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Abstract; Global climate change has posed serious effect on the vegetation of our ecosystem. In order to understand
the response of plant ecosystems to environmental and climate changes, we need to learn well from the earth’ s
past. C, plants play a pivotal role in the modern ecosystems. Previous studies have shown that C, plants originated
prior to the Eocene-Oligocene transition, but the expansion of C, grasses had not happened until the Middle to Late
Miocene. What caused the origin and expansion of C, plants is important in understanding the ecosystem evolution.
The current method for estimating C, contribution is mainly based on the differences in C,/C, plant carbon isotopes
and their structures. The commonly used samples include ( paleo-) soil organic matters, pedogenic carbonates,
terrestrial herbivore tissues, biomarkers, pollen and phytolith. The application of isotopic difference in these
different samples has played an important role in the reconstruction of the relative biomass of C, plants in modern
ecosystems and geological records. This article summarizes the mainstream views related to the driving forces that
triggered the origin and expansion of C, plants, and briefly introduces the basic principles of various materials
archiving the biomass of C, plants evolution history. Finally, taking the Dahonggou section in the Cenozoic Qaidam
Basin as an example, the methods and shortcomings of the reconstruction of C, plant content in lacustrine sediments
are discussed in detail based on the long-chain n-alkanes and carbon isotope analysis of Cenozoic terrestrial higher
plants. The 8" C,, values of long-chain alkanes vary from ~-30%o to ~-26%o, and the 8" C,,, values are positive.
We believe that the double superposition effect of drought and C, plant expansion leads to the positive excursions of
8" C,, values. The expansion of C, vegetation in the Cenozoic Qaidam Basin may be controlled by dry and wet
conditions and climate change. But this hypothesis needs to be tested by carbon isotope analysis from single pollen
grains.
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(Cerling et al., 1989, 1993a), fEF|H —JuiR A1
REH C, C, WA Y, o] BB 2% FH 1y T
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IERYFRHA T FE R R . AR 3X SEBIF 5 i R 2ROk
H/NT - 8% IAEAE M & CAHY B F B i 8" C
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(Huang et al., 2001; SchefuB} et al., 2003a), #|
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I FH BRSO A6 K 14 [ 57 25 {43 BT ( SPIRAL) L
BCHBH AT C N C AR YA i 2 B T HE BT Y
J71 (Nelson et al., 2006, 2007, 2008, 2016; Urban
et al., 2010) . HEAS J5T B8 o XA i 2R A7 ) BEAN
IR B S DR AE T R I FUR b A, PRI A
st TP S Ay T R ) ] 8 R TR B 2 5 [ AL
R BTG A (SWIM-IRMS ) #4351 % B8 0k 76 o ik
A7 A A 2 32k ( Nelson et al., 2006, 2007, 2008,
2016 ; Urban et al., 2010) , fc/5 FIH] C,#1 CAHY 1Y
LK 87 C [ HEAT ORI T (25K C HEW)
IR C MY B8 ge 1 2 3 F 19 5 & (Nelson et
al., 2006, 2007, 2008 ; Urban et al., 2010) , Urban
et al. (2010) FIBFFTRE — 19%01E Ay BEARAF ) ) i 24
Wk AR B T C ik CAEY I EEA S (E , (HAEA ]
b5 IS 38 B¢ Ry P R [E]RE  EEARRE 2  AR CO, 1Y
8" C A THH R T IE

X5 T CAEMITE AR 25 R 8 vh 43 A 1 00 i AF S8 R
T IE S [FA R Tk 2 AR AT LLGE 8 3 2 5 ok
SCPR B AN RE AR ( Stromberg, 2005) BYBF5Y . HEHEE
PRPR AR E Y B BT, B A T e i S P S R

AURRIE , BRI M DR AP TE DRI b . R REAR 1Y
JESH AL T RERFE R, BEFE 2 S PR 45 1Y 18
AR, R AT ST R | b P A B n] SR A R
(Strsmberg, 2005) , AHAEARAIE A SZHE Y F B
A= FRALHI Bt 23 32 BN AR EE R | ISR
B By e, OER ) v A AR R A 28 0 T Tk L AR
16 BT TE EE r TASE AD TR S RN OB
BESEHATRIT W, T A [FE R RE A Y 5y
A GHAE B, P LAGH 2 Rl 9B A2 L 46 4, i
CAHPI & i 5 000 I g ol U 224k

DL b3 2 [] 37 38 R 28 2 7 A 6 T8 AR AR
LK CAEY)E IS K 0 2 R o8 b 245 T 28 12
BRERAEN, o N TE 0952 ) R 2R DL 3K B AL
AL R B . B AR A A BT
R 2R 09 7 1 7 48 1 DR 9 2 3k SRR IX 8 7
RFHHREEST T C,/C A 8 C A C./C A
AP 5 R (R AAE SRR ) 16 R
(Jiang et al., 2019; Liu et al., 2005; Ma et al.,
2021; Rao et al., 2017) , 7€ H FE A6 5 - A4 W H H
W TR Bl C, T sk AL (Lu et al.,
2020) ; UL R 8" C DL K H 3 F Rl it 87 C
7 LR H T AR B9 B H] v R T e bR I C, A
Yy ok 5945 4 & (Cerling et al., 1993b) ; K 5% 1E
Fbee 8 C ZESC PN v el 2 b e D A 1o ) o At
T ARRIKIA—IB KB LR C AP ok Iy s, IR
BT AP B A Wy i S Y 5 A (Huang et al.,
2001; Liu et al., 2005 ) ; FA50RE A8 (194 BILAK [R] o2
B A S e Ay s R 5l Y0 2R 2 DU T R
A, VAL T 9% A S0P (Nelson et al., 2006,
2007, 2008 ) , I3 — 2 W A AE C, FiE Py kS P 0]
(Nelson et al., 2014 ) FYHF 25 20 A A2 4 5K 4 5K
BRZE (A% pCO, FK T ) WL H ( Nelson et al.,
2016) ; FELAE AR L 25 27 43 S AE 0 36 P il L IX DT AR
P ] R s T ek R e 3 e Rt R A A2 A
ik, R oA C MR A 25738 A RN B A 5T A A1
T HE 25 B (Stromberg, 2005) ,

3 C MBI I B AT AE R 0]
RI—— LS TR R 2 b R 209 ) 1 A
52 Ml

BARETSCRHE B R R 076 AE C YR IS
PEROFTE B T O B SRR B | (EEE B9 A Ak
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PER(EAT R HERY . PRI SE )5 vk R 2 5L F R R
(W IR GRS AFAE — SN A FLRE Y ), 2
B RUAE T BR 5 DR 38 6) [R5 38 04 5% e DA B Oy AR
B — S 22 (A e ) 55, F IR H
HAE 583K R 2 b 1 3 30 T8 AR A5 1 8 AR AR i I
F ek B AR Al 32 2R 254K (Sun et al., 2020) AW
gER R R T C A AR AR (1)

ALV T AR UL 48 50 (CPL) 7€ 30 Ma ZHiAH
XFRAR, TMT Paq AHXTHS &, 45 G % 07 22 1) 1
DUBVERIE, Liu et al. (2014) AN HLT IF 44 bi k2
CPI 1) 8h 3222 e e T UURRER B 1) A5 b 1 $ s £k
FERE , RIEARAY CPT (L 7E K L0385 AR 3 T8Ik )
KA, I, ARRELL CPT R A R /IN K I 7 v 25 A 4
BRI Bk W) 6 25 A7 e A A VR s e (B M
2020), it 8 C, {5 CPI( <2) Fl Paq( >0.3)
TEAR IS s BAT 2 B A 06 R AR 55 , R I {4
M [R5 2 32 WA FH R AR /DN | G HL R IR 2 %6t i
{5 CPI ML Paq {19 8°C,, (Sun et al., 2020) , N
T il HEBR IR BUCA VE R Z R, LU C A &
AR B 4 BT AR T X R B CPL AR Paq {E A9
8" C,, B

BARKAEE E BEE (n-Cyy, n-Co Al n-Cy, ) —
BN Rk U8 T fili A v S AE A (Huang et al., 2001;
Schefu et al., 2003b) ,{H 2 W5 B 7E WA TR
Yy, KA K A A P 0T BE S R IR 2 — (Aichner et
al., 2010; Liu et al., 2015) , K T HEG 2 A
WABEAY R AT LR FH O A A Y R T
il B T A7 R AR 38 W LA FE AT AL P O [ e
T TIEAA Tt A28 114 L A91) 225 560 (D HF 3 26 A7 5% 1) 11 A
HEBRFe ( BDHERR Paq > 0.3 A9 XS N E0 i ; Liu et al.,
2014; Sun et al., 2020) . 7ERZLIA &) I ALK H )
SEAFEK A B DTk, (0 B AN 8 (B 5 5
2010) , 333 ) FH A HLEE A5 (Paq > 0. 3 ) 38 1 F1)
Wi A= AR 6 Ry 11 5 ok Bl B ST o AR R R R i
B B B B B fIK (Liu et al., 2014; Sun et al.,
2020) .

T AT LT 46 A Al B HE 5 HE 2K A 4 BT R
J& , KEEBENE n-C,, \n-Cog Fll n-Cyy 19 87 C (HIEAH
1,45 8" €, A 251G Bl 53 A 7E — 30%0 ~ —26%o
ZIE(FE2C) , MHXTIER KBS 8" C,, (i 1 BAE
30 ~24 Ma,20 ~ 17 Ma F1 13 ~7 Ma X[H](8"C,, =
~27.43 £0.52%0, — 28.28 +0.52%0, — 28.34 =
0.77%0,n =12, 10, 8) , 1 & H BLLE 50 ~ 34 Ma

(Bt A BR) ,24 ~20 Ma F1 17 ~ 13 Ma £ X [H]
(3°C, = -28.80 +0.70%0, —28.73 = 0.57%o,
~28.90 +0.79%0, n = 3, 21, 15), 3 8"C, I
IER R A 2 Wg? JEHIETE 30 ~ 24 Ma X M
1,81 C AHXF T e B 1A 1 I e R R R R, AR X
AN TA] B, PR 0 57 S 7 AR A R B 22 ] ) 28 5 A
bl 5 55, 2010) , FHPIBETSE A0 TT R 2 T 3L
8" C,, AR, LRV K C AR A B R B
C PN ST R AR 25 5 5 30 8" €, A 19 1E i
SR, QSRR B 0 [ 2R A8 4k 1944 T C A
f B, T BT 22 5 A U AR 7 A9 B A RDHIE S ( Royer
et al., 2016; Urban et al., 2010) , A At A LA
Hiu PRI 2R 2 X6 LAk [R) 467 28 77 A T A 1 LB R ),
T RAUE AL RS AR AR A ik S
R, B AR AR DK 3 B A2 s T P XA 10 Sk
AR AL S AGEAE AL i 0 e AR AR A o Bk [ 437 28 114
FE RS R T2 L R o IR R A AR T S B, R R T
/AR 2 T B o R — AR Y T AR i
JERE AR AL 1°C, X Bk [F] 7 = B 52 W 29 0. 013%0
( Diefendorf et al., 2010; Kohn, 2010; Troughton et
al., 1975) . FHIHERT, RO BE A 10°C i A2 b,
AR A C YA A R KIS,
BASH AR KA CO2 1Y 8" C B2 sk 8] 1 25 4k )
(Tipple et al., 2010a) , 3%t 23 FL4% 52 0 B A6 4 H (1)
TRlFI R A8, AT C, A ) B E i i 5 22 R R T
(Jia et al., 2012; Tipple et al., 2010b) Ay £33 /4 =X,
(253K 3) THAR R R0 25 ) BRSO M HERR
8(}27/29/31-(102 = (613 C27/29/31 - 8BCCOZ)/( 813CCOZ +
1) x1000 (3)
S B 3 S oS- = o = A .3 A I K VA
Ak T B [R5 R Al 25 R W 763X S M IX Y 8 C AR
AN B35, (H R 5855 K A 5 RG/E 0 I N
i = A 3 s 2 W 1957 O RS B = o )
100mm N FERHER T RIBEXMC I ERE
TR YD I THE A | i 1L ) R AR R
SOWSARY Y e B R . MR AT A TE S8 3K K 22
TERERy i B o AU SE 5 T F R ] (Jia et al.,
2021 ; Miao et al., 2012; ZEFA[45, 2012) , T20]
REAEHT A AR IR 43 ) 1] B A X B AT L4 d 22 1Y)
S, PR, SR A R A 2 A5 0 AT B L X
SER RAREL 2, B AN ] Z L (Sun et al.,
2020) . FBRAIBFFE IR TR AP ik R
ZE (Diefendorf et al., 2010; Kohn, 2010) , 34
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Fig.1 Location and lithological column with paleomagnetic correlations of Dahonggou Section in the Qaidam Basin, Northeastern

Tibetan Plateau

4.5

4.0

3.5

3.0+

2.0

1.0

(Jietal., 2017)

N51

N50
N49

N46
N45
N44
N43

N41

N37
N35

N32

N29
N27

N24
N23
N22
N21

N18

(Gradstein et al.,2012)
C3n.4n

C3An.1n
C3An.2n

C4n. 2n




580 DURR S5 S 0 b 5T (BB B ST A5 0o S S+ Jl 45 ) (4)

— T T T T Tt T T

30 40 50

VIBERE (Ma)

B2 REZLYEEI iR L AU R 02 3R (B) | S5 A i s P AR
BRI (C) A HLBERALIEEL(CPL, D) 5 2RISR FL I
SRR AL (A) X B (B2 A Sun et al., 2020)

Fig. 2 Carbonate 8 O (B), long-chain n-alkane 8" C,,
records (C) and carbon preferential index (CPI, D) from the
Dahonggou section, compared with global benthic foraminiferal

30

X5 C, \C,AHP T Z ] i 25 57 (R S5 BE 40 1
WFoE BRI G M gl Co Ak T %2 LY
3" CIE Yy SRk & (MAP) R R C, T C,
Y 87 C {HS5 MAP 75 IEAH G (Basu et al.,
2015; Rao et al., 2017) , XJC&ELL C, C, YY)
AR I 24

RELEFHNE R 8" C,, B Bon 5 A ik
AHOCRRRIE B 87 C,, 5 A HHE IR 870, B A
A, BRIRER 810, 5 RS, 7T LA ik
XIS AL A9 D7 52 (Sun et al., 2020),8"0,,, 1EAH
X AAE HBAE 2 52 ~ 34 Ma 24 ~20 Ma 117 ~ 13
Ma X 6] (8% 0, = -—9.67 + 1.20%0, — 8.99 +
0.87%c. —8.76 £0.95%0 , n =54, 31, 28) , MiAHXF
1EAE HEUAE 30 ~24 Ma 20 ~ 17 Ma A1 13 ~7 Ma ¥
X BN (Sun et al., 2020) , 54 EREMAFLHE 30

JIr#8 75 ( Cramer et al., 2009 ) B4 3R S A% &4 A0 X
N(E2A, B), M 8“C,, A1 d"%0,, (E1X L KE
(2B, C), P& W RaF i —2ik , X Fh—ork T
ABIRR TV 82 TR Ay 25 m, [)
AP AT BB N 1AM CIREE AT 52) Xt C,/C YA
/AR OECT

WA T 50 8 C, RIS, A% ek
FIU Y[Rl ZERE A, C, HE 00 76 308 TH B 30 1) A 4
ORI A 8 3 (WL UA TR AR ) . AR Bk
) 87 C, MGt 2 Ja v LLE BIHE F AL 87 C
BIE (L - 31%0) /A 1E ComP s i X, miH e
C M B - HE (29 - 35%0) W43 A FEAARME X, C,
Fa 8" C, FIIME L —22%0 (K 3)

ety

5"C,, =-35.0+2.7%0 n=143

— C, BTy
i 87C, =-30.7£1.4%0 n=12
! i
C Y
8°C,, =-21.6£2.3%0 n=57

-45 -40 -35 30 -25 20 -15
8"C,, (%)

B3 C (BT )t S C W) P R BE IE A e
1 C,, RN RAE (87 Cy, ) BT [ B9 K IR T (Bi et al., 2005;
Chikaraishi et al., 2003; Collister et al., 1994; Diefendorf et
al., 2010; Duan et al., 2011; Huang et al., 2006; Krull et al.,
2006; Mead et al., 2005; Pedentchouk et al., 2008 ; Rieley et
al., 1991 ; Rommerskirchen et al., 2006; Vogts et al., 2009) ]
Fig. 3

gymnosperms, other C; plants,and C, plants

8 CoAR TR 87 C, R, vl Bh Ay
(25 SR HE B A Ry — A i JC R ST IR A = oA
I ( Huang et al., 2006) :

€31-C02-sample — € Xf, +&, xf, +&, X[, (4)5

Jot i+ fo=1 (5);

ST AR & S, R Ak 5 i
R C MR & s e, R ET 87 Copy
( =7.8%0) (Tipple et al., 2010a) i+ 5 C,#FHEY)
B e, (23,1 £ 1.4%0) 5 &, MK 28T 8" Cpp,
( =7.8%0) (Tipple et al., 2010a) H3E HE C, MY
B e, ( —27.4 £2.7%0) 5 &, K 28T 8" Cppy

Histogram showing normal distribution of 8" C;, of
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WRATURRY) C, A & B 7k B THE—— DB A ARSI R S L 7 1 19 581

( =7.8%0) (Tipple et al., 2010a) i+ 8 C, ¥ #
£, ( —13.9 £2.3%0) .

PRI, TR TR C A & 5 A () 457 28 1 i Rt S
FEAE R 30 ~ 24 Ma B #3458 T 3k 60% , 75
20 ~ 17 Ma B3k 40% , SRT00, WNRT R, 4%
JEAUE R Y TRl 2R E A, XD AR C M)
SHBAEEMAR, W HRENR B C Y
(R RIABE P 47 5 i 2 A e o e 52 SR 3 A~ R 62 R
EARIA4E T C YR STk 2 3 B0 C AP sk L
RIS TR RS, L, IE 4N Urban et al. (2010) H
FEPTEEL, C AW & it () F A T 2 T 0 AT A A B
HEHE . HERHRLLIHIEY 87 C,, E oS 2 T
SR A, WA AR B AR J7 . R R TE
K2 iR, 80 C, M1 80, [EPHEZAS 4L, (H = 7E 88
T B A TE 87 C, fELIE 870, B 1E fii % B2
VIR NSRS T N N S S -8
3V C, AR, T3, 3K i AR AR P W AN
i Gy (C ) 8" C 2z 1a) 5 KK & AH B A DGk
M HAFTES Cy C AW A 72 A0 5 1B B AR DG 14
(Rao et al., 2017) , FEMIEAT AP 23k Rl 3%
EHERAL” 3 2 A R R 3 AR ) S B S I
[ A4 MELL ST HE . B2 T Rl 80, i
S W SRR B, FRATI ] TR 87 C (1 7E W
Bt B bR Y R B R I R T 5L C
4 ) R e ISR

PRI , 8 S0 AR 4 b R 21 3% 1) T ) P v s B
fik[F o R ARG C,/C B IR A BB A 1
¥y & A LR PRI RS B, 10 2 AR XK C, 1Y
DTHR M v IS H R 50T 75 SEA BB Y
Pk TR M, AR B SO A 48 Y LT
WP 5, B BLRURE 600 Bk [m] 037 3R O %, kAT
C.,/ C, LN 3B AR X 5 i Sl /s Hh 35 K A ek
PEo PRI 3R 5 s (B A5 — 25 b A R L3 & T
1 CAEDY sk a5, 5 — o0/ = Uik G AP
JE AR B UL A0, B BORL R 3k [F) o2 3R 7 ik
WAFAE—E M Jm FRYE . — TR A SE gl & X Fh
T3 B XA R B AR S 30 e R v o) B UK A 8 1Y T
SRAEZORIR R, f R AL L R I N R iR 2x i
AR ORI H8 2% . o5 — D5 THI R A f R BFoE A &
FELERRIE | BRI 7™ 252 1) R 5 I AT 3% DR A7 55 0
TR P T AL, A1 PSR 0 3 itk [ 57 3R s i iz
5 25 A Ty 3k [ B R4, 2 T TR JAH L B UE R
T

[F) $ 3 Ff [7) (37 R — o0/ = SR A0 5 B AE LA
{18 7 FH P 5 A7 A G K 0 3 ) TR ) 0F 5 T 9 R )
AHRENE, b7 BT H A, 17 LA RSk A i g
BAEHEAT C AR ORI 5 D3R358 A0 e A 55
FEORFF R LAY A EE AT RE A U A 3R AR Ao
R E AR R S A 2 AR ) 2R R S I
[l ZRASAL” W DX T ok, B 2, G, i
PR 5K LA S N AESK 8l 3R B E e e — AR
SR XA AR BR AR AL AT 5 A Bl A A
AT 6 B R SO PR, 5 BEFRAT TR R AT Hh Y
L5 BRI ELA B FE AL A S5 o X SR
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