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[Objective] Wildfire is an important part of the earth system. The greenhouse gases produced by combustion will have an impact on
the climate and the biosphere. One way to obtain information about the potential long term influences of wildfires on ecosystems
and the climate system itself is to study palaco—wildfires. [Methods]A total of 56 Jurassic coal samples from 5 main coal seams
were collected from Northern Ordos Basin. The samples were analyzed by macropetrography, microscope, scanning electron
microscope in order to study the evidences of wildfire and their impact on the paleoclimate. [Results] The results showed that a great
deal of charcoal has been found in the roof and floor of the middle Jurassic coal from Ordos Basin and the cell walls of charcoal
observed under SEM were homogenized. The average proportions of inertinite in the coal samples ranged from 45.23% to 56.81%,
and the reflectance of most inertinite in coal is less than 2%, which indicated that the frequency wildfires occurred during the peat
deposition period and the fires type were dominated by surface and ground fires with low temperature. [Conclusions]According to a
carbon emission model for modern forest fires, the total carbon and gas emissions from wildfires in peat swamps of the Middle
Jurassic in Northwest China were calculated. The total carbon released from peat—swamp forest wildfires was at least 443 Gt,
corresponding to emissions of CO,, CO and CH, of 1377 Gt, 86.7 Gt, and 8.26 Gt, respectively. The large amount of greenhouse
gases released by wildfires may lead to changes of the atmospheric, which may have accelerated the process of climate warming in
the Middle Jurassic.

Key words: CO,reduction; Paleowildfire; coal; coal field; Jurassic; paleoclimate; coal exploration engineering; Ordos Basin
Highlights: Paleowildfire events occurred frequently in the early Middle Jurassic in Ordos Basin and the main types of wildfires
were surface fires and ground fires; The total carbon released by wildfires in the early Middle Jurassic in Ordos Basin reached at
least 443 Gt, which might have affected the paleoclimate.
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Jones, 1991), iy 2E 220 R AFAE O JZ Th (R L AR AE
mm F1 pm 2% 51 19 78 5k FK A Ak A K J% (Charcoal)
(Masiello, 2004 ) , 3 15 XA A A s B AF 5% AT DL

1 5 &
T A B S e A A D40 2 BT RR B

(Scott, 2000) . [ M Je 7 20 A1 49 55 Bifi AR, 5 gk
FEUETERG L) 2 AE TR O IR R g rh— A
J B 43 (Scott and Jones, 1994; Finkelstein et al.,
2005; Bowman et al., 2009; Scott et al., 2010; /5 KAk
4%, 2011; 7k C /R 4, 2012; Brown et al., 2012;
Glasspool et al., 2015; & £ 71 2% , 2015; Sun et al.,
2017; XWLLM-45, 2018) o BFFE R BIIRBE BT Y il 22
SARFNEBRL X SR A B RS2, 401997
AF 1Y B RE JE P 2 AR AR R KRR T 0.8 ~ 2.6 Gt 1Y
CO,, NI g T8 T 2 FRAEHE (Page et al., 2002) . K4
W, 7 M S A R ORI L AR 2
PONRa W ZIREEcs 11 P AN B X E RV <y v
TR IR N S8 AR E 77 e ) — ZR YR AR 34 22 11 [
TRER A, th T B A T8 05 B A AT 4R
A, BRI AT DA R AE 7E DT AR 3B Z H (Scott and

B KT s A SR T R SOWAR AT AR Tk (<180
um) B IR BT R T ECGE T o s B oK 2R
J % (Clark, 1996; Scott, 2010) , 72 WAL £7 A 5¢ (>
180 pm) 7EFAH HLATE T AT D4t LI AE ) 100 e 71 o
FRAE , h AR W) W) AL o FR R L1 L (Schonenberger,
2005) , AR RACI IR AL BETSE AT L
18 i R A Y CO, #k JE (Royer, 20015 Yan et al.,
2009) , 3 32t % 2 WA AT A I B SR 3R I 2 TT LA S
TR T Y K AR | DTN b sl B 3RS0 O, ik 2
(Petersen and Lindstrom, 2012; Glasspool et al.,
2015) o 38 Al A IR 119 5 i B 5RO 1 5k [
MREABIT T A8 RS N RAE A FIE AR
(Bird, 1999)%

RO AR 27 oy e v & T 5 4H (Scott and
Glasspool ,2007; Sun et al., 2017) . XJ T4 P65 i
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FBSCRL AT PR AU A, — S TA R 15 B 2 A HILJE
TE Ve kAL AE H B B 28 S A 1l AR T il (i f 58 45
1996 ; Hower et al., 2011,2013) , 55 —F WL 5 A M 16
FT2H R AN TS R RIE o I AR AR 223l i
S YRR IR () 1 B 2H AN SE AR ), A R T
Ak A7 AR 7 (Scott, 1991, 1994 ; Guo and Bustin, 1998;
Scott and Glasspool,2007) . Z&id 20 Z4F- 48, 1
F L AE YA 5 A HRBE ) 7= 3k — WL A5 3] 1 R
Sk £ 22 197N R (Diessel,, 2010; Scott, 2010 ; Shao
etal., 2012; Yan et al., 2016;Sun et al., 2017) ., P&
X I e v JoT 2 R A SR 2 TR R o B
KA BB A7 B FH A

H A i B K e £ 2 TR AR R A K
AT, /A — =B AL —HiE 2 AR
A8 (UL et al., 2004, 2014; Jasper et al., 2008 ; Shen
et al., 2011; Brown et al., 2012; Kauffmann et al.,
2016; Shivanna et al., 2017;Sun et al., 2017) , i X4
P20 B SR R D TR AR Y
W E R RS Tl RY DR EREED
BT, 3R R 2 200 4 R R R A i Y 2/3
(EHBEELE 1996 B SCMESE, 2010) , X NI 2L %
TSR R 208 A5 SR HE T 4R, IR 4Bk
KA CO, ¥ & H AT KA CO W B 1Y 4 1%
(Berner,2006; Sellwood and Valdes, 2008) , J& -1
PR E AR B R B B IR =R
AR KOSRS 0 SIS U
FE T IMOAS G S RS R 22 W kb iy AR 2 G A 2
FEZ I TRAEXT LR B T 1455
2 M s

SRIR Z W M T AR AL v HaE vE S, 2
SR RE TR B e B AR AL 3 P 25 RN 2 b T Ak
T 52, SRR 22 3 v Rl 43S D R kS TR AL R
U2k oh Wy S PE B R IR G (BRI AR S 6
MG T . T XA TS50 R 2 B 2 b 2R 6 2R
HEFNHARHLIX (] 1), KN AR TE SR LT, g
2V OB A ACH)Z o 3 (5K IBASE, 1995) o ZhHb Y
PRI Dt B R, A —E N REA AT .
T o E B AR P A YOS
4, E TSR O IR TR —
B G A PN RTEA TR, A kR AR

P 1 SRR Z M A st by i 4 2P (X A%, 2006)

Fig.1 Tectonic outline of Ordos Basin (after Liu Chiyang et al.,
2006)

AL, BRIICH A bR Bk A AR HLAE S
T, DR IX W AT U8 K e B3R R A AR (3T
B4, 1999) o SFIR 22 37 7 M b % 119 4iE 22 21 b 223
i E S 2 H 2 RS A A R AR D
WA ~2)2, EXUA%E(1999) 4 58K 22 17 7 1
AN [R) DX St )23 1) 3 ) 722 Ak AR 8 5 A R BE R
TR, BRI & B RIS 224 A R i b4y
B 2) A A X 50 R 22 W 2k 2 28 i
AR 53N Ky HE 22 4 %F o7 v A 2 8 3 1 B A8
—ELZE Ry, B A5 174.10 ~ 168.3 Ma (X I #4
&5 2017),

3 RS
ARUCTAERLE THAR—AR R X1 7 4 F R
JE R TR B IR Z A it 2 56 1>, Horp 5P 2R
FZLHIAMRIED™, SRR AR A #8505 15T, 4 Fi 42
IRZIERER B UK, 3R AR A~ R
T 2P IRERIERER AR, PRRIEEER A
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Fig.2 Stratigraphic section of the Yan'an Formation in Ordos
Basin (after Deng Shenghui et al., 2017)

AN

R A5 b T A 2 I 2 5 % (GBY/T 15590~
2008 ) XiF Gk AR 7 28 AR g I B SR e R A T
T R A I e B2 G S fER B S Ol Leica
DM2500P, Jf: | CRAIC {4 % JE v 1) 5% [ 21 v
TR A3 AT ST A

FH3% % 54148 ¥ 5% (FE—SEM, FEI QuantaTM
650 FEG ) ML £ 4 J2 TR AR Hh Ak A7 A i 1) AL 400 41 e
B R AR EE o IR DL ME 4 5 A5, 7F 60 ~ 90 Pa AR

B Z OO, TR 2 10 mm, SR L R
20kV,

4 5 H

4.1 BETRRR PR ARRME R 2%

HR 4 Scott (2010) X b )22 Hv Ak A7 A e 1) 72 L4
FERRAE , 76 R AR 7 )2 TR AR R 2 % 80 T Ko
1) 2 WAk AT AR e (T 3) 9080 2 TS Al b 1) £k A A
R DRER 2R, HIERZRE, B ik
RAAIR K ARG R 3K 2 WA A A
BT REYIRBERT BEBOK 43, W46 T 2498 iU AN 58 42
BRIGE R HLA 7K L #5741 I R A R R T 4[R]3 AR
TE

IR P R 22 AE 5 T SRR B BIR A
TEH)ZH (5 ~20 mm) (Kl da~c), ¥ 22 ik LA
YUk oA e B2 b, B JC 8 1 HED B R AR, A B
K, ELA B 01 b o B S A S b S AR R AE (IR
4d~1) o 22BJZAEHN i ™ W o T 24 R s
K BE 5T T HAT LN
4.2 EhRERA

FEAR YT 1) 45 5 2 v 5 I R R A o - 2404
I3 A TR 0.46% ~ 0.55% (F 1) , 28 AR BE A
FAR— G, A = R B b B RS &=
I3 AU 39.85% ~ 53.77% , 115 20 &5 43 A Y
H 45.23% ~56.81% , 5¢ Jit 40 & 4t 4 A A
0.85% ~ 1.73%. TEWFFE M )Z Hpb o all =22 D)~
2L AR 22 JT AR = O 1 JE R LRI, 2D i
Ok, BRI DL . 78 22 SR R 22 i 45 4 £
FE 0T, TOHB o 22 S A R i WA, 3505 43 9 B R 1
RTINS i Bk, A 24 S A s P e i 4
JrR L (# 5a~c) . 22 FiARr Bt b 22 iR B 2
b, FLT0 s 254 22 TR R A 22 . 9% X rp g
J2H R SR A AR VE LA 0.7% ~ 5.23% 5 bk 3 M rp
ST ZRAE 0.7% ~ 2% i B2 o g BT & it/ T
T0%Ah , FLAHE S h S A 0.7% ~ 2% T8 B4 o5
SV A S YR T 70% , 450 21 5 2H I 6 R 1
Sy AFEAE R R ) TRLE WL 2.

5 17 w®

5.1 HENTFEEHRIEDR
TR L A P ) 22 0% | S R e 4 43 A R T

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(2)



4985 21 VR A SRR W GRS AR bty B P Ry B 5 ) 647

(513 2 TR AR Al A AR
a— 1" PR TN P T AR e s b—17 B2 AR P A A AR 5 o—27 SRR THUA P IR Ak A AR 5 d—27 882 A P A4 AR o 5 e—3 AR 2 TR v vy
AATATR s =3 R T I A AT AR 5 g—47 IR TOUR Hh ) Ak A A s h—47 SR ICAR T i A A A 5 i—4° SR Tb i A AR 5 j—4° 12
JRAR P AT A e s k—S5" B2 TOURR P (R f A A 5 1—5 R 2 TR AR 1) b A AR
Fig.3 Charcoal in the rock of roof/floor of the middle Jurassic coal in Ordos Basin

a—Charcoal in the roof of 17 coalseam; b—Charcoal in the floor of 1° coalseam; c—Charcoal in the roof of 2* coalseam; d—Charcoal in the floor of 2°

coalseam; e—Charcoal in the roof of 3' coalseam; f—Charcoal in the floor of 3' coalseam; g—Charcoal in the roof of 4’ coalseam; h—Charcoal in the
floor of 4° coalseam; i—Charcoal in the roof of 4° coalseam; j—Charcoal in the floor of 4’ coalseam; k—Charcoal in the roof of 5'coalseam; 1-Charcoal

in the floor of 5' coalseam
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P 4 e i) 22 0 RN 22 0 ) S P B P
a.b.c—HZE T IR 2% s d o F—F 1 FHOIRIYLZIR s g hij kL3000 12, 22, 31, 4, 4 F1 5" i 22 RAE i B T
ST A I 240 ] )23
Fig. 4 Fusian (Charcoal) in the coal and the scanning electron microscope micrographs of fusian
a,b,c—Fusain layer in vertical coalseam; d,e,f—Fusain in horizontal coalseam. g,h,i,j,k,1 were the scanning

electron micrograph of homogeneous cell walls of charcoal, which were taken from the 1°, 2°, 3', 4>, 4’ and 5' coal seams, respectively

o 2H R J2 TR Al v R o A3 AT R Ak A AR i 34 3R B
FEV A UURR I ) & A 2ok Tz 8P K Fe . S5 E
A6 T5 £ 7k 7R (<25% 5 BR 2R, 1996) b — & 48
(40% ~ 51% ; SH 155 | 1996 ) K P 15 I 4 19 & fib 4

Ll , A5 DI 8 1 T 2 7 4t (45.23% ~ 56.81% )
A, ) A B S R T R O M S R e A
[ 5 hE (<30% ; Diessel , 2010) o 75 4R IO T I
R PG B4 S5 iR 4.27%(Glasspool et al., 2015) ,
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R1EPEREHTSE(%)

Table 1 Maceral composition of the coals from the studied areas (%)

AMERIED PIRE R 2R TEE TE3URE BOKIRARE BUKIFARE BEE SRR Ak SRR

B AL 51.72 4524 43.47
Felfiel 1.73 1.36 0.72
R AL 46.55 53.40 56.81
B S S e 0.53 0.52 0.46

53.77 46.06 39.85 44.20
1.00 1.66 0.86 0.85
45.23 52.28 54.29 54.95
0.53 0.51 0.55 0.54

TG DI ) 1 o 2 5 R a3k — B, iX
2% WA S 42 20 e i TR ST B B K A A e
o T YRR T U8 ok R kR AR

Kwiecinska and Petersen(2004) 1A 4 natural char
SRR T A LB AZ B K MR O A, He
S AN T e R B2 T 2 RN T A S A3, T
HAIAZE0 I i T b s 4 i S %, Ho natural char
FA 24U A LR RN JESSBIARN] . ST
3% % W natural char %5 [7] T4k 41 A % (Scott, 2010;
Degani—Schmidt et al., 2015) ., | {Z 3 i 7EME By R
A B PR nature char([K15,d ~ £) ZIHTETR AKIE A,
A8 e A el B A

RIR SR HIR IR 32 4R AR B ey 7 7 A=
Jry AR LA, B I 2 AR AR AR T LA F AT B
(Kwiecinska and Petersen,2004) , 7E K& 1) BT A i
JE AR 3 IR 22 B b R BT /B Y R SR AR AR
ZAZARFZ AT B R AR B — M VR B2 flily 20 AT, 43

ATFE AR LS LB LK Z 8], TAE 3" AR 22 B e s
IR R R A DL/ IN) HLAIRST 1 JURE AR o A 7 v
(K5, g ~h) , iIXFRIIX L TAIREOREAEVE A TR
B AT B o HbL BT 98 I /s R 5 DX e 2R T ol s 14
FURLIEE 5 HA PR e I 6 2, ELRE B o {4k 12 43
BAE0.5%L A7, JB TARMER AR, DR e o i) KSR £
R 2 R e R AR PR TR BT E A2 2 % AR BT il -
FALZR A (1995) 1 & BLAE b [ PG b 1 X A fR 25
HAZ AN S AR I T NER AR B |
IR S5 4% ) S MK . Kwiecifiska and Petersen
(2004) I\ Ay i Be/NERAR Btk BB I AR [RIAE S R
SRAEIIORL , 3k T W AE h OR 2 T b [ PR b IX & AR ik
R P o B K, ARG DX ol B ok mT g
) — 53 o
5.2 HEFAHKE

HRAEIAELE 23 (8] 19 53 A0 R 532 25 gk, 1
FEIRARL N kb T RRL | X5 L () BRI Y o3 S AR 5 ok

B S S i 22 S  RAR A IR AR £5
a.b.c— YL A d e PRI AR B¢ 5 g—22 BErPT N AR ARIURL s h—31 BErP i AR AR A0URL
Fig. 5 Inertinite, nature char and nature coke in coal seams
a,b,c—Inertinite; d,e,f—Nature char; g—Nature coke in 2° coal seam; h—Nature coke in 3' coalseam
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Table 2 The inertinite reflectance and combustion temperature of coal from studied area

W= GuitHA 0.7% ~ 2%R, 2% ~ 3%R, 3% ~ 4%R, R>4%
A5 /% 82.73 8.25 0.02 —
P S R 2 /% 1.60 2.45 3.35 —
P FEC 372.52 472.61 578.60 —
A% 87.24 10.36 2.40 1
2R T35 S 20 % 1.54 2.37 3.41 5.23
PR ,C 365.45 463.19 585.66 800.00
T4y /% 66.55 23.21 7.20 4.04
3YEE PR 2% 1.52 242 3.39 4.85
“PEIREE/PC 363.10 469.08 583.31 755.24
H5r /% 71.28 25.31 1.35 3.16
AL SPIY A E % 1.52 221 3.50 4.7
“PEIREE/PC 363.10 444.35 596.26 737.57
H5r /% 74.32 20.16 5.14 1.38
A1 I8 S 2% 1.36 2.38 3.36 498
“FEIREE/C 344.25 464.37 579.77 770.54
[EREA 72.22 23.48 3.11 2.19
5 P I8 IR 2% 1.48 2.52 3.14 5.12
SR E /°C 358.38 480.86 553.87 787.03
A5/ % 75.26 23.42 232 —
5YR T35 S S 2% 1.65 2.51 3.12 —
P34 FE/°C 378.40 479.68 551.51 —

H 3 KRN HTE K (Scott et al., 1994) . B 5k K T 4
15 AT IR B 800°C LA I, 32 7 AR SOUL g A A AR 7k
Hi 2 IR — B AE 200 ~ 700°C , 77 A KA 22 WAL
ATARSE o T K AR T — B LR (<350°C),
IR Be 7= W LA % WAL £ K gk A (Petersen and
Lindstrom, 2012 ; Brown et al., 2012) . H 7 % i B
KB BR eI B S R R BF 9T 2R B TR 584
R A AT AR S 8 AR I R AR e 240 i ) 2
F AR AR R A

S0 B R B 2 Y SO R SRR IR 2
TEAHDG , BIBRGE IR 8y, T i 18 T 2 s S 3l
& (Guo and Bustin, 1998; Scott and Glasspool,
2007) o JAEVE BT SR AR DS IR AN & 58 A 1
AMEICFR BB T B R ErT Dl i A (1)
111158 (Petersen and Lindstrém,2012) .

T=184.10+117.76xR,(=0.91) (1)

TR RRBEIRFE , R, A DN £ 1) s ot 20 S 339 %8
TEWFFE X1 5 )2 o i JB 26 52 S0 36 1) 53 A B AR —
B, MRS 3 (<2% ) TS B2 o £ (K 2) , i £
Y e 32 2 DL PRI 1 b R AR T A L R

A7 v BT R B2 B, AN 3T R SR>
A% B & i i (B 4%, X FRIFE 32
Ve 5 DRI 1A 10 & A= 04 1o ek B KB S A 6 1 L
e e 2 B v, AH 35 B 2 D) i TG K B Ml 3R K
Fo FEIZE TR AR P A B R 14 72 AR A AR R
(& 3) 3 IAE YR A TR HH 0 8 A A AR PG TR A
TR R R KR 3

TE A A 22 78 oA ) 240 B BE 1 A5 25 T A W]
AR AL, AR IR T 300°CHT, FEFIH HLAR T
AERS 7 2 40 M A MR, 25l B i T 325°C I 4 K
I8 R ) 2 R S AR SRy 34 oAk, B R ) 600°C
sy 240 B 2 A R -, X SR AR/ N R S S
ik #H 43 0 ) R JE 15 5t 2H (Scott and Jones, 1991
Scott, 2000; Scott and Glasspool, 2007) , A< ¥k K &
FVERETE ST F AR RS K A i 1m) J2 34k ] B Ak
(El4,g~1), X R P RS AT /R Z Wi 2 At e
BEGURRIN 1 5 2B B iy BB AR IR BE T 325 ~ 600°C, LA
PRI 174 b T KRR KR T2
5.3 BB ABHARESE

BRIPE LR 7 AR B R IR = AR X 2 4
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Bkt VA HAT AR T 2 VE R [l B2 AR RS
HriE = SR ) E 2SR 2 — (Crutzen et al., 1990;
Moraes et al., 2004) , H BT AR ARES k5 2 n0 i HE
HJETE Seiler(1980) 42 H YA IR B4 5E 361,
AP R pE R HE R B BT A R -
C=Mxf.xp (2)
C oM RTRY AR it A8 P HERIY Bk i () , MR
FE R FA R R B AR 2 (0) o TR
IR, B A W BRI R385, RV B T AR
FRMMR e 1 8 R B0 2 ) TR o SR 5 ity mT Ik
VIR LE ), SR BB mme HE Rt 1) B2 R A
E=E.xC, (3)
E AR E ISR HER (g) | Ex R i
SR HE A T (gkg) o 20(2) Rpkbead # hHE
(A B B, AN 58 RIS T 1 ) 5 2% T AR 1 -
R=Mxf.x(1-p) (4)
R NANGE AR BEER B i i i (1), SEB0IE A
JHE T B AL R A 52 A kb 7 A 1Y T R Bk BE
(Guo and Bustin, 1998; Scott and Glasspool, 2007) ,
WRBERSOF B HUEN ] e A2 A % 171 22 £ 23 (IPCC)
P2l THE 0.45 (CERRHE , 19985 % #%5,2015) 5
R U E AN HAE 0.5 (X1 e AR R T 1,
2017) s FEOR 2 22 R 30T v [ b b IX 32 240 T30
PR — I Yl M DX I, AR 2 A R R
TR AR (i 55, 2003) , SR HEUA F E. 5%
HATRR VA A5 (2012 ) P i () it — R YR S PRk PR 7
17 BE T, COHE L A+ Bl 3107.9 g/kg, CO
HERCIA 5 HUE 9 195.7 g/kg , CHLAHERC A T HUE
18.6 g/kg. "ETRIRZ Mk % a0 R B Al
1487.66 Gt( H SCHESE ,2010) , 1 i T 20 7 1 e i
IR 1A 36.4% 153 (R FERE S, 1996) K RS A

FNA(2) (3) (4) i, B EAR S 20 M i B 1 B
TG 1) A R R B s o 443 G, Horf Co. 1
7 A 1377 Gt, CO ) & K 86.7 Gt, CH, ) 7 4 8.2
Gto TEASYK TSR FH 0 18 e 9% 5 B SR SRR 22307
TR S 222000 m DA b2 H 0 SR it o, SR
AN ELAE TE FF R AN (B v )22 5% U5 11 2000 m DA
TR e 8 5t , DR S s J i o7 3% b T H 8
KR,
5.4 HEARGRT L ESIENFM

SRR 23 B H AR RS COL MR BE7E
1.2x107° ~ 1.6x107°, > BT KAE H CO MY 3 ~
4 % (Yan et al., 2009; Wu et al., 2016; 4= 35 21,
2017), HR#E Sellwood F1 Valdes(2008) it K i
RERY FE R R Bk S IR LB 5 ~ 10°C,
AR LB 8°C, AL ek P Bk A T
B35 0 TR, AR T B35 R B L 3 T
Z R % CLIE 2 O, e AR AR R R B R4
W12 R (AR %%, 2003) , S A RS AR
CO, &5 #%54L | T+ (Diessel , 2010 ; &##45,2016) , X
5GP i U — 80 (B 6) o iR = SR
& COMIN A R TE R i I 0 P 52 e S A8 A iy 32
BRI, BRI Z SRR i ) R e A I e i v 21
WSO BS54 S A7, B A R OR TR
SR B4R A2 18 [F & (Bowman et al., 2009) ., #F/K
I AR D 20 U8 A TR B 2R G0 HP R T ORI
CO, = AR Y T H i KA H CO.(3000 Gt) B i 11y
45.9%. HERD 2R E R, 4 b e E R K
TRIR LY 2/3 s PR 2 I 7E S BRI P £ 2k
BHAER (ILLh 40 B = b IX , 3 F 45 A 7R AR A it
He VAR AR A6 SE M AR A A B 2 e
PPN AR IR , FE b DX A PR AN AL BB HA 3 A (4571

- 175 170 165 | 160 155 150 , 145 |
=| wuw B e kB 1t
= M| mim ;
mam | e || | e I 5K A 29 1
2 9
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@.
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K6 PR% 207 KA CO, it ZE 1k (416 Diessel, 2010; &4, 2016)
Fig.6 Changing pattern of carbon dioxide in Jurassic palaco—atmosphere (after Diessel, 2010; Lu Jing et al., 2016)
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T,2013) , PRI AR AR 2 0 G JRE H AT e e T8 3 DX 3k
Y FRARMR S B iR 25 SR N 120 B 1Y W)l
by At A 25 7R 50 B KA 2 RO R I = AU
JLA4E Ciarapica et al. (2006) A A i =& th— R4k Z
A AARAZ I 5 b R PR 2R X KL 3l LR
HoA T B e KA W HEBCE iy R R A G (H2
TE R A 4 1R R A e B ORI TR 3 AR
A AR Z —

6 4% i

(1) BBIR 22 1t 7% b H1E 22 21 I35 v g 45 2 ) 4 T
4 TRURCAR H A8 Ak A A 35 3% B A 208 22 4 1 o VR
OB & A 3 3z At B ok S B A D)
R T KRN M 3R IR 32

(2) MR HEIACERA I B HE OB 53 Hh A A
TR 22t A v R 8 A TR T TP ARARIET R T
) CO. 1 2k 1377 Gt, i H TR H COL B = 1)
45.9%. % &3 SRR Z T L b Ok B L0k R o
IR A BRIR S 20 I8 I B I ek g — /NER 43, PRI G A 4
R L ORI = AR NZ R B R . Bk
B CO, T B2 S B R P R COL MR I
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