P 000 http://www.cqvip.com]

[ S =

Geological Journal of China Universities

2007 3 H,58 135,581 8,69-714 |
March 2007,Vol. 13, No.1, p.69 -74

AEER.CERAEWKAEPRESTHRAR

kEm, AEg", TR, 28, AR
(1. PEAHFRARCERRHATENRCEZERELAELRE, £ 550002; 2. # F A F 55 5% 4 5, L 100039;
3. PERERMBRAERT AT R A LEREL LR E, £ 550002; 4. #ib4 BN £ &%, BT 445000)

R MR 7 P ESFRBEA X R [ 5 AR 4 B H A L B — B 25 (7 4 BB B 7 KK
B A AV STRE BRIEEICE S A S MRS ST T BT, B S - T
FEWE T AA BMAS AWM, RRY, BUE B0 U35 8 B e SRk JUS MR BUUE TP il B LUA
LGS & S RBLACY) WAL AR 3, BB A 5 B SOMAR R R I B SR U P A R 2 AR HLES & S TR
ARG £ R FICE SRV R P RANSE &8 RESHRAY SN 1, BhE P EEUENEEE.
JCEBMARZBEMN E. MIWE G DR XF 00 FE, 80 — &4 ERLEWKTE PG EENEY
sk LE DB Z R A R EREFUE T R R YR Ry I, B BRI P IR A 3 JEE R A R4
W e B FR T A 25 05 R LA IR AR s o & A R R 2

KB MG BHGIE ; ERL; 8L PE

FESES: X142 HERERIBE . A

RBEEFEMBEENEEME, F4EFE, ]
EEHIFERLZENRAERBETHAREE
WHAEEMNES . HPEAEREZHNHER K
mEHRE LR R IER M B (A4 . B
HEFXTAF)M_BLFOH(TELE, 2005;
TR, 1996) , XLEREER S AETT
BB, RERR PSR AE, I
e B (BT 2 B X B A B A T (B R
201981 ; 1%, 1992; Luo et al, 2004) , B4
GETARZFEW EXE(RE L%, 1993;
Fordyce et al, 2000; 3K &5 %,1998; Zhu et al,
2001), EER E—EBEERNEHX, VAN
TR B R R AL, A0S B SRA MR X 4
AT AEN—EHEV B, EREMNTES X
2000 x 10~° (B % X5, 2005) , W It B8 e 1 3%
IVE R A A Z M N — S REE ., I TR
XEBEWKIEA S EMRZE A T LT
AHF A, BAMEH TEH TR ITUE T RIES

W BH3: 2007 01 —09; {ZE HH#: 2007 -02 -27
EEME: HF AR/ ¥EZELT H (40373040)

XEHS: 1006 - 7493(2007)01 -69 - 06

W5 7 PSR R BB (Kulp et al, 2004)
B ELBCRN T A A TR 3 R A AR P R AT R R R B
BR 5 U K LK B BE R A AR A 6 S M R
FERCEER |, BE— 0 S0 B TR SR 52 AR 1T 46 8 42 10
AR R S

1 HEanREM T

1.1 HmEE

RERAHRAEWE ARG R B RN A
HX/MT 4 BEYEA R A, FE 5 A RKEEIUE Bk
FiE (HERETE) MBBRE (F R LE,
2005) ; —B A E Wik FUE & EERBWILEE
Vi EMER A AR, FE A A RBRRERAEM
BETUs, FREAYRBFEH M, R
H 1kgo REMFEM AR IME S T RN BB
Kh RS RELZATRETIRERESH,
1.2 EERIAZE

MR P EHE SR TUER 7 L ES R

TEER: KW ,1969 £, B BFR A, EEMEIFHE S HUE Yt akiby R E BRI 5T . E-mail ; zhujianming@ vip. skleg. cn


http://www.cqvip.com

70 B

iy

P 000 http://www.cqvip.com]

E 13%1H

BAR BRI AT 401 A 2 BN B BT 2 5 SRk
[Kulp %, 2004; K@% ], BIERET 5
B HRBEERER0.2 g5X0.5 g, R E LA 50: 1
5 20: 1, HAMBBEER. (1) B4iKkATKE
A (F1) BRBL, KIBESHEEMR Se0,”” 284
Se0,”” FI—LL AT A A WL Se, NS B LR . E X
JBi% (Kulp et al, 2004) , ) 5 $2 BUR S0 4 415,
6 M AN A PR 2 WA RS ; (2) LB (1) &R
0. 1mol/L f#§ K,HPO, 1 KH,PO, (pH =7.0) iR
ERBRAIZHBSH(R), IXGBSHFIERS
BYLR G RAY R L  45 & L B 3 A T
EE T, {0 Se0,”” Fn— L6 A B i i A HLAK %5 ( Kulp
et al, 2004) , | 7E 48 BUBLS AR A0 4 480, A HLITGE
TZEWIERS; (3) L6 (2) 5B A 0. Ilmo/L )
NaOH %BIR A VG S M (F3) o BIA PR %
) Se0,> B FHIB RS S, B ST RELEN
FHLAR , 90 < 1R BOR SR 4 4l , A P E i 2
WHERE; (4) L (3) BB 1mol/L [ Na,SO,
BHRRPUTESH(F4), MERBUREM; (5) &
H(4) Bl 15% #) CH,CO,H 7R IR BURR 1 1
(Fs5) , B 5mmEMGEENYE S, NE
RBGE SW; (6) B4 (5) AR lmol/L 1 H #i
CrCl, 5k 3 B8 IR 5 ¥ 48 BUBR 1k 9 Fn i 1L 4 76
(F6) ,JER /Y H,Se K4k SmL R ASER K NaOH
+H,0, IR & AE 8 i, T 2 TR MO P i 8
fi;(7) B (6)RET 45SCREMRTE, #H
HNO, +HF + H,0, HiIB & HILBRBRBRZBES P H
Wi(F7),
1.3 WHRE

EFRSY - R TNk (HG-AFS) W EH &
PR, SAEFRFESZCFRIUGNAE AR
¥ A HNO, + HF + H,0, MR- &K, TE @ EH A
THALHE  145C £ A AR 16 ~ 18 /BT, ¥ IRIBHY
BREBVNHEIEEBR 15 ol ) PFA Sk, F
TOCTEZBRTEAMKHER, —KEBREEERL
T, 6 mol/LHCl A 3 mL, RGEKRE 25 ml |L
BEH, FISTT KA 4480, HBEZR 25 mL 531
B e VR BT . SR B Al A I E 2B 1 mL 5% 3
mL BEIRE T 15 wl ) PFA #i5 (g% HNO, +
H,0, BRE&IH4LK, T 70C FEZERE T A 6M HCl &

BEZE3 ol KB BBRELSRER L.

TEARER S, BN ER A0 SIS 7 5 %Lt
L2 RBUR H RR IR 2 (8 A RIFH—BtE. Bk
BB 2 b (7 25 SREUS P BB 00O 5 8 A S A
{E) 7 88. 0% ~ 110. 5% 2 |a], S 33 6] Uk 98. 8% (3
1), VTHEAA S RSN T R R <10%, #
i SRR E SRR, AR ESE YR GSS-5(1.6
+0.3 mg/kg) F1 GSS-6 (1.34 £0.24 mg/kg) , Bf1HY
MEL RHE1.49 £0. 11 mg/kg #11.33 £0. 10
mg/ kg, WEHSRESEEY ST , F M EEK
T 8% , R BB R AT HE M,
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f15.2% ~14.7% . 6.1% ~12.8% .1.4% ~19.6% Fi
2.4%, W A B AW 4 B R 2.4% ~7.1% .
3.5% ~6.1% .8.6% ~13.3% F1 12. 8% ; BV b —
B OBk AR A B B U P OK S 4 3 S A A
BHE3.4% ~9. 1% F13.8% ~7.5% , 6] S H A A4
BIR2.8% ~4.6% F4.2% ~16.0% ,
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45.7% ~50.9% .26.5% ~29. 8% .52.9% ~87. 4% Fil
19.7% ; —BEKRER A MR AT EILES
W4 HE AR BWER2.7% ~30.1% Fi
34.6% ~42. 1% , Bl _BRZWETANEILEE
WS ES THREMERE, RN TERERER
AR AN A VL & SN EA RS
FEE 0N

RSB ERLHN S Bpl 2521.9% 2
A EMAEATHET 5%, KESE 1D ER. &
A HBRBREERSTHERERK, B_BL 5 EH
BRECEIR B 4% 250, HRB/NF 1% , RFBRER
LR AN, TERS KR L ESWARKES
APHEAEENFEERR,
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15 27.2% ~36.1% , RESWEHF NI EWRETT
ERAR AR EEEL 54 P 90 ( Kulp et a,2004 ; Zhang et
al, 1996 ), EROMAFERARBESHHEA L
Wiy 10.5% ~ 13.3% , B R TL & % 5 30.9% ~
47.2% EER AT 62.5% BEE T 5 0.5% ~
2.9% . —BERTERE PREST S S A SW
M12.3% ~2.7% ; BRIRTUE 5 2. 7% ~ 16.4%
IRBIERG Y/ A AR ESNEE
WRE AR FEM EEE 55 (B 1a, b) (HX
EREWPEM _BLEWRAET S, RIESH
AREEH,

3 A

KRR E B F EFELL Se0,”, Se0,”,
HSeO,” ™ F1 4 HLH 4L 4 i J& X 77 7€ ( Frankenberger
and Benson, 1994 ), H AUIRY K T ERHRETE
AL KGR, S5U2E S B 2R R IR U AR Y I TR
R FAER, HMEL R EKG THASRE
T ) A% BOE BV AL B9 UL YE (Kulp et al,
2004 ; Frankenberger and Benson, 1994; Martens et
al, 1997) , TEHTE R XALM B MBS A+, LT
2B B/ A S & SRE S ENTE R
WHRAFF R (Kulp et al, 2004) . 5 25E
FiRESPE, HRAVEA , X S 5B P rls
AL NIAE R F I IR A AT S A R B
TR A F BT T 0 B R RRELHE AERE 7 1Y
FERAR # (Kulp et al, 2004 ; Frankenberger and Ben-
son, 1994 ; Martens et al, 1997 ; Zhang et al, 1996) ,
B A 5 4 7S ( Frankenberger and Benson, 1994 )
A e B R RES & SR X AR R M AR INE
FHRR ) A ) 3 IR AL 2 S AL A5 B (Kulp et al, 2004;
Frankenberger and Benson, 1994; Martens et al,
1997 Zhang et al, 1996; Gao et al, 2000; Herbel et
al, 2003),

A FIRACTR B R o R o, KR S T 2 3
S EEEZRE (Kulp et al, 2004; Martens
etal, 1997) . MIF/KBESWMA]LHSW S EL
AN & 5 A7 SRR Ho ], AR 2 A R BE A HE M
AAOMERBEBXALTEE (Kulp et al, 2004; Martens
et al, 1997) . —f&M = , # & XALMBRBE A H K
SR A B SR AR, B < 3% , BT Y
BECE AP XPIME S SHILERE >5% , 5 EEE

5 (Kulp et al, 2004 ; Martens et al, 1997) , ZERT
BIR R S, BRBERE 5 Bpl 4h, HE — &L ME
R E MRS F KIS R ESMEBRE, 8
HTEARMLEIR 5%, AHELREEERRT
26. 6% , FHRAE I B B BUE A AR AL ER R AT B 1),
LB AN B DU AR B AT SR A B RS £
B4 B I 6 ) B A i (Kulp et al, 2004 ; Mar-
tens et al, 1997)

Bt E A PRGBS AR, BT AR BR
K AR R T A 40 R G 40 ol G R R 8 D A R i £
55255 (Kulp et al, 2004) , [Fl#E, DUARINEE FRAR A 3
BRI Z G EE & i B W 45 #) 19 (Dowdle and
Oremland, 1998) . {4 ¥y i) 534k IR A R BEAETE B8
TCR GO AN B8 AR AL & (Herbel et al, 2003) , 3
FT&ER UG BRELE IR H (SRB) X5 #9 A Wy Fe ALt 72
(Kulp et al, 2004), FrLL, SCESHAF LY/ WAL
Y45 & ST AR , 7T LR 7S Bla R EA TR BN ARl
WA IR AR AR5 55 (Kulp et al, 2004) . FERL
BRI EPHAISE S EENER
FRRETUE PR &8, R T RO UETE
A REARM TR o, BRI S T N B R AL
WYE AR TR TS , Wl R A E R iR Y
FHATIRIRE IR KRV EFEER, 3
fii& Bpl TR SR TH LY M & S
SR A E AT ERA R, MR, —84
BRIRTUE P AN & S B S TS, U
FIRR R DIREARXT SRk R A T 5  E B LIRS
AR R B OR M IF AR R Bl R DT
B EYR RV E A, 5 R 40 Bk T DS ARk S A
FA R TURRER R T il ) B A PR 2 A R, HIX
P ght iT RE R ZE R AR TR DU A SRR ) 4, A L
R R TIE SE G & WAHEA T RESTH
TEEMRAR,

RREM _BLRXSPEWKTEATITES
WA H BB . X R IRE AT LU PR R, — 1%
YA RMLR BERR TEREER, BE R 4&
U B AR PH 8 0 38 SR B JRAE 4R 55 5 i b —Fh R
AR EAE FEGR , TE B TR S Xt — 2B
Y By e 4 & S, (H XA IR B0 T R 2 2
TCE S 5 W L4 75 W B I 77 (Herbel et al,
2003) , MFER L E MRS A PRy Wi
58 SR LU BIR F , Bk BT EE B AR 4R B
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Bl TR U A MBER A, UL TE A Y S A Y )
AR WA BB AE R A At 2 P, A 40 g AR B 3 o
TR BIBR AL IR . BRI VA P ERIE AT S T
L/ W2 & BRI LB, FE R T P RALEL
W B OB A T e A R AR SRV L TRV BE T
FIBR R AR R A SR A WA 4 7 EL R B, WAk 7T R
FE LA TR S b 5 sk I AT R B TUE BRI
R T EEARAE P (R DES, 2003) . &L E Mk
Fra P nRASMPT & L BIER AR , By Wi 45
A BRSNS, B ET (CuFeSe2 ) (£ & Fi
2, 1996) IEEDR B WA T, UL A
BTSSP A EE AT FER, B
BREREFZESEWMAHARBRIETH
1.5 5, KB R FUA BUA 5 U P38 TR A
FARGR TR TUE MU, — RO EMBKEE
FERE ST S BERK. RESTEEHLER
FERRER HIFIAEFR AR O T B R AR R . RERRELT PP
AR 2 IR AR TR Fh R AR Eh T 2 B9 4 P A9 A,
R FRRR A E VIR YR B K5 B2 b e
REAIUR, NREBEST S BERIK AV SR
= RS TR B A VLR — R A DT
st R AV NYGAE £ R TEEMNE
AL B AVERS M BUE A EE R M A YRR
YEM

WIS R R A PR BRI A,
A B 62.5% . SR O LB E,
SRR HIGLY)/ TAL Y S0 L BIR K. XA B
LA PR R, — R E S 2 TR B R (938 A 1R
B R A PR AR E S A K2y
A B S B AR , (R A LS A AR B S S R
o fEEMEIAN, LM L2 RS RERED
A Pt IR L VT RER T B — 2 iRk . {E4R4E
TEFTV O EREEBAEPHEEENILT
&, HENARE, 0 A = 5 0 R T RE A HAh
HERILFET BRSSP

4 R

FEURE U st 7 e SO S VB B T Y
i EZE LB YL & S B/ Ly ZS i £, 5%
BASTEAR. BT R Ve R fl5E T
BRI , Ja 3 A7 12 B0 09 A2 90 R B B R e 1 A o
BRSBTS TPl E R LIRS 5 B

ST B S R R E R — R LR
Ao EREWFTTUE T EBE A IE S EMERE
A X, RPN E £ E 2R AR R AR
B, BB A IS & SRR RSN X,
TR L AE T 4 07 A A [R) i) R B A B 4R
MEERERAEYHFRBEIRM (). A
AR SRR A PR F LR AN E R
RS " LB WK AT & ke KU
FARREE A 7 B R, 50 & £ 2 LA Ay (R 40 R M B
MR AR IRIRZ s B BB RUA F EE U
TRAEYDE IR E | T3 B TS 5 R A 038 SR A
MR R TA Z, B L DA Py
WIEHRE, FERE . B4 E WK FUa FBK B
TUA PR & 5K AT oT , BE B 48 il B R 18
FAUFNZE R R HIBRIL A B

i AAPREANESUFRERSIERET £
B UIUC X 2 3. /% % Johnson 303% 3% 4t o4 45 B , #5342
REBFR LR R RA D ae) £ 8,3 F9
SRR AEIEOETFERENERN LLTT AN
I, AT ERNEAR RN fo ) M ERAH
FRAE EEMMBRFRANG S P LB TREL
RAET RAH B, £ 8O
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A Comparative Study of Selenium Fractionation in Se-rich Carbonaceous
Rocks of Lower Cambrian and Permian in Southwest China

ZHU Jian-ming', QIN Hai-bo'?, LUO Tai-yi’, LI Lu'?* ,SU Hong-can*
(1 State Key Lab. of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
2 Graduate School of the Chinese Academy of Sciences, Beijing 100039, China;
3 State Key Lab. of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
4 Maternity and Child-Care Center in Enshi Prefecture, Enshi 445000, Hubei, China)
Abstract: A comparative study was conducted to investigate selenium fractionation in Se-rich carbonaceous rocks
from the lower Cambrian Niutitang and Permian Maokou formations, which are located in Zunyi of Guizhou Province
and Enshi of Hubei Province, respectively. Seven operationally defined Se fractions in Se-rich carbonaceous rocks
were determined by the modified sequential-extraction procedure suitable for carbonaceous shale. These fractions
include water-soluble, ligand-exchangeable, base-soluble ( organic-bounded), elemental, acetic acid-soluble,
sulfide/selenide, and residue. The total Se in rock and Se concentrations in individual fractions were measured by
HG-AFS. The results showed that the sulfide/selenide and organic-bounded Se were the predominant forms of Se
present in the carbonaceous chert and carbonaceous shale from the lower Permian Maokou formation while residue
Se was generally lower. The sulfide/selenide and organic-bounded Se were still the major forms in carbonaceous
chert of the lower Cambrian Niutitang formation while the organic-bounded, residue and sulfide/selenide fractions
were prevalent in carbonaceous shale and Ni-Mo ore. Organic-bounded Se and elemental Se were the dominant
forms in bentonite, and in lesser amount the ligand-exchangeable Se. These facts indicated that there exists certain
difference in the biogeochemical process of Se accumulation between two rock types from Lower Permian Maokou
and' Cambrian Niutitang formations. For the former formation, the Se microbe reduction was prevalent in the
carbonaceous chert, while in the carbonaceous shale the algal assimilation or adsorption occurred simultaneously
with microbe reduction. For the later formation, the algal assimilation or adsorption was be the main biogeochemical

process for Se enrichment, while the Se reduction by microbes played a secondary role.

Key words: selenium fractionation; Se-rich caaronaceous rock ; Cambrian; Permian; Southwest China
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