®£87% HF1H 2
20134 1H e bﬁ ¥ jﬁ Jan

ACTA GEOLOGICA SINICA

gt AN TR ERALERILE
— AR RN ST

BEMNWDLED FAMV IHAY EED ALY EXED
1) BRSBTS B TR R W , 421001,
2) ot R 22 MR A B2 3R B MR A% 5 T A S T, 550002
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H Bk BR £5 5 R B W XL 5258 H 2 I L IE o R AR
A - R, 3R b R A4 7 T M B TR 1 2 SCER R 8
A B (Trudgill, 1985; Walter et al. , 1995; Wang et
al. ,1999;Ji et al. , 2004; Liu et al. , 2004; Xu and
Huang 2005 ;78 W%, 2007 ; Feng, 2010; Zhang et

»2011) , 55 45 S s AL & T #Y % 22 5 3 AL P AL
Tf/ﬁﬁ & B %t b ( Nesbitt and Markovics, 1997;
Horvith et al. ,2000;Lan et al. ,2003), H THEE
HABRAEY & E— BRI RS X
B R KB, A HEFHRARER
EE KB & R 4 /2 {k (Hartman, 1955;
Isphording, 1978; Moresi and Mongelli, 1988;
Moukarika et al. ,1991;Miko et al. ,1999; Wang et
al. ,1999; Wang and Feng, 2004 ; & & Wi £, 2007) ,
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EMBE-2RE> BB WM. K. A
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ER R R BR £h e MALE i B g .

KT NERILE,. BENSIETFRT
REHRITEFFERT 4 ARMA . OEHEKREL
BRAMZeN TR EA S 2, EREH S HE
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A R A RTE] 4 AR A AR B
HEFRTE B33 AR - A BR AR - T AL K R 9 B it A2 (Wang
et al. ,1999) ; DK EREL A NALFIERIR L R E £ —
ANEZRM R, 5 H DY A BR AL 25 RRAE Bk
TR I VAR HE K SRR DL R (A S5 R R
ft (Isphording, 1978) . 3% 4k 1A 1 2 2 F % X 4L &l
HABRFIET R EEEN, B THRZHECER
BB+ (R B ey {5 8, M A RE 4 A
T A EEAS R HRIER.

X RATEWTE A E R BRI R T, &
4 R CGURR XA HT 80O B E R BOR B Z B AT E
M. EREBFRNR, &5 E KA #8200 2 XAk
B S AN BT 1 9 R 7R P AL AR 1 B AR AR TR BLEY
F T AT LR B A - R KU B 4E B TS B
R AL 3 5% 48 F A 7 8 R 7S (Bird et al. , 1989,
1993; Giral et al. ,1993;Muller et al. ,1995; Girard
et al. , 1997; Dequincey et al., 2002; Little and
Lee,2006) , -+ H1E 1 FAXT Bk ER #h & M AL FETE 5L
HBEREXBIE BN FERRTE CRILEM
5, 1997 2 5 [H4F, 20005 IR P45, 2002; 2 B
BEL  2005; Merino and Banerjee, 2008), 18 26 T 4E
FAMIBLA 05 2 LA XS AL 52T U HE 7 » 9 A RE 4R
HEH 1 BIEAR SCFE

4 F H B EF St B R R B RRAE AR TE RO SR
Bés » X BRER L 5 O IV A BURL O 18 7 R BR 3h 8 MUk e
AT R RN A R AL AL TR T R R
HaE R EERR—-FESEE. R, LETTE
MR L A A SR N A B L 1E
(Carroll and Starkey,1959; 8B ,1993; 77 E YL, 1995;
AR %, 2001; EHF%,2007) CRKIBEIR KRB A
BYH B MBI R A B H AR, KL L7
RRY B HEERRYAEI S0, B Rk &R
GriBERBRIREL S A B LR AR R LA

BB ETETEFEE DB TRIMNAPOR
PR X, KB RN K EREF BT R
HERARRNY . £ AMEETPHERBTR
TAERER b, A SCEFE SN 3 MG ay 4 K4
RIBRER b 5 R RAL FE R & - L R B IR FE X &
Xt £ B T 840 T2 B o OF JB 2R 0 O R SE IR BT 5 GO
BA R LB ST 2E MR E) . 8T X R
MMBEBRRY B S BT, L2 KB Rk &
A WAL T - 1 AT SN Y L BR AL 2 LA L 2 T R AL
X Bk B kB KL B AR R IGR . 9 R R o E o
BRBREh A WAL TE T R ) i R B CRAL %, 19975

Z 75 5%,2000) EARE (B4 R %,2003; Liu et al. ,
2000 REFTHBEAR (D B LEHRET R
JR W B I BN (B Z A% ,2001a,2001b) S AL
2 BRI RELESE,

1 W E ek

1.1 #iERpiEE

BRI A WA LT, RE LA SN
Al (AR TR ARIRRE) o A SCEE B B B AR 9 s *d
R EEEET . H—, ERNERELEWHEME =
Y, BABYEET ToIPEETE—E KNSR #
W ERRBEENRRBRABEY L8,
W R RS KA AL B AR Y, Ok B A AR
TE AN BRI A B AR o A RS TE 7 R AR B AT
AR F = Eakad, RERURETEH
J2 W IR 3R 54, (ELAE S X 8BRS TR A R BT, 3B
RRKRERB I EFRANEYH S TN A E, A
B T [ R AR SR, ERMEEERERT AL
HEHREES.
1.2 HKEBEEREG

FEXPBR ST X B SRR AL RATEB AN LR TR
FHRIE T THOBRHAA TR 3 MR &M, 0 51T
THBEEUBIR . RTRE, AR R HR
FUTHRMBELE. TR, BHEEAER
B (AR B (HEK R R RARES , WAL B A
WK, EMBEHEBERE S KA RNEETERE A,
HEER B AR AR ARK

KTMBEBR LS. £ BRHF, CO, ¥ A
R h oA WAL A B 3 E 3 A (Atkinson,
1977;Egli and Fitze,2001) , B 76 K SRk R £h &
VLI, B U CO, 7K 15 Ry 45 T 7K kI8 4% 14
(Carroll and Starkey, 1959; 7 [E V1., 1995; Z & [H
%,2001), TEASUMB LI, LU A CO, KA
IR

B T CO, 7K 9 55 BRYS W, M BRBR 8 & A 15 1k
38 A FR (Trudgill ,1985; Egli and Fitze,2001) , H it
W A R AT, BRE R A IR M AW (et
JUASFD S ARIEM S SRR B A A &L NEA B
BENRKRBABY A4S, EEXFRKELK
Z I, 7 B B R A BRI AR

2 ORI

2.1 #HmRE
4 PFRRIREL S RS B A B R Bk A AT IF
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HENI% BRI E KA A - A X E AL — X 50 R R S 2 65T 121

ERIE AR T RMELIRTH LMK GRAS
B E 2 R AL %I T (PB1) (26°25'59"N,106°21'18"E) |
R R A AR HE R B = 5 XAk FE (PB2)
(26°24'29"N,106°21'46"E) R FAT B IR KB5S fff 3l
B R 254 KAk 3 T (HX) (26°22/21"N, 106°36"04"E)
BEAEEETANEENBE SR E (WO (28°
45'83"N,109°57'46"E) . 7E i #b |, PB1.PB2 fl HX
KEREERER, M WC EPER NEME. X
EWMERSRRE AR T AT REZ B XL
WKBEIRATR ISR 2. A1 mol/L B HCL &
BT B 4 ZHEHRS REMRENBRAEYIR
ERBLEE R, NEEFENE BRABYESEY
AEARFIRERNESE:PBL X 0.97%—>6.12% .PB2 3}
1.67%—9. 25%.HX 3 4. 55% —35. 64%,WC N
0.32%—3.12% ., UBHTEENS RN RE
T B R REREE A UL A~ E R RN
TR, FEEETEAREEBADHEAHTR
FREN SR et al. ,2000), R TEBEBRAE
YR EE T ERE THREREASHEHR, &5 E
EREEANBRAEY S ESAR, AT XHME
HEMBRNBERETSE.
2.2 HBAXLRRESIEAR

WELRRELE 1R, AEBFKPESE
WA CO,, FEH ETIEBMEA COK. MR,
AERSBRSHEERNMKRERE. MEENRRZ 2.3
cm, BB 50 cm. PB1.PB2 fil HX 2 ERELE
Y5120 g HERERK 21~23 em; WC E B B
BN 50 g(WC R FF R S5 56 B R SR 48 WO 1 1T, O
THRIETE FREWHME RSN S A H EE8E
MEEEIRBLS . BO TSR  ERER
#4912 em, S FE A, 3G — 48 A 5 0 B HE
T 5 FATHERE L, 45 R No. 1.No. 2, -+ » WKV S
BEARGTE—H. REVTHEENBERENTHEK
BARPNRERRYNSERME. RETER:
WA — F B ET, No. 1 B A& 1L,
WIEERY TR GRS A0, LM AT
T— WA BT B, No. 2 45 1L WS DIE 283, E Rk
VLG, BE — M AT R IR

ERANWE R BN, WIERELE 24~29.5C,
RBEAERARX THRABTHSIBSRME. BIRKER
A%y 48 h, WERE 4 L,
2.3 HHFa

BTFAXEERRRREE NS BP FES
BH WL, BT R E 2 E

Bl mBRESHEENLREE

Fig.1 The leaching experimental apparatus

for simulating weathering of carbonate rocks
1—CO; S W M; 2— W] 3— M CO, KAERMB;+—<ETH
B REE 6 REBERTH T BHABINEBE;—FED;
O— BB AU P 5 10—k 11— SR HUH
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

Zix—HIrRIT.

XoF ik VR, 43 B E T pHLEC (2 3) DL &
Ca,Mg.Na.K.Si,Al,Fe.Mn.P.Ti & X & TEN
WE., HAP,ALSLTi.P Al AENE. RERA
0.01 mg/L, ¥4y CEAEMER ZT TR A3, K
REGEEECHR 100 £ KR TEARFRE S
EHWE MK XBAIBAEAGEAFETN
AA6300 BUA B R F R E I, KRR
0.0001 mg/L, FEW X1t 72 o R AR A 317
ST B WS, BT A R I T B A0 b B R 3 A
95% ~105% 1.

HTLREETSRTARDNEBAESES
Si ks, BT ZEFEHI AR B RS S TR
BT EAEEHT T RIE. #i T 5RAEMEEN
MBLB TR M AED MBI AERBHS AL
WERBR, W RS 100 FERAEL Si(<
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0.01 mg/L), Ut B A J 40 F0 3 58 41 4 R 2 5 iR
e Si gl e,

BEHEEMFEEITESITRA X-FEREK N
W L 537 A28 0 fi 22 TR 4 A 4 7= [ PW2403
B X-S R HGIBIL(XRE) . 4341 B o, [6] i 4
A B4 47 B (GBWO07404 ., GBW07406) 347 ffi & 1
. RETEBMNE LR 5 AEZ B8R 2
<2%,Na,O fl CaO WyAHITRE<5%.,

TR A R X-SE 2R AT 5 43 0 O kL B AR
Jy H A2 0 ) 4 72 ) dmax/2200 B X-§F & A7 5t
(XRD), ¥y B E B4 BRI &0 PR IE
U B R T RS .

BB 434 P E 7= Rise-2008 %  0% BL B 43 BT 1)
Wik, &K 0. 02~1200 pm, FAR#E GBW (E)
120021 ¥ 41 B 43 M5 2= D50<<3%.,

PLESr#r s XRF MR EE + REFHED ™~
P R W B A I 0 52 AR, XRD WK 7E o E R 22 Bt b
BRALZE B 5T B 52 L, AR T 9 TE B R 2 5E AL

3 R 5HHE

MEX G UBRRE 2B ARE, RENS
BRI R W B pHEC R M A CO, /K # 48 B
H. AEFRFEEN 24~29. SCHIMB R4 T M

CO, K pH=4. 18(4. 06 ~4, 39) (R & N, B
HZHRVWEE, FRD,EC=61.5 ps/cm (58 ~ 63 us/
cm), &M, PB1 1 PB2 MW IE R BN 67 K, Rit
WA 134 d; HX S 46 R, BRI 92 d; WC & 37
W, BRI 74 d.
3.1 it R ARSE
K-EERS, TEME SRS BRI
FREBEAX MAZEEPRET YRS,
HRROTE M BR AL 2 0E M B 2 K- 1R A A A
2y, Bk, AT BRI SR P T R E AR Rk
WL, B EE B RN H R, 4 R
WHBAR 1. B TFERANKRRILE T . BABY
HAY PR B B, B XRD £ B LA S0k 4 AR i
A2 o (MAERABYAHT RN FERD, F
X SRR B A B YW1 T XRD 4347, 2
SEAWEETHT YRS, FREH,H 1 mol/L
HCL 7B Bk BR L A BR N TR 1Y PR SR B, A4 X BR
AEYH 51 A BB W (Wang et al. ,1999), AL
FH,PBL.PB2 f1 WC ARAMW A E . BoASE
X 96% L b, TR A TE PBL.PB2 thi B IR AE (435K
1.34%F12.82%), 78 WC HR#GH . HX HZF4A
FERBRBNARE TRASEN T1.55% , KK H
Hef., RN SERAEYEREE DUKRSENE

®1 SRR BRABRNWURBINERBRRONTWAER

Table 1 The mineral composition of samples for leaching experiment, their acid-insoluble residues

and a part of dynamic leaching residues

R TYEED BB
me | Cc [ Dol ] @ ] PL | s I | Hb | K Py | Fe | Ant [ Non| Gp | Gbs | Prl | Alu | & 8(%)
HX-Y |71.55 22.67] 3.23 | 0.54 | 0. 87 0. 66 0.48 35. 64
HX-Yt 64.316.24(3.62 | 6.1 |0.62|4.16 4,96 +

HX-10-1{54. 97 26.72|12.81] 0.9 | 1.8 1. 34 1. 46

HX-20-2|26. 99 49.82|14.72] 0.92 | 3. 56 2.66 1.33

HX-30-3 15 59.93(17. 16| 2.22 | 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

PBL-Y | 1.34 [98.08 0.58 6.12
PBI-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 Lis| + | + {257

PBI-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 .62 + | + 2.86

wC-Y 99. 04 0.52 0. 44 3. 42
WC-Yt 68.59| 2.15 |11. 36| 5. 62 4,10 4.24]0.78| + 3.16

THRERSY, Yt ORNRREHENEREREAREBABY; HX-2-b.PBl-a-b b, a AR X B HMBRE b R ERBBRRIY W B
KEG Ce— A :Dol—ARH QAR PI—8KA;S—FHa:; A H—AREG: K—BBE; Ch— R H; Py—H &5 Fe— 8 &
s Ant—4R K5 s Non—3E Jy T s Gp— A B ; Gbs— = K48 A Pri—nh i A Alu— B s +— M E .
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ERETEMERE DMK, XRD X E RSN HORRESR.PRBINO A S RN ONER, &
REPRBRESEAARRE. SN ELRA HMEBITRAPRNASASEN 86X~87X, &M
BFYRBERMEETEANERMEENKRIES BI/RGVCHBSOERN ISHER AET#
BESETENLRF. AT UMEMEE 4+ E5R A:HXNTROERAUNER ATHEA.

2 #ENRNEEEERRORENENT

Table 2 Major rock-forming element composition and grain size distribution of samples for leaching experiment

E, TRERSBH TRER (/e B R IE ()

RERS — 5 MgO K:O | NaO | SiO; | ALO; | TFe;O; | Mn Ti P BENE | PHRE
PB1-Y 30. 89 16.74 0.10 0. 27 4,24 2. 37 0.52 99 463 494 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 3424 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

EHGHSFAERIL

SERENBABYNYT YHIER, 4 X
HHT WA

PBL: Bk BREAHN EBER S AB A, S HMET
RO BRAEMHNEERS AR, HRARBR
AFRAEARA. BEA. KA BED . EH
7 E&RE.

PB2: BRI EFER S AE A, EHET
A BAEDHNEERS AR, HRAIFR
A Eea FRE A ARA GELY . B
A .88 JERE.

WC.BRBREMW B A N B = A BRAEYAHE
WEERS AR, RRARBRA B AE KA
Y.\ ka HRA  BHKA BeT ERR. B,
MEBARNAERED LI, MERSEYPRREE,

HX BRBR th AH B B 20 21 05 % 40 s BR S VA ) A
REERSNAEHRABKA BHA BT .
BIEE . FRA ARG .GKT . B HmEREHL
YERE T U, ERABEYPRES,

A HERBERERMBEESWMERBER(E D,
WCHKESHEREER, FRHEERLHERTH
KEEMERTHEBENRER.

3.2 HNEHBERRYNTORSETHN

PA HXORE) R PBL(E = &) A MR i #
PIMBEBRRYN B SBESFERNBI(E D,
Wit i a Xk E- L R EE B2 XS R P
MRABY T RA 5 RALRE . B TREREL N IE i#
HEREMRIEHASH 6 NMEESK (Plummer et al. ,
1979) , EBRBREFE M B P, KBERK Y P HBEA
BYAISREMMNESR, Bk, BEHEEHHERER
AEYHTEESBEAARE L RBRT YR AL

K. ARERABYTLRAEENERA S (K
D, MEAEXREFETHRERE (Lasaga, 1984;
White et al. ,1996) , X &, fIFH B AT 5HER
WA R E LB B R e k.
g b, AL RRABYRBRERFBHBRAE
WHBRARTRBRIEE SN ERLBAEY RILE
BE. MKEERSRE, TERABYASSHE
Bt EAS L A 2,

B 2a@BaAT HXRBES BT S HMBERKXY 5
WELRE 8 9 X b {E (No. 1, No. 2. No. 3, No. 4.
No.5 4 5CETH 12 K5 21 K58 30 K4 38
KB 46 WRPA SO MBI ERAE, LR L, AT
BEHLHEMBERHAR, ARKRAGCPD. ZHA G . F
FAD . BBAEE . BEY (P 5ARMLLER
K b2 5 2 AR ) B, A FE B BR 3h 5 U Ak it
R BRI R, ERBRABYHISC RE
TAorfg. et AR E Y R B (HX-YO B F
BB BR T P/QSM, HRT PXT L H 2 MK
BB — SRR T LR BRA VYR BT 35 R R
BAEPRERTHSWZREN, REKAGRERL
BB Lt 8 55 W JR A= 97 4 (Banfield and Eggleton,
1990) , EMAE VRIS BRI RBZ B —EF W,

K 2b BT PBl R B R TRBERARY 5
WHLEE (9 5 4 %t H {8 (No. 1. No. 2, No. 3, No. 4,
No. 5 FHIARETEH 7K.E 20 K5 38 .8 50
W67 RBIAROWBEENERAE LR D, X£
FefE7E No.1.No. 2 &% No. 3 \rEr N, e R
TERTYRER MEH TERRELETEEY
RRHEXN M ERTASWRIFRER NTE
XRD 43t R . SEhr b, MIEBM A% 4 (PBI-
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(a) ——PI/Q —a— PB1
05| ——S/Q 1000 —e-PB2
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04 ¢ —-KQ g 800 ——WC
i ——Py/Q 32
5 03} & 2 600
Q
02t M 400
0.1} E 200 —‘Mu\
0 . L ¥ — ;“&..__ 0 (a) L T e
HX-Yt No.1 No.2 No.3 No.4 No.5 1 7 13 19 25 31 37 43 49 55 61 67
14 BRI 9

®) ——PVQ

1.2 +

EqI:

PBI1-Yt No.1 No.2 No.3 No.4 No.5
BURETRE

K2 MREEAERKRERRYTERT PS5 ORMIILE
Fig.2 The content ratios of target minerals to quartz
in leaching residues along with leaching of carbonate rocks

(a) —HX W& (b)—PBl fFEH  HX-Ye—HX M EBR A BY;
PBl-Y(—PBl #MEMAEY: QB X PR K A; S— B 4
I—HRE  K— R4 A Py— B9 Ant—§iek 5"

(a)—Leaching column of HX; (b)—Ileaching column of PB1; HX-
Yt—acid-insoluble residues of carbonate rock powder layer of HX;
PB1-Yt—acid-insoluble residues of carbonate rock powder layer of
PBl; Q—quartz; Pl—plagiolacse; S—smectite; I—illite; K—

kaolinite; Py—pyrite; Ant—anatase

Yt)—>No. 4—=>No. 5 FJAELRHAE T LLE H , FE B AE
Ai#E,PI/Q.S/Q.I/Q.K/Q. Ant/Q ¥ B F KK
B, BRTRKA.ZRA.FRAO.BRASER
BT BT (AnODBERA T H#.

FAh, AIRA HL) FRA A (Alw 434 HX
M PBl R e B, MAERBRAY P HE, U
HEERRLEAENLERTRESEERN. 7 PBl
WASBRPEANEE. . ZKEE IS EET YN
RK-EERATRI™Y.,
3.3 Wil EC.pH T4

ECRIEY R L EBBMWEES. K-E1ER S,
W B EC K BRIK o 77 76 L TR A 58 B, 48 78 K
BUHEBSFHEERE. —CRENKBERGET B
WK pH EZ I8 R K-8 RN R F I FEM
BE., K-asEARR.RTHEEELZ D HERR,

W AR W EC.pH AL LA 3, #
W H EC{H:PB1 2} 538 ps/cm(990~84 ps/cm),
PB2 % 701 ps/cm (980 ~105 ys/cm), HX % 555

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

B3 BRI AERK NP EC.pH WL
Fig. 3 The variation of EC and pH of leached solution

along with leaching of carbonate rocks

ps/em(964~85 ps/ecm), WC 2 353 ps/cm (430~
75 ps/cm) s W AY pH {H: PB1 J 6. 98(8. 08 ~
4.7),PB2 ¥ 6. 87(7.88~4.69),HX 3 6. 75(8. 05
~4.78) ,WC H 6.33(6.94~4.78), A UFH. &
BRI 45 3R A W EC.pH H 3R T WE R A
JEAE MR LR C BIE S AR B IE A . 4
ke, RE WC Mk S & &S, AT EC.
pH HEAK, LH EC ¥ ¥EAR K PB2 1 —2¢. i)
BB R VS 1 BB WC RK-E1E A R E AR MKIE
BRS . A FHEES, KEEEFRHBELRER. X5
WC HE ¥ ERERLE S CEERLE N 825 pm, L
2. BEHECRW AR5, S Bk E R
B485E . 74, WCBERAREER B, XATREE
R—AEwEEK. PBL A PB2 § A 82 4 AHE
(L2 1.% 2,1 PB1 ¥ EC ¥ /% T PB2 d17 8
B FRIE MR K TR E, NS &% KT
.
3.4 HHUBPETESATENTH
3.4.1 BREETF

Ca Mg.K.Na XFrEh B3 7, 2 7 MR £k K AL 3R
BB 5 WM K i — 4 T B (Nesbitt and Young,
1984,1989), MiZEBKERELA 1A R ,Ca. Mg EERAF
Tkt  HF B EE Ca WRET Y. A5 A
f& Ca fl Mg BT ¥ K TERE THFA A .9
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WEF;Ne FERFTFRKAURFHREAT . il
BHREEETHRETALRE 4 Fin, K, B 4a,
4b.4e 4f I AWME LB P Ca, Mg K Na Kk E
k. FBoh, MR ERREIBEILIR 2 &R Eh, R
A, RERBEHAET T AR YL E
(H 4c.4d.4g.4h),

(DCa: kK Ca I E LRI 4a PR,

PB1 34 78. 49 mg/L(120. 26 ~2. 36 mg/L),PB2 %
97.7 mg/L (158. 27 ~ 3. 40 mg/L), HX % 148. 46
mg/L(260.77~2.01 mg/L), WC 2} 59. 97 mg/L
(104.76~2.01 mg/L), H ,HX H Ca WIKE R
ERTHMMES, XSHEARWKERBER -
#,CaO MERE HX P BEEGE 2, B amy
BT H % A (Drever, 1997) , B L 7E W v 1 82 o
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Fig.4 The concentration variation of base cations of leached solution along with leaching of carbonate rocks

(a) . (b) () . (D—A R Ak W Ca. Mg K. Na I ; (). (d) () . (W—5F R (). (b) () (DW= [ BB FHE

(a), (b), (&) and (f)—The concentration of Ca, Mg, K and Na in leached solution, respectively;

(c), (d), (g) and (h)—the three-point moving average values from (a), (b), (e) and (f), respectively
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KEM CaiBithik. ¥ FLUAZANETERS
ER SR, CamREER TESIHHERY
BEERX, BBt Ca WEHERE K/ HR WC
<PB1<PB2, # B #t1 , 3R AE B ¥ 6L K /N WC
>PBI>PB2(% 2)., REH, B &SR, K-E1EH
BRI, AT . NS Es FHEETTUE
i (& 4¢),PB1.PB2 #1 WC M 4R Bl — & Wi [B1K
IR B (PB1 48 1~37 R, PB2 %% 1~40 &,
WC A% 1~30 O W HMBEF Ca MIKEREHRH
BB AR ES, 7E—EEE W /DRI, K-E1E
AZHANEEERER, RREELIRN G, —
HIEMBELR . CaNKELERERMRNBESE . 52
BRERERTHAEFR R, K- 1 32 T (AL 0 1l P B R 4k I
& CaEEREA T EBOER . HX B Ca WiFih
LEMFVIER, N 1 FSE 14 WEEIK, Ca K
EEW KR, EHK-SERPLE AR EE;
R — BB L S, Ca B R AR, K-E1EA 2
AEEMATEA RS CaMEREA> ST ENE
.

(2)Mg: i B H Mg By ¥ B2 4 LB 4b fr
Jk. PBI % 41. 69 mg/L(69. 41~0. 31 mg/L),PB2
% 55.96 mg/L(96.9~0.59 mg/L), HX 3} 5.21
mg/L.(32. 82 ~0.62 mg/L), WC & 37.31 mg/L
(54.34~0.89 mg/L), H+#,HX 7 Mg WK E &
fil, KHYMHEM T PB2 B~ ESK, X5 Mg £ HX
BEPHARMEHEREE-BUW(E 2. £ HX
AEAAEE Mg BRI T ¥, Mg EERAF
FRABYAHENE T EREA S SR A AN
), Bt EaE e Mg IR B TXLKAER
. KA 3 MR R R Mg B IR R
5 WC<PB1<CPB2, 5 kiR Ca Wy¥R B A2 1k 2
— B BFERTHAFBBEENER. N=8
W FHEE A LA (B 4D EMRB I B 1~
3RV EIO HX 3 W b Mg (v B 0 1A B 0448,
WS RERE EEWBFL AL THEAE DR
B, HHIERRESER, & Mg WEERELH 25
BB RAMEERETHE B, T FHLK3
AR RS B S R VR P Mg B R B PR RO
R PE R R K-S EHE Z 2 A
MBI A AFBOER R ZBTARE B B,
Wb Mg WMk L B L%, B A R Mg
FIHe BE B 3h , B fE B 4 T R AR VA O AR B b
BEHRAEL, NN T K-5 5 R,

(3)K 1 Na: Wk B K B9 B2 10 L 4e

Fr7R, Hid,PB1 & 0. 266 mg/L.(2. 44~0. 075 mg/
L),PB2 3 0. 301 mg/L(4.44~0.077 mg/L), HX
H 1. 862 mg/L(27. 5~0.178 mg/L),WC %} 0.173
mg/L(0. 483~0. 102 mg/L), ¥ H ¥ Na By BE
Ak 0B 4f frs, B, PB1 2R 2. 61 mg/L(8. 45~
0.37 mg/L),PB2 & 3.08 mg/L(9.86~0. 32 mg/
L),HX 5 7.12 mg/1.(54. 93~0. 23 mg/L),WC }
1. 36 mg/L(5.18~0.32 mg/L), AJLF H,K 1
Na £ HX Mk i B H Pk E B8 T HAR
¥, PBL.PB2 fl WCZHMEMARE, X5 K.
NaZF HXHFHEEUER FEARENE LR —
(kR 2., K-5EAF,K Hl Na 8975 H 47 51 3%
K. Na T BHES . N= B3 VYR L
FH(E 4g.4b)  E S P, K M Na LR
FHAL, HX W ¥ o K Na (099 B 7E R 4 46 30 i
21 W, R VA VE P AR AR, 3 VR R B PR AL
HEBTYE. UM TS K.Na WF ¥ 7EBR BRI W
KEHRHARTHR S, HRAKHEHR T K. Na
BHRAK . ME B K. Na fIIRERLEH RS,
3.4.2 BtwaE

Si.Al.Fe X B+ E, BEANACRARY N
FE K4 (Merino and Banerjee, 2008) ,

(DSi: FERAFFREEMLY (A3 frER iR
Y TAREREARREREWT P (White
et al. ,1996), F Itk Si MAFH BN EE R T
BRENAY AR, WS TR P S MR AL WA Sa, H
i1, PB1 % 0. 862 mg/L(9.89~0. 012 mg/L),PB2
3 0. 638 mg/L(7.01~0.019 mg/L),HX % 1. 413
mg/L(11,52~0. 062 mg/L), WC J 0. 159 mg/L
(0.579~0.028 mg/L), RE HX 1y SO, & &k
26.61%(F£ 2), 2L A FTFHARE, HK B WP
Si W EHAXRREAEWLE, FEZHF HX
HEPREREREMAZCR D, MEPH S ZEHE.
A= E S LE S (B 5b), i
BRSPS R EE AT g, b8
WEERASERE.SSMKREABRK. EELTF—1
MM RENRS. UEEREWH . AKRESER
BHEHE . BABRYMREERCERE. M
B 2B AW JH B i BR R 41 43 X K- B T
SHEREMN.

(DOFe: FEMATRABYH S EY W,
FINA By REAY . S8R ALY E Fe
HIEET Y. B Fe A E I WA 5c. H
1,PB1 % 0. 057 mg/L (0. 742~0. 001 mg/L),
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Fig.5 The concentration variation of Si, Fe and Al ions of

leached solution along with leaching of carbonate rocks
() (b) () —4r BIRRM I B Si.Fe Al I¥RE
(@ (D—ABRFE(D (DM =SB EHE
(a), (b) and (e)—The concentration of Si, Fe and Al in leached
solution, respectively; (c¢) and (d)—the three-point

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

PB2 % 0. 043 mg/L(0. 223~0. 003 mg/L),HX }
0.126 mg/L (0, 992~0. 001 mg/L), WC Jy 0. 033
mg/L(0. 093~0. 002 mg/L). RE 5 K.Na %t
EA Fe RIH B ZMEMCNR 2 fin, ik
4 Fe SRHEERT K. Na, HIk BB HWEREA
BB 2) BAEMERN Fe NRED Y BRI E
i, W™ Fe ®IREE HX F & &, 5 Fe &
HX AP EBESE BN (E 2. Fe BEM T
R EFE&EHTEFS M TIH  EUEZHTE
Fe*t Wi 5 F I 3€ (Nesbitt and Markovics, 1997),
A ERE S (B 5, kA ER#HRE Fe
MWRERER DA BB BEE, IR T Fe 1955

DALBEBHIANN Al REEFKTHREET
B REALE pH=4~9 WIEEN, AT P HEHA
Al ML EEADERTE, WSFHEABER LT
18 sa k% (Sugitani et al. ,1996), TEBKERIE SR
BYWMAREZHERELD RHARAT AIHEZEERK
4y FERFEF Al B{UKRF SIHERITE (R 2.
ML LS R LIE B (B 5o, ikl B AL #Y
WERAR . K£<<0. 1 mg/L, i H7 — S 3k ¥ [0 1K
HroR (<0, 0001 mg/L) . WHAE Al Y0 ##%
BBM AL ES TULE, RIH BN IEE.

3.4.3 Ti,Mn.P

Ti.Mn.P R FBTETIHBEBHAD. 4
HiEEPR  NEERE TINE LT YEHESKT ,HF A
EMBELBRPARE. 74 TI WA URET AN
£ & (Nesbitt and Markovics, 1997) . T 7E #k 1 &
th R 4 Ti(<<0, 0001 mg/L), S Ti ¥4
ERERM TIES TR, RH TIEREFETR
B 4 58 B 48t (Nesbitt and Markovies,1997; Egli
et al, ,2008),

XT Mn il P, 25k 78 20K o 4G HH AR B ) 2 57
TYERD, B, P e Mn F1 PGE 2), 1
RUBRMSERFE, MM ETFTRABTYHELR
iRl

W Mn BB R W 6a FTas. HAF,
PB1 3% 0.04 mg/L (0. 23 ~ 0. 004 mg/L), PB2 %
0. 033 mg/L (0.146 ~0.003 mg/L), HX 2§ 0. 455
mg/L(1. 397 ~0. 005 mg/L), WC 2} 0.105 mg/L
(1.124~0.02 mg/L), W F, HX #y# & P
Mn @) ¥k B & &, F ik i WC, PB1 #1 PB2 &
&, X5 Mn ERHEF R EBR/DIFRE—HHE
2) , ULBAK-FE P Mn M7 2K Mn 38
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BOBIL) . FERAESMAT Mo RATEBEE (DHE 03— —
XY AGE,1999) . 78 = 338 30 F 24 B (18 6b), 0251
Mn W EREKEABRRRA LA SN EHLEYL, g o
AJRES Mn R PIREH S BAF XK. § 0.1t
XFF P, T/ B R 2L A E 20 mL ¥ o1}
JE W RE , FEIS KA, RN 4738 PBL f0 PB2 # 12 0.05
AW TR P RV T o b, WRH IR P P A 0

BEARAL W 7 BiaR, J 9, PB1 3 0.271 ~ 0. 004
mg/L, PB2 3 0.205~0.006 mg/L., P {4
E B E N D, R E R, Rk ER
BB R g . [RIES, PBL kiR P IR EE R
T PB2, 5 P i H 8 & B 4 17 ##1E (PB1>PB2, Il
HOR—HBH, WA K-SERHSRES PRHEEZ
BKETPIEMES., SRGERRY . ERREL s
EERMMBRGT,.PBATEBILE i et al.,
2000) , 3 BE R BR £h 14 VA AR T RR K
3.5 HWAZEPTEREANTLXR
HEATHRBRBL SRR GBS, FEE
A 4 4y 8] ) R AL R AE , X bk R B ST R X e
BEW IR R RIE T ¥,
HTFBREBRELERINERERERREBZL
(Plummer et al. , 1979), R WEBRERILE 2K Z
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Fig.7 The concentration variation of P of leached solution

1 2 3 4 5

along with leaching of carbonate rocks

B R B (Cat+Mg) FEXR AR B
B. W (Ca+ Mg)/Si ¥k BE H B ok 78 15 A ot
FREEILE 8 Bin, KM B BB T R X A
5 I BT 20 AR KR AL - VA 00 B L AE
B R, B A 77 7 I, T ZE IV BD R 48K 9 R 1)
MEBEARFRE. EWRBEIENE P8, P
BRI A S AK-ERNME RS BN, MR A
SRARK, HANBHERHAT SHLENE
A, B, TEWRE R, BEE R R Si MR E A
(B 50),(Cat+Mg)/Si 2 KMEE . HAMKE
s, ATt R A R Rk 4 X B Ab TR K SF L T
Y S AR LA, (Ca+Mg) /Si HL (B R R B A
SR EE WAL T BR BRER HRE TR R I
Ca.Mg B ERAK, (Ca+Mg)/Si 2 IRE{K R,
W (Ca+Mg) /(K+Na) ¥ B H B A
VEFHR R AL LA 9 BiR. 5B 8 FHLIMAE{L

— weee WC
?
£ op
¥
001F L o7 0T e
®
000 e 3 1 s 31 37 43 49 55 61 67

W RB
B 6 BEME SRR Mo B3 E R
Fig. 6 The concentration variation of Mn of leached
solution along with leaching of carbonate rocks
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(a)—The concentration of Mn in leached solution;

(b)—the three-point moving average values from (a)
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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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Fig. 9 The variation of concentration ratio of Ca plus Mg
to K plus Na of leached solution along with leaching

of carbonate rocks
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Fig. 10 The variation of concentration ratio of Ca plus Mg to

Fe of leached solution along with leaching of carbonate rocks
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MWEENBE R -, £ —FHERT Fe 1§
WARIE. REERFPHFERKT ARNOETHR

KIS RALT ), R ER N IRIE SR F, Fe BEH
TR LARFFFE — AR AR B9 7K o 156 BA 7E B¢ BR 26 8 WA
HERT,Fe BFEBLE,

3.6 BMEBHBRERAFTE-TAETR LKL EN

G|

g LT, Wk BREEE KN Ra-2 R EE BB
HEEMMHEL RSP, K. Na.Si U KRB Mg
FEW VG IR O 1 Vo S B ok P UM, 38R T RE
BEMSBRERBRENBEREREH#ITH,FAE
BRLARBYPCEALHEN RN LB E. 5
A6, ST EHASMIE R RV T Y AT B R, R FE R AR
B, ARG BKE FBhG BHE BRE.
ey 8y MR aERABYHIYEAET 2
i, REMERBERARE RERRYPREA/E
¥ PANG/AEBRG/ ARSI A st
REAR, 18R T HEHK R RIFHRALZET AN
ABKA. URAST YT ERRNEEETES
FEXAERH E ARSERERA BRI AEITE
TYREE:ARA.BAKE.ZRA . FRASER
BTYRABERN S U TIB EUEREER
W, Carroll and Starkey (1959) ) i F1 CO, K
SR ATIRASZBRA .G A MFR G KA KE
RERMBELRBIERLT SiMEk. UETHRSE
REANNEERBRENGFEERE THRIET PR
AREW R RN, 1997 M,

ERBREARESEN R P RREHEAM
XF F K- BT E A A, BRER L M R E
ERETHRAEEMNBESE. NEE.BEEKX,
7K-5 e At 14, Wk B W Ca Mg IR, R Z
IR BRI FEBRER ER VSR R, Ca Mg I F &
ZRANE Ca Mg ERRE S EBMH Y. EBMH
BRM BABYWALIX K-EERATEHESRE
08

BEARNREARETREN Ti 1 AL EKE
LR IR T HBA BT OTET,1995).
B8 Ti MBET Y BKT  ARA M Al 8K
TYEERE: WA ERBRLEEREIRE SR
ARREMERAELE Tif Al IR EHSBET
BRABABEYHS . Fe RALFIBM, RFEIRE
F Fe'* 5, 75 Fe't MRET ¥ (B % . A A
RS RF, RAREMRIEESE Fe' bl
PRAR I T K

Mn # P ZEHK & A RIF XML ET . HEK
P B B R IE T .
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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 rocks by directly using the development
characteristics of field geological cross-sections. This study selected rock-soil interfaces from four typical
in-situ weathering profiles of carbonate rocks in central Guizhou Province and western Hunan Province,
China as an example. Under the temperature of 24~29. 5°C, leaching trial experiment was carried out on
the samples column from each profile by simulating dry-hot weathering condition, i. e. warm or hot
weather and well-drained weathering state, and using water saturated with CO,, with leaching end marked
by complete dissolution of carbonate. Dynamic analyses on major rock-forming elements from leachate and
leaching residues reveal the weathering mechanism of rock-soil interface in weathering profiles of carbonate
rocks. The research result is as follows. @ During 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 tendency at the beginning of carbonate dissolution. @ In a well-
drained weathering environment, base cations and Si stemming from decomposition of acid-insoluble
residues including silicates are more inclined to migrate with leaching solution, which makes it difficult to
form authigenic clay minerals such as smectite, illite, kaolinite, etc. during weathering. Among other
rock-forming elements in acid-insoluble phase, both Ti and Al are inert elements, Fe is weak migrated,
and Mn and P show significant 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



