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W OE [EIIWILE, X 2 2 — A (C-T, 100.5~89.8 Ma) K A ALBRYE & (pCO,) 1 T AT FR T [y BE R
PRSI 43 23R (RIS 8] 43 3 AN 45 B A S 2 B AR 0110 pCO, EE ), HAT DX — W RO IIFSY R I T AH0)Z | 10 T H
C-T e Ui 2 S RN A BRBBAG FR P Bl R A R [k 1R T noxst C-T A il 2 <A J9 ) pC.O, U 0 S HE vy A=A 7 i 34
it , ASHIF S 28 AT P AR o 0 54 I 7k b o T 20485 o 45 A AR Al R E R T C-T R i3 23 R 1 K pCO, AP 349 41 R K
(MAP)  [Z55 1pCO, TE R FE U 2 W B/ b | i 7E v i 65 2 MR i, 390 b AR 1, pCO AP R B 80, B pCO, I8
AL, BB ALl B R A5 A SR T EE S R A ORGSR S =R, B R PR B R 1 2(0AE2) o 76 OAE2 W], A7 7E AR
[F] 1 CO, Mkt , H.pCO, I R (VNS 8°C, it/ N CR)ELSARXS I . pCO,TE OAE2 L4k T+ % 1 300 pumol/mol, Fifif5 OAE2
R R HAAT BB AT B pCO, FRE T 29 17%. it 2 S RESLE i i — SV B2 T BRI T L= AT R s R R
RN, 32 5 3O AL IR 407 3% 1) Sl 35 67 A B O ol 55 JE ALk IR 47 2% ekl o [ 459 )3 ok XoF C-T B J 7y MAP UM R A 11451 K
R AR EE I 500 wmol/mol #4115 1 000 wmol/mol B, MAP /1511 mm,

KW ASAS; L TP 5 pCO, s BRIEIAIL Bl S U

FE—1EE  FER, 5200248 AR LA ST A BRI AF , E-mail: 3122055349@qq.com

WBIEEE  WREE, &, B2, Al 5= 5 MRk 02 E-mail: richen@cup.edu.cn
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S HE(MCE) , RS & & A P i 2B 0 0UA K
FUTC R AN 4 BRI A2 1) K 46 (Hasegawa , 2003 ; Wang

0

Ju

T}

FEIE 2 W 2 AR (C-T) A A5 T Lok i R
R il & A B B RN 5] 2 — (Mays et al.,2015) o iy
A E A R, C-T I AR AE-F- B <R (MAT) it
30 °C, AE—PII AR BRI P22 (Retallack,2009;
F KRS, 2015) o AL, R A AR A TR R
(pCO,, wmol/mol )5 HiF Tk Ak B A 15 4~8 %, fifi 4= 2k
R AERE K B (MAP) G /ID T 25%, 97K T H %240
A KSR K CHE B (Li et al., 20145 Varela et al.,
2018) . Btz ARAE  IZINHHIE & AR T Ak
TIPS FAF: , RISl S A 2 (OAE2) Al rp 287

et al.,2014;Joo et al.,2020) . C-THAMRI 72 19 J L TG
BlLA B I A AR RIROR/ B8 XA S 2 78 TR b
I, B Ry S A Wy ER AL 2 S i RS R L, &
BT — FR N GEMEME AU B IR 1 T VR AT A2 Ak
(Barclay et al., 2010; Scaife et al., 2017; Joo et al.,
2020) . HHr, pCO, 1% 2 JCRER M C-T ) oo
FIEREE Y &2 A & (Laugié et al., 2020 ; Matsumoto et
al.,2022) . I, FH 242 FP ) pCO, B T A
07 Ry B A R A A AR A PR TE PR O R 4t 1 —A
AR ARG ZR A1)

Y5 B H#5:2024-07-11; &[5 H 5 :2024-10-14; 5 A H#H: 2024-11-13; 48 U AR H #5:2024-11-13

BEE£W B LEEZRRFEET H (EAR-1119219)
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HIAC 2RI R4 C-T IR 1) pCO, , 45
IR E WA 2R A A A AL R L S ek ik
SFARAISE (Wang et al.,2014) . FI4E Mo BR AL 24 AR R4
1B C-T i 14 pCO, 41 000~1 650 pmol/mol (Berner
et al.,2006) , ARG VR A LA R A7 = AL B Ry 45
HZEPL(900~2 000 wmol/mol ) (Bice et al.,2006) , i
i R A A AL B AR AL BB R 283 2 1] pCO, 2 600~
1 700 wmol/mol, +1&3 pCO, A 500~1 900 wmol/mol
(Wan et al.,2011;Mays et al.,2015) . T 3 Fric 5%
[ C-T B HH pCO, MU B 155 - ZE 3452 1 pCO, R 2 667786
pmol/mol (Leier et al.,2009) , +1& ] pCO, K 1 450~
2 690 pmol/mol (Sandler,2006) . AN [F) )7 EEAE R AL |
FEAAB AN 73 B3 5 Y 22 5 1T e 33K 1Ak pCo,

S0 EEF A (Roy et al.,2021) . AN, BB
N 18] 73 B8 0 pCO, At T (RP F R A 45 B 7R 263 2
AR pCO, B AL BT ZAEH A PRIy, R 2
X TAFTE W] ARG PR 2 i e vh i Rt 3B
D5 B 1 73 PR R A BE AR I 29 R 19 pCO, il %
DA B i L 1 A 1 220 v 38 pCO, 1 3N, I AE—
FERRRE b Ry TN AR SR X KA CO, M B2 T 1
PR

RS B A A% T MR SR T, EAE ISR T
TUTE I (8 g AR A5, 22 sl U A )
TH, B8z HF A2 090 A% 1 (Breecker
et al.,2010; Hong and Lee,2012; Huang et al.,2013; Li
et al.,2016;Roy et al.,2021;0rr et al.,2022) . Tk 1=
A P BB B ER A AR Y R— R KB RALLE,
HolH] e 2 A gy 48, Al RRZREE 1 F w00 A
5 R CREAER A, 1997) o TEARSEH, FRATRIH R4
2 R A 1) oy SRR o 4 A% (P IR o R Ny
FEAFE L 0.5 Ma) A2 E [R5 2 LA 2 Cerling (1992)
HENT R B R AR, i E A C-T BT
LpCOMMAP. L) H pCO, Ml THIE 5 BUAT ) 4k
BAR R AT T HAR, LA T fi# pCO, 7E C-T I 1 4 18
AL S RIS, I 2R R C-T W i 2 Ui ]
BT AR AR A A MR

1 HiRE 5

T o R TR B 0T A 1 B AR B, 9
FLARBE A AR S Il 43 B LA M AR 2 o O R 355
2002) o FEHEHIAR 5 AN — H SO AR LE b Tk 4 v
TLEE G20 T, S5 hi % M (A 7 pig T 1 HE A W — %0

WAL I (Huang et al.,1992) . FESEHLIK B PE 9] 7=
A 43 A VG P S A4 S bR R A R S A B R b B
6 I 7 AR K S i IX B W A A RS R R R RR
B A7 U-Ph I FIAE IS N 1 666~1 780 Ma (185 L%,
2009) 5 E #5 7 MRS 25 B A7 D) 725 Sm-Nd 42 4 1)
LAFWS M 1 593.9£240 Ma, T ZHE 7 e 85 41 AR 04 0
1 870 Ma( E#,2005) , 2= HH JE 3 Hb B 7 5 # Hh b 2L
A5 HA R 0 A FE 2 AR S 45 )RS (Huang et al.,1992) .

54 0 b i 3 T D R R IS 1) i A R
SR IX, AP —RI AL ] . b AR LA G VDV 2
S VLR T S SR 5 R A R b E
I ALTEF 25 B A (] 1a) (FRF, 2020 5K36
85,2022) o ARIEAT N BIWFFREE R, B AR Hb B 1 7
A5 TR R BRI 7k FAS B B e AR AR T 4G
i I R B vty 2B AR A EC T W B e oty
AR E 5 Uk R B B L A AR R — i i 7
b A S W B A AL o3 2k K e B Be OFE 453 45
1997) . DKtk , B #0 4 Hh ELAT 1 F€ AR T 48 R R
Foty A GRARE ARO S A S e oy A= AT vp A BB L
RS2 (5 R84, 2018)

VAR rp A RO OIS Z b — i i 2 % T By
Bt M S —rh =&, 2 ARV A VYT
T AR Y VL R S LRI 5 ),
Hi B A R XU IS F (5265, 2022) o g = B it
SUPTLFERA G, B AR 5 R — H 5 i DA Bl
R L, AT PR TR A iR e, 2 0 i o 22
T L (BRELDLA , 20105 % 85 ,2017) . T =& 5
W =B G0 K TR R R AR A U R R R £ T
e R PE ks B =28 H R R L
P77 T RV R TR R R VA VB A — 8 A
FUURL, FERAR B, Z PR — BT PR, B
AR A 7 B R T B2 2 DR, F2 B h PN fi o]
DT R 52 S = I LT £ o 1 21 o L O ] 8
BWEE, KRB OREE AU, B, CE
JaiiB K T Bl AR T e A DUR R A8 56, 1997 5 7k
$1,2020),

SR R E AR R R (K, ) madl
(Kyn) JEKSF4H (Kh) 88 75 A2 2 000 km®, 2L
P A8 i S P (R B R R S R R AR 25 A% +
HZH N, AT ENHEREE . A
L RAM L A ESEHA (K 1b) . sEAHIE
TBLI 700 m (135 K AP IR 23 RO R S AL, ) L
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B 1 X3 (Huang et al., 19925 Qi et al. ,2021)
(a) BHA ML 5 (b) 12 HEHE XTI 5 () BT b o A-A T ]
Fig.1 Regional geological map (Huang et al., 1992 ; Qi et al., 2021)
(a) geological map of Qamdo Basin; (b) geological map of Markam county; and (c) section A-A” in Fig. b

LA TR S, e T g A% gL
21600 m JE LA FE K05 B A AR, 5k
OB RS M SRR ER AE AL T H 2
(FEAERNAE, 1997) ¢

2 WH5E

2.1 IR

T Rl DX R A v = 0 S DI AE R KRR
HA 2R DU b RS A % 9K T 200 Ma, XfiLAXT
P B A DUV A 1 PR (Shang, 2016) . Ik, H
[HIESRE E AW s e B S %P (i ) U M NP SN

B

] vz

[ ]z

e A .

X R b DX 20 oy b i 2 Y R T e o 2
5HT R 50 R TR 4 T 1 S 40
A, 45 2 5] [R] DA ] 54 48 22 2% 3 19 (141 2) (Huang et
al.,1992) . SRAKZIA T HESRE A0
¥ 5¢ 25 (Nakamuranaia . Nippononaia . Sinonaia F
Peregrinoconcha) . 7\ J& 2% (Darwinula contracta) ., #
aY %*}'}(Classopollis 1 Monosulcites) A S T 2S5 iG
o R Je b f1 (Microvenator chagyabi  Chao,
Asiatosaurus kwangshiensis Chao, Prodeinodon tibetensis
Chao 1 Monkonosaurus lawulacus Chao), & W 5t B 2H
I A7 ] BETTAR T N e 3t R 1 2 R R A
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(a5 EGIE RN . AR R DT SEME A (2019) , BB A HUREAFE ) IR T Huang et al.(1992)
Fig.2  Stratigraphic profile of the Nanxin Formation in Markam county

° 50000 gz
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By comparing sections A and C with the standard section of the Cretaceous Nanxin Formation in the Qamdo Basin, a composite section of the Nanxin Formation in Markam coun-
ty was formed, and 13 samples (black code) collected from section A and nine samples (red code) collected from section C were integrated on the composite section. The Creta-

ceous geomagnetic chronology originated from Xi et al. (2019), and the paleomagnetic age of the Nanxin Formation was from Huang et al. (1992)

(126~100 Ma) (7 Ji b J5i 8 A5 J5y, 2007) o A B4 &% Cristocypridea) b A1 4 & & b A ESG SR A
PR A W Y (Cristocypridea demiorbiculata Ye, A, IFAEAN L Z b DU J7 5 41 A5 BH 7 M 8 B ReH LA
Eucypris angulata Ye, Darwinula contracta Mandelstam, T PE B g A A B (CC 4 e, 1978;
Cypridea sp.) N& JE A (Gyraulus sp.) (75 5T 7] Huang et al., 1992) . L4k, m BT 4 L #B ik & AT
Ry, 2007) o Hid 2 B A —5i & B A (Cypridea- = Fh R e AL A1 (Hadrosauridae, Ornithomimus sp.
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Megacervixosaurus tibensis Chao) (Zhao, 1983 ; P4 jt Hh
FEi 4 JRy,2007) o X SR WA PN FEAAAET
b G G B R JE T i A R AR B R B (89~
66 Ma)(Zhao, 1983; Stubbs et al.,2019) . % I, 454
IR T AR 2 A T AR R O R AR
WG B HT AL DU AT i aE— 25 R ] 220 i 1 W S
S W—EH(E2)

ABIFFE )T RS B 25 A R AR 2R L PG R Y
PR 12 22 1 0 2L 30 1T 19 ICE 0~300 m (T A, C)
(B b Bl 2) o 32X PR E T 2 1 1) 447G 3 ) — 3
4%, SRR AT 3 000~3 500 m, 2B [ 4R ik} 550~
65° (Il 1c) o FRATTAE WA AS [R) 0 457 B % AR [ 1) 7y £
B2 B IR, DAY /D Y b A 9 RN 3 BE R, R
EREERZNRAE ()T R LR 29 50 em (TR FEEX
FE, DL IE 50T CO, ¥ (S(2)) M # KX (Li et al.,
2014) . W FEA FEM RS TR R B, 58]
AT HH BRI il A A I 2 — 238 e AR TE O 1) P30T
TR S E , B A=B—axC, Hirf A g A4
FE AR, B ok ) T — 7 B R AR IS, C O AL E
ZOIE IR, o MR TTRGE R (L et al.,2014) .
FEVH 2R BT , R R R WHERR 7SN, A B
(NN R ST TR G UE R CE T A
22 MR

AWFFE ) 22 A7y R IR R 25 A% R T AR
e AR o 25 A S 1 PG 3 5 JE I K e [l 67 R 5K
56 % M2 . Bk BR Eh PC/0 Y s RE 1k B NBS18 il
NBS19, |} RELION MICRODRILL SAMPLING f# X
IR ASORT B s DX 3l R A7 BORE | 003X e e | AL TRl Az
R, AR T40.1%0. R Ho0HT T i Bk IRER
S A MR FEAL R, LIS D B IR R B
A SR TR T ETS g o (T HZE IR AT 4B e+
TRIRELE5 %, HAE IR T M, SR 5 ol IR R ATEAY
e R o 38 S TEAR SR e 2 i v Il AR i Hh S
WAL IR (H,S0,) 2k K bRk Rk . R FHE L3 8 [l 47
I (EA-IRMS) Fl3%E #2 5] IRMS 1 ConFlo 111
% (FinniganMAT 253, Bremen, Germany) BT 08T,
328 A R 108 B NBS-22 1 USGS-24, 43 oK B2 4L T
+0.1%o.
23 HRIEER
23.1 MESHBEHECO,F LR AL AHEH

AL R Cerling (1992) #2 H A 2886 /4 2 (1)
THE C-T B 1A KA Ak B

8°C.~ 10044 X 8°C, - 44 |
8"C, - 8°C,

2 S(z) S S CO, ¥R (mol/mol) , 8°C._,
8"C,.8"C, 73 51k L5 CO, LI CO, FIR T CO,
(R e B Rl 2R 2

8VC, P LA o 45 Atk ) 57 2= (6°C) FHAE T
FE 1 CO, 5 77 it A1 i R B0 TR (A3 2) (Ekart et
al.,1999) ., Romanek et al.(1992) i —¥ §°C_ K 1F
F8°C, (AZ3), HoA i BE (T) i Hyland er al.(2013)
MEE Yy il B2 5y IR R ER 67°0 Z IRl 28 5 82X
T (A4 BT I E—IRE R EE R —
FRE IR (Li et al.,2014) . TEABFTEH, X PIRIA[H]
W53 T3 8°C Rl pCO,.

pCO, = S(z) X

8°C, =-8.98 + 6°C (2)
8C. + 1000
13 — c —_
7. = 1198 - 0.12 x T 1000 (3)
1000
T = 1.1415 x §"0,,, + 20.805 (4)

8C, 18 Ol A MLk ] A2 &R 6°C,, U
(Cerling, 1992), M T ARG , 3R YT
A PR B & AL, IR 8°C AIE N :67C,, — 1%00
Arens et al.(2000 ¥ 8"C K 1FE A 8°C,, BV

8°C, =(8"C, + 18.67)/1.1 (5)

b SR Ty R A ST AR A Bl v
(S(z) ) iy A AR Uk T HAth i A 285 C 9iE
XF pCO, 1 5 2h B 52 i 457N (Breecker et al., 20103
Huang et al.,2013;Orr et al.,2022) . S(z) F %% 13
A7 H ARG B T A ) AR A 2
TREE IR R R AT DA a5 i (Roy et al.,
2021). Li et al.(2014)IA] S(2) 7R T 50 om HYTRE
TR Je B I CO, W S 5 000
pmol/mol , T AT LE AL 1 3 5 TR TAE Y Ak A <AL

SHROEE L BL45 TR (Breecker et al.,2010), HFT,#
WA A Y9 4F % 7K 3 (Cotton and Sheldon, 2012 ; Roy
et al.,2021) 85 5 Z IR E (Retallack , 2009) K315 S
(z), B0 3T L HERA L T AR 1Y S(2) (Montafiez,
2013) o Hi THR43 A e T PR AT A 58 B i ik = kT
Bl e B OK il Sk, AT R A T Montadiez
(2013) #1112 000 wmol/mol Ay +IFEREIG CO, 1k .
232 HHEREER

C3 M YA DL [R17 3R 32 BT Re 7K A8 A Al e
N, PR AT B 26 5 1 HEA Y o R K 2 4% L (Kohn,
2010; Wang et al.,2019) . it , O A — 263 F AL
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RE WS C,, SRR IER A& HER
A LR R 2k R AR AU /K B (Kohn,
2010;Rao et al.,2013; Wang et al.,2019) . SR, X L&
TR ZSUC,,, SRR I OC R GE H] TR E X
PR R A [] C3 W i 1 85C,, X A 7K i 178 Wi 1 A []
AN b 3R HLBK (R 3Rt VF Z A W b i ) 432
FAG S AL, MR C3 M) 8"C, WFHAHEA R L1
HIYIAP L3217 (Rao et al.,2013) .

Rao et al.(2017) 2538 T 28k C3 YA HLIK R {37
REHRMEM KR NN CIHY A VLR Z BA 1T
SR E A REK R AT T TR T 81C, -MAP £
N T(6):

8"C,, (%o, VPDB) = 0.002 x MAP(mm) - 26 (6)

AT i 2250 23K (6) % T HLHE C-T 1Y)
AR K B o T LR [ 2R AR A rh 25
A P ) o3 A T A2 A5 LAY A LK [ 7 3R
P 1E , 2B Al 18 B 38 AT 1%0~3%0(Rao et al.,2017) ,
[RGB A ML ()57 A 1k :513C(,,,g—1%00

3 4%

31 EH IR REEAZGFE

R HIEEEE A 1.5 m B 8 m A5, IFAR
At (RO b R gh +) (i 2B R SRR IR R
A% FEYIAR I AR WA B SRR AR AE B i AT R
(E3a,b) . F5F45# R 5L 6, 50— RDE 2%
RIE Rt Z AT 1~5 em, HIHE 50% LI LAY 7 Fr
. BT, i S R A5 A% LIRS O A
F, ST A A T AN iR & A
B TR S A e B R AR i A 95% (181 3d~F) o 1k
i 7 A 2 TR DR B AR AR T R BEBCIR, R A
HUBT T IR (K] 3e) o ARIEAR 24288 605
fife A 5T 43 B LR 20 AT, HLGUE 7 A Fn 5
fb 7 A Z (B A A B B B (&1 3d~F) o BEAk , 38
AT REL R PR 0 A A e FE N4 (B 3c) o

55 2 Hb B BT A S o A5 A ik R A 3R
(6"C, VPDB) X (H N —-8.6%0(~9.4%0~—1.7%0) ; . [F]
fii & (8”0, VPDB) ¥ {5 h - 11.2%0 ( = 12.7%0~
-9.3%0) ; A HLWK [F] i & (8°C,,, VPDB) - ¥ {H Ky
=25.7%0(=26.5%0~—24.9%0) (K1 4) o AHE T H AL Hs
[vi] s 00 010 oty b S Atk | ST 50 3 1, 7 0 48 o 45 A%

B RA Z AR~ 1%0~—3%0, 1) F 45 (£ F4E,
2019) P} b (2= 4y 55, 2018) LA K Ak i &)
(Hasegawa et al.,2003 )55, W] RET/R & C-T B HIAS[H]
H X A AU 22 F I B (2 45 ,2018) o X 94ty
492 1 I A A B T A R T R R
FE RV 240 MT e WA, [R]— 45 4% P R O fige 6 B9 TR A7
FAEAEE A (B 5) T3 7 i A RS2 & T ff A
19 6"C 22 H A T 0.01%0~0.56%0 (F- M H5~0.30%0)
PRIAN 5 it A1 19 80 ZE(H A T 0.04%0~0.69%0 (V- 34 {H
F1~0.26%0) , T 7 A7 R 7 A AR [l A7
FAEAEAS R Ay 207 =22 6] Y 22 57 1T 3K ~3%0(8"0)
H1~2.5%0(5"C) .
32 HREERZE
32.1 pCO, T#L

ARG, B ATV T CO, 57 i A s [l 157
RO REC AR R R T DL R
WAL (25 °C) = AR i3T5 67C (01 2.3.1,6"C,
HEIE) I ER T C-THHY pCo,, TH4s 41
B4 R 1R, FET R R 5318 R 5L (-8.9%0) Fil
TR E IR E (25 C) 5 6 C H AR pCO, 58—,
435K 674~1 277 wmol/mol F1 712~1 331 wmol/mol,
1M 3 T 4 [H) 7 & 3F 5 6°C, 1Y pCo, by 227~
784 wmol/mol, & T4 RN KiTH E/‘Jpco2i@7$&
I B A A8 R ARV B, S IR 5 19 pCO,
fli L AR T 04 R A AR B B2 (MK 6320,
MK6322)., %y AR AT REMRAS T C-T B 1Y pCO,,
Sk 1A AR R AR B A S 2 i Tl
BT AC R B Y 4~8 1% (Wan et al.,2011; Li et al.,
2014; Varela et al.,2018) . WteAb, {d A B9 % R
F—REIEEAXERE THERSHER 4
1R T R TR AR AR 31X 5 v o R LU
A7 251 5% 1 R A AR I A O = R AF (Wan et al.,
2011; Friedrich et al., 2012; Huber et al., 2018) .
b, 25 R3] C-T B AR BB it il 2 A R i N T A
1) C-T B pCO, , BebR = 1 pCO, TS5 R Bl 712~
1 331 pmol/mol , fE R ASAIF 5% 2 (1) C-T i 1 vy RS
AR
322 +MmeTaEs

AR5 F 1 C-T Bsf 10 B b DX A 2 i W 4 F
BIE N 849 mm, Horp 1T A 19 MAP B Z5 50 .
430~1 121 mm, “F ¥ J 799 mm; | i C ) MAP &

OMHIEAEAAE L : http://www.cjxb.ac.cn/en/article/doi/10.14027/.issn.1000-0550.2024.107
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Fig.3  Photographs of pedogenic carbonate in paleosols from the Nanxin Formation

(a, b) field outcrop photos of paleosols from the Nanxin Formation; (c) calcareous nodules are mainly micrite calcite, and plant roots are filled with quartz; (d) there is a clear

boundary between sparry calcite and micrite calcite; (e) micrite calcite is the main component, and the boundary between sparry calcite and micrite calcite is clear; (f) under

the microscope, calcareous nodules are mainly micritic calcite, with a small amount of quartz, and the boundary between sparry calcite and micritic calcite is clear

HL4E R K7 :600~1 231 mm, 3920 m(JE4), k1A
BT R 4 R 5 B oty 8 G- IRF I o W K o A
(~800~1 200 mm/yr) 5 AHFFE 24 F i BEARL, AT gk
BH C-T I} 10 4R R AU AR v S 35 I A 75 ¢
T, AR P 8 B /N, B 2 S A 2 g7
(Varela et al.,2018),

4 hHE

41 BEMBEERTN
FEXHATAR R 3R 45 R AT A B SR B 2Z AT,
A A — D AT T B AL AR R AR AL

FEURFNGE BTAR SUR 3F5E05 b S m B 2H
S AN B T P s R BT R L e v LRI /N T
50 °C, A ML B BUAR B 3 3R /N T 0.5 (BRELILAE,
2010) . X — 3R AN A 5 B AMIER 45 R — 3K,
N eap A EAN =S O ST A AT o (9 P T X &
GRS LA LA 7 A Ry 32, S S T A A
FAAE T RBE BN R D, — 3% B B A SRR (11
Be~f) o ST AT A W) T AAE LA AR R B
3 3] 1] 11 ¢ A= 4 1 49 18] JE 1 (Choquette and Pray,
1970) . F I UE A PIE LT b R 5 2 3R 26
355, DR AT B I S A Y M R A PR 2
(o, 3 2 I R BRI 9 6°0) (Li et al., 2024)
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Fig4 Changes of carbon, oxygen, organic carbon isotopes, pCO,, and MAP of calcareous nodules in the Nanxin Formation

AHECZ T, ST [R] RN 2 26 il e 45 4 43 ) 1 IRAE
TR IR 3L f Bt ke 0 Dl B B2, 97T RE 5 i 4 b
FeoK A ANTR] [E) 457 28 2R 1 9 AR w0 HE O (L et
al.,2024) o X9~y A1 24 o 45 4% rh W A O il
A LA 5 SR EE 1) 87C FN S0 1R 43 M 2 BH , 3l 7
fif A IS SRS ) AT AR B R 7 ZRAEL (&L S) 6
T AR e A 5 05 22 1R B 61°C 1 60 1B B -1 25 5 4
24 0.26%0(0.04~0.69%0) F110.30%0(0.01~0.56%o) , fii
ANTRVZ A 0 285 4% (Il il kA RN 5t i A ) 1 8°C
G 25 1 22 53 K ~2.5%0, 8"0 1122 53 H ~3.0%0.
I, PR A g b S R PR S A5 ) A R E
SRRV KA 1 R A VR e By, B e i
fift A RS LRI il A S B S M BE TR . T
D7 A R K AT e 32 21 3R A AR T A ek, i IR

(1) [F)— 2L 5 A R RS2 ZR AR, AN ) 2 25
fiff A A0 28 25 5 W k5 (2) A BiF 5% J 119 C-T A 44
pCO, 55 A 7] ik 40 114 DR AR S A e vk 32 o A A A
(UL 4.2), miEr AR e PR S pCO,fELE ] Bk
25 (Breecker et al.,2010) ; (3)fif 48 [R] 37 2 ) AH G
PE/N(R=0.27) o &5 b ik BT S A AL BT AR
JE AR AR R R Z2O6F LU B9 TIE 4l 120 3R AR Bt 5 ik
AR ot 1 [R5 2R 52 B R LA B AH O 0 26 A a1
FH 2 A/ IN , R Re 35 20 4% B 45 4% n] RE DR AT 1 1 0%
TE U 1Y S5 bR 5 5
4.2 C-THHIpCO,XILE

98 45 SR K WY, ZE 98 2 1 pCOo, hy 730~1 331
pmol/mol, +1& 1 pCO, A 712~983 pmol/mol, 2%
SRAT 4 2 M 1 (96~89 Ma) J&] FH 2H 1t 4233
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P50 JoT 45 A% PR B il BBURE i b FCRE Nz [ 457 3R 1 B
Cami ) 357 0 505 SRS AZRE i, JURE 5 R BRI FE 43590 : (a) MK638 .15 m; (h)MK6312 .84 m; (¢)MK6228.,300 m; (d)MK6312,140 m; (e)MK6321.,250 m; (f)MK6222
112 m; (g)MK6322.265 m; (h)MK6227.234 m; (1)MK639 .29 m; JK [ (4 5 HERR 52 b 5 A 4 [, A8 18 (0 R Bttty WA B [0 A8, S.P. g HURE7
Fig.5 Photographs of microcrystals and bright crystals in calcareous nodules and their corresponding isotopic values
(a-i) are calcareous tuberculosis samples, and the sample number and sampling depth are: (a) MK638, 15 m; (b) MK6312, 84 m; (c) MK6228, 300 m; (d) MK6312, 140 m;
(e) MK6321, 250 m; (f) MK6222, 112 m; (g) MK6322, 265 m; (h) MK6227, 234 m; (i) MK639, 29 m; The gray box indicates the isotope value of sparry calcite, the orange box

indicates the isotope value of microcrystalline calcite, and S.P. is the sampling position

5 B Y pCO, #H T (482~1 207 pmol/mol) ( T F4E
2019) . SR, —LEE FH A T — LA S 1 pCO, Al
i, nZER S . 1 368~1 626 pmol/mol (Hong and Li,
2012) .2 667+786 pwmol/mol (Leier et al.,2009) A} +
£ . 1 437 pmol/mol (Hong and Li, 2012) . 1 450~
2 690 wmol/mol (Sandler,2006) . Hi i <K 7 FE 4}
HoAth ki A\ S B BUBREAR /N, AN R 2435 R T AN ]
1) RTINS AR R FE (S(2)) , W] RBJE F 80 1 iR s
22 50 FEZ A (Li er al., 20145 Roy et al.,2021;
Orret al.,2022), SEFR L, Sandler(2006) {15 19 S(2)

{E 4 000 wmol/mol A X Leier et al.(2009) B 1 S(z)
{E 5 000 pmol/mol , WHOA R EAE T i DITER By
g A A e Tk R DR O A ik R R AN TE
SN R AR T B 2L 1 (Breecker et al.
2009). TEAHITEH, Fefi % S(2) 242 000 wmol/mol,
BRI ERE T T S(2) WA A8, (HIX ]
REMCIR A 2 X, A 2 000 pumol/mol S22 T 52 4%
78 J7 il A8 B 18] 5 A3 19 S (2) Al 31 (Montaiez,
2013;Foster et al.,2017) .

T M Y AL A B AL TE 2L (Leier et al., 2009
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Passalia, 2009 ; Barclay et al.,2010; Mays et al.,2015) |
TP A A iR R 2 (Foster et al.,2017) UL X AEY) G
GV HPLEAR T (Franks et al.,2014) t 8% FH R %K &
C-T B B B pCO,, AH R RO 45 2R 45 E Rl 6 . R 1
Mays et al.(2015) F| AR A4 A AL HE % (SR %)
PR 521 B FE 1472 0 pCO, B XM R 1 325 wmol/mol
(SI=11.3% , £1 BZShREAL) , SR FEIE T3t 1355
Jo 45 W% A% B4 pCO, (1 115 wmol/mol, 94 Ma) #H AL .
SR, T AR A5 HE Ak B9 SR HE W 1Y pCO, 18
(663 wmol/mol ) E i F L F AT LR (£ 1) 7Y
&L B B AR UEAL A T A AR AR pCO,
(Du et al.,2018;Li et al.,2019) , A 4 28 UK
W R ) R ARV FE T BB 220U 1A
ALK pCO, 2= AL B B (Mays et al.,2015) . F) FAE
YA E RIS S 5 R AT B HL R A A = A=
T 53 FIACHRMELL B9 SR IE AL S5 5L, 200 A
~661 pmol/mol (ZE 2 HH ) F1~733 wmol/mol (+-1&3HH)
(Franks et al.,2014) . HAL, F MY A ALAE %L
(SD A AL S ALXT pCO, AR AR 1 1Y 2236 2 KA
THE M ZE T8 2 ] pCO, W 5 X SEZE B (FR 1) . A
) 5 2 Ak S 4 RAFAE W i A 22 R IATE— Y/ 21
STk rh BE S A ST BB FHAS 24, FI/S0RE Y
M ARG T 1R

Barral et al.(2017a) J& T 7€ 55 B9 %= 5544 T WL
GEE R ) Bk [ 62 2R 43188 (A,,) 5 pCO, IR &
RUSEE R BB £ Bk R AL 2R 3R A5 1124 1k
F AR A C-T YR pCO, fhiiH (B 6) o 7L
2 L R C-T B R AR B F LA i S
ARV BE R T . SR, AR T RE AR IR A Y
[ 22224k, LA N pCO, Y 29K A8 4k . AR E A
—SEHF SR TR Wk [ 57 2R TE b B RUBE - Y )
7, W A5 pCO,TE M B I 3BA K 5 (Kohn,
2010) 8% £ /IN3% 548 56 (Kohn , 2016 ; Schlanser et al. ,
2020) o T BRI AE YA A Bk R AL ZR PR
2t e FH AR B A2 AR LA AT 8 pCO, AR B (Schlanser et
al., 2020) B¢ JF & B 09 o ROE B A5 pCo,
KHo

JUFP b BR AL 2 A58 AT T L 2 . Bergman et
al.(2004) H 37 B A= W) M BR AL~ BB T 1 7 2 v
Wi pCO, 1Y e RIEEAR , Xt 5 A FE 3451 pCO, e
TR AZ A BB (K 6) . M, Tajika (1999) 57
FBRAG EME A 7R E C-T H15H pCO, Ay e/ N (i (]
6). Tajika(1999) 7 FUBRAGIMEL L JE T X 2R
TEA SRR ], SASHESE R —rh LA IR
HERAETE WG BAETE 2 AN R AR B i
(E16) o X2 BRAL F LAY I ] 254Kl 5~10 Ma,

2000 o

W B 2019

A HongandLece, 2012
ZRE, 2018

erner and Kothavala, 2001

w w

ergman ef al., 2004
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anefal., 2011
ranks e al.,2014
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4 Freeman and Hayes, 1992; Tajika, 1999; Berner and Kothavala, 2001 ; Bergman et al.,2004; Bice et al.,2006; Wan et al.,2011; Hong and Lee, 2012; Franks et al.,

2014;Barral et al.,2017a; 254%5% ,2018; £ 74E, 2019 (&2

Fig.6  Comparison of pCO, during the Cenomanian-Turonian (C-T) period
modified from Freeman and Hayes, 1992; Tajika, 1999; Berner and Kothavala, 2001; Bergman et al., 2004; Bice et al., 2006; Wan et al., 2011; Hong and Lee, 2012;

Franks et al., 2014; Barral et al., 2017a; Li, 2018; Wang, 2019
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Table 1 Reconstructions of pCO, (mmol/mol) based on plant fossils

pCO,/pmol/mol E=PUN

AEE i UiRES
G B 7 A ) — L g 2 4 Brachyphyllum kachaikense SR %
GG BT R A 1 — L S 2 ) Brachyphyllum sp. SRk
5 BT 7% At S — R S 2 Brachyphyllum sp. SR %
G B 2% A S — L S 2 Brachyphyllum sp. SR %
G T A — TR 2 2 Brachyphyllum sp. SRk
G B 2K A 3 — R E 2 ) Brachyphyllum sp. SR%
G B IR A B — R 2 1) Brachyphyllum sp. SRk
WG T < A A — TR g 2 A Brachyphyllum sp. SRk

763(SR=2.5; AR iELL) Passalia, 2009

734(SR=2.4; BACHRIEIL) Passalia, 2009
681(SR=2.3; BALHRifEAL) Passalia, 2009
779(SR=2.6; ALHRHESL) Passalia, 2009
1 272(SR=2.5; f1 s 20 AmifEAL) Passalia, 2009
1 223(SR=2.4; f1 s 2epnififk) Passalia, 2009
1 135(SR=2.3; f1 scZihnififb) Passalia, 2009

1 298(SR=2.6; f1 #£ihnififk) Passalia, 2009

i —t e Frenelopsis YA RE 186~244 Barral et al.,2017a

W ZE T2 1 Ginkgoites waarrensis SRk 538~850(SI=11.3%; AR UELL) Mays et al.,2015

i S | Ginkgoites waarrensis SR 1 076~1 699(SI=11.3% ; £1 R 22 hrifiAk) Mays et al.,2015

W FE = 1 Ginkgoites waarrensis SR 576~910(SI=12.1% ; AR UELL) Mays et al.,2015

1 FE = 1 Ginkgoites waarrensis SR 1 152~1 820(SI=12.1%; f1 W Zehnififk) Mays et al.,2015

I JE 2 1) Ginkgoites waarrensis Ak 3200~5 940 Mays et al.,2015
FEHE ] Fossil leaves HLBAR 661 Franks et al.,2014
R eili| Fossil leaves HILHAR R 733 Franks et al.,2014

g Ginkgo SRk 630~971 (BACFRIELL) Wan et al.,2011
ML S — eI Hypodaphnis B /N W 306~485 Barclay et al.,2010
W FE 2 B — B -3y Laurus nobilis 26Nk 419~533 Barclay et al.,2010

PRI G 1 A 00 381 Fsf 1] RUBE /N T 10 Ma i1 CO, 230, 2
AERZI pCO, AL R A H . A T A sk Ak A
RUFRZ ) T pCO,TE C-T W] R 1A R iy A2tk i #e, 40
ARAEAN H pCO, 1 55 13 3l (Huang et al.,2013) ;1
A5 0 - AR [ 2 W B A s S 1 C-T
I R R AR AR IR A 272 1k
4.3 C-THHpCO, KEAZN SIEIEIF TN

C-T IHBI 9 A pCO, BRI AE R BT LAY
=ANB B L EE S B ), G S A A
s, 2 Rorh AR pCO, A AE B i 3 (1 7) .
KA pCO,TE A JTAEREE A2 F 232 kAR
DL R 5 KBt 2 6 AL R HLAR 58 5C 1Y CO, T
FE1E FH 0942 ) (Huber et al., 2018; Mckenzie et al.,

2016; Corentin et al.,2022) . X} C-T B g 7K Sr R {37
TR, FLZEV 2 UK VSe/ o Se 1B Wi i, ]
R AAAE FHEE N 1K TP AR X S AR
A ZEE S pCO, I8/ D AR XTI (B 7) (Bralower
et al.,1997; Jones and Jenkyns,2001) . i ke
Az BT A DA KK LI B 4 e ] R L 2R 2
,ﬂ;ﬁpCO2 F U 20 14 JEL IR (Huber et al., 2018 ; Corentin et
al.,2022) . "R ZE = pCO, I FFEER TIN5 Sr Rl
2 LAHAZ T T ARG, 7T BB 5 R KO8 (LIP)
(R TP A SR AN LT BERE i T 250
L HESAE 43845 5¢ (Huber et al.,2018) . SR, -
Hh 4B pCO, AR Ra e 5 R W B In i e 7 A il
RN vpafy 4 BE AR P &, 557K Sr [FA7 2= A0
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Fig.7 Comprehensive interpretation diagram of pCO, change and its paleoclimate response during the C-T period
modified from Bralower et al., 1997; Bice et al., 2006; Sandler, 2006; Forster et al., 2007; Ando et al., 2009; Leier et al., 2009; Hong and Lee, 2012; van Bentum et al.,
2012; Ludvigson et al., 2015; Matsumoto et al., 2022
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A7 J& (€1 7) (Jones and Jenkyns,2001) . X677 5 al
AT PR TR R R XL A HILAR R A X — A Tl 18 v
AHETEAE FH (Huber et al.,2018) o

B 134 pCO, BRI AR LA, 8T8 2 301 K A 1) —
K ERIEA I s 3, B RVEBLE 34 2(0AE2) ,
Bk B BT AL T 25 A% A ML R A R E Sk ROk
OAE2 DLAT MLAR [R5 25 1E R B8 9 R0, IE R F% 1 h
4%0~6%0(Joo et al.,2020) . ASMFFE B B B 4145 1 45
%19 8°C F16°C,,, 1 193~234 m(94.7~93.4 Ma) Ab ¥ 77
FEPI U B 2 13 8, 5 pCO, MR (VNE S5 8C,,
(AR 71 CRO B s X 1, 5 OAR2 Xt 0 (B 7). Bl
OAE2 8] 755 23 B Y pCO, F 7 T 25k (1 T A Al
PG s AE bR (2 2) , X T pCO, IR AHIC 5%
WA H2 38 o A EL AR 5%, Bl ARy 3R W]
A Z U E AR AL T K pCO, A2 f . OAE2 T
pCO, BN E]~1 300 pwmol/mol; OAE2 ] , pCO, i iE
TR IEPERE 8VC, B IR (K 7). 1EAh, 7ES87C,,
BRI A% 1) 3 B v, 85T — A CO, Bk i T I -
PERE A R R 67C, AL (B 7) , ixX 536 E Vg &R
A S FLIE U (Barclay et al.,2010) Fl{E A 57 15
K% (ODP, 1206 3 i ) #8 b ik [7] 7 2 (1) pCO, ic 5%
FH2L (van Bentum et al.,2012) . Barclay et al.(2010)
W52 3 OAE2 FF 46 1 KA pCO, EF+ T 20%, Fifi 5
OAE2 3 [0] K BLAS A L ik 2 6% i 45 pCO, T [ T
26%. FEFRATHY A HIEICSEH , OAE2 i1 FH4k pCO, 3
fin %] ~1 300 wmol/mol, OAE2 %% o it pCO, F & T
~17%(&17) o

OAE2 HI CO, kA LU R4 it 75 A 119
THF RGP ) T2 1 R [ 7 REERS
() RIBLASAE B K 1. LA, OAE2 Z /i, i AH
Ve Hg Wk BE | Os Ve B2 I 238 hoRn ¥'Se/Se A i R
PSR S RFZ R R KO8 B — A Ak
ik ¥ 3K 3 19 (Ando et al., 2009; Scaife et al., 2017;

Matsumoto et al.,2022) , £ 45 Caribbean, High Arctic,
Madagascar DL } Ontong-Java K K i 44 (Scaife et
al.,2017) . OAE2 Fi F+ i 1Y pCO, AT E T30 T 1k 22 K
A A IR DL K 3t AR A T, IFRE B 22 A iR AR
ik BEVE ARG 7 g A, A BB AL
W%, KA CO, MR EE T [ LA K ARY/B A A BILA W] 432
Z IEWF% (Boudinot et al.,2021) ., B2, 4l d +
BEA LK [R5 A pCO, 1e 57 5 HA M AH I 5% — 3L,
FW] C-THHWARERE T 0 E WG AR Z) , 24510
B E—RARGRI A Ak b, DLW 9 7
ISR CO, A TEA BLER
44 pCO, Tt C-THHEISIERIFZM

i AT ML ] 37 3R KR CO, 1Y 8°CL
R 7 R OB 1 AR A ER B D R
KHE(Hasegawa, 2003 ; Sheldon and Tabor, 2009 ; Wang et
al.,2019) . FHFRI M =FOGE &R, 1 C3.C4H
CAM 24, C3AE Y TE Rl b AB w1y o2 o 2 Ao, C4
R 7~8 Ma B A £ 5 A B, 1 CAM AR
PAAFAE TR E RS R G (Wang et al.,2019) .
Farquhar et al.(1982) 42 1 i) 5 #2 (7) T LU A C3 48
YL E A HBR R AL 2R 318 -

8°C, =8"C,—a-(b-a)xC/C, (7)
K87 C, FSTC, S Y SRR A Ak Y e
[) 3 2% A1 5 5 8 a F1 b 43 BIAR SR AL 3h ) 2% 5318
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Fluctuations of Carbon Dioxide Concentrations in the Middle
Cretaceous and Its Paleoclimate Response: Evidence from paleosol
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Abstract: [ Objective ] Reconstruction of atmospheric carbon dioxide concentrations (pCO,) during the Cenomanian-
Turonian (C-T) has been previously limited to stage-scale temporal resolutions, which have greatly constrained its ef-
fectiveness in unveiling the extreme greenhouse climate of the C-T period and perturbations in the global carbon cycle.
[ Methods ] To enhance our understanding of pCO, fluctuations and the paleoclimatic response during the C-T "green-
house climate, " this study reconstructed high-resolution atmospheric pCO, and mean annual precipitation (MAP)
during the C-T period by analyzing the stable carbon and oxygen isotopes of paleosol carbonates from the Upper Creta-
ceous Nanxin Formation in the Qamdo Basin, southeastern Xizang. [ Results ] Our results reveal a gradual decline in
pCO, during the Early Cenomanian period, followed by an increase in the Middle and Late Cenomanian stages. More-
over, we observed significant fluctuations in pCO, during the Early and Middle Turonian stage. These findings align
with the variations in pCO, throughout the C-T period that have been estimated using the stomata ratio method of plant
fossils and the geochemical models. In addition to the long-term pCO, fluctuations, the paleosols of the Nanxin Forma-
tion also documented two crucial carbon cycle perturbations during the Cenomanian period : Oceanic Anoxia Event 2
(OAE2) and Mid-Cenomanian Event (MCE). The atmospheric pCO, rose by 309 wmol/mol and followed by a rapid
decline of 520 pmol/mol across the initiation of MCE , accompanied by a positive shift of 1.25%o in organic carbon iso-
topes (°C,,). During OAE2, there were two distinct CO, pulses, with the maximum pCO, concentration coeval with
the lowest “°C, . The pCO, increased up to approximately 1 300 wmol/mol at the OAE2 boundary, followed by a reduc-
tion of approximately 17% owing to substantial organic carbon burial during OAE2. The increased concentration of
CO, throughout the Mid-Late Cenomanian intensified the greenhouse effect and elevated atmospheric humidity, re-
sulting in significant negative shifts in “C,, that were decoupled with inorganic carbon isotopes. Our conclusion fur-
ther suggests that there would be an increase of 511 mm/yr in MAP as the atmospheric pCO, elevated from 500 pmol/
mol to 1 000 wmol/mol during the C-T period.[ Conclusions ] We assumed that the elevated atmospheric pCO, and cli-
matic sensitivity during the mid-Cretaceous considerably intensified the hydrological cycle, contributing to an ex-
treme greenhouse climate period.
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