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AR A R AT 43 o B e R N I 7 8
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BT H AT DA PR B TR - ST R i A R T S B
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1993; Giral et al. ,1993; Muller et al. ,1995; Girard
et al., 1997; Dequincey et al., 2002; Little and
Lee,2006) . - 5l fF F X%k e £ & K 7 B
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1)1z KA E T (PB1) (26°25'59"N,106°21"18"E) |
SIS R A AR w9 s KU TE (PB2)
(26°24'29"N,106°21'46"E) , 5t FH T AL 1R X B 55 ) Kl
(4 16 S XAk 30 T CHXO (26°22/ 217N, 106°36" 04" E) L 3
A8 E AR EA I E = A KA T (WO (28°
45'83"N.,109°57"46"E), 7EJii#b I .PB1.PB2 #il HX
Ry 2 SR TR T WO S IR kL B2 kL. X
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BRI (5 42 . PB1 by 0. 97% 6. 12% .PB2
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A R, AR OUHIE 4L ) B R B A
AR EE 5 45 (Ji et al. ,2000) . 4878 T A M2 TR A A
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Fig. 1 The leaching experimental apparatus

for simulating weathering of carbonate rocks
1—CO “THIMI; 2 W 15 34 A CO: K& A5 4— LBV 4
35— MR AL 6 IR 1 R T Em WA LB I AL 8— A LD
9— BRI LF LRI s 10—HE S AT 5 11— SR IO
1—Cylinder of CO; gas; 2—air pressure valve; 3—saturated CO,
water synthesizer; 4—pressure balance pipe; 5—rubber plug; 6—
flow regulator; 7——transparent organic glass column; 8—quartz
pebbles; 9—fiberglass screen; 10—sample column; 11—-collecting

liquid bottle
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AP FR#E (GBW07404, GBWO07406) #F 17 Jit & W
. KRZICE MM E 245 55 HEAE (8 Z 18] i A 0 i 22
< 2% ,Na, O Fl CaO X 2£<5% .
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y HABEE 28 w7 B dmax/2200 B X5 2 A7 St
IX(XRD) . &9 14 2 € & 43 A o2 AR 4 45 0 90 f A
g > 5 T B TSR T A

KL BE 43 BT AT 7 Rise-2008 AL KL BE 43 Hr X
M, & A R 0. 02~ 1200 pum, A5 #E GBW (E)
120021 ¥l i A BriR 22 D50<<3%

DL B Hrep  XRE 78 B 4 55 ER i &
VR W AR I H O 58 A - XRD 3 7R H [ R 2 B b
BRAG A BT T 58 1 FEAR 3 B B 7E e 2 R 2 58 I

3 4R 5k
A 24 5 B 5 R LR K 5

F AR S I pHLVEC 23 A1 CO, 7K /Y A L
{EH . EIRTT L 24~29. 5°C A A AF T . fhaD

CO, 7K pH=4. 18(4. 06 ~4. 39) (Fi & K ¥ 5
FHIEE,. FRED,EC=61.5 ps/cm (58 ~638) s/
cm) . HEUL,PB1 F1 PB2 Wk Bl 67 W, Rt
W 134 ds HX fy 46 . RiFikiE 92.4.WC iy 37
U Rk 74 d.
3.1 B B E R
KAV, JCER A e A 5 7 Ak
SR RS FE A G T HL 32 I e n AR i ) 1 AR
i KOG R MR b 05 P G KA 1R R R T 1
2y, BN T8 7R R LR T v B AR A Bk
FE2E B T 22 i IO A R AE . 4 PR R R
WA 1, BFERAEMRREE ST RAEY
4153 Bl ZUAR R RUXRD A B X LA AT R0KS: H A Bl o
14 2% ST 20 43 QR R AN VA P A AT e R R 250, F
SRR AR IR B RN IS Y i T T XRD 4347, LA
ZEA RS T T s . BFREERWTL 1 mol/L
HCT rWLXT Bk B2 45 5 TR A 15 0 1) PR B BB AN 23 % iR
ANTEMI A 55 BB 252 W (Wang et al. ,1999), A LA
FHHENPBL.PB2 il WC A4 H A -Hoa A&
896 % LI I, Jy A 15 PB1.PB2 Hh B A7 7E (4 3 K
1. 34%F0 2. 82%0) . 78 WC Rk it . HX 244l
Oy S R A IR D R Bk 7155 %0 AR
Hzafi. KM SRAEY & & GR DL AR £
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Table 1 The mineral composition ef samples for leaching experiment, their acid-insoluble residues
and“a-part of dynamic leaching residues
R b B () TRV
irR=s Ce Dol Q Pl S 1 Hb K Py Fe Ant | Non | Gp | Gbs | Prl | Alu | &%)
HX-Y |71.55 22.67| 3.23 | 0.5440.87 0. 66 0.48 35. 64
HX-Yt 64.3 |16.24] 3.62 6.1 | 0.62 | 4.16 4.96 +
HX-10-1{54. 97 26.72(12.81| W9 1.8 1. 34 1. 46
HX-20-2|26. 99 49.82|14. 728,0. 92 | 3. 56 2.66 1.33
HX-30-3] 15 59. 93| 1RJIONZ. 22 | 2. 28 1.9 1.51
HX-38-4| 6. 98 65.98] 17.5% 1.5 | 2.65 2.15 2.65 0.59
HX-46-5 95.03| 3.1 0.55 0. 46 0. 86
PB1-Y | 1.34 |98.08 0.58 6.12
PB1-Yt 24.37|6.32 | 6.41 |31.78] 7.32 [12.96 2.59 | 5.02 3.22
PB1-7-1 98.38| 1. 62
PB1-20-2| 0.51 |98.31] 0.74 0. 44
PB1-38-3] + |43.82(43.94 6. 84 + 1.68 1.15 + + 2.57
PB1-50-4 24.55|51.96| 1.3 | 4.17 | 2.65 | 0.86 | 4.25 1.62 0. 84 + 6.7 1.1
PB1-67-5 81.59| 2.24 | 4.82 | 2.78 | 2.44 | 2.3 1.75 0. 87 + 1.21
PB2-Y | 2.82 | 96.4 ] 0.78 9.25
PB2-Yt 74.48| + 8.13 | 4.32]1.75]6.84 1.62 + + 2. 86
WCY 99. 04 0.52 0. 44 3.42
WC-Yt 68.59| 2.15 |11. 36| 5.62 4.10 4.2410.78 + 3.16

W RE R S-Y ., Yt 4 R 4 T A R RS B R A Y s HX -a-b . PBl-a-b 1, a £8 2 HL30RE & i k78 URB b A8 28 kv 5% 43 0 1) BURE:
WH: Co i ffif1 s Dol — A B A1 s QA 38 Pl A1 s S S i A s IR s Hb— M N A s K ® 08 7 s Ch— 1R A1 s Py — 80 s Fe 4R

AW s Ant— LT s Non—3E 5T s Gp— 41 s Gbs— Z K 88 47 5 Prl

BT Alu—BILAT s+ .
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Table 2 Major rock-forming element composition and grain size distribution of samples for lea¢hing experiment

b JCHE TR JCHE F i (pg/g) i AE (pm)
CaO MgO KO Na; O SiO, Al, O3 | TFe; Oy Mn Ti P RLEETE [ | S S

PB1-Y 30. 89 16. 74 0.10 0.27 4. 24 2.37 0.52 99 463 491 0.03~500 352

PB2-Y 30. 82 15. 86 0.12 0.21 6.57 3.50 0.97 144 671 134 0.03~500 243

HX-Y 34. 40 1.67 1.09 1.17 26. 61 6.50 2.62 952 340 301 0.06~500 256

WC-Y 31.10 18.83 0.01 0.21 2.17 1.16 0.18 428 32 86 0.03~1000| 825
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e A MR AED T P o iras &4 14K
FERIH™ YDA LR
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PL HXORAED 1 PBLOA Z 6D 5 B AR i i 72
ThOX IR S A W 1) Bl 25 BURE 23 A 4 2R 9 (GR D)
TRUHIR IR 8 5 WAL 76 - LT A B )2 XAk A
TR AR £ AU AR .l T BR R R A ¥ A
MR AR ER A4 1 6 B 9 (Plummer et al. ,
1979)  TERK BR 0 75 Tl ok F2 b IR IS SR R 0 Hh Y R A
VWA oy 23 HE AR N B AR S BRI B IR A Tk AR 1R
ANTEYILH 53 1 2 A RE LSS RO ) 1 AR AL S

T . A7 S FRASE W oh A AR Y R R gy (R
D1 HAE 324 20 58 8 R L F2 8 (Lasaga, 1984
White etCad, ,1996) . X+, Fl FH H R4 50 5 A % 1Y
LU AE 722 PonT LA 7R kv 3 B vf B AR 0 i A e 1
BRI FT E 3R R AN 5 ) B BB R AR AT 1 R AN
PIEE AR T R R 5k 2 A A R A T ) LA 1Y
W . BEREE R, T ERAE A 5 A%
N =R AR TS

Kl 2a o 1T HX kg o & b Xk s sk /9 5
WHURE 18 5 4 % He B (No. 1. No. 2, No. 3. No. 4,
No. 5 43 MR T4 12 W58 21 IR VE6 30 IRLE6 38
W46 AP SO MR G R ICRE, L3R D, AT LA
AL B AR R (PD L Z A (S)
FA (D e A (KD BT (Py) 5 7 9511 Ho (R %
A b 8 52 50 3T AR AR ) s A U ) A Bl TR 2 KAk ik
FErp PEBE R BR AR YRR . BRI AT A e KA
Torff . EIEE AR ANV 0 1 4 B CHX-Y O 319
BBz bR T PL/Q AN FLAR ™ WX H A 35 2 B AR 19
P AR T F R R AN W R O 1R R B R
AR Z R B s N . R AR PUAE
AE T L B 55 19 JR A= B 9 (Banfield and Eggleton,
1990) , 7€ B2 AN Vs ) 32 B ask 2 v vl e 52 31— g 52

Kl 2b BoR T PBL ki o B o ks sk w5
YHLURE B9 5 ) %t FE{E (No. 1, No. 2, No. 3, No. 4,
No. 5 43R T 7 W5 20 LA 38 K3 50
WL 67 WRIA SOWMIE E I, Lk . KZ
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Fig. 2 The content ratios of target minerals to quartz

in leaching residues along with leaching of carbonate rocks

() —HX R AE s (b)) —PBL i Ak s HX-Yt—HX & B2 B A E W
PBI-Yt—PBl A8 Z A EY: QA PL-RK A S5 A
I—AA s K— I A1 Py — B8k 8 s Ant— B8k o™

(a)—Leaching column of HX; (b)—leaching column of PB1; HX-
Yt—acid-insoluble residues of carbonate rock powder layer of HX%
PB1-Yt—acid-insoluble residues of carbonate rock powder la$er=o6f
PB1; Q-—quartz; Pl—plagiolacse; S—smectite; I—illite; K—

kaolinite; Py—pyrite; Ant—anatase

Yt)—>No. 4—>No. 5 Y722 {L A7 AT DL B HESBl Ik o AR
AR, PL/Q.S/Q.1/Q. K/Q. AntAQ ¥ & R AL 1Y
e BT R A S A PR e 08 SRR
WA BT (Ano) R AN R

T3 8k fIA A CHb) AR, A7 CAlw) 43 51 /£ HX
A PBL iR o B PRI I AR AR W I R Ui
B HAE IR R EE A AL R R T2 A€ . 78 PB1
WA I A B A K AR A A S Y
KA AR R R =
3.3 KH®EH EC.pH 4L

EC RAEY) B fL 3 i M RE J1 . K=& 1R,
W VR EC Sl K v 77 7 B 0T R 8 R 48 R K
R T RO, — R A R IR
R pH A8 1648 78 K- RO T 8 T FE Y
FEEE. K-AVER@R, R FIHFERZ  pH HE S

R AL AR R B ECLpH AR WL 3. ik
H K EC {H :PB1 24 538 pus/em(990~84 ps/cm),
PB2 # 701 ps/cm (980 ~105 ps/cm), HX Jy 555

IR
V| ST bk v A T R AR bR AL ECLpH iy A8 4k
Fig,.3 “WT'he variation of EC and pH of leached solution

along with leaching of carbonate rocks

ps/cm(964~85 Hs/cm),WC B 353 ps/cm(430~
75 ps/cm) s kWY pH {E: PB1 Jy 6. 98(8. 08~
4.7),PB2 Jy 6.87(7.88~4.69),HX 3} 6.75(8.05
~4.78) ,WC # 6.33(6.94~4.78), A[LUFH,%&
IRV 2 R A EC pHE X 3 T W8 Wy A
JEG L o T8 B OB 78 2 3 8 2 30 3k B T M A . 4
PRRFE R WC B i R 6 & = B 2R i EC
pH &AL, L H EC ¥ {E R K& PB2 ) —2F. Bt
HH BN 3 R R WC B K- 1 TS B H A ik v
e A I AE S KIS R P k. X S
WC A 2 BB ol CF kLB 4 825 pm, L
F 2) BB MR R 0 T A — 20 5 BOK A 1R B
0456 56 . 55 A0 s WC BE A A BE i /0 L 53X ] g
E— AN K. PBL R PB2 155 8 2 418 A o
(W3 1.3 2) .1 PB1 fy EC B @K F PB2 b7 fig
TR 1 YRR K F S & DTS 3 1 1 K
.
3.4 HHEHBRHREZEEETEN
3.4.1 HEETF
Ca.Mg.K.Na X FREh 3B 1, & 6 R £h KU AL 26
5 v 5 B 8k Ok 1 — 41 90 R (Nesbitt and Young,
1984,1989) , M TERKER L4 1A &, Ca Mg F Z IR A7
Tk iR b by A 2 Ca ERIET . (= A
& Ca fl Mg W2 A& T ) s K 2 ZWAE T 0 R AL B

1

4
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BRLATH s Na F 27 TR A LLRSE A . itk
WA Eh 5L B Tk B AZ AL WL AT 4 o, Ho [ da,
db de Af 5l bk i i BE P Cas Mg K Na 9 2
AR . T3 A s EAE UK ] BEATL IR 22 08 N P %
H AR R S X e Al R AT T = R BT AR
(K 4c.4d.4g.4h),

(D Ca: kW Ca ik BEAL AL UL da BT .

0.01 _ =
1 7 13 19 25 g ¥ 43 49 55 61 67
100
K (&  —FBI
101
-
&
£ 1
0.1
0.01
1 7 13 19 25 31 37 43 49 55 61 67
K
Al 4

PB1 J 78.49 mg/L(120. 26 ~2. 36 mg/L) . PB2
97.7 mg/L (158. 27 ~ 3. 40 mg/L), HX 3} Q4846
mg/1.(260. 77 ~2.01 mg/L), WC 2}y 59. 9% mg/L
(104. 76 ~2. 01 mg/L), H ,HX # Ca iy ik B
e T AR AT L 3 5 R Y K e R — B
(1, CaO 1y & i 7E HX d5e i (GR 2l 7 fff A1 1 ]
VLT 11 = A (Drever, 1997 M8 I 76 ik 75 1 F2

1 7 13 19 25 31 37 43 49 55 61 67

I (mg/L)

0.1

19 25 31 37 43 49 55 61 67
UL

P OAR 7 7 T2 R 9 e T B 2 A R R AR Al

Fig.4 The concentration variation of base cations of leached solution along with leaching of carbonate rocks

(). (b).(e) (D
(a), (b), (e) and (D)
(c), (d), (g) and (h)

Sy Rk R Ca Mg K Na f9¥R B ; (o) (D . (g) . (h)

AR () (b (o) (D) i = S 3 3l

The concentration of Ca, Mg, K and Na in leached solution, respectively;

the three-point moving average values from (a), (b), (e) and ({), respectively
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KEM Ca B k. MFLUAS AN EEND
AR 3 PFAERE . Ca A3 ok B2 22 7 £ 5l AE Y
BEMA L. WP Ca B934 E KN WC
<PBL<PB2, tH I #li . i FE (1) 7 2R B2 K/ WC
>PBI>PB2(F 2), kM, BBEMM®, K-E5EH
B A I AN T 4 . N = S s P B v LU A
(& 4¢) . PB1.PB2 1 WC M b 5] — 5 ki 18 v
B BN (PB1 R4S 1~37 G PB2 45 1~40 1K,
WC 55 1~30 YO . Wk i Ca B ¥ 2R R I H
B3 1 A8 Ak e #e e — 0 Y T N DN Bl K- AR
M2 EEER . R 2 En; s, —
HPEIWMEL S Ca ik 2 B ERIMESR. . HE
Tk R Eh VA AR SR IS o 7K -2 /R T 52 AT Ak 3 ok 1) ik R 6 M
& Ca WRERRER AL 70 2 il . HX 9 Ca s i
REEVE R, NG 1 RS 14 g IR, Ca 1k
JE 521G R 0 e, P K -E A T R BILHD i A T AE
MG — H BRI 2 i, Ca W BE AR K-E R T 32
ALl T A T A Ca Y RETR £h 241 4% 7 | i 95
il .

(2)Mg: itk 3 ¥ Mg Ak B 22 46 UL &l 4b fir
~o PB1 A 41.69 mg/1.(69.41~0. 31 mg/L),PB2
9 55.96 mg/L(96.9~0.59 mg/L), HX J 5.2}
mg/1.(32.82~0.62 mg/L), WC & 37.31 mg7i,
(54.34~0. 89 mg/L)., H, HX H Mg 1y WG
R HEBEMR T PB2 19— 54, X 5 Mg fE HX
AR H AR & e — B (€ 2)  SEHX
ANEH A %S Mg RIR 59 Ve B IR A
TR ANV Wy AH B30 4 ik R 3k 2 43 v Can 38 i A A TN
A0 P WA S v Mg 19 AR B T X 8RR
o . HR 3 ARERE IR RIS Mg (191 34k 2
Rk WC<PB1<<PB2, 5ok it Ca (1) FE A5 1k &
—HW W FEE T A E RN E R A=
18 B E AT LAUE (B 4D ZE R P 8 (5 1~
3 P RO HX Ok W b Mg (19 3 32 30 3k 3] e {1
L R T AR, B RV N X Ak TR A v R
Ao VIWITERKIR B A A & . & Mg 19 i R R 41 47 Bl
RIEREL T LRV P i) © & 2B T B o0 ff . X F IR 3
AR | TR I I S0 1 U o VR b Mg 114 Wk R B bk 7%
HE AR B PO B AR 1 R K- R 58 32 Ak g
TR 1 2 A 5 o R 9 T A8 L 22 AR B B bk
W Mg (1% & B2 T B I8 722 Ak e A, Bl Ik E B Mg
(¥ B2 8 2l PT R 2 G T aaURE A T U o R b B
KA AR NI 0 T K- A PR

(3)K Fll Na: itk ¥ rp K i vk Ji 28 1k DL & de

B, Hed ,PB1 2 0. 266 mg/L(2.44~0. 075 mg/
L),PB2 & 0.301 mg/L(4.44~0.077 mg/LryHX
% 1. 862 mg/L(27. 5~0. 178 mg/L) , WC 0. 173
mg/L.(0. 483~0. 102 mg/L) ., #H & H\ Na )k &
A5 Ak WL Af fF R . Hop L PBL R 2. 60 GAg/L(8. 45~
0.37 mg/L),PB2 & 3.08 mg/L (Ax86~0. 32 mg/
L),HX }7.12 mg/L(54. 93 @23 mg/L),WC
1.36 mg/L(5.18~0.32 mg/lW. A LAFEH,K Fi
Na 76 HX {19 W b 1 R 8] 8 7 H A il
B0 PBL.PB2 Ml WC i) 225 A B 3% . X 5 K,
Na 7& HX iy & i BURA T H R R F g —
B (3£ 2) . K-EAE T KR Na 99 209 3%
& K Na #8195 . = 5008 3h-F 2 1 il L
B8 g Ab Wi i B b KO Na i 22 4k 3
ARARL s HX IHCEE R A K Na 1) ik B2 78 bk %5 O 4 it ik
B AR o B IR A T A R A 5 0 U R R AL
HEMT VUL T & K. Na 98 9 78 55 R 58 ik
KAPGEREUIT e TR . HAR AR T K Na %
IR RV R K Na ik 2 2 A 2
342 L=

Si,AlLFe XFR EITHR 25 A KA R R Y1
FFH 4 (Merino and Banerjee, 2008),

(1) Si: 3 ZWAT TR AL Cln 4 90O A R 2
W) Hh T A B 3 A B B A A E 9 5 ) (White
et al. ,1996) , PRIy Si ] 5 55 A B i 32 20k I8 T ik
BRER (04 . Wk S W Sk BB A AR WL R Sa,
F1,PB1 4 0. 862 mg/1.(9. 89~0. 012 mg/L),PB2
4 0.638 mg/L(7.01~0.019 mg/L),HX & 1. 413
mg/LL(11.52~0. 062 mg/L), WC 3 0. 159 mg/L
(0.579~0. 028 mg/L), R4 HX [y SiO, & & ik
26. 6100 (K 2), A 4 5 T H A AR H M LR P
St EEIF AR R TR A, FE il T HX K
FE & A REMARGE D A St 2%,
T30 N =5 Bl 2 &g AT LU (B Sh) L 7R
VUG - A5 R U VR S R BE 3R B 0 (. Bl
W AE R AR, SRy e B2 B BRI, A=A T — 4
XSRS E RIRZS . DL B4 R BT TR R IR #h 5 b
JZRE I AR B E I C 2 k. T
EL L AE B A R 0 R R R 2 43 X K-S RO T
B AR .

(2)Fe: FEWAE T RRAEY 0SB WA, a0
TN BT R % B R B BT SR 1 2 Fe
MARART ) . kP Fe A9 MR BE AR A6 WL AT Se. HE
F1,PB1 24 0. 057 mg/L (0. 742 ~0. 001 mg/L),
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PS5 BRIV VR A SE R VR P SiLFe Al e B2 A2 4k
Fig. 5 The concentration variation of Si, Fe and Al ions of
leached solution along with leaching of carbonate rocks
() (b () —ar BRI T St Fe Al 1K 5
(o) (D —4r HItFE () (D) 19 = S 3 P
(a), (b) and (e)—The concentration of Si, Fe and Al in leached
solution, respectively; (¢) and (d)—the three-point

moving average values from (a) and (b), respectively

PB2 2f3 0. 043 mg/1.(0. 223~0. 003 mg/L), HX
0.126 mg/L (0. 992~0. 001 mg/L), WC Aoy 033
mg/L(0.093~0. 002 mg/L)., R&YH KN %50
RAHLL . Fe KRB R AY 1M (3R 2 P, & il ke
4 Fe &5 B0 & 1 K Na, {H bk GO 19 vk B2 200
A5 2) ABAIA R Fe BB Hh R il I i
fitt. WL T Fe MWk BETE HNI S 5 Fe 78
HX R & i e mi 2 — 8O & 2) . Fe 2ot
RLORE AT R Fe' g Fio ., A& T &2
Fe** 1 5 T U1 1€ (Nesbiét and Markovics, 1997) .
TE = R 7 2 1 i ] 5D L Bl 1F FHE 2 Fe
AR R 52 B T AR iR Sk B 3 HE R T Fe Y55
T,

(3) AL JEBAENA N AL & R A B 58T 19 52 5E oo
FJUHAE ¢Hy=4~9 M E N A9 g
Al s L A YL X TUVE I 8 A 3 2B K L
W) 14 (R Sugitani et al. . 1996) . TEBREREh A R A
K 2 i 1R ER DL S W A7 b s AL KRt 32 2 AR
Gy SJEIFEH AL UK T Si i FEEITR (R 2),
AT S 30 45 v LU (L Se) s ik it i ALY
WA . K2 <0, 1 mg/L. i HAE— 2Lk [B] K
rR RS HE (<20, 0001 mg/L) ., BEHIH Al 59 43
RO AL EE 5 T U0V, LI R ZUA 1 1
3.4.3 TiMn.P

Ti.Mn,P — g2 FEITRE P MEHIT. 4
PRRAE R B R Ti s S8 Y Bk, JF B
EMEE SRR AT E . Ji4h, Ti el URAE T /A N
£ 7 (Nesbitt and Markovics, 1997) . T £E itk 1 &
F R A Ti(<20. 0001 mg/L) YWl %5 Ti 844>
RO Ti B 5 TULTE, R B Ti fERA BT &
P H 5 B 4 4 (Nesbitt and Markovics, 1997 ; Egli
et al. ,2008),

KT Mn Fl P, 22K A A A A H AR I A s
W (G2 D B IR TR R 9 Min F PO 2) 4
B LW B ST A7 7E L 0 SORAE T RS i 1 AR
B,

PR Min B3R BE R AL DL IE] 6a TR . HiH,
PBI1 & 0.04 mg/L (0.23~0.004 mg/L),PB2 N
0. 033 mg/L (0. 146 ~ 0. 003 mg/L), HX % 0. 455
mg/L.(1.397 ~0.005 mg/L), WC 2 0.105 mg/L
(1.124~0.02 mg/L) . FEMF . HX A 8+
Mn (- 2 9 & 5 g Lk Oy WC, PBL 1 PB2 i
I, 3X 5 Min 7R IR H i & 2 R/ & — B (GR
2) LK -5 SOBE Hh Min it &2 i RE b Min 5
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(20, TEREZRM T Mn 2B ICER(DRE 03
025

FXINGR . 1999) o 7 = 51 31 24 &l i v (&l 6b)
Mn f ¥ B Bt g 0 A5 R 3 Bt ) ) A2 Ak i
A AES M 7R ipAR I & B A G

X Py T R R 21 e i & 20 mL
Ja M 7E BRI XSk w0 8] PB1 FI PB2 /9 12
ARSI Pk BEA T a0 B R PRk
FEAS AL WL 7 BT R, Fif L, PBL R 0. 271 ~ 0. 004
mg/L, PB2 Jfy 0.205~0.006 mg/L. P [ &g
(B8 3 BUAE 1 YOk b O Bl bk v R AR VR R
I B A % R PBI R v b POy ik B2 R
T PB2, 5 P 7Rk Ry & B0 A FRAE (PB1>PB2, IL
K OR—ER . UWWK-A AR PR R
WA P E Rl . LA R R R IR Eh
R W XM TP 2AEBEICER (i et al,
2000) o P Fifi itk 192 114 V5 A T 86 JIC o
3.5 MAIEPTERENTLXR

RN T BRI A6 A R A A v,
53 ) 1) 78 AR AR E X8 bk R TR 43 TT R X G M
W8 IR 5 A R 8 AR A T AT

BT Bk B ER Lb RE R Eh Y A ph R KR 2
(Plummer et al. , 1979) , [N WTEBR PR Eh 58 &k 2k 22

10

el (mg/L)

HelE(mg/L)

(b)

7 13 19 25 31 37 43 49 55 61 67
R

Pl 6 b A 1 P E RO P Min vk B2 AR Al

Fig. 6 The concentration variation of Mn of leached

0.001
1

solution along with leaching of carbonate rocks
() —REM B A Mn B9 (b) UK (0 B = S 18 8h F (.
(a)—The concentration of Mn in leached solution;

(b)—the three-point moving average values from (a)

7 BEWEEAE TR WO T PRy i B AR A
Fig. 7 The concentration vatiation of P of leached solution

along with leaching of carbonate rocks

S 8RR P R CCE -+ Mg) 3 Bk [ BR BR 3h 1Y B
T W R (Ga = Mg) /St ¥ JE L B bk 5 1 )
T 072k DL [ 8. i 7% o 45 1RE IR LR VR R X HU A
By P BT 2R 8 A R AR < b T 0 300 L (R 2
R P A 0 138 AT T A 9 T ok A 118 o i)
W B e AN R IR RGE o TEWIA R AR B b 3 i
i T i 4 5 %ok 7K 2 e T 5 o a1 T R R 21
GIVRA R, A B R AR 2 T SEE R 2
. DRI TR A L B R D SR VR [
iR (Bl 50), (Cat+Mg)/Si 233G R Hy#aH ., # AW
rh O AT S 1 e R 465 X i A T AR A K F L TT
B Si AR /N, (Cat-Mg) /Si U AE AR 7 A R
E 5 WA, B A )t v ok i) ik R R T AR AR T L VA R Y
Ca Mg W Z AL, (Cat+Mg) /Si 5 BFEAR H a3x,
M H (Ca+ Mg) /(K+ Na) ¥ B b B bk %
VERTHERE 2 AL WL 9 B . 5 8 A AR A2 1k

Pl 8l AR A T AR A A b (Cat-Mg) /St Y2 Ak

Fig. 8 The variation of concentration ratio of Ca plus Mg to

Si of leached solution along with leaching of carbonate rocks
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Ao BIA) 30T B AR 30 O - e S0 38 e AR o T 7 94 7 [l
B B ) By B AR (R B AR E . R IR T K-
BB & K Na B8 P45 A 2. JUR X AR
TEEYHLH 5 (Ca+Mg) /Si & —FEM .

&9 Bl kv 1 I R L (Ca+ Mg) /(K= Na) 1942 46
Fig. 9 The variation of concentration ratio of Ca plus Mg
to K plus Na of leached solution along with leaching

of carbonate rocks

& 10 Bk 1 TR AR Ok W (Ca+Mg) /Fe 172 4E
Fig. 10  The variation of concentration ratio of Ca plus Mg to

Fe of leached solution along with leaching of carbonate rocks

I B0 (Cat+ Mg) /Fe e BE HE G 7 41 F o 2 19
ZAC L 10 BroR o FE R 1R RO P, (Cat
Mg) /Fe AR LI B2 04 748 A RpAIE T 1 399 52 e A1
o H . T AR AR RS B 55k O (Ca - Mg)
M AL AT — . 2 — 4R R T Fe (915
PERFAE . B TEICRE o A7 1E BT A TN A0 4555 Bk

(49 5 WALAT )+ 8K T 6 38 AN kv 2 F2 v Fe 1A

B LARFFAE— D ARAR Y K- 158 W 7 fisk R by v

KRF.Fe 2FHiEBILE.

3.6 BREREERUTSE T RERNEAMIKWLZEN
il

25 b 6 iR AR KA Seaat B R 2
AR bR I 2 H, K Na, Si, DINSCHE BR £ 1 (1 Mg
T R VA A U L TR BN B DAL FR R TR
TR 8 1Y) 43 A 5 B R R 1) ¥ R W) 20 AT 1L O HLTE
T IRk 2 Tk ¥ 400 300 © ¢ B o 9 B m9 KAk i i .
B X Bl AR R SR AR W W 43 BT AL R W A B B R
R AN AR B PR R A
BERDT VLR LB SE R AN A Sy Y R A T Oy
fife . JUILBEWZANE R RIS s R P S A/ A
W A/ G A A A ST R H A AR
BEAIG . 48 78 TofEHEK 50 AT i AR 2540 T - el AR A
ARG A T S50 ) 40 i R $h B 8 1 TR )
B KA W E AN B T8 USRI A P R A S e
W 258 s f N S RHE A S R I A S5 ek TR
SR AT ) St g TR RS HMELUE BB A
W3 #7, Carroll and Starkey (1959 F| Fi i F1 CO, 7K
A3 RN AR ASE WA e 08 A R R 0 A KA
R RIA SE R UESE T St AyTEfe. DL B WFgT sl
H5 A Ry I S B R R W A AR E 8 T AR R AR W KU Ak
I R A (B 5 XD, 199D A 2

TE B TR AR 5 RV 2o 1 L v 0 e Rk 1Y £ A
Xof K- B T 55 A ek 380 1 it PRk ) 9 ol s B
BT WA R B B, BLER,. BEER,
K-S A TSR] L b i Ca Mg MR BEAR, R Z
IR s 0 o B B TR R 7 1l 3R R, Ca Mg ¥ 1 2 22
SRR Ca Mg RERRER & MW 2. 768k
Vs JE 0TS R AS T W AL 43 o K- A T AR R AN R
.

WHEIN R AR FREM Ti A AL £ %
SEE L g E T SR B A RS PR R AE O FTL L, 1995)
BAR Ti AR CBLERT™ L AR I A R AL 3R 4K
W) CRRREER SR IR A) 76 Bk IR b 2 kA o A v 1y
At BT 1 B TiF AL RURR 2 4 0 WA T
RARTRA YA . Fe R0 H 553 R 1Mk . 38 R A BE
T Fe" G, fE Fe'm MR T W GRSy MmN
A0 AL I B o SRR B A R M A Y Fe ' i Bl
AV B K

Mn Fl P AEHEK 500 R 47 B9 AL S5 10 T, B 3%
B L B
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Abstract

The feature that rock-soil interface shows distinct change on weathering profiles of carbonate rocks is
an obstacle to exploring weathering mechanism of carbonate rock§ by directly using the development
characteristics of field geological cross-sections. This study sele¢ted rock-soil interfaces from four typical
in-situ weathering profiles of carbonate rocks in central Guighoti Province and western Hunan Province,
China as an example. Under the temperature of 24~29. 5C%Teaching trial experiment was carried out on
the samples column from each profile by simulating dfyshot weathering condition, i. e. warm or hot
weather and well-drained weathering state, and usingrwater saturated with CO,, with leaching end marked
by complete dissolution of carbonate. Dynamic anal§ises on major rock-forming elements from leachate and
leaching residues reveal the weathering mechanisnwof rock-soil interface in weathering profiles of carbonate
rocks. The research result is as follows. () Purihg weathering of rock-soil interface in carbonate rocks,
carbonate dissolution is synchronous with, decomposition of acid-insoluble material, and acid-insoluble
fractions have shown a clear weathering t&ndency at the beginning of carbonate dissolution. @ In a well-
drained weathering environment, basésgations and Si stemming from decomposition of acid-insoluble
residues including silicates are morg iniglined to migrate with leaching solution, which makes it difficult to
form authigenic clay minerals sugh as smectite, illite, kaolinite, etc. during weathering. Among other
rock-forming elements in acid-idsdjuble phase, both Ti and Al are inert elements, Fe is weak migrated,
and Mn and P show significan®activity. @ During water-rock interaction process, due to the fact that
carbonate is excessive to water-rock interaction, dissolution intensity of carbonate is mainly constrained by
the texture of rock powder layer. Coarser grains lead to well penetrability, resulting in fast water-rock
interaction and low dissolution of carbonate, and vice versa. However, for water-rock interaction, acid-
insoluble fraction is inadequate throughout the leaching cycle, and its volume is a main factor constraining

water-rock interaction intensity.

Key words: weathering profile of carbonate rock; rock-soil interface; leaching simulation; weathering

mechanism; rock powder layer





