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Abstract: Earth system science becomes one of the most important themes of geosciences in modern days, featured by the
investigations on interactions among Earth spheres. Meanwhile, Chinese governments are paying great attention to the societal
development of some typical regions. Integration of the scientific frontiers of geosciences with regional societal development
thus leads to the proposal of Earth system science in drainage regions in connection with the regional societal development,

exemplified by the Yangtze drainage regions in which two national developmental strategies including the Yangtze economic
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belt, and the economic integration of the lower Yangtze regions are being constructed. Earth system science in drainage
regions deals with the geological processes, evolution and effects prior to, during and after the origin of the large river
systems. Three issues are in particular discussed here; they include the interactions between surface and deep Earth and their
effects on mineral resources, interactions and coevolution between life and environments, and the relationship between the
environments and cultures and civilization in the drainage regions. Some important scientific achievements related to the three
issues are summarized here, with the proposal of some critical points left to be deciphered. To further understand the
evolution of the system in drainage regions in geological history, one of the most important linkages to deal with would be
the coupling and co-evolution among water, carbon and heat, in particular the relationship between hydrothermal dynamics
and carbon cycles. This linkage shows close connection with the regional resources, ecological environmental conditions,
geohazards, the culture and civilization, understanding of which plays important roles on the regional societal development.

Key words: Yangtze drainage area; Earth system science; deep Earth science; geobiology; global change; ancient culture;

ancient human; regional planning.
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Fig.1 Key points and scientific issues of the Earth system science of drainage areas, exemplified by Yangtze regions
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Fig.2 Interactions between surface and deep Earth and their resource effects in the Yangtze drainage area
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Fig.3 Interactions and co-evolution among the biosphere, the other Earth spheres and the extraterrestrial bolides
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SCAR kA R AR R 2 R A g SOk 2 R
T IR Al T, B AR A T R i B T
B, AR 28 T SO i 8k IR A e ar AE KV L A
J, 2ZJe 10 2 Sk s 4 U] R A VL i L AT T Y
(N7 a1 e 0 A O N 8= A ER
% 0 AR AR BT K B EDE i AR 4 L 2015) .
a3 TH A 2 A Y T N 28 Ak U R AR Ak
K REY) B2 8 A S04k S R T
TR AR A 56 ATl AN 28 AR IR AR N TR
EEEEEECS A I RSIEYE Sy 3N 154 [N
M AL el N R U AR AR L
TR A G BRI g AR Sy R N LK
T 0 2% 1ty e B 7K R 3 B8 5 X I 3 28 7K S0 R
i 2% Y1 AH O . 4 VT v Ui 9 e K 08 s bk B T 2 4
F oty kB e R K R R 2 — (i b 4 Se Bl
W58 B 5, 2024 ) , A G230 st ik D) 307 97 36k v A
BB OK F KT VR I NI K R R 5] K
TR A A R Y R B OK R &R GE (5 155, 2023) . K
TLF W Y R a8t bk B0 T R A K R I A I
Bk X TR KK I T R SR R Y — B £ KR
R 45 (Wit TT 48 SCW % i WF 5T T, 2019) . T 30 A Ik
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Sl 3t hik XU EURH 358 B | 3R T a5t Bk L 40 e Ot ik 4
HB & BT ) K B IR 0 35t 30 R B % (O 8y, 2024)
3.2 Xt R IR T X R A R0
KT K 2R R SR IR T 3
BEO AR SO MG — a5 SR I A 55 B 2 A X
KT SO W 45 5 7= 2 T — S R B ) R 1 M
J b BE 5 A S KT S ) — S B R R A G
M (15 K #i, 1991 XB 4w , 20025 X1 £ 4, 2016) .
TG, KT S M T B A B LA R
19 22 BE M, L G0 R 5K A2 1 VL DL A 1 0 b A S
ARG A X R G XA RAEE N £
REME SR W T3 A b X AR SO p B A ST Y
Z R BT DA VLU 30 T SCA R N S L an -
Ui 1) B &) SC Ak, HpoiE 0 A R S AR FE SR SR
Sk, TR RO SO L Bl Sofk A SR S AL
Fok, KT A R U SR A O R X, A X
LR, AR SMES RE, IR
e FE SC AR b, st H A AR AF 00 T 0 A 2
FHYK 3 Ml DX B8 R 0 BT L B T K R
AR MR AN R TR B 4SS AR R
HIRT B4 A T X AZ IR, e Nt & )i
WVFZ IR R BN KR RS R EAR
S5 IXREAE 5 5 B0 A HL A AR 5 A1 T M R E L
PESEBR LB A A SCAR VR 2K R TR T R A
FIEK % B A A 4 T ) FH B R A8 AR AR B0 T 3 26 1) 3
i & 1 e BRI, DA A e LR AR R
Jr FEAE R B TR AT SR AT LLUE R AS W b a2
o SRR T DL Al B AT O A% O 1Y R SR
B, R e B R XA X &
LR B R 2 S AR E L HAl S
oA Wi & R, Al A H B R, BIIR B A AR
BN Hb R 09 & BT L S b R R i K
T ST AR AR AR IF R, B IRATIE
WA RN S [ SRR RS RARE W T 1 .
33 MMBAMXBERFEHS
SR AT E 2 7E 3 55 DL K B0
SCAL Ty T EB A TR i e WA T
Wi 2 I8 A7 75 % V) B R R K OHE 22 90 i, (1 —
Se O HEME RIS A TRIR A
T, i v A SR TE Ak 2P XA B
P2 At DU R SO v e — — 7R R R E 1L
1717 3 AT v T A SC B R v AR SRR 3k R R I R AR
T %2 KRR b2 A2 3 X 3034 85 & 8 1 A8 19 52

A 22 R A B R T SCWIAS By i [ A7 B9 5 D, T 2
— AMEAFRA R R Rl R, B SO S K
TLSCACHEAT T 22 U0 AR EL R W), A 28 I 30 02 B3] SC
A R T SO 7 A TR R S W A L8 3 DU E 4
AR . 3K S8 A R R A PR 5T 0K gl [N R A A4
FJLUR, 5 B o E A M 2 o B2 SR A B
I, 92 BN E M B RE A AL B B R O e R Ak
M85 0 AR A AT LS B RE AL o SCA Y I s A
I B AT E B A, A KR A RE E BT
it 3L I8 BR B A8 3T il S TR B ST A L —
D5 T, EEAE Bh Y A KB AR B R ik
BEAT or M, 53 — O T A B O K i A B fE A
R AT 2 AL A X S i A R 2
R A SURE S T AR, AR 5 A SCH B X
il 0 0 B AR K, 5 A T B0 OF 5 LR R 7
T 58 SR G, TE 0N 5 2 B AR AR 1) 2 B A R
(9 K Jie o o BR R ZR R B oA B B B B, R
M 28 55 At 2 T I 04 EE R B S XE R A, T R A
RN SRS S T R R (O

4 YR G B R Z AR S KR

AT 3 = K T2 A0 i) e o 1 O ek B R 4 R
TR BR S5 0 SCAR R R 1Y 56 AR X 2 — A XU R Y
KR E R B4 B 24 57l DL X
=R T TR 5 S R T A M 5 [l R —
48— 1 R A 2t gl T b Bk R e B A 1 15 1 )2 AR
AR P A M 5 R] Al R B IR AR — K gl
5RO SR AT A XA A R B IR R TR
E RS LN N 8 i D i
ge— & ok, [A] iF 3RE Iz 55 IX 80 22 5% Ak 2 10 K
41 BEERMBRERSKRREATREXR

EH R TR IR (1 5% R Ok 48 % T B0X
A~ Ve R R G 10 15 VL )= A T e G i T e ] 36 A (TR
1) K Pt 9 5C RS2 PR b AR B T I B o 0 B A
[ A= NSNS (Ve QN B - 7/ B ORI £
Ak AR M A i BE AL U B g sl A R B R
b ST G AR A B A S R (E AT = 2 ] Y
KA TGN, ik =& Z 8] 1 5 & 2 i 5
2N S S I RE 7 9T O N i e AN i - ]
A T[] 38 Al B Be B AT A ) B8 7K B IC B L K B OC &
o an, AV R — R X, R H T M AR
2 B AR AN ARG N [R] — 25 % At b X 22
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PR TR T B M X, RV SO LR B Y K A
file ¢ & DX F LAt 3t X W] B KV R SOE R 2
HEAE Bz J5 5 A BT 5O (AR K #m O &
HAE L, KZRBARGA N T HAM RGN — K
K ZR PR BRI 7oK 5 AR )E R .
ML B A BE R A B, R)Z RGN — R ELERE 2
KA KB A R G, K E T R G
AR RE RN A S R G A TR B Y
MEZWMHAERRGE SKEVHL W REN A
26 Pty B A Bl B8 KX AN BUAS W M Kk e RN 4,
A 455 K 52 ) K R TR RO Y B A SR R, T
FER T SCAk B TR LI — a5 VI B R A
i SCA DL K R Ak b S e A O FE WY B L ) G kT A
R A RS R AN S & (AT S0 & AT
G SCAK A A () SC Ak 2z [) A A R 5 b XY 7K S
IR % V)M 6 (Xie et al., 2013). 52 Bf b, A SCHE
FERNTF AR, I B 52 AP B A
HR VL B S IR R 5 R TR AR T R B A
RER S ARERSRZRENE KRS D68 . A5
A7 E B R TP R AR BB R T SOk E R A B B
PE,XIEZ—FHAKEFRE AN RIS R
MRZZRGEH ARG KR T 2 XEE
AR HT . AR B ARF o T LA b 3 K A A 7K G o DT AR
i A BB b 2R G0, I % DX 4 T A BRI 25 R L
WG ) AR IE MR AR S e KRG Y R A
A AR DO AR 0 B A E T AR AR o A T
R, R KR OGRS L LU IS
EEHSKAERZHDHEKR EHRAKRR
TR S 5w 28 08 4B 4%, VI 5 R 48 A T
oA R Bt 22 5 T JF AR R oo AR R E A
0 B 1 B R o (Deng e al., 2017) 5 KT EIRRY =
VL HE X B JE B AR R (7R 35~28 Ma i IR g
AR5 AE 15~8 Ma i 38 2l g 2 i 46 55 U il ik 72 1
AL A F X B RES, b A A AR
BHL, o F Ml 7 i b b R AR 55 2 4 4, — BB X
Sl b JBT 9 AL 5 K SOIRBE A OC L i, RS BUX
S W A K (B3 TR 4, 2015) s =R E K G, KilE
b W B =S K A 8 AL BROK R 3 m S
M 7R M X B — 26 Hb 5% (Huang er al., 2018).
HUR, Bt 2 — A 52 W O Sl b 2K R G R Y B
PR Z X LR B AR T AR S I P R O &R
Bk 19 A i A O2 ik E AE A, TR 2 R 45 T
B L O HEEMAENS S Rl 2 MED,

PRI T g 3 35 J2 3R 50 110 4% 28 ol AR AT 00 B e 0 36 . I it
EW,REEBHASRSE, Bt EHMY S ME
Wy AH BLAE AT DL B B A R R )RR
Hegik , AT DL SE AL T A 4R o A2 Y ik 98 HF (Huang
et al., 2018) . iX FE By H ot o F2 L W] DA SR AE B )
5 A Z 18] (Sun et al., 2024) 1E IR M R 55, b
I 2 Ml IR B KB Bk A B A AR TR i B
GV 2 R RS R R )E R,
BB T KR CO L CO,  CH, % & ik 1Y Ik
A, ORI 3R 2 R G MR M R 48 AH BAR
FH 53 — A B 28 /K R #8280 &R 42 1Y)
BY G . — DR T W) FE LA RE =
Bl g2 B ) R 7R R R R G, IR Y g
g V18- A NN AN ) W 7 E O )
T RER G KSR M A 4 3% 3h (Jian et al.,
2022). 28R, Hh 3K R B B HE B — SRR AR R
AN R KA B I8 & OIS B TS b AR O R
R B B R ) B T AR TR R S
I #R s ZU Hh 5 e R Rk T R 2R R S8 B AL
42 RREERWHETER
TE F 48 5K 2 1 Bl = wF 5% 3 2 A8 AR (Fan
et al., 2020) , Bl % i 3 BR 2R 45 BL 22 10 5 1B 2
AR 5K MR R, RARTERBIFZ
NS (3 N T SN N A 1 B v o T
B — JROME R B 2 AT R R T S AR
B M XA AR L UK FR 41 RN R R B AR ) %
F L3RR U R R B B 5 K IR YOG R L R
BETEXT AR T = AR m AN af T
BOH R RS S BRI R A TR R A &
Jir B2 T XoF A S Ak 1 S R A — S HE L Y
AT 38 VA A B R % 52 5Tk S, A ) 2 R AR
5 by DX 9 A Y T Ak S X K R A 5
HATiA T i D KV 5 oA SRt (Rl
FEAE — B0 G 380 08 ol A0 AR R OK R E 4] AR
K Hby 5 1) A Ja B B AR A R i R I B A 0 M 2R AR
ARG HAKIOC R KB O R IR R A W],
23 Ma T s B R B T R W R T S B
JRUBE W B 2 AR Ak, DL B ik B A Ak i it ok SR =
3 B i3 DA R VB A 5 M S A B v
RHE 5 S008I0 R 0 S W db R R S RS
LS| P SN VT s TN NS e | R i 3
[ ADORTR-E2\S IR NS I F i ¥ S N B X
) 4n, G4k 7% B T 0 VE TR 0] R 3 v i b g
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SRR LT = =R S WL R N i R S0 O SRS Iy
Vi RN 2R 0 S 1 OG 3R DA R VI v R i BR B 1Y 5
M), B AR AN (B 30K, 2023) . ik >k K AVE i
B — MR EE R EE R ZE R G R R, U2
ars ma PR L R SE Y , H T IR M2 EE D A AN [F) Gl
LR BT, B AR /s T TR 28 25 S50 2 Bl
e TR W1 3 e o thE S 2 Y — KR 2R B T
Tt YA R L 0 R B A TR 52 (Han ez al., 2024).
B O OME R I BT AR R R RS M
JoT U TR IR AR R YOG R X R MK 2 R St K A
Bl X6 % AL G S W L DL RO B o AR R
K, AR E TR AESRZREMER
R AN EE RS & I S A IR N
W& B OA O, 5 #5858 R % DDA G . T Bk
B 2% T, R 0 O R e, 4 o X i B A B
G E A B L TRk B0 S R ik R R e b
DX 2 0 L o AR L Je o SO i A B 7 A S Y
me . A 5, T AR AT R R R AR B R — N
(Lennon et al., 2017). Fi A X B 454k, X H 52
Tl SO Y TR DL R IR S Y e e (O R A
2015) REMEXE LW FE&f T —Lm ik
WLEE A R THEA LR EALE Oy . BT
DX B K AR 5C FR 1 AL AN L E A 5T AR
A, T BUE MEXT — 2L M BR R 2 R G0 K Hb i
S A A 1 I R IO AT AR AR S R K
it %k M Bk 2 2 R G0 X 20 Pk AR ME A AT 5
B = JROME R A el K TR X K VK &R T Ak
5N SO K R 0 52 i A VT SR 4 3k I K S B
Y P M 2z — T B A 1 ST B BB AR s B R
SR AE AR A TN X A R ERE , AT T £
R TR X S TR XKV K & 0y 3 Ak 25 77 A (B R
M52, H TR IR AN VS a0, g5 h E 2 H AR
P = e R IURT D350 2 4 3K A KA KR T, 2o &
W Witiz (Bt i U A 1 22 T R R [ 2 AL 2
AT B RA #5952 {H X DXRTR Ui Y AR S A
Mg Z W A TR R R s L E K AL T R
— S ] YR RN T Sy — eyl T U4 R
(VP45 45 ,2023). Fifi & I ] (9 FRUER | 33k 26 AN [m] ] S
AT B AN T[] b 5T A R 35 X 3 A KK R 7 A
F ] T 5 e A I B AR AR PR BT L G s 4
NCHLEE R W A K 7ML A SRy AR R G S e X
WawiamER BHEAH T =88R,
B = R A B A LA 5T, N AT AR 0 A

AR Y T AR I [R] R R A K R ) AR AL
TP TN B OC R B U B ok ok & R IR B AT
Rl E BB RV AU 2 A A Y O Dl G
ME AR B T — A B B SO (AR AR, 2022).

5 4Eie

Ui B M K R g8 B A 0 24 AT b R R G2 R A
R — KM T 1w, B AT LU R E RS
i ER R Ge B 2 A OG0 EE R B E R, fi HL ik aT DA
DSR2 T AR o ik R AR IR BL A S0 b i
Ry KR =R R A, A TR VR B B B R R AR
N AW AR SR B AR T R OC R, DA RO B B
Hilrscb Mty AR A TRFEAERSH
AR 22 A J Y T S8 B I B B B 5 X s S Ak
1906 FR L 3X T S B 2 B BB BHR R
KR, e R R A R AR L 4E O e Y

AT 8 — Ui B b R AR SR RE A Y X =R
FOCH T, M MR K R = 2 E B O R R K
L N T 7 A i v = A O I NI 1 o = i = )
AN TR A 7K BRIE K B OC &R RKVE U B [ £
L0 P 1 = A N S v 9 I N 1 I ol
B AR EA R R K BB OC &L KR B 5 B —
A Ui B W BT B AR D O — A B Y B
gl B, K Bk OC R L PR BOR T R 48
() 55 B2 A ok R K A M Bk R S8 B 2 0 B

B A ALK B R B AR B 4 90 4
ORI A T FH T TR, EFFAEY
F AR A Y T KR
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