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Abstract: [Methods|Plant fossils are the best materials to record terrestrial climate change in geological history,
especially to the change of the paleo-CO; concentration. Phoenicopsis (Windwardia) cf. rudinervis was identified
due to the study of the morphology of the fossils collected from the Jurassic Yan 'an Formation in well Ningdong 2,
Yanchi area, Ordos Basin. [Objective]|In order to reconstruct the paleo-atmospheric CO; concentration,
paleo-temperature and water use efficiency of plants during the Middle Jurassic, leaf fossils of Phoenicopsis
(Windwardia) cf. rudinervis were selected from horizon for calculating the the epidermal stomatal parameters and
their isotope carbon composition of leaf cuticles. [Results| The results show that the average stomatal index (SI) of
Phoenicopsis (Windwardia) cf. rudinervis is 4.25%, The paleo-atmospheric CO2 concentration obtained by the
stomatal ratio method is 1599 ppm. The paleo-average temperature of Yanchi is about 1.2°C~31.4°C. The average
value of the stable carbon isotope 6'3C of plant fossils is -23.6%o, and its water use efficiency (WUE) is calculated
to be 348.2 mmol/mol. [Conclusions] In general, the Middle Jurassic of Yanchi area in Ordos Basin belongs to a
warm temperate - subtropical humid climate which reflected by the high CO; concentration. Compared with
previous data, we speculate that the paleo-CO; concentration of the Middle Jurassic in northern China was
significantly higher than that of the Early Jurassic, which may be related to the large-scale volcanic activities of the
Yanshan Movement.

Key words: Middle Jurassic; paleo-atmospheric CO»; stomatal parameters; paleotemperature; carbon isotope;
water use efficiency ; oil-gas exploration engineering

Highlights: The paleo-atmospheric CO; concentration in the Middle Jurassic was calculated by palacophytic index and
geochemical index. It is implied that the Yanshan movement promoted the increase of paleo-atmospheric CO, during the Middle
Jurassic.
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1989), HA R v WAL I 2 Bty Rp SR A 3 2% ) A AT 2 3 i 4 ) e A2 GRX 5,

1994y =l LA K it il 438 K40 3 s ) e 80 Dy 78 AT VA0 s AT R0 368 A 1 O 2 R0 ik A 2 TR i A 3
I EER SCEE, 2007). FEIHA (2019) AR /R 22 17 S A8 2 4L AT I 0 A AN )2 IR Al v]
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WA, Rl ARA AN AT, 21 5T 7 s i S b =5 S COLMR BE AR AX 1) fe
MRS ESE, 2019). HWoodward(1987) i (RIE T MM K ALE 5 R COKE R
AR KRG, PRSI S HE @b L R SCOREE, SR 4wl b ) 2% FFR
A5 A AU R IE 52 #4 i 2 — . B 5 Kothavala et al. (1999)iid 45 B A5t %8k} g 57t K<
CONKIE 53R R B B AL, B AALSH MR ACOIKE DL iR =F A5,
AR AL SRR TS E Iz . E5EK, BEE ARG 2 R R, F I AR
SE B[R] 20 PR I B AT 78 G B A, 1 AR A o RSP & Tk
HWIR AT UME A 2R R R 2 2 1 K COLK B (Hesselbo et al., 2003; X BE#X%E, 2014).

ARSI SR 7R 2 i A R X rp ok 2 G 2 4T (T A A, 2023)7 H AR5
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R EROKYUE, WiE FJE T RIBA L XMW AR 7, 28 L 28 E =S g KA f
P GE AR EMZ, &2 0 R A EREEEM . Hh 4 h—ERAmE, iz
IERERIZE A, Bem N E A FarRs . SR . DL giRirb A R el b
NRZEWRR KGO IIRE . iE . KOUeE . BBes . RIS A G R A,
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Fig.1 A. Tectonic units of the Ordos Basin; B. Stratigraphic column of the Yan’an Formation
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BORWEE, JREERREE TR,

PRI KR A AT AT PR TN CE ST 38, KBRS A R
FH10% R SRR AT RO AL EE, RERG 12/ 40— kR, BRI PR B, SRk B
TotsEI AL HZRRAKGEE R IR NA0% M A mIR, S 12700, B H
AMOKBER S ALK, FFE T40°CHRIKBEIRINAA/N (EF %S, 2020); &0
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AKIKBEZE s B TR 8% I SRR AN A VI Hh I F 60°C R 7K L il I 44 /NI 28 41 I J22
AR N 5%FINaOHVE R, il A £EJEOL ISM-67003713# FEL 4% T W42 FA IR (ZEZE 2%, 2019).
3.2 M ARE AR
KA ABENE A BTG, ER10%MH IR LRI, Kttt 5
TINA0%Z TG, ZBReEmReEh, BEJSHZMAOKTEZ R, 1E40°CIRIMERHS Hh BT (RERT 12h)
J& I ST AR BE 2200 H DL R o SR FREL0.2mgé N A T fk i, L (1020°0) 53k i
B (650°C)AKe 5 4 B AL CO AR, AE (B J5T K2 (RN A=t ot 5 20 455 4 o 1] 5 B
5256 % (YIMAT-253plus [ A7 3 R 3 O A7 A 8 BRI AL 26 (313C) 40 b, HH B ARy
313C=(RFF A /RFFHE-1)x1000%o0
s RIRERBC/2CLLER, FFER A B F AR GBWO04408, /3 HTiR 2 <+0.1%0, 453
PAVPDB #r#Efon. AR M2 O b 73 il S BRI AR A A A B2, A VS 2 A A i
TR [F] 37 251
3.3 SFLB%%I
SIS H TS FLE5 B (SD: Stomatal Density). “X{LIE(SI: Stomatal Index). “<FLEFE
(SD)efemt F A AR WAL H s 3R 4 M % 2 (ED: Epidermal cell Density) & 45 M 5
ALTEAR N R R4 38 H s AL e EUR T ALE AL R e i s B B o b, A 50
SI=SD/(ED+SD)*100
AU FEAL F Image B AF et LRI R B A A H S AARLE U 86 B2 2K F Smm P
RIERZ, & AFUZ NG AK T0.125mm?.
4 ik
4.1 R RGH#HR
BT Gymnospermae
AN Ginkgopsida
KHEH Czekanowskiales
LI #%JE  Phoenicopsis Heer
M5 FLIK IV J& Phoenicopsis (Windwardia) (Florin) Samylina
FH Rk A0 1) 2% (I 48 BL K 1 )(EL 3R ) Phoenicopsis (Windwardia) cf.
rudinervis Vladimrovich
A5 : ND22-1A

P BRI TR, R4, PP



FRIERR: M 6-7 M, #RE TRz (B 3a,b). M EME, A0%, EHE, HKK
T 5cm, 3 1-5 mm(B 3c), PHRAGIETAT, FEEEHTAGE. MY, TR, 5
MO A K 4-6 4. R B L. R A RE R, SRR, BRs X —
fe 6-13 ZIKFE TR A B, AR RAKRIZEK =M TE(& 3d, g)o Bk 8] DX 4H 1A X 5 17 %2
B E I, 12-18 FIANAALS . B F B EEME, BN, 7R WL 27
AR SALE BT R R F S, LB, BRI . FLRER, R
M, H 4-6 NEI DA, TR, 8 DA AR, R Esm <. ©
TR, RGNS AS BR B, (ASARERERIES T ERE, EkRX 2
FriRaAn, e 2-5 FIRFLAR(E 3e, £, h).

VB HE: DRI 22 JE (Phoenicopsis) B - FH Heer ARHE 7R P AC1 RS B F2 2R M £ %' 22 ) A
WAL A AR AR 3 ST (Heer, 1876). Samylina (1972)fR 4 Phoenicopsis 13RS A IERFE, 4 i%)E R
N = A W J& ., W Phoenicopsis(Phoenicopsis) »  Phoenicopsis(Windwardia) F1
Phoenicopsis(Culgoweria).

MATPRA T 6-7 Moty AR TR b, MR, B, HOPATRK, AR
F1VAT Phoenicopsis J& . F 32 it Ay <L, AALIE TR E 2Ry, EREA
O sgte 5 X HE S, 5 Phoenicopsis(Windwardia) 5 1iE — £t . ® H w1k,
Phoenicopsis(Windwardia) 3t & ¥, 22 Fh(Sun et al., 2015). 4HTFRA 5 K BT w5 5% 7 i H 75 16
HSHLIX gk B (4 P (W) rudinervis Viadimrovich BOATET, P M P 50E, Rk ECE
N 46 5% RILAPAREEE, ARIAK, B P EA R (Kiritchkova etal., 2002). {H
MHTbRA R RALIERE, FR L SALAAENK ] X 6 2-5 SRR A6, XSRS P ()

rudinervis AN[Fl, B E € N Phoenicopsis (Windwardia) cf. rudinervis .
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a, b. Phoenicopsis (Windwardia) =~ cf. rudinervis , ¥rA'5 ND22-1A, ND22-1B; c. [R5 1096 B A0
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Fig.2 Morphological and epidermal features of Phenicopsis from the Jurassic Yan’an Formation in Yanchi, Ordos
Basin

a, b. Phoenicopsis (Windwardia) cf. rudinervis, specimen number ND22-1A, ND22-1B; c. cuticle in situ under
fluorescence microscope; d. Upper cuticle under fluorescence microscope, indicating stomata arrangement; e.
Lower cuticle under fluorescence microscope, indicating stomata arrangement; f. Lower cuticle under fluorescence
microscope, magnifying the image of bule square in figure e; g. Inside surface of upper cuticle under scanning

electron microscope; h. Inside surface of lower cuticle under scanning electron microscope.



4.2 HRECOREERE

H AT 1 KR COK LT i WAl . — RS AL SIS, 5 — RS fLI Rk,
AFLIR O I DA R IR = AR 4 A I AR ARSI %, @ R, g
FLARE S COIKRE R RINATTRE: FRZI A TR A B, 715 I 3K CO,
WP (ZER, 2018). (HIZJ7 i F B Z AT KRCOIRBE M R Z B, Hou ik e
CO A —E MR T (Xie et al., 2006; XSERL, 2007; B R4, 2014), Frblstxd T E gtk
BHLAIN R T K RCOMEE K2 B0 K AL SR (IMAESE, 2009; T 3155, 2010;
B R, 2014; XIZEZE, 20165 MRNANSE, 2017; &840%%, 2017; %%, 2019; FHL
&, 2022).

AL A2 G 37 7E Berner (R B P AR f) — b 58 B A SRR COIRBEII 7. M b
e L HEARTFER, BernerE NI TR & ABR F A0 7, @ HIZ P53 T A ERERIG IR
T EHLEE A (GEOCARB I 1L 1D), #4412 A2 B R IE IR [ ZE A HESE (Berner, 1991, 1994;
Berner and Kothavala, 2001). 1L 2224 AL HL 284 55 2| Berner Ik 117 152 4 (Berner,
1994y, JEASFLEEZ(SR)FEIE — & B L7 e 46 JyBerner i1 1 5 (GEOCARB) H
RCO(RCO /& 4R I B I ] KT COLMKIE 5 Tk #E iy il K COMK R EL AR, — X
300ppm) (McElwain et al., 1999).

S ALEE 2 (SR: Stomatal Ratio) & 1441 16 4 (1 BIAT Bl 5 2 (NLR: nearest living relative
species, NLR) B AF 302 % B ff (NLE: nearest living equivalent species) 54k 47 # 1<FLIE %L
(SDIELAE, ~N:

SR=SI,/SI¢ (1

o r ST Ay H AR A AT Bl R AT 530 236 25 BRIRAT- B 3 5t LR RS ALAR B STch HARfb A
T S ALIEHL

£+ %t SR 5 RCO I L, McElwain and Chaloner(1995)#2 Hi i 47 % 28 bt : 2SR=1R(CO3),

2)

M KRCOMKRIE A N: pCO= R(CO2)x300x106 3)

AL L3RR T KA C ORI B S5 B 2 20 BRAE T IAF 5T SR G 00T R 1 328
o IUAF IO SRR RTEDUAFAE A h v LAR B 5 A FE RGUIE A EoRG O RBOR IR,
T 0k 2 AR 280040 8 I AT BT S b N B AE 4R 75 (Ginkgo biloba), FITLAK Z3% % ik
PR YA RN R RCOIKRE(H B, 2014; S&I5405, 2017; FZE45E, 2018).
Phoenicopsis)@&—Fh KLY, BUAF AL SEGFTGES L, FIt, McElwain and
Chaloner (1995)#& tH 1 BUAF i % NERPFRIES:,  BUAF Bl X REFP & 48 5 4 A i 7 A S 3R 5R
ANThBESE ) EALIBIAERS, e RGIRAES EATFE—EH KR AU Tk DUE RS
(Ginkgo biloba){E NHEFhR AR B BAF SR 0T LA o A7 K 4323 A8 v [ b 77 e DX M) FH U



28 J& (Phoenicopsis) KK 2 1 RACOMKEWES T REFFCR(T #1555, 2010; Z% 45, 2018;
SEHEOCEE, 2022).

KRN T R2HE 2 R H2PCE &, DRI (16 Fy Phoenicopsis (Windwardia) cf.
rudinervis Vladimrovich ff1 Jii 2 A7 1E A K 5 1% X A 0k 2 oy KA COLMREBE M R} R ER
HERAT (Ginkgo biloba) )y IAF Bl v RiFR,  HAFLIRE— A 2 11.33%(Royer et al.,
2001). Guit 4 R RK ], KL (SD)Z1N47-691 /mm?, ~FI5{E N 59(&3)>/mm?; S FLFE £ (ST
92.93%-6.11%, ~F-¥IME )94.25(+0.55)%. i 1 242 (1) AT 15 AL ZE(SR) A2.6 7 i@t A 20 (2)(3)
Al 13t pCO N 1599ppm, K HLFL T3, 47 T-GEOCARBIIIF & 15 [X [8] 4 (Berner, 1994,
2001).

F1 X Phoenicopsis (Windwardia) of. rudinervis S LS8 411 #

Table 1 Stomatal parameters of in Phoenicopsis (Windwardia) cf. rudinervis in Yanchi

v AL R A 0 % R SI(%)
Y (NMmm?) (M/mm?)
1-2 47 1362 3.34
1-3 52 1724 2.93
1-4 69 1060 6.11
2-3 64 1820 3.40
2-4 64 1564 3.93
2-1Y 59 966 5.76
A 59(£3) 1416(£143) 4.25(+0.55)

WP SR A [F] 2 35 12 v [ A6 77 b X R A F R A A B T R 2 20 KR SRR
(p(CO))(EI3). T 21555 (2010)7E H R 452 Hhy DX a8 i e 40U S5 52 rp £k 7 7 KA. C Ok
FEN1274ppm; 1 R 55 (2014)38 i R A S ALLII 28 5 A 5T 1 52 ek s 2t v 0k 20 hE L RS
COKIE, 13 KA COKE 537128 1770ppm Al 1530ppm 5 X1 ZE25(2016) K FH A7 457 %% B -k
SH R E AL F R 2 T KRR COMREE N 1550ppm; 55 2155 (2017) 75 N 5 1 #EmE 7K
TR FH 764 ) SEACLER 285 1 52 Ok 55 B b - L 2 1T K COLIK N 1413ppms R AL S5
(2017)7E 5 AR 1L Z ) FH B UV A A0 A 75t 3 b £k 2 7 KA C ORI 2 91823 ppm: &%
ZEEF(2019)7E H R A2 1y X 43 1) 388 o 4R AT Ja8 4D 35 J8 SR E ) v ok 2 i v KR COLIR FE 4331
J91228ppm F11243ppm; SEHE SCEF(2022) 75 H 8D 2 i X I B B 400 25 0k &2 A ok 2 Tl
KACOMEEN1240(+122)ppm.  HHILAT WL, A EJET7 HOIX Aok D AR AT L 2% Bed Rk B
R COK B 1 I 1£1228~1823ppm Z 18] AR Fi PR A3 (45 A mT 5 DL ERdE LA, N
H 85 AR e K

B T AR IR ARS8 2 R R S T B L T 2 AN KRR COMKR B T A A5
BI(LE3). HHGEOCARBIIHIZ 5 GEOCARBIIIH £k /& Berner(1994, 2001)F] F 7 - 355 R
ERFE WL I RE5E FAL 2P S i 4k : GEOCARRBSULF# A h 4% f& Berner(2006)3& 5% Al



e R R Y FE N A LS O B 2R ;. Schaller(2015)3E T b 38 Newark 845 @ iy 3B 0 IR
IHEVR TR EREIALZE L #E57 Crustal Productiont %) 12k . A2 38 BU 5 KR CO,
WREEETE7E GEOCARBIIHIZE S5 GEOCARBIIZ 2 6], H5GEOCARRBSULFHLAY i £

FlCrustal Productionf& 7 g 2k K AK & 4 (K3).

11

GEOCARBII fi7#!
GEOCARBII model

GEOCARBIIT ##i T
GEOCARB Il model

o A HRE
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Fig. 3 Paleo-¢(CO») during the Middle Jurassic in Yanchi base on the stomatal ratio and comparison with

geochemical model

4.3 HREERE

5 R RCORMRE Z ARG 5 8 2R DM 2 A SLIe FTiE s, JF SR — 3 Z A2 5

(Lacis et al., 2010; Cotton and Sheldon, 2012; Montafiez et al., 2016). Kothavala et al.(1999)if# i

SEEHTNGERE, EALER(COy) SR G & 22 8] 25 2 5

AT = 4.0xInR(COy)

(4)

HAPATHERIEE S . BARNQ)ATER(CO)NS.33, HAXQ)IIFEEEEATHN

6.7°Co

DAL 5t T DAAIE B SR 7K 22 37 2t £ bt DA o Bk 2 LT Ab T — P COLIK L iR AR Y
MR, R e 5 COMR L S EURIR T A o5 . il gevt it NS A 8L, £ E



Jb 77 HIX Hh ok Bt 5L B35 b T 5 COLR B R BB IR R4, 4% i 2 R B P 380 B o — 3, R
PER(COL) IR HFE RGO En 5, Hgh BIFES.5°C-8°C 2 Al (T &R 1545, 2010; B K%,

2014; XIZESE, 2016, RFLLAE, 2017; BRIIALSE, 2017, 2456, 2019; SRE AR, 2022).

4. 4 EYRENERERSP/PAE
FE A Y 6 S 7E F R I BRIR B KSR ICO2, BT 78 32 B KA COMKR B 1) AR 4K BE 5 52 M)

TED I % T BEATLRE o A4S PAEE 2 A (R i 2 3 AR FE XS ALY, AL RER RS BERESE
Wi ' B A H ik [E AL R 20 R A, AT S e FEL4) B 24 PRk [R] 37 2% {8 (Beerling and Royer, 2002;
ZE, 2018). TAEAA A F T B AR A A B R AL 2 0 SR T AT EE RO AR, BRLR
TP i 52 R A % [ 2 2R L R VR R 7 K COMK B N 1 AT e . Farquhar et al. (1982)
I I S0 T CoRE Bk (R 2R 23 TR S 2R e 7 5 T KR COR BEVR FE I A sl F

OBCp = 6"3C-a-(b-a)(Pi/Pa), (5)

b 6BC oA BT Akl T I R S COL KB IR 4L is 613C, NCHE A Bt [l 4ir
R aR KACON ALY HCEE M B (R [FI AL 3R 28 R EL, £94.4%0: b3RINTEAERUBP
B S ] TEAUBR (0 FR A B S R A R [RIE 3 001, 2927 %o PARITPGA3 31 A P 441 it [ A
HRFERSCOREE o T AN RS COKE FIOBCHHEIIOCL IR MK,

HEGE RS B HLBT RS AR A AR IO R ik R R AL 3R 12C, BRI R A 3=
FEREAR A=A 50 18, FE R AR B SRR R 3R 12C, 02CHEARXNS T R fi . Arens et
al.,(2000)18 1 Zo s S 45 BV IR E BRI AL R E 5 K COREERT dBCZ AR &R,
I g5 H Cabl AR A K16 P C ol 5 KR 9VCorZ 18] (1 a1 JF 75 72

OBC,=(313C,+18.67)/1.10 (6)

HF AR(S)RIAR(6), 7T LAIE I B A AT A Z B B R A 3 (B8 13C,, TR
OBCHP/PAE . AU FT H Il I X A5 AND22-1AH 24 Phoenicopsis (Windwardia) cf.
rudinervis Vladimrovich#. A1 1 51 JZ Bk A H 013C )53 51l J9-23.46%0F1-23.74%0(2)

3 2 Phoenicopsis (Windwardia) cf. rudinervis Vladimrovich (A A EMENMN KA 5 P/P. 1
Table 2 Stable carbon isotopic composition and Pi/Pa values of the fossil Phoenicopsis (Windwardia) cf.
rudinervis Vladimrovich

Wh 5 013Cy(%0> VPDB) KA 6"3Cu(%0, VPDB) Pi/PAt
1 -23.46 -4.35 0.651
2 -23.74 -4.61 0.652

TEAEFH 23 3R (SN 2(6) 1 I i R AR i 6 201 S i B AR A A7 N CHE )
Deines (1980) R4 A4 1E IR I RN IUARKE AL A 70 MOt Co I RICAMAE
P=FRAL, KA G EBEARREAR. FoAR. DLEIEA X WA Y), HAs e R &
—MREAE-20%0~32%0 2 []; CofE4) EBAFE T I R ARE Y, Wb ER RARL, Hfaw R
FAH— RAE-T%0~15%0 2 [8]; CAMIEWYE N/ W 3= A5 VD 55 A A A AN BT B AR A,
T R 2 AH — M AE-10%0~22%0 2 [H] (LS MEFIXIER AR, 2013; SKIIESE, 2021; SEHE A,
2022). B, WAE A REYIRRR E R AL B R AW A . DR T A



Pheonicopsis (Windwardia) cf. rudinervis Vladimrovich)& T-CsHE¥ICGEE 2, 2022). it A
ROVRAR(G)BH, HASOBCHHN-4.35%0F1-4.61%0(F22), “T-II1EH N-4.48%0; Pi/PAESY
°M0.65110.652(%2), “F¥{E N0.6515. il i Chakraborty et al.(2011)%} (4 2 £ HE A4 A4
FoAFH: EAERITE L R & 2 R — MR E PYPAH . 4P/P.>0.70f, 8- T
ESENEZN L AR/ R I A - KBS0 E S A Bt 7 S D W2 S 1= K /IR B S i HTRR N
MR A o B 3 BH bt 1 DX I SR BRI, (R I P Ak BB iy AR S0, mTRE
TV A - T T A

4.5 K FIRAYE

K53 F F 245 (water use efficiency, WUE)J& )6 & /E H AL IICOL &5 78 s VE FH I FE K &
ML . iZdEhe T LU WO ) A TR B TR AR R, WUBMER, TS R B T4 . K
L COIE NAED R & AR T AT B A ZE AR, AT AE A3 AN [RI PR B8 iR A A rh
B[R AL R 4 73 1 22 7 (Korol et al., 1999). TMAEIL I FE /K AICOEH EEMEM . £ 5
SCEGUESE: A bR E B [F) A 3R] F SR AL SR K A R R e, R R A 3R
fRIE, FEYK 5 FFH R i (Korol et al., 1999; Kohn, 2010). Farquhar and Richards(1984)
25 Co Rk R 7 25 3 TR O 045 H 7K 23 R e A 5K

WUE=P4(1-Pi/P.)/1.6 (7)
H#A7 ymmol/mol . HRIEWE 5T X Phoenicopsis (Windwardia) cf. rudinervistt A7 Ea g2 BRI AL R
FR-F- 4 LA R RS COL3 B2 AT LS H WUE 79348 .2mmol/mol .

MRS (2009)8 0 BT N Bl gt R W], IR A 17K 70 FIH 28 9174.4~223.5
mmol/mol, IR 7K 5 F FH 2 52.6mmol/mol, IR K COMKEA £ 400ppm. A
YR 8 40U 25 S 7K 3 1 2568 K T2 o 0 B AR R AR COL3 B RN EARAR AT (1 7K 29 1) F 36
A ULE H, TE @R BERCOFA S, R ) e gt /> A LA 10 5 2Ry b7k Rk,
RESREHHHKAFIAZR. %31 SBeerling et al.(1998) I = 246745 i — 1.

4.6 HEE L

SRZ W P kD G e AUZ A R BN SRS, A EE, K% R E
AN RN A BN, TRk, HP AN S Ak, SR E AL R k2
Coniopteris-PhoenicopsistE V) HFH G TSI AR — 3, 48R T W HGH -WR AT IR I VS (3R]
155, 2017; 74, 2019). WIER BORIKRE 51K 2 W7 3 48 e 2H fikn 40 & AR S H A
WA KEWE, MANE NG T DI LRI, ¥R SR BT, Bkl
BN T IR -G I M SR R, 1995 FHRUBFIEE M, 1999; VLR T A E kA%,
2002; FHSLEEE, 2017)0 HRHEXEMERIEEQ2017)%0 o (B 0k B a2 vt S 2 X AT DU, ROk
5 SR (BT b - B2 57 300 5 R 22 M e b g - A BR IR A R SR X, 124518 5 AR R T R 13
H I ZE R AR .

MERBAE AR, FEFRIREEQ021) I, SRR 2 M7 2t i) SRR Al 4 T ' LA AR



KW Toarcian B, T3EZAHTAMAN Aalenian-Bajocian HIiAF| 5%, fEBajocian HIHE
WIS, &R THEP AR R K Bathonian . i AGEOCARB IIRR- V- i 1 Sk
(Berner, 1994), Toarcian {1 KT CO< &AL T A AR/, (H AR I SIBEIAL T 2ok BTt
#, BT kP i B (Aalenian-Bajocian #1) K ICOMKE LTt 2R IEAE, FRTEh 0k 2 tH 53
AoF AR . b rT UG, PR 4l KA COLIR B T AL 15 50 R 22 W7 SR BEAE R T b 45 6 4
LA RS, —FH N EE R

4.7 SARESHA DRSS HEYL A SHELESR)

TIHA(2019) AN, B [E 0k B 42 1 1L S B T R AT AR AR R PR AR i N 52 -SRI o
PERISCIAAT O, 3R A6y 5 3 A 75 10 o - ok P RGeS B DA G . MR
G0 IR 22 J7 1L S 2 2L 0 ) W A 10 B2 R o T RE S e LS s A LR (TR A7 4E, 20135 28
WEIEAE, 201400 o 2 RUE(2016)FF 5L 1 58 /R 22 1 G v (k2 tH A e LRI, A8 22 2L H)
P L BRI A1 JEUZ AR AE AR s 1 oGk 2 50 2K 22 3 7 1 T O R P AR SRR AE , T 5 v f 2 1
SBRARR ISR ST — B ZEE Q02 1) S AT A FORME H, FLARE th bRt B 38-
FERA R IR A B A T 1269ppm, TR S G v 1 v R 2 SRR S, — S A Bk 2
{15 I £E 1228~1823ppm, W& i T 0k B . E 4 (2018) N A4k 2 — AL BRI % T vl
At 5 LS B BB K LGB O LGk 2 I 1 5K 22 30 2kt ' B LR e v R IR
WAT)E27F, BRI BoR BT B RN AR RHEGE R = A IS, 1980). T itk
B I AR PR B T B I SR A TR, HEEZ120%-30%), B
o3& BAHEK RIF A 2 T (R A SRR AR K — 2800, 5 LE R IE 50%) (% = 1%, 2016);
A 2 i 45 (2023 )it B S LI 4 & 4 Ay, TE -0k 2 1 WG - o ok 20 fHE RS fhy 4L
Y MR AT AR A e LA AR TR AE LS ok i AT L A BRI — IR T e 5 5
PEAR AR AR SR (R A0 52 7 -0 FE SRS PR OGP R o, $RET SR, MO, SRR 2 M
TN BRI ARSAR T L S AT A K
5 45k

A 3 X 5 AR 2 0 b Tt X e Pk 2 A 22 R KDL S5 R A LB ) (B
FiPheonicopsis (Windwardia) cf. rudinervis AT AT AAZ /3 85 S SALSEL, o Hadk
ITREBR AL R IR, A UF 458

(O HAAL BB U 7 K COMK B N 1599ppm, % {H A7 T"GEOCARBII i 2k 5
GEOCARBII £ 2 8], AW {E iR %G ;

()i 1 v COL MR FE 48 B 20 SR R Bz s DX B2 09 1.2°C~31.4°C, U4 %
DX FE R 6. 7°C s A A IR R R KA COIRBE FT AT, Ok 2 i X 8 T R COK
B IR - S AR M S, ) 5 R R 3L e F b SR 5 T AR & (5 B



Q)P A ot JE A8 E Bk [F) A7 3R A5 LR U0 25 S8 A A =4 6 1) 7K 20 R F 28 (WUE)
348.2mmol/mol. Pi/Pa {5 0.6515,
BB A TR EAREL GESEI E ARR S A E SR B O e . SR T e R AR
LHEIMAARM KEE TN, TEMHRRE
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