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Abstract The increase in atmospheric carbon dioxide (pCO,) concentration is widely recognized
as the primary driver of global warming. Reconstructing pCO, levels during geological periods is crucial for

improving predictions of future climate change. The Jurassic period represents a typical greenhouse climate
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interval in Earth’s history. Previous studies have estimated Jurassic pCO, concentrations using various
approaches, including climate simulations and geological proxies. However, existing reconstructions are
characterized by low temporal resolution and significant discrepancies among different proxy records. In this
study, we systematically compiled 1808 C, plant organic carbon isotope data points from the Jurassic
period and applied a novel pCO, proxy—based on C, terrestrial plant organic carbon isotopes—to
reconstruct a high-resolution, continuous record of atmospheric pCO, variation throughout the period. Our
results indicate that pCO, levels ranged from 407x107° to 7540x10°°, which is broadly consistent with
prior estimates. Furthermore, pCO, exhibited an overall decreasing trend punctuated by three distinct
intervals of elevated concentrations, occurring in the Early and Late Jurassic. These fluctuations correlate
strongly with coeval geological events, supporting the reliability of the reconstruction. Although the
reconstructed pCO, values during the Early Jurassic Toarcian stage are higher than those derived from other

proxies—likely due to regional influences on the isotopic composition of terrestrial C, plants—the dataset

still accurately captures the long-term variation trend of pCO,, underscoring its scientific value.

Key words palaeoclimate, Jurassic, organic carbon isotopes of C; terrestrial plant, global warming,

pCO,
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ANEKWESHER N KRR ESMAE (40 co,) B
0 EBUE 2R, PR ER R G TR AR A
WBEIRES (Tierney et al., 2020) . 7E 4 fij 4 BRAE 1E
R, ETHREAIC . AR Bk A S
PIFE A EE A TR, R LR
Sk ORI AR E M U, R CO, WK
o 4 PR T R e R, A, EEARE
LR CO, ¥ BT T 00 R SR A A8 A fa # 2
KEE, HAT, KA CO, WM 5 AL i
BRA A B AR AP SR AR, e Bk R R Bk [7) o2
ROEN )iz (ETFHEE, 2012) , K100, HBER
A2 ASALL T ¥ 03 PR A AR B, TR A 2 1 B AR
PSR PR AT RME, H B GRAAEE . Bk, 8
VI TN W A 5 R Ok B O BE R pCo,,
AT 47l B ek 2 40 1) A AR AE o

AR, Bl 508 05T C, Rl 4 49 ik ()
LR (AC), 2T —FHi Y pCO, B4R b5
(C, BliZEAE Y A HLAK A 7 % ) (Cui and Schubert,
2016) , Dong 5§ (2021) HIH] C, Fli A= /6% A Bl ik
[ fi % 5 1 423-252 Ma ] [6] B9 /& 43 B % pCO,
WRE, 45RO RR IR $h B [F) 2 3R S AE Y AL
SRR EEL IR B, Nordt 5 (2022) KT 5
%, BT REZ AR G EH (Nordt e al.,

2024) [T HER pCO, M2k, RUILER R X IR
TR TR R vk, b R R 0 A
R ER pCO, WRIE LK T 840%x10°°, it — A 15 IF
TR VK A . HE T Cy Bl A A A Pk ()
PR EH pCO, W IT ik, AMRRFIET A
TERF WP a4 C, B 2B H W W e Bk IR 7 &
(8"C,.) « FABREIEAIE (87°C,,,) A AR
% (8"0) (Nordt et al., 2022; Richey et al., 2023) ,
R 1 SRR T 2 A BRI R R A KRR A
At e B A At 2 . BIF5E [0 B 1 AH OGSk, vFie T
WA I AT PE, FRERT TR Sk AT e By B Uy
] JELE XA 7k 0 A S5O, MR P 4
pCO, MY UERG B4R T 2 2%

1 #MEMNTTE

1.1 HEXRIE

Schubert #1 Jahren (2012) W25 & ¥, pCO,
gk A AR - (AC) Z A7 18 B 3% A G 1
(230 1) o J8 a7 b 48 W A A7 A HLER [ 2 2 4L,
[ 4 HE W 24 BF B9 R CO, W . AR FSE RS
7 1808 Mk ® 41 C, Fili 4 4 W) A LB [F) AL R
(8"C )« 1152 A5 A AL AT B R % (87°C,, )
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BORM 5 IRP LR PR R R AR A AL SR A C, WA LR IR 7 32 093 H 775

Fe 1231 A A AR % (870,,,) Bl Z0F5IL
BRIVR D 88 C Rt b, A TR Bk R A Bk A AE 22
S, ABEATTAE AR [R) i) a) Be g 2 B S Y R R
Fo Mo, G fhiAEM S CRUE B R T Rk
B, WA EY . &% Bk REE, ot
ol RN T2 (Richey er al., 2023)  fK )
A2 U B 3 [l - 31. 9%0 ~ = 18. 5%0, V- {H K
=24. 6%o, [F)fL B F BRI A S 4L, RARE
AT EL Y (2 182—185 Ma) (1 %4 i A &
B ONELOR B Sk 2 5L I SR S R AR Y
P, TERHRUWCE R, K B AR 2 I 1 B A X
gz (K1),
1.2 pCoO, WitE

C, BEAA Y i SR G 67CHE £ 32 3 LA 1R
i EMNEZME R T (Lukens el al.,
2019), Mifiszm pCO, Myit5 . SR, ik fg
1 R SO B 2 6% 22 00 BILAIK () 0 3R 50, g ml DAAE
—ERE iR 2% (Cui and Schubert, 2016)
AHWFE K 0 5 223 F Cui & (2020), Hi,
8°C,, A0F C, BRAAE Y 6 CE (| 2-A), §'C,,,
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Fig. 1 Distribution of the Jurassic C, terrestrial plant §"°C data
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Fig.2 Comprehensive analysis of stable Carbon-Oxygen isotopes (8°C, §"0) and

carbon isotope fractionation (AC) data from the Jurassic
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28k H2
; [(813Ccarb+ng_CaCO3+2.8) +1000 ]
8 Cc02: -1000 (3)
€nic-co,
(1000+1)
pCO,, =

A(A"C) XA’ +A(A"C) xAXBxpCO,,_y) +2XA (AC) xAXBXC

+
A(ATC)XB*XCxpCO,,_y +A(AC) XB*XC*+A°xBxpCO,,,_,,
A*XB=A(A"C) xAXB-A(A"C) xB**pCO,,,_, ~A(A"C) xB*xC
(4)

T(C)=17.0-4.52(5"0,.-8"0_, )+
0.03(s"0,.-8"0,,)" (3)

2 #R

FT C, Rl A AW AT LB [R) A0 % 58 9 O 1
HAM R D 4 pCO, W 30 [ 407x107° ~ 7540
10°, JF 2 3 3 R B F M pCo, @& {4 X (1]
(K 3-A) o P itk 2 22 A R B AR 4R fn
R 282 4> pCO, ek (WMHPF) TR 8O F 2%
PSR- EVINER Y R VR R L DY~

pCO, BARTRER G H (K 3-B) o S8 M 1Y Sk
IR B, AR RIFFCIR B, PiE R
R CO, AR KR ER, @R R, wiA
FE AR 1% IV ) P b o 4% 1R B @ KR CO, VR B Y AH
KRR, FEOZB WM KR CO, WL HEA
FE ., JCHRER B S B CO, YR B, T HG BT R
22 52 AT AR IR T C, Bl 245 A 0 A5 BILAK ) 107 28 B3040 =2
DX 3P S M DR R, T T D i 2 A o S ) A L
M PR A N B AR R 22 R, HE T I T Y B
pCO, ME LR,

Vo C Bl A=A Y0 A BLEk R 7 28 07 1k 3 A Ok
o0 5 4y HE pCO, 1l £k 5 W] B 390 04 1 K O B L T
SR L UKIARR . PR R A A g
3. Mi&izd) (Zachos et al., 2001) HATXII, &
B3 K pCO, i {H XX N AR B 2811 3 IR X, 43
AL TR 2 I A e ok 27 i . Nordt 5% (2022) i@
b0k 2 20 85 A AR AR TR AL 2R 0 B e A BT ) A
T AN, (R Y R 4 PR pCO, M4 BRI
BT ZR 3 b F i pCO, X, Hg 1 AT 260 G BT J% 3 1) s 3R
B AT AT BE 32 KA CO, WRIE 2, iy 28 1k
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Fig.3 Comparison of the Jurassic pCO, reconstructed using C, terrestrial plant organic
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SR B R CO, MRS (Veizer et al.,
2000; Royer et al., 2001; Royer and Berner,
2003), Royer (2006) kN, X KX CO, ¥ JEFAK
T 500x 10 Bf, 3ty BR A% b T vk 0 Bk 98 ¥ A A5
X5 B KA CO, W ® T 1000x 107 i, 4 Bk 4 F
N W g e N2 R R T AN QTN i Lp 3 ]
T i 42 B s BE R X G &R o 2 pCO, MR AL T
(EDCH, Bk AR A, UL, - T
ETbs 1Y pCO, ¥ EEAL TR X, 4R Ab T
FEV B, WKNIE W, 8P R B (Li e al.,
2025; Wang et al., 2025) (K 4),

He i 28 5 B i) 0 A th R EAT XEEE, R
fZRAL T pCO, W (E X, B A 1) & 46 B2 0T
B MR Ab FAK pCO, B, B A 9 (i) I 25 3 i
V pCO, T 71 Rl 3t Aok 22 b ke 21 1 B 224

, REfMEIEM R R T B . Ml &4k T pCo,
HHL TR L E T 5 T 25 i 2 AL TR pCO, I, i
PRI BE AR, R Rl UM 72 A6 2 s ) A Y o 3
(Ruebsam and Schwark, 2021) ,

Li ERTA, AOPITE R RD 2R BRI
CO, e 1 b £ 55 [R) 303 PRy v - e BE L TR ER L 34
R oA LA K LG 8l 4 3t 5 2l 2 3 SR R
B RAFRX LS &, ST UEW] 1% T T 4G
{1 R 5 A 5 AR 1

3 Wig

T LR RE R A pCO, WL 5 # 10 1
MRS EE RS, W T 4R 48 pCO, 1330 1
PEAPTE S I AR b, BRSTHE—2b 55 4 A
e SR g 5 S R R GERIR T O
B4 pCO, T HARYRSBLA . I-50 5 Tk 22
IS EL U 3 U pCO, 1 B T IX IR JF L 1k
i

3.1 =ELKRPEREGT i

SRR, RV RS I B SR Y
FEEKA (CAMP) ARG sFE L KA, BEUUE
THEER B ORI TR A A BE (Zhou et al.,

AR

i e . TR 16T 155 3 /m PR 53 A1 % TS gt iz 5y S ARk
/Ma = VKN EU ()N KA COHENOE (Hag,2018) (Ruebsam and Schwark, (Ruebsam and Schwark,| (Ruebsam and Schwark, (Hamme)rLetal 2001)
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Fig. 4 Comparison of reconstructed high-resolution Jurassic atmospheric CO, concentration curve (this study)

with contemporaneous geological events
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2022), Bachan Payne (2016) if i< Bk 1 25 48 B 451
RIBIE T CAMP Kl &k X = & 40—k % 20 5 I
1 8VCHI pCO, ML IR, 4552 W] CAMP kil &
BB R CO, T80T i pCO, WA TH o
CAMP K 11 B B ik /9 CO, 2 3F 1 I = AU 1 B
B, RS TE CAMP SR sh 2 Jahiess, H
B gk B A & Wi 15 1k ( Schlische et al., 2013)
Wi, =&a K2 RRD I HE K& pCO, 151X
— I 1 A RS 5 S T6 S 3 VTR OC . CAMP k1L 5§
BAUBE AR CO,, EBFNRA T RIS, H
B T =S4 — R pCo, Wi E BT,
SR TR E ROV, (Li et al., 2022)

3.2 BT /RE

TP T FE BT 2R 0 1 R B A E (T-0AE)
R R KR BT T BT R RN
14 22 3t 0] 5 45 B2 ST B LA B ik [R50 3R 1) S A8 Ak,
ER T TERE— USSRk A F AR A A
ACT7 AR 0 T X, a4 i 3 R P A X L 4
WX, Won THEER R ZF A R B
FRAE B [ AL 3R 1 TR RS, R IRk R A3,
FE pCO, WTHE (ASHERSE, 2012; Zhang et al.,
2025) o B IRHLR KA A I RORL AR I A R
T K& CO, (Palfy et al., 2000; Svensen et al.,
2007; Lena et al., 2019; Ruhl et al., 2020) , [A]HY},
L CE B S AL AT Y, 2D R
T CO, (5427545, 2022), RSN RILMFH T
AR D HEFERT K ] pCO, B Thig o FE BT 39 At /)N
FURE LG B, b v DR L 1 55 JE WA K i
SRS PR B 28 A K e R W i A W] (Ruebsam
and Schwark, 2021) ,

3.3 BT

Wedk DL, BRI G E W IR, R
RIFTIRRE A 1 PR AE . AR AR AR 3 RS RE
A, AEUN S R 3 U A B R R R R B T R B R A
Fo RIS, BRI A M i S 8 o R
P I A i ke ) EEAR B AR A 3 LS B . AR R
BRI oh 2 SN AR, 5 201 B 1 Dk R -2 2
BRI o BEAL, 2R R RL A 38 05 3l A 1 5l
— SRR Fa & 1Ly (Lawver and Lawrence, 2002;
Iturralde-Vinent, 2003; Bachan and Payne, 2016),
PRI L A AR H R FE 45 2 B Ok B B L

T, % ZE A MR 5 T AR KB N £ Ak /L i
Ll BB RC, A0 AR B L —ae 1 i A R AT L
L TR AT, A, ROk ], s
1 BE A 0 KLl S S B ML FE ( Yarmolyuk
et al., 2000; Daoudene et al., 2013; Dong et al.,
2015) o FEJLELVE . ZRIbL AR YA PE HE /Y 4= H 0 TR
e TR, TR R R TURRZ 2 — APk
ST M R A DTARIE B, 3k S R PR BE A O
BLOHER . BRI SE CE, BT KA CO,
SO, 45 B T % AW (Wilson and
Guiraud, 1992; Maluski et al., 1995; Vergara
et al., 1995; Baksi and Archibald, 1997; Segev,
2000; Tennant et al., 2017) ,

W AR 2 1Y 366 1 3z gl KLU TG Bl B2 R T 4
BRORAHY A A v L AL o 990 B8 A9 Ll s e AN
POBE IO & kK, bR R CO, A1 SO, {EA KR
ZE, FECT AR R, Eilssifedt ra
AR AL, i T Kk P§ ¥ ( Parrish et al., 1982;
Kutzbach and Gallimore, 1989; Fluteau, 2003), it
— RN TR RS, T MR P R
A CO, YR B IR A

4 Hip

3 ok i A R P e R R — R AR R A
RA AR ML, IF¥ I 5R % 4l i & 25 Hh
FE AR HEAT X L, 4R TR P Al i I A A Ak Y
RHEIRBNN 2 . 5 LR A s b5 B g iy Co,
WREMMZ AL, ERREENMMELEESEMNE, [t
i At S R B 40 i 0 A BRI Y Bh A AR AR
HHA pCO, ML IE R LB TR, WAL N
407x10°° ~7540x 107", f5 i f 4 BEAE FL 0k 2 {HFE ]
IR WRIE KRB, (R% 283 1R 20 K L SRSz
MAAEZES, HERER =S (B COo, hE) M
KRR, XBERLETRAT CO, MkE, Jt
AR RO 5 F0 B Ok 2 1 pCO, = EBY B, kil
W SHEAEMA R RN CR, £k
TG e iR 8l pCO, AR ELERRZ —,

A 6Ok B 4l pCO, iy £ 11 T S H 5 ] i 4
Hb ST AR X LU, 2B IR T i B
TR 2 SARX R 2 a2 S B AL 3RS VR T, [m] s
48 7 T Ath b 0T 2o B A X3 B 4 BRORUBE I 4
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