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Study on the Paleogene climatic events in Turpan Basin, Xinjiang
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Abstract The Turpan Basin is an intermountain basin in the Tianshan Mountains. A good preserva-
tion of the Paleogene in this basin provides abundant information for studying of the Paleogene climate in
Northwest China. Based on various climatic proxies from a section at Lamjin in the Turpan Basin, such as
Fe,0,, FeO, CaCO,, organic cartbon and organic carbon stable isotopes, this paper focuses on climatic
changes and key climatic events during the Paleogene. Tefnperatures of the Paleogene in the Turpan Basin
are estimated by the ratios of Fe’’Fe’! Annual mean temperatures were 22.35%C in the Paleocene,
21. 82%C in the Eocene and 15. 69°C in the Oligocene respectively. A key temperature-falling event took
place during the transitional period from the Late Eocene to the Early Oligocene. Researches on CaCO,
content of the Paleogene indicate that the mean content of CaCO, was 4. 68% in the Paleocene and 6. 66%
in the Eocene respectively, while the mean content of CaCO, reached 15.01% in the Oligocene. These

data show that the climates in the Paleocene and Eocene were relatively humid, while arnid in the
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Oligocene. Values of organic carbon stable isotopes (813(]0,5) from the Paleogene sediments concentrate in

the scope of the C3 plants, which indicates C3 plants were developed in the Turpan Basin at that time, and

SHCorg values have a negative relationship with CaCO, content but a positive relationship with temperatures.

Namely, a decrease of the 8 C,,, value corresponds to an increase of the CaCO; content and a fall of the

temperature. The various climatic proxies indicate that the climate was relatively warm and humid in the

Paleocene and Eocene, while arid and cool in the Oligocene.

Key words Turpan Basin, Paleogene, climatic event, geochemistry, organic carbon isotope
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Fig. 1 Geographical location of the Paleogene

stratigraphical section at Lamjin in Turpan Basin
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Fig. 2 Lithologic feature and division of the Paleogene stratigraphical section at Lamjin in Turpan Basin
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HO(HHEG) . ERE (HRFG) mskwE T4
(HHLE) .
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ambda speciosa ) FWH I YW A (E K &,
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INBTE R BERE (Xinjiangmeryx par-
vus) & CRRE, 1978) WA WA, J:ﬁ"ﬁ
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(B, 1987), METELWEHKER 20C,
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BFEHEBEHNSEBEES -2, RPERENESR,
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Table 1 Content of iron oxides, CaCO,, organic carbon, organic carbon isotope and
paleotemperature of the Paleogene in Turpan Basin
WE RE&E  Fe,0,/% Fe0/% CaCO,/% 8°C, /% HHB/%  F/Fe*  FeO/Fe,0,  HimEE/T

39 5.49 0.99 1.87 -25.72 0.02 4.99 0.18 28. 48

38 3.29 1.21 11.08 -21.02 0.07 2.45 0.37 13.98

37 2.36 1.19 20. 09 -21.58 0. 06 1.78 0.50 10. 16

36 1.53 1.28 32.18 -23.90 0.08 1.08 0. 84 6.16

35 3.56 0. 99 12.16 -20.48 0.04 3.24 0.28 18. 49

34 5.13 1.29 11. 39 -21.50 0. 04 3.58 0.25 20. 43

#r 33 4.72 1.29 12.58 -20.27 0.06 3.29 0.27 18.78
# 32 1.23 0.61 35.03 -21.63 0.04 1. 81 0.50 10. 33
% 31 3.20 1.18 18. 64 -27.45 0. 09 2. 44 0.37 13.93
30 2.55 1.52 14.53 -27.39 0.19 1.51 0. 60 8.62

29 3.23 2.45 5.72 -20.51 0.11 1.19 0.76 6.79

28 1. 96 1.63 17. 54 -26.58 0.23 1.08 0.83 6. 16

27 5.69 0.70 2.34 -21.83 0.02 7.31 0.12 41.72

26 5.59 1. 69 1. 64 -21.18 0.03 2.98 0. 30 17.01

25 3.91 1.22 4.40 —-23.06 0. 02 2.88 0.31 16. 44

24 5.77 1.19 1. 60 -24.05 0.02 4. 36 0.21 24, 89

23 1. 66 0.70 20. 40 ~24.57 0.02 2.13 0.42 12. 16

¥ 22 6.08 0.77 1.39 -22.65 0.03 7.10 0.13 40.53
g 21 2.38 0. 84 15. 42 ~21.46 0.02 2.55 0.35 14. 54
20 5.56 0.76 5.67 -22.14 0.03 6.43 0. 14 36.70

19 5.43 1.45 4.56 -20.12 0.03 3.37 0.27 19.24

18 5.77 1.34 5.03 -21.74 0.05 3.87 0.23 22.09

17 2.02 0.71 6.49 -25.63 0.02 2.56 0.35 14. 61

16 2.17 0. 46 15.37 -26.65 0.02 4.24 0.21 24.20

15 5.51 1.59 5.40 -20.36 0.05 3.12 0.29 17. 81

14 5.90 1.70 4.78 -20.34 0.03 3.12 0.29 17. 81

13 6. 62 1.45 2.16 -21.41 0.02 4.11 0.22 23.46

12 4.90 1.18 4.23 -22.37 0.02 3.74 0.24 21.35

11 5.27 1.05 9.37 -21.58 0.02 4.52 0.20 25.71

10 6.19 1.73 2.67 -21.04 0.02 3.22 0.28 18. 38

9 4. 16 1.21 9.35 -23.10 0.02 3.09 0.29 17. 64

g 8 5.50 1. 16 3.56 -22.32 0. 02 4.27 0.21 24.37
4 7 5.98 1.36 1. 49 -22.46 0.02 3.96 0.23 22.60
6 2.85 0. 87 6. 40 -21.28 0.02 2.95 0.31 16. 84

5 5.59 1.33 2.31 -22.34 0.02 3.78 0.24 21.56

4 3.84 1.08 3.59 -21.24 0.01 3.20 0.28 18.26

3 6. 81 1.58 2.18 -22,.05 0. 03 3.88 0.23 22.15

2 5.16 0.53 1.25 -22.91 0. 02 8.76 0.10 50. 00

1 3.78 1.25 0. 80 -24.48 0.02 2.72 0.33 15.53

%, RGEFHEH2FE. NE3BTUFS, RR
EERAEMFSERABHIEE, MESFE NS
EO
BREH—MESNRRGSEN 15.37%, F
BB ARE G A B R 9.37% F1 9.35% 4, HEFT S H
KHEGHNRRSSEHLBRE, BEMEN 0. 8%,

LEAE2% ~5% 20, MAEHIBARK, BHFLEF
RBRGSEER EBAR (K1, £2), R

i B o ug w &, RS 20.4%, BKEMNH
1.39% , SEFEBREAFRNE, BFEARRESS
BEHBRA, DIMPERENEE, HHEFHR
RESERADES, BEHE8HFIAMTIABRRES
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Fig. 3 Graph of geochemical proxies and paleotemperatures of the Paleogene

in Turpan Basin (8"0 and 8" C of deep sea are modified from Zachos et al., 2001)

F2 HEEINITLLEHAHMEHRKLFEIR
FHERETHSE
Table 2 Mean values of geochemical proxies and annual mean

temperatures in various stages of the Paleogene in Turpan Basin

AR R st it

Fe,04/% 5.01 4.42 3.38
FeO/% 1.22 1.07 1.26
Fe*7Fe* 3.92 3.82 2.75
FeO/Fe,0, 0.25 0.27 0. 45
HOB/ % 0.02 0.03 0.08
82 C /%o -22.25 -22.66 -23.07
CaCOy/'% 4.68 6. 66 15.01
WEE/C 22,35 21.82 15. 69

EREMNEH, FHEH 15.01%, HRHHEHN
35.03%, ZEHEGHEEFELT 1%, EHFTRE
MM LR, RREYRFER EME (KH3),
T7E P& B, BHH AT, BRI ERMK

R, HX—RE—-EFZHPHETH (BHES,
2005) . ERAHTIERY, EFFFHEIRIER
T8, WAT R MR, T 6H it A B it <R L
B, 5EWRKTIRELRIT—H,

4.3 FANBEERMCEIZR

MERIDHE HERFIHRTBIFERK
F, HHEMBHENEYR S BMLEMK, WH
HoasRBE (K1, B3), EEFEHLT, <
RIBBRIBIE, KEFHEYET R, BEINRY
FHEIKERART; RZ, IBRTREETRY
AP S B, AT S ER, AT
FEG T A SRES BB BRIBIE , T 878 T A U
TRMER. Hit, HTHEMBHE TS
B %E, A THA VS B %ME, WLk
WA S RANGEZ R - 1 RX—5R 8 R E A
REREWATE: —RUPIMENESR, HHIHM
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AT AT, AR X B TR R A R AR R =
AWTRTME, LESRMEATE, AHHATEHE
VUBRBOARAF, Tt LA = 4 W AR O A U R
F, T H3 A B B A AL R AR TURER
A (EHES, 2005), KEZER, MKERAG,
KRS BN, FURY AR S &Y
B ZREHHEAGH T SEEREHE, MR
B, KEMBERKENESES, LEFAR
5, KiEELFGR, MEHHIBRTR, K&
REA%, MBAHEBARB LD, BHERIFAKEFH
SRR, FREAMFFRST, N— LBk
B, BIHFEE—IMRIUEES B,

EARWHEFHENBRREMLE (87°C,,) EE
A A, BRFRHE R ol 3 5 B3 58 B T
o EEHSL, REFH—-THRBM"C, HY
-26.65%0 41, HAHEAH 8°C, A -20. 34%o0 ~
~24.48%0 Z @A 4k, Wi BT #HE L3 C, H7Z
WiRIE, BAMBILEEN, EHRFTE, LRKH
—EERRNEA BRI (-25.63%), REMHRHE
RIE (-21.74%0), 3| LHMXEHMA (H3),
WG, BUREMLEMREBBEEMRLK, &
Bh -27.45%, B HE RN - 20.27%0, = {H ik
7.18%0 XABH AR — A BEIFIER . WH LTI
L 8°C, HBEMA, MHRHBRE (B
3)o

FETRY P AR E A R AR C3, C4
M CAM XY, B/HIR, COREYHERKASTT
BAHAER, H"C,HERI - 25% ~ - 28%
(Craig, 1954), HH R MEE = F 2 - 37%
(Smith and Epstein, 1971), R/ ET FZE -~ 20%0
(HFRB%E, 2002), C3 HHYK 6°C, HEZSBR
WEmE, SERTER, HESRKE. C4 XEYR
—MEFERNEY, BHEMHLEKE, A 15 Ma
AT B (Retallack et al., 1990; Morgan et al.,
1994), 3| 7 Ma 5% & 3k (Cerling et al., 1993;
Ding and Yang, 2000), H Blsco,gﬁj@ —14%o0 ~
-12%0 (Craig, 1954), FTLA, ®uant & & 2
ERTANKFRMCR SRR FEER C LMY, &
xof %o B BT HHE AR AR 1R 46 B A3 R UL AR 4 87 C,
PR (RS, 1995) kY, HERHESGE
wiEm (REREK) BHMHA. BHREES
(2001), BEim % (2001) WBFR, £#FK

3500 m IR, 8°C,, B B & % 4R 0 7+ 7 W AT
XWMEE, EREBRHLX, BHEREHREMRK, TR
Y 6 C, fEMm . HAERLEEINY, BN
FHH 8C ASRRBHMRX (HBRBE, 2002),

HEBRFMEERFHC ATHERERN
LREIM AR, 0 6°C, [AMH, SR
B, RZ, REREE, SEREK, X—ZERES
B R R e U M U B Y B R B B R AE
( Krishnamurthy et al., 1986) AH{, 513COIB{E5:F5
BENXALE: HEARN, TERERE, B2
HRBRRGS RN, RZ, RERKN, TER
B, mEPRHRRSSEEM. nEHEHMY
HRFHSC A5 BEPHBRRSSEAART
AR (B3).

5 [WHit54ie

B EERH T LSRR 7R H it
EHRFHEHEN “BRBEFSH MBHHREZEHR
e “BRFEA, XWNFEGREA2RE, &
i R TIRY P HAILR. & “REFH
HiE, B FEERRT RENPKESYHEAERE
FRE B (Dickens et al., 1997), F{FE XK BT
B m, KK (Zachos er al., 2005), ¥
KEERBE EFS ~10C (Kennett and Scott, 1991 ;
Zachos et al., 2003), KB ik 20 ~ 25C ( Wilf,
2000) , HIARSKBRFLE R 25C, MEAFHREZ
RSB 5 20C (Bowen et al., 2004) , B FHZHh
RESWEHKER 13.9C, MRMES ~10CH
W, WA “BREMH" REPEKSIENN
18.9 ~23.9C . ZHRHE Fe'/Fe” HIHHBB MK
BH22.35C, FMEREMAKBFRLER. NitE
GRRE, HEFAMHFHIBEIAKR, K—
MESBTR B E RIRE 50CH, HAMEREBT
26C, RIBEEARMKT 4C, HHKBRBERE.
EEFH, PEZTEXANES, SBRIEFR
B, 7 18°N~35°NZEJER T B, AR HX
RERBHRE .. 22X ABIH, MEFLUIK
RIBRE, HEREMBABTETERZN. F
PLBR IR IR 45 & B LA & 87°C, MH7E & R AT 1L 18
AR, BART HHHSMELEREEWRFLE,

AT CGEARIDHE EENRFHGEH) &
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[EFRESHHEAEL, REBEKEAYH LETE
HEHKIEN 21.82°C, Ol HithEE, BEIN
AWHEFHEBEINIE (17 ~21C) (EEHESE,
2002) , HEXMBHASBERERE H THHH, B
HIMNERBEXRE, AUELEEH B THH
e, AT 12 ~40C ZJE), M HZE LEHRE
(F1), BRESEMS"C, HBFER KIS
(E3), MEHERRSSENM, 8°C, AR,
RAKBFHOSBERBEEREK, W TREALRERE.
WP EPBARAENTREEFOEY R, w8%48
WX AT R,

HEFEZMEFHFHELLETHEWEENTE
LEH, WA REEMT 2R EEH R
B, MM EREMRE (£1, B3), £
RYEM PRI THATH G, Atk
BB B K (Zachos and Kump, 2005), B AKEEHS
EHXEKREREE (SST) TH8~9C, HEE
X BFEERER (BREHE, 1999), FHESK
BHEBENTER, WEXEXRVFFBXERETEMN
BUEAAY 1 000 mm F&EK 3] 250 ~450 mm (Retallack,
1992), SERARAHWABEIRY, WX T EHEY
BB (BKE B4, 2001), W] Af7G B 4 1 B
A8 E (Liu Zhifei et al., 2003), &R E
M, MIFSETHRUIAKRERS, HEPHRRESS
BRI THERNEE (B3), HPHERLH
ZHBFER 2 ~3 45 (KR2), WX EAHER
MY AAHR, HHE TR SRR
21% (&/hR, 1996), MR SYL AT ERTE
BHEIER. ER. TAR. PERAE%E, Kot
EFAHIFHMUIURT R, H—-LRHERY, ot
ERAMPHSIEEHHERRMGEHERTE, F
N e iR, ERBEL L, HEFEMERE
BENER, FHRFHHN15.69C, LHASE
R 2T, HHFHRER 21.82C, WaRE
BIEEL 6.13C, nh& &4 & R URBIE
Z: BB LEK, mMPHBEEA BT
VL, W37t AT LR R AR, X 523K
SRR B

AT REWTERRLIER D HKE A
, BFEEPEKRRE (L) WRLEHR
FHE, MANRRALELREGSERRPEENN
F#etR, EXAVERKFEMREFARED . St ®

FHEERPOAEIRFCEFRERS, 6°C,H
MBS SBRETHE REFRMERR, AR 1
K3AUES, 6°C, B HEPHRRIEETER
HRFH A, 4 6°C, HRAE, HREPH
RERASESRIE, K2, HMERE, KRSTERE
o X@ER, 6°C ARMABRIBET R, ik
ER, SREEH. BAMEREMEIERN 6°C,
EE5RBREXRER NS TREEEMEXEY, HiE
REIH 6°C, MHRHA S EREMAER, Bk
FEK EHMTE, 6°C, MBEMMA

2 £ x W

PREERD, XY, AFE, 4. 1999. F e R 5 A 23T T M
KEESAEMERT]. HSHELHE, 19(4) 1314 -329.

B, BRE. 2004, REFRFEIM]. . BREEH BHA
#ak. deR: Bl 326 -359.

B, KB, KESR, F. 2005 HEBRABFAERFERE
[M]. dbxt: sRHIARAL, 1 -122.

BKSTER, MR, Wit 2001, 2 MAEBEHE="LEYREEE
XLI]. MYH2%R, 39(2):105 - 115,

BIEZ, 2R, HER, %. 2001 A+EAEHERALERITE
BERABHNEABE]. SELHR, 21(5): 392-398.

HRES, THZ, XNHRE. 2002. 4 YW EAESLRAFEEL
[J]. #2pisk, 9(1): 233 -243,

/AR 1996, LB ERB=F—HER T MEHEY . SYRI].
AWMBESHE, 23(1): 33 -39,

BIEZE, BUkE, RNE, . 2001 BREEHEALNERBRE
4 8%C, WEmI]. BWARR, 21(5): 399 -405.

BRIH BT, EHA, HRk, . 1995, Fi4 R s ki B4R
EWESBEHRERAE]]. BHEEHE, 15(4); 324 -331.
HE, NEE, BAET, £ 2002 IRABBEFHD BEER
BEREBRWFE(I]. BB E—FhEmFEREER, 27

(4); 446 —452.

k. 1978, HEBHMBHFHEFNIYR(C]. B.+EH
EREERDYESHTARHRGEHEH, H13 5. L5 B
2R, 82 -101.

S, AR, FHEF, F. 1995, HAHEPESREAMBIR
e2iFICR(T]. HELTR, 15(3): 223 -231.

RH%, wEH, EHR. 1995. WHRTRYFEHRK 6V C B R& M4
FiERELEHT SCCHRERBRGEC]. . FEAE%
FERLG. FRARER AEBFS5EEREME. L5
B3R, 175 -181.

BAE, FRX. 1978 MBI FHREBLAHHELIC]. R.PHE
R¥mEdEa ST ARHRFAHEN, £ 135, LR
Bl i ARAE, 132 - 140,

BN, BRT, KH, 5. 2002. REABFERLEHRESH
BAFTE(T]. HBREAE, 26(2); 81 -86.

B, 1978. BWAEHE[M]. Jbat: BEHE BB, 1-428.



108 6

B EE: FREUHBEEAMHTTLSBEEHNTR 655

BAR. 1978, nBFAMATIHEFHEAIWHALIC]. K.
TEREETEESYESEALRTRFTRMET, £13 5. 4t
®: B W RAE, 126 - 131.

BARBRE, gk 1978, FEHBSFELHME=L2ME[C].
b ENEREESERIYESHEALREHTFHLR, £ 13
5. JbE: Bl Rat, 68 - 81.

R, HHE. 1995 Bih L8 hE58 BTN EREER
[J]. BH3:3E38, 40(13): 1 219 -1 221.

MERE. 1978, HEFEMEKAWARMLAREMERNALC].
R EMEREHFEIUESHEALFRFTERHEH, 5513
5. dbm: BEEW AL, 116 - 125.

PhiEdE, SO, BEZ, & 1993, HE: 8 %) I A B R
HAZ—B=ZRAKXKTEFHWSHR[I]. BEER, 38
(4); 341 - 344,

FIFERS. 1984, i3 MU b X 45 M ULAR Y Fe*VFe?* | B AL A
PIRHMHALI]. BEnR5ENEHE, 4(2): 103 -110.

References

Alvarez L W, Alvarez W, Asaro F, et al. 1982. Current status of the im-
pact theory for the terminal Cretaceous extinction[ J]. Geological So-
ciety of America, Special Papers, 190: 517 —528. )

Alvarez W, Asaro F. 1982. Iridium anomaly approximately synchronus
with terminal Eocene extinction[ J]. Science, 216:886 —888.

Berggren W A, Prothero D R. 1992. Eocene-Oligocene Climatic and Bi-
otic Evolution: An Overview[ M]. In: Prothero D R, et al(eds).
Eocene-Oligocene Climatic and Biotic Evolution. Princeton; Prince-
ton University Press, 1 - 28.

Bowen G J, Beerling D J, Koch P L, et al. 2004. A humid climate state
during the Paleocene/Eocene thermal maximum/[ J]. Nature, 432:
495 - 499.

Bralower T J, Silva I P, Malone M J. 2002. New evidence for abrupt cli-
mate change in the Cretaceous and Paleogene: An Ocean Drilling
Program expedition to Shatsky Rise, northwest Pacific[ J]. GSA To-
day, 12(11) .4 -11.

Cerling T E, Wang Y, Quade J. 1993. Expansion of C4 ecosystems as
an indicator of global ecological change in the Late Miocene[]J].
Nature, 361 344 —345.

Chen Longxun, Liu Jiping, Zhou Xiuji, et al. 1999. Impact of uplift of
Qinghai—Xizang Plateau and change of land—ocean distribution on
climate over Asia[ J]. Quaternary Sciences, 19(4): 314 —329(in
Chinese with English abstract).

Cheng Jie. 1996. On Biotic Mass Extinctions During Late Eocene-Early

Oligocene[ M]. Annual Report of Laboratory of Lithosphere Tecton- -

ics and Its Dynamics; 93 - 112.

Cheng Jie, Gao Zhengji. 2004. Environmental Setting[ M]. In: Zheng
Shaohua(ed). Jiashi Hominid Site. Beijing: Science Press,326 —
359(in Chinese with English summary).

Cheng jie, Zhang Qiuying, Zhang Xijuan, et al. 2005. Environmental
Evolution During the Cenozoic in the Turpan Basin[ M]. Beijing:
Seismological Press, 1 —122(in Chinese with English abstract) .

Craig H. 1954. Carbon 13 in plants and the relations between carbon 13

and carbon 14 variations in nature[ J]. The Journal of Geology, 62
115 - 148.

Dickens G R, Gastillo M M, Walker ] G G. 1997. A blast of gas in the
latest Paleocene : Simulating first-order effects of massive dissociation
of oceanic methane hydrate[ J]. Geology, 25: 259 -262.

Ding Z L, Yang S L. 2000. C3/C4 vegetation evolution over the last 7. 0
Myr in the Chinese loess plateau: Evidence from pedogenic carbon-
ate[ J]. Palaeogeography, Palaeoclimatology, Palaeoecology, 160(3
-4): 291 -299.

Falcon-Lang H J, Cantrill D J. 2001. Leaf phenology of some Mid-Creta-
ceous polar forests, Alexander Island, AntarcticalJ]. Geological
Magazine, 138 39 -52.

Ganapathy R. 1980. A major meteorite impact on the earth 65 million
years ago: Evidence from the Cretaceous-Tertiary boundary clay[J].
Science, 209 921 -923.

Ganapathy R. 1982. Evidence for a major meteorite impact on the earth
34 million years ago: Implications for Eocene[ J]. Science, 216:
885 - 886.

Geng Baoyin, Tao Junrong, Xie Guangpu. 2001. Early Tertiary fossil
plants and paleoclimate of Lanzhou Basin{ J]. Acta PhytoCaxoncni-
ca Sinica, 39(2): 105 —~115(in Chinese with English abstract).

Glass B P. 1984. Multiple microtektite horizons in Upper Eocene marine
sediments? [J]. Science, 224 309.

Guo Zhengtang, Wu Haibin, Wei Jianjing, et al. 2001. Tentative esti-
mate of the southeast margin uplift of Qinghai— Xizang Plateau using
organic carbon isotope composition of paleosols[ J]. Quaternary Sci-
ences, 21(5); 392 -398(in Chinese with English abstract).

Han Jiamao, Wang Guo’an, Liu Tungsheng. Appearance of C4 plants
and globlal changes[ J]. Earth Science Frontiers, 9(1); 233 - 243
(in Chinese with English abstract).

Herman A B, Spicer R A. 1996. Paleobotanical evidence for a warm
Cretaceous Arctic Ocean[ J]. Nature, 380 330 —333.

Jin Xiaofeng. 1996. Cretaceous-Tertiary micropaleontologic flora and fau-
na in Turpan-Hami Basin[ J]. Petroleum Exploration and Develop-
ment, 23(1): 33 —39(in Chinese with English abstract).

Kauffman E G. 1986. High-resolution event stratigraphy, regional and
global Cretaceous bio-events{ C]. In: Walliser O(ed). Global Bio-
events. Berlin: Soringer-Verlag, 279 -335.

Kennett J P, Stott L D. 1991. Abrupt deep-sea warming, paleoceano-
graphic changes and benthic extinctions at the end of the Paleocene
[J]. Nature, 353; 225 -229.

Krishnamurthy R V, Bhattacharya S K, Kusumgar S. 1986. Palaeocli-
matic changes deduced from '*C/'*C and C/N ratios of Karewa Lake
sediments, Indial J]. Nature, 323; 150 —152.

Liu Zhifei, Wang Chengshan, Trentesaux A, et al. 2003. Paleoclimate
changes during the Early Oligocene in the Hoh Xil Region, Northemn
Tibetan Plateau[ J]. Acta Geologica Sinica, 77(4) :504 -~ 513.

Li Houyuan, Gu Zhaoyan, Wu Naiqin, et al. 2001. Effect of altitude on
the organic carbon isotope composition of modern surface soils from
Qinghai—Xizang Plateau[ J]. Quaternary Sciences, 21(5) ; 399 —
405 (in Chinese with English abstract).



656 &

W B OF K

2008 £ 12 A

Miller K G. 1992. Middle Eocene to Oligocene stable isotopes, climate,
and deep-water history; The terminal Eocene event[ C]. In: Prothe-
ro DR, et al(eds). Eocene-Oligocene Climatic and Biotic Evolu-
tion. Princeton; Princeton University Press, 160 —177.

Morgan M E, Kingston J] D, Marino B D. 1994. Carbon isotopic evi-
dence for the emergence of C4 plants in the Neogene from Pakistan
and Kenya[ J]. Nature, 367; 162 - 165.

Ouyang Ziyuan, Wang Shijie, Xiao Zhifeng, et al. 1995. Palaeoenviron-
mental and palaeoclimate catastrophe induced by Cenozoic bolideim-
pact events[ J]. Quaternary Sciences, 15(4): 324 - 331 (in Chi-
nese with English abstract).

Prothero D R. 1994. The Late Eocene-Oligocene extinction{ J]. Annu.
Rer. Earth Planet. Sci., 22. 145 - 165.

Raup D M, Sepkoski J J Jr. 1986. Periodic extinction of families and
genera[ J]. Science, 241: 94 - 96.

Retallack G J, Dugas D P, Bestland E A. 1990. Fossil soils and grasses
of Middle Miocene east African grassland[J]. Science, 247: 1 325
-1 328.

Retallack G J. 1992. Paleosols and changes in climate and vegetation
across the Eocene/Oligocene boundary[ C]. In: Prothero D R, et al
(eds). Eocene-Oligocene Climatic and Biotic Evolution. Princeton:
Princeton University Press, 382 ~398.

Royer D L, Osbome C P, Beerling D J. 2003. Carbon loss by deciduous
trees in a CO,-rich ancient polar environment[ J]. Nature, 424 60
-62.

Smith B N, Epstein S. 1971. Two categories of *C/'*C ratio for higher
plants[ J]. Plant Physiology, 47 : 380 - 384.

Tarduno J A,Brinkman D B, Renne P R, et al. 1998. Evidence for ex-
treme climatic warmth from Late Cretaceous arctic vertebrates[]].
Science, 282; 2 241 ~2 244.

Tong Guobang, Liu Zhiming, Zheng Mianping, et al. 2002. Primary
study on quantitative reconstruction of Middle-Late Eocene climate in
Jianghan Basin[J]. Earth Scienc
sciences, 27(4) : 446 ~452(in Chinese with English abstract).

Journal of University of Geo-

Tong Yongsheng. 1978. Late Paleocene mammals of the Turpan Basin,
Sinkiang[ C]. In; Memoirs of the Institute of Vertebrate Paleontolo-
gy and Paleoanthropology Academia Sinica( No. 13). Beijing: Sci-
ence Press, 82 — 101 (in Chinese).

Wen Qizhong, Diao Guiyi, Jia Rongfen, er al. 1995. Geochemical re-
cords of paleoclimate change in loess sections[J]. Quaternary Sci-
ences, 15(3); 223 —231(in Chinese with English abstract).

Wilf P. 2000. Late Paleocene-Early Eocene climatic changes in south-
western Wyoming: Paleobotanical analysis[ J]. Geological Society of
America Bulletin, 112 292 -307.

Wolfe J A. 1990, Paleobotanical evidence for a marked temperature in-
crease following the Cretaceous/Tertiary boundary [ J]. Nature,
343 153 - 156.

Wu Jinglu, Shen Ji, Wang Sumin. 1995. Formation of the 8 C values of
organic matter in lacustrine sediments and paleoclimatic characteris-
tics deduced from 8" C of sediments in Zoigé Basin[ C]. In; Expert’s

Committee of the Qinghai-Xizang Project(eds). Evolution, Environ-

mental Change and Ecosystem of Qinghai-Xizang Plateau. Beijing:
Science Press, 175 — 181 (in Chinese with English abstract).

Xu Yuxuan, Wang Jingwen. 1978. New materials of giant rhinoceros
[C]. In: Memoirs of the Institute of Vertebrate Paleontology and
Paleoanthropology Academia Sinica ( No.13 ). Beijing: Science
Press, 132 — 140(in Chinese).

Xue Xiangxu, Yue Leping, Zhang Yunxiang, et al. 2002. The Neogene
chemical stratigraphy and environmental changes of Xunyi, Shaanxi
Province[ J]. Journal of Stratigraphy, 26(2): 81 — 86 (in Chinese
with English abstract).

Yang Huairen. 1987. Quaternary Geology[ M]. Beijing: Higher Educa-
tion Press, 1 =428 (in Chinese).

Zachos J C, Kump L R. 2005. Carbon cycle feedbacks and the initiation
of Antarctic glaciation in the earliest Oligocene [ J]. Global and
Planetary Change, 47: 51 - 66.

Zachos J C, Wara M W, Bohaty S M, et al. 2003. A transient rise in
tropical sea surface temperature during the Paleocene-Eocene Ther-
mal Maximum[ J]. Science, 302: 1 551 -1 554.

Zachos J C, Rohl U, Schellenberg S A, et al. 2005. Rapid acidification
of the ocean during the Paleocene-Eocene Thermal Maximum|[ J].
Science, 308: 1 611 ~1 615.

Zhai Renjie, Zheng Jiajian, Tong Yongsheng. 1978. Stratigraphy of the
mammal-bearing Tertiary of the Turpan Basin, Sinkiang[ C]. In:
Memoirs of the Institute of Vertebrate Paleontology and Paleoanthro-
pology Academia Sinica( No. 13). Beijing: Science Press, 68 — 81
(in Chinese).

Zhai Renjie. 1978. Late Oligocene mammals from the Taoshuyuanzi For-
mation of eastern Turpan Basin{ C]. In; Memoirs of the Institute of
Vertebrate Paleontology and Paleoanthropology Academia Sinica
(No. 13). Beijing: Science Press, 126 - 131 (in Chinese).

Zhang Zonghu, Wei Mingjian. 1995. Quantitative relation of total iron
oxides and climatic index in loess[ J]. Chinese Science Bulletin, 40
(13):1 219 ~1 221 (in Chinese).

Zheng Jiajian. 1978. Description of some Late Eocene mammals from
Lian-kan Formation of Turpan Basin, Sinkiang{ C]. In: Memoirs of
the Institute of Vertebrate Paleontology and Paleoanthropology Aca-
demia Sinica( No. 13). Beijing: Science Press, 116 — 125 (in Chi-
nese ).

Zhong Xiaochun, Tang Wensong, Zhao Xiulan, et al. 1993. Preliminary
study on catastrophic event of the boundary between Cretaceous and
Tertiary in Lamjin section, Turpan Basin[ J]. Chinese Science Bul-
letin, 38(4) ;341 - 344 (in Chinese).

Zhou Yanxing. 1984. The periodicity of vertical variation of the
Fe** /Fe?* ratio in the Quaternary sediments and its application in
the Cangzhou coastal area, Heibei Province[ J]. Marine Geology &
Quaternary Geology, 4(2) :103 - 110 (in Chinese with English ab-

stract) .

(RERE KER)



