EHRFEENE RF TR SRR
BERKR, HE, B, ik

S A

BRI, T, A, A, BRI &S ek [T]. DURRSFR, 2022, 40(5): 1151-1171.

FAN QiuShuang, XIA GuoQing, LI GaoJie, YI HaiSheng. Analytical Methods and Research Progress of Redox
Conditions in the Paleo—Ocean[J]. Acta Sedimentologica Sinica, 2022, 40(5): 1151-1171.

AR (B KNSRI WA A 30 )

Similar articles recommended (Please use Firefox or IE to view the article)

DU L A VR TS
Research Progress on Geochemical Behavior of Minerals and Elements in Early Diagenesis of Marine Sediments

PUBEEHR. 2022, 40(5): 1172-1187  https:/doi.org/10.14027/1.issn.1000-0550.2021.038
DU 2 Hh B R ™ 3 A 12 S A v g i ]

The Microscopic Analysis of Pyrite Framboids and Application in Paleo?oceanography
DURHEAAR. 2020, 38(1): 150-165  https://doi.org/10.14027/j.issn.1000-0550.2019.099

U2 T B B R T 35 S RS 3R R —— LA g R 20 Rk AE H 2 51)
Morphologic and Isotopic Characteristics of Sedimentary Pyrite: A case study from deepwater facies, Ediacaran Lantian Formation in

South China
TURZAAR. 2020, 38(1): 138-149  https://doi.org/10.14027/1.issn.1000-0550.2019.021

TERTL IR ol o 2R PV LA AR 1 e s kA A AR A B b B0 S

Geochemical Characteristics and Their Geological Significance of Intrasalt Mudstones from the Paleogene Qianjiang Formation in the

Qianjiang Gra—ben, Jianghan Basin, China
UURRZ41%. 2018, 36(3): 617-629  https://doi.org/10.14027/j.issn.1000-0550.2018.061
TR A3 s FE AR BB R A v T PR PR R B b

Characteristic of the Cambrian Carbonate Paleo—ocean Environment in the Diangianbei Depression and Its Geological Significance

TUERZER. 2016, 34(5): 811-818  htips://doi.org/10.14027/j.cnki.cjxbh.2016.05.001


http://cjxb.ac.cn/cn/article/doi/10.14027/j.issn.1000-0550.2021.023
http://cjxb.ac.cn/cn/article/doi/10.14027/j.issn.1000-0550.2021.023
http://cjxb.ac.cn/cn/article/doi/10.14027/j.issn.1000-0550.2021.023
http://cjxb.ac.cn/cn/article/doi/10.14027/j.issn.1000-0550.2021.038
http://cjxb.ac.cn/cn/article/doi/10.14027/j.issn.1000-0550.2019.099
http://cjxb.ac.cn/cn/article/doi/10.14027/j.issn.1000-0550.2019.021
http://cjxb.ac.cn/cn/article/doi/10.14027/j.issn.1000-0550.2018.061
http://cjxb.ac.cn/cn/article/doi/10.14027/j.cnki.cjxb.2016.05.001

Fa0E S5
20224F 10 H

UL BLAE AR
ACTA SEDIMENTOLOGICA SINICA

Vol.40 No.5
0ct.2022

X EHS:1000-0550(2022)05-1151-21

mEFEANLEEZHITRESHRIER

BRR L, EEHE L, TaA, FEL"
1SR ER TG AR B BT TR R R S B0 8, SR 610059
2. IR IR TR 2 UUB M 5T BE , B 610059

3.4 PHIME A= BE 7 I PR TR 5, DUJIT 4 BH 621000

DOI: 10.14027/j.issn.1000-0550.2021.023

OE LRI 2 D N R A SR RS 5 AR IR AL KRR 0 DRAE LA B A R AR AL A A B R B S A
WUIAOG, PR oy AR S R R BT s W e A S A T A () — T LN 25 . SR, BT A9 22 h e AL S SR 8 B 43
B AR 4 RAL A AE—E AR RYE . 7EARZ EH BIFI IR b, 208 T RN ANEALIE [T S 5 v A 4 T
A2 il AR JCR BRI TR R MRS B R R AR R T & AR A R SAE 5 SR B, i — P ety
IR AR IR A OT TR B e . AR A IR AR TR M BT 5t N 947 A A SO (BN TRIDUARIREE T 2% T8 b BT B L)
AR G R —E 22 57 , L R AR, DR R U] ol Ve A I R T A MR R R B as

KR A EACE R A O RS AR SR AR MR AR AR 5 R AR

F—EEEN PRI 1996 4E A AL RS AR, UFRS , E-mail: giushuangfan@163.com

BEEE EEE,E,RHEPE, E-mail: xiaguoqing2012@cdut.cn

RESES P59 XHEIREBE A

0 B|= LIS TR BFIE AT , 5 50 4 R 1A e
BT . 2 SRR SIS, HWE AR Z 5

IR AR AR PER S — R T IRBEO TN ok S s P LB S AR P, (4 4 63 745 T,
—AEEHTENE, SRR NS RGO AR, 0 RS L R (LA b 7,

A FIAE B I TR 50 7K 0 S AR A T v 5 %% D) AR
IR PR A T T 1) A A3 D RS 8 2 I WL o
fR e U BRI ER A 45 [ 58 5 s M 5 (e % 3
BB R R R A AR R
FAFRBESE X T A B A W AL IR SR A
FEHURR A R R B 25 43 A AT B2 S

SR, 76 1 52 Yl 1 ) 2 g /K ) A A i SR
S RN, BEAF R B R PR B4 551 (Oceanic
Anoxic Events, OAEs) " 1% 4% 3ify i S B , A7 T8 i
“RIELL)Z (Oceanic Red Beds, ORBs) 7 4] 51 i & 4
ST, 3 AN [ S 9 7 ) AP SR A TR 20 b 52
T R R AR A A DL B AR 2200 3R Y sk Ak 2 A0 B
U P (Y AW(G2E 3 LI (BT i3 17 7 N2 = i
et R A S B R W J2 K AR ) S A TR
FKs H A 43 A B Ak (oxic) IR AR (suboxic) | 648
(anoxic) A Ak (euxinic) PU K, (H 7E 47 1t Vg v

s B H#A:2020-12-03; Wrf&efm B H#A:2021-01-31

R TG bR Y A A2 L B B 5 [H 2%, 6 0 FH ik 2 4
PRI 28 5 th B 2236 bR 00 R BT, 5 28 1 B [R] 6 b
SEBIRIAY P & o Blan B (TS) 5 EA ALK (TOC)
F14) 2K 2838 5 B VR B 8 T B 11 oy T 1 A A
JREAE, LLTS/TOC FUAE 0.4 Sk FL BB 6 7 ) b Ak
(<0.4) FIE A 3R 8E (>0.4)" {H Mansour et al.”F) %
75T e SRR TP Abu Gharadig 7 M 1 2
TREAE )2 S AL S 25 R R B, TS 5 TOC 5 2 [
FAH MR 2%, TS/ITOC HUAE 0.4 FEASBEFE N A AL FiTid
JEIA R 43 0 BB, D R R A BRI A A R AR
Y Fe BRI T UURY HERERALPI B B s H AT
WL, FETT & b i S AR SR A R 9 s A o, T
BRI AT AE— 8 B R B, BEAR A A S0tk By
WA R R TG B AT 28R s B T I T
Xl AR IR A R AT R G AT, A A
FEIEA L 25R T AN F AR Y L R

EEIH . HR HARBl2#H4:(41772105) [ Foundation : National Natural Science Foundation of China, No. 41772105 ]



1152 A

S

5404

R T BRI e 5 G A R
W FHUROT R RS BRI R LT RIER (A
(E R R AR R R A5 b, R IO T 4 Ti9R
PREOLE AR (1), it — a7t e oE
LR A IR AR AL S

| a0

MR DRI S i JB S IE SR, o A1 BRI
TR AR JE R 5T 23 Hr i B IR , L2 BF A1)
Wi AR IR I ZE R R AR . — BOR UL, 12 AL R A
TUURYA LS BAR, 5 A R Y LASE
BRI TR 2 LA SIS A TP
BT W AR ) DURVE O A — R AL 45 K
KA R TUE FIRE A, WA A B A AN
JRE5HZ , T AR IR SR 25 PF T DUR h A P RE S 15 L
TRAF, BRAF R e R 2 LU R I8 A1, B i
Jetfr ERE A7 ZEERE BB M R SR, DL
BUA AR — R A NLUR R - RO A PLS
SR

PR e H e X bR iR e
A FIT ERREE 70 A (9 B 2K 2 — , RERE HI T4
AV A AR TR BRI SRR BB 2 7

I o e S| i N = R R 1 A SR A 1
FoR A R WE e, J5 W] IR R A A T
WP RIS, — BT, KEECHA
S HRE K A0 RN BA A R TR S A AL, HL R TR
AL B, A AL E AR ) — A B AR
JEALTF IR RS L & & A MU RS A A
AR R T Y I I AL TR FUR S . AR A A
L R A EE SRR TR AT AR Ak
Yk & ALY, AT RE L DT A AR TR IR o
DL b5 ik BARAE — o B EE b ] LA 25 I W DT B A
B HEFAAahaRN SRR, a2 L
FL BT o2 JLHA MU T LU A KA 23R
BE DL e e AT RS Y . UTAROR 2R
TR AL AT U HRG  F T I AR AR (418 B S G
IE K 5 = 0 A SR AR 8 D 2% 1, i 1 2R CIE
L'a'b' B a2 [a) O, Hoh LRI 652 8, JER R 0 (R
) ~100( 3 ), a IR RO —4ES B b IR EE—ES
B W IS I 530 mm A1 520 mm AYLL—
SSHS E—ESEUE A, T 2 SEUEAE 0 2]
1 Z 8l , Y SHUE ST 1 Rom Ak PR | Tt
W k£ sl e, 1Y S EEREE T 0 W2 7Rik
JECPE e , DR AT S B PR s e, (HLL
Tk BT A A B RS T

®1 AEIEHRETETIMRME R EAR S

Table 1 Sedimentary environment indicated by different indices and their advantages and disadvantages

Bigcdstn SRR FehT IR T
FALEREE BB AT (o 1 5 TR
FF I TS TR AR5
y AV RN PRI STyt e 52 8 A o
B AT SR BRIRE S R B, BT A S 2 1 T L D SRR A
ARG T AL, TTRERE PRSI S
WEE TS
EALEREL YR Sy R, BB
AL R T MBI — e I T B AR
s SRR B IR BEE S S B S HESS R AT LT
AL « Planolites-Thalassinoides 214
JEIAL AT R B IRET : Planolites-Zoophycos 416 AP 32 S FEFEE R K

Chondrites-Planolites 1l &

SPCIREE - bR Ts 3 B (L3 2.3 s Py/Ph>1.0
BRI - A b P T &5 B B35 5 O e

FrRA s Pr/Ph<1.O; A E b S iR

LS 7/E e R 7S ey

FALA AR SE AR . BEOI>—40/ B4 FR1E - BFOI<—40
AN SAACIRET : U/Ca LA

TLRGAESRE  BEEREE U/Ca HUIEHEAE s Mn/Ca FUAB AR

SR AR IR
HE HIERER,
AT ARGl R ety LR ERSSE
AR bR PSR AT
BOR B Z X BAT R L3

AL RN A AL

AR AT T 5

A PG A TR AT




s

BERKIE A b IR AR IR T T TR S WP

1153

DS LT

CRRAE2EI8

LA

TS/TOC

TOC/P

A HLARHELTR 535K

Cu/Zn
BRI

VIER

1/(Ca+Mg) At

AALIREE : TS/TOC>0.4
Bl FREL  TS/TOC<0.4
AALIRET . TOC/P<50
A FR B . 50<TOC/P<300
LI, R
BRI, R
AACIRES : Cu/Zn>0.5
A : Cu/Zn<0.38

SFALIREE : U, >Mo,,; V/ICr<d; Ni/Co<T;
V/(V+Ni)<1.5; U/Th<1.25
AR : VIC>4.25; Ni/Co>T7.0; V/(V+Ni)>1.5;
U/Th>1.25
ML U <Mo,,

EALFREE . 1/(CatMg)>2.5
BUATIRET . 0<1/(Cat+Mg)<2.5

H

A ﬁﬁ‘i"’ﬂf% E’J R
ZHIRA T IR

BRI ALAEIFI
PAR(BIIEEALE SN

B JE T RRA
IKAEZAPE TR

LG M’EJ—IHE S

TLE X FREE AL AN U, 2 )
SR RS R S A e iU
RA, HOGR DRI e

ESUSEREVER Y da s

Ce ¥
Fi e R R
Y/Ho HAl

AL : Ce,, <0
BREE IR Ce, >0
SAALIRES : Y/Ho R
BAEFRET : Y/Ho (EH /N

SIS 5 TR R

S T IR RARR R £ 5 BT S

X YUR R AL A B
FUBNEE R AT 5 R

Mo [Alfii %

U iz

R R R S[AfLE

N[RIf;

CrlAfi R

SRR « R SR BRI - R AN

SIS AU (BRER 25 B0 7 A MR
AR R BN
BRI BRI LR CREOTUA) AR BO M

SEACPRET : RO TR AR K/t S B SG -
e S PN

ARG S N BEK
R RALIAEE SN AE AN

SAACIRES 87 Cr [ 4K (=2.5%0~1%o0)
TRAEIREE : 87 CrfE AR 42/ (=4.5%0~~1.5%0)

SE MRS BE ARSI AR

] BEAZ HA AR A
A AR T e

32 RCE VRIS

TER I A S e 4
AR 3 e A

SRR A A AL AT L Cr
577 A S [RITE R Cr Y
AR TR R

[ daeArA IS R AW E S i3

AR IR RIS, B

JRARGH , [ PR 2 U A 5
i, B BRI TS

BRI S TR R

W AR
TR AT AR

LN SR 2

AALFFEE . FeHR/FeT<0.22
4 FR 8 : FeHR/FeT>0.38;D0P<0.7
LI : DOP=0.8

AT R D ECE B

A IR ALk E(6~10)
BRAAFIL RO, S BIRARER (4~6)
BLALFRIGE RO 8RR i 8578 (3~5)

BRAEIAEE B S RASE Ok /AR IR : DABRIR Oy 3

FELEH TANR R B DU
2SR A AR

SZARBR N R AR A

JHZRNH T4 MR, 2ty
WA R AT A 2K
TB, B R R




1154 A

S

5404

ST HAL ORI AT RE 2o A7 A —E IR BRPE (R 1) , 1l
HAEM U B R R AR 2, ARk L & i R
S0 DR A AT U TR AR S A B A BT

ARG
2 AR b

T AR A AR AR T A W R T T A Ay
M b & #5356 TR, SR R0y PR AR SR A
W EARbRZ —, & WL AR bR A A & 5
WAL ARIE AR A Y A LA SR RO
TE MR R TT R SAESRE(ER D),
2.1 SYHEA5EE

ANFURIAEE T B A= W RV A BURN =F B A P 22
S, DR 22 0T LR FE s K AR Y AR R TR R
AN A 2 X AR S S R SR A AN ] 3 < L
B 58 1 A5 P 2 = N S B B A S e e
AN LA 72 0 B A P 2 CUn i B0 I e []
A ) B S YA AR R T SR Al S A %ot
T KA S AU B, Rhoads et al." 5 H T AEH1 7K
A E R (RMBAES) , $811 : 1D AW 43 5 B Bl
KA S Y AT 92D, A 3% 40 5 Bl A 1)
PRI T- R 2 0% 2) R IR R /INBE 2 KR
S I AR T D8/ 0N 5 3) AK A B Ut (R a2 5 | i A=
ZERI AL, TR 4R TR A ) AR TR
PR ASRBE R B B P S D 5 4) ELAE
FCI A W IS HEAE B A o L A W se iR, TR I R
HOHE K 55) MK B SR s N, A P B i
W a5, DIRRGUZ R B . BAE v, BIE A<
SRR, AW oy S v AR B K, TRIE A Pk
By ) i A B Y/ A L NA L Y/ e 110 = WAL |
sl b ; 1 eSS AT A o S AR LA A A
N AT A B S AR S SR A B > A
Peah a5 oAb, W v — SRy AR W 1 43 At AT
DAFE 7 LT AL K R A 1) SR AR RS il n - 2
IS B i e S — S NRYER AR ) P B A
TS ARG, 3 5 o0 A TE K RS o AR 3R
D] JH s o 2 B A 118 A o HH B T LA 7 T A K R A
SRR SRR AR 1 2 0 4 3 3 A T K I TR A AL
Jo, IR T AR A ML B T RE RN, S BOK A
AR ITHFERD I BB IR H AR A sh B FF K )
AEORYERR R IR 2 sh ) () K B 7 T Ak Ak A

SRS

T 2t R 12071k E SRS LE YT 2
GRS W O | R S =R R 7k ey < N E R N b
T A A= W 20 5 o B EA B 2 S TR X
5 VAR T AR BR A AR — I 1] B it S Ak i J R
A5 BN i B () A A SRR O I AN AR o
22 IR AFHE

I A R E AT A TG SN AR TR ZE |
15 PR B , 28 ST HEECR A VR T M Ry, B
PR T AR S TTBURZ B &, DL LGS A )
(AT S > VAR AR A 5% Sl 39 8] i Ak 1) A 28 BR R
For i 2O BT A 1) oy 4R i 2R 1 22 S M A
A 5 AL IR 5 A3 A AR DG, DA s
TR AT BURRIE AT A A R S AR S A5 FTURRA
SRR A H BAR I, — A R, TR B KR
st A o S AR B AR YA s Mg DUBUR S
P RS s 76 6 S K AR T, A= 2 v LA
VSR, DU BUZ A MELIORAT o BRIKZ A, — L
R E B I A1 ZH AR AT DA IR AR 7R K A R bk
JERAS, AN : Chondrites J& B TR M) AE M U B £
i, — M AFTE T 4R Wi T A BB
Planolites J&= - W) FE TR b E &0 8 F A 23,
W AEDTRR Y —I K B LA R 3115 Zoophycos /2 TE3S
SR HY B A AE AR 22 1 AR 2 (R TR A
BB, — e I T S8k I AT R
UE"™; Thalassinoides 72 W 5¢ 8l ) 1) & A1 38 6 UL 18
[) 7 1 e e K B0 8% o R, Chondrites-Planolites 28
B IR EE R DRSS , Planolites-Zoophycos 115 3
TN BRI BCFR 3R 55 | Planolites - Thalassinoides 28,5 W
FERARR AR DTRRIAE™ 5 245 A, stk
A1 BARTE— & TR I BBAS 45 75 g 1 19 SR Ak J5L AR
& AR 2 A 2 2% HREAE R — A e kT
FRP, FLs Al A (1) 0 S5 BE A AT RE AR 25 32 B TR
A5 RNH L =F s e (AN R R e 145 ) ™, HaZor
BRI B PR3, 6 T st i A A7 55 TS5 AR
T AR B I AN i B2 5 0 TR S
A 3R 1B 2 BU5E 4 % 1) b XK 156 B AT Hoph kR
DB,

2.3 HYIRRSHEY

AYIbR S S PR DU ok B AR i C.
HFIHA TR A R AA I BT, BRI
3 11 3 A b HLAT s A R P DR kG T A A TR 4
BRI AR AR AR, HET AT LA T AR S5 AR



5 53] BERKIE A b IR TR AR SR T T TR S STk 1155

ot A bR S A B A R N ke
B ot 5 R AL AT 2 S e 7

B Tt S L 0 PR UL — R AE AR R AR R
PHAL AW B TsA(Ts+Tm)B& 1 AT AAE A HLTE
APEFERRAN , 108 0] LU W AT B ok F8 o S Ak s
JREREE . —BIA R Tm 7 B L3 i 35 45 7R 8 SR
Be 0 Ts 5 A TS s R AR D
Jot 2 R Bl 2 20 TR Ao 3 SRV A3 T I — 282
Wik ALY, DR s 7 A W o T 4
SR ERBE Ak (Pr) AR K% (Ph) #7542 ph A
ORI B, FE S8 AR SRR T DL SE T B e 85 o 1 38
SN ARSI RS , — AR Pr/Ph>1.0 45 7R 19 /2
UAEALFR G , Pr/Ph<1.0 48758 B2 00 JE FR B il 3
I ot 2 f: [R R T DA S R TR BR BT 1 AR 4k, TR 4R
FIIREE T AR H 2 5 95, R s 08 N e (B mT LA
TERIRJFEIREE™ T Eds I, SE b & IR LA B

[0/(0 + D)]x 100 20 > 0 it

BFOI =
[I/(I+D)-1]x50 40 =0mH(I

o BFOLFC R A FL AL AR H; 0 AR H AR
ANEFPEL, — i FE BE R AN AREK I A A= B (5
R TFAETF 350 pm) 5 D ARG E R AR FP L,
— Sk A BE R AR BN N A B (SRR N T
200 pm) 5 ARV ERN A AR, 48 A4/
(A BRI R Z2 5000 3 A R (524228 200~350 pum) o
{AHT A58 R B0 PR a4 7 ) B AR fL RS B
2 2K BT i AL S 1, TR ez FH DA L FR bRt
U SRS RO AE I YA SR DO NEA )AL
25 NHEHFEHRETRSESHHE

bR T LiRFeFRAN , B e iRk T R 548
FROEAL AT DL R R 46 78 i DU AR (1 A8 46, A
LA, A8 HUE B 08 B R AR
FEFERA K S R v 5 K R T AE e B (), se A
JUE HUAE BB NS HC T Hb S e X 5] R K AR BR B, SR FH AR

FAEAN ] ARTE AL B BT RS AR AL S P i
JER TS, BAEARR A Jes fcE ) A9
P B W 0 B A AT AN TR R AR W br i Ak
B IR 32 PR A A 28 R S TR 38 FZ
A Y 5 MR AL 2= R AR AH S B DU B IS i
H RS UURIEREE
24 BILHSEEH

PTG P2 58 2R B A A LR @ A FE R LA
B4y 5 B AR REAR G- b 7 oy T 1 A SR AR AR,
RFE e A B T X EE 48 bR 19428 25 5 2 B BR A1 .
Kaiho 3 35 X JE AP A FL HUAGAF 5T , A B HG45 L e
AFEE(BFOD) 511 IR 2 KR & A A S RAFIY
LR IV O FR DRI HH AT AR A FL R AU EE
BORA SN B KAA  E AR JFARZS (e 2) , HoR BE
BUR R E R R E ST AR L B A
FORZEA KRR B A RN

(1)

+ D) > Of

Z )& U/Ca Ml Mn/Ca HLAH . PUNFESEALAEE T, A
T e R R 78 40 IR SOK A4 Hos i 1 U B, S 80
S U B s AR TR BT T, KR
ATV U B 68 JEUS, U™, I H AR TR s
(VO JEAMRAEAEDTRR Y b W0 T AT AR T e
PRBSXT T U B Wi, i se ik v U 5 i ARG AR,
DK H FH U/Ca e (L6 R KR R AR R R, U/Ca IR M
BRI AT . 5 UA TS, Mn 72840 3F
BT DOANE TR R S Ak ) URLY XA 7 I A
A IR T LA T B S TR AR h g ek
WL, PRI E A7 Min/Caa (R (E /R SRR IR BT
BRULZ A0, T8 SR Ak A i Az ARkt T DA
FeR ORISR A Mk . AR PR Z R S5
AT B AELE WK B KR pHAE B SR
T EIRAS S KR B2 RN pH (25 mi HAE Kl 3

R2 EWEFLRSIEH(BFOI) 5SLIEEIRE Z B RIXT R % & (FEXHE[371188)

Table 2 The relationship between benthic foraminifera oxygen index (BFOI) and redox environment

(modified from reference [37])

BFOI T4 R/ (mL/L) LR
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50~0 1.5-3.0 4
0~-40 0.3~1.5 BEE=R 4
~40~-50 0.1~0.3 e
-55 0~0.1 R4

6.0 1% % >6.0, 55 [ SCHR[37],
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Fig.1 S-Cycle and the relationship between total sulfur (TS) and total organic carbon (TOC) in the ocean

(modified from reference [10])

(a) graphical analysis of S-Cycle in the ocean; (b) the relationship between TOC and TS in sediments is shown in the diagram

(the star represents the data points from the Berner experiment, and the dotted line contains the additional data points of other scholars
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es with burial time; (c) cyclic pattern of P in sediments
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(a) changes of U, and Mo, in different environments; (b) the deposition mechanism of U and Mo under different oxidation environments (UFF and Mo, indicate the enrichment

factors of U and Mo)
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oxygen content in sediments (modified from reference [110])
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Fig.10  The relationship between FeHR/FeT and DOP and its

indicated redox environment (modified from reference [130])
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strawberry pyrite in oxidized water and sulfide water
(modified from reference [131])

the arrows in the figure indicate the supply of H_S, Fe*, and oxidized sulfur,

Schematic diagram of formation mechanism of

and the number of arrows indicates their supply rate
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Abstract: During geological history, the marine environment has experienced different redox states, including an ex-
treme oxygen enrichment period and extreme hypoxia period, which not only profoundly affected the evolution of the
marine biological population and the preservation of hydrocarbon source rocks, but is also closely related to the global
climate evolution and other major geological events. Therefore, the analysis of paleo-redox conditions is an important
task in the reconstruction of the paleo-ocean ecological environment. Previous studies on the ancient ocean have sum-
marized many indices that reflect the redox state of water bodies, among which the more widely used indices are sen-
sitive element indices, rare earth elements indices, strawberry pyrite indices, etc.. However, most studies focus on
the analysis of redox conditions with a single index. In recent years, some scholars have used these indices for paleo-
ocean oxidation in single index analysis of reduction conditions and have found that the analysis conclusions under
different geological backgrounds are often controversial, and even contradictory. Thus, we find that only using a sin-
gle index to analyze the sedimentary environment of the paleo-ocean has some limitations. In order to comprehensively
and accurately reflect the redox environment of the paleo-ocean when using these indices, based on previous studies
of the paleo-ocean, this paper reviews some analytical methods and the research progress of paleo-redox conditions
carried out by scholars at home and abroad in recent years, focusing on the petrological (rock color and type) , pale-
ontological (biota and abundance, characteristics of trace fossils, biomarker compounds, oxygen index of foramin-
ifera, trace elements, and ecological characteristics of Ostracoda ), and element geochemical (source rock geochemi-
cal index, trace elements, and ratio) indices, as well as the rare earth element (Ce anomaly, Y/Ho ratio) , isotope
(Mo, U, S, N, Crisotopes) , and pyrite (pyritization degree) systems. In addition, their advantages and limitations
are discussed. The results show that each indicator has its own advantages in identifying the redox environment of the
paleo-ocean under specific geological backgrounds. For example, paleontological indices are directly related to the re-
dox state of the paleo-ocean and can be used to reflect the paleo-water environment, especially for areas where there
is a lack of biological entity fossils, such as the distribution and combination of trace fossils. It shows its unique ad-
vantages in identifying the paleo-sedimentary environment, but the redox conditions reflected by various indices in
different sedimentary environments are different, sometimes even contrary. Some scholars have found that the method
of distinguishing sedimentary environment (oxidation or anoxia) by using a total sulfur / total organic carbon ratio of
0.4 is feasible in some areas, but not in other areas. The use of multi-index comprehensive analysis can effectively
avoid these problems. Therefore, in the study of paleo-ocean redox environment, there is often uncertainty when us-
ing only a single index to analyze the results, and there are some limitations. The comprehensive analysis method of
multiple indices (such as the combination of paleontological and geochemical indices, the combination of petrologi-
cal and mineralogical indices, etc.) can more accurately reflect the paleo-ocean sedimentary environment reliably.

Key words: paleo-redox conditions; petrological indexes; paleontological indexes; geochemical indices;

mineralogical indices



