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Abstract  Carbonates of the Dengying Formation preserve not only carbon isotopic records,but also sulfur isotopic records of coeval
seawater in the Yangtze Platform, China. The present study employs successfully a method of extracting trace sulfates from carbonate
samples of the Dengying Formation collected from Yangtze Platform. The sulfur isotopic compositions of the trace sulfates were analyzed
by using a rapid measuring method of S isotope ratios an on line analytical method of EA-IRMS. In addition, the carbon and
oxygen isotopic compositions of carbonates of the formation were analyzed by using the traditional measuring method of C isotope of
carbonates. The ancient seawater at the Dengying stage has high 8*S values and 8" C values. Most of the 8*S values of the trace
sulfate samples vary between +20.0%0 and + 38.7%o, except the lower and upper boundaries of the Dengying Formation, and the
3"C values of the carbonate samples of the Dengying Formation vary between +0.5%0 and +5.0%o. Large negative excursion in *$
and 8" C values of ancient seawater appear at the boundary of Precambrian-Cambrian, which is a global character of the stage and
significant to stratigraphic correlation and subdivision. The isotopic characteristics of sulfur and carbon imply a high organic productivity

and a high burial rate of organic carbon in the Dengying stage. It is obvious that the palacoceanic environment in Dengying stage is
correspondingly stable and highly beneficial for biology to inhabit, propagate and procreate except the two boundaries around. The trend
of sulfur and carbon isotopic variations maybe attributed to the gradual oxygenation of ocean environment during the Dengying stage.
Key words Yangtze Platform, Dengying Formation, Sulfur isotope, Carbon isotope, Isotopic fractionation, Bacterial sulfate
reduction
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EHTHESMZ, ER—EHBHERIRE A H RN
B, BHEKRLEPE A EREMULRRRAS T IBARK
BRRTE RN REREL , X AR EL AR T R 388 K AR AR £k MO BR
[z F 3T 5% (Strauss et al. , 1993) , EMt, i FHEITHHAE
SRR A ERTHER T Yo K F IS AR R M3
RO R, BIEF T YooK S B EL RO B R A 2
. AFHERCHEPHRET LR, B3 AR
REBRERHIBR FIALIE 447 48 B0 98 K B IR R 3 4R il
£% (Claypool et al. ,1980; Strauss et al. ,1993) ZEFT T H K
B ELEAERHEE. TUMANBRRL AP EEUNE
WAL T B , #EATHR RREL OB R (2 28 ) FE 45 4347 (Hurtgen et
al. ,2002) . BFHRKITRAEZHRREAHE, HATF
R ABRMELE RN B B 7 B TR BRI B R
LR AELE N

BT ARREERENR. ARNETLES
£ N#ATHSE (Lambert et al. ,1987; HARK%,2000; E5H
%,1996; Yang et al. ,1999; Shen,2002), % FITE A MK
R R IR HA Li et al. (1999) BRSO =AMRACY OB
PIEEAE . Gorjan et al. (2000) F1 Hurtgen et al. (2002) #i it
PR B ERBREL A9 07 Hs , 23 BIGBK T A0 b TR 7T
HARKHE RRBRELE W EHAT T MR RS, T R4l
HAYTIRAMER SR . FXRANEBREERRT
BB T, CIIT R A RB L AR 5 B Ak
R R E R EL S SRR SR TR
YK BB RO AR SE RN LR,
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RERITHAEGH THEX I, EPH BHKR B
FONEBRE KM ERERRE, TRAR—-EUR. K
BORMIEA A ENHE, ERRRBEE R LB ERR
B REHYRENEL. §F i KIT AR
R, 200 ~1000m Z [f], HFHRITHAR FRREEE
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VO BRMSEEH B R R & HuAE ZE MR - B BRM L 2
FREMM, ELIRE HRFE,TEH BRI N EF
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Af. EER LTBATSRI=ZMEHBR(BAERS,
1980) , B T LRI N RHA B A RMEE M A DB,
REHBRIENKRE KAAARBESE, REARTH
SR EMEHEDND; AREBR N RARESHR.HFE
RARKE ANERSER, EFBHMETRATEETHKA
RWR PR Y R H KR REMBE LA BHDRE
FERBRBGIRERAZA BARARE T ENAR
BETAHRKN—ERE, REEOARBEY, FBHE
FRAT KRB GEDLAHEEDYILE. BDER
ZEATEREARHEILE, AHEENIRKE KECHES
BREOZA, EEPRATRENBEEE PR BIR
R EEFRE/PRHYWAG . AREITHEQEREL 360 &
K, RAVEFRIATITR AR 40 1,

TRATHMFERTRABWER EAUNERLE S
FIRREHFRER 545Ma(BEFASE,1998) . HATITRARY
JEHRRBZ AR FRE , — RS A AT 5 AR L
ToE R MBI IR GHHE R RIAE RS R, SRR AR R
BIRT IR 590Ma R TR MR R AF I (£ B3RS, 2001),
Barfod et al. (2002) FH Lu-Hf & 4F ¥k W 5E A BE 1L IE 4 B0 )R
FAFIRTE 595Ma ZE 75 , JRAR SL HE W BE LR 4E RO TSR ( BIAT B
SRR ) F IR IETE 560 ~ 550Ma 2 8] , BB 44T R 40 (DT AR R
BRFEENLATNEAE, R STRARTERNRE
BB M A VTR A .

2 bk

A 30K R UT N B A BRIR £h 2 4R Bl B A AR B 2
(Strauss,1993; Hurtgen,2002) , 30 IRER BR £ 2 b 2 RO B[R]
PRI, MBI PR B MR A BT .
B REE A SR BT X 200 BT . #REX 508 #
A, BT 500mL AR PEF P, 18180 200mL f 1: 1
R, BB TR 12 /Mot SBERBY, HARMEK
REMBILBAEY. KRG, ERBEHMA 5g LBRBEM
2HPERERN, AEKRRFARRY pH HEBKE
af, FMA 3mL 38K (12mol/L) , £ ¥k, RIS
A 100g/L BSALIAEHE 20mL, {718 30 435h, BB 12 /5t
B RABCABREANRY SBES T, AR AEET
FKIEVEULIEY) 3 . H AT A0 B G ITIEY BaSO, 7E LA it
FLE, USSR A RS H S,

BRREUE BaSO4 A IR 00 2B 5 4 & A0 0 sl
EA-MS #2247 L B K ( Glsesmann, et al. , 1994; {EEHE,
1995) . EA-MS EL L RITTE M (EA) 55 4&FH
Hr K B (MS) (Finnigan Detal S) 353 — /M4 2 W4 0 %
BRE¥, LARMEMMT. BAIBRIT, BaSO, B 5 (4
3mg) FETCR BT PG, BB B SAAFER S (He) 073
BT, 2SABEHAEE S0, 408 1 3k, SO, kB E i
OE5EHEHA Detal S Fil 175 FIAL % AN E,
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3.1

The geomap of Yangtze gorge and the position of the section

BRERARE, ZRA A/ SR E G RE, S RE
RSB, MR A SR S WELR
Mn BYAIA , Bt Mn St B R 31 W7 5 46 Bk BR b o b AP 7R
M — > R 845 45 ( Kaufman et al. ,1995), — B R T, 4
Mn/Sr < 10 f)BKEREh 5 R W B R T 2SR AU A AR , HEBR Rl
RA AT LRELRUTBUC R X Sr A ERFFERZ, R
F Mn/Sr <3 AUBREREL 57 H0A N T RE AR 77 R AR U AR I g K
i Sr R R4, BREREL A A0 E R R R % e R
B BEARE BRI MR BEK  RE SR S BRI A
EEARBRAS B AR R B8, BB A 800
{E B BFEAE . Kaufman et al. (1995) . Xiao et al. (1997) kK
870 < - Sy BkMELH AT REE MF M, % 30 < - 10%0
BAEAERETRIMNME, MR . BRCEHECR
AR ATRAURTM = MMM Mn/Sr AT 10, RX =
MHGTTEEEZ TRAGPMAERANE R, LR
Mn/Sr (/T 10, H 8™ 0 {H#R7E - 10%0 1 I, B 3% st
BT R R AR R AR K, AR B T RG24
BAF R
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Fig.2 The age curves of sulfur isotopes of trace sulfates and carbon isotopes of carbonates in the Dengying Formation
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Table 1
Gorges, China

Data of sulfur isotope of trace sulfates,carbon and oxygen isotopes of carbonates of Sinian Dengying Formation in the Yangtze

13 18 34 3'3(: 8180 8345
mas 0N ome RS RO ES dpas PN ome RS 200 S
Y8 0.03  mMATHB 1.0 -5.0 -8.7 Y56 190 HOWE 2.9 -4.6 28.7
Y9 0.2 T HE 0.5 ~2.7 1.8 Y58 198 SEbeA 3.0 -6.0
Y10 1 " LB 1.3 -5.4 1.3 Y60 205 HOR 2.9 -5.6 28.5
Y12 7 MO 2.9 -2.9 4.6 Y63 210 HOER 3.1 -6.1
Y16 16.5  WOHBE 2.7 -5.3 Y66 221 SEE%0A23 2.8 -5.5 25.6
Y18 21.5 MATLHE 1.5 -1.5 38.7 Y69 236 BOER 2.8 -1.3
Y20 27 AHmME 5.0 -7.1 36 Y71 246 BOE 2.8 -5.8 30.5
Y23 37 AWMER 4.2 -7.9 33.6 Y76 280 BB 1.2 -5.8 25.2
Y24 42 AHEME 4.6 -4.2 20.2 Y79 295 HMOE 0.7 -7.2
Y28 62 AR 3.1 -5.3 31.7 Y81 305 H D 1.4 -5.9 13.5
Y31 71 ARBE 4.2 -4.6 20.8 Y84 320 HOEE 2.9 -5.9 25.3
Y34 92 AR 3.5 -5.0 Y85 325 B 1.8 -6.4 22.2
Y36 102 AR 4.1 -4.5 Y89 331 H3iEE 0.7 -6.5
Y38 112 FARMEEE 2.9 -4.5 37 Y90 336 SRRz 2.7 -6.1 24.5
Y41 126 AR 3.0 -4.2 33.4 Y95 360 S 0.5 -5.3
Y44 141 AHME 2.5 -6.1 32.7 Y98 362.2 AR 0.7 -5.8 29.4
Y47 156 S RrA: 3 1.3 -6.4 Y101 362.9  R#Lg 0.9 -5.6
Y48 161 AoRE 2.7 -6.5 32.6 Y103 371 g -3.2 -5.1 15.1
Y51 167 HOER 2.4 -5.6 Y109 400 R -1.0 -5.4 21.7
Y54 180 HOME 2.5 -5.3 Y110 400.5  RKAEB -4 -8.9 23.5

4 srirEREHE

4.1  E.PIEHAM R B E R’ L

Claypool (1980 ) i Strauss( 1993 ,1997,2002) {R B R &
AR R RBRELAR F] A0 B M GE 1 04 48 ) 9 o Y KRR
MEBLMEBR M T00Ma EEEF THRSERLHR
LALHE BRI S HRBUN + 20%RRIE KB +30% 204,
EHEAKTARER, FARRLUE S 4 XL ZE W
/No Gorjan er al. (2000) £ i BB 76 18 ¥ K BRI %
LER : A\ Marinoan PKEASEH (595Ma) EIFT T X 5 ERE
BIRZAL , HISKTRRER AT 8™S (M +22%0 /e A Hi 1 K B
+33%e/Eh o XBEA UM E AT E MR R A B ER
KEZGFRMAELBEEFT AR, Goran et al. (2000) iF
FWER RS PRBRER KB R AL R 7 e K R EL Y
HRMREM, I FHTERBERE WL BIERER, 2]
BHE T BREMS T R AR SR
AT BB UL A4 SR R AR B MK SR R B A Mk
Hig, ETHATRMERRNRLL S HHMT A
BRI BB .. M Claypool et al. (1980) . Strauss ( 2002 ) 1
Gorjan et al. (2000) %t £ BRIG KB F 2 R Lt R 7T UF
R RRRE B T8 i s KR E
XA,

Lambert et al. (1987) #5757 (2000) F1 F 5334 (1998)
B oA A B4 R AR R 0 - A S0 T B AT S LR R 1Y
8" CHEAS Ll 2% , 5240 SCRT I 52 MR AR A - 5 30 T 4T
HABRRLAERAERR S CHNBERT LB, =
RS (1999) JAEIA%(2001) iR 2 FHi S H T MK
AREBRFEIA RS, 2 8° CE IR R B E M
BATERE A . Shen (2002) BAEMMBE TZEETER
BRI E TR AR EL A 8° C A, 54 XS K
WCHR 0 DXAT S 4L BR R 2 28 8 C A7 16 B ML W 4% 1E
(E3), EHHETEH S CHEAK L AR MER
—& TR T XA K BB £ T B IR A R
R, R AR b DX FE AT B R AK A T B3R — S, A W 7= R 1
RN, MoEE THRRETEHIG FHE RNRRES
L, K AR T RE IR — 2 (XU £ %, 1991) , Derry et al.
(1992) 45 B 23R o 3G /K BR A 2 R 28 4L 8 7%, M 600Ma B
FUERMERRNHREAL 7 C EM +4%c% B (KB 0%0
EA, SA S E RIT ABRF N R £ 2 54 81807
ALHHAE . Kaufman et al. (1995) & Walter et al. (2000) FriR &
Bt T X R o B A Bk AR S A BRI L B A Tkt & th
BEEMRHE, ERRANEBRRRBL, BFAE 1B
JRES  BRBREL A MBI R 3L T WR BESE 5%RY 7B , X Wk
R AR RN RES RE SRR Y, E RN
ﬁﬁ%ﬁ%%ﬂ%i&%ﬁ%%ﬁl&if&ﬁk%ﬁa.Erm’ﬁjiz
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Fig.3 Correlation of carbon isotopic compositions in carbonates of the Dengying Formation in the Yangtze Platform

(a. Shipai-Liantuo section in Yichang, Hubei, from Lambert et al. ,1987; b. Shipai-Liantuo section in Yichang, Hubei, from Yang et al. ,

2002; c. Huajipo-Jijiapo section in Yichang, Hubei, this study; d. Wangjiawan section in Jinnin, Yunnan, from Shen, 2002)

— Bt BB E A HbE % b T & ( Schidlowski et al. ,1975; Veizer
et al. ,1976; H Hsu et al. ,1985; Knoll et al. ,1986; Aharon et
al. ,1987; Lambert et al., 1987; Brasier et al., 1990a;
Kirschvink et al. , 1991; Kufman et al. ,1992; Knoll & Walter,
1992 ; Kufman & Knoll,1995; Shen,1998) ,

4.2 XFARAT. BRE KT LTS

B TR UIIR A AR BREL PR R 2h 2 BB IR R L &
B, 3 BUE IS T R K B R B AR £k O B R B BR b
Bk IRz & 25 B ( Claypool , 1980 ; Des Marais, 2001) , [ i, ]
DURIBAT RSB L & H B F ik Rl B M ik
KR AT R K BB R R S R WA K R SRR
EhEOHR RO FIBRERIE RO BR IR o R4 R A B 1k (I FR ey
K BB BRIF) AL 3 ) AT LASS /R B B A AR A ML BR AL 2 T 3R
(Canfield, 2001 ; Marais,2001) , A —4MU ] f2 Bl oy 500 G
REMBEEN RN,

BRI A 1R BB E A B IE R BR AT
HKA 8*S R T 9 KB A R 2L LB I,
KEBSERLE +20. 2%0 ~ +38. T%o 2 [8], FHITE + 29%0 7245 5
8" C B LIERLE +0.5%0 ~ +5.0%2 6], HIX FEEW I
BRI ,2003) TR KA 84S (40 8" C (17

TCBEAR/ ML ITRESS KRR R ™S b B
AEE"CHIHE. JTHBTEKK 8¥S B 8°C HrE
PEORBEARE/I s TBE L TES K B9 8™S M 8V C |3
PEIREERBER , R BABIRG M B, B HER
HEREFEFIXER, FEUNBA R At BB A T
R T TRAEHLF 2RI S, XESTRTHE
TEIKHAZ G BELLIE SR SBAIREE + 2 REE , W
ERHBSRETRIZ, ZITHHH S ENE R
N EBTRE.
BETHRBRLTAIRZBANEALEMIEESEY
KEERREW, 58D EY™RAA B ERESE
BAR BRI SRRA YRR B R R R AR R
ERAVE YA LR 2 B 6 1R A 3 4048, 6008 K P o A it B A
MTEYHIREE"C R R MBI EA B 8 C
BORE G HE P B A T 0 4 Y 7 A BB 3 2 ( Des
Marais, 2001) . STRZHIMEK P EOBRAREL B 421 C MOSRTE, &
BRE AT RGP R B A P AR U A 3, 5
SENRARBRPERT KROKBER BB S EYIE
WIERE—3. HFRAEZLRURAN, BT EREETT
KERNBREERNRSRREBTRER P a4+E
HIRIBHIE AN LA, AR S B R, R UiE R £
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AT ETE S RE RBRIEN S R KM, B EENE
FTFEYREERE, WX e P EY R &, &
TS RERERAARED BERRLERLRET,.ZE
REFRRBEOE(FHEE%,1996), Dery et al. (1992) it
BHEGTTE ARG R E IR ERERE — M
EMEE, KB MREERVBRERERN 2 ~4 5, TG
KT BRBERE A VIR BRI R MEEERAE
PP WA B R, BX A 1 A AE KR
ORGP C, T8 WL P M X B4R CL W K B R 1Y
CO,ABXFE 4" C, T A I K L BE O B BR 2k 2 AR X B
£°C, YRS RS KR BRI A YUK Z H 7= 4 R
PR SHERL, AT K PSR BAEECH
L. X—BVIRY HA LR 8°C HIE R K (2EH%,
1999) , MisskEAEh & ¥ A A B H 87 C i, RUA ML FE
KEREREL M Z Bl MBI K . KRB IR A Y R E &
B ZERMNEMEEEZARERRLEFERAGRE
W(IMTR) . MEFEREEE R FITEK P I EaRBRELE
FABAY T AL R RS MR, RBOS K P HIR
SHBMEMTEENS, ZEHEPRBENFIRNEL R
FARFRMEN . BROEVBRERER, HEREEIR
FE,XEMNTHERBRILERERNET, BTEKHE
FERCR BB RO 3 BN, X — I 35 F # R T R A UTAR
b B 5 K6 8™S fH (Li et al. ,1999)

880} +2Fe,0, +8H,0 +15C,,—

4Fe™S, +15C0, +16(0H ")

E 2 7T LB AT I K B 8 S (M 87 C kK
EHEZRHERAEES, XTRRH TETES TG
BRBEANER. EERDSKHANEZRBTHY
BEAMRRBRRERN K, Bt ke kP aopus
VLR, XA LR M TIRE T ISR BBk B i E R
THFEM T AT S B -T A Y 1 FI R T F R 28R, IR 3008
PR I — 2R E AL (Logan et al. ,1995) . B FHH
BEEL R C BT AR BB AN CO,,
[6] B ¥ JEG A ES R BR AR R JRAE TR R A 8™ S MR (£ E
5 H,S) ks B AL b Bk Eh . o T H LR A RARE K
RL, P MR R Z 18 Y TR B - AR/, R P4 CO,
HERAVRRC M S, MBI R T £ YR E MLy
'S BYFHIE ( Canfield, 2001) , BEHAFRENZM EILBET
oK BB BRI AL R AR, SBUT B8 K BB R %
HEHEZBEEKN T A, Yang(2002) FEiLITH HE
IKERFINLE (Ce RN BAFIE S/ St B FH 85, RifgrE—
WMEITR MBI, it T B8 B B E AL 1 R,
Anbear et al. (2002) 583 6% ) fu A2 1L . TOP 47 B TTE
MR EYRAAHE NS S O, A IR R i & 4
EF TR

ERLASTRARBRERSERANFTE N REL
KB AR E AR AR B T ORI A TR, R
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MEREBEE 2R . BKBREAE KEER R
B.ERB-NEEEEYTRRR T SR RK, £YEN
TR K P A Bk IR 5k 2 18] B [B) AL 38 AH B /DN ERX B3
KAMETRRT RERNARRNIRNEYLA JFERE
TERE  XMRBERARIEEY BRI R REAE
ERAERRIET, A RS R, BEREY R
MR R B G R A T RIZU LTS R M,
B HEY X B F LRI RN TSR,
IHERXWAFRE S BT ERRY REBRIMNE
H(FFgE%E. 1986; Fitoo%,1988; HIRIERE,1996; Yang
et al. ,1999; REA%,2000),

5 &

WA EERABXREBRITEABHEBKRIEE TNHR
MBRENRIC R R AT H KRR 3°C A
8%S i, SBEIL e HAAE AR AL R BE AT AR/, ELER 2 R
TR S X SR AR SR FEI S K A 5S A Rraee
KIS FTAR. STEBAE KR 8™S HAMARE
+20.2%o0 ~ +38.7%0 2 [8],8" C {H#RFE 0.5 ~5. 0% 2 ], 55
BEUERAAE Lo AR AL 08 BE AR /N, AT 5 3098 7K B BR 26 AR B
BRI RHERRE SR P LA RNEY = RNE
PIBERGE R, (TN KRB R EA RS B8
ERERMAE LAY, XTI TS L NEEE
MR, ERILESITRA ERRSERANHA
FLRAb K BB AN B[R] 7 R AR R A B T R U B f R
B, R\EX N REAE HEIREARY & £ RSk,

B PEARAEREERAT EHARIETHR
B8R TESMREE T, o ERHE Bt 5 th R BB 5 B
SRARHS AW R TR 0T S A Bh SE A T 9B R £ 38 447
RS ERHBER R, R MR B R R L 2 R
BRI OERETR T TR, B —FRRELH
g !
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