ERRECIE VA
202044 A

UL B A7 i
ACTA SEDIMENTOLOGICA SINICA

Vol.38 No.2
Apr.2020

XE4R S :1000-0550(2020)02-0358-09

[EATFTETRE = MEIRENZESESESh

ERELHE,IEELBEE, TR, ETE
L SEMIAE BRI EE LR Bt , SN AR s b0, 5ER 550000

2. N REH BRSSP R I B, 22 730000

3. SIS A= B B S e A B, 5B 550000

DOI: 10.14027/j.issn.1000-0550.2019.019

M OE OWCHT AR — A R UK R A AL R A P T e R v — B AR RR A I o T AR ) Ak A ik [
A7 AT R 58 Ay AR AR o X PG T T I 2 = AR ) B L T R SE G R R R AT T, Ak A
Buxus ningmingensis , Chuniophoenix slenderifolia 1 Cephalotaxus ningmingensis MR IR 241 (82C) 430 =29.0%0, —28.3%o0,
~28.0%o; 1 [F1 13 2 4318 (ARC) 43 311 Ky 23.48%0 , 22.74%0 , 22.43%0;5 M- P4 A1 ] FI AN KA CO, 53R FE (C e /C ) 53514 0,84,
0.81,0.80 ; /K43 Fl FH %4 2 (WUE ) 43 51l A 42.63 wmol CO,/mol H,0, 51.56 wmol CO,/mol H,0, 55.38 pmol CO,/mol H,0, HXF 57 Y
T B A SE 2R R (NLRs ) 1 8C 439 1 =27.9%0,~29.7%0 , ~28.8%0; AC. 53511 20.47%0, 22.36%0,21.42%0; C 144/ C o 5354 0.71,
0.79,0.75; WUE 43 312 72.22 umol CO,/mol H,0, 51.28mol CO,/mol H,0,61.76 pmol CO,/mol H,0. 1417 F 6 C {HIH7E1EINAR C,
FELY) AE L B4 BCMEL S BB PN, HE ARC AT C o /C o 359 185 A B 9 NLRs #0015 17 Buwus ningmingensis 1 Cephalotaxus ningmingensis 1)
WUE K FAHR Y NLRs B0{H ; Ho b Chuniophoenix slenderifolia 1) WUE S &5 TR (36T BRA 22268 C. hainanensis , ] f 5 H
NLR AR A (AR ) A R A KR FE 25 SR A WA R T LA A 56 . JET APC .C y/C o A WUE S5 5L HEIAL A R o]

T AE— 70 AR 5 T B Y 1 S PRI v Al Al B [ S O A Ay S T SR T iy U i 2 2

KR ORI il U A TR T T A

E—IEEEN T, D 1986 A WA T PRI, i B S )25 E-mail: wangqj06linyu@163.com

FESES Q914 Q532 XEAFRERED A

0 55

FEA G E F IEE R Y CO, 5l H B
Yrgi. T CE R R ARG Bl el A Al R Y
TG BN A AP TEIL CO, BEFT LAV I, )
BOR R R B0 e IR 32 B AR )
S S PRI AT e Al B K 23 CO, AT
1 TR A A R R A R S5 AN OB A T U
SCHI AR E , SR E VR 2RI VR AR A
ik 2 A P AR UIAR G , DR AR P A0 1) 3 e <
FLEGTF AT RISCAE M b AL R i 2 A 3
AL RO G AR I S A R I ) AR A TR
PRIGEAR B, FLk [] 37 28 4R (8"C) AT L4 A0 4 Y5

Y5 B H#:2018-10-06; Wrigeisa BH#A:2019-02-23

CO, i [R5 22 2H BUPE N 18 22 SRR A5 7 i
T 2R AT B o TR R A B2 TR |
TR B RT3 e ARp P A it e S S e e e o PRIt il
AFHLZ A P 25 2 S R AR U B A, L2
(AP EE AT EE AT o AR IR 1 EE B AR
s T A SR BT A A — A LI Ay ok 7
S Ml IR AU A R A R o AR v — BURR R 0
W, TE T — TR R (33.9 Ma) , Bl 4>
S Ul P85 T ARG, 5 A — YR T N 4 Ma 19 UK 39 (0i-1
GlaCiation, }i4-#433.7 Ma) , —J7 115 | 2 g e KBt vk
i PR BRI TR R, 55— 5 e i sl A4
A T H KRB, I — e 2L S ) A A A
MK 4 Z s ) LA, 4K 0i-1 Glaciation

E&WH : BHEKARR LS H (31860050); 5 M4 i LEWHFSE oL @A 4 (BRLG 1T 259201414003 5 ); M AR B (BRHEF
AAA2017]5788 5 ); SHMITE 24 BERHITAL 1T H (2015BS014); SN RZEF [ HEAA B E (51K AT (2015)355) [ Founda-
tion: National Natural Science Foundation of China, No. 31860050; Construction Foundation for the Guizhou Research Centre for Palaeontolo-
ey, No. QianKHZ (2014)4003; Science and Technology Foundation of Guizhou Province, No. QianKHZ(2017)5788; Research Foundation of
Guizhou Education University, No. 2015BS014; Research Foundation for the Introduced Talents of Guizhou University, No. 201535 ]



5524

FAKAERE VR T W2 = A e R A 2R 5 o S A 359

ZI5 , BAR A BRI ARV I — B L B TR i 4
(27~26 Ma) , fEL30] ] — 2R A £ N 3 4y LA e — 2L
FL 3l Wy 2 FF P8 I, A R 1 )5 51 (26~23.03
Ma) , PR 4= BRI B T 5 (B Late Oligocene Warming
Flf, BE4 29 25~24 Ma) , A W) —E R RO BE . 0
W o T LT B S (B4 24 23.03 Ma) , FRK
R — Ui 2 Ma B9 7K (B Mi-1 Glaciation) , i B
PR A TR RN Z A7 A T R s 2>
WFFE 2 BRI I A A PRI AR R, % 0 42
BRAURAEA T | R B0 A P S A A BE R TR
KT Wop i AR ST, 2R B T AR
PP A AR R 2 R A L i R 7 R Eihis (6°CL, 60
HIS"B) , Ao ok A vy LR R il A AR
WA HASILSEGH Tl KRR COMBEIR AT BT
O3 BTV A AR 23 M i Y ol A E 2 Oy R
N B BRI T T A A X 4 R AR W B A 52
e 2 22 (R Bl A AR R SR . RN, T
i AR )RR X A 20, BRI A P A P 1k 4 64T
B SRR S A AR D R AR—e E A H
AR e R JE A S A2 &, DA S Ak S B
ST — Ll XA T T T AR, (R A ) B
8 CHARIIE . WTILAFA, ) VUM i 7 W 21 % 3
TRAFAVE Z AP P 85 AT, 33 S R TR
AT IR [V 28 53 B s Tty e PR s S it 7oA 22
FRRORRL . RSO T YT 7 B 2H = b SR
Fe T P A= SE 2 Fh (Nearest Living Relatives, NLRs ) A9
B [R5 28 20 b AT 1 o0 A, TSR A R 6 3R o 1

(Carbon isotope discrimination, A®C) KA R
(Water - use efficiency, WUE) ; Ff 2k El #% ©+] AC 1
WUE S5 i A K AE IR Z B R

1R i

AR SCHFFE IR R R F P52 2T T B L i
B2 T A e T I B — 0 By 7 B L 1 (] 1)
H 22 MRt A W S 2= 5T B (LDGSW) 1
T 2013 4F F1 2014 4F 73 = UCR S . T A T 2%
WIARTOAR, Hoa Pk DU R (0 22 450 K (0 2R e
N E R PRI A TR AR DL
Z R L0 IR AR ORI R A 2
e LS iib A (K 1) h A V2 it R
AR S 4 A AAT LA S A A AR A
JZ ARG DL R A ST R I
R I A R A i T

TR AT VE 2 i SRS 5 2R
AL R QRAF I BR S R o Ak
A SR T AR s ol TR A SR R R
Bl e kR SR AR B B B AR o AR S0k
FE A A 2 W I B B T8 1Y) Busus
ningmingensis Ma et Sun®™, P B2 AE Bl BiAZ I8 1Y)
Chuniophoenix slenderifolia Wang et Sun ', #f ¥ ¥
—RIZF} ZIAZJE I Cephalotaxus ningmingensis Shi,
Zhou et Xie™ . 1 i FF J1 Y 7% VLA AR 71 S 23
Briese0 Ak 47 Fi (%) NLRs 43 51 & /)N it 85 4% (Buxus

)

N FNE (oo os

A

26°N Oe0OeO
ll— [E}
) E"’E‘»E
Oe0e0O
===
B oo | =
24°N

L? @4k
® 5w

@®
A
¥ T
k. ,ﬁ o o o o
* Fo—
— ¥ — |[*]wn
— ¥
[n—— 100m
axxa gl
[_—J 22°N —

EHE
E

NK’\/\,./-\ ity

0 50 100 km
—

<+ AN
112°N

S
il
a

EHE

a

BT R R A M Ca) F BI] 20 3t 2 AR 18] (b 41 77 5% 38 56

Fig.1  (a) Map showing sample site. (b) General stratigraphic section of the Ningming Formation (after Ning et al.*")
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(a) Chuniophoenix slenderifolia; (b) Chuniophoenix hainanensis; (c) Cephalotaxus ningmingensis; (d) Buxus ningmingensis; (e) Cephalotaxus oliveri; (f) Bux-

us microphylla subsp. sinica. a-b, Wang et al. *F1 Sun et al. " ik ; c-f, Sun et al. "G IR IR sa-c,e,1 em;d,f,5 mm

Fig.2  Fossil taxa and nearest living relatives (NLRs)

(a) Chuniophoenix slenderifolia; (b) C. hainanensis; (¢) Cephalotaxus ningmingensis; (d) Buxus ningmingensis; (e) Cephalotaxus oliveri; (f) Buxus microphylla
subsp. sinica. (a), (b) also illustrated by Wang et al.* and Sun et al."; (c)-(f), also illustrated by Sun et al."l. Scale bars: (a)-(c), () 1 em; (d), (f) 5 mm
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Table 1 Carbon isotope discrimination and water—use efficiency of the fossil taxa and their NLRs

JEFR 6"C /%0 85C /%0 ABC/%o Ciio/C e Corcm WUE

Buxus ningmingensis -29.0 -6.2 23.48 0.84 438 42.63
Chuniophoenix slenderifolia -28.3 -6.2 22.74 0.81 438 51.56
Cephalotaxus ningmingensis -28.0 -6.2 2243 0.80 438 55.38
Buxus microphylla subsp. sinica -27.9 -8.0 20.47 0.71 400 72.22
Chuniophoenix hainanensis -29.7 -8.0 22.36 0.79 400 51.28
Cephalotaxus oliveri -28.8 -8.0 21.42 0.75 400 61.76

W 85C . 51 A Zachos et al.®, KA CO, MR BIE (C g 0p) B H Sun et alM™ 5 AR 85C . M1 C o o0 51 FI CDIAC Chttp://
cdiac.esd.ornl.gov/ ) 5 C s ¢ oo HAE 24 ml/m?® , WUE 437 7 pumol CO,/mol H,0 .
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Fig.3  Carbon isotope discriminations (A"C) of the

fossil taxa and their NLRs
(a) Buxus ningmingensis and B. microphylla subsp. sinica; (b) Chuniophoenix slen-

derifolia and C. hainanensis; (¢) Cephalotaxus ningmingensis and C. oliveri
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Fig4 Water-use efficiency (WUE) of the fossil
taxa and their NLRs

(a) Buxus ningmingensis and B. microphylla subsp. sinica; (b) Chuniophoenix slen-

derifolia and C. hainanensis ; (c) Cephalotaxus ningmingensis and C. oliveri
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Table 2 Comparison of the paleoclimate and

modern climate at the fossil locality

S e nd TH
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MPdry/mm 21.8+10.0 19.8
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Fig.5 MAT, MAP and MPdry reconstructions of the Ningming Formation based on CA

(a)MAT; (b)MAP; (c)MPdry. 1. Calocedrus macrolepis; 2. Cupressus funebris; 3. Cephalotaxus oliveri; 4. Chuniophoenix hainanensis; 5. Livistona chinensis;

6. Trachycarpus martianus; 7. Trachycarpus fortunei; 8. Acer; 9. Ailanthus altissima; 10. Ailanthus fordii; 11. Alnus nepalensis; 12. Quercus engleriana;

13. Quercus; 14. Cyclobalanopsis oxyodon; 15. Castanopsts ceratacantha;

16. Castanopsts sclerophylla; 17. Lithocarpus glaber; 18. Lithocarpus elizabethae;

19. Lithocarpus; 20. Prunus; 21. Sorbus; 22. Bauhinia variegata; 23. Bauhinia purpurea; 24. Bauhinia viridescens; 25. Bauhinia brachycarpa; 26. Bauhinia

didyma; 27. Engelhardia; 28. Paliurus hemsleyanus; 29. Berchemia polyphylla; 30. Burretiodendron longistipitatum; 31. Buxus microphylla subsp. sinica;

32. Buxus austro-yunnanensts; 33. Securidaca; 34. Exbucklandia; 35. Fraxinus chinensis; 36. Cinnamomum; 37. Alseodaphne; 38. Neolitsea levinei; 39. Laurus;

40. Beilschmiedia; 41. Litsea; 42. Zelkova schneideriana; 43. Ulmus
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Carbon Isotope and Paleoclimatic Implications of Three Plants from
the Oligocene Ningming Formation, Guangxi
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Abstract: The Oligocene represented an early “icehouse” epoch and is a significant period in which global climates
and organisms had pronounced evolutions. Carbon isotope data for plant fossils from the Oligocene strata records the
evolution of contemporaneous climates. Three plants from the Oligocene Ningming Formation in Guangxi were selected
for carbon isotope analysis, along with their nearest living relatives (NLRs). The carbon isotope composition (§"”C)
values of the fossil plants Buxus ningmingensis, Chuniophoenix slenderifolia and Cephalotaxus ningmingensis were

-29.0%0, —28.3%0, —28.0%0, with carbon isotope discrimination (A”C) values 23.48%o, 22.74%oc, 22.43%0 and Copon!
C,, ratios (intra-leaf CO, : atmospheric CO,) 0.84, 0.81, 0.80. Their water—use efficiency (WUE) were 42.63 pwmol
CO,/mol H,0, 51.56 pumol CO,/mol H,0, 55.38 pumol CO,/mol H,0. 8"C values of their NLRs were —27.9%0, —
29.7%0c, —28.8%c, with A"C values 20.47%0, 22.36%0, 21.42%o, C,,./C,, ratios 0.71, 0.79, 0.75 and WUE 72.22
pmol CO,/mol H,0, 51.28 pmol CO,/mol H,0, 61.76 wmol CO,/mol H,0. The carbon isotope analysis shows that §"°C
values of the three fossil plants were within the range of 8”C of extant C, plants, and their A”C and C, /C,, also
showed higher values than their NLRs. The WUE values of Buxus ningmingensis and Cephalotaxus ningmingensis were
lower than their NLRs; WUE of Chuniophoenix slenderifolia is slightly higher than its NLR (C. hainanensis) , which
/C,;, and WUE values all sug-

gest that the fossil plants may have lived in a warmer and wetter climate. This is supported by paleoclimatic reconstruc-

plant

may have grown in a wetland environment alongside a small stream or lake. The §°C, C

plant

tion based on the three fossil taxa and other plant fossils from the same horizon.

Key words: carbon isotope; paleoclimate ; plant fossil; Oligocene; Ningming Formation



