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Abstract: Basin fluid is the most active geological agent in sedimentary basins. having a close relationship with the generation. migra-
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tion and accumulation of hydrocarbon resources. Accurate determination of fluid flow history has been a challenging and frontier re-
search topic. In general, the previous studies of basin fluids mainly rely on the analysis of fluid inclusions, which is difficult to success-
fully reconstruct the events of basin fluids. More seriously, this method is unable to determine the timing of fluid flow events. Authi-
genic calcite is the direct product of basin fluids. Thus, accurate dating of authigenic calcite provides a new approach to determine the
history of fluid flow events. In the field of calcite geochronology, the most widely used dating method was the isotope dilution U-Pb
dating approach. However, this approach is time-consuming, and has a low success rate. In recent years, laser ablation technology has
greatly facilitated U-Pb dating of accessory minerals (including calcite) because of its high spatial resolution and rapid data acquisition.
It has been confirmed that the newly-developed in-situ U-Pb dating method is able to accurately determine the age of calcite with U con-
tent less than 10X 1077, This method has successfully reconstructed the history of fluid flow events in the sedimentary basins, sugges-
ting that it has a good application prospect in the field of basin fluid geochronology. In the future. it can be expected that the application
of in-situ U-Pb dating of calcite together with C-O isotope and rare earth element analysis will be a significant development direction in

the field of basin fluid studies. It is worth noting that the determination of stage of authigenic calcite through systematic microscopic

identification and diagenetic observation is the premise of application success.
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Table 1 The main methods of basin fluid flow history
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Fig.1 The typical example of calcite ages using isotope dilution U-Pb isochrones approach
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et al.,2018; Pagel et al., 2018). Woodhead and
Pickering(2012) X} By AR T R 48 B4 L 45 [A)
LR MR U-Pb & 4 B OO 58 %8 T4 5
JE A Y D 4 2 G HE G o v R ¢ X R
JCTE I BT AR A BILIE 3 A O B b 4 G S OV 5
T B, BEAE A E FE 8 U U P H [R)391 3 A4
7 W T4 A OG B Bl T T B A U
Pb.Sr.Ca %50 R 45 K Pk U/Pb HAE 22 7

EIE Pb A R A AR ST AR AR A (R 2).
)45 28 6 T 0 7 M U-Pb I 4 35 1% 22 1) Be & 10 7
fREAFES N 292.3 Ma(Becker, 2001) , % 4F 42 J7 fit
A1 (3D A IR E 0,248 Ma (Richards et al.,

1998) il i i 223 W << AN ZEH G AR AR X
BHAfmarEmnt U SRER B EENLT
<2X10°° i — LAl 1 7 A AR T U IR
% 5X10 " (Polyak et al.,2008) (& 2).

TE U-Pb S50 26 5E 4F J7 T , B 9% 5 2 19 L i
PR 84 ) e WA it & X B AR T R A B TR R
B U-Pb A 2, I A T (1) 1% 7 ¥ B it 2%
I WA A A R HOW A AT OB LT
Bl HURE A2 5 A% Jo i T 4 R A e o2 B
F K ik 2 # Z A (Woodhead and Pickering,
2012).(2) I F I A 5, — 5 T 2 PR UE 55 I 48 [
AR ok B T R — S AR B 7= s D5 — T T A T
PRAEFE & Z B 9% U/ Pb 22 5% K, 4 0T RE 3R 45 1]
SE AR A1 SRS R R B AT R B I
) U A Ph IS = @ A4 A U
T <1 107", B KHE A i 2 2 A5 5 1 o — I
B ARJRI KR AL S A S — B
A I AR T A A7 B LA RO A BT A B Y 4R
BRI G TR A R L (Wang et al.,1998).
(DR — T ff A U-Pb & 8%, R F Bk
FHME B K. Pb & & XE DL 2 220K, BT DL &= 4 [F Fr |
HUA RO LR 5256 25 4 S 3 P2 O i 38 Bl 2 55 ), 7
FE AR TH R 25 1. () 32007 5 1 e TR 5k A e A
GO B 2 TR Ol ot 288 A b 3 AR T 3 B A B B Y
Z WU C 7 fif A1 DK AR 551 245 ) 7 JBE K 28 220K
FUEE B3 B8 W 2%t 22 A 3 U, O 0B 19 0O AL



X RV A - A U A AR AU BT SR B R 5 i OB R U-Ph E 4R 1% 703

*k2 BEUEHRBEARA U-PhAERREHELS

Table 2 Representative data of calcite using isotope dilution U-Pb isochrone approach

U-Pb 4% (Ma)  #R25(Ma)  JIACEH 2 U R K&k (106) 2387J /201 Pl TS SCiik
0.83 0.05 0.86 0.003 18 638~226 350 W 7T A Polyak et al. (2008)
2.11 0.06 2.8 0.49 20 000~120 000 i fRf Walker et al. (2006)
2.17 0.06 7.9 1.34 3 000~90 000 i g A Walker et al. (2006)
2.19 0.47 1.6 0.001 5 849~13 744 W 7T A Polyak et al. (2008)
2.24 0.08 85 1.71 6 000~50 000 T kA Walker et al. (2006)
2.68 0.49 0.53 0.001 3 056~5 420 W 7T A Polyak et al. (2008)
3.43 0.43 2.3 0.004 186~940 W7 A Polyak et al. (2008)
3.77 0.09 0.66 1.2 52 485~224 120 AEHEA Woodhead ez al. (2006)
3.83 0.11 0.17 1.44 36 026~1 480 200 FaEcyiy ¥l Woodhead ez al. (2006)
4.09 0.12 2.1 2.02 33 511~170 230 FaE sy ¥l Woodhead et al. (2006)
14.81 0.39 2.8 169 1961~6 510 AR T R Cole et al. (2005)
15.30 0.25 2.9 175 2 707~5 891 AR TT R A Cole et al. (2005)
16.14 0.40 31 30.7 123.5~427.2 YAy S ¥l Cole ez al. (2005)
16.24 0.23 15 162 401~2584 YAy S (¥l Cole ez al. (2005)
80.9 11 30 0.6 22~122 IR Wang et al. (1998)
91.7 1.9 126 2 7.3~3 1725 W7 A Lundberg et al. (2000)
211.9 2.1 2.67 2.7 114~617 I7 kA Wang et al. (1998)
212.4 3.4 3.5 2.5 7.4~364 I Wang et al. (1998)
271 19 877 33 637~1615 I g Becker (2001)
292.3 6.5 83 16.3 356~792 7 A Becker (2001)
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JBe A AR T RN
206 Pbm — 206 ]‘jb1 +238 U(el2381 . 1) s (1)
207Pbm:ZOYPbi4,235U(e/\233/71)7 (2)

(O F2) X H > Ph,, F1*Pb,, 45T Y8 A
HELA ) Ph R R & LU MU B0
AHELA B U L2 & &, W17 Phy A Phy 43 51
RFEF WS 5 A TE L 590 B A /97 Pb R Pb
95 0 s A AT s 20 DR RE T2 U R UG 728
B R0 W aH A A8 BUS (AR R PhAS 2
TBCSRF R PR R o R v 1 2 B S 0 0 1 — B Rtk X

RIS
(**Pb/*" Pb),, = (*" Pb/*' Ph), +** U/*' Pb
(e —1), (3)
(*7Pb/*" Pb),, = (*" Pb/*' Ph), +*° U/*' Pb
(¢ —1). (4

MNC3)HICA) AT — AN iy AT L[] I 3R A5 94
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ASTA] A % O A 8 I R DA R A7 &5 R T S b 1 PN
R 50 AR T 7E R Z B0 DL T 5 3 9 B 4F i 2 AN — 30
8o Jir PR 7 5 T O B AS 2 B0 R R A R
FrE A (Hiess et al.,2012) X B Bl fs B3k — 2538 oo
U-Pb 8 A1l 45 1] ok 1 53R 58 AR %, 78 306 IR
M U-Pb & &b W e )72 9 /& Tera-
Wasserburg 1§ Fil il £k , A A& 45 R *° U/*° Pb, YA A
B oR*T Ph/*° Ph. % J7 15l 3 LA AN 18 R 46
(discordia) il TW 1 Fl 1 £k (concordia) B9 T 5 &7
B E R I AR CRIT 38 05 AR ) L S X
HEU/Pb . Ph/™ P LB 58 B 38 4 411 B L 38 A
2k b 28 S8 H ™ Ph/*° Pb #I IR A

D7 AR i e VT RE S B R SO R e 4 1 —
AN A b o 283 Al B0 O A T 22 58 U S, 4
YRR L N U+ W | B o = S O =i
A7 28 3 4 ) B2 3 S B B Bl L O ROR R T
7 fi A0 B it 2% 1T A LV Tl Sk fR 3RO RE L RO
TR 6 N S B A b LS L T 28 0 O R 4 8 LT
St U8 e A MRS 43 A I [+ S5 A BL Y BT
1532 MR 5 . B Tsoplot K44 52 1% 25 48 0F
15 3 B AR R
32 HAFRMFHBA UPhEEHS

1 R AR AR A B 5T 408K 2 F e o T iz
BORES A WO U-Pb E 4F 35, OBl & 4y B R i
R A 45 8 TR % Y (LA-HR-ICPMS) 2 % F i1
W15 . 5 R A0 28 s o 1 IO 3% T 15 4% A EE 1% DU
T AR FLAT 23 ) 2 B s v AL, mT
F T WA A X 5 AT, 20 4, Ok 3 bl 4 R
153 T & J Bl v N BB A A T A AR
fR2EWFIE h, LA 5 bR A0 A7 2 9 S5 JB i g s 3
PR X6 T HR 50 5 K 0 =R 2 A R i IR A
b A= BT A S ) 2 ) A R SR, R
6 R 7 i A0 SO I U-Ph 5 4F B4R 78 T 4R
JE B bS8 A MOE R AL U-Ph S 4E F—%, B2 5
F9U U A% Th i S o AR i 28 4R i
RME S AE T A UL P & 3508 8 G
2~ANBUR R #E AT YT U TR WS R
10X 107 LA I, SF3825 9 200 X 10", i 77 fif A3 o il
(0 Fr BB IR T 1< 1070, K 2 BORE B Al it o 1 D
/NT 100X 107 G ELBR A X J5 fifk A0 T JR& SO i
£ U-Pb 4F AR 2% 43 #1 i, FHE A5 5 A 85 A 1
1/100~1/10 000 , A it 35 H e K 52 A9 4F 12 25040 ¥ 22
R — 7 T 5 M A 8 38 0 R R S R Y L
151] — 8 LU 5 A v A 22, 40 30 B 09 5 Al R AR R M

b TE R D At 7E 2010 4E LURT 5 f# A DL Sk R
R E AF T OB T [R) 7 R A RRE 45 1 89 U-Pb il
YA 28 ak N 28 5 Tera-Wassenburg 2 [A] 3
YT 58w R W E AE W8T HLZ i E N T
A1 F B AL ik R 1 IS TR, DR Dy i TR R i )2 TR
SEYIRH LL A 5 B8 Al ik TR R A A AT R A
W EA SR U/Ph 87U/ Pb 1H, 515
FAER M AR I — DR 2 K, 3R R A RS
AR BOHE 1) T $R (Rasbury and Cole, 2009) . WF 9% #2
BT A 45 S R b U P B o A R AR 3
SI0 AR R R Bt AR OR RUEE | U/Pb 1Y
(AR AR K, e KAE 5 e /IME R L AE AT LA 3] 1000
f% (Roberts and Walker, 2016). [A it i i # O J& L
U-Pb 4, 7E%5 (8] b 52 8wy 43 B A i i 3, mT LA
FREC U/Pb WA 22 5 K A 500s , 004 H 2R A A 0
L (discordia) » i M 3R AG = 4 BE 1Y 4F A7 0.
33 HAFRMABRA UPb EEMRRER

B JLAE R | BE A X 4 ) b 2 4 v, —
S = A1 ) 47 R A AR AR 523 = (] i NERC Isotope
Geosciences Laboratory) JF 1 223 IT & A& 40 07 ¥ %
eI A U-Pb & 4F £ R, JF 3K 45 L2 (Li er al.,
2014; Coogan et al.,2016; Ring and Gerdes,2016;
Roberts and Walker, 2016; Goodfellow et al.,
2017; Nuriel et al., 2017; Godeau et al., 2018;
Hansman et al.,2018; Pagel et al.,2018).Li et al.
(2014) BRG] 1] o 36 7 B 05 B IR 31 U-Pb JE 4F
Tk (R B A CTIMS) 1= 58 10D A6 J5 467 ik 12
ihE U-Pb & 4 1k GHOG R D 2 12 W0k v B 6 45
B PR TR A (LA-MC-ICP-MS) |- 58 B0 » X B
W BT J80HY T ifk A DK R T 4F AR 22 00 Lo 23 A, 45 2R
75 [R5 28 s o 1k AR A5 1 O ik A0 IE 25 ) ST I 4R % O
171416 Ma(MSWD = 0.51) , 3 6 J5 {37 B 12 45
U-PbE 4F 3k 14 19 47 % 4 165.543.3 Ma (MSWD =
1.6) , PRAF I 1 15 22 30 ) N P 45 — B i B3Ot It £
U-Pb 7 4 ¥ 3R A4 1Y 4F I 8040 0 B2 O &y, % B 0 A
NERC Isotope Geosciences Laboratory 52 i, JF 3
T JE A B R £ S U-Pb 4R A0 4 M B9 K11, Ro-
berts et al.(2017) BX & 4l H1 75 % £ [5] 0 3= i B 1k
(FE 220 FNEOE R AL (B 2b) 5 AR AR L % WC-1 JF Jié
TAEARERT o B, PRI T BOAR A 1 AR I — B
1117 LG I AN 7 i A 5 A A It B B vy (11 2).
DL B HE AR 9E 3R A6 TF 8 5 M A AR AR AR 4 i i,
DGR J7 A0 AR 1 B T R R BE R AR, N
P 4F.
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$dE ok H Nuriel er al.(2017)

BE IS S WOG IR AL J5 i A 8 AR R 2 T TR
ARG B 5 . Coogan et al. (2016) X IR 45
PRI 12 A 07 fif A BRFE T 1 O6 I AL 7 i
AR BF 5T 343 T 81.5 Ma .86 Ma,92 Ma,
115 Ma%: Z AR 3878 T B se ik IR 8 5 0 4
FRIIE AR WS A ) T 48 7R T 5 B i A v i B ) 3
1k.Roberts and Walker(2016) Xfdt K VG V5 B 2
Th I 7 A DK T R O IR AL U-Pb S 4, HE 18 7
WS Bl D s A T A R A g . 2016 4R
University of California, University of Queensland
WIT b 17 HOE ALK R 8 5 U-Pb & F H R BF &
I3RS L. Nuriel er al.(2017) %t W7 243 3 (19 07

fiff A T AA T R 0O JEUAL Bk R #h 5 U-Pb 4E AR 22 4y
Br 8% T 15.83 Ma,13.65 Ma,12.7 Ma & £ 4 J5
fiff A7 KA W% B E T TR IR S D s R 1Ok
F LA 5] B 78S Al bR AR FE i ASH-15D 4R AR 27
$dE (& 3). University of Queensland Jit &4 [|] f7
FRHR 1 S0 2 0 B LR 7 b | O )1 2 Mk R R O i
J2 T B 5 i A TR IO IR AL U-Ph AR AR 2 04k, Al
LIy 7 4 3t Y A3 Bl g el
34 BHXEMFHER U-PhEENKBEREES
55 [RE ZR M BEVE A LL L OB R AL TS f# 41 U-Pb
JE A BAR HRE i Ak 3l AR A X TR, R R R AR
SO B AR A R U P JT &R L Bk ]
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AR i e R G A o i 3% & d (i e ol W <
LA-HR-ICPMS #l LA-MC-ICPMS 2z 43, " # 0Ot
o B A XA, H X B AE T T3 IR 4. 5 HR-
ICPMS Ikt . MC-ICPMS #5257 2 AN FL 8 AR, 58
BT TR 2 A R A R T) B 0 A TS 2 HR-ICPMS
(I 4 4 I & fl o, MC-ICPMS 4 0 32 85 3 4%
HR-ICPMS A # R A4 w1 o [\ ) A 3 5 1 30
B ICP B U8 B 00 T kG B W) 0 3% L (E 1Y
M. Bl # i HR-ICPMS & # i ) Elements
1 Nu Instruments BJ Attom %585, & FH #) MC-
ICPMS A Nu Plasma FfI#HL Y Neptune 5715

O & 2 1Y AR I8 £ 8 R W1, LA-MC-ICPMS £ JF
T R A %O B A U-Pb % 4E B, b LA-HR-
ICPMS HA T i RS B, 3 5 A A8 A B 19 7 B3 A
PRI E A O (F 2). i T REE R, LA-HR-
ICPMS £E £E ffi JHl 200 pm ¥t &, i LA-MC-
ICPMS fEFEM 100 pm BOGHR .5 # w0 R A |
FW /4 REE T A ST MAh URS &R
& 0.1X10 i, LA-HR-ICPMS A L3k 358 & 1
K A Ak Y B iR 22 R AKF 5 %6 HLJT i A
rh B R R R AT A I 0 D O B R o i %
& EAKT 0.05 X 10 A FE &L . LA-HR-ICPMS 3k
TEAF A 1Y% 22 K8 % KT 10% (Roberts and Walk-
er,2016) (£ 2).

{H15—HEH &, University of Queensland %%}
J7 A SO TR AN A AR 0 S B @ AR AL T L Nu
Plasma 11 MC-ICPMS #9 #2 Ui 5 Bii ', % {3 % 76 A%
JE A — L T 5 AN H AR A, T LA [R] 4 0
28 Ph ™" Ph,** Ph., " (Pb+ Hg) f1*? Hg LA™ A [a] Jfi
SR RIS 2R A e O A A A T T e RO Tk
PLEBFR (107 Q) L A5 14 4% — 3% 7] LUAH B U0 48
AE Tl F2 Al AR AR 1Y J7 i A U-Pb & 4F. Lk i, B AR
FES U S8 BEA 1X10 *~10X 10, %L 25 1k
IHAE % xF H25 U /20 Pb F1°" Pb/*° Pb Lt A8 #E 47 45 i
N5 B PR AT KGR

4 WO TT A AR AU B R R
#HERER

WO R 7 47 U-Pb 5 4F £ A I 4R R & R E
TR, 1A [ 37 2% 4 AR 27 40 A8 BIF 5 R L Bl TR
DU B A 0 IR I S i R A 5
b RO Bl PR A e M R R B AR P 2 Py i AR

(i1
[an)
Fa)

FHZS Y, 55 4 o) T 8 1 B A U A 1) 36 2l S 30T i
MR i 2 ) AR 33 B M. 5t B b At Tk vl A<
() B TR £ 2 7 b A T R ] ik 2 ko 0 AR 2 ) 1
12 Bl AT A, Al X U R T A G I AR I B P s A
WF 5T 3 BB T I A4 G 2 A 43 17 - 3% 7 vk H e ff
T 28 ) Y T AR T AR M S AR A A 2 T
(4 JIT A T A A T T A O AR S R B AR AR
A 0 B g £k 5 DO FR 285 i IR g S AR AR R o 2
A 22 B Bk L D A TR Sl 0 2L LA IF AT 2 AR SO %
JE YA b R R RO T BOAR U A RE T
25 0] 43 FE B AR o SR AE o A AR e AN ) O 1 3L
=1 43 T OGRS 7 g A U-Pb & 4F 19 00 3 AE
TIRAL AT, 25 8] 3 BEAE R A 50 pom, PIHGZEOR B
AT T S B0 S0 RS At ) A, O R 1R B A O AR
T SARAC R, OB A 5 % A U-Pb & 4EH R 7R
T T2 6 S DU AR A b 1) it AR AR AR 2 9 b B OB Y
Fl 5% 5 St 22 VA T A R G A 1 Jo 1 o BT 4 A 4 A
i SEL I RN k.

WOGIREA: 5 i 4G U-Pb & 4E 8 ARE 4 e, xt
WA BRI %7 BB A7 AR — S8 IR fif TR 1 i)
(U ERTE S ER VN 8 & N ENE JE RS - (]
LA [F) S 36 28 50 36 45 R 5k = A B A 0 R R A/ A
T2 (0 52 00 = T R ML 5%, JF 8 40 LA K S 8
1) 7 74 A RS2 6 I R A b v Ak P B AT IR R i
Z AT B LR BRAE , 45 A S 6 5 Al R A AR R AR 28 AR
AR, IF BARFE A A B = AR 0 J7 1 A b A
TR LLR S5 R A B — PR A BURE PRI 3R
FrabE il Ph By & AR, U [F AR ESE
Hia A & U & & M 2 8 K (Chew et al.,
2014).Nuriel ez al. (2017) fi J] LA €4 31 1) &5 40 B2
7 CASH15D) A R Ml A #F A [R) 62 3R 7 B
AR AR B AR A 3.00140.012 Ma, 7658
IRAC K A R % K27 A K 2 3 A 558 0 % AH L 5
JIE. NERC Isotope Geosciences Laboratory 3 % ¥
T8 50§27 VG B Delaware 7 3 K7 )2 47 19 WC-1 B i
VR BOC AL 7 % A0 72 AF b A FLAF I O 254,46 +
6.4 Ma., 1] A g B b o AL I 6 (L e al. . 20145
Coogan et al.,2016; Roberts and Walker,2016).F#
J& » University of Queensland 7 JF & i % i 42 U-Pb
TR PR AT ASHISD #3FE, 8 ik
XP, BRE T H SR TAEPRFE AHX-1 B4R #E , 3k
BINACE- {8 S 209.2+1.3 Ma. AHX-1 3k [ 3 B
ARAMWFERRAW AT A, UFHEE A
0.14>10° , 38 Y F 1% . J2 B A A9 4n B LI
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209.241.3 Ma N F5 #, University of Queensland
FAEMAE 1 WC-1 b5 B 25 SR #FAE 254,46 6.4 Ma
AR ZETE I Z N H AHX-1 A9 508 — B0k o . 78
AR BB ST e IR X L AR A T DUAE A [ Y 5 50 &
e X 2 B OhR HE AL R R

TETT I B R R v A W R B OB R AL T
A1 U-Pb 5 FHR BB AT IR KRR [ Bk T
H S it A A 40 350/ B 3k 26 L il T A A 4 A O
WLEE 5 3R B A B T S I R R AR BRI B
B R G A 4 PR A O A 3 e 3k B RO S o R
WSS, FC A5 40 SO0 B A 3 57 5 R0 RURE | 3T o At )
G307 A0 U R S WO IR A i 47 U-Pb JE 4F
B BT 0L 08 S B, 7 5 | e B R

1) M B0 F 1 2 30 3 o (%) 9y 5 3 A8 D RE o
Py Bt AR L 5 2 b D9 Tl S 2R L 32 B R 6 R
B, PR TR M 3L R 3 Bl B G R R e g A
5% A5 0 o EE B AR A A AR AR 0 5 T, 2
LB RE AR H R X A M R B e R T
IEZ 158

(2) J7 gk A0 2 23 b U A4 T 2 1 B 7 % LR
FEAEAR2E W 5T AT LA ff 8 7 7 b 3 44 3% 30 g s T
1 MR A1 U-Pb AR VL BLAR7E — B8 T <
b P B I AR R SR 1% T YA FE BTG L T R
BAK . AT R 2 b e BE ok B R — R = ) B
U/Pb 22 5 8 KA F v] e 4K 154 mL )

(3) Bl A T35 o3 B 23 1 42 5, SO SR O i A1
U-Pb & 454 R 7 7 1 3t 4 0F 5 vh 45 DL T o2
H B 2 [0 5 BE S R 0R B3 A R T3
BRI A 3 US43 O o 1 48 s 4 M O R T Ak T
S TE S A A A AR 2R A S U R O T Y
TS K 2 2k 30 R A A2 A O 1) T R R T Il AE
WA 28 B 28 B |, LA-HR-ICPMS A L i 5 0 5
BT 0.1 X110 ° [ 77 ff A BE AR AR SR, X
T UGSEMT 0.05X10 "R . A LA-MC-
ICPMS A BE T A2 I 3A0kG B 75 oK.

(4) T S AR SO JF A 7 il A1 U-Pb s AR 4 R &
T A R (H 2 A TR I — S 451 T s R i 2
it = [ PR AL AR AR IR 2 50 T PR IE Bk = A ESE
8 B T AT AR AT 1R 58 . DL A L R 41 A SO0 2 5 AN
B WSS O TR 7 A U-Pb g 4F 8 AR 5 2 b
FH i 2.
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