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Abstract: Based on researches on the distribution of U and Th in twelve weathering profiles of carbonate rocks, elemental variation
features of dynamic leaching residues of rock—powder—layer samples at the rock—soil interface, and elemental mass balance in weather-
ing profiles, the authors revealed the enrichment characteristics of U and Th in weathering profiles of carbonate rocks. Some conclu-
sions have been reached: D In the weathering system of carbonate rocks, U is significantly active, and Th appears both inert in some
special cases and a little active. @) During the weathering of carbonate rocks, the rock—soil interface is a main geochemical place which
can cause drastic enrichment of U and Th in weathering residues, but the change of U and Th is a long and slow process during the
further development and evolution of weathering profiles. In rock—soil interface reaction, U is massively moved out from the weather-
ing system by weathering fluid with the rapid dissolution of carbonate rocks, and shows significant losses; at the same time, the inten-

sive reduction of the volume of weathering residuals leads to strong relative enrichment of U in residues, so U presents unique geo-
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chemical behaviors characterized by low background value, strong losses, and high enrichment during weathering of carbonate rocks.

As for Th, when it is in the active state, it is geochemically similar to U; when it is in the inert state, its enrichment in profiles is main-

ly due to absolute remaining after the dissolution of soluble components. @ The enrichment factors of U and Th in weathering pro-

files show significant negative correlation with acid—insoluble content of carbonate bedrocks, suggesting the following relationships: the

lower the acid—insoluble content of carbonate rock, the greater the volume of dissolved carbonate, the more the active U or Th that

moves out with the weathering fluid, the stronger the reduction of the volume of weathering residuals, and therefore the higher the

relative enrichment degree of U or Th in residues.

Key words: weathering profile of carbonate rock; uranium and thorium; enrichment characteristic; rock—soil interface; Guizhou
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Fig. 1 Sampling locations in karst areas of Guizhou Province
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Table 1 Characteristics of sampling profiles in karst areas of Guizhou Province

IR v N1

W ww mw  BE HEEE b
T, WEARWE Tm, B8+ g
1 FH OXP  hEFERE  FEULSES, TR, RaekiR, FR '%E%%ﬁ'
BIUXBE 5~ 10cm FHHEREHE o
g px | A (Sl E-LRENN, WEN2~4m, BEREMDR, BARCIK
X FAR 3~ Sem ERBEER LM B0
s L oxD ;gf;ﬁfﬁ e LR, WERERE (20~0em) ,  BEAATEO
: ot oy BEBEHTR, HDE, SRENR e P
1
. wm  on LR, NERERE GTm . B4 B ih
> BERTR, TR S~10an EHBHRENE  BRHRLS
s ww He LT, B2 ~dm, 2HEEHER, BRI S
FoAGE TR 2~Som BEBEREYE T
MUEZRE  E- LR, WEEFRE (80~S0m) ,
6 K TL (T SEEERER, HE, TR 20m IR m“’m?ﬁ*fﬂ
i AR
L REEN, BERTRE G0~%em) ,  HETELMEK
7 A%A DGK SRBOATR, B, SuEmE SOk
.z nx =LA, HEAEAE (S—6m , 2K  HEHAERTE
mgy | FEMDR FO S~com FONTRENE  Ra
o mr L wmse  EEREEE, WERERE (<m0 ARGLHKE
j} N TR, BRE, SkEnE CaT)
o wme s SR, WERERM (30~35em) ,  BETEIIER
SEEENTR, BER, BkinE R
W w2 %if{i LRI, WEREEE (am) , BRE  BIGEN
= e Bt TR 3~ Som EHMTIRERE B S A
Er v )
: RN, WEE 2~25m, SREEY  BEESNA
WA LIRS =
2 X% DF ;%fg)ﬁ)m e ik 2~30m EEHTIREHE B
2

EHEAREHERS FE 1

WHRERR, SR FEREHAEFT, 12 &HEH
U.Th % & JC & 47 A Finnigan MAT 2\ R} 4 7=
A ELEMENT &5 B RE BB S S E FIHE %
X (ICP-MS) W %€ , 7E A [ B} 4 B 3R 4k 22 BF 52 B
SR AEMBITTEREW RN, MAT 4 BRI
(GSS-7.GSS—4.GSS—1.GSR~6)#17 R & ¥, 7T
F U.Th #1 Ti B0 8 45 51 5 #8022 8] 9 A X 1
E/NT 10%, Zr BAEIHR 2 /DT 20%,

Foh, ATHREEBEE LBXATHE-
T+ AEEA S U Th BZELRFAE, DL PB 1 HX #
EAB(TREESHNREBZEMKE), 5 2 N
AR B ARHT THEAHBRELR, TR

BMZH T RIGERES, ZHRFTRENZS
AWBELIEPRK|Y U Th B, 7 24~29.5C
KIREEET, AR CO, kX REE#FTsh A H
%, KK B ] SE 3 4 2d (4 48h) , MR IKE B
2 4L, WBEK R URBEPRRIEEBELERN
W&, TR, HEBRNEETRERA HETE
RHEEH MBS B PEREARBUK, B —FHEK &
HRIFMICRE, DTHRRKREABMmE P
XU Th I BRABEGIE, kB BEFHEXSH
BT T A ERAFER, X PB M HX F
HAEBBRRESHEET 5 41T, H5K
KA No.1.No.2, No.5, FREHMEMREL R



B3R F4W

A A% BRI EE S XALHITE U A Th W EEFERRBEXBRAER 643

120g, WA LB A5 — B B FATHAE R H RN
TRWIBEW A RRERERYABRNZL, R
R, MWED —E BIKAT,No.1 B G4 1k ¥
BOEREANKRBERAY TR BS S0, UsHEX
ST EEBT — MBI B, No.2 2 1L, K Ik
K, HEWNBZRER(IRREADI B ELE
W), Ba—HFATREED No.5 &1L,

EFARALBHFRT,PBHEABERFEHY
No.1.No.2.No.3.No.4.No.5 R ETHE 7.8
20,58 38.%5 50.%F 67 (BN )W EI R JF R BURE
HX ¥ & 8 2 i 4 8 No.1.No.2,No.3,No.4,
No.5 3 AIRETE 12,58 21.55 30,58 38,55 46(H]
SR ) WRES K S BB

WBERRYHEBITESNTA X-HERFKHHA
EENE, NS ITECABELOAAEH
PW2403 B X5 32 i (XRF), £ H + %
BHEEF =RELERN LR, U, Th
BT R 20138 R N & K PerkinElmer 2\ 7] 4 7=
) ELAN DRC-e B MM AT R B BB A S B F &
JE 5 (Q—ICP—-MS), 7 1 B B} 2 Br. i 3R 1k 2= BF
TR, ¥ MBEILESTIED, FeTEA 2 4
+ BEARHE (GBW07404.GBWO07406) 1 2 R BE 54
PRFE(GBWO07120,GBW07114)i# 17 B W, 8T
EP KEHTEANEER SHFEZH T
WMZE/NTF 2%,Na,0 il CaO MR ZE /T 5%;
BITEF,U.Zc KAEXRE/DNTF 10%, Th 8 *t
WMZE/NTF 15%,

2 BREREA XALHIE U . Th K576 FF1E

PR KBBR8 WAL BT U Th B4 7 Rk W
#2, HFHMEAN U Th FERME, HF,UN
0.33%107%~2.0x107%, Th & 0.04x10%~2.55x10%, 5 E #
A R BB AL A B U Th & BA 47, R0, 2
AR U Th HEARE B EEENEL, HF,
Th WEBEREN 7.16~621.3, —HEILHEU L,
U bt Th MERREUE, ik 3] 3.35~27.03,12 &HE
t U.Th B& BI&ME 5 5135 2 18.78x107 1 40.65%
10°, & XAHE U, Th WEHEESHHR 6.2x10%
14.38x107,17.72%10~35.16X10°%,

RAFEMEAERE, B¥4altiElrRk
BEHREHNERES, AKLEREFTRENXLR
T, AT AR 2TH, TR ERBERERBERTEM

FHER NTFT U ThWEEMS, LEXATIHA
HAERTAEHBHRE, '

M A2 A ¥ 2 (I XP.PB.HC . HX DX
TL 50 ), fERER R E MBS B, B A BEYH R
T—EREEE, MMM, U Th SEEEH K, W
HEBREE LB (REE-RAR), L
BREREE MR R (JIEERI L), U. Th S BREH
WK, ERE-LRERRXN U.Th WEERHET
HEEH,

B U ThERABRAEYFHSREYEE
BTeH ASEE 10 5L, REMARMEE U,
Th EREE P ETENRERE, AW, 3 FHRREE
BMABYSE—REME, U ThERAEMFHE
HETRAELSETHREAIRSLB R, WK 2R,
U.ThZE XP HIHEERABYPHESLSEMH
BB K, 291K 55.4%F0 74.03%; T 7E TL JH 2
HFBRAK, 251k 3.73%F 10.9%.,

3 BRMREhAE XALHIE U. Th §R ALK

BAERERRMATR Y RERM, BELTR
B PIR , H B MR E ML TE TR B, B R £ G
REB/RAMNMARKYHRREEANOLE, X
THEERRLAEXAHET U.ThHEREFEH
KE,EBHENFRT T RACHE-RA+ U.Th X
Xt R BRAE Y U Th WX, ERERHA,
RACEE U Th B FH TR ESBREHNEERARE
YFHN TR EREY BB (HHEXEE
mERE), XSEXANTREFETHIRA
w7 XA R E )& R AR NR SR AR
#, MERAXAHERN U Th FRBEIFAR
ZRERELARABMT U Th SEHAR,

AW, EBSEENE, AAEHE Th WERR
BEEAMARYIRFEEWE N AKX (E
2-a) HIELEMABYEEAMK HEZFHX
HRF ThHERBEAR, T UM, K
PEASN, B Th — B AT UMERR
BEREBRABYERFEERAIVBHAM
KRR (B 2-b), EMARCUFRY , BRI E
Rk B i BERE U Th EMHE THABRKM,
XH,EAPRRESEAR(WRABRY SR
AR, KA MR BERAU. Th WRKMK T
MEELAEKX,



644 » KA R GEOLOGICAL BULLETIN OF CHINA 2013 £

#2 BHEREEMBERLHE U.ThNIEHERRXSH
Table 2 Distribution characteristics of U and Th and related parameters in weathering
proﬁlw of carbonate rocks in karst areas of Guizhou Province
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Fig. 2 Correlation diagram between enrichment
factors of U and Th in weathering profiles and

acid—insoluble content of carbonate bedrocks
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AN U, Th ZEREHI & & 2RI X
REBFHEHITRESEREH RBRHERALTRP U
—FERAH BERMWRE, BR T HEBREME; WA
—FE,RANUBEANESE, BER EBTH,

REE, XMEUTENHRAFAR, ER UE
BRRREE A NAL T R R AR R BRI, K, 5+
FERUBRFETHN A ERNERBRMLF
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Th B IR EIT AR AR S, EFREES,
MR NIEER—E, XEXBRENTERGTE
R —EMTEE, ET U, FEFBAEK Th 22K
WRITE PR B, IR Th AL Zr ERRER
W, B2 Th R I B3E HERFE , WA B XL BT
XL BT AR R R, ERfeE 'S, 5-1
FEFIRR Th K4E B EEENHRILET,

5 H-tAREEMY U Th BEEKMHE
SEISRE

BRBLEARNMEEE-LRAELE U Th RAER
T EEMEEMBRLEG R, R, B FERAH
HEBB)B L (£ RALRE )2 K R o H
T, BeRBEHIFEINENR T RIELRETL
BrRp-tRERMAMERAF IR, HTEE
H-L+RERMT U.Th B/ EETHN, £F
Xt PB fl HX H 1 A # 2 FE (I 5.8 6 B,
FEHH U Th B BHA) #1757 THEEEHK
WL, FEMBERERRERSY WS
MR R LE 3,

£3 HX#MPBUEEMERENSHEIRAYNEIRTE BAMBTRSREAXRABEE
Table 3 The content of major and some trace elements and related weathering parameters in
dynamic leaching residues from rock—powder-layer samples of HX and PB profiles

i R E N B B A A Si0/ALOs
%5 ? S0, ALO, TFeO K, 0 NaO CaO MgO P Ti Mn Zr Th U

HX-Yf 2661 65 262 109 1.17 344 167 301 3424 952 71 543 253 5636 4.09
HX-No.l 3206 794 308 118 125 3024 177 315 3972 996 90 626 2.83 5955 4.04
HX-No.2 4555 1145 481 162 103 1541 183 461 6162 953 145 902 348 6899 3.98
HX-No.3 51.19 1428 6.0 172 133 949 232 552 6927 779 170 1249 43 6958 3.58
HX-No.4 60.17 1448 645 188 136 429 239 472 7050 680 187 146 426 6897 4.16
HX-No.5 6229 1696 7.1 227 145 107 27 651 7402 1025 204 1801 524 701 3.67
PB-Yf 657 35 097 012 021 3082 1586 134 671 144 174 292 271 81.0 1.88
PB-No.l1 815 442 136 015 0.17 2937 1551 206 961 157 242 498 323 8596 1.84
PB-No2 1287 7.18 22 021 023 2629 1368 213 1480 269 40 885 383 8794 1.79
PB-No3 2196 1547 467 038 042 158 986 424 2994 540 87 1938 535 8961 1.42
PB-Nod4 3479 2066 708 071 048 692 498 621 4143 1040 152 19.15 104 8979 1.68
PB-No.5 4469 2603 937 081 036 035 219 385 7045 1337 215 265 223 9266 1.72

Ea)BERSS YIRFEBERE, No.1~No.5 AR B % 1E A B BB AR Y B E ;D) (L2
¥ CIA®=[AL,0;/(ALO;+K,0+CaO *+Na,0)]x100, H 5 F th , HHf CaO” HEERREA P Y CaO
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HX (4> 518 9.25% 1 35.46% , W35 2), i i #5 ,PB
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(PB-YfH U.Th § B I A L HX-Yf %), B
BBk BR AL A WL S B o Bk ER R (BRI RR VA A ) B VA Tk
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B2 T2,
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Ft—Fw/  RHEERERETIEY U REHE
LR FEHBTHRAR, K4 PB Y 7, BAKED
F-06,187 T 60%LL E# U Bk, B, PBH
U M5 R EREXF HX,

ThBNE R, FEKRBIERHER,r RHAHE
B4 A PB #ITE 1, -0.2<7,,<0.2, /R H B &
BE . W HX &8 ,No.1~No.3 i 7., KX F
0.2, KA ThIWERRIECRFEE ThHHFA, R
BEME RN Th b Zr ERE );No.4~No.5 # 7, />
F-02, BT ThWSH, RAHE —EMNELE,
52 WESEPBRAEENEL

HARBERAEBERR L A -+ REER
SRR P BRI, U Th BT R E0K K 5
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RTFEHKSBIESHFERABEMN M. CIA
M Si0,/ALO, 435I Fl LA 8 78 A A KAk i3 8 Rk BR
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B3R , CIA 3 K . Si0,/ALO, BEE , HX #1 PB &I
AR WS 1E A R CIA i SiO,/ALO, B ZE 4L
9,

AUEY, hEBERBEZER{BRAIBEYH
B ,CIA 2 B # K SiOy/ALO, EW 5 KA #
2O BAERRRIENENR RABYA S BFRE

RAET o, T BRI E R R, RL B EZ
HIR

F5h, X HX 1 PB #IEH A B E S EHBRAR
P ERITTRGRRPFETE (B 10)FH, A
BRRNEREIB RN 7, /DT 0, WHAENRE IR
FORETRBFES T,

EREOMBELREREYN, ERBRELE N
WRS, EERRENENR RABEHRSRET
. HIt, RS b RE- L RERMF,U
(BRTh) iR R R, FTREER 15 AR H I
B, AR AMABHBTIR, X TRAHAE
EHR U, BRBREERAEY S BAK, KRB
B PR B AR, BE RIS R B U & % T 5
— T RKREF RN AR AR, BRE LR A
WEERE NN BREAR, HERA U KEX
BEEBREUAR,

6 4 it

(DBRBREENAHE U Th WEESEHAER
EEBABYH MM TRNSEILH B XM,
RAHE U Th NEERBSEEBRARY SRR
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U.Th EBRABRYHHE S iZTEELE PR LA
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ER PR PR SE A BRI A B, FTRE A R
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(4)U.Th ERBREE XA m P RAL BF
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