1,2009-05-22 : 2009-08-10

27 5 Vol 27 No. 5
2009 10 ACTA SED MENTOLOG CA SN ICA Oct 2009
: 1000-0550(2009) 05-0792-19
(14 2 . ‘
(Deep T ime)
1 > 2
oM ERE
(L 100029 2. ( ) 100083)
, “ ”(Deep Time)
, , ¢ 7 “ ” (Deep Space) “ ” (Deep
Sea) “ ” (Deep Interir) , , “ 7
1933 E-mail shusun@ 163bj can
T512 2 A
() ' [13 ”»”
21 s
[1 ’ «
( IPCC) , ) )
: 1906—2005 100 , ,
0. 74C (Q 56~ Q 92C), 50 o
100 ; 1978 R
, 2 1% /10a ) >
; 3 000 m , , ,
, 20
Q17m*”
? ;
? ;
? ,
?
(973)  ( . 2005CB422101)



5 E ” (DeepTme) 793
’ ? COZ
[8]
) CO, s
( @0, CO, Q42Ma s
) 20M a i ,
Cco o
) 2 ’

2 9
2 2
2 2
2
[5]
, “ 2 ( D e(::p
Tine) 30
[13 2
2 o

<« ke
?

( Earth’ s preQuatemary re
[1]
cord) )

Lol

[7

Q0 04%, 99 9%

[

Q0

[11]

3600 ® 0 ® 20 3 | RCO
i 1AS@E6 »
e =1 |}
30001 o 4 I
. ¥ ” 12
A -
2400 ° 10
- ° =
- 4 A B ”
= 1800 Y §—2300
3 L
(=% —
-6
1200 -
= 4
6004 i
22060
4 2008
I~ 1750
0 T T T T —0
0 20 40 60 80 100 120 140
Age/Ma
1 Co,
Fig 1 Reconstucton of pCO, from Cretaceous and
can parison to present and fiure
0, co,
560 x 107 611!
0, 0,
1750 . 2060 €0, .
, 2160 4 2300 8
Co,
1 o, , [16]; 2
B co, . [17]; 3
UK37 0, , [18]; 4
0, . [19]: 5. co, .
[20]; 6 GEOCARB 111 0, .
[ 10]; 7. co, . [21]; 8 co, .
[2]:9
! 1GCP555 “Rapid Environm ental/Clm ate Change n the
Cretaceou s G reenhouse W orld O cean. and Interactions’ )

W illian H ay.



794

27

3

” (icehouse state)

2
[23]

Soreghan G S
“ ”(Deep Tme)

18
( JamesH utton)

2

vestize of a beginning

2

2 (43 ”»

<«

” ( greenhouse state)
[12 13]

T0o

“« ”»

s Oklahoma

[1]

§ »

«

” (we find no

no prospect of an end),

» [ 2]

30 =
T T ]
FE {
10 Gas
Oil
04 = -l"".. —
60 S =~ I ot 3
= = -1 s'_ = E v
a2 = 2 -p B
!': 40+ o~ -:t: .g 2 1 :3
e Q1 |Ei |
204 QB
N 8
0 §leias 0 é .
£ 2004 L—Glacian '305 §
= Sea Leve Lioz =
s |
D3 10 peE
p L6052
> -70E
l -80S
-10 90
E
.
c2 ¥
- 204
\ |6000
B x 104 4000
- ! 2000
\ : i
0 L o 4
A 1 G 1 G G 1 "
NE| K | s Jr]pr] ¢ |p]s] o |&]pree
2
( [26] )
Figz 2 M ain geobgical events i earth systen trough
the Phanerozo
, 1= ( Icehouse), G - ( G reenhou se),
[14]; B 0, , co,
5 [27]’ C02
s 128 ¢ s [14]; D
9 [B]$ El
s 60
s ; E
[ 30] [76]7 ,
3 F ( )
[31]
2 « 2
2
o
[13 2
2
2
[13 2 20

B

(PEIM, Paleocene-Eocene

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 ¢ 7 (DeepTme) 795

ThemalM axinum) ( Snowball
Ear’[h) ’
40 ,
21
(
)
[25]
(Rate)
, ( Abwpt clmate change) !
(Threshold)
/
, “ ” ( greenhouse state)
“ ” ( tehouse state) ,
(2.
(2
2 11 RETBEGMRR: G FLIRT ARG R MET

#

3 »

, CO; )
(HotTime) ™
, 20 60
( DSDP
ODP 10DP)
Demerara (ODP

Sites 1258~ 1261, 4~ 15°N),
(ODP Sites 1049 1050 1052 30°N)

Blake N ose

Falkland (DSDP Site 51 60°S)
Turonan (93~ 89
M a) D en erara
42C"*' " BlakeN ose 33C",  Falkland
3¢ 8
., 0~20°N 25~ 28C, 40°N 20~
28C, 60°S 0~ 5C' ,
14C,
, 3¢
Bice Normris ,
CO, 4 500 x 10°°, 11
[ , Bice
3500x 10 ° CO,
[37]
20 Ma CO,
380x10° 2~6 CO,
(32 , Bice
30 ’ ,
PCC ,

[32]
« ”

2 12 BT AGHR: HOEXKERBEREH

3 ”»

90 K irschy nk! ™
H o ﬂfn anl 39 40] « 2
( B ]F ) “ 2



27

796
Ll Rodiia
CO,, a0, )
[42] ’
[ 43] ' ’
, HCO;, Ca*" Mg" 22
L4 ( Greenhouse G ases)
, , ( Greenhouse
[ 45] « » Effect) [ 25] (H2
. 0), (€0), (N20), (CHy4)
( (0s)
) ( ) « 2 ,
( )
( ) ( 3) .
, s 23Ga Q9Ga
(A mospheric oxygenatbn events)
213 AAEE AR ERE AR P AL Bk ok )| , o,
F 1 ,
, Turonian  (93. 5~ 89 3M a) )
42°C s
, 3 7Ga ,
[“], Turon ian-Coniacian (92~ 86M a) )
71°, ( R
14°C )1 PEIM
, 221 KAHHF RS R F TH MM
§°0 2 G M EhKIFLE
, Bomemann 2008 « ” ,
Tuwnian )
[ 47]
Demerara (ODP Site 1259) , (BIF),
Tex86 §°0 9. 2Ma , 1) ,
8°0 .

Turon ian 20



? (Deep T me)

797

/ N —

'“'|ﬂ‘l'YY7TYT”l‘Y”””rll"””‘”””””T1
A X D BNFEIVG

3 C [34)

Fig 3 Changes ofmain amospheric canponents
though the Phanemw zoic
A ;B €O, .C
:D ; E

” (Oceanic Anoxic Events OAEs),

)

[5Q 51]

OAE Aptian
nian  ( OAE2),

(OAE1la), Cenan an ian-T ure-

Coniacian-Santon ian

(0OAE3) > 0AEs §°c (54
O OAEs
’ L Nedebragt
OAEs
el pETM . OAEs
[57, 58]
OAEs « »
( Cretaceous Oceanic Red beds CORBs) ™~ ol
) ccD
”[62]’ 20
OAEs CORBs ,
OAE?2 CORBs ,
80M a (  4) ’
0AE2 ,
[54 63 64]7 50
1 6x10"
) OAE2
€O, 40% ~ 80,

500 x 107 "%

greenhouse effect),

)

[65]

(ventihton)

)

Shaffer

22

” ( nverse

CORB

[ 6, 62 66 67]

222 KAMmHSE BRI IEST R PETM F 44

cene Them alM axmum )

(PETM, Paleocene-Eo-

[ 69]

1
5~ 10C'™
CO,
[ 71]
[ 72] '
PETM ,
- CO2
[ 57 58]’ C02
PEIM
(53 5M a), ,
, 2 000~ 4 000 Gt
_ 8uC[731
’ , 13 C

]80

Blake N ose



798 27

—

=

T e I "“-\

= \*a‘

PAQINZ 7 . ﬁ‘ Ay X \
e iy \ A \
g n’lss \4‘\ A3
r ; “ \ .'\ 1l
, \
]%§
1984

4 80 Ma (%42 OAE2 #1 CORB 3Ry #4347 5 % He Pl (P B 4#5[49])
Fig.4 Paleogeographic map showing the localities and the correlation of OAE2 and CORB in 80 Ma
A. Cenomanian ~ Turonian #](93 Ma) OAE2 4:ER4}4ji; B. 80 Ma fif CORB £3R4Mii, L4 MAKE T 8T www. odsn. de:
© A7 LR R AR [R5 25 (i B A R o = R R A © A IR RS ; O LR i

PE’I‘M , <« ”»
) , IPCC

, PETM 3000m ,

(%l PETM, ,

, , PETM
© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 ¢ 7 (DeepTme) 799

, 2 Nd 4 DSDP/
23 ODP14 173 , 5Ma
) PEM )
5 ka
200 ka ,
[75]
, , PETM
, PEIM
, 232 FHIE KFIRFAE AR &N R
, 5 ARABET A
’ - (E/0) ,
« 2 6180
K ischvink! *'  « i 12C 4 5C,
” Hoffoan ™' , i
[ 76]
, Rodinia , « » «
D) COZ
— (E/0) ,

231 KEFXRARLE £RTE PEIM /A8 K F3RR

R R 4 ,
’ ’ ’
« ” [77]
°
[61] —
[ 78]
’ ’ ’
s
PETM

ODP



800

27
[ 89 9]
233 HHF KAKAEFUE: FRSH RELL
SHRE Aofe W FRAGHS A o :
- COz ’
[19 77?
[79 8]
) 2 4 [13 ”»”
( ),
0—Sr ' [81~’83]. '
7 [1]
, (' icehouse
effect) 54 8] ,
[ 86] ’ « ) '
250  km® 5 000m \ , (
( ) ; ( ) :
. ), ( / ) ,
€O, ",y
CO; @ 241 BRXFRELE RZHEFEZLE RS
COZ ’ ’ i&%#
, CO, (CaSi0; + CO,~ CaO; +
S0») , )
) @0,
B ? (o2 ?
( 2),
[ 93]
(40~ 30M a) sl \
40 M a (40/10 ) (41 ) (1L 9~23



5 2 ? (Deep T me) 801

) [94]
(CO, CH.) )
,[94 1
[96] '
, H ays e
(Pacemaker of the Ice A ges)
, Mitchell '™
Cenam an ian OAE OAE2
2 4Ma
2 45M a , OAE2 ,
OAEs s
OAEs
242 AYE5REEER%K: GaaEr
s 20
70 , James Lovelock Gaia
s 1 Gaia
’ ’ [100]
Gaia

G aia

, Gaia s

[ 100]

Gaia ,

2006

B

W ollaston
bck,

Jan es Love

[101]

243 KABEHAEMWEN 205Mak KA &40 =
T Al vHIL shah iE Ak

B

Falkow sk i T/)
205M a ( 10%
21% ), ,
[102] -
65~ 100M a
3 [14 2



802 27
[1]
, [13 2 (13 2 ( Snip— s
pets) R [13 2 R
, DSDP /ODP /1I0DP
, , 3 1 2 NewarkZ ¥u0% =& #45 3531 X
N ew atk
New atk
s s 200~ 230M a
2 [ 105]
New
31 atk
( DSDP /ODP /10DP) , Newatk
, , Newark
5 000 m
« ) [1]
. New ark
3 13 #AFH5m R F= o — 5T FKT
x| ( CPCP)
, « » Pangea
( ICDP) s
[ 103]
’ . [ 106] ’
( : ICDP )
311 4 ?ﬁﬁ‘ A Fennoscand ia 3 X F-2A Xo 2845 45 ,
it 4
[ 104]
, F ennoscan-
dla - ) ’
, 100
Ma Pangea

§°C

[ 105]



5 2 ? (Deep T me) 803
, 50m PETM
: ( 1 000~ 10 000 )
; : ( ) ( )
; ( )
: ( 8
CO, Sr ) [ 105]
U—Pb ; 316 #ifse EH# E{ gygygyn #5b 1Rt X
Pangea El gygytgyn Chukotka
e : 3. 6Ma : 12
314 FERITE A BRKAS R km, 170 m 8 , Elgygyteyn
R ICDP 2009
10 [ 105]
/
, ( CDP) , - —
[ 103]
: “ "M ETgyeygyn
2006 8 , 2007 10 , 630 m ,
2485 89m 9 46% , ,
200
m 2
ey
, 317 M Aol @AHT L 0 454K RE
1 ;
’ [ 107]
, 1989 | 1998— 1999 ICDP
[ 104]
COZ ’ ’
[ 108]
« 1 » , 3% ,
| « 1 [ 109]
s « 2 ”» ,

[ 103]

3 1L 5 Bighom & L 44K K]
B zhom

[ 107]



804 27
, TEX86
, TEX 86
7[ 109] ’ 7
) [112]
s CO, 3
, CO,
[ 110] C02 C()z
[113] O,
50 | [ 114]
i Co
2
C027
CO2 9
’ O, [115]
, (Stamatal Density, SD)
Mg/Ca (Stamatal Index SI),
Sr/Ca §"Ca Tex86 €O, O, ,
(0023
(SST) CO, >
20 80 R s
( ) (UK37) .
7l Mg/Ca )
Mg/Ca
[1]
M g/Ca ,
[ 62]
644C3 5 D)
Mg/Ca 8"Ca :
[ 88] [1
, Sr SSr ( CO; )s
, Sr/Ca )
[111] Sy
Ca



5 2 ? (Deep T me) 805

« ” [ 116]
, U /Pb
Lu—H f ,
" Re—O0s s U—Pb
: ) ( ) U—Pb
, 43 ”» lIJ
H 34
[13 ” ( Sn '})pets) [13 2
(EARTH TME, ET) | H ,
( / ),
(
(Earth
), , System M odels and C oup kd GCM s)
L GCM s :
, NA SA
. NOAA
542M a Q0 1%, 20
Q 1%
0 1% 7 7 [L 116] « 2 ’
23 M a( ) ., G
Q 020M a 2004 “«
« ?(GTS2004) ') 2009 (Earh Systen M odels
“ 7 of Tntem ed ate Cam plex ity EM ICs)
, EM ICs i



806

27
’ ( ) ’ ’ s
EM ICs , (D eep Space) (el “ 7
D eep Interor
(D eep
, “ 7, COCORP ( 1970—1980° s) EARTHSCORP
, (2003—) EUROPROBE 2008
, 7 ( Sinoprobe)
( Ind vidual Can ponentM odels) e ,
3D ,
( Proxy Smulation) ,
( Canmunity Sedin ent— Dynan ts “ 7 ,
M odeling Systen ( CSDM S) ) ,
“ 7 (Deep Tme) ,
[1]
, ( ) <« 2
( HOC Sr ,
)7 ( ”
) ) ) .
, 17
4 « 7’ .
20 60 “
20 , ” (Golden Age), Fok
“ ” (Deep Space), © 7 (Deep ,
Sea) © ” (D eep Interior) “

”

(Deep Space)



? (Deep T me)

807

(Deep Space)

” 43 ”»” « »

« ”» (Deep Sea) « ”» (Deep

Interior) ,

(Read) ( Date)

« »

(M odel) ,

=B F ey AR . i
EH KT B A E Sk R Mﬁ’wz"}?j}é

(23]
B AL L IAE P, 55517}!3 2008 4 £ At

Iy Ay g E, REE S
&, L

H AR i\ﬁﬁﬂlﬁﬁ_ﬁéf‘ai WA SRR T AR Z 1)

HEIBEL, ST

S0 A AIAET K EY £

s I B

1

(R eferences)

Soreghan G I, BrabwerT J ChandlkerM A, et al GeoSystens Pre-
bing EarthsD eep-Tine Clinate& L inked Systems[ R]. A report of the
National Science Foundation$ Geosystem s W orkshop, 2004

IPCC. Clinate Change 2007: The PhysicalScience Basis Contribu tion
ofW orking G roup I to the Fourth A sessn entReport of the Intergovem
mental Panel on Clmae Change[M]. Cambridge and Nev York
CanbridgeU nivesily Press 2007

, . [J]
2008, 2 1621

10

11

12

13

14

16

17

18

19

20

21

22

- [
, 2003 23(3): 115121
2005, 12(2): 3-10
) . [ 1. ,
1999, t 1-17
Soreghan G L. De’ p=Vu AllOverAgain Deep Tine ( Clinate) Is
Here to Stay [ J]. Palabs 2004 19( 1):
Crowley ] C Bemer R A. CO, and clmate danges[ J].
2001, 292 870-872
PCC. Clinate Change 2001, The Scientific Basis[M |.

Science

Cam bridge
CanbridgeU niversity Press 2001

BemerR A, KothavalaZ Geocarb III A revsedmodelof amospher
 CO, over Phaneromic tme[ J]. American Joumal of Science
2001, 30t 182-204

“ 7 [J] , 2004, 3t

442-448
M illerK G, W ightJD, FaitbanksR D. Unlbcking the ice house O-
eustacy and margin ersion [ J].

96 6829-6848
[c

ligoceneM locene oxygen isotopes
Joumal of G eophysical R esearch, 1991,

, 2000 19Fk211
Frakes LA, Francis JE, Sykwus] ClimateModes of the Phanermic
[M].
DeContoR M, Pollard D. Rapid Cenow ic glaciation of Antarctica i+
2003 421 245~

Nev Yok Canbridge University Press 1992
duced by declining amospheric CO, [ J]. Nature
249

Royer D I, Bemer R A Beerlng Phanewzoic amospheric CO
change evaliating geochamical and paleobnlogical approaches [ J].

Eanth-Science Reviews 2001 54 349-392

Peason PN, PalmerM R. Estinating Pakogene atm ospheric pCO, u-
singbowon sotope analys s of Foran mifera[ J]. GFF, 2000 122(1):

127-128

PaganiM, ArthurM A, Freanan K H. M iocene evolution of amos
pheric catbon dioxide[ J]. Paleoceanography, 199, 14(3): 273-
292

EkartD D, CerlngT E, M ontanez IP, etal A 400millon year car
mplications for paleoate-

1999

bon sobpe record of pedogenic carbonate
mospheric catbon dioxide[ J]. American Joumal of Science
299(10): 805-827

Freanan K H, Hayes JM. Fractionation of cathon sobpes by phyte-
phnkion and estmates of ancientCO, levek| J|. G bbalBbgeochen-
calCycles 1992 6(2): 185198

BemerU, FaberE, ScheederG, etal Primary cracking of algal and
bndphntkerogens kinetic modek of isotope variatons n methane
ethane and propane[ J]. Chan calGeobgy, 1995 126(3-4): 233-
245

Wallmam K. Controk on the Cretaceous and Cenom ic evolution of
seaw ater can position at ospheric CO, and clinate [ J]. G eodiin ica

et Cosnochim ica Actg 2001, 65(,18):, 3005-3025



808

27

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Soreghan G § M aplsC G, Parrish JT Report of heNSF sponsored
wokshop on pakoclmate[ J]. 2003
http //en. w kipedia org/wiki/Janes— Hutton www. w kpedia com

. [M]. : , 2005
Takashma R, NishiH, HuberB T, etal G reenhouseworkl and the
M esozok ocean| J]. O ceanography, 2006, 19(4): &-92
BemerR A GEOCARBSULE A canbinedmodel brPhanewn ic at
mospheric O, and CO, [ J].
2006, 70 5653-5664
Royer D L. CO,~forced clinate thresholds during the Phanerwzoic

G eochim ica et Cosnochm ica Acta

[J]. Geochinica etCosnochin caActg 2006 70: 5665-5675
Ridgwell A. A m idM esozoic revolution in the reguhtion of ocean
chem isty[ J]. M arine Geo bgy 2005, 217: 339-357

Raup DM, Sepkoski]J J Perodic extinctions of fam ilies and genera
[ J]. Science 1986 231 833-836

KlmmeH D, U shek D F Effective petioleum source rocks of the
word Stratigraphic distrbution and contwlling depositional factors
[J]. AAPG Bulletiy 1991, 75 1809-1851

K intisch E. Hot times for the Cretaceous Oceans[ J]. Science 2006
311(24): 1095

Bice K, Polhrd D, Mad.eod K etal Isobpemodeling of am id-Tu
onian wam ing event in the South A tlantic[ J]. Eos Transactions
Am erican G eophysical Union, 2006 87

HuberB T, Norrs R D, M ad.eod K G. Deep-sea pakotan perature
record of extran e wam th during the Cretaceous| J]. Geology, 2002
30 123-126

Bice K I, NomisR D. Possible am ospheric CO, extranes of them id-
dk Cretaceous ( hteA Ibian-Turonian) [ J]. Paleoceanography, 2002

17(4): 1-17
Thuman H V, Tmjilb A P Essentiak of Oceanography, 6th ed
[M]. New Jersey PrenticeHall U pper Saddle R vey 1999

Bice K I, Birgel D, Meyers P A. A multiple proxy and model study
of Cretaceous upper ocean tem peratures and am ospheric CO, concen-
tratins [ J]. Palkoceanography 2006 21: 1029/2005PA 001203
Kirschvink ] L Late Proterozoic lw- htitude global ghciation: The
snow ball earh | C] I Schopf JW, Klein Ceds The Proermmic bie-
sphere Cambridge Canbridge Unwersity Press, 1992

Hoffnan P E The break-up ofRodinia birth ofG ondwana true pohr
wander and the snow ball earth[ J].
1999, 28 17-33

Hoffnan P K, SchragD P. Snowball earth [ J].
2000, 282 62-75

Hoffnan P, Kaufnan A J Halverson G P, ezal A Neopwoterzoic
snovball earth [J]. Science 1998, 281: 1342-1346

Jang G Q, KennedyM ] Chritie BN. Stabk isotopic evidence br

Joumal of A frican E arth Science

Scien tific Am erican

m ethane seeps N eopoterzoic postghcil cap cabonates [ J]. Na
ture 2003 426: &2-826

Kennedy M J Christie BN, SohL E. Are Proterozoic cap catbonates
and Bobpic excursions a record of gas hydrate destabilization follw ing
[J]. Geology 2001 29 443-446

Earths coldest intervaly

WhiicarM I Faber E, SchoellM. . Biogenic methane fom ation, in

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

marne and fredwater envionments CO, reduction vs acetaie fer

m entation-Isotope evidence[ J]. Geochim ica et Cosnochimica Acta
1986, 50 693-709

7 [1. , 2006, 24(2): 235241
Tarduno ] Brinkman D B RenneP R, et al Evidence Hr extrame
clmaticwam th fran the late Cretaceous arctic vertebrates| J]. Sc+
ence 1998 282 2241-2244
Bomenam A, Norrs R D, Friedrich O. Isotopic evidence for ghet

Science 2008

ation during the Cretaceous supergreenhouse [ J].

319(11): 189192
Kasting J - When methane made climate[ J]. Scientific Am erican
2004, 7 80-85

Isley A E, Abbott D H. Plune-related mafic vokansn and the depe-
sition of banded ion Hmation| J]. Joumal of G eophysical R esearch
1999, 104 1546115477

Schlanger S O, Jenkyns H C Cretaceous oceanic anoxic event

1976 55 179-184
A rthurM A, Sageman B B. M arine black shales depositonalm echa

cause and consequence| J]. G eobgicalM inbow,

nims and environments of ancient deposits| J]. Annual Revievs of
Eaith and P hnetary Science 1994, 22 499-551

LeckieR M, Brabwer T ] Casman R. Oceani anox ic events and
phnkon evolution: B btic response to tectonic breing during the m i~
Cretaceouq J]. Paleoceanography 2002, 17 623-642

Eiba E. Calkareous nannofossils and M esozoic oceanic anoxic events
[ J]. M ame M icropakontobgy, 2004 52 85-106

A thurM A, DeanW E, PrattL M. G eochemical and clm atic eflecs
of increasedmarine organic catbon buril at the C enan anian /Turon ian
boundary[ J|. Nawre 1988 335 714717

PancostR D, CravfordN, M agness S et al Further evidence br the
developm ent of photie-zone euxmic conditons duringM esozoic ocean ic
anox ic events[ J]. Joumal of theG eobgical Society 2004 161 353-
364

NedebragtA J Thurov J, VonhofH, etal M odellng oceanic car
bon and phosphorus fluxes inplications for the cause of the late C ene-
manian oceanic anox ic event (OAE2) []].

Society (London), 2004 16t 721-728

Joumal of the Geological

Jahren A H. The bogeochan ical consequences of the m id-C retaceous
Superplme[ J]. Joumal ofGeodynam ics 2002 34 177-191
JenkynsH C Evidence brrapid clinate change in theM esozoie-Pa
kogene greenhouse world [ J]. Phil Trans R Soc London A,
2003, 361 18851916

Wang CS HuangY J HuXM, etal Cretaceous oceanic redbeds
Inplications br paleoclmatology and paloceanography[ J]. Acta
Geobgica Sinica 2004, 78 (3): 873-877

HuXM, Jansal, SartiM. M idCretaceous oceanic red beds in the
UmbriaM arche Basin Central Italy constraints on paleoceanography
and paleoclmate [ J]. Palaeogeography Paheoclmate Paheoeco lo-
gy 2006 233 163-186

HuXM, Jansal, Wang C S etal UpperCretaceousO ceanic Red
beds (CORB) i the Tethys

occumence, lithofickes age and envi



5 ¢ 7 (DeepTme) 809
roment| J]. CretaceousResearch 2005, 26: 3-20 81 RaymoM E, RuddinanW F Tectonic breing of Late Cenomw ic ck
62 WangC S HuXM, HuangY ] etal CretaceousO ceanicR ed Beds mate [ J]. Nature 1992 359 117-122
(CORB): A window on gbbal oceanic/clmatic change[ J]. SEPM 82 Richter FM, RowleyD B DepaobD ] Sr isotope evolution of sea
Special Publicatons 2009 i press walkerthe ok of tectonics[ J]. Earth and P hnetary Science Letters
63 JenkynsH C, GaleA S Corfield R M. Cabon and oxygen sobpe 192, 109 1123
stratigraphy of the Englsh chak and Italan scagla and is paleock 83 Gamzone C N. Suiface uplift of T bet and Cenomic global cooling
matic significance [ J]. GeologicalM agazine 1994 13t 134 [J]. Geobgy 2008 36 1003-1004
64 KuypesM M, Pancost R D, Sinninghedanaste JS A hige and ab- 84 DupontN vetG, KrigsnanW, LangereisC G, etal Tibetan phteau
wpt fall n amospheric CO, concentration during Cretaceous ti es aridification linked o global cooling at the E ocene-O ligocene transition
[J]. Nature 1999 399 342-345 [J]. Nature 2007 445 635-638
65 BemerR A. ThePhanewzoic Catbon Cyck CO, and O,[M]. Uni 85 DupontN vetG, Hoom C, KonertM. T ibetan uplift prior o the Ee-
ed K ingdom: OxfordUniversity Press 2004 150 cene-0 ligocene clinate transition: Evidence fran pollen analysis of the
66 WangC S HuX M, et al Upper Cretaceous oceanic red beds i X ining Basin[ J]. Geobgy 2008 36 987990
southemT ibet A maprchange fran anox i to oxi¢ deep-sea environ- 86 R . [J].
ments [ J]. Cretaceous Research 2003 26: 2132 , 200L 9 173-178
67 , . [J]- , 2005 87 BemerR A, Lasmga A C, Gamek R M. The catbonate-silicate geo-
(02): 11-21 chen ical cycle and its effect on amospheric catbon dioxide over the
68 ShaflerG, Oken SM, Pedersen JO P Longtem ocean oxygen de kst 100m illon years [ J]. American Joumal of Science 1983, 283
plktion in response to cathon dioxide an ssions fran fossil fuels[ J]. 641-683
Nature G eoscienceg 2009 2(2): 105109 88 RuddmanW. Eady uplift n Thet [J]. Nature 1998 394 723-
69 R - 725
[J]. , 2007, 22(4): 341-349 89 Wang CS ZhaoX X, Lu ZFE etal Constraints on the early uplift
70 CranerB, KentD. The Pakocene /Eocene themamax mum as a re- history of the T betan Plateau[ J]. Proceedings of the National A cade-
sponse b an extterrestrial trigger[ J]. Palaeogeography, Palaeoclin my of Sciences of the United States of America 2008, 105, 4987-
abbgy, Palacoecobgy 2003 224 144166 4992
71 Kennett ] Scott . Abmupt deep sea wam ing pakoceanographic 90 s s ,
changes and benthic extinctions at he end of the Pakocene [ J]. Na [J]. , 2009, 16(3): 130
ture 1991 353 319-322 91 MorganM E Kingsion J D, Marin BD. Carbon isotopic evidence or
72 G ingerich P Enviooment and evoluton thwugh the Paleocened e the en ergence of C, phnts n the Neogene fran Pakistan and Kenya
cene themalmaxinum| J]. Trends in Ecobgy and Evoluton 2006 [J]. Nature 1994 367 162-165
21(5): 246-253 92 M ihnkovitch M. Kanon der Exdbestrahlung and seine Andwendung
73 KatzM E PakD K DickensG R, et al The source and fate ofm as auf das E szeitenproblem [ J]. Royal Setbian A cademy, 1941
sve cathon iput during the htest Pakocene themalmax mum [ J]. 93 - [J].
Science 1999, 286(5444): 15311533 , 2006 26(5): 710-717
74 ThanasD J Evidence fordeep-water producton i the North Pacific 94 De Boer P L, Smith D. G. Oibial Forcing and Cyclic Sequen ces
Ocean during the early Cenozoic wam interval[ J]. Nawre 2004 [M]. Oxford Blackwell 1994 1-559
430(1): 6568 95 Muller R A, Madonald G J Ice Ages and Astonanical Causes
75 Nunes E, NorrsR D. Abmptreversal in ocean overtiming during the [M]. Chihestey UK Praxis Publishing 2000 1-318
Palaeocene/Eocene wam perod[ J]. Nawmre 2006, 439(5): 60-63 96 DArgeno B Cycbstratigraphy approaches and case hsborees [ J].
76 Zachos ] C, PaganiM, Sbanl, etal Trends thythms and aberra Society for Sedmentary Geo bgy 2004 123-133
tions in ghbal clmate 65Ma b present| J]. Science 2001 292 97 HaysJD, Imbrie ] Shadkleon N J Variations n heEarh § othi
686-693 pacan aker of the ice ages[ J]. Science 1976, 194( 4270): 1121-
77 R . — « 1132
A P P , 2003 18(5): 691696 98 M ithellR N, Bice DM, M ontanariA, etal O ceanic anoxic cycle?
78 Exon N. Drilling reveals clmatic consequences of T asm anian gatew ay O bital prelude to the Bonarelli Level (OAE2) [ J]. Earth and Plane-
opening [ J]. EOS 2002 83 (23): 253-259 tary Science Letters 2008, 267 F16
79 AnZ S Kutdach J PrellW, etal Evolution ofA sianm onsoons and 99 Lovebck JE. Gan asseen through the amosphere] J]. Aim ospheric
phased uplift of the HmalayaT betan plateau since Late M iocene Envirooment 1972 6 452453
tmes[ J]. Nawre 2001 411: 62-66 100 s . Gahn [J]. , 2007
80 R R R &(1): 1-8
[ J], , 2001, , 5 381-391 101 “ 7



810 27

[J]. , 2006, 5 266271 alAcademy of Sciences of the United States of America 1997, 94
102 FalkovskiP G, KatzM E MilliganA J The rse of oxygen over the 8354-8361
past 205 m illion years and the evolution of large placentalm anm ak 112 LeeKE, Km JH, Wike I A study of the akenone TEX86, and
[ J]. Science 309(30): 2202-204 phnknic foran nifra in the Benguel U pwellng System:  Inp lica
103 s s s . tions for past sea surface tem perature estinates[ J]. Geochen stry
I [ ]I Geophysics Geosystans 2008, 9(10): K19
, 2008 82( 1): 920 113 s s .. CO,
104 www. icdp-online org [J]. , 2005 44(3): 464471
105 Soreghan G I, Brabwer T J ChandlerM A et al Geosystems 114 BeerlngD J RoyerD L. Reading a CO, signal from fossil siamata
Nevs 2007 [ J]. New Phytobgist 2002 153 387397
106 OkenP E, KentD V, Geissnan JW. CPCP, Colorado P lateau C o 115 Woodward F I Stmatal numbers are sensitive o hcreases m CO,
ring Prooject 100 million years of early Mesozoic clmatic tecbonic fran pre-industrial lkevek[ J]. Nawre 1987 327 617618
and biotic evolution of an epicontinental basin canplex| J]. Scient# 116 Bowring SA, Emw nD H. R eport on the Calbration of heGeobgical
i Drillng 2008 6 62-66 TmesalkW okshop[ R]. A Report o the National Science Founda
107 BDP-93 BakalD rillng Proct M enbers  Prelin inary results of the tion, 2004
first scientific drillng on kke Baikal Buguldeka Si, Southeasiem 117 Laskar] RobutelP, JoutelE, etal A lng-tem numerical solition
Sieri[ J]. Quakemary htemational 1997 37: 3-17 for the msohtion quantities of the Earth [ J]. Astronany and A stre-
108 KuaminM | Williams D F, KavaiT Bakal drilling project ( in physics 2004, 428 261285
LakeBakal aminor n tine and space for understanding ghbal 118 s .21 [J].
change processes M inoura) [ J]. Elsevier Amsterdam, Nether , 2008 17(3): 122
bnds 200Q 1-14 119 . [J].
109 Willians D K, Kum n M [ Pwkopenko A A. The Lake Bakal , 2004 19( 3): 351358
drilling project in the context of a global lake drillng nitative] J]. 120 R : . 2007
Quatemary Intematonal 2001, 80-81 3-18 121 L« ?— 17
110 H enderson G M. New oceanic prox ies for paleoclmate [ J]. Earth [J]. , 2006 24(16): 928-933
and P b etary Science Letters 2002, 203 13 122 W FEPARE R RB AR E ). F s A, 2000 21
111 Dnd elE RM. Geochen istty of corak Proxies of past ocean chen— (3): 1-7

Btry, ocean circultion and clnate[ J]. Proceed ngs of the Nation-

Deep Time and Sedim entology
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Abstract Global clmate change is represented by a senificantwam ng n the past 100 years Human civilization is
faced w ith an ncreasing urgency to understand global climate change and its potential e flects on ecosystan s resources
and habitability It is lim ited to focus onmodem and Quaternary clmate researches The path to understanding earth
§ clin ate system dem ands a fully ntegrated exploratbn of the earth in the geobgicalhistory DeepTm ew ill sudy cl+
mate changes and man geological events using sed mentary records in the preQuaternarey so as to provide infom &
ton for predictng the future clmate Deep Tmme focuses key scientific questions n Earh$ clmate systan, discusses
thresholds and rates of clinate changes aimospherc and oceanic canpositon, amospheric and oceanic circu lation
linkages w ith the b bsphere solid earth and sun, and finally reveals the relatbnship between earth § clin ate system
and earh § surface systen The goal ofDeep Time is to read date and model earth § past clmate systen. To achieve
this developmentof a continental drillng pwogran to enable acquisition and presewaton of continuous high—reso I
ton datasets is hemost mportant It is predictab le thatDeep T ine togetherw ith Deep Space Deep Sea and Deep In-
terbr w ill be new fields n Geosciences Sedm entobgy will play a core 1ole n Deep T e research
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