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Abstract Early Eocene Climatic Optimum (EECO, 53 ~51Ma) is one of the most important warming events of the past 65 million
years and associated with carbon cycle and climate disturbance. Investigating its driving mechanism is important for understanding the
potential impact of ongoing global warming and its relationship to carbon release. This paper summarized the research progress
concerning the driving mechanism of the EECO, which includes the following viewpoints: 1) the spreading of the Reykjanes mid-ocean
ridge; 2) the flare-up of forearc basalts along the Izu-Bonin-Mariana (IBM) ; 3) the development of continental rifts in western North
America and Southeast Asia; 4) the reduce of the weathering effect; 5) the oxidation of rock organic carbon and sulfide minerals; 6)
the impact of dark matter in the galaxies; 7) the continental arc volcanism and associated metamorphic decarbonization; 8) the
development of the Linzizong volcanic rocks in the southern Tibetan Plateau. Based on the systematic review, we roughly estimated the
carbon emission of Early Eocene Linzizong volcanic rocks in the southern Tibetan Plateau, and discussed its potential contribution to the
EECO event.

Key words Early Eocene Climatic Optimum (EECO) ; Carbon cycle; Driving mechanism; Linzizong volcanic rocks
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TAEPRT 10 5,518 TRRINR(THEZY 1 ~1.5°C) 8-V
T AR g R AR R AL S — & 81 B 5 1) 8 (TPCC,
2021) o AR, TEARK N — TH BRI Py CO, 41
FECBP pCO, ) 534 F 45T A 11 1800 x 10 ~° 37 4Rtk ) K
(Zachos et al. , 2008) . #RIMT, HATX T REREBR GRS K
R CO, WRBEZ IR HE G ILHRLA A RARIE AE | %S b 5 [ sk
PP S0 1k 2 A S PR AL A 4 T 5 A 6 A A 25 T ) 4
RA R AR, R FATE W X — [a] 8 5 T ¢ B 5 i 1
(Zachos et al. , 2001, 2008 ; Tierney et al. , 2020) ,

BEAR( ~65Ma) LI A BRP- 270 B2 4 1 b 52 87 T %
IR A 2 4R S S BUW S B, 4 R
itk K et & B ) (Early Eocene Climatic Optimum, faj Ff
EECO) | # o 3t X ¢ & B 3] ( Middle Miocene Climatic
Optimum, f&] & MMCO ) 4§ ( Zachos et al. , 2001; Scotese et
al., 2021) . i FRBRCFBIREE R TR F2Z KA CO, WEE
A 520 ( Lacis et al. , 2010; Beerling and Royer, 2011) ,
PRIk , o 9 A AR A 3 A 1 s PR R A B 5 i oz F 98 B A
TR F IS X (Zachos et al. , 2008 ; FFHAE, 2011;
TGN, 2021) SR A5 L A AR AE Y 53 ~
S1Ma S8 A AR AN A3 B0 o P 2 il B o e 18—, T
BE L ITERS 9 ~ 12°C (& 1a, Zachos et al. , 2001, 2008) , X
TR R IIAATE — AR08 B A 7 1] A R 11y
CO, fHZ HHT KT EECO RSl A7 4 AR K, £
FALFETE A (Berner et al. , 1983 ; Miiller et al. , 2008) .k
KORERE e IBM — 37 (I 9HT X A (Reagan et al. , 2013) |
KFi 24 (Brune et al. , 2017 ; Foley and Fischer, 2017) X fk
E 55 ( Froelich and Misra, 2014) G HL&K K4 AL 90 14 46
1k (Beck et al. , 1995 ; Hilton and West, 2020) | & R4 JFi 5%
Wil ( Chen et al. , 2015 ) FNARF SR LA T K HAH OG 14742 Bt
% (Lee et al. , 2013; Chu et al. , 2019) %5 XS FEE T
FATTX EECO SR R ML ik, FF 4 T FRATHR X — 1)
R SEL i, {HH AR AR E T 3 EECO FAFRY F AN,
T AR A5G e ASE 76 R S A UE 458 A AT 9 0 1 2 A 3 — 1)
U B TE

ARSCATHLEES T HT AT EECO FRak gl AL i iF 52
e, AR T AL e B A e AR e i) A S T g
FEAERY—LE[m) T, A, A58 40 1) SCRR R I A — 2B
PR SE TAE R IR, KRGO 0 3l R LA DG A8 B 4 %
KR CO, JFRATT 2R A, AR, K
B ( ~58Ma) DK AYZE A IR 2 EECO F4 L F 5 i rg X
TR I LT G Sl i A e 1 i B ARG (R AH G 1 (1A
1b, ¢) o 75 EH ] E R A HR e A/ = AL i (R
Kiligr: ~45000km’ , [F A% ~ 10000k’ ) F4E I3 1
B0 b B BR E A B 728 BB A A L FRATTIA S AT BE 2
EECO H{F) EZ IS
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1 EECO F{-4kzhHLi

L1 FHREY KM

TGN BT s i, KA by €O, %8k A
T MR CO, i £ /b 5 H Y kA
B 5 A B, BRI Y i R gt K ( Berner et al. , 1983 ;
Marty and Tolstikhin, 1998 ; Miiller et al. , 2008 ) , ¥E EECO
FOER Y, KRR CO, WA Z 2y 3 ~ 4 i
(Beerling and Royer, 2011 ; Jagniecki e al. , 2015 ; Anagnostou
et al. , 2016) , FE P AT S IZ SR B FZOKS) Iy, DU i 17
TR B B Y ik S, KR R, B L
(ca. 140 ~80Ma) B HYPE AT SR B R L IR B 1.3 ~2
% (Larson, 1991; Miiller et al. , 2008 ; Becker et al. , 2009) ,
ARGy fig e T L i R P B R Y €O, 9 EE (1200 x
107 ~2400 x 10~ ) 15 i i) 3 5 “CHRA0R o AR T, 7 = AR
(~65Ma) PRV H AT A4 5K o 32 52 I 1 328 o R A1 ) o 4
(¥l 2a, Berner et al. , 1983 ; Seton et al. , 2009) , JCi: M BEHT
AR CO, WRBEI I LL M A 4% EECO F4H1E N Y 213
AR, A, 56T 1557 s i B OB i sk R A
TERR AL, —FB 53" #FH DN AR D i (180Ma) DRV h
B K H R AR A (18] 2b) (Rowley, 2002; Cogné and
Humler, 2004) , ifij H 30 AF 09 ¥ o 50% DL E#S 4R 4% T
55.7Ma(70% < ~89Ma,85% < ~ 120Ma) , 45 H VE A H
PEBEE R i 2% AR TR SR A B A AR AR R B A
e P (Rowley, 2008) o Ffa s I S 6 BRI P o 22
A% 2 22 8 AW AR R 22 18] 1) B 5 0 P 303 Hh 4 (Seton et
al. , 2012) o {HZ ZE A B &Y 5K ] ( ~ 56Ma) AR
T EECO S HHAEH N, JE R RE B 5y EECO FFi4
BRI . F3—I7 i, KR L BT R WP R 4k
IR CO, BifgsK i Bk R R4 2s I i e R A IR
M, LA EAER 2 S BB R CO, MR IGE & ( ~ 150My/yr, Alt
and Teagle, 1999) , ALUNIL, Lee et al. (2019) A N¥EHH
FETRY CO, 2RIy 2x W M AE g K b NI HEA T 1 2R W)
BOUBRAGER , LA EAE T AT REHUR & v OB ey S 1 2
S A BRI A A T UL, 7E RO WA BT AR AR
PISRE A  ok ER SO A B E  R LR,
KLH EECO S HEAFRIME

1.2 BFttkABEER IBM —FIaI X RERE R

R AR A I o) A Gl e /N T 2Myr) KELEE 2
bk e A i) LR IBUA SO T, & D BRI S S R
I F 1 (Coffin and Eldholm, 1994; Courtillot and Renne,
2003; Emst et al. , 2005) o BFFERIIRISCE S & H i # S
H T 25N 2 e o) DR PP R R 11 MR (€O,
H,0 F1 SO, %%) ( Thordarson and Self, 2003 ; Self et al. , 2006,
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Fig. 1

since Late Cretaceous

Global deep-sea carbon, oxygen isotopes and chronological framework of the Gangdese batholith and Linzizong volcanic rocks

(a) global deep-sea oxygen and carbon isotope records of benthic foraminifer fossils based on compiled from more than 40 DSDP and ODP sites
('modified after Zachos et al. , 2001) , PETM: Paleocene-Eocene Thermal Maximum; (b) relative probability of the zircon U-Pb age of the Gangdese
batholith ( after Chapman and Kapp, 2017 database) ; (c¢) relative probability of the zircon U-Pb of the Linzizong volcanic rocks (after Mo et al. ,

2003 ; Lee et al. , 2009 ; Zhu et al. , 2015 and unpublished data)

2008) , 1M LA CO, Ay == 114 1 2 AL LI I 1 B i BE T 22
FORM T R 5| & AP RBOK 4, FL g, s
T3 sk i A TLR B 1 A ) R ot A 48 5 RN 8 K LG
SAFTER G R R (PHAFIE R KA S S i A K 4
FF P RPIERKBEE 5§ =84IR 20 Y K F k|
Deccan K kM AE 5 HEL K EY K4 FH 1) (Wignall,

2001, 2005; Bond and Wignall, 2014) , EECO ZH{f2H 5K
KCEB KB R R T R CO, SREA e H i
JCEIR . Reagan et al. (2013 ) Ay vty 7 -5 4 3 i ) 340
JERPGHE KA (NAIP) (Z)4E 56 ~ 55Ma ## % , Storey et
al. , 2007) , At VG Y Siletzia I o I A0 T3 357 0 p 7
At Yakutat JPE 1 A 22 15 8l (Gao et al. , 2011; Worthington
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Fig.2 Curves of mid-ocean ridge expansion rate, seafloor production rate and relative sea level

(a) mean global mid-ocean ridge expansion rates since 140Ma using CK95G94 (red line, Cande and Kent, 1995; Gradstein et al. , 1994 ) and
GTS2004 (orange line, Gradstein et al. , 2004) geological time scales ( modified after Seton et al. , 2009) ; (b) curves of seafloor half production
rate and relative sea level since Early Jurassic, solid black line and dotted blue line are seafloor half production rates reconstructed by different
methods; Orange line is fitted curve of seafloor half production rate; Green line is reconstructed seafloor half production rate based on present-day
surfaces; Purple line is fitted curve of relative sea level change (modified after Cogné and Humler, 2004 )

et al. , 2012) ATRESREC T AR HT LAY IR = e SRS, LT
DS/ VAR D - Hy LA A9 (IBM) — 47 (9 9ICRT X 2 R 24 52
~S51Ma HBL T R KR A, LR AT LU ORKOR 4 A R
o PRAESE, FIRDUE AR L 10° ~ 107km® , 1 BRA)IA] ]
KA R CO, AT LAk 3] 29 10" g (Reagan et al. ,
2013) o EE, AT KR AR A4 S IBM — i 5ICHT 2 i

ATREFH AR UK Z) EECO HAF M £ S H &, EZHFRIF 1)
XFF AL 3000km ) IBM A7 17 5, H AT AU 2> i 1 4F i
B AN S 0 DICAT 2 R ) A RURD Ak T RE B = A
T o HRGIBM R AT IR PR 5, HAE XS F R B 9K kil
VEF R v 1 2R WA IR (Lee e al. , 2013) ;2) =4~ KL
TRHTE R IR B IBM — 7 IR 2 27 A Mot K 2 I i)
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Fig.3 Variation of continental rift length (a) and atmospheric CO, concentration (b) since Jurassic ( modified after Brune et al. ,

2017)

L1 rift length based on continental reconstruction and geological records; L2 rift length based on geological records; Cl and C2 are reconstructed
CO, concentration based on L1 and 12, respectively; R14 and R14"; change of CO, concentration based on GEOCARBSULF model, R14’ is based on

the calculation of R14 and the influence of vegetation change is added (Royer et al. , 2014) ; vdM14: change of CO, concentration calculated by the
influence of subduction zone ( Van Der Meer et al. , 2014 )

B K, IBM ( ~ 8Myr, Meijer et al. , 1983; Cosca et al. , B 6] — % /N T 2Myr, 1 CO, FEAME RS 1 88 B[] /N F
1998 ; Reagan et al. , 2013) NAIP( ~ 11Myr, Storey et al. ,  1Myr (Dessert et al. , 2001) , 8K [ 9401 357 1 391 o o
2007) Fl Siletzia( ~ 10Myr, Wells et al. , 2014) XM RAG  AABOBAIR L T OB A U2, (EUR B AR AR 2 3R B I
e A E T ERUY CO, T2H 2.3 x 10 mol,3X—(8 A9 ik % “TA% AR &5 (Marty and Tolstikhin, 1998; Miiller e
FERERS AR 3 UBRZS 1 CO, SBARHE ( ~ 10" mol/Myr) {8 al. , 2008) o £ L0l WL, EECO S FRLF- 5K JUR 54 K IBM
T MEEY (Komar et al. , 2013) . 3) RABCAEMFrEE P IET Z AR B B R
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Fig.4 Global deep-sea chert occurrence and benthic foraminifer 8" O isotope variation curves since Paleocene ( modified afier

Muttoni and Kent, 2007 )

0i-1 is the earliest Oligocene glaciation, EA is the onset of the East Antarctic ice-sheet, and NH is the onset of Northern Hemisphere ice-sheets

(Zachos et al. , 2001)

1.3 KEERAMRI

Rt 7 B b — > B IR B I, 7E 18 K iy st B
S EA e BRASCAS BT[E 45 B R Rl A R 0 I S S A
JHREHCEN A, 75 BT 5 s R CO, e B4R
T2 H 2 (Foley and Fischer, 2017) , Lee et al. (2016) @3
7R AR R Z4AT Magadi-Natron 73 Y IV AR CO, BFSR R
PR, % A AR AE T LRSI 24 4 My b Sk Y i Bk , 7 2 AR R
RGN CO, & it 7l DL ik 77 + 33Mt, Brune et
al. (2017) FLFAERUFIHL FTIC 5%, S T 3 2% 200Ma RISk R
R B AR A Sl U Z (] Y O 2R, R B AR AR AR AR
PR S 1 il 2 301 4 15 ORIl 2 A B 1 e (L P 4 LA AR
HFRIR N FR (K 3) o

R4, EECO & 5 KRB N E T A X, b
BT IA 7 0% DR Bl 24 8 (U FE b 55 TG AR I 2R 1 0 IX R
(P 3) o MBS AT LI B A AR Bl A48 B 1 i
KAG IS W] 2 16 5= EECO =544, 1 72 308 i 401 ( ~ 34Ma)
S TR IGR RN VKA 1 £ B S %ok g o A K ) e AR
(& 3; Zachos et al. , 2001) , PRI, REGRE MY & & RIKS)
EECO WA G I Z AL, AN, T B REREWKF
FIF (72 1 7 PR, 28950358 5l [ (S AR 0 1 30 1 3t 2 A AR 27 0k
LT AR B AR TR AT R B AN R B B B AN [ 1 it
18 77 (Sengor and Natal’in, 2001 ; Brune et al. , 2017) ,7Eif

SRR A A I A AN RE— R TTIE o Rl AT JR 3l vy e e
BN TN BRI PR AR T — il s, fFO
ARARDR 8 JEERE oy 28 R i A 14 R ] AR B Btk v 0 D AT
PRUTIX — [l R 1IN A

1.4 RK4L1ERBEEBRIR

RACAE ] E A REER & 19 KL ( CaSiO, +2C0, + H,0
=Ca’" +2HCO; + Si0,) FIBKAR 7 (1) K AL (CaCO, + CO, +
H,0 =Ca”" +2HCO; ), 7E I8 15 1y JF 7 s i ) K< Hh €O, ik
JoE 7 Ty T A BB 8 {4 ( Walker et al. , 1981; Kent and
Muttoni, 2013) , Misra and Froelich (2012) 3& T 174G fL &
BRI 2R IR SE W, 76 EECO Z {1 41, ¥ K o B B
HAHERY 6" Li {8 (Fig. 3, Misra and Froelich, 2012) , 34}
VAL PR 4555 11 R B IR/ T 335 19 XUARAE T #E 1Y €O,
AR RLE D IS 2T KA CO, WY T Al EECO
24 (Froelich and Misra, 2014) . $X 1, HoAth % WF 5718 B
EECO S5 RmHUIi K i A% A9 &7 Li {2 il T 45 e A - e
HHE RS 1 (Vigier and Goddéris, 2015) , T 4% i ) 1 2 3
JHCH RGN BRI KA oAb, Al R AR IR 98 75 46 7
il Y EECO SR 0] KR P& 1G9 1 1) 151 B 5 AL 1Y
Deccan ZBRA RS 5 1K ES B 1 38 180 L™ Se/™ Sr (H7E
JEIHYI( ~50Ma) B I (i FH & 48 75 4 M i F Deccan XA T
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Rifi A7 3R 2 0 XA AR B IE A T I ( Dessert et al. , 2003 ;
Kent and Muttoni, 2008, 2013) ;2) 3L TR AT 115545
A7 B A R XA I iR F 30T CO, T FE R 1 T
(Kent and Muttoni, 2013) ;3) 3£ F 1% &5 353141 ( DSDP) F1
KAEEHRIT R (ODP) YA A N W AT 5T 2 B, 78 EECO
B, OB R A B R B IR TIEE (E 4) , RREE
TN BRI RAGAE A (Muttoni and Kent, 2007) o PL B 43418
F W, EECO F4 ] BEAS 2 KULAE H 18055 I

L5 RIGRHEREAANBRETALY SLERE

R I il A8 6 1L A T 38 T v AR P TR T e A
SRR KRR AR AR AR, B U AT 2
FIFZE AL T 8 ILE T3 B B 3 R 5, AT R (IR R
SHCO, & AL ( Raymo and Ruddiman, 1992
Ruddiman, 2008) . R, & LLA/F F i A b ik f BE A R A
B K it Ay 1 s 8 R 484, CTE T8 19 4 BRI B0 0 S e 72
A 4y 35 BB A iR A 5, ( Beck et al. , 1995 ; Hilton and
West, 2020) , BFFEINN , K2 99. 95% (45 LR A A7 L TR
F AR URE H (Tissot and Welte, 1978 ) 11 7% fili-Fifi i 7
SRR F AT B K R 3 4 0 X S DR AR 25 5 kA=
B TH S0 I 11 Wit F5 300 1) S A A T ) AR BT 5 1
CO, o AT LAFR St fff A58 oy 3 ThE- 17 2 i 1hE 190 ] (56 ~ 53 M)
BRI THREA 87 C {52 2. 2% 771224 ( Beck et al. , 1995;
Zachos et al. , 2001) , UAh, BEAE I 1L I TR 1k, 27 o
HBR AL P 2 R 88 I T AT AR R (H, S0, ) , TR R 23 5
BRI #h e S A S B K AR v 1 Bl -, 1] R R BT
CO, ( ~40Mt C/yr, Mt C/yr: | J7 i fif 4 4F ; Calmels et al. ,
2007 ; Torres et al. , 2014 ; Hilton and West, 2020) , FF 12K 3
WSS, SR, 72 EECO F PRI, 67 C il 3L 7 W
IR HX AP ST B A A S WA IR SR 2
WIBBL(E 1), B 7R & TR IR STk i 3 0, AR st e i &
PR REX — I 5. T b, NI ST ] RUBE SR &, A BLi 2
AP EANE T (BiGE fE : ~ 80 ~ 140Mt C/yr) 554 HLBKHH T
PER (B 2 ~ 170Mu C/yr) S8 ) — i ] RUBE B9 S R BT
G A2 (Hilton and West, 2020) , = #F LA 4 T3 &5
i, JER Y 5 s R AR CO, W BRI ) A 8 AL FY
RE 1A Fp it — 2 BWF R FIBILE .

1.6 ERREEMRMRIR

Kapteyn (1922) B UKHRIE T F 4 HAFER FLEA 1] LAY
P (B W55 ) o BEIG 2D 13—~ 20 B UL 42
AR, T A A b I A B T R T AR
(Ashman, 1992) . i 26y 5 REAS X0 L BE 2 # e,
T XS HBBREE 0 KL 2l IR 7 B R (2
WAL A, 2021) o Chen et al. (2015) Xt B AE AR RAAK H
(AR SRR K (8" 0) 10 S MR BN vl S HEAT T UB UK
OEBT, BRI = E AR AU T AR RO B B AR A

w
(4]

b Hk 2 5%
=

o
(%)

(10 km®/yr)

HR R R o I 2R

0570 15 20 25 30 35 40 45 50 55 60 65 70
F {4 (Ma)

Bl5 &S ML B A% (a) (8™ O R (b) R BN

MR (¢) 284 th 2k (42 Chen et al. , 2015 1&k)

Fig.5 The variation curves of filtered geomagnetic reversal

frequency (a), 8" 0 value (b), and subduction rates of

tectonic plates (¢) (modified after Chen et al. , 2015)

P (Pl Sa-c) |, 52 b 81 % o 3 A1 8™ O (L4 13Myr
BIESATE AL (8] Sa, b) o TEIZJEIIA, M ERTE AR & o 5
Ao IS0 SRR 3t oA TS 2 U Rt i 5 EICHC 8 35 T i A st
AR AR e A A bR o 5 o ) e R P ) 3 2 ol el Bk
WS R 55, PR T 28 5 1 (i kiR i, S BOR U
IRVREAR o T T AER SR RIMER 8 B2 19 R IR AT, KB 53
50 BE 23 L SIS, T UK El 1 4 BRi BE I TR R TR AR
4% EECO 3 F 72 N 9 2 W1 it % U (Chen et al. ,
2015) o FEPRIEY) SRR T S 18] RORE A BH 4 5 48 56
Xl % A ) SR Bh AR, 1T AT 5 2 MR T = AR (%
J CO, ) X BRI 19 ST, X 2 AR R I 2 AR TGk 22 1Y
—HBare BEAh, HATYIEL S BT WG YR B BT ST AL TR0 iR
BB, 4 I e BN 3 R B R R S 4 2 2 Bk G 28 U
FETAR S5 G 3 BRI ol R, nl LA AT Ak PR ik —
[ S 2 12 (PR F L, 2021) .

L7 KBS WLAE AR E AR KB R B Rk (R it

UTAER , OR B ZZ B RITFETE HE AR iy B P 2 o P2 A
FBECETT A ] HuBR AR AR 2R G0 k5 £ 1Y 32 SEAL )
(Jarrard 2003 ; Gorman et al. ,2006; Dasgupta and Hirschmann,
2010; Burton et al. , 2013; Kelemen and Manning, 2015;
Mason et al. , 2017)

AR ety K L FR e A P Y T X 32 A 4 LR i Ab
6) : 1) b3 A RBGE AR 30 1] 1 2 v 5 2) A b A I 1 s
OB e A= 728 Jo 1t B 1R 1% A6 A% i ( Kerrick and Connolly,
2001 ; Gorman et al. , 2006) , S5IE R AE B 3 TR P B & Bk
¥ ( Ague and Nicolescu, 2014 ) —E ¥k s ) FFRA) Jolisl s
AR X R R o R Rk SR 2 50% TG
BRI RSP (LA 40% - Gorman et al. , 2006520% ~80%
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Fig. 6 Schematic diagram of sources of carbon in a subduction zone volcanic system and its release pathways ( modified after Mason

et al. , 2017)
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Fig.7 The relationship between atmospheric CO, concentration and magmatism in Cenozoic ( modified after Sternai et al. ,

Dasgupta and Hirschmann, 2010;18% ~70% : Johnston et al. ,
2011;45% ~65% :Kelemen and Manning, 2015) ;3) X F A&
TERGTE bR RREIN, i TRl s 7 AR B 3% 4k L
FAEFRA PR S o 3 BRI (Lee et al. , 2013) , 1Y
PR IR A T BRI ER A I B VA A T b e v o R IR IO
B, BE RGN T 2 i RE (Mason et al.
2017) 34) 4 I 53 1A BE 2o 9K AR F R 2 T R AR

2020)

(Kelemen and Manning, 2015) , AR4 , 7E R 4G5 HEH , &5
FAAER I K LR B 48 A T 8K 3l T EECO =12
HiRilE Sternai et al. (2020) B F @ W R LB ER LSRR
fRASAY 5 G S Z A AEAR P RO 5 C &, 42 i) EECO 5
PTG 3 XIS 9IR e LR T CRIAR 753 g ) iR
HER( ~52Ma) AR (181 7)o SR, th T /b B 0B, AR
WG HX EECO 04 (i 3K S8 MR A LA E M
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Fig.8 Sketch map of island arc, continental arc, global continental arc development and detrital zircon records since 750Ma

(a) island arc formed by intraceanic subduction zone without crustal carbonates, (b) continental arc formed by ocean-continent subduction zone with
a large number of crustal carbonate rocks, modified after Lee et al. (2013); (c) global continental arc length variation curve, (d) global detrital

zircon age histogram, modified after Cao et al. (2017)

AEXFF S I 5, ST D7 sk B 5 R I 3l e
BT A RO BRI £ 1728 BB VR T (P 8a, b) ATLURE
TR CO, TR CO, HRPEARAL Y T ZEHLH (Lee
et al. , 2013 ; Lee and Lackey, 2015) , F58 &8, fEH 010
LI ( <750Ma) , £ERSARELE LA FE M IR ZE FIIKE Z [0k
[a] %546 ( Veizer et al. , 2000; Royer et al. , 2004; Veizer and
Prokoph, 2015) , 3% 54 BROR i 9K B2 #9728 16 B A AR B 48
BRF  RIYGRRE I8 B 5 ORI % 1 3 i 2 A B B, 1

B AR A 8 e XoF i K 28 A<M B B (1 8¢) ((Cao et
al. , 2017) ,iXth 5 McKenzie et al. (2016) FI#% 5 5% 44 h 7
FEHAFRN TR L RA —E (K 8d) , Lee et al. (2013) BF5R
FWIAE 20 -5 = 20 I 3 Y A BROR Bl I 2 T 35 33000
+3000km , H-S A _F A b7 R R 8 T I e 3 £ T LA
5 2.2 x10° ~3.7 x 10°mol/Myr, L IRAEEE 25 3. 7 ~5.5 4%,
SR, 2 A X — (8 P] RE BB it ik T (B LA 2
AR R — DRI (Hoareau et al. , 2015) o fRiE A “#4#
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Fig. 9 Simplified geological map of the Tibet Plateau ( modified after Wu et al. , 2010)

FETRURIHICE T B R B, S E s P kIR A 1Y
T b AR 2 5 A B E AR 25% TS B AR 5
i iE 524 0. 06 ~0. 9Tmol/yr( Chu et al. , 2019) , 5{£4%
WA R BPE A BRSO B AH 2 4, EECO FiAF 25 5
KBRS B I e VE P W7 LT[Rl R BT 9 R B, ok
P8 T R DA IR L P PR TRIY) €O, B [ 437 2% 4 A [+
(3 8" C: = 6%o = 2%0, YLRAAT HLBK: 67 C < - 20%0 ~
—40%0 TR TREh & 8" C: ~ 0%o0; Sano and Marty, 1995) ., #
EECO {4 2L UK 5l 7 J& i R 6 2 1) 22 J5e JBd e , IR 2 1M I 5k
[FI57 3R Ny i 2 I RS , 5 8 T 2 TR Bl AL e [ 13 R 4%
WEAF J& (& 1, Zachos et al. , 2001) , t.#), Komar et al.
(2013 ) a7 A= AR IR 2 2R L G B A 45 SR R W), e oy 3
H-FLERHTHE (ca. 58 ~ 52Ma) J [A] 42 BRS04 L AU 5% i1
8" CI¥ i 5 B0 320 T oA 46K 14 A FLIA O 3 vl 50 A AL
e E I 35 6 0%, 456 LA Lo dr, FATAHER 28 I
T I EECO Y 52 ) 2 A BRI

2 FORE AR B IR TSR K U AR

yR A SRk A

Sternai et al. (2020) 35 H EECO Z5 {4 F15 5 # X KT 5%
KL R A AR ) b HAT ARG (R A, 3T =
ATFRMZRIHRATARAI L BAE — % Z R KR AT
RHRIE R —ELUPIRMIEE A ENILE R, iR A D&
FFEME G, R ADIR 2 B AT TR b b g #8 b X
P B 0 S ) — L SEE 8 3] A 90 A AR 2 X, KR R ik
1200km (|5 9) o #RF 5%k G A 25 ) F R B AR 1 5
Fea), BRI R AU M 2 AR 2 RIAASZH , Ferh b2
(ca. 68 ~60Ma) FELLLZ IL15A 0 3, R o] L 2 sa A ok
Ll s AR P2 (ca. 60 ~53. SMa) F 22— B AR I,

REUZBEIRK A WHBLH (ca. 52 ~ S1Ma, 8] 1c) i s& A & 1R KT
B [E] PR R RIS (1 I S0 98 2 2 RIS 25 B I 5 (B
AR 2003 AREEE ) 2007 ; Lee et al. , 2009; Zhu et al. |
2015 ; BRUIDUAE, 2016 4F & R R REWE) o My a8 kil a1
SRR BT ORT 1o 0 B - BT A J il 93 5 5 v 2 14 b T
03, SEFATBE TR A AR ) 38 -5 9 - AR AL R R A
18Uk,

AT T2 4 b BT B AR AR R R, 8 R AR L A A
[ | F9 4313 T AR RS 3 44000km” (B H 41 25512km” | 4F % 41
8223km’ MAARZL 10505km’ ) , [] {5 A4 14 T £ 2 10000km”
(REFEH) o Horh, 16 EECO SHAFmf 0, LAMATRZH ( ca. 52
~51Ma) FARF MM F 552 K L I 3 4t 185 1% 14280km’/
Myr , 28R M 2 455 82 I (i) 5 4 114 Mt v ZH R A 3 2H 1) 4% 3
i, PURE H AT GETE EECO S48 ji ) 72 vh R 8 % 1 2L AE
FH o [RJR, S G tH I S04 T 2% T AR 28 8 DX e 4R 0 v
PESCUURR T LIS )2 1 B R 8 4 IR b tE A T8 3t 88 ( Kent
and Muttoni, 2008 ) , il F I 9] BLAG R R ER £6 A LR M) 1Y)
E[VEE R Rlid1 2 i 5 o ( Hoareau et al. , 2015) AR5 59 A= oL
LR R R b 5 A ik R A 1 7 BB B A T
(Chu et al. , 2019) , #RH e 2 T BOMK T 5% K L WATIR 20 7 45
JIE B R BB ORI ) 3K 8) EECO AR I

H T ARG HAR T 5% Ol E T s = 0 K, AR
J van der Boon et al. (2021) 7 A0 46 87 tH S Mg 3 B
(MECO) 55 {7+ - Py S5 53l X T R 4R T v CE S KB R 2
IF] G 2R I P ) Jr 125, W) I 455 S PRt B kb 08 1 R 46
AR TS5 JOL A MR 2H 4 2 g 1) JBi s i (R 1) o 1HIRLES
R AEATHE XA R i i 175 B0, BUAE 3 BT 10 3% BT iC 2,
BRI B T AR 5% Ll CBRMAARZH ) 48 A aek 7 v B /DNl B
JGEEAE 0. 37 ~3.0Tg C/yr Z 6], 5 Lee and Lackey (2015)
BB AR R A IR Etna K155 5B OE 1
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HE =AY Mo, BT ICE AR TR R A 2 (6] b 77
4 (Paterson and Ducea, 2015) , {1k — 58 T H M5
JE R T b X [ P ) 25 3 1200km 3 161 P (07 4 3 THE I 1 1
PR B e 54 A B AR B R IR ) BN — i ( Zhang et al.
(2019) WF5E ¢ BB 45 412 307 17 ) 3 3o o (] W4 -4 ) -7 1)
i DX i 6000km f1% 5 (8] 3 il P EL A AR [R]85 0 19 )
(F 1) o HEREIRFE], 70 205 BRI I Il s 9w oA
1578 92 & (ca. 100 ~200km ) FYHE DL T , B4~ 74 58 55 J5t 44 3 3
LG BT L 45 M E] S Y B RSO B 7 8. 81 ~ 35. 22Tg
C/yr Z[8], 31X 5 2 BRI J AT B R JICE 3 1 AH 2 (18 ~
37Tg C/yr, Lee and Lackey, 2015) , SR A ff A4 JIba B 1 4 LA
SE AT (R X — /N B BROBE TR A T2 LB 3l EECO
Ff o GG IR TS BB R T A i T A — B
DA G A o 380 A I e 11250 0 b X L AR b B AR
[a) i) 3% 5 et ( ~ 6000km, Zhang et al. , 2019 ) X — W 5,
AR B B B0 1 7T DL 38 176, 1Tg C/yr, LR
I Y L EEZL I R AU €O, BTRRGE 538 215 (Lee et al.
2013; Lee and Lackey, 2015) , {H 23—l 551 45 B4 AT i 3
— BT FHIBILE .

3 gt

ARLRGLGHR T Fef 1 R L v] §E52 1 EECO ZE -
ISP, AR R ABUAE KRR  RBEA 5
AR B AR A AR R B B i 4 5 R B oIk e 7
FFAE MR BT B 55 . AR 2B FR R PR R B 4 i T
KT EECO 45K S AL (] 81 1) AN [ 00 A5, , 5 U0 ot £ it
EEEA EN S EBAAEE AL, EECO FHFT G2
T AN [Tl T S R 2R A P 45 3R, T 38 A %A (R AL 1 7
52 IR RN EL AR B TR AN EL L AT AR A B i 45 AR LR 52
BRI RIS o DRI AT A L e 48 [m) 37 FAIE S R 1] EECO {4
Z R FHR LG T2 58Ma( & 1a) , Tiifis [F7] 437 2 76 F- i B B
TR AR W R AE s HLAR B 56Ma Z 1 8" C B AS i Tt
755, B 78 56 ~53Ma U1 [] 8" C {52 i B A1, 1T 765 4 i
(53 ~49Ma) i} 1 8" C U TH 85 (18] 1a) 33 AN [ B0 sk
[l 37 2 (925 A RS B /% 3 AR TRV RR IR 1 S ik B )12 2% (87 C
1) T 5 45 7~ B L HLBR IR (8" C = 0%0, Sano and Marty,
1995) 5tk (5 325, Xt Bk E EECO F {449 £ 3K 3 Iy
A RE A R BETIR 1L AR T B AR SC i) 28 JB i itk , T E AR 490 A L
(8" C = —40%0 ~ —20%o, Sano and Marty, 1995) [ & L B;
AT REAE R FE IR B B T 56 ~ 53Ma ] [|] (19 38 40 Tl
(Beck et al. , 1995) , BCA, FEHHE R ABAER CRBEHA
FRAGAE Ry s — B 2 o S AR AR, YA B AR AT 1l
A RRAC I [i) RUBE B [ 52 28 T e/ BEAR I IR G o 3T B PR )
JEARS , FoATT B R EE AR T i R A i AN A, B
2 R IR B2 W 2 X 5ok it — 0 o, BRI, 2560
HLZRR BT, A TRy EECO F 411 FZEIK 3l ) v] fg
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5 RREI I LA B AR DG R 2 i Jd e A7 6, i HC A ) 3 R
BEBAGER I R (9 ) 29 17 AT R

EECO SR , 58 R 7 4 39 A 4 1 Jol e 4 BR R Bt 9
AL BRe i BR A X, AR5 KL ) R MUt 4 g AR
o MTITAF AR TR Y M [ S5 PE] 0 i o A7 A Q2 F 5 5 i 4 1
Mo 7R TR o KL B 25 2 A RS AE , A R T BEE Al %
IS KL 0 R R B i ) o TEAS SO AT T R e
WIRFFE R IR TR 80BT HAK 72 JLl e e S A v Y
B3 &k (1R 3% 35.22Tg C/y) , kA 5 G 5 ) iz % (8" €
{H) IR I IEERSRHE AT Y & (18T 1), 575 35 HoAf SR Sl AL
MR 2 EECO SRR ATk, SR, HATSS SR 2 2Rk T
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XFF EECO S AFURBILH] 11 2 1, — J7 i e X
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A RETE ( LAne rpo BE e A5 ) NN 380 SF [h) 58 6t ) L e O O
I (EECO ) AT 20 1 5% b il 5 U s (918 ik 1f il
R AR T Ber AW RUR SR R O FATT A
X — SR A TR . BeAh, AN M L35 B AT
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