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110208425476 100521978876 890000180198 110208086814 110205945970 880002502964 880000037816
1.95 mm long 4.77 mm long 2.42 mm max diam. 3.22 mm max diam. 4.23 mm max diam. 3.97 mm max diam. 4.76 mm long
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110206861587 100717827346 110208258915 890000700302 110207965506 110207872703 110208241567
5.54 mm wide 5.46 mm max diam. 7.66 mm long 7.73 mm long 4.28 mm long 16.69 mm long 9.03 mm long
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110208768050 110208948788 110208247369 110208579703 110208423120 DVBT
5.24 mm long 6.08 mm long 11.03 mm long 10.76 mm long 13.83 mm long 2.78 mm wide
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110208084323 110208780369 110208773706 110208135763 890000076656 110207974941
9.82 mm long 14.50 mm long 4.21 mm max diam. 9.85 mm long 5.00 mm max diam. 11.67 mm field of view

110207974942 110207974945 110207974947 110207974948 110207974949 110207974950
11.67 mm field of view 11.67 mm field of view 11.67 mm field of view 11.67 mm field of view 11.67 mm field of view 11.67 mm field of view
1 FHERER 25 (Smith et al., 2018)
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Sample

Mass

{carats)

Observed single- or mulfi-phase inclusions, interpreted as: [Ca-Py, Ca-silicate perovskite]
*[Bridgmanite, Mg-silicate perovskite] [Sfishovite] [CF, calcium ferrite-type phase] [Ferropericlase]
[sodic majoritic gamef] {[Bridgmanite, aluminum bearing] [metallic alloy/mixture] {(Mineral abbrev. in fooinote}

Basaltic compositional association, containing CF, Stishovife, or sodic majoritic gamef

110208245246
880000597423
101024478345
890000180201
110208933429
100521978876
890000180198
880002502964
880000037816

0.08
0.13
0.57
0.08
1.01
0.13
0.05
024
0.21

[Wal], [Opx + Jeffbenite + Spinel + limenite], [Nepheline + Olivine + Spinel + CH4], [FeS + Fe-carbide + FeO]
[Pyroxene + Spinel + Corundum + Olivine], [Coesite + frace Px + CH4]

[Cpx + Opx + Jeffbenite], [Coesite], t[possible sulfide], §[small unidentified opaque], §[Calcite, in healed cracks]
[Pyroxene + Jeffbenite], [Coesite + Kyanite]

[Wal + Lamite], [Cpx + Jeffbenite + Spinel], [Coesite], H{possible sulfide], f[Perovskite, may be CaSiQ: or CaTiOs]
[Wal + Lamite + Wollastonite], [Coesite]

[Wal + Lamite], [Coesite]

[Cpx + Jeffbenite], [Coesite], [small unidentified opaque]

[Wal], [NaAl-pyroxene + Jeffbenite; examined with SEM-EDS], [Opx], H{possible sulfide]

May assaciale with basallic or peridaiitic bulic compasitions, not firmly calegonzed

110205945970
110208086814
100717827348
110208579703

890000188195
890000700302
110203744064
110208093607
890000562519
110108200990
110208258915
110207965506
110207872703
110208241567
110206861587
110208948788
110208247369
110207972434
DVBT

110208423120
880001287015
890000508981
110208122379
110208768050
110208084323
110208135763
110207974950

013
061
2.01

3.46
0.61
270
2418
17.09
3.81
226
0486
246
215
0.73
0.32
2.08
10.87
0.03
4.08
0.35
0.30
6.08
042
1.02
1.71
297

[Wal + Lamite], [Opx + Jeffbenite ], [possible sulfide]

[Wal + Wollastonite], [Pyroxene + Jeffbenite + Spinel + limenite + Olivine], [Opx + Spinel], t[possible sulfide]
[Cpx + Opx + Spinel + Olivine] Raman clearly shows two spectrally/spatially distinct pyroxenes

[Wal + Lamite + CHa], [Opx], [Unidentified opaque, magnetic + CH4], §[lobe of small unidentified inclusions + CHa,
magnetic, suspected metallic alloy]

[Wal + Lamite + CH4]

[Wal + Lamite + CHa + Hz], §[lobe of small unidentified inclusions + CHa, magnetic, suspected metallic alloy]
[Wal + CHq]

[Wal + Lamite] Cufiinan Dream diamond, 122.52 caral rough mass

[Wal + Lamite]

[Wal + Larnite]

[Wal + Lamite]

[Wal + Lamite]

[Wal + Lamite]

[Wal + Lamite]

[Wal + Lamite]

[Wal + Lamite]

[Wall

[Wal]

[Wal], §[small Fe-Ni-S inclusions, examined with SEM-EDS, in healed lobate crack]

[Wal + Pseudowaollastonite]

[Wal + Lamite + Pseudowollastonite], [Unidentified opague, magnetic + CHa + Hz]

[Opx + Jefbenite]

[Unidentified opague, 855 band like wustite]

fpossible sulfide]

f[possible sulfide]

[graphitic fracture rosefte hides inclusion; suspected Wal or sulfide based on appearance]

[graphitic fracture rosette hides inclusion; suspected Wal or sulfide based on appearance]

Peridofific composifiona

f associalion, with fPer and/or Opx having distinclly sham enstatife Raman spectrum and no Al-phases

110208773706 0.32 [Wal + Lamite], [Opx + CHa + Hz]
110207974945 0.78 [Wal], [Opx + Olivine + CHa + Hz, plus weak 253+376 may be |lepidocrocite y-FeOOH], [fPer],
[fPer + unidenfified opague + CH4], §[lobe of small unidenfified inclusions + CH4]
110207974941 0.92 [Opx + CH4], [Unidentified opaque, magnetic + CHa * Hz, suspected metallic alloy]
890000076656 048 [Wal + Lamite], [Opx + Olivine + CH4]
110207974949 2.80 [Wal + Lamite], [fPer]
110207974948 217 [Wal + Lamite], [fPer],
§llobe of small unidentified inclusions + CHa, plus weak 253+378 may be lepidocrocite y-FeOOH]
110208780369 5.02 [Wal + Pseudowollastonite + CHa], [fPer], [Per + minor sulfate or phosphate, and sulfide phases]
110207974947 145 [fPer + Unidentified opaque], [graphitic fracture, inclusion nucleus not visible]
110207974942 2.31 [Per + Unidentified opaque], §[Dolomite, in healed cracks]
110208425478 0.03 §[fPer, irregularly shaped inclusions, pervaded by healed fractures; XRD shows fPer + Olivine + nyerereite]
2 BEHPNBERETYAES (Smith etal, 2018)
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Hu Q, Kim DY, Liu J, et al. Dehydrogenation of goethite in Earth’ s deep lower mantle[J]. Proceedings
of the National Academy of Sciences, 2017: 201620644. (JE Z§5#EE)

Kelemen P B, Manning C E. Reevaluating carbon fluxes in subduction zones, what goes down, mostly
comes up[J]. Proceedings of the National Academy of Sciences, 2015: 201507889. ([ CHEE)

Pearson D G, Brenker F E, Nestola F, et al. Hydrous mantle transition zone indicated by ringwoodite in-
cluded within diamond[J]. Nature, 2014, 507(7491): 221-224. (RS
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Zhang C and Duan Z. A model for C-O-H fluid in the Earth” s mantle[J]. Geochimica et Cosmochimica
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(A8 : SK, K/ ES5TEE)


http://www.pnas.org/content/early/2017/01/30/1620644114.short
http://www.pnas.org/content/early/2015/06/04/1507889112.short
https://www.nature.com/articles/nature13080
https://www.nature.com/articles/s41586-018-0334-5
https://www.sciencedirect.com/science/article/pii/S0016703709000507
http://sourcedb.igg.cas.cn/cn/zjrck/201301/t20130114_3749790.html
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L, R NATHE b st 1 S RA AN 2
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SeE A kT A 98 AR il
SEYORIIAIHRIE (Yang et al., 2007). Lb4h,
B A PSS R R 0 T DA R B A
W T A 13 GPa LA _E A8 & B AR
JRILFE (Griffin et al., 2016). 1] 5iX LR
JEA 0 AE £ A R A — e U 7 IR i 2%
PENA BT A1, bt sE. J7 8
MERESE. BT 5 s A EE RN,
BFE GAN N IX LG A ) R0 L R AT )
ATRER H 440 A~ BLERA M B R g i e

660 km discontinuity

CH,

-produced,
low 8'°C fluid

B 1 mgEENanwEEmT () METmLE (B) WAL

B 0 N HLEIA RS BRI U 17 1 3 8 e 00775 ) A A e A8

SR JF 57 e AR BT 04T R (Griffin

etal.,, 2016). F i AL ISR B8 BT RR o T B SR — B T i@ e ey, RO AR R (Yang etal,

2014



El Tigre
Canyon

Tecolutla

Post-Paleozoic cover

|
I Granitoids and migmatite
- Eclogitic mafic and pelitic rocks
B Uitramafic rocks

Quartzite, schist and phyllite
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i (Griffin et al., 2016), XL HIHES
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B P b 18 AE AT T T I R ) R R TR AN
it 60 AR, HAr, X FiXLHEET Y
TP AR Nt 8 2 8ty o 485 Y 22 9 3 S S B e
SAMIEMAL THERAZE R Biff FAIE T
i EF A FE LS CEL D, A R 5
BRAE VR IR 85 R A TR A Ih 28 M 8 s 4605
0, 2 78 e R AR I JEAT ) JE SR A s A
IR (Griffin et al., 2016), 1 j&& W3R, K
HERA CER R AR 8 A
g e e A i, X ST
e R AL JE AT M) B B R OR N
(Yang et al., 2014). JCiR2WRFHLE], a0
TX R v s AN S S5 AT P A A U S oK
Hi 08 ey, ARG R AR E L, B
X LGy A G AT REARER T oKk H b 8 i ey

PECSERE S, AT IRAT T S SR IR
G NEAZ E

SRTT, X T H R 4 WA TR R He
71 H T AL — B BN, L E T
A ES 5 S I 7T AR B R I A AR
A T i SUE A P AR 1 AR v R] LT < I
£ (Simakov et al., 2018). Farré-de-Pablo
%5 (2018) 7E Geology [k iE T dp &t &
S NI AT BETE B TR R S5 A 1 R Sl e Al
i1 5% V4 £ Tehuizingo ¢ % &= 1 & Bk TF
J& T AR P S R 2B A, R
B B o I R A A R AR
WL R AR W R AR B AR A K, IR
BRERIGER AR SCA AR, A%
FERSHT 8 R R AEMAR, (HEBAEERR
Bio ESERAT I AZ AR X 5 B A AR Cr#
HFe fH, 1A% 50 2L BRI 2% 1A% Bk B 4)
S AR S K. e s
IR, KA R &NA (EAE 1-8
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Diamond synthesis:
@ Hydrothermal

@ Serpentinized peridotite
) cVD, Epitaxy, CO, reduction

Pressure (GPa)

200

400

600 800

Temperature (°C)

B3 GESENEFERERRERL
R X O FE A AF R B B WIAT B R R DX S A 22 SR ORI B e WA Bl T, 2t DX 1 R
FACEAT RIS & b SR Y B TS . =T R AR T Tehuizingo MU 8 523878 i 72 Hh iy e L L A2 7 AMIG I
AR B

AR (B 2). YEEFIH Perple

XU B AR UL R A 0 2R B P ok A U
N 670 °C -515 °C, fii i A% 3 1 BGIR E R9
410 °C -340 °C. {F # #2& i Tehuizingo % %k
W SNIATE R TR R & (R SR
FaE XD WA MR A 2 (B 3),
Bl oAt 2 A & CH,. H, 18 J5 1
WEZ Y, KA R BT B AR kA YA
[ C-O-H i A4 fie 283k B G A1, AT &5 &
HERIA .

HAFFR I, BRI ok A2 %
R AL, B kA WA T BOE N A AT
RE 55 B8 A HH R 4 R ) 52 2 1 TN FEL

G st G 2%, KA Ballhaus et al.(2017)
X % RE B E 9900 4R 4% 4 T IT R TR
HLSE6, R B R A I JE AT P ml B
M5 1) 35 P =i 6000 K45 B3 R i T v HY
K, MMHEH A I R T DL S S B S
LU AR R T R AR I D) v R VR AR T T B
FEIE R Y. SR, %S g R bR
PP RS B S R TR
W0 1 55 B A 1L 2 (A1 38 A7 7E — 8 TN,
RE T3 FH ok 42 MR8 < WA 1) R PR A {95 7
ME (Griffin et al., 2018 ; Yang et al., 2018 ;
Ballhuas et al., 2018a, 2018b). 1R & 4%, 4
A0 1 968 350 R UL 5 9 0 e PR 2 T 3 A AE AR
UNGOESVORELES S ST WIN YN
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Ballhaus C, Wirth R, Fonseca R O C, et al. Ultra-high pressure and ultra-reduced minerals in ophiolites
may form by lightning strikes[J]. Geochemical Perspectives Letters, 2017, 5: 42-46. (JESCHERE)

Ballhaus C, Fonseca R O C, Bragagni A. Reply to Comment on “Ultra-high pressure and ultra-reduced
minerals in ophiolites may form by lightning strikes” by Griffin et al., 2018: No evidence for tran-
sition zone metamorphism in the Luobusa ophiolite[J]. Geochemical Perspectives Letters, 2018,
7:3-4. (JESCEERD)

Ballhaus C, Blanchard H, Fonseca R O C, et al. Reply 2 to comment on “Ultra-high pressure and ultra-
reduced minerals in ophiolites may form by lightning strikes” [J]. Geochemical Perspectives Let-
ters, 2018, 8: 8-10. (JESZHEHE)

Farré-de-Pablo J, Proenza J A, Gonzalez-Jiménez J M, et al. A shallow origin for diamonds in ophiolitic
chromitites[J]. Geology, 2018, 47(1): 75-78. (JE R

Griffin W L, Afonso J C, Belousova E A, et al. Mantle recycling: transition zone metamorphism of Ti-
betan ophiolitic peridotites and its tectonic implications[J]. Journal of Petrology, 2016, 57(4): 655-
684. (JFE LEERE)

Griffin W L, Howell D, Gonzalez-Jimenez J M, et al. Comment on “Ultra-high pressure and ultra-
reduced minerals in ophiolites may form by lightning strikes” [J]. Geochemical Perspectives Let-
ters,2018,7:1-2. ([ CEEEE)

Simakov S K. Nano-and micron-sized diamond genesis in nature: An overview[J]. Geoscience Frontiers,
2018, 9(6): 1849-1858. (JE T4

Yang J S, Dobrzhinetskaya L, Bai W J, et al. Diamond-and coesite-bearing chromitites from the Luobusa
ophiolite, Tibet[J]. Geology, 2007, 35(10): 875-878. ([ 5ERE)

Yang J S, Robinson P T, Dilek Y. Diamonds in ophiolites[J]. Elements, 2014, 10(2): 127-130.( 3542

Yang J S, Trumbull R B, Robinson P T, et al. Comment 2 on “Ultra-high pressure and ultra-reduced min-

erals in ophiolites may form by lightning strikes” [J] Geochemical Perspectives Letters, 2018, 8:6-
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https://www.geochemicalperspectivesletters.org/article1744
https://www.geochemicalperspectivesletters.org/documents/GPL1810_noSI.pdf
https://www.geochemicalperspectivesletters.org/documents/GPL1821_noSI.pdf
https://pubs.geoscienceworld.org/gsa/geology/article-abstract/47/1/75/567587
https://academic.oup.com/petrology/article/57/4/655/2223320
https://www.geochemicalperspectivesletters.org/documents/GPL1809_noSI.pdf
https://www.sciencedirect.com/science/article/pii/S1674987117301718
https://pubs.geoscienceworld.org/gsa/geology/article-abstract/35/10/875/129666
https://pubs.geoscienceworld.org/msa/elements/article-abstract/10/2/127/137609
https://www.geochemicalperspectivesletters.org/documents/GPL1809_noSI.pdf
http://sourcedb.igg.cas.cn/cn/zjrck/201001/t20100126_2735977.html
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e B 7 0 T B A
A s, 2 b3 1 30T b 2
HE AT R MR bR, T A S
e MM 32 30 e R R AR U 0
RGEA R, EHE TS T BN,
o B L A e
FrEfE B M TE R T R B T A
WO P, G BRI R TR
TR L H A, A AR
AR A B A B 2 d LR N 650 °C-700 °C,
o L 90 FEL T A0 7 140 4 95 A 249

BIVAES T L s P I A8 6 2 58 A 4 . (R AE
(<25 AR 20 P10 % I 2 IS T 650 °C,
K 2 B0 T35 43X 6 U i R O 7% okt 751
A7 ek P B AR SO R T . b 36 Rk sk 4
[X [ N 48 75 % (Sierra Navada Batholith) /&
bRAt b B it iR A E A X 2 —,
Az T H 2R T AR 24 1100 km® (9 I 1 92
¢ Tuolumne & A\ % % (Tuolumne Intrusive
Suite) A7 IC N VELN, AIF 5T D7 s ol e
¢ (Bateman and Eaton, 1967). Tuolumne 1%
A B S5 I [R] 5 BERIE 1000 4, X —

P (kbar)
9876 5 4 2 1
o50 LLL L | 1 1
It-rutil
apgtie )
i 0.02 //
— = =01
— — 02 /,/If
200+ 03 pya
8;‘ Range of Ti content // [
' expected at the wet e
0.6 solidus 7 P
— 0.7 v g
——08 S .,
1504 ——0.9 AN s
- — S 7
£ g 1’ o
g /
g / F
= i ~
F 7 -
100 / d - - ~
d —
/ 4 >3 - =
/ - Range of Ti content
o ~ observed on quartz
/ ~ i
e — rims
0 I | I I I 1 5 |
650 660 670 680 690 700 710
T (°C)
1 EREREHELE T

MR MRBNNARERRE,

I ZACRAR] THO, Y5 L N IAE R 7 A2 . 15 Tuolumne 417 47 TE4 T 16 B 5 BB AHZGIR L o =0.6-0.5, [ 7]
P=1.6-2.4 kbar), B Ti &5 5 Bk F) 132-219 ppm ( ZIUTERELLAE ). SEFRALERENA 03B Ti & & H 2 20-40 ppm (RKE

DX )0 3 — 5 4590 BB O SR A 0 R A
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c 1 T (°C)
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:
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T 404
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Distance from interface (um)
B2 AxKEFTIE=2Y 8nEE (o) MBERITETI S8 (IS XARATNTETiS=HEE (b, ).
P& P B ST e BRAAR g BT ) Ti AR 100 ppm, I 0 ppme. B b i e Ti 3 BN A HIE %N 36.36 °C Myr-1, [

¢ ‘o R AT 2R (690-700 °C) A JAN R HE R N Aveh Ti &880, A9 Ti & Eflmn, B ERIRE A H R,
JET ] FH 2 PR UL 2 R s JR i U DA R B Tuolumne £ ) 75 FR S Bl 21 (1) 4 9 T 55 52 i

BREOARERERNEMRN GRS Mz,

R T HIN A A W B AR AL A T R Ti" A LU & e SiT RGN A
M, MIXERANER IR A i E SEhs, XM E AT o TR,
WART “Rin” A . PRl A v ) T R m] DA Dyt i R T

TE RN, 165 B = 0 R B £, Wark and Watson (2006) % 4 5256 4%
) A2 Hhe s N AT 13k R v ST AT ) S IE 7X@, MR RS
Yokt DALt B T B R FE T R R AR AR AT R, B AIE
AR R N E N N R S P ob o g Nt b TiO, fE & LLA TP ITE  « oo™ o fHZ
FETE— A m e A AR T R T S E TAER A H afg™ M LAERf 2, BAIZ
B BT Ak K B A AR X 4G iR ) PR R Bl ER R, AEEESHNA
T BR. 4 Tuolumne 12 A 5 % 16 X o (1) o Ti & I T AR IE T BRAFAE R ZE 5
AN TG SRR 736 °C-755 °C, 2018 4F 6 H 27 H Nature %% & T i
BTN Z g R A, wIRE A Ackerson et al. (2018) 30, X H K
A B VT R, X LAY A 4 R AT TR EETHIBCE T BB AN, T RN T
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Tuolumne N A EE AT (E 1, B 2).
TE 5 7 HE R AR g FE il b, R A
& TR AR TE, AR FE T LR O A
THE 7R AR 2 M0 S A A 4 iR R
I 1% 9o 19 [ AH 28 29 120 °C-230 °C, EJ
Tuolumne 12 N\ % B 48 K 5 4 K 45 b I FE A
N 474 °C-561 °C. B ic 3% IR I N A 18
< 25 445 il 2 T 9 S A o 71 48 Ui R A
SO

16 4 BRI 25 5 IR B X — BRI
AR S« (1) R4 SR B s 5 9% 2
FURAR, s I A 5 AR R B3 - ()
T (Coleman et al., 2016), 248 I A XF
TR A - Kl -5 PP E R R AR, K

EESE

RKIWRGE T miRk R, RS
IKFRGE TIRE R, XERERA KL
BRIER “WES)” B, SRA ST
FLE RS, TREA TR I,
W T ARE PR AERS KRG T KK
NIRRT R IRDIR S, FF R A
W5 (2) (K45 A IR RE P2 AR AR ) 5 At
TR 5 0 b S AR R, BT sl T
Hb 5E AR B, FRATTX T BR LK i
e R KT R PPNR AT Re 7 BAE E, Fland
AR A R 1 O o M A T BB R T
LT B4 0K B M i T 5, RIATAE T8
I AR B R P v IR A B (Reimink et
al., 2014).

Ackerson M R, Mysen B O, Tailby N D, et al. Low-temperature crystallization of granites and the impli-
cations for crustal magmatism[J]. Nature, 2018, 559:94-97. (JESCfERE)

Bateman P C and Eaton J P. Sierra Nevada Batholith: The batholith was generated within a
synclinorium[J]. Science, 1967, 158(3807): 1407-1417. (JES5%EE)

Coleman D S, Mills R D, Zimmerer M J. The pace of plutonism[J]. Elements, 2016, 12(2): 97-102. (J&

HERE)

Reimink J R, Chacko T, Stern R A, et al. Earth’ s earliest evolved crust generated in an Iceland-like

setting[J]. Nature Geoscience, 2014, 7(7): 529. (JESCHEE)

Wark D A and Watson E B. TitaniQ: A titanium-in-quartz geothermometer[J]. Contributions to Mineral-
ogy and Petrology, 2006, 152(6): 743-754. (JEC5EHE)
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Nature : % R IR 5 AL sehiRfk 7
5. BRI SIEHLE

Ly AR KK I AF 54052 0

e KU 5 K LRI AR

W, —NZHAL LR, “ R gE K
B3 7 SCPE I A A AR R AT ) AR A,
BRIy, (EHFEARRE b, 5K E
F10) LA T A TR0 e i R Tk PR AR N TG 22
Hn, R b S AE v AR BB ) R
A BT R RS i FEFE )5 K (Cashman et
al., 2017). SRT, HLERA)BOULI 25 SR LB,
RS2 3% Ll R A S, b A L A AR
fiCs SR B FL s — e, ARK
i A7 R R AR A IR L % 0 [ A R
AT XERIEW], E AR L) S
KAz AARE R A 2~ MEE MR |
&, MG S UE A Y 7 b 5 SR A PR Y
TEAERT [ AT REARAC, 5 FE BT+ 0 4 31 5K
HAFEAE. AN EREFS 5 e

Magma
reservoir
created
by sill
intrusions

Young

Melt silica content

TR MEAARE b3 AH HL 2 J& AU 45 5

BEXFIX — ), A% 30T 1 B L AR B S
A LT FE R 44 1 27 3 I W 7E Nature BRSE
BCHTAIT 0GR, A AT ) (B A A0 7 7%,
WAL T BV E R RN - NS
EHR AT 50 e R, RN AL T
DA AR 3 7 sCEAT B FA B AR 8, DL
BRI AR B (reactive melt flow)
J5 AT P AL . R AR AL KK
T BRRG P R IARI BT RAT N, HEA]
AT R0 i 378 1 S SR B8 23 0 448 it ) 2 22 52
MGG BEFRESH AR
FHEL MG R

B RER, - CERRNGE,
ISR L) 2 Gl T B E, b A fEERE
BiWE RAE . RN, R AR AE B [
ZHEERE TR, B EANHETT

Ascent of buoyant, evolved
A A magma sourced from high-
melt-fraction layer

Original crust

igh-melt-fraction
yer hosting
volved magma

# Recent sill intrusion

Thick, low-melt-
fraction mush

Septa of
preserved crust

Original crust

Reactive flow
of buoyant melt
through crystal
mush
o Convection in high-
old melt-fraction layers

High

Crystal age

1 REEBRERIMARIERT - Tt REESRE
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B TR AL AR A 5 X I 40 0 ot R ) R 4R
FEAZ N AR TR A 80 AR AR AR PR 45
Fif R A A i B A AR AL L B (B IR AL
SIS R 22 S 2 T BUR WA R AR LR T
BN, XA RGBT LR B.
A HKIEL RN FEURK LG R T %
I, “WEACH T SR, IBD R CE Ak
XA BB R E S AF AR, (HER TR
IR NG I —/NBUR TR A, AR B A
P IRARAR. DRI e SR Ak ot Bl 447
(mush) FJE, AN B A SR LL B A
HKbio BHIRZNEMEAEE, (REEIE K
S AR I e 2 BRARAE Ak R TR (&
Do AREEIFARAE LT RS “Fokik”
AL, T T A AR il R A A
I3 — 5 T B I B0 B R AN F A
o AL 51 Ak R R ZE 5, RIS
WE R AR PR B A R Ris e
RN e IX A2 HAE PE ) “ A KB B

MR TE B A [ AH SR IR 4 2 N AR IE
RIS AR LS (— KT 0.7) 5 ER,
CERKMEB 4. ZBREEERB TS
A R KRR AR, JEE A
K, T LI SR B 2 AR 25 5 i B X —
fiti 2, AT T BCEE T IR 42 N AR B T 4 s
iR (B 1. HTAAER R EE H)E
FEAR T, R R B R0 AR M 33X — i )2 2t
TR — B A KB B LR, — A Fm
KB A L A5 it 2 B i 2 DA R RE (RO F61 T
XA A E I “IE BRI B (Cooper and
Kent, 2014). X —Fr B, & 4 L) i
JE T BT FE B 1 2 A R T, i A
TR T v A X 3 3R S A B B 9 5
o IR Ay A A e B, T I R R A7
FEREH. RN, X — 2 i a kS R
H10% (& 2a), IXLE8GARLES T LT
BOSME, FOENR AR H A K ik
JE T AT A2 N A

Remobilization by reactive melt

b flow from deeper reservoir

Temperature (°C)
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Nature: BERIBTERERTTHUEDF. REFNEEUNS

RN EMLE NG, R R B
TR v T Bl [ A 4 ) DX Ik 2R gk AT, (R
A P AR AT A HIIR S, X B
PeRRN W B, BHAE R 5
eI .

BLA S5 AR I - 2R R L A [ AR
&Ja, EAMBERPREEILVEFEZA
RS R LB 2, FEEH AR T R
H 52 R IR X 2 i G AR A
M FAHMETRN 1 ~ 1.4 Ma). IXLELH)
kenfk 55 F A RKMERZRRBIE K
2 AL F AR 5 e A A PR R A (DA S 28
MR Z PR R 2 (B 2b), fif 7 —uk
TR I A AR T 2 A R A T ML
B4 (Rubin et al., 2017), ST A0
7o 1 A A AR R LR (& 2). i
B, JE AR TN Y A 7 1) A R A3
72 PRI B T B 0 KA
FRH, B, RS R [R] P A Bk

EESE

J 2 I e b A EL A = R A SR BT K
HREE WK, MA T EE K. FR, 1%
BEREEH T C B S5 EE A RAMHAE TR
HE o AMER, R R T IR £
TARNE K P A E TR S
BRAKHE ; o B, TR EREATIH,
HECRIERME T B, AR T IR R HipOS 2
M A A TR WA & 5, & T “4&
KA BRI AR R AR, X
55 SB35 T WL I 7 455 T AR — 2 (Voshage
etal., 1990),

ZOCE NN, FE )RR b 5 A R A
1 BB A5 4 e 1) ZE L 2 AN 14
ECAF 5 SR A e o R s A4 B B, T AR A% 2
) e I A LIRS T RIS dh e AR . X
—NHRTE KL I, 52 N A K B BT R
A B Wi 2o 9% 2 41 B R R 43R 1 8T i BE 5
iy

Cashman K V, Sparks R S J, Blundy J D. Vertically extensive and unstable magmatic systems: a unified
view of igneous processes[J]. Science, 2017, 355(6331): eaag3055. ([ R

Cooper K M, Kent A J R. Rapid remobilization of magmatic crystals kept in cold storage[J]. Nature,

2014, 506(7489): 480-483. (JEHERE)

Jackson M D, Blundy J, Sparks R S J. Chemical differentiation, cold storage and remobilization of mag-
ma in the Earth” s crust[J]. Nature, 2018, 564: 405-409. (JE S5 )

Rubin A E, Cooper K M, Till C B, et al. Rapid cooling and cold storage in a silicic magma reservoir re-

corded in individual crystals[J]. Science, 2017, 356(6343): 1154-1156. (JEZ5ERE)

Voshage H, Hofmann A W, Mazzucchelli M, et al. Isotopic evidence from the Ivrea Zone for a hybrid
lower crust formed by magmatic underplating[J]. Nature, 1990, 347(6295): 731-736. (JE RS

€: =0

ASUK, KRR/ #HAERE)
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%) 65Ma LIk, B FEAR e 5 R
BRE R A 56 4 I bl Bt 1, EDRE
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g, FERFSLILRBFEMEMRT, BETERE
) 3 7 - 4R 5000 K 355 v R . il
LT AE R R R AT . MR fb 2 A ER )
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o BN T SR AW G Y, BRI £
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BAEER 2 PRI A A A (2) B8
HAE ISR PR M R0 A5 5, 40 P (1A
D A, BT DL A E R AR T
i, 8 1L & b o wT PO R
PR R A M T R L B ST S S B e,
BB R AT HE LU R B L 3 9 256 PR 32 PR TR
A R . 20 22 90 FARAT, X
e SRR B A A B A 2 R B B A,
PAS N EAR D 1 S SF 4R 0, 3 30 4K
EIRTT e 1 K58 UL 5l i 5= 00 00 MK s
AL, AH T R R IR, Ky
i X JCH S B R Y& 25 AL, )
R Z L UL B . S BT R e R
(5 A Pl A A BEAT AR LR, 3 32 AR
F R Rk, R Po . THIDRSE
A DL i B SR R R R A T . T
JS2 Y P I T & 75 et JE R il 45 ) AR AT 9
FEZADRBEARF - (1D BT KEHR
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Pn velocity (km/s)
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MBT YZS
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3 WEHESGRSMR LM (L) Mg (Ee) BeFEE
P10 R 2 D o L M 50 o T R 1 8 A A R R SR M SR 2 RN [FA 5. MIBT: SR 1L SR I3 5 YZS: M A VT 4%
G s CRASIBAA ; YGR: AR - BHRA s PXR: Tl - LS s TYR: SEFHHS 5 LGR: FEIK/REA ; YRR: WARS

Pn JALAR LR TP IO F SRR 5 (3) 8 H 14 HYE PNAS AR T HME F A4
by 576 JE PR A 1) 2 A of BRAR 5 SR A RS A 5 B b 1 25 H4) (14 4508 F 78 A (Li and Song,

FEEPF R RFEEG - FHES 2018, MATIES MHE B IE AN THE
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P2 W PR e 56 BE 11 P Wk T BT MR P, AE
BAR SRR RN 25 R T P 25 7] 57 AP0 45
R, HILIRAS T R R 8 T
FRA P B BE A RFAE (B 2D, ABATTI 45
KRBT NERVE ), JFRAE S
Heao WEITER, 75 el e I et 8 T
PRAFAE =50 B 2 O e, 45 B LA o
AT J2 T AR P 3R 1) S WEH L 45 4
ABATTIN Dy = A A1 3 57 7 4 s BT E o A T
b8 407 28 D9 AN [ A1 o A 5 A 1) I A e AR BRE
T DU 58 43+ 16 308 R A S0 A0 o 8 /DS HL 1)
EAHTEZE, T A A e A R LR BE (B 3D
AbATT 3 1 P O E S A el SR A TR R i
Rt R R R iR, DAIASE
e e R I PR R A, IR s SE A

EESE R

b AR T P A R TR A

B JE 5 A PR 0 SRS R g L p 36 [
N R Z B L I 24, TR
P T L — & 51 b 1 R IR TR RO
(Yin,2000), MtJ5, ARHE— F 71 H 5 Ak
VBRI, A [ 2 35 A D 75 R e A 4
s v BAar o = Bt (R3S ,2006) a3
Pi B (Xiao et al.,2007), 43 %l $2 T B
0 P RN o B R A . R e
WAL RO s = N R R
e 255 3/ 4 A Ko K R b [X 5 A P 5 A PR
TFRT — RVIHLE =W 5T, AR A 72 45
S5 W R B E 2 0 Bl OE AE R 22 R A
T JE R AR AR AR R (9
Liang et al.,2016).

ok, XEM, Sk, S, 115, 2006, EIEE AR E B8 54 B « SEEXE
W Rkl - ERIERIEE, &A%, 22 (4), 761-774. (JEIGERE)

Li J, Song X. Tearing of Indian mantle lithosphere from high-resolution seismic images and its implica-

tions for lithosphere coupling in southern Tibet[J]. Proceedings of the National Academy of Sci-

ences, 2018, 115 : 8296-8300. (S 5HERE)

Liang X, Chen Y, Tian X, et al. 3D imaging of subducting and fragmenting Indian continental lithosphere

beneath southern and central Tibet using body-wave finite-frequency tomography[J]. Earth and
Planetary Science Letters, 2016, 443: 162-175.( JES 558 )

Xiao L, Wang C, Pirajno F. Is the underthrust Indian lithosphere split beneath the Tibetan Plateau?[J]. In-
ternational Geology Review, 2007, 49(1): 90-98. (i S §542)

Yin A. Mode of Cenozoic east - west extension in Tibet suggesting a common origin of rifts in Asia dur-

ing the Indo - Asian collision[J]. Journal of Geophysical Research: Solid Earth, 2000, 105(B9):

21745-21759. (JECEEHE)
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TNIEVR . TEETEZE . 4=4<7&T/DW Vsv YHTHAIALE . UM, RS RIHIE (Unaltered Mantle) 5 PS. #rME 80414k (Partial
Serpentinization) ; PW. fLE7K (Pore Water)

Depth (km)
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Philippine
plate

2 SEIHEHHREFERAKEERRER (Shilington, 2018)
TEA BT, KA EFRIE M RR e N840 30 km IR

TV TR BT R, R K A 0 A T R
FERAT Jy. MR K i 2R 5% B AL IR %
ANBIRE AR, 55E8 R ek A4 &
RS K™ (Bl sce ), s T
XL E R R, IR DO
ARFFRRRL 2t N L BRER 6 o

RIEWE LR 7R, BR TR BRI ) A RE
PRANRAR 2 Ak, R Ak 5 R T AR A
SRS W7 S BE % K BE N KPR S A el
WS T BT IR IR TE, I 5 K PEAR A B

H17K A AE A C(hydration) (Guo et al., 2018 ;

DU AT RS PG A8 T 3 3 DXAR i AR &
FKER PRI 3R Do SR TN B AR b A ot
AN EHERGRER K S AT EA T 2
— o WA . BT AR T )
PRI, FAR A T 5 5 & A X
ARF 3ok B 58 R 1S 1t 8 ) 7K A R JEE T
P RE W I 203, VR 2 HUKARAE A
A B KR, DR T T vk v Al Al 48 o

BRI SRR B i 59— AN ME SUTE T I Ak
bR o B ARG I 2 . BTN TR
206 1 7% YRS PR 11 I 4 0 1 DR Dy e 9
BB A ke sCa A, TR VE S A
o 58 R 08 AE LR TR B K BB R R 2
T b RE R TE P BRI . R AL, KA A
Hh 8 AIORE A 0 ) HEZ1 AT DL 5k R ek
B S, K e P b R R O 24 TR A
7K ) o AR AR T OB 2

BF XTI — fm] #, 3% [ A R K A 2E
Ty 1 53 RE W) 2 3 B T AT WAE B B it 7
1409 JEC HL FE B B LI, Mz 5 i SR R B HY
1 Rayleigh [ AHC 2, SO 3R13 1 %
X I EARAL I S WOHFE (Vsv) S5t EIR,
it — LA T AR PR KA AE B K
RE (Cai et al., 2018 5 B 1). %W 5@ Ik
7 1 ZL I B R S PR T R R (1
SR IZ W O ()RR, FF AR 7 AL Hb R
FAF R T & A S ERRAE, AT X 4
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AN TR PR 3 0] b R R AR A R o, I R 2%
T € B 98 DXARE i AR v 7K A AR 38 i S U
I Id 57 8 B iR WA AR B4 30 km IR,
BPzEid 6 km R FESEE AN HIIEZY) 24 km ¥
b CE2)0 WM b g I 2 4.1
kny/s 9 S P (IR 1D KRB 4 19%
e scfath, R EIKEIR 2 wt% At .
BT EdlAh v, &t — 2t d,
L LV VR O P K S & (94117
TgMyr' m") 2T (L4365 #AM
fiitt (van Keken et al., 2011). #HELFEFR

EESE R

WErRAR R, BEA B AR AR e (fg
B0 1 RSP PERR D B KA T LA
KRR E EAREAFAE, DRI AE 6 A
B KA NHLERVA S (Rupke et al., 2004). 1K
X — R e RE R 2R e L2
A s b DX, A BRAG i 35 N 21 b BRI
(7K Sz 6 H R R Al 0 b 08 oK R
R . X IR AT R G A
BROKAEIR, 52 7E K L AT X8
IR -

Cai C, Wiens D A, Shen W, et al. Water input into the Mariana subduction zone estimated from ocean-

bottom seismic data[J]. Nature, 2018, 563(7731): 389. ([ C5#EE)

Gou F J, Kodaira S, Kaiho Y, et al. Controlling factor of incoming plate hydration at the north-western

Pacific margin[J]. Nature Communications, 2018, 9(1): 3844. ([JESCHEE)

Rupke L H, Morgan J P, Hort M, et al. Serpentine and the subduction zone water cycle[J]. Earth and
Planetary Science Letters, 2004, 223(1-2): 17-34. (JFEC5ERE)
Shillington D J. Water takes a deep dive into the Mariana Trench. Nature, 2018, 563(7731) : 335-336.(J&

HERE)

van Keken P E, Hacker B R, Syracuse E M, et al. Subduction factory: 4. Depth - dependent flux of H20

from subducting slabs worldwide[J]. Journal of Geophysical Research: Solid Earth, 2011, 116(B1).
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https://www.sciencedirect.com/science/article/pii/S0012821X04002663
https://www.nature.com/articles/d41586-018-07335-8
https://www.nature.com/articles/d41586-018-07335-8
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2010JB007922
http://sourcedb.igg.cas.cn/cn/zjrck/200907/t20090713_2065480.html

2. B

Nature Geoscience: H18 %53 T 77 5545 14 B S E M I iR S5

Nature Geoscience: HulE5EHs4 75 99k PE)E
SR

1: AT gk N 1 DA K 7 Hb i o ()
ﬁzﬁ% IRE, S AR 3 e (A )
B AR Ay, 2 b 5E b H b8 AT RE A
VIR A SRR, WL B AR,
FE [ A2 i R B 2 O3 ) B 2 ) R

Hi 7% JE T UG AL BIF 5 1 IR A 3k A
IR T B, a7 v 3R A5 ) 08 vy
B AR 5 1, L%ﬁ%iﬁﬁ@ﬁﬂ
DAL Ik mT DA FH Sk 24 S A0 i A B 1R T 25 45 440
H52,  H A A s 2 w0 iR SOY S 12
HFIRKZR (Goes et al., 2017), UL H
Pfs 2R g 2 %083 5 (Van der Hilst
etal.,, 1997), A7 EEAS 7 My 18 5% ity I
[FIZEfH (Fukao et al., 2009) (B 1), XfFid
FSCART AR R 2 G w0 22 e SR AL,
By 77 2 42 HIAL ) A AL T R 1 R AR BR 4
IR o

B K0S A e AR R A B ety b T A
KA EE, RERP R 2 RENESHS R

Ui b A B2, HOE AR AL S5 A O
ST PRI BRI RS, BT ORI IR R
K 7E Nature Geoscience . A1) )%
BT FA BRI« WRAE 670km
Bt X MR A FIRITER I Z, 455
BRI R AR A s, Bl A ] DA
AR 1 AR UL AR B A 7 o A i AT N (]
2), MTXAESZ, AT RE Y R B 2
I b A B 5 2 A AH AR P 51 RS R R DR /)
AE AL BB I R BR3P ) S 4
REIR, MR R AT A R 2 — A
WA R, S8 T IRV M EE 1) 4 Bk b 18
X EE L 25 RO, AR AR R el 2
e ER A AR Bl A K 22 B A 20 ~ 30
B TR A AR B S O, AT A B A
AR L DA i B 2 37 B H 08 ) R i I )
KM~ 10 A TFERE, NI R
HBR N ER AR EAGIR L T B A
AT BN — A G AR )

1 EXREEMARRE

g5t (Goes et al.,2017)
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a SEMUCB-WM1 L —2.0 MPa K" with SP
L 4ot 157 20" 25°36° 350
g A 9004
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America ol

06
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3 2 -1 0 1 2 3
dVV, (%) 6T

2 TEXREBHEERFBREERSHERINEEDNGERMLER, BEEGER MR E IR
B A FIREMFEZS (Mao and Zhong, 2018)

TR, PR TR RTINS R IS R IOAT A VE AN B A S 1 o T e
XA AR A A L 2 7 g MEAE . (B EE D AT SR ]

ESE

Fukao Y, Obayashi M, Nakakuki T, et al. Stagnant slab: a review[J]. Annual Review of Earth and Plan-
etary Sciences, 2009, 37: 19-46. (JECHEE)

Goes S, Agrusta R, Van Hunen J, et al. Subduction-transition zone interaction: A review[J]. Geosphere,
2017, 13(3): 644-664. (JE 5

Mao W, Zhong S. Slab stagnation due to a reduced viscosity layer beneath the mantle transition zone[J].
Nature Geoscience, 2018:DOI: 10.1038/541561-018-0225-2. (JE 4542

Van der Hilst R D, Widiyantoro S, Engdahl E R. Evidence for deep mantle circulation from global
tomography[J]. Nature, 1997, 386(6625): 578. (JE M §5#E)

(BF%: M/ 56 BE)
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https://www.nature.com/articles/s41561-018-0225-2
https://www.nature.com/articles/386578a0
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2. HREL

Nature Geoscience: “FAR1FHM B A A A B IR K

Nature Geoscience : “ERiinb B AbLS A E
St L )i

éfiﬁﬂﬁ‘{qﬁ%?_?ﬁ%ﬁﬁ@fﬂﬂjﬁﬁ
PERI IR A EE RIS, PRk mr s
Pt b 4 LU R IR AL . DR S
FhE - BRI T DL B R A
FEMIm AR, 5 & R 3 1 R AR B
DAMIC A P P O it b AR G (L Manea
etal.,, 2017 Z5A).

26 4 N AR T A BA— JE B 1E A
FEE R 4 B A A AR e 8 2, ST AR
M4, fEPIAME 2 5T, EResE L&
W2 NiE/KFHiEsi a2 LT oa R
(Manea et al., 2017). 1EA—FHER -5 1
PE R, P AR AR A o 304 4 BRI i Ay
1 10% o, FES M TR, e

F#F] (Gutscher et al., 2000 ; Manea et al.,
2017),

SRR 1 PR TR BRODL A G S AL T i 2
H, RO R AR B R ) R
(RS R LR RO L. i
JEH AR S A AR e (8] R g B
B AR e ) VA VA 132 B A IR 2 AL RO
(Manea et al., 2017). “FHAF M AT LA R0
W B AR ik 2 BRI B, R A
A AR 2 B 4 B ) BRURE (asthenospheric
wedge), I E @& : (1) EERRAE
TR N RS 5 (20 EiCE R AE S
BV R, RIAE AR R R TA) B 3 L 52 )
ECHE WU P AR o B B M 5T AR HE (Manea

-i E— r Oceanic Moho b
= 4 ok o
2 L .
=) 0Ma | | 90Ma -
i P SRR I T P PRI
B
£ e
£
(=3 —
i
=} 80Ma
PRI B
§, ==
£
=4
= -
[=] 70Ma 4
TS
E
£ =
£
a -
8 60Ma
PRI N1
400 800 1,200 1,600 2,000 2,400 400 800 1,200 1,600 2,000 2,400

Distance (kmj Distance (km)

mam = ] g

Oceanic  Oceanic mantle Continental ~ Continental Sublithospheric —400 -300 -200 -100 0 100 200 300 400

crust lithosphere crust mantle mantle Horizontal deviatoric stress (MPa)
lithosphere

1 iR HrELERE (Axen et al, 2018)

» ARy CRFHONIE, R5koN 0D 5 fEZAER R RREA A R g v 5 87 (508 3230 ke
m3), HREEHEE (10 5 TR
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a Old view (Gutscher et al.)
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L e
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b New view (Axen et al.)
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E e
£ 1004 Tl manmeitosprers )
a . S i .
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0 ' ‘1l|)ul 25‘10 I 3&0 4(‘30 a SE‘IO ‘ ‘ﬁDD 700
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2 FiR{FAPEDRREREYT. EZH%E (Gutscher, 2018)

(a) Gutscher etal. (2000) F-31$2 H (1A AR R

PR A AR R BT D)2 S B R B A TR AR 5 (b) Axen

etal. (2018) &M HHT I TARMF AT, I PR 55 LB A A RS, TR IR, R RIBL R 2) S 20T BBt
JEAS T [l bl IR AL AR 5 bk . 2R B R AR R et R v S A

etal.,2017). i 4, Liand Li (2007) #2
H P AR 5 BT 250-190 Ma #1300
km 5 (1 Bl N IE . AR 35 38 [ 7 e
2 Laramide & 1132 3y 1) 5 3 3% 2 A A it
AR P 5L, S AT HE AR 80-50 Ma Y1 1A],
Farallon i 8 DLV 45 (1) 12 20 AR o 21 1 36 [E
P43 2 & C L Gutscher, 2018). %1 %tk
3 KRBT 77 8 2 AT B AR AE AR e, R
NI T K& BAE AT 5T (Liu et al,,
20100, {EGRIRLSCHE MMM S, Flanfr
FE MV B 2R 1) 3% s AR T AR I J0AH 3L ) 5 9
TR, MEUUES —HEZE T H I (Gutscher,
2018),

fx T, Nature Geoscience &K % T Axen
SN BRI U R, A AR 4 -

J15E BRI PR T T Farallon AR B BLF- 4R 2 5K
s b 2 A6 26 KBl 2 T 3h ) 2l A KT
VA Farallon H¢ He i BEART ol e 4, %M
JEI¥E5E (the conjugate Shatshy Rise, CSR)
BENARS s, O R R TR AR AR (B D,
CSR I phoxf EA M A T — > i T 3
fif, 3 BUK M A AL T 5 R B RS
I8 3 85 R K0 BT s ARy PR T S, P AR A e
1930 7R hnaE. ARATT R ST RSO o e
M AR B S 8 1) 45 20-50 km J5 1) KBl
HA S (CML). #E] [ CML 7845
TR, AATTHE DU O R A T A
RS RD, B 24 3 B IS AR FH e 95 B 2%
1o an RG] T YR R, B REAE
A AR Y HT S SR A, TR R — A “ gL



(bulldozed keel) ; 41 5 4% & '~ (1) 4 o7 % J&
K, BWEEH A .

Axen ZE[RIBLAY M 7 SRR L B
Kty 2 B 3 0 2 3 — AN IR B 1 4 1 AR
FIYE R, O~ Laramide i ILia sh g — s &
BURFAESE ML T MR, B4R - CSR L 7
(15 AT A T ST R %) 3 17 [ P
#, BT 25 VG BF M AR A T B 20 G e
0 R T RE S R R R
FHY R 2 g T 75 )R 95 50 km 1 H A
Rl JEL P55 AR AT R A SRR v [ U ) 38t
Lo RRAE AT TR IR AR A, b AR R
PR 08 1) 55 28 R S bt o K i 320 25 1 ity
JCECE FTEG AR AR AR b AR R
ZIEIE Y58 (2, X2ERA R G
FE 55 1) CML A 23 8 &1l 451, 3@ i ™ &1 R
B BN ) ek s 2] E AR,

EESE U
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Nature Geoscience: “FAR1FHM B A A A B IR K

b, At AT R AR AL S TR A B ) R
THAE— ARk (B D X T
Laramide it L1132 517 18 B M P8 31 25 38 7 42
TERRIW R, R E T R
SRR BT RE IR A 3 B Y OE B R T
JEHEATE (Gutscher, 2018),

SRR i A Dy — TRk R A P R =,
‘Bl B EE A A R R, IR
B, WREFERG WA IE AR T A A5
g Rt AR . Axen S5 42
oAb M 2 Laramide 1% (LS B $2 4t 1
—ANMRHE R R, BT PR BT X
M R K6 e 25 VI A 1 ST AR e T R
BAEHETZ0E X WA EF A -
77 W B 1R W S B UE 1 aX — R, (3
R P 3 M ATS AT A a3k — 20 B A0 S
T 0 P 2 RE R PR AR 5

Axen G J, van Wijk J W, Currie C A. Basal continental mantle lithosphere displaced by flat-slab
subduction[J]. Nature Geoscience, 2018. DOI: 10.1038/s41561-018-0263-9. (JE S 548E2)

Gutscher M A, Spakman W, Bijwaard H, et al. Geodynamics of flat subduction: Seismicity and tomo-
graphic constraints from the Andean margin[J]. Tectonics, 2000, 19(5): 814-833. (JEZ§5#EE)

Gutscher M A. Scraped by flat-slab subduction[J]. Nature Geoscience, 2018, 11: 890-891. (JE 5

Li Z X, Li X H. Formation of the 1300-km-wide intracontinental orogen and postorogenic magmatic
province in Mesozoic South China: a flat-slab subduction model[J]. Geology, 2007, 35(2): 179-
182. (JE SRS

Liu L, Gurnis M, Seton M, et al. The role of oceanic plateau subduction in the Laramide orogeny[J]. Na-
ture Geoscience, 2010, 3(5): 353. (JEZ§5#EE)

Manea V C, Manea M, Ferrari L, et al. A review of the geodynamic evolution of flat slab subduction in

Mexico, Peru, and Chile[J]. Tectonophysics, 2017, 695: 27-52. (JE R

(B IR H, Bik/ 2 6BE)
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3. HiER R 550
Science: =@ (Gaia) 2.0

Science : madll ( Gaia) 2.0

cience Z¢ & 9 A 14 H K % Lenton

A1 Latour FML s 3C &, ANk
ANFEMH 2 JE, HERRG DN LER A KM
1 Gaia, 8N (N AREIRTHE
IFER) Gaia 2.00 WA Gaia 1522, DA
B 2 AT 8k R I ER— 2 v B R 4L Gaia
2.0, AT I A T PR

—. Gaia Rix

20 4 60 FAUK 2 70 AT,
MRS KW S James E. Lovelock 52
FHEEZRMTM KRR (NASA) 2, &
Bt A B S 5 A Ok KRR AR A AR 1 B
FTAE. fEiX BAME], Lovelock ¥ & #| K &
KAJEFEH CO, Hk, HubT 21
RE, GHER KRR AR AR 58
M Y KEAGFE M. ZHEK,
Lovelock JT 6 B 5 5 A0 b BR (1) A2 i 4E 47 &
4t IFT 1972 4 Gaia A (Lovelock,
1972).

Gaia »& 7 il A 35 o B9 K Hb 22,
Lovelock & fEH A 2. /MUK BB - /K
T (William Golding, 1983 4£ i Il /R 3C %
HAFED #UWT, H Gaia —iaRar X —
fRUt. BEJE, Lovelock 5 & E A5 %K
k- AT (Lynn Margulis) &1E, B
el TR IAHLA R ERER S / i
(Margulis and Lovelock, 1974),

Gaia % Ui 1A% 0o AR Z R L BR A5

— NG, NS AR AR
HARH, HbBRA Y S i R T RS
e AR BT HEAT P42, T E i & AR H
SRR IS Gaia iU 58 AP 7
HER R G R 7 OCREIER .

Gaia i Ui $2 Y J5, B[R] A Js Bk 2 75
M A H W, Lovelock 24 58 3 A 5 HIE i
U T 2 %S ). Ho, WANEE T
YEXT Gaia B U0 UER T RBEAE . &gk,
Lovelock 5 & 1E # i i B 5 g V¥ F1 K<
Pl PRI RRLAIE A, R LU Y9 7 U A ) — DR Uk
it — AR L AR RO EE, Bl ik 3
BUOE I AR DR R, A4S AR A
DMS (WL &G, DMS £ K<
ALK SO,y FETE URIR #h IR, A
G, NI = &Mk AR, 5
S f§EAE ¥ (Charlson et al.,1987). X —id ¢
7R 1R AR AR B 2 TR A AE E L) AR
SmHLE] (CLAW it ). o5 — A TAEZ 4
2 tH #5256 (Daisyworld Experiment 5 K 1)
Lovelock 5 & 1F & I Ja 4k # Wit 17— &4
POBEAL g, I AT B (R afEse, XU
AR BIR R (AR AR EE—
SR — S St B AR AL, B T A
XA G B A R R (Watson and
Lovelock, 1983).

T b, AT O ER AL 7 s
B, Avsgwm 7 oRAE O, WAL, M
Yyar LASE Ak 2= A BR B, 2 K< CO,
WRPE, WV JoT A A HE 8 TT LA TR B 5 K 1Y
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1T #HFEFRER, DRBARFENIMEZRCIRFYMZRE, EBERTERENNE - £98

FIAENE (Watson and Lovelock,

WRIE, HE AR ARG LT 3 58 fE 52
Wi K< CO, W EE AR AL, X e it F2 i /R AR
W) RE NS T B R 45 o 3R SR AR . R,
BAR AR FN Gaia (B I A /E S L B
L, A Gaia fRULTEFE R A 5 HLER R G006
WK 7 T TG B8 B A SRR IR 7). FRATE R
F], Kump ZZ AfE (The Earth System) —3
A T E R IR R A 4 Gaia BUAE A4S
AR RS

—, Gaia 2.0
TR X 35 {0 4FE R AT B ER— A=

i AR b, Gaia R U2 A A E
A E KR, T L Science 2% ER K T
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1983)

Timothy M. Lenton 1 Bruno Latour P i/ %%
FHWMECE, NS Bk AN “A
ettt ”, HhEk—4 a5 RIS R I
TR, NTEHB. BEVREEL R
B (N ABREHEMRE. EXFEN
Gaia HUER A EB, A ANAT Dy 31 4 3RV 1 3R
TR, #EA B IRMEEMITE, X
WAETS Gaia FEN T — DR PRE, 1FH
R “Gaia 2.07. fEFRM, HEBAK
1T AR 23R E 1%, Gaia 2.0 BES T RE
FR AR BE 4 BR W] RR SR R R A RO IR HESE
B, AT AT PLRR 2 R N 5 H 3 BR
ARG

Lenton 1 Latour A &, Gaia {& Uit A
FRATTFR fiff Hh 2R — A= A 22 45 Tl Re R 0 42 it



TEEMEL, XA LA BT A )
40 o] B1) 5 3t IR — 7= BT R 4 Gaia 2.0 il
132, Gaia H = AN B ERFAEE 5 CE,
gl & . H 77 % (autotrophy), B 4% 14
(networks) F1ZZiPE (heterarchy).

(1) HFM : £ Gaiah, BRI S
WAGIRRMA, BAGFR IR 2 SRS, fE
15 B UEAS AT RFE R

(2) M4 : Gaia £ HMAENZSEHT)
38 X 2% A R, TR IR R T A R
L ERAL SE IR ) B, IR DR T R
PIEY Z e, KA BT Gaia KR
H I DIRE

(3) JZME « FEAS [F] 73 18] A [a) ROEE
., Gaia %2582 A R K HLH R, WER
EREE, THEREMTF - FRRE R, R
A A8 A FBARE R (1) 5 R AL ) gk 78 A AN TR

M7 Gaia 2.0, FATE BIKIE AT RENR
BT YR (1 3 B R B AN W] RS R
P ARV SR IR 729 S A 7 B AT 3=
HE AN AEDE IR, 2 FEPE TR R,
A IR B — 42 B vE B 45 0 b I I ) R H
AW R 5 Rk KRGS Z A7 )G
A B S A5 22 45 0 AN B 5 1 A0 T X N 289 )
T SRSV R, W {5 % Gaia
HUER R G0 S5 DI REAE 2L, 2 O g th Bk —

AT R G Gaia 2.0 A D) R
=, iie

L] A8 R ] KR SR I L EK - AR T R R
Gaia 2.0 ? Lenton Al Latour 7 3 & H1 5 iH,
“1r )7 A Gaia & F1 Gaia 2.0 2 [H] &I — 4%
4, ARATE N2 wEH AL RATH S x H
bR, ULRCSRBLVEATIF B, M Gaia BEi#

3. HiER R 550
Science: =@ (Gaia) 2.0

EZERATINIRE], WHEMZFEN. 4EFF
Adr R R G, AR ERZEAFTREN.
Lovelock WA Wi & % %5, Gaia Hi 3K /1) )
fe 7E A B 32 1B F13% 2k ()L (The Vanishing
Face of Gaia: A Final Warning)) .

WA, 1E Gaia 2.0, FATRZAMAA?
Lenton #1 Latour 45 i, & 5675 2 A4 2
PEH A B R EIRKE RS, WI Gaia
REMZI, FEFRFESBURK. e
EENF A AREAE, RN, FBFEHLA R
TE 2 U R AR, A0 35 3 9 B 8
HEASA Gaia DhEERIUG IR DN IEFN 77, 1R
W, AR A AR S, JEX M AR AL
HAE 25 BN 2 T8) PR I i 2R AT AE B, O Gaia
P ETREEDIRRIGI—2 (A HRE
P o

R, Gaia fE N — DMHUER R GEARAE
28, XHLER R GRS @ AL B R
o ZFHTIRE — R N Gaia (B
YLy T AR R, XIARAE (20060 AR
FLRR N Hb Bk = Ge Rt 27 b ) 8 s A5 10 A 2
—, S RBATWAT LA Gaia 5 E 1F 2 H
HRAGR I — DN EZEHIR . T Gaia
2.0 FF2 NV E R FRATT, FE SRR R 4t
Bl IR E R B [F R, N S T I i Bk
O & 7 2R FRATT I e th 3k R G Bt 2 (1 B H
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carbon isotope excursion at the end of the Paleocene[J]. Paleoceanography and Paleoclimatology,

1995, 10(6): 965-971. (JEC5EHE)
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Yao W, Paytan A, Wortmann U G. Large-scale ocean deoxygenation during the Paleocene-Eocene Ther-

mal Maximum([J]. Science, 2018:DOI: 10.1126/science.aar8658. (JF S FERE)

Zeebe R E, Zachos J C. Long-term legacy of massive carbon input to the Earth system: Anthropocene

versus Eocene[J]. Philosophical Transactions of the Royal Society A: Mathematical, Physical and
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3. HER R G 5N
PNAS: AEtHHbERAOELER R

PNAS : ANRUHERPmifbidie

013 4%, IPCC % F. X VAl #)

2(AR5) WE, HEREAR TR O
7) BB, NNz (LR KA Co2 ik
FERE TN ) A AT B2 AR 20 tH 20 i DLk
BRI I FE B R . EEINA,
ARGk S HE R S i S — PR, IR TR
S R GRS R AR

2017 4, BN EE IE 300 Hb 57 AR 44
PR, N7 BE PR ER RS2, R
BN ER RGL e DA T 2
I B SRR A L

2018 “E4EH], dbEKMFFLLFET, KK
B8 X R 28w, 3R RV FEGR S R
Ao FERINIGE 2 M w4~ H 3L, B,

I =

M. SEPFEBE 7 FE K R, Rk
BN H T 32 B RE R TH
31 H, 1B 25 b 50 N #4 0  I, Nature
Communications 7] & # 3L {North China
Plain threatened by deadly heatwaves due to
climate change and irrigation) (Kang and
Eltahir, 2018), EL$%&xi 4 H LI «
i %= AR R IE R, 3 2070 4 & 2100
ARG TR AR R K B 35°C H i BRI
BIME, B PRI R

Jb 2R 10 7 H R AU AE 8 IPCC K
TR B HEUEHE SCRE. SEBR B, H 1988 4F
IPCC FALLAK, PRAS MR AR AL N A AL
IS — B R E L2 —. WAREE

“4—;4

= 1

HERSBEAR TR IRFRER (Lenton et al, 2008) RELEHISH. K#E. HIRFARHNRARENZIE

Feature of
system, F
(direction of Control Critical Global Transition
Tipping element change) parameter(s), p value(s)," perit ~ warming®* timescale,* T Key impacts
Arctic summer sea-ice Areal extent (—) Local AT,i, ocean heat Unidentified$ +0.5-2°C ~10 yr (rapid) Amplified warming,
transport ecosystem change
Greenland ice sheet (GIS) Ice volume (—) Local ATir +=~3°C +1-2°C >300 yr (slow) Sea level +2-7 m
West Antarctic ice sheet Ice volume (—) Local ATy, or less +~5-8°C +3-5°C >300 yr (slow) Sea level +5m
(WAIS) ATocean
Atlantic thermohaline Overturning (-) Freshwater input to N +0.1-0.5 Sv +3-5°C ~100 yr (gradual) Regional cooling, sea level,
circulation (THC) Atlantic ITCZ shift
El Nifo-Southern Amplitude (+) Thermocline depth, UnidentifiedS +3-6°C ~100 yr (gradual) Drought in SE Asia and
Oscillation (ENSO) sharpness in EEP elsewhere
Indian summer monsoon Rainfall (—) Planetary albedo over 0.5 N/A ~1 yr (rapid) Drought, decreased carrying
(ISM) India capacity
Sahara/Sahel and West Vegetation fraction Precipitation 100 mm/yr +3-5°C ~10 yr (rapid) Increased carrying capacity
African monsoon (WAM)  (+)
Amazon rainforest Tree fraction (-) Precipitation, dry 1,100 mm/yr +3-4°C ~50 yr (gradual) Biodiversity loss, decreased
season length rainfall
Boreal forest Tree fraction (—) Local ATair +=7°C +3-5°C ~50 yr (gradual) Biome switch
Antarctic Bottom Water Formation (—) Precipitation— +100 mm/yr Unclear? ~100 yr (gradual) Ocean circulation, carbon
(AABW)* Evaporation storage
Tundra* Tree fraction (+) Growing degree days Missingl — ~100 yr (gradual) Amplified warming, biome
above zero switch
Permafrost* Volume (-) ATpermafrost Missingl — <100 yr (gradual) CH4 and CO; release
Marine methane Hydrate volume (=) ATiediment Unidentified$ Unclear? 103 to 10° yr (>Tg) Amplified global warming
hydrates*
Ocean anoxia* Ocean anoxia (+) Phosphorus input to +=20% Unclear? ~10%yr (>Te) Marine mass extinction
ocean
Arctic ozone* Column depth (-) Polar stratospheric 195 K Unclear? <1 yr (rapid) Increased UV at surface

cloud formation
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Glacial-interglacial

limit cycle

Stability

Temperature

|
v Cold Hot

1 WIRRGRRESKER - [EKETEIN G EIRRIIRE HRE (Steffen et al,, 2018)

Tipping elements atrisk:
© 1°C-3°C
© 3°C-5°C

Greenland
__Ice Sheet

2 FERREEREBENIRFLREL (Steffen et al,, 2018)

R “RAR” SRAIR S A5 A — FhAs e KA Bk
BRAAR B 5 — MR IR, “RE” EH R
BT A UORRE R, H4 7Rk E
AFRPER . HUER RG2EH NN, CRER”
ATRERE, HERW, W HA—E /R T
RS, AR T e S 2E 3R (tipping
elements) FlIlfi 5 i (tipping point) KFHIA
Il At 2K A — A5 N EEEH R
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I 28, RO R G ERRE R AER
AL, FEXT N EE ., Lenton et
al.(2008) fE i, HLERSE RGAH 15 Ik 5
BR (K, FWINN17A), 8 AIKERE .
A= 40 B R — DR AU FR AL A M 3K R 4
) EELNEZ N

XL FRER R S8 AR
TR R AR T 2R DL R R ) % A AR A



R, PPl N S s 3Rk R 40 (1) A I8,
AALEER NN IR MK R 84 [F) RBE (A4
HhERPER AN 2 R, IR A B R A MR 2
i, HH5HS5 NSRS .

2018 4F 8 H 6 H, i M % & Will
Steffen 43 157 1) [ bR [ BA 52 38 7£ PNAS [
Perspective 12 H K& B3, PLS{%3) /1
o DU AN & 2% PERL 2 B, A
T NI BHIER RG] R AR PL

SCHON A, 5 DY 20 I A DLSR R b Bk R
GEMAL W 7T N R Bk R SR AL 7 5t
2120 AR, 2R T R BUE AR
FEFE RS, HOBERSARAE VK - TE) VK3
Z AR, REFARREAE2ME, H
BRI AE— B ARt — ANk,
TS T 10000 £ 4, At % 120 /5 4F
A TR UK A BE AR 2, TRIEFE BE AL, (R
&, R A, ZRERGPEL
JE UL K NAiE B, NSk R 45
TE PR i S UK - TRl kT [ (D). 24
A C& T A AT FHE 1°C, KR CO,
FE I B DU L B UK e el . A B AR S
IR R G CAEE T EBEAS AT =
R, AT AR R 3 B0 S e A R B
AN UK E R .

P AR, Z K2R E CO,
SHHE S A 2 MARE MR R,
RENFKHEBUR = A1 2 5 —— X H st
BR5E T AR REER AR VT . 1EH BTk
9, HBBRER G0 PRI A ) BR ) B R 5 I
FERTREAE FHBE R - s B AR 1 IR It 72,
A BERCA T AN R R 2 S
. KEWFACOEEY, XTIk
FHE2°C, WSR2 EEIERER, B
Fuft— AR, 51K 2 K N B SR )

3. HiER R 550
PNAS: AKHERAELEERR

BE, GRER R GUR I RE (K 2. fF#
VO 2 CTHEAE A ER R HIAT R BIE,
— BRI, HUER R G B EA B AR
VBRSO P R SR AL, M ERR B
Nl 2 ERIR I . O 1 X ) T K BH RE iR
% (greenhouse), 1E#FFrE Al H 1T N LA
18 % (hothouse) >k i i iF F 2 3% 5 1 Hu Bk
KA.

AHER B, 2°CTHE BIMHE 1L /2 2016 4
BB (BRI E) MEZEE -
W A BT 35 R bG b A i b R R A
HITE2CRAN. (HZ, RERERIRE
1, #2100 4, FHRAKT 2°CJLPAATRE
SEHL (Raftery et al., 2017). R4 HATHI 5
BHERE B, 3 2050 4F, KK CO, & &
KB 2] 5000 F5 4 LRI B =K. Wk EF
23] 2250 4, K CO, & 8 M H 148
S S JE A ER R e 7 AR X 4.2 42
TEHR RS H L (Foster et al., 2017).

RN BRAREATRER, BaRH L
%o 14> 4200-3900 4 i 2 A, AL
I 1C A B BEARA, B A T BRI KRG
KAGHE B SR AL & R . a5
2°CTHERBIME, HIBR RS % R ER AR K
I, o RN 2 & B AR IR ——
ol BRI, W0 WE. BXRHE N
I, BAR S e AR A fE AL

Nk 25 Wb Z5UAE il B IR S FH UK Y] - )
UK 1 [ 22 1) 4 21— M 1 A AR b IR i
12”7 (Stablized Earth Trajactory), 7E L Tl
AT THE 2°C AN B SRR, 3 4ER AR
E. HAEIE S, KA B RLFE
UKIIA] - DKIIEIA B B e, 038 S
ITEBUE, MMRFFIIR RS HAE E 1

B “FathER” CEBE T FLig 5t
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ERSE
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R WAAE TS A 52, TR IR,
XA A W AL, B R SR IR IR
Ao iR ER AR 2/ BUR IR AR, HE
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Foster G L, Royer D L, Lunt D J. Future climate forcing potentially without precedent in the last 420
million years[J]. Nature communications, 2017, 8: 14845. (SRR

Kang S, Eltahir E A B. North China Plain threatened by deadly heatwaves due to climate change and
irrigation[J]. Nature communications, 2018, 9(1): 2894. (JECHEE)

Lenton T M, Held H, Kriegler E, et al. Tipping elements in the Earth’ s climate system[J]. Proceedings
of the national Academy of Sciences, 2008, 105(6): 1786-1793. (JFEC5EEE)
Raftery A E, Zimmer A, Frierson D M W, et al. Less than 2 C warming by 2100 unlikely[J]. Nature Cli-

mate Change, 2017, 7(9): 637. (JEC5HEE)

Steffen W, Rockstr ? m J, Richardson K, et al. Trajectories of the Earth System in the Anthropocene[J].
Proceedings of the National Academy of Sciences, 2018, DOI: 10.1073/pnas.1810141115. (X
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https://www.nature.com/articles/nclimate3352
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3. HUHR RS SR

Nature Communications : ‘27t 774-775 i)
SNBSS s ——R BES C kg

Eﬁg<%>%%m~ﬁﬁm%ﬁ
ASGIGEE St e I E
s R R T4 . B E C 2 b
FoME T SR S R R A T T
22 1C AR ? S EE I I R A AR R
BC RS . & C I AR
He b 1 FA B AR R, 6 77 324 4F T BT
R, “C AT SRS, FHIL A4
KA C 15 B ARERFTRAE, B
BER AR C AL, AT LIRS K
S M R, T AR SR
AL

H AR 225K Miyake et al. (2012) ¥ 7E
ot H A AR AE S Hh 4O 3 B R R L,

WIT T74-775 4F C R FE N, B g
FEIE B 12%o0, & 1E 5 K BHWE 3 5 2 i) 32
LI 20 £ (Do Bb)E, ZIMKRAE
Jb 2 BRAN [ X 3 DA KR 7 2= (R 3
KL (Jull et al., 2014 ; Giittler et al., 2015).
RS BRI« 774-775 4F UC - E B
T B G AR v RE & A BRI A, Won Y
IR AR — R T H A R AT
St JE R T B 774-775 4R 58T E A
LRI MEMRIANRKRE, RAW
Tl 2 2801 B B R AT DA B O R SR A —
TR A E R AR AL, - — PR R A
PR, S5 — Mg B KPH BT 7 S (large solar
proton event, SPE). W& Hr 2 1B K 25

A1C (%o)

A Tree A
O Tree B

760

B

780

800 820

Year aD

HAMARELPICTER “C & 774-775 ENSELRINE (Miyake et al,, 2012)
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3 774-775 FRMABRFEHELKER, "CBESEERNX% (Unsitalo et al.,, 2018)

1, A48T B R BT R e e 2 A FEMRERREFZEHARDE
AR AL 52 2], (H 2t 5 2% IF A X AR e 8 % 1 Unsitalo 1) H BA 3T 3 7E Nature
o SRR PH R TS S EE 2 CommuniCations I & 3% 5 #i#F 70 e 4, A
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FE S BN SR R . AT S AT A
s+ BT DA K BE B S B 2 U
“CAERN (K 2), it E i 774-775 4
“CHA MK R (B3, kM “C 1
774-775 SE1A R IG ) R A

FH SRR C A RN R e
56 T b R v A b X e v, TR AR A ML IX A
K, SIECH B4R RO, R R M
BRI 22 5 W 52 8 4 2l N RO RUZ,

EESE

T 2 B 2 5 E AR v A i XN KR
2, FEAIREE 75 T Hi X D) 52 3155 5 1 L R 3
B W /E R, AT 3 A 26 3 R BE. AT 7 IR
HENLT 774-775 SE BRI RS UC BRE 54
FEMIKEZR, RIUBEL G, "C 5&pEpE
Zm (B3, 5 IR K BH 5T+ A
“CHAKMK R (B 2), NifERT
TE & — W R P S04 T 50T M 4Em e
RIGHIING

Giittler D, Adolphi F, Beer J, et al. Rapid increase in cosmogenic “C in AD 775 measured in New Zea-

land kauri trees indicates short-lived increase in *C production spanning both hemispheres[J].
Earth and Planetary Science Letters, 2015, 411: 290-297. (JE Z§5#E2)

Jull A J, Panyushkina I P, Lange T E, et al. Excursions in the “C record at AD 774-775 in tree rings from
Russia and America[J]. Geophysical Research Letters, 2014, 41(8): 3004-3010. (JESZHERE)

Miyake F, Nagaya K, Masuda K, et al. A signature of cosmic-ray increase in AD 774-775 from tree rings
in Japan[J]. Nature, 2012, 486(7402): 240. (JECFHEREE)

Uusitalo J, Arppe L, Hackman T, et al. Solar superstorm of AD 774 recorded subannually by Arctic tree
rings[J]. Nature communications, 2018, 9: 3495. (JESZ§#EE)
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B2 URISEAT

ujﬂ%ﬂﬁﬁﬁmigﬁﬁ,@%
AN LS, Ll TR 5 R i
(¥ 1710, HAEVHCE S RBEYR 14, 2
A ERAH 2 —E o AR A ) VR M. &
AR TR AN X, &L T2
WELH T, NINSKRMFNIE R LA Y
Rl AR TE B DA B Rl s A Bl ats 1 264k SR,
WAV W) 2 FEE A 70 A0 5 1L
IR ZR, Rz Hb .

T, Hi MLEFAE R Bk AR 2 A
0 [ Alexandre Antonelli %6 7E Nature
Geoscience | &K % | 8y “Geological and

climatic influences on mountain biodiversity ”

s, W sRa 2 N EEEE, MRk

Orogenic phase: uplift > erosion

a Noorogeny b

DO, b TR, gk, +3
AR 0 il b DY A2 S 30 49 M B 53 A7 B R
W M AU R R AR ) 2 R AR
Mo AT REE ., BRI -

(1) 4~ 2o il J5 04 B 7K 2 2 520 L
XYL XM+ & R REERNR, 25
Ly s P e 2 3 A T P R M T, (AN
[l XA B R 22 5 s TR R AR, R
R o2 S DY A2 S0 (1 3 B R

(2) & IR S5 EM 2 FEE 18 5%
BRAT LA 9 4 BB (B 1D -

BB B G g sh R R S
R R, AR BN, R
AR MDFIE AR B BAE (& 1a).

[ Uplift < erosion d Post-orogeny

Climatic and geological processes

Orographic precipitation Rainfall seasonality Precipitation
Surface uplift Sedimentary processes Glacier formation Reliet
Vegetation cover Mutrient runoff

Old lineages

Denudation

Sail diversity

Glaciations Landslides term erosion

Species richness

Isolation and re-contact Hybridization Speciation

A1

Glacial extirpation Habitat deterioration

Ut AEY S BRI KB

a-d : RGBSR E, AUk GREGE) R GRS BRI, ITRAKLE CF) s L.
R LIRS /BRI /A s AR R EAMIRAE . 73k T7 [ AR AN M T R W0 = o S MR H i, (HB AR
MIRAER (ke A RAERRER & A TG SR AR P, S22 48D CAntonelli et al., 2018)
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BB BEMEEJOLER, A
TR R R R, R ETE, 7RI K
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HrR . OEOREE AR, HAYRE
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WA A AL B A R R P
S5 S T T e e R A AR A )
DRI, R 42 L i A ) 22 5 P T B 25 0 S
B, TEEIRNBE A E —E A A
TER . HhERRL Rt e, wE A% &
FEFIBEAR S H R W 257, (S FRATT AR 8 I
5E LU T ORI T 0 3 e AR (], HE
o PR o 2R, Ik SR AP 704 S 2 e b R
TEFEXS A 2 I B R SR AT AL A

Antonelli A, Kissling W D, Flantua S G A, et al. Geological and climatic influences on mountain

biodiversity[J]. Nature Geoscience, 2018, 11(10): 718-725. (JE M §58E)
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BRI, BTN IR
5= e E 52 (K 1) (Doney et al., 2009;
Honisch et al., 2012; Zeebe, 2012). R
5 RE R RS CO AN A
o BRIREEH W — RINERA K, Hrp
BRIR ERH VDI AR B — IS i — B E A, AT
DA SO W K B BR AL 2 A 2, 0T i 7K TR il
BAHAT R Y. B A T
TH— % 5 T P IR S (PETMD I
W, VR DR R A ) S A B, B IR
EAMEIRE (CCD: Carbonate Compensation

Atmosphere [850]

Fossil fuel CO, emissions (8.5)

co Emissions from land use change (1.0)
PEOyg

Net CO, dissolution (2.3)

Depth) I/, J5 8 EH K GEL
PETM ZHIHIKF) BIRHE. Xtk 400
AR A A B TR 2k R TR R ik /N A2 U T R R
EAT AN, BRIR SR R O s T B
i 0 R R B Y5 3 398 o 5 e R A R T
(7K, D 5 T A AR N i 5 80 7
BRI, AR, A e AR 2
MASREFAEEINRE], WERR
ERAME R ME AT LA BRI 26 (1D A 4b
2%, BT CaCO; [V AR BRI K 2); (2)
EAME, RIS AGAE R A R CaCO,
) 72 R 18 0 B8 /N . AR AT R K B

ii ()
L U
LA

Terrestrial
biosphere [2000]

Metamorphism

Volcanism
(0.1)

Silicate
weathering
(0.1)

CO, uptake (2.0)

+ - + 2-
CO,, i+ H,0> H'+ HCO,¢32H"+ CO;

Carbonate (0.1)
Kerogen (0.1)

B s o g R e

& 1

LA AR RN IR PERR LR / B CaCO, VLRI BRI 72

Net CO, fixation (10) Calcification (1.1) ﬁT’ 4 .

i (0_1) Shallow water

weathering

Surface sediments [0.003 x 10¢]
Fossil fuels...... [0.005 x 109]
Shales............. 12 x108]
Mantle . 5000 . .. ... .. [32 x 107
Carbonate rocks . ... [65x10¢]

Shallow water
CaCO, burial (0.1)

C,,, burial (0.1)

BERBEIAKRERFEE, CaCO; MANENERIEREE
Ut SRR (IR PERAL RN / B CaCO, YRR AR « 2}

RFFRR NI Z . KA CO, RN, (LK CO,w HCOy FI H B -FIREERN, BEMiFRHEK pH H. FN, pEEH
BTIREERIN, CO B PRk LK kN, UETRTFAR CaCO, IMRANRREE, (RUEFIEAR, 5 SOBKAR Eh LRIV MR BE U/ (Honisch
etal., 2012)
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B A R

Saturation horizon

. I 2K
— Lysocline
[ -
-
Carbonate
compensation { /
depth nowline

o 3k AME B E CE R

2 EFDEREBAMEERAXRRENEE
HEVE CaCO, FRATRISCH) EER FEVEEY) COFRIEEY . M. ISR A M%) (5 Boudreau et

al., 2018)
a o 0.0015
14 -
24 Peoa—> X Compensation Saturation 0.001
B 4 ] depth (Z,) depth(Z_) [ o0
= 3 ]
B
& 4 B
&) il g | 0.0005 2
67 ------------ i . &
Chemical compensation only
i 0
10° 102 10° 10* 10° 10°
Elapsed time (yr)
b o
With bioclogical compensation
14 25% maximum reduction
E 2 o in CaCQ, export
= 3+ Compensation Rapid recovery
£ 4] depth(Zo)
& .
5 \Elt-ilayed —
64 -.,,.‘-"'ﬁc recovery|
s AR
7 1 e I3 T4 5 6
10 10 10 10 10 10
Elapsed time (yr)
€ 45 =
Rapid recovery
5.0 \ /
i Snowline (Z,,,,) \ Delayed g
= 5.5
;&’ Overdeepening
o
6.0-{ With biological compensation e
25% maximum reduction vNo recovery|
in CaCO, export %
6.5 T LB L) B ) e L R0 Bet e o
10 10? 10° 10 10° 10°

Elapsed time (yr)

3 BEFALESDNN KRR CO, EEMFMIERN, EFRERLFENELBET
a.pCO, B IR FE o, AWEAMEMER T, BRERERIBRINREE (Zsat) FIAMEIREE (Zeo) [AEfLiEH . b, FERRILE
PRIEFE, AMERIEYAMESLFIVE R, A A E PRSI AL OB 7 “HEIRISE” i RS B, BRIRER
MIFIVRSE (Zsat) FIAMEIREE (Zeo) ML . . b BT, WK CaCO, HEAL “FHLE” (Zsnow) ML (Boudreau et
al,, 2018)
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K % (Dalhousie University) Boudreau #{
. 518 ¥ 3 K % (Utrecht University)
Middelburg #0452 J2 7 1l K 22 % — 0 # iz 1
Nature Geoscience [ & [ AR AT 55 8 ik
R AN T EMEAAE X R
it F2 B B 5 45 (Boudreau et al., 2018).
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N, HEPERRIR R T AT L (13D
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RV R LI AR ok BR R AN AR A, AR
VEVEDRRE TE I P R, IR AR
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Ma) J¢ 20— gt SR ek 4 K ik (~ 65
Ma) (R BR R Eh A FR T ARRE =k AT & 31
il s o
RERAEEMN, A RZE DTN
FRNGEFER) BN, R R AR SR
2 T) ) T S5t R VAL . B IR #h AR 5 Al
ML I AR 2 o) R R T ) RS A R T
MR A RKZESR, 75 EREAED 4
A2 A1 1) oF T e 5 TR oy A Ak 2 AR A
HAEEMRE L.

Boudreau B P, Middelburg J J, Luo Y. The role of calcification in carbonate compensation[J]. Nature

Geoscience, 2018, 11(12): 894-900. ([ 5+

Doney S C, Fabry V J, Feely R A, et al. Ocean acidification: the other CO, problem[J]. Annual Review of

Marine Science, 2009, 1: 169-192. (JE 4§82

Honisch B, Ridgwell A, Schmidt D N, et al. The geological record of ocean acidification[J]. Science,

2012, 335(6072): 1058-1063. ([ SZEHHEE)

Zeebe R E. History of seawater carbonate chemistry, atmospheric CO,, and ocean acidification[J]. Annual

Review of Earth and Planetary Sciences, 2012, 40: 141-165. (JE 55
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Geology: KIIREBERFHNEBERANURNRAF

Geology : ‘RUJRFEHHLE T A L2 2 By L)
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FEAEATERIE R, Lh A — R
v, 3H{EF; (Tambora) ‘K IIEK & ZEW
FEW B iR AR P AL R 2 — . KA
R TR P A= e R A E KL RS AR A K
A DAFERSE R 1 b 07 2008 AL RIS T2 (10-
50 km), I 7E S B R AFR A ] 4 Bk
Ao Ban 1991 4F JEH 2 Bz 4 IR oK LLmgs %
PR KO K = AEAS B A T 1] Ak
R4 7 R (Oppenheimer, 2012). ¥ A
SR TN St TR LN D/ T T (N
—HBAETLR NI 2R, AR A0 i
FRFK IR S, LA/ INRIORE (1) 7% UAE LE,
EAAE -3 2 W45 B B ) m) DL IE — 4,
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1 G 2 28R I U R BE G, AT T A A
PR EN RN

KO8 R RE R b RIS Z R A BOR
ZN K AR, B4 RE R s 2 K
SEZHFEE? 5, 0250w E T4
Wi th 2k L 5 T FE R 5T A 51 Genge 1E
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T L R W) 4 B L B 2 PR L R ——
W% A R H A 5] R KL R R i L R, B
HOE AR <500 nm F K BURLEE N L
FFAE 100 s FIN A RE EF LS E.

(R0 =N NS P o 1 =3 U B VIR R g VA
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Genge M J. Electrostatic levitation of volcanic ash into the ionosphere and its abrupt effect on climate[J].

Geology, 2018, 46(10): 835-838.(DOL: 10.1130/G45092.1)

Oppenheimer C. Eruptions that shook the world [M].New York: Cambridge University Press, 2011.
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Nature Communications: “#RJEER” BYBI IR /RITEIFE—— R LR MLV H A9 H 2ER

Nature Communications : “B¢Je¥k” BIE3D] i
RS e ——WE5S B8 ok Ze DL IR0 S

FEIX A F AR R,
JEQEWWQ%,ﬁE@QM,@%
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IR, BB E BT AR, 6
T AN JE R VIR, R T2 e W2
HH B RERORE 1 A RE SR TR RO A KL T
HFEHIEFE (Akasofu, 1964). — KI5
FRE R Re s, AHS T — IR 5.5 B RE
. AERPOS St ek 2 & A i
o (B D FERPIERRERL TN
KN F A2 A SR
H A 1964 4 K IHEZ 5% LAk, Hofil
R — B 2 0 B LBk o A 0
) —, V2 i ok R D B (] 7E 43 R
JZ, T R T R 2 B s

JRRAIEAR BRI LA kAR, B
FEAG PR B[R] A BR  d skb ™ ) 2 ) X 3k (1) fike
RVREA R L RM AR, iR ZE it
PR — G A N2 2, HEAT IR
il R LTS SRAFAE R 4+ (Lui, 2009) 6
M X HL B S T RO SRS A A R
T i R f I T BRI UE SR, B I 90% 11
V. 5 T R 08 AE s 0 AR O B 3 W
FIRLBERRE) “WIEER”, I, ok
BRI N2 Rl R W fR R s 2 —o BESE
O BR 0K 40 &5 4 S HL = AR L R 8 Dy
TR g B ik R B 4 AR L 25 (S B
He [E] B} 2% X Kalmoni 55 A if # 7E Nature
Communication b &R EHWFTL R, FIH
— P B ' 3 AT 77 (state-of-the-art)
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Akasofu S I. The development of the auroral substorm[J]. Planetary and Space Science, 1964, 12(4):

273-282. (JEEHERE)

Kalmoni N M E, Rae IJ, Watt C E J, et al. A diagnosis of the plasma waves responsible for the explosive

energy release of substorm onset[J]. Nature communications, 2018, 9(1): 4806. (JEC5EHE)

Lui A T Y. Comment on “Tail reconnection triggering substorm onset” [J]. Science, 2009, 324(5933):

1391-1391. (JESCEERS)
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The path to carbon

Since landing in Gale crater in 2012, the Curiosity rover has reached the base of a 5000-meter-tall mountain.
Samples drilled from an ancient lakebed have yielded organic molecules that could stem from biology or geology.

Aeolis Mons
(Mount Sharp)
5000 m

& 2
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Eigenbrode J F, Summons R E, Steele A, et al. Organic matter preserved in 3-billion-year-old mudstones
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Yoshida H, Hasegawa H, Katsuta N, et al. Fe-oxide concretions formed by interacting carbonate and

acidic waters on Earth and Mars[J]. Science Advances, 2018, 4(12): eaau0872. ([FECHHEE)

Klingelhofer G, Morris R V, Bernhardt B, et al. Jarosite and hematite at Meridiani Planum from Oppor-
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EESEXM

Durham, W B, Kirby S H, Stern L A. Effects of dispersed particulates on the rheology of water ice at
planetary conditions[J]. Journal of Geophysical Research: Planets, 1992, 97.E12: 20883-20897.
(JESCHERE )

Durham W B, Pathare A V, Stern L A, et al. Mobility of icy sand packs, with application to Martian
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SRR
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Letters, 2017, 44(3): 1243-1250. (JE 305582
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5.Never stop exploring
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5. Never stop exploring
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5.Never stop exploring
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