEMM
ERBE T F MR Re-Os FHRER KRR LA
A G BRI E A R R, HARA R R ZE TXF Re-Os
B 803 3 M BT HLA UL IR MR Fl. Mo, R BT RB I
Re-Os 4F 8 MBI E BE R B0 K, — 07 T T BB R B8 o4 IR wh A
{RBRE B H # Re 71 Os S REBBMERNAEEAS,
A—HE R E N R 2 Re-0s (K RIFEARF T
B Re-Os EBTZRAE RIS (ANH0 8 Os AL R ABAE—.
JRBREY'™ Re/'™ Os 705 F5] , 18 4 A4 A ot 399 i B Je 9 . R 150 o
2%,

JEI "™ Os/'* Os 7£ HE 2 A K 30 R 13 72 P B9 39 — B BE 7]
BAER. ETRESHEDAREREIEXEMMEET
GAEBIAEN Os B AL R ARSI, HEW S (2020) HER £
73 b5 1 P ) B A R B DRk BT 4K AR B B9 0s/'% 0s B AN



ANGEAF BB Re-Os EHFHARERERZ

B - JR TR A TR B A i — MR 2 2 7 — 28 B[R] [ B , 31X BR B
BP9 Re 1'% 0s M EA SR IFE '™ 05/ 0s K, {0
TEA MR A # X' 0s/'™ Os 3% K 5 H'" Re/'™ 0s AR A
[Fl. B Re-Os BFFTR, BIER /N2 (8] 78 B A B A [R) 2 U
£ 5 H" Re/"™ 0s — it th, A FF A [F] ( Stein and Hannah,
2014) , EMERERFIEAK' 0/ 0s ZETIRE 5E 2 Y
— BRFEMEEY 0/ 0s hSH Y FEH, XEES
VIHR'"™ Re/'™ Os B 14 5 Jo 25 v 22 BT BT 22 137 4 3 S it )
KEHXK. A, EHESFNTERS T LB R
B AR, 2 TR REERDIRE E(STF
R PAKRR BOKR) s BIEE W RVEH — B ZH TRIR
HBRRTLBREE B B R F, FHE A" 0s/'% 0s ¥—
1L Re-Os B SPE B AT BB F B R EEHREWER B
AR, A R BRI R AR B Re-0s FoTRER
VRN 3 N Bur

JEi' 0s/'® Os ZEHEAR 55 B0 b A 72 AT BB 1) F 1
—. BREAHR EB BRETBPRKENEREHE
AT AE R R 0s/'% 0s B8 T3 —, BAEBNMEHBE R
SRR EIRH A TR A ' 0/ 0s Hy5E LW — LT
FATfER) . JMIBA Rt k"™ Re/'™ Os #m FH#—, 0
SRR XER Re/ ™ 0s H R, Hi, RELF 1
15T Rl 2 ) — Ve R P B 3 A A 0 Y v R () R A AR X 2
—HY Re-Os [R RLA AR, (BAHE 57 A9 I FK Z [B] 7E Re-Os [F]
MEARLAZER

AR R OB R F R G E 3 R AL
GBS BT FR 1 & AR B, R 22 M Rd ] AT B LA LA
EZILHMERE. ARMEMR(HE) B R SE W e
RAERFR 4 % 5 H A0 R AR SRR R '™ 0s/' 0s 1
B B IO R 45 RGEHHTT S BT Re-Os B 8, X WA FI T
Re-0s B, MNASIM—NAEXRE, XWATUEERERE
B %' 0s/' 0s R —H 5L

TSR b J2 K B 4 3 A 2 SR Re 1 Os (9 EERIR,
W' 0s/'* 0s HAETE 25 55 35 MR — , X 2 B K o W 3 v
3R, AT LUK — Y'Y 0s/'® Os {% 38 25 J& it ( Mahdaoui et al. ,
2015) , {HANR/K A Re F1 Os HR I B8 2 ) S R U
T, B TEEES —'" 0s/'® 0s B AN STHE RS

BEGIIR' 0s/' 0s A3 —(BFF & 51 W 1§ BLE
& #7 Isoplot Model 3 %Y %5 it 4%, 51 40 7 i & K YT AR & #tb
Duvernay 412054 BT A= BLA M ( Liu et al. , 2018) , B,

BHAAMEBRERBERRSWMRRAE EMBEMYILA

70s/'% 0s 434 . FEMAAKRRERL, BIESRLRL
RRFRREMA LR (SRR) FTHERER MY R 0s/
'8 0s 5 HLAERRE TP 05/ 0s I REREH/N
A E B I T BA — B8R (Os; ) IFE i BRI S Bt 2R —
MBI B F MG (Ge et al. , 2018b; FEEHISE, 2020), 24
R, XA Re-Os (R RBLRZIHF FUHIE R AR
P2 B RR LA RS L (TSR ) BUE S VE RIIRZ MR
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H Re-Os %2k BT & B IR BT & BB 46 Os [RIALR
HES RINARRETRE Os AL 3R A BRI XS H AT LAX R A1
Ui WA HEAT /R BR (Finlay et al. | 2012) o 4R, 8 FHI
RIEEHE , BRI R — EE TR Z R R BT
f& B B4 B AR A R O Os R RE—ERE EX¥—,
JEH BT 46 Os Rz 38 4H RS Rl B i R 72 FL AR U TR it AR A
Os Rz 3R 4H RRYE BB =2 PN B — 1 SE/IN B L, i T 0 B T 32K
3 X AV R U SEBE(Liu et al. , 2018)

4 R—hAERRIKYL 5 Re-Os SERTEESE

WA R, 7N 17 SR 3ok 4% & =2 ) W] BEAF ZE R R A 4R Os/
®os AN A FEHETREAHTERRETENEE,
SR IX LRI , Georgiev et al. (2016) $ i Fl 88— [ K9
W 5317 Re-0s B M 785, BIXT R — JR i B Rl A [R) B9
EMRRA B —RINGE RA AR, i X EmNER
W, — R AT 2k (B 4) o N A% 7 B, Georgiev et al.
(2016) Fi—/NEmh ey AR B AR T — MR R R
HTTFRE R ) Tsoplot Model 1 1) Re-Os 250 LR WY, AR
FRBEVIRRTEE KGR T RE A M FER, s,
Hurtig et al. (2019)ARHIK T 7K Re #1 Os B B R IE
BREREETE.

Liu et al. (2019) i Ff Georgiev et al. (2016) i B AbFE
ANBE HFREE N AR RS, HEERE -1 RE
BB & BB RIS . Hurtig et al. (2020) AHIXBIR
FESMKMAHES X, M Liv et al. (2019) WA RHE
EREEZMNERSSE LT RRS . AIERRY S 2H

9

//
¥ I
270 Ma _— el
= - 6.1 WAt //
8k MSWD =598, n= 14 — -
e s
b
*
v
- .//
-
Tr s
L2 Z
e // . e
6 P - n-C.
e =7 n=C, W
o7 -
7 AT n-C, n[ife i
P~ sl
7 2
5 P (4707 % iR e~ Os7F i
e 200.0 £5.2Ma
-~ nC, i 0s,=1.39£0.11
e : MSWD=0.52,n=4
4 L . L L . L
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"Re/™0s

B4 REIEMLERES B IR BTV R a4
i) B — 57 Re-Os SE4E (1B Georgiev et al. , 2016)

Fig. 4 The single oil Re-Os dating with the asphaltene and
maltenes separated by different n-alkanes (after Georgiev et
al. , 2016)
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FENESHEE RS KRR, HERNE S ERE—H
{34 T F& B9 # % ( Corbett and Petrossi, 1978; Liu et al.,
2019 ; Miichell and Speight, 1973) ; ZEA 5] IEMIBEIR 19 53 BS 1
AT REFHERS W E R ZM . TS EEZE AR
MR —/NER A AL 4 BB T U B BB ik R P i R o
WiHE BRI T R 2 A | T R T R 2 () KB A 6 LA
ME—BH BB B, Re-0s AR LMK (" Re/'™ 0s
' 0s/' 0s) ERBASHREFI R, FEFIT R AR R
FHERRINSAUBRRAIEAER, AEHENERY
Re-Os ZRTRFERMTFEN BN, R, THERELE
K TFHER, BRI Re M Os SRELHFHRMKEBEL,E
FETEYN,

FEmma] fE 28 Re-Os JE 14 (Lillis and Selby, 2013;
Liu and Selby, 2018) , ZZH (2017 )X —H4 5200 BHZ
REEFFERSEENE Re-0s RY—MBEIET KL,
WHEREZ WA TR RNEHRARA IR
HAb , M7E Re-0s FuT LR ANR R AR BT, 230 I H BT
WA = MERA R R R ELR, E &R B
AEEQRE, CLERERMAERNES L. MEEFE
WE B R F R SRR E IR A B X
FHBE AR R X, AT BN B — MR A 4 Re-Os (£ R 5F
AEM B —H RS . RIS 2%, BARE B IEM b
S 0 ST R 2L 43 TS O 1 S R TR B ) T i T 2 LR TR  HY
W EEL FRERZEYR ENERNEXSNERARS
R, B, NZESHMMAEBR A, RERR R
Wi B BV A Re-Os S5B3 28 & AN RER I M AR IR A

Liu et al. (2019) #4F— & 570 I 5 5 0 W] 5 I =22 18] 2
RZEHL RM8505 J& i 1ff ¥ Ji K 41 4 22 B i Re/™ Os
' 0s/'% 0s §y 2 4k, A g3 6 J il P O] BEAF7E Re 01 Os
MBAERR, FARZEAGRRATRRETETRMRERK
(aggregate) B IR #E (cluster) , Pi F Brik H 7 B4 112 fl Re-
Os FHTREE ML E KM Z—, RM8505 JF ¥ 7 i #9 K
LAY T BE R ST 24 98Ma i Isoplot Model 1 Re-Os 2% W % fif
%o At , ZERERXRTHEERFESE(AERTHE--
-FRE LM La Luna 4) I A5 2 5 08 (97 k- AP 3 i, 34
~5Ma) , th B F A BB Y B B AE R A (BR BT I, < 56Ma;
James, 2000; Summa et al. , 2003) , K Fi#EiE T RIEE TR
4EHY (100 ~86Ma) . Ui FIKA 7 BEARREHEAT Re-Os 4,
WA HEAT AR IR O R LR AT AT Bt — B
i, WRTETR ,, V5 B R IK 4 4 Re-Os 0T R 0] REZ T H IR
BUR R B/, BMERE S R T RE S > — REE DS Re A1 Os
TCER EBEREAR T 0 BE AR 22 (B A K VT B8 2 IR
BB B aT LR . BESh, B — SRR 453 Re-Os BT LR BT
BRI Os RO RARAEE A B RN R RS EHE#H—
B
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&

5 WIsRER

Re-Os %4 M HY S 24P 4 B 23 3 K BN I SE B &
B M. BN, Liu e al. (2019)F]F RM8505 J5iih i 5 Bir)
WHM R T B R IRA TR AR Re-0s 4E %, 14 )1
VPSR R A E Wi H 1Y Re-Os 4R #% (414 +44Ma) B N 35
FRAETHH (Shi et al. | 2020) , X IG5 L5 B TR FMIRAL
PR I PR A TR AR | B R U R TR P R AR I
HE PR TR], — 7 T 50 P AR B SR BRI A, 5 — T TR
ANEEEFIEmERETE X —RIMELE T Re-0s
RRMERMEAREE R, DA RSP RAE A F
] BEfR I Re-Os SRR MM TR E M

Re Fl Os ZE& MR 48 1 70 R AR AL R AR RAFAE K
HHERILZEAT R AP AN BB R € F M ER, — 8 E
B AR Re 1 0s ) FERF(RPERE M
JHR) \Re 1 Os ZEJE M H M IRAFIE X & Fp b S 72 (20 )R
THEPAREMAE TR IE R R N4 ) th AR R A YL A A
Z 8] Re 1 Os it SR REMS . Kb, BRARELE
K sE g A R ECH AN TR R Re 1 Os & BB, AT RERE
TSR PABERS T Re M Os 1 R i) # % ( Cumming
et al. , 2014 ; Rooney et al. , 2012) ,{B 7] GERE /R T Rl
B Re F1 Os ZEBE 230 100 2 b U0 44K 1) J o 10 5 38 T A R 44K
B 2V A7 & (Mahdaoui et al. , 2015) X RBURIES Al
BRI AR AN Re-Os BESXF BB BY T W ST IR USR5 R P Re
1 Os B TTER, X2 B A i B8 12 A AR A B A SR, Tl HL 80T
S5R\EEMOBTIAEM . B2, 8IF Re Ml Os EEHF MK
REFHIRICET R R TAEEA RKABEE.

EEMSAM D, 2 T RMABMYE T ERE & .
e B 2 KRR BB RR I8 18 E TR A T2 AL
% —Z5 SR B R AN AR A A (R A2 (] B UTED, AR
FER2E TR RPN SRR S 4 LR A K B )
., BREFEEZ W BB, S S AP Re-0s &
EFEAREAT MR TR, e, BEMSREF
Re-Os tEFSH A, REC LR 3 T AETER A RP¢E
W LB MEFERERESTEENRN T RIATE , BHET
ST NSRBI R E S MR, AT LA
W, B R Re-Os EAEBFFTAE B A E ZRBFA
RS TR AR E

Bt RO A SR E SRR R IR E T KA
T
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