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AW BB HME (Hoffman et al., 1998; Lietal, 2012; Brocksetal., 2017) . FifE
RAYEW A Er X ARAT BT, BOAER (REEANTUA R AHUR SRS, Sait
kRIS GBSCESE, 2018; 54545, 20215 Lietal., 2022; Shenetal., 2022) .

KT B AN TUE s — BB TRV, AU s S f s — R 3% 1, T2
PEFE N SRR AL FE RS R — 510, BE R TTRIR A R T A HUR (- A7
(Kennedy et al., 2014) ; J3—J51H, W& MREKEAF S RAEVITREARI AR, Bl
B 28 B AR B R A R T R B A HUR DA, B 32 457 J7BR 1 (Gallego-Torres ef al., 2007).
DRI, IRAFRMRE A7 00 AR IR 26 A b AU S it b S 2 IR G R R, 218
N WL & ENLHI A SEE (Cheng ef al., 2021; Tanetal., 2021; Lietal., 2022; Shen et al.,
2022) o JEAER, X AERE RIS I FREE S LT E AL CEUE — RV E IR,
N A T BRI ) A SR A RGBS 2 i I A0 5 2 IR 3R B [R5 1 (Cheng
etal., 2021; Tanetal, 2021; Lietal., 2022; Shen erals-2022) . #Rifi, IXLLHf7L2 M
BT 2 B — P R R R o X T B AR AL R AN I A, SE R IR UK U
B, 22 T 3R G Ao I A T 3 A O S (R 4% A MU 2 S SR AR, (R = R 1 R G4
IH]

I, AT EUES AR AL X KZ8GEAIUDTORE, i e R B (1. 11, 11
BO AT RGEMIHIER A, B (1) BENZ X BGE B A oK ) 2 S B AL 7 21,
H SRS K0 ORI PR L R kA LB B AR A, (2) [ Bk
2 BRI E R R U 0By Bedzs ] % J2 BU A HUR & 84T ABE 0 B PR @ I b i o R 5
1], TRAL S A T SN S VR AR P B T B R A, DA DN ES AR B X ) T
AR e S BRI B A HUBR Ab 22 4

1 MRS

AR RIE A P i e rg st e, FOBR S Boo i I &g 11323 (45 1000~900 Ma)
YRR FEIX— I, 77 R BB R B &, REZTERL T R (8145,
2001; Wangand Li, 2003) . #) 820 Ma I}, 3Z Rodinia i KFGZMKIFEN, HERgHIEOR L
fhfgizsh, MiEmmpama CEIES, 2008) (B la) . thjE, mEEmE 2R
WG, WETEE T — RAALAR—mrE (A T7 D b8 —h 2 M, X EERIE 8 i
A T A AR R, B AT AR QIS T A R RAE, 2016; TR TN,

2020; ACHEEE, 20200 (K 1b) .
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Fig.1 (a) Paleogeographic map of the Nanhua Basin duting the Cryogenian period (modified from Li ef al., 2022;
Zhao et al., 2023); (b) structural and paleogeographic sketch map of the Datangpo Formation in the study area
(modified from Cheng et al., 2021; Zhao et al., 2023); (c) stratigraphic division, sampling, and sedimentary

sequence of the Datangpo Formation

PG A CRAE 5 BERIRDK 2 2 7 41, 195 Sturtian VK3 (717~660Ma) + KIS
[E] UK # F1 Marinoan UK #A 1 TARIE % o Forp, Sturtian VK Rk 22 340 41 (SRFR K 22 41) Al Marinoan
VKIIA R Y20 53 5] R UK AR RS . IS AU A M (Lietal,, 2012) o TEFNUKINL
FBUFHIZ 18], YR T —BSAERIBE & AF N ARy B R A, 5 R E R8s
e (B 1) EIEVLAE, 2015; @XOCBESE, 2023) o MRIECHOT, ARTTIEFSHE
ReHHRAPAE — BT i ORI AR A ) B K5, il 5 47 CA-ID-TIMS U-Pb &
FEIRTFHIAERE N 660.98 £ 0.74 Ma (Rooney et al., 2020) ; 115 BRI M X K48 T B vk W15
e 2 R KT )Z , il it LA-ICP-MS U-Pb & 4E3K 15 14F# A 654.5 £ 3.8 Ma(Zhang et al.,
2008) o LEAb, BERIHLZE A AT A RB R, KRIFBAH FITIRER 4G 5 45 AN (3] 2979 660 Ma %
650 Ma, FF4:49.8 Ma (Bao etal., 2018) .
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R (ES, 20165 Yueral, 2022) (F 1c) . Hufa XM, @H 0 =304 1
BANE 24m B EARE: TBNE 05~4m BRBOTE (R ; B NEL
160 m MR ETUE (Yuetal, 2017) o MHILZ T, TEMEX, KIEWHHPREEE KR, H
P =B T BOAE 0.5~20 m & HE R, ORI E M S MITE, —#F il
EHJE (K 2a. b) s TBONE 1-70m FE AN BRETUE (K 20) ;5 [TBCYJE 100~700 m
B = BIRIKETUAEZ R (B 2d) (Yuetal, 2016; FHZAESE, 2023) o JBUHTEER
SRR CangE B ER K L K AT U-Pb 4F 5% 658.8010.50 Ma. 662.70+6.20 Ma %) SCHF
22 X PR D T 1 2 TR S B IX (R R AT PR A 17 34 57 A B0 78 (A )1 4%, 2004 Zhang et al.,
2008; Yuetal., 2016, 2017) . X—SEBMUIRF A S50 57, G WIE % 1A Sturtian
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Fig.2 Core, thin section, and microscopic lithological characteristics of the Datangpo Formation from well KZ8

in northeastern Guizhou

(a) core sample of manganese carbonate rock (a;), thin section (az), and microphotograph under cross-polarized light (as); (b) core sample
of manganese-bearing shale (bi), thin section (bz), and microphotograph under cross-polarized light (bs); (c) core sample of black shale
(c1), thin section (c2), and microphotograph under cross-polarized light (c3); (d) core sample of gray shale (di), thin section (d2), and

microphotograph under cross-polarized light (d3)
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AWFFUR A DR AR BB R ALk TR B e B 5 B KZ8 I (108° 47’ 55.8230" E,
28° 04’ 40.0463" N) . ZH K 42.3 m, Hias KRYEHH =/NEMEB . RUCRFEKYE & 1
MRS BT GRS ER bl Mn>10 % NEBRER EE 4, Mn >1 %N &5 0%
Hro% N EH It Wt%di 'S Tanetal., 2021) o FEBCRFEEHWT: 1B CEAHLR
AR KN 1554 m, HEREE 22 MRS, B4E 6 MRERRRIRERE (B 2a) #1116 354
A (B 2b) o ERBRIER R Hhoa] WIS AR 4R S M S SRR DRk 2 R U UG B
RS, AVLREEAENRE N E, AR RHEIRE . ZEBE 2 MR
AN 0.7%~1.0%, FRE T RS SE, NN ERmIUE. 1B CEA PR B ETUE)D
KN 23.86 m, FRAE 20 HFEATUARER (Bl 20) , ABBRL A, T GEAHL
JRKATUE) RAR I, X EE 0.9 m, K& | HREOTEPRNCE 2d) , HAEAH LR
RERZ, BEH R,

E—{\

22 MEHFAE

A VRATE FE (IR it 20 A U 70 A% Tl AE S 5 BF 72 B 2 BTt 76 O e Bl B2,
AU (TOC) £ &l MH A% AT WA= T BI/$20154—2018, i CS-580A fE AR4L Mt
ST, G ERIRAT A R BR OIS, @I SRR — LD MRS REAT , A3 A TS o £
0.5%. F 5 03I E W E X brifE GB/T 14506.28—2010, KA K B X B 2898 Yeilhik
(WD-XRF) #17. f ] AKioS:mAX JGibAL, il 22 MU WY RRAH 175 70448 i 1) Fe 250 o B 445 1
Ja EHLINE, MR BOE R IR BN, TR EEIR T 2%, R 0 3R A DU i 1 A v
GB/T 14506.30—2010, i H] NexION 300D HLEHE A 55 25 74 T (X (ICP-MS) #4T. 1E
ICP-MS Zr#r i, A% 5 AT AL ERA IR IR (HF) FIRSR (HNOs) JRAEET 190 °C i %
VA 48 /NI, D IR B YRR HF (SR S I A R RERR S0 M0 i, B
EWMREICER: T HNOSMEAMEMNT, AEH OB A HIABRA A, FORFHHE A R
SR BT AR 1 R T R U R A . AT, RAIERR (HCD R, DMES
R E 2 MERE T G TICR) , BRBENARSEY, Bk, M
T AR B 7 VRS ) s - 0 R A e ME AN [ U 2R B TCP-MS 20 H7 i FER I bR ik
TEFER FH TR AR e g, WROR T AT R, AR ZHUCERII TR E (RSD) T 4%.
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SN (TOC) FEVFMTTRVE A BB F B OCHER bR, B R4 TOC & &
F0.12%~3.78% (K 1. B3 . YA b, TOC 7E 1 BUERmR 25 fl 11 B B A TUA
PR ANB B (X Forr, TT B BB T TOC & Ed s, “FIIMER 2.06% (A1 T 0.98%~2.78% )
[ BERBRIR b5 TOC “FMEWE =, N 1.75% (0.76%~3.78%) , I H B4 B i o Al
(3.78%) - PIE AR | B &L TOC AHXT AR, “FIIMEN 1.09% (0.16%~1.48%) ;
MK A0S ((R—FEfD TOC & E& AL, 08 0.12%, LEMTHMZER (£ 1. K

0

3.
K1 BRIE KZ8 AR A L METTRMIAE IR I in EF

Table 1 Major and trace elements and environmental evaluation indicators data of the Datangpo

Formation from well KZ8 in northeastern Guizhou

s
A [ B R ORIt [ BB G E Il BRI e
I
Hiff BOME RKE P ROME BRGNS CPIIE R
TOC 0.76 3.78 1.75 0.16 1.48 1.09 0,98 2.77 2.06 0.12
Mn 12.59 27.84 17.56 0.70 9.64 4.24 0.09 0.29 0.16 0.02
ALOs 2.26 9.84 6.90 12.30 28.12 16.33 15.04 18.68 16.88 33.40
Fex0s 0.01 5.41 1.92 1.09 5.04 3.63 4.71 9.74 5.75 1.48
SiO2 422 42.64 26.12 42.43 62.78 54.20 57.54 65.33 61.59 48.28
MgO 2.18 3.51 2.73 1.36 2.45 1.86 1.31 1.81 1.59 1.26
CaO 5.20 14.23 8.78 0.43 432 2.01 0.21 0.89 0.38 0.15
TiO2 0.14 0.58 0.32 0.38 0.62 0.52 0.54 0.70 0.61 0.53
P20s 0.25 2.31 0.61 0.11 0.38 0.22 0.08 0.25 0.11 0.05
Mo 1.17 864 4.54 1.00 8.88 4.73 1.11 7.26 2.74 0.91
U 0.86 3.24 2.04 2.39 5.76 3.30 2.25 3.47 2.86 5.38
Cu 6.19 70.90 24.13 5.23 41.40 23.96 28.10 49.10 38.44 6.65
CIA 61.00 69.00 64.00 62.00 72.00 65.00 64.00 69.00 68.00 63.00
CIW 72.41 87.74 77.13 73.54 93.09 78.82 72.61 83.11 79.69 71.46
icv 3.57 27.38 9.76 0.68 2.48 1.57 0.89 1.19 1.00 0.92
ALO5/TiO2 13.95 36.31 2291 26.17 74.39 32.12 25.48 32.04 27.72 62.66
(La/Yb) n 0.56 1.31 0.71 0.58 0.99 0.74 0.68 0.91 0.78 0.67
Sr/Ba 0.50 2.94 1.28 0.04 0.33 0.20 0.12 0.26 0.17 0.03
Moer) 1.24 12.48 7.77 0.36 6.88 3.13 0.72 3.94 1.63 0.28
Uer 0.89 3.92 1.88 0.79 1.52 1.10 0.81 1.01 0.92 0.87
Eu/Eu* 0.67 1.20 0.96 0.85 1.10 0.97 0.79 0.95 0.89 0.88
Ti/Al 0.031 0.081 0.056 0.015 0.043 0.037 0.035 0.044 0.041 0.018
Al/(Al+Fe+Mn) 0.04 0.29 0.17 0.39 0.88 0.57 0.55 0.74 0.68 0.88
PR 3.79 95.14 18.80 0.47 3.32 1.70 0.51 1.74 0.76 0.19
Cuer) 0.61 3.36 1.43 0.08 1.21 0.65 0.68 1.12 0.96 0.08

H: TOC MIERITTRMBANTREE 2 (%) MEITCENBMAREE /52 (mgkg) .
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Fig.3 Scatter plot of TOC and major element data of the Datangpo Formation in well KZ8 in northeast

Guizhou

3.2 HBBKLEEBURAFE
RYESA T BOERRIR #h's DL Y 2 FAE(Mn, “FYIME R 17.56%), [FAIE45(Ca0,
TFHME N 8.78%) « B (MgO, “FHIMEN 2.73%) FiE (P0s, “FHIMEN 0.61%) &t
B MifE (SiO2, “FHMEN 26.12%) « # (ALOs, FHIMEN 6.90%) « £ (TiO., FHHE
8 0.32%) JKAh (U, F 2.04 mg/kg) AN GEEK (R 1. B3 o KEHA IR
FEAS IR %HEIEFE’JE@%/%QE%EUW& (Mn, FI9MEH 0.16%) » TikE (SiOn,
SERIMEN 61.59%) 4 (ALOs, “FYIEN 16.88%) SR EME. MK, £ (Fe.0s, “F
BB 5.75%) FI4 (Cu, “FHME N 23.96 mg/ke) SEME FTF (F1. B3 . 1ES
B DU I ERGFRHE N T BRI S S B ATUE 20, BiIdEEME R 1. B3 .
FEMBKOTE, MEEd—PHE (Mn, 0.02%) , i (Si02, 48.28%) 54 (ALOs,

33.40%) FEANRER R SR, 2k (Fe:0s, 1.48%) . #5 (CaO, 0.15%) . £ (MgO,
1.26%) K4 (Mo, 091 mg/kg) & EBMEE4BRRK; Sk, 4 (U) S8 EFE
Bl (538 mgkg) (F 1. E3) .
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P2 AR R AL (CIA) W] H T SRR DX A4 22 KA 5 B2 5 7 U1 2% 1 (Nesbitt and Young,
1982) o HitHARXA:

CIA=[(AL:05)/(AL0s+Ca0"+Na:0+K-0)]x 100 (1
X BN BE IR 73 %, CaO*=Min(n(Na20), n(CaO-10/3xP20s)) .

A FUE S iTA T AR A FO0 CIA BV FERC R o B B A ARAE 2 5 CIA 11
FEAERMR EZ — (Fedo et al., 1995; Bahlburg et al.,2011) o AHFFAEME A-CN-K
frp oA T EUAR KL B X, KRR Z BB EMZm (K 4a) o B0 CIA
5 CIW (L5 RAARED ARDCHER S, W B B3 B¢ (RP=0.78, R=0.89) (&
4b) , UESEFRACARAE FA I TEIX CIA AR RMAHLSS o DURR A6 Pt 7T B 5038 e 2 4L Ik 7 s
M CIA BRI 5EVE . Th/Sc 5 Zr/Sc ZZILEIRIR, FEmITEEE @& A, AR Zr/Sc
O S TR, RARG D RETIREIER (B 40 , X5XIEHT4E R —5 (McLennan,
1993; Caoeral., 2024) . WAZRIEE (ICV) #H—HHILTIX —ihiR: TF50H 28 AN
i ICV>1, 15 AMFEGL ICV<1, HAX 4 M ICV<0.95 CGE IN' B 5) , BRI ER AR
B i(Cox et al., 1995). BEE 7T, ALOS/TiOHE B7R, BRKIEW AL 1 BATRRRER &5 Bt
3ARE MR IE S, HARAE MRS KR (R 1. B S, 5t AR —
(Cao et al., 2024) , IR A U PRI A RS € (Girty et al., 1996; Hayashi et al., 1997;
Keskin and Seref, 2011). 27, BFFLIX CIA B 124k 3 5240 22 KA s B i, m] FH T e ik
AR

[ UK RS2 T BARARIR 565 CIA JAMEN 64 (61~69) , SR TUE CIA “FI{HK 65
(62~72) , FE7RTAG URIE AT PR R0 1z, G o 35 i DU S v 1Y) LA B 1T i S B B R I 110 Ak
M BB ATUS CIA EilE— D%, FEIMEN 68 (64~69) , brdi S fRiln PR fE 5105
AR B FE i B A VA, X 5 R0 BT BRI 3 (STLD FIBF T 45 R —3 (Wei et al., 2020);
MR BT CIA N 63, R ITBUNRE, (HZ5 A1 NI 7T R IR S 5 R 4 iR R R
WER GEXRIEH AR CIA “FIMERN 67) , nIREZFEAL E R R B ST
M (R 1. B5)  GFElsE, 2015; F#%%, 2020; Lietal, 2022; Shenetal, 2022) . M
FEVR I Sturtian P 2 i 5 18] KU R A=A D8 e 1o 3 428 Bl Y5420 B A 2 RUAR B3 B2 5 T U AR )
BN, IRZIEI A UR & AL R, IR R R R AL BRI 5 R R A R B LR AR S
15203
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(a) A-CN-K ternary diagram; (b) cross-plot of Chemical Index of Alteration (CIA) versus Index of Chemical Weathering (CIW); (c)

cross-plot of Th/Sc versus Zr/Sc; (d) cross-plot of sedimentation rate versus total organic carbon (TOC) content
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Fig.5 Scatter plot of TOC and various paleoenvironmental indicators of the Datangpo Formation in well KZ8 in

northeast Guizhou
42 SIRRIRE

VIR A LB AR 2B AT LR, 5 v S M REAT LS, S DU ) % 2 43 fi# (Tbach,
1982; Mort et al., 2007; Tyson, 2001) . #i 1 6% (La/Yb)n LU ) 12 H T2 P4k Ui
A, R P R A o TR S K A BT TR OG, R OB 2 2 A ¢ (Murray
etal., 1991) , (La/Yb)l#IE 1| Fon IR M. 5 ABFILRI, AHVTRYH oK
TR AR BB G5 B E M, JRIRME SR AP RIF (Liao eral., 2025) , Z3Er Bk
JR I T R S E A ORI A AT (Shen eral., 2022) o RICHE AT B 7R KB
HEARPIRIEF L) 3 em/kyr, JERIEE 5 (Baoeral, 2018)

Forp T BARBR IR £5 45 (La/Yb)n VG N 0.56~1.31, /M 1 BRI S 1w
FEREH 5 BRI I 071 KUESAL T BEA R TRa (ha/Y b)n S LM 0.58~0.99,
SFBHME N 0.74, R RIEHL T BT R BRI, T Bopl & 40 704 B R A 58 5 1
VR T N BB ER 2R B EARIUTARE R (GR 1. B 5) o KU T BLR L TUA 1Y
(La/Yb)n TS FEN 0.68~0.91, “FIME N 0.78, Hikwm T R4l 1 Be, =W 11 B Fh I8 R
LG, PO AR RIE S A B ACEe TV 1) (La/ YD)N BN 0.67, R UIUTRH A &2
TR, FORTRESZ 139 R TR ORI SR AR 2 TR R, R DA HE s X R 3R 4 A T 22 i 1) T3
(La/Yb)n 9 0.82£0.05 (% 1. & 5) (Weietal, 2020; Shenetal., 2022) .

TOC 5(La/Yb)n FIAHOAEG T 2 m AR T BU& B Us 2ILS FAAHK (R?=0.49, R=-0.7) ,
HiZE TOC SUTHUE LML T I B, R FUH K B2 AU A A 242, i AR piAR
KRN HABEBRTW BAEE (B 4d) o F, JUREF A0 I AR R i 21
AR & 2 5 E R
43 BIREE

b 7K AR 5 I Y ) S X 7 R B KRR B B A LR B L AT LR (Allgeo
and Lyons, 2006; Chen et al., 2024) . Mo-TOC P48 5 & Al F TPl TTRUK AR 1 SR BR AR
HEZ IR AT, PR PEARANA A 2 S5 Mo/TOC T % (Algeo and Rowe, 2012) . Sr/Ba
A Tt — B KRR S1/Ba<0.2+ 0.2~0.5 5>0.5 43 BNt RARH . b &k A m sh K44,
SR R PR LT (Wei and Algeo, 2020; Cheng efal., 2021) o R R | BAL KRR
o b FEBRBR ALY T AR E 4 Sr i RLNA S/Ba 4%, (BARITAL LT R, Sr/Ba fTfE
NS B/Ga. S/TOC S54R bR — 2,  FORXAZ (AT w] Al 52 s e /K 446 Jaj IRFE 2 14
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YAiEfk (Livetal., 2025) o [Hk, 454 Mo-TOC 5 Sr/Ba n] H TP 7 MK 30 5 R IR
FE (R AL o

Mo-TOC &I (& 6a) 7R K7 Bl w7 HAMGE A AR, R rh 26— 5 ) B K A4
WhE, RHA T B CFI Mo/TOC=4.36) J= FRFR A X 1A, KIFWA B P
Mo/TOC=1.36) JRBRFEEEL 1 BeTb, MBI Mo FI{IK TOC & &, XS 1 7K &
T g 5 BRI FREA X (Lietal, 2012) , FATEAE 580N (Shen et al., 2022)
KEH Mo-TOC (BT Fefiedls — 20, $RWI R AL = IRVERE LI e i . KA T Bk
WRIR#h% Sr/Ba {H 0.5~2.94 CPHIME N 1.28) REFBI S EHRBIHE (>0.5) , 1 [F 20 & 5 0T
% Sr/Ba /b T 0.04~0.33 CFIMER 0.2) AT E R KRIFS I BOR S 7Us St/Ba /T
0.12~0.26 CPE{EN 0.17) KBS K G TUE 0.03 B R R EREW (& 1. B 5) o £845 Mo-TOC
K% 5 St/Ba & B fabr, ESERIES [ BUERBRIR #6551 Sr/Ba fi (>0.5) % Ri &k — i =)
BRIFEE, S i BAEON Ja BRAELAK SR 15 AN AP E R P n el L B B DU MR 7R 7K A4
JE T B SR SRR FE 1 s 1T K 4 1T BEANTITE, St/Ba 34/ 02, i3 — AR 3R (5 =
BREHARFAE, 2 B RIS AL UUAR I S0 7 HR R4S M RE AR R I A i et A P Vs A i 35
44 FHZR

SEE TR SR A AT WL ER A (10 5 B ] 3R SRS P P 8 35 PR LD 2 e 32, i ik
AHUR SIAEE & T ik g E Ak, HRITHAHUGIER (Raiswell and Berner, 1985; Shen
etal., 2022) . fH (Mo) Fih (U) M MEAMIE R BUE TR, EEMIAE DS, 1Rk
JEI R e R . AV E TR B E R, PRI EAGE RS Moer M Uk
R BH O Ji A B iy, /S A YRR A v i B 1 W 72 1 R BR A2 E. (Algeo and Tribovillard,
2009; IS, 2021; Sheneral., 2022) . EHHERLTHMATEMRT Al RS EEKR
VETFRUEIEE . W70 Al S Thy Al S Zr R RIFAMERR (Bl 6c. d) , WESE Al FE %
Bl YR S P, AT T E A4 R IE (Taylor and McLennan, 1995) . £34 Moer /Ml U
AR (B 5) KHAZIRHE (B 6b) , 5 & a NERAL I TE R (T BUERBRIR #ho5 kb,
[ Be&5R A AN 1 BL BB TUA R AL (Cheng et al., 2021; Li et al., 2022; Shen et al., 2022),
RGN T REHAH TR A8 AL P 5

KIS T BARIRR Th 5 Moer /T 1.24~12.48 CFEIMEN 7.77) « Uen/t T 0.89~3.92
CEEME Y 1.88) KRN F & 5, e th—oi &) BRI 1) SR 2L IR A EE (Cheng et al.,
2021; ZEGEIF%E, 20215 Lietal., 2022; Shenetal., 2022) ; ifi [ Bt& 4 A Moen /T

0.36~6.88 CFIME N 3.13) + Un/t T 0.79~1.52 CEHME A 1.1) WX RBRALIEFHEE, 15
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¥R

(Cheng et al., 2021) , FHZH
TUA Moen/BRF% % 0.28, UgpnH 0.87, GG EHAMMILEI T = (Lietal., 2022 ;
2022) , WG AR B M sm A, A G G R 2 A O AL A 5 R PR IR Y
HMN K IES A T Bk —
3SR RREEA R, RABEAE NE &S r i RRA AR .

K5, Keb) . %

60

(a) RIRFEEE TOC 5 Mo AZiC I,

7N JR ER R IR £R I8 JE/E 3G 58 (Cheng et al., 2021;
al., 2022) ; Ky 11 BLE AL TUE Mogr /)

CPMEN 0.92) B Mo e, HFER, EHRBRADRIE G ET) SRR
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Fig.6 Intersection Map of Restriction Degree and Redox in Well KZ8 in Northeast Guizhou

(a) intersection map of TOC of restriction degree and Mo; (b) intersection map of Mo (EF) and U (EF) of redox and restriction

degree; (c) provenance analysis intersection map of Al and Th; (d) provenance analysis intersection map of Al and Zr
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R OISR TR S R — IR s, BEESL T R 4L A e G BRI L 2 [
DURR T 235 I R R M RSt (Yang et al., 2025) o fEHhER{LZ05% b, #GRTEBhIR
BT TS T ELE - POBIRUAR & B E IR, AR KRR A = DI B E 24N (Gernon
etal., 2016; Sunetal., 2018) o HINBFIT TG W% 5 M BR A0 2 £ FEVRAIE T RSB AR A1
HIBDTRBUR A (Yu et al., 20165 Li et al., 2022; Shen et al., 2022) o A 78 F F 57 & (BEw/Eu®)
Al Fe/Ti-Al/(Al+Fe+Mn)H 51 EIfEZEATIONE (B S, B 7a) o KRUEIAH T BERIRIR 22 Eu/Eu”
ik 0.67~1.20 CEHIE A 0.96), Al/(Al+Fe+Mn)HAE A T 0.1~0.3, i 35 #1r $0i 76 (<0.5),
5] i Fe/Ti {8 5 % b, 456 BDAE FE PGB R 8] 2 40 & 46 51 % EwEu™F¥{E y 0.97
(0.85~1.10) , Al/(Al+Fe+Mn)LUAE IS 5 (0.4~0.7) , S B FRT I 5 500 B 50 AR IR 5 7 9533
B AFAE G — K BB A VR (3% 1. B 54 B 7a, ) o KUEHE T TITEE 22 470 45 (Eu/Eu*=0.89)
RETUE (EwEu*=0.88) Al/(Al+Fe+Mn) LA K T 0.6, HE— Bl HK i E SAHIE (& 1.
Kl s, B 7a) o RIRIESREL DT T WK T BAR KRR IRGE NI o, 2 7] B3 4 0UA ek
55, T E 1B TTB U AR K o i BB R 70 XA G Bh B rp T K T B, %2
RIVTRUWT 2O B 950, 15 AR 5 SO OEE T
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Fig.7 Intersection map of hydrothermal activity, (primary) productivity and enrichment pattern in well KZ8 in
northeast Guizhou

(a) hydrothermal activity discrimination map; (b) intersection map of salinity and phosphorus enrichment coefficient; (c) intersection map
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of manganese and organic matter; (d) intersection map of salinity and manganese

4.6 HREES

WA T3 A HUTRR SR IR IR, Hom (R B A AL ™ & 5 U h i) = R A
¥ (Gallego-Torres et al., 2007; Tribovillard et al., 2006) . FgH20 W4 B A5 3] BOAZ 7 2%
FEWVE R BRI AE (S, 2021) o RS FERIE SR, AARRE . TG
Ko, SERIDREhAI A= R 3R (Wei et al., 2020; Cheng et al., 2021; Tan et al.,
2021;: Lietal., 2022; Shenetal., 2022) . ff (P) FH (Cu) JERGHELIGIHHE TR
5o VKRl 5 v R R SR 3G 0, AT B & U E A=K (Planavsky et al., 2010; Guilbaud
et al., 2020) o HE A G E P EEE IR T, Hon] FIVESZ I L& RS BUR T /) (Francois
etal., 1995; Tribovillard e al., 2006; Pinedo-Gonzélez et al., 2015) . AHE 7T it RS
e A A IR I 20 5% 2 B B 4 R B Per S B HE R B Cuendiits, 456 HIR—REIE—
JEBRFREE = JCRB A VRN, FB R PRI AR = D3R AR

RIESAL T BARBRIR S A I = B (Pen/t T 3.79%95.74, “TIY{EN 18.8) AIH<E4
EA (Cuen TYIMEN 1.43) FHAE, BB RE R e R TV Al 55 A6 0w R FH 4 3R 5
Y IR A P S IABEME (Lietal., 2022; Shenetal, 2022) ; | B4 0UE N
EHREENRRSSORA MR ZIR (Cuen /N7 008~1.21, FRIMEHN 0.65) , HEF= ) PR (%
1. B 5) 5 BUAN T B Per5 St/Ba LTI B: (EwEu'<1) RILNE E K IELMEMC R
(R*=0.82, R=0.91) , RYIITIREFEXS B VA B E 25Tk (B 7o) o BB OIS (Per)
FIMEN 0.76. Cuer) P I4ESY 0.96) ToxBEIR G, AHIRBEAR 2 80 5 B A= i
PR AN T B IR TR NS A P R FEAE R KT TR BT (Per=0.19.
Cuer=0.08) NIl T ZHh ) F 5 8 TR AL v A 7 Sk 2 il (R 1. B 5) o i xh i
MR G T HRR A= DG T RIEWE T BT ORI AR E R R AR = 0B (G
P-Cu WA I B BRI (R 9. Cu #hst) KBS R R (P-Cu
BT = AN B

5 AU EHEE

FHURPIR R R —NR IR, SR ZME RN Er= I Ekske 7T E
JR IR R, Bom A= 1R TR IR IR IR AL E A WL (Cheng et al., 2021; 25
fEfES, 2021; Lietal, 2022; Shenetal, 2022) . {RAFEAENSF-A WG DAL FE S

BRI, FE R I BT AT AVUR I ORAE (Cheng er al., 2021; ZEIF175E,
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2021; Lietal., 2022; Sheneral., 2022) . Bb4h, PIRUEAX AN & £ Wk E HEEH,

3T AR 26 B B ORALE B Y TR0 SR K RN, SO 22 PRI RE AR FH I Bk i e MK LIS
MX S, TERFIUIX, XSS FAREARR], JLERE KIS A A HUR 1 s SR (Cheng
etal., 2021; ZFF%, 2021; Lietal, 2022; Shenetal., 2022) .

RYE T BB T UK G AU IR IR (K 50 2 R, DB s 5 S HIUE S |
JEONRHIE, 3t T i IR R A SR NI B A WA . RAE B CBRBRIR Eh A VTR
B 5t (EHiCa TURED G FURRBAR G M AR R, EAREEERA
WS 2 42 T 2 A I £ AL . TESRBRIR B8 DO, SRS ) 5 I8 MR IO K RN

SLEWER, ARZKAESE T FEIVEFRVIR, RERT TR CGROGESE, 2020,
Lieral., 2022; Shen et al., 2022) . [FII}, #/KHH A BT BEELANTE T I MAH HLBR % (Peng
etal., 2019) . Bk, ZB WK TOC CFEIMEN 1.75%) FEG & TH R4 5
YA FEARAT A FE R (B 8a) o 7E SR TUA 1A, S 3 5 TF BUR K IR IR TS,
(R E ER T A0 [l R A A R BtV XA R TSI 8 TR A ST A AN 2, BRI R A7 70 T B
DRI, %I AR AR TOC CPIME M 1.09%) FEZIFR T4 JKCF k12, kR
VR AR RV o (ELAS9R N2, 20 WA A RR A i SRR PR 3, AT (45 4 BR (5 AL
FRERMARSE, BT TOC [RAE =) REEMiH Db R =1 .

JUEERIRIR £ (MnCOs) 1Y OS2 Mh(IV) AL 5 5 B WU AR & 2 FEE 2
BHHUR, SRITATE TR ABIR TR, —HERBAEIELRN “U” % (8 Tc,
R=0.65, R=0.65) (Tanerals 2021; Zhaoetal, 2026) . XFENEY], 1EEFHITAE
AP IEST, Mn FEASTOC W 2IGHR KR, R IHFERN 5 1T, EHKR
AT AT, A SR (Mn &85 Sr/Ba HAf B35 EAHDE, B 7d, R2=0.9,
R=0.84) It RIQFIE FRAELE, RRAE SN m ORI ZRAET= 1y, = AR I LT 8 & 7E B 1k
bR T ROV R I R SRV R RN . LA, R A A Bl T AR S S AR
JEAN G (EPS) XA WS AR Y, 3t — b et T HMGE S (R47 (Tan eral., 2021,
AT FE 30 HH 8 1 TEAE OGS (B 7¢) o [HItk, Min 5 TOC M5 RIFAE — MUk # 0], i

RSBET “HHURIEAE” 5 AR IIIRED 7 PR SRR AE AN [RIFR A A AT A X o g5
(Kl 8a)
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Fig.8 sedimentary env1r0)@lolutlon and organic matter enrichment pattern map of the Datangpo in

northeast Guizhou

(a) member I of Datangpo {cgstlo ; (b) member II of Datangpo Formation; (c) member III of Datangpo Formation

RIEE T BoA MU & Sk B e . 2B, St N R R BREY BL TFGR KR
SIBE SR, ANIRE SRR O AR AR o SR IR E R LD, (B SRR R
FE AU R0 T2 AR AT, S BEIRE FR B N BRI N, ATTZ4ERR 7 rh 85K
PRI o R, IRER R BSR T T RIS SRR . S IRIRAAT R TR
BWMRE, SREIEEMFMSS, Kl 7 REYRIRSIE RSN, EHORER Tz i
SEMIBRALIEJFUK AR . BEAh, %5 BURR AR IR sh AR FAS 1k, RS T A ML R S A i — N £
HFEEE. Bk, BEIE I S IR R % GRIE SR R I mAch e, It
R A1z B TOC b 8| i mfE (K 8b) o KRIFHANBAANT & EMAC. BEI BbsEss
SRJRBRRAS,  HLRRR AN R BE FR B R b, SRR A R IR R RIS, K
PREANE 35 G 9, A HLSAEDUAR A RV 52 55 ZU R AR« 257 70 (13235 5 S A PE AR AR IO B SR 1k
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{RAE AR R S 3 T 1% B TOC [ EMRAKKF (& 8¢)
6 “ZiwEREH

(1) B3R b X KZ8 Hafzs 1 RIE I AL UKIYIA ) 2 (8] UK 31 5 BE PR O A S B A 1 471«
I BOU AU IR B 7 5 T I o —oi R PR, KR SR FUR SR IE I BRIRIR Hh e
WD SRR CEETCAEHD ZIMmEEsl, SRR 8 N RGRGE 35 R KRN
I B SR R, A N8 RIRRIAE, KB T2 A0E I Aeid IR A TIB i —
AL 95 R PR A A IR o ORI T AR 2 UM . BOBGE B S IR SR 2% B it )R PR AR
J3E 55 22 TR R Pl TR 2

(2) AHLFE ENHI BT A RO B 2 57, B8 “AE ) — R A
A= iEdl. 1 BT U R & LR S K N SRS I R A= J o B3, (B2 2R (g AR
IR AT A B2 & 40 0UE BV 52 IR, SRR BRI DR A7 S AR T A LR .
11 Bt TOC 35 BVEAR 5138 56 ) Bl Y8 5 i N\ T 45 K AR5 4 9 =) PR B AL 7 PR 3 3k ) e e
TRAF AR RO A, HAZ BOCsn i #E . TILBOU R A7 ) 380 5K i 58 2 L R B0
BB 5 EARAR .

(3) AWFTCREILI “ UKL —EAIE R RSB, 4R 7 R A
HWE N AR Z R &R ERE R, RSMR LRI T B S ES 24< Jb X T
PR AL T E E AR . (EACA IR BT B R R T, IR R XA
WA IE T GlA2MET) RS FL EEdt—2DIGIE . BEAh, RTHE TR S IR R A
AL E He b 0 B TR WOR BERS B € « AR TAE I 45 & 2 AL R R ER . AEWAREAL
GV ETBL UL NS, DB FRE TR A5 S A sk,
1717 8 7 B R AT ) A Lo R

BIEA MM AR

i
“
i

ST T R RR A R OLTE B R R 2= B R #R 1T (Science Data Bank) ScienceDB “F- & /A H &

i, Vil bk Sy https://doi.org/10.57760/sciencedb.39797 F1 https://cstr.cn/31253.11.sciencedb.39797.
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Abstract: [Objective] The evolution of the sedimentary environment and the mechanisms of organic matter
enrichment in the Datangpo Formation in northeastern Guizhou remain underexplored. This study aims to
reconstruct the paleoenvironmental evolution sequence and clarify the primary controls on organic matter
enrichment through high-resolution ‘gedchemical analysis. [Methods] A total of 43 core samples from the entire
Datangpo Formation in well KZ8%n northeastern Guizhou were systematically analyzed for total organic carbon
(TOC) and major and trace element geochemistry. The samples span Members I (manganese carbonate rocks and
manganese-bearing shales), I (black shales), and III (gray shales). [Results] The study reveals that Member 1 of
the Datangpo Formation was deposited during a period of limited post-glacial climatic warming, within a
moderately to strongly restricted basin. This interval is marked by high-frequency alternations between ferruginous
and sulfidic reducing conditions, accompanied by significant hydrothermal activity and intermittent marine
incursions. The relatively high TOC content in the manganese carbonate sub-member was primarily controlled by
high productivity driven by hydrothermal and seawater-derived nutrient inputs. In contrast, productivity in the
manganese-bearing shales sub-member declined due to limited nutrient supply, yet its TOC content did not
decrease significantly owing to effective preservation under sulfidic conditions. Additionally, some organic matter

in Member I was consumed during manganese mineralization. Member Il was deposited in a strongly restricted
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environment under warm climatic conditions, featuring persistent sulfidic reduction and high terrigenous input.
The efficient coupling between productivity sustained by enhanced terrigenous nutrients and superior preservation
conditions within the strongly restricted sulfidic water column led to peak TOC content. Member III, however,
exhibits very low TOC content due to collapsed productivity and completely oxic water conditions. [Conclusion]
This study clarifies the pattern of organic matter enrichment mechanisms co-controlled by
“productivity-preservation conditions” and their evolution alongside environmental changes in the study area,
providing direct insights for regional shale gas exploration. These findings are based on data from a single well;
thus, their regional representativeness requires further verification through additional drilling. Moreover, the
quantitative contributions of various environmental factors to TOC have not been precisely determined. Future
work should focus on establishing a more universal enrichment model.

Key words: Cryogenian; Datangpo Formation; paleoclimate; redox; primary productivity; organic matter

enrichment
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