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Ca™* #0 Mg™* HUMIRT 2 i, U BN T 1o [REHD,
KEEFREI[Na® +K* ] " ([Na® + K" ]" =[Na" +
K* ] - Cl™ ) W% TSt 2 FURE R 3 2510 AL .
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Z 0

0.1

03 05 07 09 11 13 15
[Mg?*+Ca®*]"/[HCO3] ( L&t )

B2 EEERHE A IR E AL A AL BYAR XT STk
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Fig.2 Relative contributions from silicate and

carbonate weathering by carbonic acid respectively
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FiHh T /K R B0 N S VR TESE — PR 45° 4K /Y
o X7 BHEERREL 5 WL ] 1 X Sl K g kAL
R, [Na* +K* ] " JLRZET[Ca® +Mg™* ", i
BUKAMKESRESKRZHEALASE LR, XY
[Ca®* +Mg’* ] "#i[Na® + K" ] ¥4 HCO, ,iX
AREHR TREFREL 7 BRER L A B8 R A I R
b XA AE N BH & - RTRE SR IR T AN NIE sh
Ao FOSF X B % B, A 4 X 6 FH &5 F BT RE LA
Cl™ 8% NO, #IIEFETES
3.3 XSEMAHEDEMAN

FIK B2 E H B — R IR T RAHA K/ a
HAERENRESIVIE R, A hEshf =ik
KERSEAFHNTK, BT ANRED, KTUEA
FLFEVEAE B R A R A (RO A R = 8
FrdagEel) ' B A 2 B X KT B R
YEFEE A Bk 2 2 0 2 ) R AR b e
HAMRATHRE R E T4 K, VLR K FFT L K
HAB/PMIR RN, KA FERE THT
Ko REBMXMB AT K IFEE RENHIR,

{E By T 0o oA B 1t (X1 R K B2 R A0 TR I A1)
Al LLIA A8 i F K AR K B B EE R IE T AN
EIL TN

B ABFFE B, Wk d TDS 284k 55 + 3 A1) FH Al
W m AL o A K A BH A ] K TDS
PIE 5514 328 mg/L Fl 340 mg/L, 3 K T tH 5]
KR (283 mg/L) ; S5ETH A& AN K AH L, 1 K IL
AR AU B A BAKH TDS E(241 mg/L) 1 HAR T
HERRIKE R, 1544 4 990110-14 HA f i1y
TDS(TDS =777 mg/L) |, i 75 1% K TT i 1, 70 A8 3
LR TEAF BB IR SR R I RE S H A B IR Y TDS {A .,
BESR FIK P BEER HERAE AL, A F BRI
T ACHE | B4 268 LA K 3 Ak oK, B3
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SO;™ 5 NO; #l C1™ A A8 [ s MUY Sk 8, 1hi NO;
FERET NAWES, HHERMIA N SO i E
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R, LR, BATAAFAK T SO HETE
e B A TE B, BRERAE T 15 3 VI K Y S TE
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Fig.3 Plot showing positive relationships between E 1 o’ Pg
SO."/Na* and NO; /Na " molar ratios of the three rivers °§o ;"
e
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3.4.1 AEHAA

Bl 4 FRxTHTFARMEKR Mg? /Ca’" F0
Na*/Ca’* Z[AMIMHE X FR, Mg’ /Ca’" HfHAS LT
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BEH(0.005~16), RAATAHWEMHMT/KE
HEEW Mg’ /Ca%" W GBR KT 3), [Ritd A
HEBK Na*/Ca®* [, MM Tk Mg®* /Ca’*
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Mg®* /Ca”* FLAH 757 Mg?* /Ca** = 0.8 HLiHZ K
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Al. AKBE®RABEAMM Mg /Ca°° A
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BEs Mg /7Ca% "l (1) MBIy Na*/Ca" 1
£(0.01) , KK AEARREMN Na*/Ca’ LL{H(10)
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KA Mgt /Ca®" 1 Na* /Ca®* MYAE b R 5

S T KA, 20T VERIH A Ks  HE s
A 3 Mo bl. FIRHE 4 P THER 61 4%
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Fig.4 Plot of Mg** /Ca’* versus Na*/Ca**

ratios for the spring and river waters
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Fig.5 Variation of Sr isotopic ratios with Mg®*/

Ca’* molar ratios of the river waters
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FE. 3MmAANSARE A a MR a1y
AR L F R HCO, , & HCO, #1 S0~ #) 90%
PLE, W AR [HCO; /[ HCO, +80; JthfA®m T
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9 Na* K' BFRFHL 4N HCO, . BiTRIAKE
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Fig. 6 Variation of Sr isotopic ratios with HCO; /

[HCO; +S0; ] molar ratios of the river waters
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Table 2 Characteristic molar ratios of the end-members in the river waters

Mg/ Ca Na/Ca Mg/ Sr Ca/Sr Na/Sr F1g /808, HCO; /(HCO; +8037)
RKE ~0.1 ~0.02 40 ~ 50 ~350 > 10 ~0.7075 ~0.7

HZ%E ~1.1 ~0.02 ~ 2000 ~2000 > 100 ~0.711 ~0.9
EERIEh A 0.4 ~0.8 ~5 ~200 ~200 > 700 >0.715 0.8~0.9

AR ER R T Sk &KL F 51T,
HA KK Ca’ /S 1 Mg™ /Sr™" A LA & R Y
VSt/%Sr tfH, SR R K Y So/*Sr AR T
BACHE K B F B (T Se/%Se = 0.709) o X A R
i) Mg®"/Ca®" BEJR L #0249 0.1, T Na*/Ca’ " BE/R H.
29%70.02,YSt/*Se HAHZH 0. 7075, 13X 63 R 41
SEHMER LR SR B A Aty Wk 15
§|J[7,|3,30]O

TS A BRER Eh A8 A ) Mg®” /Ca’™™ =0.01
~0.4, Na*/Ca’* = 0.001 ~0.01, Mg*>*/Sr** =10
~350, Ca®*/St** =350 ~5 000, Na*/Sr** =1 ~7,
AR ZEBEAYS/YS IEZ K 0.7067 ~
0.7077 , AR . EBLEA Sv°Sr LWHA RN

0.7075 ~0.7087"") | S 7k f94k 2 (LS B A 4
FERIR AR 18 55k B2 EL & 7 Y (8 L BT, B AR
EhE A LA AR B Mg®* /Ca® " Fl Na™/ Ca®”
B, T Mg® "/ Ca® " (2925 Na™/Ca’ " HL(E 19 10
Ho X AAERME A E ML TP Ca¥ /Na'/
Mg®* %4318, 1E 4N Fairchild 25" #} 5 B] JR %
Hir b DX Bk R £R 5 B2 B TR 7 K SR ST B BT 4R
BB AL, #H Ca*'/Na*/Mg™* Sr A ERKE
"k,

22 558 PRI ] KR I 555 s U2 4y 1) LU
*£ B H B S M Mg /Ca’t, HCO, /( HCO; +
SO.™ ), Mg /Sr** 1 Ca’* /S Al , Y Sv/* Se
ELIHZ980.710, $#HTREMBE T ENN TS
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AT RAKE. PR 9T X
sAER, P LI ERETANKKRE 5% CO,
+H,0 ( =H" + HCO; ) & &+ I %, H HCO; /
(HCO; + SO + Cl7), [C® + Mg 1"/
[HCO; JHE#EE |, ZRERMEBRAZHANNE
Fwym, Hit, b damARTREA S
AERKLEA R,

- SANCZRTTL: ORI JANS i UK =2 D Ao S =2
FREh vk A 25, L BH | AY¥ S1/%Sr, Na* /Ca®”
M Na*/Se" WAl Ko P g Mg’ " /Ca®” Lo {H., X
ke SO, .Cl7 1 NO; B FHEEK, 5SHZ
ZHBEERMULEFRIFAEEE I MA N ES)
BB/ MAYI A, FIKPREM Na*/Ca’ BE/R L
Kh2, MATHEEZKED C-E T KH Na*/
Ca’" BE/RHLZY R 15, B IRATER 5 1E M EERR LA
S5 Na*/Ca’ " BE/R Lo

EHKOIPRAREEES —mR, BB ®
REKRAWAAD. XA R EH Y S/*Sr HE
N TFAKEMA = AmAZIE, A TFLLHCO, X
E Mg* /Ca’ tHE P, BT LIE LT E
HAE AN St/%Sr WA T KA M = A 3% B 206
IR KR TH & A KA .

FATXT AN TE S R IR SRR T A
A ATRNGE 32 215 R R /K BE(9901-14) ik 4
A SR A SO, A1 Na* ¥ ¥ , B KA Sr A4z
FHM. G mAKPHEIER[Ca + Mg ]/
[HCO; | ¥R AT 1 ZHHKELHALZHTA
HIESRE W, B K ZHEE S Mg /Ca’" BE/R L TE
0.15 ~0.5 Z[&,S0}” #1 NO, WMk EIR e, HCO, /
(HCO; + SO ) EE/REL/NF 0.7,

3.5 SiTAKMBERE IR LEREHE

B K FZRERR KSR Ca +Mg* ]/
[HCO; | YR AKT 1, XKRAFEFHIMIIAS T
KF-#BE HCO, M Ca’r + Mg™" ] BT, i i M
AR KE R [ Ca® + Mg ] BB THREAE
LAk . D IR AR R AL A O e S UE R B RR AN
BB X kR Eh SR MM E B . (R FRM kAR )
R3S FR OB R AT 1, IR ARk B 3h A WO g vl LA A
MTIFHBRER:

3(Ca,Mg,_,)CO, + H,CO, + H,S0, =
3xCa’ +3(1 - x)Mg™* +4HCO; +S02™ (1)

MNIEAN SR T FE AT, 75 g 3 mol( Ca, Mg, _, ) CO,

FHE | mol # SO;~ 1 1mol i) HCO, M HE[ SO, ]/

[HCO; ] 4@ tb# 0.5, SiLE /KM [S0;™ 1/
[HCO; 1 4 H Btk 0.47, JLT 5HIBHEARS%
XEMRBAERBEMLFEREAFPRAREE
fER.

SO, Fid A b Bk R £ S AL A 4 R T
PLidsg Ca’* Mg' " B TRk fh 3 . AU IR
BRRREL A 10V R (AU B BR B9 4 1) T 7k Ca®" |
Mg B FRIsTmk. mKM[Ca" + Mg ]  EH¥A
F2.7,Mg?*/Ca L H 0. 34, {BE BLER Mk BR
W A ME S AR, 2 RET TR, AR AR K
1 S0;” B FEH Ca™" Mg' & 71y, ®K1B 3 S
LK RIS BB s Pk o+ R
(Cay 1sMg, 55 ) CO, . IR T F o F AT o] LA
— 15 2| ST RK PRk K AL BBk AR 3L = 1L 4
A:2[Ca’ ] +0.7[Mg** ] +2.7[ HCO; 1. RiBHK
PRI MR BREE A W) R R AR vl F0, IS fR Bk BREE A 1)
HCO; —kR TURBEEN A WIS, M 75— KR
TR HILBREEA X ALK TDS 40F .

TDS,,. =2.0[Ca] +0.7[Mg] +

0.5 x2.7 x [HCO; ] (2)
HILITH S Bk BRF R ERE A M TDS,,, = 131
mg/L, RIE L VLK R FEHFH & 376 x 10° m* i+ B K
RALE R R 49 x10° va,Bf 73.3 v/ (km® - a), Jij#E
) CO, 4 510 x 10°mol/ (km® - a) , L7 FiEHEM
o] 3 3ol Bk BR £k A AL i #E By CO, (400 x 10" mol/
(km® - a)) ™!,
3.6 UEEREEBMERMAKE

R KA FHAI R ZOTR L E > B 2R, i1
KL FAREERBEFAKRE O & MR
HRXACRIRA (B 5) . XTSRRI S, U
AKERAE, AREFOZEma MRS T
FHE AR 90% LA I, EEFRERE KIAE = 5K
LR E E KRN KHRE T RIS 2, kg JL
MR R iR A AL R IE . FRATR A Ga-
ly 2602 975 ik S i BN [R) R Ak 5 574 0 1] 7K 92 5 iy
TR, B H =B 0 AR ) £ B0 ) K Fp i
FEZRE, RIMNNRIEOZSMEaREA—%
IR, BIBRERER A WAL X S R s . Ik
FILE X MEE R LURRINT .

[X T = X T + I + [ X Dy +

[XTasem + [X] primn + [ XD s (3)

SO;” B FrIRER IR FRib W EAMAS( AN

&350, X43iX 2 #kIER SO, 2% H W A
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81, BRI TEREA N 6 sh 3 R 7K R Y Tk
Cl” \NOj LB ¥4 SO, RA TR BT ANTE
#,MARNES 4/ Ca®* Ma®* Na* #l K" B F
of TR K 75 B TR AR /0 , FRAT AT LA 220 Mg 5 2 fH B 1
XH KA FT#R, Cl BARFILE, 4 L RANE,
B FRATAT LUBE CL R BT KRR [ Cl] g Y
35 0. 027 mmol/L( #& HCO,-Ed 3t T 7K B427" ) , 4n
IAKH CL ¥R EE R R Z AR ES W, HATA
HRBH KSR IERY C1(0. 027 mmol/L) KT AN
Wah. HET XMk, AT LLE L LR

[ Cl] s =0.027mmol/L (4)
[C g = [C ) e + [ Cl] ey (5)
[Na)ug = [Cl) s + [C1] jppipin + [ Naljume  (6)
[504]%3171(:[504]5;&%4‘[504]*/{ (7)
[Kwmx = [K] gmas (8)
[Calmx =[Cal gmgun + [Calpymus (9)

[Mg]ﬁ]*=[Mg]mm;m—+ [Mg]ﬁ_mﬂ;ﬂ (10)

MK B Ca F1 Mg & B4l 1 R AR 54 F R B2
Eh A AT K B TR Bk R AR L E . A Sr [l
EZHWMHEE Ca®* /S’ . Na*/S** Hl Ca®*/Na* 5§
Mg’ ' /Na* BI% Zh, BRATIRIE Galy &7 BB AT L
T RERREL 2% B PR AL# Ca®*/Na* thIEZA N
0.2, B LR T Gaillardet %' 155 )2 34 V5
REBREL A A9 E M, MX T Na* (ZANEHE
W) BT = L K B AR T AR I T REAREE 2 KAk
IE4N Galy 20 Fr g i), FA TR MEAG 11k 18 TRk
RRER A XA (Mg /K" ) gurs EEH 1B Mg®*/
Na'#1 K*/Na* bt (B 649 45 1k, 347 7T LU ) b i
[Mgz+/K+ ]ﬁmggﬁ LB Zh 2, HAME KT /K B9
Sr FALE M Mg®* /K* X BERPHRT A KT
B R R E SRR TR A AL, TR L &
RALH Mg * /K" W{ERIFE 0.1 ~1 Z[A], X5 Ga-
ly &PV EAY A . BRRK EBEREHRR
AR, B LUE T RERREL XA 9 Mg /K * Lo {8
AR EAEN, RATRA Galy Z0P2 {2 M
OERUEEI Mg /K =0.5 RAEERE A A XA
FKEAEXT TTRR , R R R A R E RS EF
FACE R MR AR L A0 0 A, FH S PR
LEPAR

Xmas = (1.4 x [Na]ppo +2 X [K] g )/
([Na]fﬁm + [K]fnm +2 % [Ca]m* +2x [Mg]ﬁm) (11)

HH PR A SRR EERWEE I
B, BATT LUt — 5 B A IR A = B R R
BT E M, BRAR R 2 0P KOk VR T RERR Eh 45 MOV TR

LIRS, T E ST K P LiE R R A KA M
A=A ARSHES. BRENMLUBREaRKRE
MO = A XALH Mg®* /Ca’* H{HIN T

Kimwss t Xpnze + Xgs =1 (12)
[Mg/Calypp =1.1 (13)
[ Mg/Cal s =0. 1 (14)

BT X s TR 0.02 ~0.12 5 H A
0.04; T Xy ALK 0. 18 ~ 0. 81, FH{H 5+ B K
0.31;X .. 4% 0.18 ~0.85, F-HI{H K 0.65, 5%
MRAFREN EEEENASS, B X HEIK,
FH{EH 0.04(0.01 ~0.07) X, ... F1 X .o FHIE
445139 0.90(0.76 ~1.00) F10.06(0.00 ~0.15) ,
55X F AT A A R R K L RS A 0 &
B9 X pygpanss - 2118 0. 156 (0. 03 ~ 0. 50) , X, ., 0
X s FHIME 5 5K 0. 54 (0. 16 ~0.77) 1 0. 31
(0.20~0.72), 3 %ﬁ‘bﬁﬂ’ﬂ Xﬁmg.u‘: \Xm:-;‘:-ﬂI Xﬁ)}{'r':-
HHABEAR, HooE bE XERMLE LEZRS R
LR ES R XK.

FIRFIK A E B ' X e T X, ATH]
LUG B A A B AR 6 A P RE RR b e AL 2 (R 1l
R, AR MBRMRERA Ca®* Mg®* F1 HCO; B
T I H B BREL 5 AL 3 ( TDS gy ) o 1R
EHR() ,BE Ca®" Mg®* #1 HCO; B FREZA
FIES R, IR A MR FR BB R ST R
B, AT LR B I T T

TDSgmyus = [Calumus +

[ Mg) gauss +374 [HCO, ] (15)

MAEWKBRS IR, RATE BT 7.

TDSgmus = [Calumurn +

[Mg]mm&* +1/2 [HCO, ] (16)

HRAE B B 28 25 9 R AL Ca®*/Na* 1 Mg?*/
Na® LE{E( I 3.6) AT LA B[ Ca )y T Mg ) s
FIE, RBEBHFEQ) ,BRBRMKRERRRIE. B
1/4 ) HCOy RRT RS, MBKARIE B BREL 5, W
A 172 ) HCO; RBET K. EIHEFE(16) 8T,
IR A K Ca’ (MEABEBEMRMCS )5
SO;” BTV, REH (1) BRI T HE.
TDSymurs = [Nalpmye + (K] pmanr + [ Calymus
+ [Mg)gman + [Si0) ) gpor =1.4 x [Nal gy +

2% [K]gmun + (S0, ] gy (17)

M T HR N 8 K< AR SO, MEiib D & b=
AR SO;” AEH RIME, IR PR EY B XL 5
R AR A REY, BRI EHEER


http://www.cqvip.com

404 HERFL R

0000 http://iwww.cqvip.com|

20 %

b AL T RE T CO, B, {5 P8 Bk A% 78 A B RE PR 2R
2, i E BRI EERREL A R P VAR, 3K
REEE L Ny

COsmpy: = [HCO; ] oy = [Nalymus +

(KD e +2[Cal gaun + 20 Mgl gppps (18)

RIEFR(11) ,_EEE R e AR I T T2
COppggpss = 1.4 x [Nal gagurss + 2 X [K gy (19)

HESRITEI b B3 TH,FREMR
TR A BRI T CO HFE R, WER
R R, BRI T VT3 S E 6 L,

B B IE B RN 5 O R B Z A . FRRH AT
P AT B = B B RR £h 8 AL 3R, YT
Z, K LI I I R AR SR i m AL I %
i RERR £h 5 R 5 AR S . RYE S YTIRK AL
i B i TH R S AR R SRk A E Y
A AT A — B AR RSB B L A A R R
ARAE AR T VAHE T AR, Sit
FEAAIAR LY, i 2 v 1 2 BX R 7K 2 B A e 2 BRI Bk
RS AL . X IR eI RER T EH A
TR LA R BRI IO T E A AL,

F3 3IFXAMULFERLT CO,HFRE

Table 3 Chemical weathering and CO, consumption rate for the three rivers

FFE AN i BB BR L &

BB RIBR BRI L MR AR AL 2

BTG I 2

_ i e co
mow o RE Mt (km?) V/(km? < a) mnvka 2
(10°m%/a) (10*m*/a)

R V(m> -a) mm/ka
10*mol/ (km* + a)

€O, Co,
/(km? < a) mm/ka

10°mol/ (km® + a) 10°mol/ (km* = a)

51 376 027 66849 6.0 2.4 98
s 35.7 3l 6480 4.7 1.9 107
AT 111 97 17086 7.1 2.8 135

97 49 581 65 33 682
114 57 677 84 42 879
86 43 512 61 30 633

HE R R 2 e AL SRR Hiny P WE R 2.7 W 2.0, fK Rt ERP i AR 87% it E

4 # ®

T BT Y S BB TR (T2 ) AR 4b 6 Bl
2.1 ~6.3 meq/L, KEZEE K Ca’ f Mg™ ™ B F
YRRE & TS LA BLIY 80% L b iKY LA
TR G BAFR IR B K* Na ' 3R EE, HCO, 2]
KPR EEMIE T, & TS FHRK 90% ~
9% o KA TR FHXRP[C + Mg ] 5
[HCO; +S0%~ 140 AT , Bk i I AL [5] A 175 A B iR
tho, M KI5 KA B WA, 75 E 540
K* \Na* B T3 F#[HCO; +S0; .

BYTKRA KR SO;” B F,S0; /Na® EIE
HE L5 NO; /Na' RIEMKFF, &Y SO /Na*
5 NO; /Na* G E9T /K B A Bl Y Se/* Sr UL
SO;” I NO; B FIRATReRET A KMIES . T
AT AEAR LB ) L M R 5 5R Y
A EHZ ,S0; BT WIS AR IER 5L
KA

WK EES 9 Sr IR0 4 B 95 70 B 4 A7 g K
B S AT B o, L AR Ak 3 B S VR T R R Bk A
RERREE R AL R R A JTCE WA Sr [ %
MR KIER EERWT 3 1R G KA
RB TR RIS SR NES IRES e E
TR B HZ SR ER . 755X 3 MR G

FOHZ AR EAREHN Mg /Ca%, HCO; /
(SO + HCO; ), Mg*/Se®", Ca*/Sr" W iB fd
0 Sr M K LA,

18 o A T RV FOAL 18 Ak A IR IR
b 2 F BRI T BRER R 28 XML, MG ER 9 1 3L
T BB AR A IR, B T CO, M HFEESR, &
PE A B 25 LA B A R TR SRS O B A Bk BR L
LR EE A 56, 5T A A 0 7 o A L, g
Hrp st DX A0 i A s HLA B @ iy A A AL R X
WTRE R B F b A S BOZ M E B fb, LA KRR
B2 Y i BLANR T A AU .

i AR THIT FEHAF BT
BT E PR KRR SO B, ALR T A
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HYDROGEOCHEMISTRY OF RIVERS IN GUIZHOU
PROVINCE, CHINA: CONSTRAINTS ON CRUSTAL
WEATHERING IN KARST TERRAIN

HAN Gui-lin, LIU Cong-qiang
( The State Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese
Academy of Sciences, Guizhou 550002, China)

Abstract. Major ions and Sr** concentrations and Sr isotopic compositions of two major river systems were
measured in Guizhou karst region. The chemical composition of these rivers in the karst region represents that of
river water from the typical carbonate areas. Its hydrogeochemical characteristics are different from those of global
major rivers; The river and its tributaries have high total dissolved solid concentrations, with Ca’*and HCO; being
dominant, Ma®* and SO>~ coming next. Both Na* + K" and Cl~ +Si account for 5% ~ 10% of the cations and
anions, respectively. These rivers have high total concentration (TZ" ) ranging from 2.0 to 5.5 meq/L, which are
significantly higher than those of the global river averge (TZ* =0.725meq/L).

The chemical and isotopic compositions of these rivers are largely under controll by the geological signatures of
their drainage areas. The Wujiang River system draining carbonate strata show high Sr’* concentrations (1. 07 ~
9.70) and lower *'Sr/*Sr ratios of 0. 7077 ~0.7110, as compared with the Yuanjiang River system (* Sr/**Sr =
0.7090 ~0.7145, S©¥* =0.39 ~1.32) draining detrital strata. The end-member identification by the intercorrela-
tions between chemical and isotopic ratios shows three main sources, which are derived from weathering of lime-
stone, dolomite and silicates. The Wujiang River system has characterized by low Na/Ca, Mg/Ca mole ratios
(0.05 ~0.34 and 0. 18 ~0. 79, respectively) , showing a strong influence of limestone, about 96% of solutes de-
rived from the weathering of carbonate. On the other hand, the Yuanjiang river system show high Na/Ca mole ratio
from 0.06 ~1.80, Mg/Ca from 0. 23 ~1.30, suggestive of a strong influence of limestone and dolomite weathe-
ring, about 90% of solutes derived from the weathering of dolomite in the Wuyanghe river system and about 54% of
solutes derived from the weathering of limestone in the Qingshuijiang river system.

Key words: Carbonate; Chemical weathering; Water chemistry ; River water; Karst; Guizhou; China.
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