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AFRE ., KM T /KHEM ( submarine groundwater discharge, SGD) A& ER/AKIEIA B T E A A, R4
b At A0 O el i [ VA 6 Y LT RO T8 . 28 8 SRR T BRI PR DR TR I SE 0tk [ 258 T 2R A &K

JZEAET SGD R HbER b 254 T R B H A HI R & A E A 1) SGD 3 22 A1 &

I PR ECE VR R TR

SFHUEHIAY SGD A8 1w M [R5 ZRH AL, 8N T SGD J& 8 v #0056 nl PR S8 A4 51 R I 2 — |, B B M ] i i AR &

TR IR BRI E T

SR SRR I IICH T A HRE 3 SRR 3R 5 A B A R

WA T A A 3 OKAEY R Hk
V&ﬁﬂh?éﬂﬁi ML BRI Z 2Rt i S
2 5%, W 9 AE b 7l 25 5% 90 5% (Hess et al.
1986) VRIS K ( Burke, 1982) BRFRER 7 UE
YEFIHLHE ( Bellefroid et al. , 2018) L M ¥R 35 ¥5 YL ok
PR7REE (Nigro et al. | 2017)ffﬁﬁﬁﬁ§§i&fﬁﬂﬁ%

B, TEHL A OF 5 b B T2 R

TR B A A, A S R R AN
B2 e PR AN PS4 ), H o i PR T SR IR TR
Fili b 92 XA 2R 8 B ORIl ¥ i A\ 1) SR i PR R
(n(¥Sr)/n(*Sr)=0.7119) , & J5 58 = 2R IE TV
H A AR ST 4 B T IV 2 IR TR el A2 S R A 27
e R (n(YSr)/n(¥Sr) = 0.703) ( Palmer et

al., 1989) , FRIM, 38 iz 73 A it v 48 % [ 0 3R 1A 3%
%%A%u%tﬂéﬁﬁmﬂ i, R A PRI TR R A
TEASEA7 (Basu et al. , 2001 ; Beck et al. , 2013) ,#§
5 R AN 1 D DR R G b R A 2 AL 2
HERAE TR R 2 —

T T A Y oty 2 TR B 42 A ELAE A ot
Hte TR S OKZ SV A A R K
T Fh it ) v 6 0o AR P 5 0T R K S IR B e
ZEMFIRRRTICHE A 7 KA 20 B oAy 2 IR
i 7K HE 3t ( submarine groundwater discharge,
SGD) ” (Burnett et al. , 2003) , 1 i 547 ffiEAH

TE AR SO [ 28 E AR A g i BE B H < T
S

Wk H #7.2021-10-17 ; 2 171 H #1.2022-01-10; 4 1 & - 2022-02-20 ; AT ik . X1k

GRS R SGD AN 42 BRK 47 1 (1) 2 2
LR , BE SR A Ak 27 40 0 B i o) 96 3 i 2% )
AT ST B 1% 30 T8, 7E 42 KTV W) B M ST A
R 5 G W LA /E FH (Moore, 2010; Rodellas et
al., 2015; R A %45,2021)

FEIR R LIRS HA W AL (2 3 M
Basu %% (2001 ) 7F Science RiB T & N $7 75 SGD
iy ik B SR A R T B AR B R R )T, e AT IR
EIRBNT IR AR IR R Ah, SCD 1 STk AN 7 2
W, AR B MR AL S AR 3R AL 7 o3 B 42
7&5@75\% TR 7 B i 5 R e e B W) 6 R 4H LR AE

R A E AR, E N A — LSk ER A 1A
ﬂﬁmﬁ% (BT, 1997 ; SHAE4E S5, 2015) |, i A7
oK SGD FR A 1% S JH GV VE SR R 52 el 1) Bt 5% U
B WA 2 (Mayfield et al. |, 2021)

S AR A A B R RO YR ) Bl | 25
REMAEMETIKZHAMT SGD #R Ik k2470 &
Hosg e R R A W ok e FUAEAE IRl R, R 2 A Y
SGD 3 5 F 8 4 HER A BROE PR B , X5 FiT I 4 A
W& 1Y SGD i 1 SRR AT THEIE, LU i
SGD ST 42 R PR PAA 22 TR Y BRAR SN IR

1 A BRIETERER IR B HL R 07 38 4
1K SRR 4 RRGE B 22 o8 s
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Fig. 1 Marine strontium cycle model :
(modified from Vollstaedt et al. , 2014) :
0.7025 ! L : )

F® S, 78 M 5¢ B B 4 3 0.56% 9. 86%
6. 98% .82.59% . HRIFI F 2H MU AT R s B O
SREME M, — I, BHRaa (BAS R
OB A ) B & n(YSe) /n(*°Sr) A, X
JEPAYSr J& Y Rb AR TR, Y Rb 1] B AR A A
FER s AH B, T 3R] A8 445 B0 4555 A (IRTR
Rk ) BAE AR (YSr) /n(*Sr) A
(RNRAESE, 2007) Bl X7 B8 G [F] 47 26 24 LA 5%
N TRV NN e o | ol S 7 = W S L (V£
n(¥Sr)/n(*Se)E, R T BRSPS B b TG, Bk
Z IR IR 5| AR Geiee SRR R 8% sr (2
A 2011 25 [ R4S 2018 5 48 1F 55 ,2021)

YT, SE IR R AR AT SGD £ (e YR AR DL M
TR IR £ 77 FBAE 2 BR 0 IR 28 41 Al S Hqm B i Adis &
LW R AR | ) 4 BRIEE T ) B I 45 AR 4 0L
THA, Vollstaedt 45 (2014) F1) FH 32 A= w7 L) S ok iR
ER2A 8% Sr B, i M b A T IR R PR AR S
(P 1), BT S A Y R 2 B Tl SGD FlAE:
JIE IR A /b 15 T K TN e T AR T AR ) 5 1 1 G
o AT AH TR 53 Sk T AH Rl 12 46 4 YR 8E, A7 /D3 o
PR i A BT N T /3

Krabbenhift 5% (2010) 1 Pearce 5% (2015) F)
E A /Y SC R 2 I8 e 1 g3 A, B ST TS A
n(¥'Sr)/n(*Sr) HAME G AR E SRR AL 3 8% Sr,
ST A SR F A R AR A (1] 2) LR
i vV B T2 R R TN L SGD LV T e L A
HLE S & 11 A (i A T N VA R B 2SR
FUUBUE . RS An (Y Sr) /n(¥Sr) fH & T
K LA ) T30, 00 3 A B AR R BRI P n (MSr) /
n(*°Sr) ME — [ & S P R R, A SOk R Y
n(¥Sr)/n(*Se) R THKI, HTFEHETEx

0 0.1 0.4 0.5

0.2 0.3
3**°Sr (%)
Pl 2 9 7 4R IR A6 3R 9 PR A B (A [ 5 09 n(YSr)/
n(*°Sr) F1 6%/% Sr 2 WA LT BRIRER 5K AR
IR SR B R (RER) AR R (R o il
INASLJ 14 42 R B8 A B IS E A AC m b Hon(T'Se) /
n (% Sr) I T AE A, X 5 UK WA F 5 B0 i 58 1)
AL 1 A 38 N AH —350) ( Krabbenhift et al. , 2010 il
Pearce et al. , 2015)
Fig. 2 Marine strontium isotope cycle model. The various
flux n(¥Sr)/n(*Sr) and 6**Sr compositions define a
fractionation ( transverse line) and mixing ( obliqueline )
relationship between the carbonate and seawater, and
hydrothermal and river water end-members respectively. The
flux-weighted global strontium input does not fall at the
intersection of the two lines, and n(*Sr)/n(*Sr) is much
higher than the intersection, which is consistent with the
increase of river strontium supply to the ocean due to post-
glacial weathering referenced by Krabbenhoft et al. , 2010
and Pearce et al. , 2015

INE b TRV SR LU A /) Y YA Tl TR e 0 Ay Y A
ME—R 3L, Hon (YSr) /n(*Sr) N 8% Sr (H 143
%5 AME, X Fh 22 S AR I T IRV P B0 12 1 AN
A, TE_E— U pk ] U A i A D 434 3 B4R
{44 AL, 33X R B S B T oK) 1 A B SR R 274
IR R T T 2E RO T AR R R A Y
N (HFFEE A2, i Tz i a5 | A v 550 1+
SRR, PRI H A B8 A W 5 R o % 1 — 20
LI SGD A, n(¥Sr) /n(*St)AR A T 45k 9 4N
BB (Beck et al. , 2013) 1M1 6**Sr R T 4
AN A BE (Neymark et al. |, 2014) 3 2 Y SR FE 43
Mr AR AR AEAC 2 2 BR SGD H8 [R] v 22 20 Al S Hol
R, FRATT 5 Bk — 25 X 4 BR W 2 LAY X 3R ) SGD
PEATRAESTHIT , DT BE A AR B 2 Bk SGD #R IR iz
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AR A R, JH S A o Z [ SC R A o8
5 B R A R PR

2 b O R R R AT

7E 20 fHE22 90 AFARCLLHT, R A A HEHY SGD At
FEHMGE {2 H Moore 55 (1996) 7F Nature |- % 3CH5
S& [ ZRES 320 km KRR AT SGD il K/ Al
U YTITHEAGEEE v 0 7K i EAA A R A B0 2, A
I SGD W H E LB DA B BN TN, N T sk I i
il B K2 TR IR SR LD S BT & AR Al R Y
HEME, Moore (1999) 5| A T 1 7A] [T ( subterranean
estuary , STE) (M, BI7E 5K B 2 38 1) 1 16
FORZ R M IRK 5 AR 2 K2 T K BT 2 A
TR G X3, 1 XS B A K A B B TR KA PR
FHSRZN DA K i 48 35004 5 54 Ji P 45 R 1 (Santos et
al., 2012), £ STE ", fifi 5 H T ¥R 7K ( submarine
fresh groundwater discharge, SFGD) 5 /K IFAEFR5F
RA, M2 2 Ak 2 P A ] 3l I8 3 IR K 1Y
H 9F ¥ ¥ 7K ( recirculated saline groundwater
discharge , RSGD) ( Taniguchi et al. , 2003 ; Burnett et
al. , 2003) . TEIRA AU A8 rh2x & 2R B 2= 1 A )
BRAL A ROV, T4 s S A B B AR TSRO A AL
P BN A5 | M-S 25048 T 125 1 O BRI A i
B AN E FRER BRI SE (Moore , 2010)

STE H vk B2 1) 742 Al i 3 o >R F Bk —3h
JEARFKAL, Beck 55 (2013) 2T 425k 9 D uli 2 70 Hr
STE Hr &b FE—RR e 19 G &R R RAEZKF-J7 1) |
PR L LR FELRMEIE NN, Trezai 55 (2017 ) X i g
Hu X AP LU R 2 5 R B A Bk R 38 & STE HEAT 1 Ml
TACREE, IR HAR MR B N RSP IR 5. Mayfield
25 (2021) WA IR A 428k 24> STE W 55 i A 5 1
(9 225 A SGD Fffr , 221 1 i8558 BEAR A 2 P A 34
2, HER M R B R KT 0.6, F IR H T /K HETE
Rl ANy N TR NS M UE S ve . 1 NI =Y S i

SRIMT, Charette 2 (2006 ) 78 B JZE P45 75 3 T 30
FAY AR B L, & 30 STE A [a]J2 467 b F 7K v () 88
IR ARRSF PRSI, 485 5 1 S A P B R () 2D
Ak, AR AE AL 221k, FEHE AT AR Y
BRAEARXTARAY pH I, Bk AL 3R T AR A7 AE TE
H i, BELAS: 1 Xof At BH 2 1 A IR B 5 (EL v e LA 25 7K
BhAAALY TR AT, PTG ki 4 Ak B 7 4k
F IS0 (Beck et al., 2010) ., FiRBFFTF M 20k
Ry Wiy 2 55 L SR AR 5 254 1 A2 A 1T BE 2 145
STE #8H LY T 2N R

Sk AR SRR A R AE STE Hr iy sh Bk fk 2%
AT RN 4%, T AR R A 2R 270 b T AR
58 n (TSr) /n(USe) EFE 1/Sr AL Z 2
IR A A O SE M (B WA R PR ST IR B A O,
Beck % (2013) Xf 6 ulifii 1) STE W4 35 7T ( Fifi I 1
KRN ) AT IR A AT, R WOR A 5 Al
FIL 3 0 BRI A R AR CRSFAT R (IR | BC
PEGHRR B 2 BLak B BRI AC R ) A 1
AR BRI R B IRSFAT R (D) 51 Trezzi
S5(2017) 7€ M it 98 OF 09 Bk R #R 5 STE
n(YSr) /n(USe)ENIRSFIR A ,3X 5 Beck 55 (2013)
X9 %7 BLIR RN G R 3H Bk R 5 A 7Y STE iF 58 45 RO
[, FEHJR, AT R B /K 20 W B/ i i ot i v
ARG [A] 37 2 22 i F2 JE A 7] ( Rahaman and Singh,
2012) fRSFIEIR A W BE R FEFF E STE &K )20
WX ERIP) FF/ W E R2 M AR 7N ( Trezzi et al. , 2017)

Bk, H AT E NS STE H A R b Bk 1L
AT GRS A R L R T R ek
B S R R A+ o3 W, A 2
JHE T STE rf Z Fh st % % <2 J& (A1, Cu,Co Ni,
Pb Mo Ag %) IIF5E , I 7m — LB i 4 J 77 L 46 Hh
BRIb2EAT 0 L HA S 40 STE Hif B9 7K A 5 HL s
X Mo, Co, Ni ¥ BE 1Y 5% i 7% B2 -+ 43 452 3K ( Beck et
al., 2010) ,{H H T 3% fifk 4 Ja 0 [0 FH 43 IC 52 3% 1 9t
RL LR S el RURR BAS R AE A AR TR R
AT R B PR A A R B B K 22 5% (O Connor et
al. , 2015) Wl 75 BEAE A2 BR 22wl 57 I i ) g8 A0 SR
FEO BT, UL A A 2 BRAN [R = 1 45 T B9 STE
T 0] TR AEFN AT, 8 AT B TR STE 881
HbBR AL A8 20 AR S5 AL A B A

3 4¥k SGD Al A

Burnett 5 (2003) & X SGD 1) 21 i A58 P A4~ 43
it Ok A N B R alikh 25 2 GEF IROK) s @ PR
WK & RV K TR RS IR | RGR 7K 5 B 22 55 [
FAFE T 38 2o Vg il S T 2R AV 5 K2 S SRl B i
HERK, EERRE B REVRIR K SGD R4k - e 4% (R
M, — LS FH IR 7 B0 R 4Bk SGD Ak
B BRI T OK SCRLRL RN AKOE AR R 3 B4Rk
AL = PR EALB AP ] A SGD i = Ak
Borp, B ERAGE SCD K Z R kb T i i &
A= (1% ~ 10%) (B 1T COSOD 1, 1987), H
SGD £ dli i A R, Al 58 0 LU O W5 J5 W5 A R 40
R [ 4347 8 £ X3k 7 SGD, 4 Ek SGD i &
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A S T A A e N DR S, (AR b Tl Ot IR
Ui (0. 1% ~1%) , 41 Zhou Yaoquan %5 (2019) &y
S2ER SGD iH & R BB AL L T 32 H R
( NASA) B AL 25 60° 2 B2 60° 1At KBS 7K SC A
SAEE AR B B Ay PR s 157 (AR IE 500
m) ; I} Luijendijk 55 (2020) B 43R T /K 3 1 25
BERIZEA T 39858 /™ Wi it 4uk (1) i I L AT TR AR | b
TERREE BB MR T K ANG  AaE T — 2k [
() SGD i, ABRIK/K SGD i Jz HAE 4 BRI i
HR Y B A B L2 1, e AT g, A ER IR K
SGD A AAAEAR K MW 22 (35 4 EEDR) o

SGD i #52 fili B0 (%) AN B 2 1 19 3 8 it PR LA
IR A BORA KWL T X3Pk
SGD i#i 7 ( Michael et al. , 2011; Su et al. , 2011;
Garcia-Orellana et al., 2014; Rodellas et al.,
2015) (H F T4 3k [l A 53 DX A AN 25 50 DL I
A& K ZE S A B BRI AL (Gleeson et al.
2011) , AR ME M JR) M 1) SGD A 5840 3] 4> 8Kk 3
i, UURUIBAA R R TR 56 A1 17 A 132 3h TE BRI
KL LA R 5 1 s st 30 %) o oK et 1 et S
() BE D T 7 2 R K S R IX, Zektser 45 (2006)
1 Allegre 55 (2010 ) BF5 A B0 2k L &% i e g 34 4
T A AR 8 R B R 7K SGD 3 4t 5 Zhou Yaoquan
4:(2019) #7742k SGD Y 5 ok Z AR K
SGD £ 7EARE M X, FLEHT I 2 HE L A9 IR 7K SGD
BRI il 56% , BTG Sk K SGD -
BIHERGHE R 252 8 sl i 4 1) 2 %, Luijendijk 55
(2020) FEF 4Bk SGD ALY, 15 HIR K SGD Xt iz i
F14) 7K 8 RIS A Al 0 T i 2% %) B3 ik R AR AR AR, R X
TR T K STERIUAR K, o5 423K 10% 19 = 4205 5
SGD i 51 90% , Hoil i 2 ) 1 2 T I ik
i) 25% .

® 1 2K REMIERK SGD BEHERICE

4 43K SGD ik 1) R 2 o H

A 3 28 4 A%,
4.1 SKEEHEXTRHEHIER

McNutt (2000) 451, %2 (1~2 m) SGD B .52
IR A TR T AR R R AOR IR ER R s, SR,
XFF R SGD, &K 2 &k A i Kk—4A =, S
S 0 AR B R DA T S T S K i
YIBTRHR E R R 2, 423K SGD i i S i)
Jo e B B L) o7 2R 4 AR KRR B b B e T AR 7 e i
FE AR oA, DA SNBSS [R5 M AR B s 3R 1k

A 20 20 R BT, 152 5 0 b B 1] 24 5K
— HEBOI T 2ERE M E B P 13T X 8
FEESATE AN 4335, Gibbs 1 Kump (1994 ) K
TR AE DK HA— R VK T RUBE P FnK SCAR Ak X i
oAb 2= ARSI, B R G T AR R R ) A R
PEHBIE ; Suchet 45 (2003 ) JF & T 5 155 — 5K 43 9
BRI AR IF T T 6 Fh B2 A A 25A,
Yo e g Bl VI 49 AN KRBT IR 28 (8] 43 AR
FHIE s Diirr 45 (2005 ) ¥EH 2R F 23K 8300 /N,
PLRERZNAE 0. 5°%0. SRR R4 T —H K
Fili 22 1A P 0T b (8], 4% 1 15 s A e
(BJF57KFIPK) ; Hartmann A1 Moosdorf (2013 ) ¥+ 34
DX Sl 5 PRI A ol S PR L il 1o Y e A PR
A RRAPERI (GLIM) ), GLIM JH 1,235,400 21
fREEHERF TR A 2 IFMs Bk R 0 A1 28
RI53 R 16 Fifr,

FEE] GLIM & T 3 22 ) b o X s R A 1
RN T RIS, #21E Mayfield %5 (2021) A
3T B GLIM i 16 Fhos 4y 5 25, R
IO RACK S RERER A TS FAE
B Ha Rk R 4 WA a9 o — K2

Ak (U R O B KOs

Table 1 Summary of terrestrially-derived fresh SGD fluxes on a global scale }: /¢ gl L5455 1 455 — 119 3K k. Jﬁ%) . MHIE

ST, Beck 25 (2013) [ &M 25 AR

SGD jﬁ;g o7 TR L 18] e P
(km’/a) (%)
1700 4.4 TR SCAR R Chandury and Clauer, 1986
100 0.3 IR SCAR Y COsSoD T, 1987
N § Zektser et al. , 1993, 2006;
2400 6.2 A5 Zektser, 2000
2200 5.7 IRV i Shiklomanov, 1999
4500~ 6500 11.7~16.7 IOV i Seiler, 2003
489 1.3 A EREEE Zhou Yaoquan et al. , 2019
225(1.4~500) | 0.6(0.004~1.3) | 2 [a)fif b Luijendijk et al. , 2020
286 ~2400 0.7~6.2 BEIAUE E Mayfield et al. , 2021

5 Mayfield 25 (2021) () FEA A [E] , 1B H
e PR Y B s /0 (A 17 1> 1 DX RS b
TR EAE T B AR R AR Y
Ak M & (2° % 2°; Gibbs and Kump,
1994) , 2 A BRE AV b ) B 4G
BARZE AR, H I Beck 45 (2013) 24t
(Y PESR R AL 3R oL i P A 25

Mayfield 25 (2021 ) $2 {5 ) o BRI I



53 4

T A TR KX TP B 1) R )

1083

WAL E T A 5 Pk S K B FEAR SR BE (n = 225)
¥ Sr/*Sr {8 (n=168) VE i TCAH , 7 G EHIT
BT AR K2 SGD i SGD i ik Y HEE 1 1)
L 45 & 7K )ZE SGD B n (¥ Sr) /n(*°Sr) (B X 1
IKERE ) DTmk AR (K 2) .

RS I VAR R 2R T A A X ( Beck et
al. , 2013) H.

dR_,
()= 2 ek -k (1)
IrRELE A A (1, ) Hn(YSr) /n(¥Sr)

R 0 ) AR A W A
RN (L A () 3 L4 g 0T R 2R EAE (
R, ) SRR ILE( R, ) Z2E), Thsi
FORFARIN, 36 2 845 B K 2 Hiik 19 SGD,

NF 2 kE, IR A KBS S RERR R 46 R
(0 K 2, R 7K B TS P R TR B T I K
(0.71253)  fHERWK BEHAR (2 pmol/L) . BB ER A
IS HE KR K 2 B A A R B A R UK, L
n(YSr)/n(*Sr) K AR, WA R R R A
n(¥Sr)/n(*Sr) ELIAE Y HEKAL (0. 70862) , i iz
T EAMVE B B & 18 AK R n (YSr) /n(*Se) AR, TMi4F
BRI IOl Z i A BT I b bl O R AR
TR, BRI A O R K B AN AL
el s, DU R IR ] (17. 1% ) R F T
AR e R 1 (54. 8% ) o

2FK SGD 154 (225 ~ 489 km’/a; Zhou Yaoquan et
al. , 2019; Luijendijk et al. , 2020) , L& AR 1k 5
BEN T — A%, A X T Beck 55 (2013) fff JH 1
Zektser %5 (2006) #1 Burnett 45 (2003 ) 1) SGD i &
(2400~8000 km®/a) AV ARG AP, 1 X Fh
DAY F2 22 )5 R TE T3 91 1 SGD il i A 57 2 Bk T
B o PRI AR e Tk b B ] s A A SR i T
T2 BRI S5 Canm UL AR B BR B 85
A0 HL R UK #b 45 %8 ) ( Cyronak et al., 2013;
Luijendijk, et al. , 2020) ,

EFFEIT IR K SCGD BRIk N 4.7
pwmol/L .n(¥Sr)/n(*Sr) {H K 0. 70892 , H 48k &
W T Beck 55 (2013 ) fili 580 ) R B2 P-4 (2. 9
wmol/L) , 3 HAL A A H{E (5 wmol/L) , X 1] fig
SRR S A GLIM M & 5 o o8 T B R £
TR PRI VE T n(YSr) /n(*°Sr) {5 Beck
Z5(2013) HYAH ST (0. 7089) AH >4, T W 5 T Mayfield
Z5(2021) FUAEEE (0. 70875) | 3X 42 K b 5 4 M
R A AERR R AR 5, 55 750 rh sk R 6 2 L f57) s fl 3
KR 46 /N, B2 B M 5 0 n(YSe) /n(PSr) (H
(Bellefroid et al. , 2018) , %4, BT ik Ak
A BRIR K SGD #EAF S M YO BN 1.1 ~2.4
Gmol/a, 2 5 BRI FUARHE 2 (1Y 2. 3% ~5. 1% (1]
JERiE 78 47 Gmol/a; Peucker-Ehrenbrink et al. |
2013) , i T Beck 25 (2013) {53 A9 H8E 5 (7. 1~

R 2 AEAEMEEKEM TKEHERM R EXT 23K SGD $87F A STk

Table 2 Sr composition of groundwater in different lithology aquifers,

4.2 [EiREKK SGD #iiERI4E
BRI A B K Z R S X

and contribution of different lithology sources to the global SGD Sr source

I AFRE B L A2, AT A5 3 4 R

Tk | (Vse) | WRBURRE |SOD BimRE|  HERERG E
K SGD IR K 4.7 wmol/L; 4 ARRAL (pmol/L)?| n(*st)* | (%) (%) PEH (%)
FHETIKER(YS) /n(CSt) EH SR wididos | 3 0.70695 | 15.2 9.8 | -0.25% ~-0.54%
ﬁ%ttﬁﬂn*ﬂ%i@, %ltniu{ﬁé]k SGD EI/‘] KB E 2 0.71253 15.5 6.6 0.25% ~0.54%
JdivEITE 15 0. 70862 17.1 54.8 -0.34% ~-0.74%
n(7Sr)/n(*Sr) HA 0.70892, 455 i g){ﬁzﬂ;ﬁ 2 0.70931 42 17.9 0. 03; ~0. 06%07
e FE FNAS SCAdi 4 SGD 3 1 ( 225 ~ 489 Hah 5 0.70935 | 10.2 10.9 0.02% ~0.04%

km’/a; Zhou Yaoquan et al., 2019;
Luijendijk et al. , 2020) , 715 H 4Bk % K
SGD iz § fHiE S H R 1. 1~2. 4 Gmol/
a( BIx10°mol/a) ;¥4 & /K2 SGD i
AN, 2 A TS B B R IR K
SGD 25 (5 4Bk n(YSr) /n(¥Sr) fif FE 1Y
0. 3% ~0. 6% , 3 ELE 3| F-Hirin] it g A58
[z 2 A9 AE F (CBIAR 98 7K n(¥Sr) /
n(%®Sr){E=0.70916) (£ 3) .

R7K SGD Y HECHE & >k A i B/

a: 1R KA BRI Rl (¥ Sr) /n (*0Sr) WY S0 £ BEHUA Mayfield %5 (2021 ) (9 5B Al
BIFHRZIET AT RZi5 YA T Kb, SUEERR SRR 2 LU E LI K AR Y
BRI, T IE R R B IR 2R LU AR LK i W BRI, AR AR B T g A A T R KR X
BEALAG B P BRI BRI DK . 3820 Beck 45 (2013) Hp Ay SR IR0 28 i i - A7 A
BRAR

a: Strontium concentrations and endmember values of n(*’Sr)/n(*Sr) in groundwater are
(2021 ) and only saline,

uncontaminated groundwater is considered. b: A negative number indicates a source with a

taken from the most recent estimates by Mayfield et al.

lower strontium isotope ratio than seawater, while a positive number indicates a source with a
higher strontium isotope ratio than seawater. This column illustrates the contribution of each
lithologic aquifer to the global flux estimated by the model. Calculated by the strontium isotope
mass balance model from Beck et al. (2013)
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14 Gmol/a; 2 588 15. 1% ~29. 8% ) , MW &5 T
Luijendijk 5 (2020) Ml 54528 (2. 0%) . &
SGD 3 5 #1f2 X G k1 s ), A SOl ) 2 5%
o PRV B AN AR SF G SGD 3l i, 15 3 T AR X
SPGB 4h

RlJRIR K SGD 2 5 42 Ekn (YSr) /n(*Sr) fif ¢
0. 3% ~0. 6% , &2 2| 7 i 1] 3t 4w A B8 7 057 & A1
o X —45 BRI T Beck 5(2013) k7K SGD Xtiff
PEn(YSr) /n (% Sr) {8 1% FE 1 S0 (2% ~ 8%) , 1%
HA2EFH S BRI n(S)/n(*Sr) Y5 Beck 55
(2013) 3 M (YSr) /n(¥Sr) {H 22 B K, {A 285
A AR T A AT A A SR0E, B0 SGD X n(¥Sr) /
n (% Sr) fifh 22 52 M A IS B L B8] M 4 /)

25 bR BEEIR K SGD %k S 5 0 v ok
VAT ZA —5 43, 2 B 1 R S o
R, R BRI T, B I R R R A R A A ) 5
Wi FF AR Beck 25 (2013) AN HYIR 4 B35, [N,
TR IR ER A 2 7K 2 X Bl JEIR 7K SGD A S8k B 1
)57 28 20 AT A K LU 18] P s ), 76 AR TR 2k 5 o b
JEAS 5 DB, BEVRIR K SGD Xof J 38 o 4ui 8 4 5 i)
BFS T K (Trezzi et al. , 2017), BN, BT RZL
BEHEIRIK SGD [IBFSE TAEZAEC L BRIEFTIY , K
R T LA T 22 MR XSk T JR A SC AT, DA T B A
HIFAL B IRIR K SGD T 4 BRERAH 4 (1 52 i A1 BTk
4.3 HEEIEK SGD HiXrE

i STE KRS & K2 B, H SGD i
M2 (<0.23 m/a; Luijendijk et al. , 2020) 7K {4
BRI, 5 B0 N o 2L 7K A FH (Frost et al.
2004 ,

2012) , FrLA STE ik /K

Santos et al.

(2013) £ PSRRI R ACH B AL R A B b AR
£ 10 B, STE Hr ] {3 2 58 #d5e oy B I, - 24 58 46t
IR 25% KR Mayfield 25 (2021) FI ok A 25k %
A STE s A AP 225 4 SGD AL 2 il il i
R BRI LR ER I R 10 XN () BRI B 2
31 pmol/L, B FIRAK 5 FHEERIE/K SGD 19 10%
ZEAT, PG R /K SGD A 1 24 2k 2250 ~ 4890 km®/
a, JE LT PG PRI /K SGD iz i i 8 o0 70
~ 152 Gmol/a, X W B9 n(¥Sr)/n(*Sr) {H K
0.70910, 4 78 ¥ $8 [7] i 2 fiff 2 L 5 4.5% ~
9.8%,

B AR, B S A e T p s sk R
ANHENE, U0 Beck 25 (2013 ) 32 ) By £ [7) 137 2 25 4
PR FRORAR A B A B (B AU A T 5 A4
STE BYSBIR ZAcHe , P oL it T 25% 19 V-3 38 #e
R OX A e B W L0 STE B35 S i H: 0 hoks i
T80, B IR K AE R PR 7K SGD Hr iy 4
BRI L AL R T — > R, {E 40 SRR
EET LIk 8] 36% ( Michael et al. , 2011) , M fK1{E
NJLF-A] LA Z AT (0. 06% ; Kwon et al. , 2014) |
i FH A R IR K L 91 25 AR AT ) - i Y% 7K SGD
F14) S 2 R R0 2R B, B 2 U ) ik, AR
Tl {3 R AZ B R Wi PO PR K SGD Y [l 37 ZE 4L Al , 1H
WA SR A RV B, PRI, SGD v B T 7K 4 4y
FEAS S T A RS I T (AR

5 Zipg5Ry
T O B BFSORO A T E T 2RO

% 3 SGD WX ERH SR
Table 3 Indexes of strontium transported by SGD

598 7K I 2 T 2 1 KU

. . . . B | n(Ysr) aEE | HIEER N R .
FIRA B YT E =P
E%_"‘{Hﬁ D ’ ﬁﬁili‘/z:‘ﬁ}}&% L (pmol/L)| n( SGSr) (Gmol/a) fi# L) (%) RS
FLIRAK R ACRAE I B T .22 | o711 47 100 Peucker-Ehrenbrink et al. , 2013
B 7K )2 Ml 3R A = M 5T A ik 87.2 | 0.70916 — - Charette and Smith, 2010
f = mE R R K SGD 4.7 0.70892 | 1.1 ~2.4 -0.3 ~-0.6 A
o ﬁﬁ P4 20 85 0K ARG SGD| 31 0.70910 | 70 ~152 -4.5 ~-9.8 AR

SGD,
HF Beck % (2013)

BN BRI A7 R (B L KR A B R, T 1E B3 7 48 IR) 67 3R LU fE e K & B BE IR, Tl 5 Beck 4§
(2013 ) v BRIF] 7 32 0ot YA R A ) 5 VRT3 il A TRV S ) 1 R 2 (%7 ) /n (%S) 1 LK

HH B STE N AVER R 22w a0 smis oA ke U6 A 3 A 90 s A O PR T 5 AR A3 B3R K 10 SGD A fir 2 5 E 5 1 K R [l

A negative number represents a strontium source with a lower strontium isotope ratio than seawater, while a

B A IR K A P 34 K

positive number represents a strontium source with a higher strontium isotope ratio than seawater, which was

SGD EF[ E/‘J éﬁqu‘iéj H_’,E:( ~  calculated by the strontium isotope mass balance model in Beck et al. , 2013. The river input is the strontium

10% ) %‘Z 'ﬂ‘] /T‘ﬁ%: T ﬁ,ﬂﬁ ¥ source with a higher n( 87Sr) /n(®Sr) ratio than seawater in Marine strontium isotope storage, and other sources
b

S A balance the river input. Although the isotopic signature of SGD containing recycled seawater differs from that of

7K SGD %y 16 B B8 1Y) 25 1T

seawater, it does not represent the net flux of strontium to the ocean

f& bR (% 3), Beck 4
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YRR SGD SFEXIERRE A 4.7 pumol/ L, K o7 £
H1.1~2.4 Gmol/a,n(¥Sr)/n(*Sr){H N 0.70892;
[, STE Hr BRIk K SGD 57K & A TR A T8 i
PEERIEE K IFAEA Y 3K AL A VR AT R 52 me T A= 5
Il 28 5840 , FEAIE PRI /K SGD 4iriz i Hid i 70 ~
152 Gmol/a, X W ) n( ¥ Sr) /n(¥Sr) {H M 0. 70910,
o R B E LR A P L EE O 4. 5% ~9. 8%, SGD #5
“H 1) SR T R ) 5 3R A P AN T A — 8 03
(4.8%~10.4%) . 4T VR E AL R B AF
HrRY,SGD 5 1 IS FAR K Ho Ak A 1 i v DA G —
A ) SV A P2 B0 ST PR B T 7 8- i V]
DT A 18 S LR R A

— MR SRR EETEA R S B B STE rh KRR
P PRSFIR AN EaFi; SR, STE PN Y[R R A2 46 fifi
FHRMEPRIE K SGD 1Ay T 1 8 [ 457 3% it e 1) o 2
HUE, HHT, I STE it R /KGR IR] {3 2R 58 $ b A
MBI FE I+ A PR, S0 0 X — PR A Bk AR Y 52
M, 2 R ILAN 5 T ) TAE . O7E 2R 21
STE Hh AT AR PR il i SR S A3 A A L
ORI A B2 IR IR R 5 B /K )= FEnB s vy il
Fo oK)z ORI A OR A STE ALK B T8 A
A AR G0 5 M R A 27 5 AR B R R QB B T AR
KARfL g e SRR R %% Sr $ R W) & J&, BT
n(¥Sr) /n(*Sr) 1 8*%Sr Xt F SGD £EHEAT W 5T ¥F
AUTFRATT i SCD X P SRR 2 152 ;3
BEBUMBRAE 2 BN [R5 M STE Hh I+ J AH 1z i) ) 1Hg
SREEFN AT TAE X6 TR AR SEAE STE Hh i
BRAb2EAT I I B e E 2, HEREE b
W TAETEAR R BB A0 JETF WA B T FAT T 3 m I
AP SGD FHXS 42 BRIV FRAR A 10 5200 5 BTk
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The effect of submarine groundwater discharge on marine strontium budget

WANG Yiging, WU Zijun
State Key Laboratory of Marine Geology, Tongji University, Shanghai, 200092

Abstract: The submarine groundwater discharge (SGD) is not only an important part of the global water
cycle, subterranean estuaries ( STE) serve as the main areas of seawater—groundwater mixing, but also an
important source and barrier of various chemical substances ( dissolved carbon, nutrients, metals, etc. )
transported from land to sea as the main area of seawater and groundwater mixing. Strontium and its isotopes play
an important role and are widely used in the study of chronostratigraphy, paleoclimate, paleoclimate and
environmental pollution. The source terms of marine strontium flux mainly include rivers, SGD and submarine
hydrothermal fluid, as well as a little rain and dissolved marine sediments; the sink of marine strontium flux is
mostly buried in marine carbonate rocks, and a small part is exchange of submarine hydrothermal fluids. Strontium
derived from SGD is also an important part of the modern marine strontium isotope budget. The study of SGD
strontium transport and its effect on marine strontium budget is obviously insufficient. Based on the analysis of the
sources of marine strontium in the world, the effects of SGD on marine strontium budget in the world were reviewed
from the perspectives of the discharge process, research methods, strontium concentration and the distribution of
n(¥Sr)/n(*Sr) ratio. The geochemical behaviors of strontium and its isotopes in different lithologic aquifers were
analyzed. The strontium concentration increases linearly with salinity in the horizontal direction, and the strontium
element in the seawater recycling component is conservative on the whole; in the vertical section, it is found that
strontium in groundwater of different STE strata also shows non-conservative addition, and the oxides of strontium
and manganese change synchronously with the depth, but not with the change of iron oxides. Being Different from
strontium concentration, the geochemical behavior of strontium isotope in STE is more complex. Since strontium
isotope exchange and fractionation occur in underground estuaries, n(*Sr)/n(*Sr) values are typically non-
conserved with the change of 1/Sr, but conserved mixing also exists. The different degree of strontium isotope
exchange in the process of mineral adsorption/desorption is the main factor of the different distribution of strontium
isotope in the aquifer. On the basis of available SGD flux and high-resolution global lithology data, more
conservative and precise SGD strontium flux and isotopic composition are calculated; Global mean freshwater SGD
mean strontium concentration is 4. 7 wmol/L, corresponding strontium flux is (1.1~2.4)x10° mol/a, n(*Sr)/
n(*Sr) value is 0. 70892. Simultaneously, terrestrial fresh water SGD mixed with seawater in STE to form recycled
seawater, and strontium isotope exchange occurred under the influence of biogeochemistry. Strontium flux of mixed
SGD is (7.0~15.2) x10" mol/a, corresponding n(*Sr)/n(¥Sr) value being 0. 70910. Accounts for 4. 5% ~

9.8% of marine strontium isotope budget. Strontium carried by SGD is an important part of marine strontium isotope
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budget is (4.8% ~10.4% ). At present, the marine strontium isotope budget is unbalanced, and SGD, together
with the seafloor hydrothermal solution and its associated marine sedimentary rocks, constitute the source of
radioactive strontium poor in marine strontium storage, and play the role of balancing radioactive strontium rich

brought by rivers, which deepens the understanding and understanding of the impact of SGD on global marine

strontium budget.

Keywords: submarine groundwater discharge; subterranean estuary; strontium isotopes; marine strontium

budget
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