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Abstract: Carbonate clumped isotope has become a novel paleotemperature proxy, playing an important role in addressing
many important temperature-related scientific issues in the field of earth sciences. However, the clumped isotope appears
to be sensitive to the alteration of carbonate diagenesis. Consequently, understanding the fractionation mechanism of
clumped isotope in carbonate diagenesis is essential to improve the accuracy of the clumped isotope thermometry. This pa-

per reviews the advances in the clumped isotope geochemistry of carbonate diagenesis, summarizes the methods to study

the recrystallization and solid-state reordering effects on clumped isotope fractionation, and looks forward to the future re-
search directions of the clumped isotope geochemistry in carbonate diagenesis.

Key words: carbonate; clumped isotope ; diagenesis ; recrystallization ; solid-state reordering

4} JE (Fantle et al. , 2020), HE, AEHEY S

0 3%

BeMR k19 LA 18 A (diagenesis ) 38 % 5 B B £h
2 G B 2 B ULAR | [ 45 1R A P8 2 4 1) &
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X (Fantle et al. , 2020) , EHk,R T 5 4 IF MK
HERAMERE, RINBEEARFREERRPXRE
fEREmBREmRUERABRZIANRETR
MR,

HEXR, SUBERNMNERENEL, ST
AR R MR MR ER R, ERAER LR
ERGBRBZEZTARNEREMBE L4
THmMEm, il % AR B AT Y BRE K
RAFRMNARATEMRIBEREORBRMET
—Fp ¥ 89 5 B 1 F Bt (Eiler, 2007, 2011; Affek,
2012; Huntington and Lechler, 2015; Spencer and
Kim, 2015) , Ffi % Bk B &h B 3 Ry BB Xt &
B, KENHERAAKRFCLRERSER TS
B, R ZRAMNREAERRBBEHRAER,
AL 7 SR 7 TR R 98 KB N A HE BE (Ryb et
al. , 2017, 2021; Mangenot et al. , 2019; Ingalls,
2019; Lacroix and Niemi, 2019; 2 # 2%, 2019;
XIFRE, 2020) , X 1 3% B3 Bk BR £k B K [R) 1 R AE
ARERAKGEERSBEIRETICR LM
BEZBIBEERANE W, Bk, TREAERAMLR
it A FE A A mal o BIL 388 %o B R B TR L B R S
SEARETHXOBZRATEAAEET X, %
A ET BRI R NN RIVREER T kR
AHEN RS REERANER, NIRRT ERNEFE
MEEEAENKREARFRCEREERATE
ZRNESEHFHTENIRETRESR, X
AERFREHTRE,

1 BBRAFAERMLE

P #% 7] fi & ( clumped isotope ) i % A #f & | 4
WHEMBERELEESEAI SR IEDE
R M4 (Eiler, 2007, 2011, 2013; Eiler et al. ,
2018; Spencer and Kim, 2015; Z=¥F-2, 2017; U
FEAEE, 2018; EHES, 2018; B, 2019),
AXAEER, B, ARFRLENARE EIB
KEGFE ZEABK(7C®0"%0) (Eiler and Schau-
ble, 2004 ) . B 4= (°CDH, = '°CDDH, ) ( Stolper et

al., 2014) A5 ("®0"0 5£"70"0) ( Yeung et al.
2015) FIE S (°NPN) ( Yeung et al. , 2017) %, %%
BLAERMERE T ILEXRAHRE . HEHR
BESRE . MAEEES WEAERGCEER,

BRREL E Ik ik R R AL R, BIBKARAR Pl

FEEREMFRAME (MUC F0) HE R R
4 F , H 87 K £ ST B R 42 R 44 (multiply-substi-
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tuted isotopologue ) , #1°C'*0'°0'°0*" ( Eiler, 2007),
ATEAXFHRMCEENETRBUFMELS TARE
NEHAAGWAERERN, —BRERVCEENEES
BUAARET (Mo FARAMLEREEAE)H
EFMLE, L A ERR(Wang et al. , 2004) , B4k
EXITF

A, = (R/R,, - 1) x 1000 (1)
XH,RBETRRRMESE BRSO EFHERE
TREEE;R, BRRR KRR B R
ATHMEEME. HRTFRE DR HKR D #
R E7C"0"0°0%, ¥ 5 4 R Ansginyiey16, &
Ay R

EANEARL, BRI REEENRRET Y&
BRRBRBHNUC-"0 SR A, EHTHE, #
SEIRFR 7 8 o B R Bk AR b 43 R 2 AL R CO,,
FHERSERMELERENE CO, K A,
(Avgge,)  HEERETHRBRB M RELH N 47
) CO, ("CT0"0) X EESHRBET UL &
§°C"0"%0"°0 £ B B IF H 1] 3% & ( Ghosh et al. ,
2006) ., BhJG , HE4T BEPRAR A% 2018 AR 4 (acid fraction-
ation factor, AFF) B4 iE (% 2) , I T 55 BEXT iR R 26
A, TEBIBF 5T (Ghosh et al. , 2006; Schauble et al. ,
2006) , AFF {558 %R ¥ %, 7 i Bid kit
BB W (Guo et al. , 2009) , 7] & id W B E HE
LI W) 2 ( Tripati et al., 2015; Miiller et al.,
2017) .

A, = A, - AFF (2)

BREABER MR OE RE G REA AR R A
RHESHBBB A AT FAL RSB m A E R (X
3), BTRENMRHEZNER M ERAE MR
NEBEABIMREN T A8, XERTARME
(IR B A 1) 22 500 B B #4  2EAR B, T E R IR A U
AR 181 45 341 BB, 3¢ A2 B 9% ) 6 3K P AP Oy ot R BE
TR 5 18 B 89 & 4 38 (Schauble et al.
2006) . HI UL WL, 32 36 B ¥ R B R TR AL R A AR
RETAHAFABRAMENAGER  WEREER
BEHEWTHRREKEPEE"C M0 WiLEe
% E HE (bond reordering) B U] HE ,

£¢*0'0,+ *C"*0,+ PC0,+ ¥C*0"0, (3)

2 BB R E 1R R AR

B R £k B 7 1R 08 R R i £ 5 1R B8 A 5K B 3 R )
BRETEEWHR FRATE, HREHETR
ZERSHZE AR KW, ¥ 6 KA REALR
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A E MR BUE (Affek, 2012) , EX Y, B
AEAMAERMCEOE W EERAERNH@E:
—REBRENER-HRE(ELH), HEERK
AR RERAR B TR P C-"0 AT E HERY T B8,
MATTAR £ 7 1R 42 & B K A 078 (Eiler, 2011)
CRBMIEMESTH, BB & K 38 o B
BRBF AR E°C-""0 % 4 B H (Dennis
and Schrag, 2010) , 40533 & i 2 X Hi 4% [ fu K &
128 B4 B W R A BB 5T 40, 3R 47168 T LU T BT R
i BRAEHE D SR B PR £k 3 2 AR s A E
METIRBURKENHBEREWELEE
(Eiler, 2011; Huntington and Lechler, 2015) , A3C
AX—m AR EETERENARMEKRRELE
ARFEER P RAEBERMESEHNOZ %
SEHLE, EER, BN EE XTI E EEM
TREMTHE BRETEEHR, XA {UMETR
T BR £k A 5 [R) o B -1 AL BB AR, o o BT A
A 2 3 — 2B 0 B E T EE AR
2.1 BEEAELR

BRBREBELHW A, WEWMEERETES S
MERE BBRAENY L ELEGUREREBES
BB LB B %0 45 1B B2 89 2 R (Shenton et al.
2015; Tripati et al., 2015; Watkins and Hunt,
2015), MEL M KL EBRRE, W IRKRE
VR IE R oMLKk ( dissolved inorganic carbon,DIC)
EERWBEBRAEPEREDIBAERCEYE,E
25 G R Bk PR 18 7T £ B8 B ER 4 AR B R 4R 9 F 8K R) AL
£ 2 B (Tripati et al. , 2015) , DIC AR EH 3
NEVEERXEEHBERNVBEMN pH K42 H,
HMENSBhESREAMTESHRMLEN KT
% (Guo, 2020) B3 1T B # 1 L1 7 1% W & (Staudi-
gel and Swart, 2018; Weise and Kluge, 2020) , iX&&
HREY, EREMES pH &4 F,DIC AERMER
VEEREE, PRI Weise 1 Kluge (2020) &
WH—sh R R, 7.5 E8. 5K pH &
EiPN, DIC W F°C"°0°0 0" WP HHE R ¥ K
() EREMRHE (X 4) XA, EFR(M 9 C)
i, *C*0" 0" 0" Wy Mgt B X TR 1 434 , Ti7E iR
s CH,PCT00 0™ i 4 B 7] 0 % K &
BX.

K[min™'] = exp[ (~1.00£0. 15)x10*x1/t+(29+4) ] (4)

XFF 4k F R AR A T4 DIC B 5,
HERER(HTR/ERKER) MAEHITESH
WK A, AFESFAMBERITE, X—£Y DIC

EHUS RREREFAPNERRURSRUEHRLR

EFUEdBA S A FEEBAER AR, B DIC
5mMEZRBRE A, ZR0, ERERRE A,
{Hi DIC AL EREES, I EAAR A, F
{5 %) DIC B F 9 m A 35 45 R Y 58 ( Tripati et
al., 2015), AXFBERT , MHUELREEEH
AREHCT00 0T T EET LI ES
MR ERER A, WM &Y DIC B F il
BREAKRME G, EEREBSRREA
F7 DIC BRMAFHEE, idxk T DIC 5%R
HZEM A, E5, XA V42 1BRELE DIC #
SRR PR P E 2 I L (Devriendt et al.,
2017; Sade et al. , 2020) , (HATEMEUESH
FENABBMIL IR B P DIC HikeEh 2 |7
EH A, ZF8/P(HIll et al. , 2014; Tripati et al. ,
2015; Watkins and Hunt, 2015) , £ &E ¥ 90C 4K
AUBTHEIXARERLUB T @A, EREAEL
RN REHREE A, EHBEABEER, XRHAT
ELREWFTXABRBRIEEN DIC 5HRBRATY
ZEIARFERE A, HEF (Guo et al. , 2019), A&
m,BFHRAA—SEARENEERLERNAE
RIBAOKEY , K A, HWHEUTIEERE MM
F%& % ( Herlambang and John, 2021) , X fPUliE R 5
A, HHR A BRRAUERT IR RKRE
A, HERERICHI IR (Loyd et al. , 2016) BT
W, F4&EERE, REARR DIC B F (40 HCO; Al
COY) BIkME R REZ R W LA FE MR B ME X
RIE AR IBERZ BB IANR, X FEXE
(BEBEAG RS ) M 30 ) 2% GRERRA) K4 T DIC
BFEHMEZEM A, BEEFMEWER(NE
WYHEA¥IE DIC 5HEFHIRUAS)EE
LR MBI H L AR,
BRTREELGEEN A, HEWLII, BES
e R A B FE UL AR/ 6 1k & A BT I %F PR Al A, 1E
HERERARGHARHERAEER L., &£F
R/ BaREd , BEERMRAB AN A, B
HWREZHEN, FlINEERETBERS, KRR
BARE FRKEFENMEERAE = EEHRR
HTYHR LRE . BEE RELE . ZRKKK
BeamZURBAEZMBE T ANFREER
( Bathurst, 1975; Moore, 1989), XX R LR[S
BRREESERANIEN R ESRE, B, EALKRE
BAREWSBRREERD  MBHRREBHN
DIC BB FIBEARTE R HITEEE &, MEEKN S
ERATV BEIBRBARFEEENILBEE LIRS E
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AF R ULIE T K (Grammer et al. , 1999), F LK
Hik 4k DIC BB/, 5 R BB KRN EXH
BERS, BAREYTRESR S RHEKARY
[ R AR, X% A BT e 8 B IR i Bk R 3h TR
N REABSHABKE M (Swart, 2000) , T Xt A, I
FTRNFTERRTERERERNAERE S5 HK
BEWEREE®ZER (Staudigel and Swart,
2019) . ZELRRFFS AP, HI WX MR 2 5 AT LUK
EFFRXENARBERE, BLXLARS
ORERRE A, BESHERNZRT LA MNEE
BEEREANAENRELR, #MgkNEREE
MEE, S A, RESBREEZRBEINEER
REELRAAERYWBEERBR, REKRR
HURERET B ENERERABERETESE R,
XRANTEEATEARBREFEELB/DE
BEWR R, BIINAHE 1S A Y Bk R £h S 58 (Guo et
al. , 2021),

EVRERER, RBESMNKRESBR
HER EERETSRERREEKREH#—FH
EEIMAE EWTHR, ENRERRKE,XE
RIS S RIEBKH#HTE RSB H, F18 F 6
WHBRREZEELE RN REMEZA B RM
P& RN RARBEEZAELR
MEW, XAPERAETEMENTRERRE TR
R E 8% W (Fantle and DePaolo, 2007; Fantle
et al. , 2010) , Bl N FE BT RY LR I E YRR &
TARH R, AN A, EEERBEEEKNE
B MYEfNRTFERE, BRENARFRERE
BEBRTEZEK, B, EREOTIHERZHS
T BEXRENBEYWEEBLERHNEER, H A,
EEFIERT EZEKEEMRER L (Stolper et
al.,2018), AR b, EXRERRET RHHKR
HA,EERENRE, MRERNRET A,
EBBER BT, EAKKRE A, HRRAE
o5 e B3R BE R BE BT X R A, T ) 1,
FHERENEFRERRE THRENRFEER P
EEBERBEHRRE A, HRHERARE,

IR [ 4R 9 1 Bk B2 #h 10 TE BLIR B R #A
M, RAmEIREER(ESR) HKRRE A,
HUEREHRAETRABENH LT, X ABE
HmmE T EMIERMERRWBSERE
REHETHIHEEAKE . X, BATTLUETI
BFEOCHBIHANBBRIEELSSER, Flm
Stolper % (2018) 2 1} : 7E4FE RS IH] ¢ MBEE d KE
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BERERERRIEN A, EHZRTLHRA(S)
iR .
dA,,(t,d)/de==R(t) XA e (2,d) +R(2) XA g (1,d)  (5)

FRBRTHRBREAEESRAFREREL
R, A R ERT 1) ¢ IR d BRI R W) 86
BB [ Ay (1, )] SRS ELREHRREL
[A47§gﬁ(t’ d) I A, BEREHBEH, IMHEHE
BEEMBENREARMCEAREZBAZRED
(< 2%o) Bt 2 7] 47 B ( Defliese and Lohmann, 2015),
ERXRR()RRBEMNELCR(BRARBEEN? RE
FTMFRBEESRWERCRAE RN ERA
BREAKAEBEGWAESLERR) MABANE
RO () BFRHEMmE2HEEEXIR (1) =
a + Bexp(~t/y) ,a B Ry HEH, HF o R
MINEREEREE o + BRTIWHRNES FE
B,y RIEEGERBIAERELOER]ER
( Richter and DePaolo, 1987; Fantle and DePaolo,
2006) , AR (S) , FI LA T E T &5 E W
LRI, NE BB ERE 4 2 R
EMBER A, B, BERKBERNT

(1)Kt R RETAEKA M R/NHE R
TG, BB [R] BT 7 %5 ) b X R — AN LA O B
AOBRKRETREBEARERKEG, ELEMN
VItRBkRREE A, EMEL RHKRE A, H, TKB
LT 1AM EETE, UG OREEESERE
A, EHTRITE:

Ap(M)=MX[1-R(M)) I XA ;0 (M) +M,XR(M,) X

Apgun(M,) (6)
AP M, RARBNE RSP R, A E K =0
xM,n R BT BRICROR BT h FEES R A, B
SR VR RBE A9 R, N b B R R R R R R AR
BMELCREM BXNEENRE, AGERS
BH Ay TRIEFBRE Apgua (M) E;

(DB HERBM A, (M)BRAZHT 1 KN
BT M FRALE RN A, E, AKX (6)
HEZENE 2 R EN M FRMELHRALEE
ERE A, EH B A, (M), EEZLR, EFKB
An(M,), @it 48 (U0 Excel B¢ Python) §9 7 3 7J
UZHERENHE, HEER— P KRITERS T
SR CATE A, (M,) BER E) (B0 B3R EE ) 128
fEaH(E1),

MM ES AU ORI A, EXWEEK
BT EERE BKARERMRSTHBRATEH
B B9 v B (Stolper et al. , 2018 ; Staudigel and Swart,
2019) . AR, X ERBBEBERANEAF DM, 6
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B.coesed/ %o
AERERENERETREELHERRE A, HNITEET
Anderson % (2021) B Ay -T BIEF B Agr.cprsor B 0C B
BBEH Ay H,IFRETF ZE AV %5 R (carbon dioxide
equilibrium scale) ( Dennis et al. , 2011) ; B FR A ML HE XK

FRAAWEE REESH ()
Bl EHESSWRAEKRRE A, EHEW
Fig. 1 Modeling the effect of recrystallization on

the carbonate A,; value of a sediment column

WEHERCANELERERXST B ROOWSEAR
MEREZR (B ) BEEFHANTEEEE, B
B R() MR FEE T RETRY &0 MK
&R E &R R A& 4 B BF 5 (Richter and
DePaclo, 1987; Richter and Liang, 1993; Fantle and
DePaolo, 2007; Fantle et al. , 2010) , X% R(t){E
REEATRAKIRER (LAY SE) LHB
TIAE , Xt A 0 BB 5T Al [R] 462 K (4 Mg, Ca 1
Sr ALK ) & R 19728 1L 3 H A0 5L 89 BLA 1R R
RS R AL T R B AR E
2.2 BERZESEH
HERER P ESEHEMNTERRE A, WEWE
FEBRRFH A5 RR 18 AR B | 18 50 B g
et [R), F] A AT RE R R R AL A T T R R (4
T YL TRITRE)HIEH] (Passey and Henkes,
2012; Henkes et al. , 2014; Shenton et al. , 2015),
A, WIE S E HE RN AR TE R R E R,
FEE AT M AER BR £ 58 5 3 LW 22 B B B 69
A, Bk, B, BRIX TR A, BSEHI S
FOHEF RN AREZBRZETHIR(=200 C) m#A
RS M)A I W S 36 ( Passey and Henkes, 2012;
Henkes et al. , 2014; Stolper and Eiler, 2015; Bren-
ner et al. , 2018; Lloyd et al. , 2018; Chen et al. ,
2019), FEX LW P, /A E L EAR R R (W
300~500 CH) &M TMA{FTHA XA BAF

RS BMERAERAPHEERCRBREEFEER

BRBRELT M5 , 75 AN [F] i A (8] A8 (4 1,10" A0 107
h %) AT 8K, TR BR 2R A, 1B FE hn #4B [8] 49 28
R, XN B AR, R
AEBREHEWITURBEBHEMN N EEESY,
BTS2 2 17 € 3 (Arrhenius law) ] IS ES
IR B 4 R B S L R R S 4, T T B R T
ERFREER R (T-0) HEKHT A, B ES
R, HRE A, WEASEHMESBHE M3 H
EHRBRRREE A, H S RRIATE ¢ 8RR T LA
FR(7)# 7 (Passey and Henkes, 2012);
In[(Ay, B4 )/ (B —Bp )] =kt (7
XA, BRREHeE  HESEHR N
JEH Ay 1B Ay . R Ay 2 51 RR 4 FA0 86 B
Ay, fHk RA RN EESH, B O IR B R
kE(T) = A-exp[ - E,/(RT)] (8)
KPP, THREBESEHH WIFERE (K) ;A B
HETHFE, WRWIEAE(T - mol™') ;R HEE/RK
EEB(T - mol ™ - K),
— A AR (7) M ERBFEHETUGTRE £
B, EARILREETH In(k)ES VT #HTER,
AHRERB—FELR, HAER-E,/R,NTET &
5TWERRR, B LR, AT RN
BRREZEESEHRRNE A, BT RHTE
O, T, Ay D) o RFEAATHNERE
BHE BN EREEEERET A, B, X FE
R VR 5 I () 2 £ B 1 000, AT LA Bt ) SR AR 2% (T
OFEBENNELZRK (KRB, HREEEK,BE
B ) R4 R n A, X[ B S A4 1k B (E]
RE, M, BR(n X EHFH), & XERE
B e, M, FIXTRAERBENFHERR, B
WS(t, Ty Aoy Do) HTEBRBRELTESS 1 X [H]
ZESEHRNEH A, B, RERZEENE 2
AN A gy i EIFERL S (2, T, Apyogs Apyin) 31
BHBERBE n MXEM A, H, BLREHTER
BEATUZARENHE , HEBEKEKEHTER
MR, AR A, FER B ZBEE(E 2),
g B AR S 1 40, s A ERUTAR Y BUOAL
AEZEMR ABRERMK, MHESER MR MA
R E B ERR T HBAKKE WIS, 7T 9745 2 b
fh 2 5 % 3% ( Lacroix and Niemi, 2019; Veil-
lard et al. , 2019; Kong et al. , 2021), #EiH— 2 HE
BREZREZW, HERBREFEG A, HIFEEE
ZESEHL W, A EF LR R 7 5K
BURmERE: A, HE, BRI HER R
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PIRHEERHFA AT, REMNATEMAZR
MBtR, FfRA B A B RKAERBREHDH
WERHRES N FBA A, P56 ERHRE (Pas-
sey and Henkes, 2012; Henkes et al. , 2014; Stolper
and Eiler, 2015; Lloyd et al. , 2018) , AT, ERIE
s e (FHERR T XA A T RAa BB m),
XAEA, ETREMNBEAERK, EEF A, HL
7 B 4 ( Staudigel and Swart, 2016; Chen et al. ,
2019), MR HTHAORGMANEXEFHTE
BEHTRERHATXMMABE A, ELAKR
% (Chen et al., 2019), A THEBXHM A, K1,
Chen % (2019) #| A Stolper #1 Eiler(2015) BB &I 3¢
BRI %SNS FSENBERE
H)RMUBAE S A, HEMPBEP EANER, F
EEEMEIMERMENUES T FAEIEYN
Stolper #l Eiler(2015) R N ERE N S HME, X &
RERMMESEHPAIREFEE S F R HE
fTheEzZ2EHIANR, ERAHRANIHRRE
RN RO E STV ETEDS L K30
248 7 7810 4% #% ( Hemingway and Henkes, 2021) ,1%
BRUANRERRETYGEARORALRER R
R BB SE B — B 3 o 2 R AR i, T A R AL R
BEERNEREAZNRFA AR R ERE XA
A—WE hEARK TR ILRER. FIHZ%
BRMBAAMEE R RN ERHETURTLUE
ARREHRNEETFIMNEINTHA . BEA
MXE A, EHOBWEERE. R, X FRHEIL#H
RIS TE R AR R £ M IR R o B S HE 1
TRERGEALEN BREBEMBMERT 7§
ALSMIR MR ET M EC IR ELTEEM
THHERUEN T EEREXER BN HRER
B i — 25 SE IR B 5% U 48 0 B0 4 35 I B 4 0 X
3 HRRE

T far AE B R L TE AL A A R Bk BR 3k B 4 S AN
DEHRFMEEHEX R D B i A% F 6 £ B E i
MR, XURFTAFBEARRMREAR#TS
BEAEEREHRATEEBMRIE, W FEL &R
B ERMEENRRET A TRRELERIARS
A,, X ZKIAIR (Watkins and Hunt, 2015; Herlam-
bang and John, 2021) , #A Tij 2 #1| F iX £ 56 R P44 A
RAFEPARFNG RSB, EFEEAR N
BB R () 40w 37 Bl AE 3R 0 L £k B AR 3R

B BOKB W KB R AR S WS EMINE) P
ERME G RERKR/DMARKZIEER, 5

BHES R AR HARRGRARAEFEALR

SMERPHBRBEREY, FAERNEETFER,
H-SEATR FAMNESERERNRR, RE
BEAMBEEYHTE AUERARRANESEES
BRAMGRERATHEEARREETIRANEER
R, SEARENLFEHER UK EAFF
GEBRBREERERXAUTEATTENIR
FERBAMAGLTWHR, XL THEMEEFEES
XTI A, WREMBEFEEM, Mo,
BYURTRAESAAHEFERZGOEMETRE
RAEIR (A VLR KBRS BRAME
TRIEREEAY —-RES) REXEHEE
TS B B R B, SR T X L0 iR B 45 R A AT
A fA B BTG B B IR B, 3B T LA R Bk
BEFERAE TS Gt E R AR 8By,
ARBELGEGXT A, WREWELTH, X TE
AEHNE AERENHREBETRXENZERHE
A 1388 75 B (Passey and Henkes, 2012; Henkes et
al. , 2014; Stolper and Eiler, 2015; Staudigel and
Swart, 2016; Lloyd et al. , 2018; Chen et al. , 2019;
Hemingway and Henkes, 2021) , Jy ik — 3 BF R 2 {1t
TEENS%, AW, N THAEMET Y, M
AXARMOANBSEHR LIRS REERETH
BIRMEEAR AR AU T ERERFRFLEN
WREEME, MEREERAFEPRBREBSERE
RESBABZGE(RES)LEFROEE, R
FIE AT R Z B 89 ¥ B 402 4 F X b 2 R 3 )
YHEETEFEREEZW, AL FRESE R K
GEHKRENVBESEHLRES+OEE, I,
HATHR2ESZ—NWRREARRACEESEH
BRAFHMNRT F@A. XA =a s Hi
ERBRETYFRRIGERNABRSEH LR,
ERTFENRE, AT E P AR B E 5K 7E R
—ARE UM FREBEETRERE FEHAR
RIF A,, 431845 1E (Shenton et al. , 2015) , X B EH
BRIV EESEHOBETYFRE (&
BEINF) MTH—-LER, GETR, RN
Xt LA 1 o B (A 2 s Ak 2 AT R B AR R A
TG B, RECAAVHRME TR A,
RETHERBR BAMMENL, FAXLER
S5CMMEHE R+ 4R 4E (Ryb et al., 2021) ,{H
ZEINANREARTESHRAESEHERLEH
AoERE, AN Z X B RH & 8B E RN R
BHRBEREEBREE, EERRTARAHM
BA FHEAMGEEREERTAERMVERR N
HFZREREH B LBRIRE,



TYERBRLEER 2022,41(1)

S EZ Wk (References) ;

Affek H P. 2012. Clumped isotope paleothermometry; Principles, appli-
cations, and challenges. In; Ivany L C, Huber B T(eds. ). Recon-
structing Earth’ s Deep-Time Climate-The State of the Art in 2012,
Paleontological Society Short Course, November 3, 2012. The Pale-
ontological Society Papers, Volume 18. The Paleontological Society,
101-114

Anderson N T, Kelson J R, Kele S, Dagron M, Bonifacie M, Horita J,
Mackey T J, John C M, Kluge T, Petschnig P, Jost A B, Hunting-
ton K W, Bernasconi S M, Bergmann K D. 2021. A unified
clumped isotope thermometer calibration (0.5-1100 C ) using car-
bonate-based standardization. Geophysical Research Letters, 48
(7): €2020GL092069

Bathurst R G C. 1975. Carbonate sediments and their diagenesis: Devel-
opments in sedimentology 12. 2nd ed. Amsterdam; Elsevier

Berner R A. 1980. Early diagenesis: A theoretical approach. Princeton:
Princeton University Press

Brenner D C, Passey B H, Stolper D A. 2018. Influence of water on
clumped-isotope bond reordering kinetics in calcite. Geochimica et
Cosmochimica Acta, 224 42-63

Chen S, Ryb U, Piasecki A'M, Lloyd M K, Baker M B, Eiler J M.
2019. Mechanism of solid-state clumped isotope reordering in car-
bonate minerals from aragonite heating experiments. Geochimica et
Cosmochimica Acta, 258; 156-173

Defliese W F, Lohmann K C. 2015. Non-linear mixing effects on mass
-*C0, clumped isotope thermometry: Patterns and implications.
Rapid Communications in Mass Spectrometry, 29(9) ; 901-909

Dennis K J, Affek H P, Passey B H, Schrag D P, Eiler ] M. 2011. De-
fining an absolute reference frame for ‘ clumped’ isotope studies of
CO,. Geochimica et Cosmochimica Acta, 75(22); 7117-7131

Dennis K J, Schrag D P. 2010. Clumped isotope thermometry of carbon-
atites as an indicator of diagenetic alteration. Geochimica et Cosmo-
chimica Acta, 74(14) . 4110-4122

Devriendt L. S, Watkins J M, McGregor H V. 2017. Oxygen isotope frac-
tionation in the CaCO; -DIC-H,0 system. Geochimica et Cosmo-
chimica Acta, 214 115-142

Eiler ] M, Clog M, Lawson M, Lloyd M, Piasecki A, Ponton C, Xie H.
2018. The isotopic structures of geological organic compounds. Geo-
logical Society, London, Special Publications, 468( 1) : 53-81

Eiler ] M, Schauble E. 2004. '*0"C'"0 in Earth’ s atmosphere.
Geochimica et Cosmochimica Acta, 68(23); 4767-4777

Eiler J M. 2007. “Clumped-isotope” geochemistry—The study of natu-
rally-occurring, multiply-substituted isotopologues. Earth and Plane-
tary Science Letters, 262(3-4) . 309-327

Eiler ] M. 2011. Paleoclimate reconstruction using carbonate clumped i-
sotope thermometry. Quaternary Science Reviews, 30(25-26).
3575-3588

Eiler ] M. 2013. The isotopic anatomies of molecules and minerals. An-
nual Review of Earth and Planetary Sciences, 41; 411-441

Fantle M S, Barnes B D, Lau K V. 2020. The role of diagenesis in sha-
ping the geochemistry of the marine carbonate record. Annual Re-

view of Earth and Planetary Sciences, 48: 549-583

173

Fantle M S, DePaolo D J. 2006. Sr isotopes and pore fluid chemistry in
carbonate sediment of the Ontong Java Plateau: Calcite recrystalliza-
tion rates and evidence for a rapid rise in seawater Mg over the last
10 million years. Geochimica et Cosmochimica Acta, 70 ( 15);
3883-3904

Fantle M S, DePaclo D J. 2007. Ca isotopes in carbonate sediment and
pore fluid from ODP Site 807A; The Ca®’ ( aq) -calcite equilibrium
fractionation factor and calcite recrystallization rates in Pleistocene
sediments. Geochimica et Cosmochimica Acta, 71 (10): 2524
-2546

Fantle M S, Maher K M, DePaclo D J. 2010. Isotopic approaches for
quantifying the rates of marine burial diagenesis. Reviews of Geo-
physics, 48(3): RG3002

Ghosh P, Adkins J, Affek H, Balta B, Guo W F, Schauble E A, Schrag
D, Eiler J M. 2006. “C-"0 bonds in carbonate minerals; A new
kind of paleothermometer. Geochimica et Cosmochimica Acta, 70
(6): 1439-1456

Grammer G M, Crescini C M, McNeill D F, Taylor L H. 1999. Quantif-
ying rates of syndepositional marine cementation in deeper platform
environments-new insight into a fundamental process. Journal of
Sedimentary Research, 69( 1) 202-207

Guo W F, Mosenfelder J L, Goddard IIl W A, Eiler ] M. 2009. Isotopic
fractionations associated with phosphoric acid digestion of carbonate
minerals: Insights from first-principles theoretical modeling and
clumped isotope measurements. Geochimica et Cosmochimica Acta,
73(24) ; 7203-7225

Guo W F. 2020. Kinetic clumped isotope fractionation in the DIC-H,0-
CO, system: Patterns, controls, and implications. Geochimica et
Cosmochimica Acta, 268; 230-257

Guo Y R, Deng W F, Liu X, Kong K, Yan W, Wei G J. 2021.
Clumped isotope geochemistry of island carbonates in the South Chi-
na Sea: Implications for early diagenesis and dolomitization. Marine
Geology, 437 106513

Guo Y R, Deng W F, Wei G J. 2019. Kinetic effects during the experi-
mental transition of aragonite to calcite in aqueous solution: Insights
from clumped and oxygen isotope signatures. Geochimica et Cosmo-
chimica Acta, 248: 210-230

Hemingway J] D, Henkes G A. 2021. A disordered kinetic model for
clumped isotope bond reordering in carbonates. Earth and Planetary
Science Letters, 566; 116962

Henkes G A, Passey B H, Grossman E L, Shenton B J, Pérez-Huerta
A, Yancey T E. 2014. Temperature limits for preservation of prima-
ry calcite clumped isotope paleotemperatures. Geochimica et Cosmo-
chimica Acta, 139: 362-382

Herlambang A, John C M. 2021. Combining clumped isotope and trace
element analysis to constrain potential kinetic effects in calcite.
Geochimica et Cosmochimica Acta, 296: 117-130

Hill P S, Tripati A K, Schauble E A. 2014. Theoretical constraints on
the effects of pH, salinity, and temperature on clumped isotope sig-
natures of dissolved inorganic carbon species and precipitating car-
bonate minerals. Geochimica et Cosmochimica Acta, 125; 610-652

Huntington K W, Lechler A R. 2015. Carbonate clumped isotope ther-

mometry in continental tectonics. Tectonophysics, 647-648; 1-20



174

Ingalls M. 2019. Reconstructing carbonate alteration histories in orogenic
sedimentary basins: Xigaze forearc, southern Tibet. Geochimica et
Cosmochimica Acta, 251: 284-300

Kong K, Deng W, Guo Y, Jin C, Liu Q, Wei G. 2021. Thermal altera-
tion history of the Fenghuoshan Group, Hoh Xil Basin, nerthern Ti-
betan Plateau: Insights from clumped isotope thermometry. Journal
of Geophysical Research; Solid Earth, ¢2021JB022009

Lacroix B, Niemi N A. 2019. Investigating the effect of burial histories
on the clumped isotope thermometer: An example from the Green
River and Washakie Basins, Wyoming. Geochimica et Cosmochimi-
ca Acta, 247 40-58

Lloyd M K, Ryb U, Eiler ] M. 2018. Experimental calibration of
clumped isotope reordering in dolemite. Geochimica et Cosmochimi-
ca Acta, 242, 1-20

Loyd S J, Sample J, Tripati R E, Defliese W F, Brooks K, Hovland M,
Torres M, Marlow J, Hancock L G, Martin R, Lyons T, Tripati A
E. 2016. Methane seep carbonates yield clumped isotope signatures
out of equilibrium with formation temperatures. Nature Communica-
tions, 7; 12274

Mangenot X, Degoninck J F, Bonifacie M, Rouchon V, Collin P Y,
Quesne D, Gasparrini M, Sizun J P. 2019. Thermal and exhuma-
tion histories of the northern subalpine chains ( Bauges and Bornes—
France) : Evidence from forward thermal modeling coupling clay
mineral diagenesis, organic maturity and carbonate clumped isotope
(A4,) data, Basin Research, 31(2): 361-379

Moore C H. 1989. Carbonate diagenesis and porosity.
Amsterdam; Elsevier

Miller I A, Violay M E S, Storck J C, Fernandez A, van Dijk J, Ma-
donna C, Bernasconi S M. 2017. Clumped isotope fractionation
during phosphoric acid digestion of carbonates at 70°C. Chemical
Geology, 449; 1-14

Passey B H, Henkes G A. 2012. Carbonate clumped isotope bond reor-
dering and geospeedometry. Earth and Planetary Science Letters,
351-352; 223-236

Richter F M, DePaclo D J. 1987. Numerical models for diagenesis and
the Neogene Sr isotopic evolution of seawater from DSDP Site 590B.
Earth and Planetary Science Letters, 83(1-4) . 27-38

Richter F M, Liang Y. 1993. The rate and consequences of Sr diagenesis
in deep-sea carbonates. Earth and Planetary Science Letters, 117(3
~4): 553-565

Ryb U, Lloyd M K, Eiler J M. 2021. Carbonate clumped isotope con-
straints on burial, uplift and exhumation histories of the Colorado
Plateau. Earth and Planetary Science Letters, 566; 116964

Ryb U, Lloyd M K, Stolper D A, Eiler ] M. 2017. The clumped-isotope
geochemistry of exhumed marbles from Naxos, Greece. Earth and
Planetary Science Letters, 470; 1-12

Sade Z, Yam R, Shemesh A, Halevy 1. 2020. Kinetic fractionation of
carbon and oxygen isotopes during BaCO, precipitation. Geochimica
et Cosmochimica Acta, 280 395-422

Schauble E A, Ghosh P, Eiler ] M. 2006. Preferential formation of
B¢-10 bonds in carbonate minerals, estimated using first-princi-
ples lattice dynamics. Geochimica et Cosmochimica Acta, 70(10) :

2510-2529

BHEE MR AR AR AR DRI EDR SR

Shenton B J, Grossman E L, Passey B H, Henkes G A, Becker T P,
Laya J C, Perez-Huerta A, Becker S P, Lawson M. 2015.
Clumped isotope thermometry in deeply buried sedimentary carbon-
ates: The effects of bond reordering and recrystallization. Geological
Society of America Bulletin, 127(7-8) ; 1036-1051

Spencer C, Kim S T. 2015. Carbonate clumped isotope paleothermome-
try: A review of recent advances in CO, gas evolution, purification,
measurement and standardization techniques. Geosciences Journal,
19(2) . 357-374

Staudigel P T, Swart P K. 2016. Isotopic behavior during the aragonite-
calcite transition; Implications for sample preparation and proxy in-
terpretation. Chemical Geology, 442: 130-138

Staudigel P T, Swart P K. 2018. A kinetic difference between 2C- and
B C-bound oxygen exchange rates results in decoupled §'0 and 4,
values of equilibrating DIC solutions. Geochemistry, Geophysics,
Geosystems, 19(8); 2371-2383

Staudigel P T, Swart P K. 2019. A diagenetic origin for isotopic variabil-
ity of sediments deposited on the margin of Great Bahama Bank, in-
sights from clumped isotopes. Geochimica et Cosmochimica Acta,
258: 97-119

Stolper D A, Eiler J M, Higgins ] A. 2018. Modeling the effects of dia-
genesis on carbonate clumped-isotope values in deep- and shallow-
water settings. Geochimica et Cosmochimica Acta, 227, 264-291

Stolper D A, Eiler ] M. 2015. The kinetics of solid-state isotope-ex-
change reactions for clumped isotopes: A study of inorganic calcites
and apatites from natural and experimental samples. American Jour-
nal of Science, 315(5): 363-411

Stolper D A, Lawson M, Davis C L, Ferreira A A, Neto EV S, Ellis G
S, Lewan M D, Martini A M, Tang Y, Schoell M, Sessions A L,
Eiler ] M. 2014. Formation temperatures of thermogenic and bio-
genic methane. Science, 344(6191) ; 1500~1503

Swart P K. 2000. The oxygen isotopic composition of interstitial waters;

Evidence for fluid flow and recrystallization in the margin of the
Great Bahama Bank. Proceedings of the Ocean Drilling Program;
Scientific Results, 166: 91-98

Swart P K. 2015. The geochemistry of carbonate diagenesis: The past,
present and future. Sedimentology, 62(5) : 1233—1304

Tripati A K, Hill P S, Eagle R A, Mosenfelder J L, Tang J] W, Schauble
E A, Eiler ] M, Zeebe R E, Uchikawa J, Coplen T B, Ries ] B,
Henry D. 2015. Beyond temperature ; Clumped isotope signatures in
dissolved inorganic carbon species and the influence of solution
chemistry on carbonate mineral composition. Geochimica et Cosmo-
chimica Acta, 166; 344-371

Veillard C M A, John C M, Krevor S, Najorka J. 2019. Rock-buffered
recrystallization of Marion Plateau dolomites at low temperature evi-
denced by clumped isotope thermometry and X-ray diffraction analy-
sis. Geochimica et Cosmochimica Acta, 252; 190-212

Wang Z R, Schauble E A, Eiler J M. 2004. Equilibrium thermodynam-
ics of multiply substituted isotopologues of molecular gases.
Geochimica et Cosmochimica Acta, 68(23) ; 4779-4797

Watkins ] M, Hunt J D. 2015. A process-based model for non-equilibri-
um clumped isotope effects in carbonates. Earth and Planetary Sci-

ence Letters, 432; 152-165 {THE 184 77)



184

evolution by a two-stage model. Earth and Planetary Science Let-
ters, 26(2); 207-221

Stanley J R, Flowers R M. 2016. Dating kimberlite emplacement with
zircon and perovskite ( U-Th)/He geochronology. Geochemistry,
Geophysics, Geosystems, 17(11); 4517-4533

Stern R J, Leybourne M I, Tsujimori T. 2016. Kimberlites and the start
of plate tectonics. Geology, 44(10): 799-802

Sun J, Liu C Z, Tappe S, Kostrovitsky S I, Wu F Y, Yakovlev D, Yang
Y H, Yang ] H. 2014. Repeated kimberlite magmatism beneath
Yakutia and its relationship to Siberian flood volcanism: Insights
from in situ U-Pb and Sr-Nd perovskite isotope analysis. Earth and
Planetary Science Letters, 404; 283-295

Sun J, Tappe S, Kostrovitsky S I, Liu C Z, Skuzovatov S Y, Wu F Y.
2018. Mantle sources of kimberlites through time: A U-Pb and Lu-
Hf isotope study of zircon megacrysts from the Siberian diamond
fields. Chemical Geology, 479 228-240

Tappe S, Simonetti A. 2012. Combined U-Pb geochronology and Sr-Nd
isotope analysis of the Ice River perovskite standard, with implica-
tions for kimberlite and alkaline rock petrogenesis. Chemical Geolo-
gy, 304-305; 10-17

Wu FY, Yang Y H, Mitchell R H, Li Q L, Yang J H, Zhang Y B.
2010. In situ U-Pb age determination and Nd isotopic analysis of
perovskites from kimberlites in southern Africa and Somerset Island,
Canada. Lithos, 115(1-4); 205-222

Wu F Y, Mitchel R H, LiQ L, Yang Y H. 2013. In situ U-Pb age de-

(3T o Bt 3% T o [ 490 O IE 3L 8 F AR

WEFE SANEEEF EGER

termination and Sr-Nd isotopic analysis of perovskite from the Premi-
er (Cullinan) kimberlite, South Africa. Chemical Geology, 353:
83-95

Yang Y H, Wu F Y, Wilde S A, Liu X M, Zhang Y B, Xie L W, Yang
J H. 2009. In-situ perovskite Sr-Nd isotopic constraints on the
petrogenesis of the Ordovician Mengyin kimberlites in the North Chi-
na Craton. Chemical Geology, 264(1-4); 24-42

Zartman R E, Brock M R, Heyl A V, Thomas H H. 1967. K-Ar and
Rb-Sr ages of some alkalic intrusive rocks from central and eastern
United States. American Journal of Science, 265(10) ; 848-870

Zartman R E, Richardson S H. 2005. Evidence from kimberlitic zircon
for a decreasing mantle Th/U since the Archean. Chemical Geology,
220(3-4): 263-283

FRER, ZHE, EHA, Rk, BR. 2001 BRAFEA U-Pb
T AP R—FERANBE L EAEE. EA¥ER, 17(1):
129-138

BRHR, AE, Bk, k¥, 2021. HA%8 LA-ICP-MS/FT &
R KBRRBAHNE. wRS5%E, 30(1); 75-84

RITH, AT 2004 EHRETYEHR LI U-Pb EREE
K. BE@EH, 49(16) ; 1589-1604

KEW, T, 2004 B4R 5 4 Ve 3 FH o 00 1) R B B b IR
B ERKREER(BARER), 40(6) : 898-905

(AXRERE: NS, XLHRE KNE)

e e e e e U O A e e N e U O A

(EEE 174 W)

Weise A, Kluge T. 2020. Isotope exchange rates in dissolved inorganic

carbon between 40 C and 90 C. Geochimica et Cosmochimica Ac-
ta, 268: 56-72

Yeung L Y, Ash J L, Young E D. 2015. Biological signatures in
clumped isotopes of 0,. Science, 348(6233) ; 431-434

Yeung LY, Li SN, Kohl 1 E, Haslun J A, Ostrom N E, Hu HT, Fis-
cher T P, Schauble E A, Young E D. 2017. Extreme enrichment in
atmospheric "N'*N. Science Advances, 3(11) : eaao6741

Zhang Y X. 1994. Reaction kinetics, geospeedometry, and relaxation
theory. Earth and Planetary Science Letters, 122(3-4) . 373-391

B, B, R 2019 BHRBREAFERERFRLR.
TYEOHRILEEIR, 38(4): 855-866

ZEF, DERE, SFEE, KFT. 2017. AERANENREAERS

WENA. WaEER, 19(4) . 713-728

XIWR, A, HE, SRt 8, Tk, 2020, BmiA
182 (R 457 9% 7E UT B 20 b 380 SR04 oP B9 B T —— DA 3B B K & 3T
REBX AP HRYBEER, 63(2): 597-611

IhEdE, WKE, PEY. 2018. RASHAMNERCERRHE.
TYEAmBRLFER, 37(4): 559-571

Frigk, W, NEXR, TH. 2018, ABERMEABENERMNE
HARERRSHREEHRPIONA. FOEABBRLEE
], 37(4) : 580-587

BER, HAE, T, BHF. 2019. ARAERMERENHLM
HEEMER. B¥EER, 64(S1) . 566-578

(B MERE N E; EXHE:HRE)



