CELo - TR

s

%%ﬁéﬁﬁ%ﬁ%%m%ﬁTﬁﬁﬁﬁ%ﬁ%%&ﬁﬁﬂﬁﬁ
JRA, R, £, WKk SE, BAAR, BRBHES, JA £ W

G AL

RIH, KA, £, . WHEE &Rl R A R EELTe 4 T 8 E S A S SO BRI [T]. DIRRAEER, 2026, 44 (1) :
54-67.

SONG ChenRan, GUAN ChengGuo, WANG Wei, et al. Petrological and Mineralogical Characteristics of Barite
Nodules in the Lower Part of the Ediacaran Doushantuo Formation, Yichang, Hubei ProvincelJ]. Acta
Sedimentologica Sinica, 2026, 44(1): 54-67.

FUSCEEHER (& A KIRERIEN AR H CE )

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

JZRACHIX T FER G e T 2 H 2 e A 7

Genesis of Dolomite in the Lower Cambrian Longwangmiao Formation, Northeastern Sichuan Basin

VORISR 2020, 38(6): 1284-1295  https:/doi.org/10.14027/;.issn.1000-0550.2019.108
VT 0 56 B YT R b X 3 R v = BT R B AT o
Sedimentary Model of Mixed Rocks in the Upper Es , of Paleogone in the Dawangzhuang Area, Raoyang Sag, Bohai Bay Basin
PUB2EH. 2020, 38(5): 1037-1048  https://doi.org/10.14027/.issn.1000-0550.2019.096
FER RS NN LIRS DUBRARAE B oty PR 2 X —— D) AURE S i ST 5 T A 491

Characteristics and Paleoenvironmental Significance of Mixed Siliciclastic—Carbonate Sedimentation in the Xiann ii dong Formation,

Cambrian (Series 2): A case study from the Tangjiahe Section, Wangcang, northern Sichuan
JURR 4. 2020, 38(1): 166-181  https:/doi.org/10.14027/j.issn.1000-0550.2019.015

JUTVH SR 3 DX 11 352 DU B XU i B M S

Sedimentary Characteristics and Geological Significance of Tempestites in the Fourth member of the Leikoupo Formation at the Hanwang

Section, Western Sichuan Basin

DUR2AAR. 2019, 37(1): 94-103  https://doi.org/10.14027/j.issn.1000-0550.2018.140

MENE IR A X = AR 1 PR A2 A AR

Diagenetic Facies of Triassic Baikouquan Formation in Mabei Area, Junggar Basin

TUB2EH. 2018, 36(2): 354-365  https:/doi.org/10.14027/1.issn.1000-0550.2018.030


http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2024.035
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2024.035
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2024.035
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2019.108
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2019.096
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2019.015
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2018.140
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2018.030

20264F 45443 4510

http://www.cjxb.ac.cn

DURSHR
ACTA SEDIMENTOLOGICA SINICA

SRR RS, CRE , B4R, 55 2026 110 F B Yl R AL R BE LA R 5 A 258 P B B RIPRIR D). OB, 44(1):54-67.
SONG ChenRan, GUAN ChengGuo, WANG Wei, et al. 2026. Petrological and Mineralogical Characteristics of Barite Nodules in the Lower
Part of the Ediacaran Doushantuo Formation, Yichang, Hubei Province[J]. Acta Sedimentologica Sinica, 44(1): 54-67.

DOI: 10.14027/j.issn.1000-0550.2024.035 CSTR: 32268.14/j.cjxb.62-1038.2024.035

MEEERBFRFRABELEEATIHRERALSEZL
AP SO X B 3

REBD, RAAE, TH, HAR ", BEAR, KEE!, B FH
1. v IR B i By A IS I, oy A A R b2 B A S0 % st 210008

2. P EBLE GRS, I 100049

3. HPEBRE B A S S i NSRS, o R B A s i Ak S NSO IR A U 100044

4 P ERbE R B R I 211135

W E [EW ]SRRI R RS — R AT R . AT BE LA T R R A SR G AR, B
PRI Bt s o 2 R ot U AR 1 R A SR S TR AR O o [k B DURR S A 2 00T, TEAN 4% TARERAL R 4
R T BE LA T S0 0 A5 A AT R B, LR AT LT RRER S [ G5 2R 1 Bl 2 BRI SR A R e A, SR 25T I T 3
HUETBE . A5 B E R AT SRR A, 6 0 A B s [ 22 5 GRS LB O T AR U U E £ O e R
OrE A S IR T AR AR BB RS AN 5l 5 20 [ ST 1) 5 7 OR AR SEGUAE R B A 5 40 )
AW BIFEYOTE RO %0 W A BRI — VS T S50 R BREE 26 P AR 1 - S5 AZ TR BBk A SO i TR R £k
T s Z e SR A O e P B B AR R — e B, 5 B AL 0 i AR R S ) BB AR e R IR ER— e
Pty b BRI B 7 RO A R AT OB [ T S A A A T R AT B B . B B R AR R 2 9 T , 44 i 20 30
AR IR R 5L T AT REC 28 R R RI/KCA S BE T B AR v, 38 20 FR e PR R R — P bead P i e A, ATTR b 1 e A1)

KA R
KR AR Bl KA BELLIV G ; A A A5 %

FE—1EE KRR, 519994 IR LR A MR ATFE R ZE DY, E-mail: crsong@nigpas.ac.cn
BIEEE T, & 080, AT FER DT 5 1 5% , E-mail: wwang@nigpas.ac.cn
RESES:PS78.71 XEAREM:A  XEHS:1000-0550(2026)01-0054-14

0 515

e A A R i 20 2 bk e A0 D s g — A
ORI, A T — ROV R A AL, s A4
22 40 0 Sl 0 1) RS R O 2 A e s 1) ) B AR (Xiao
and Narbonne, 2020) . [A] B 7E 3528 - 7 20 1) Hb 2 b
ICSE M TCHLRR R 2 (81°C,,,, ) HRFRER Sl A% B[R] 43
(8"Seps) B ERA B [ 37 2% (8™S,, ) FHE2H 4345 Hh sk £k
PR AR T RIZNA B Bl , 16T I b 3k 3R A 2R
Wit & AT B R (Xiao and Laflamme,2009) ., 7E

TERHIREE R Z I, BEA KB AR st , K
FRERIENGVE T TERI A 7 A5 3] T ROR Y 2
1o KA LB RT , [m] I O (s LA S AU 4R
B TR BETTAR E T AR YA A (Planavsky
et al., 2010;Sahoo et al.,2012; Lang et al.,2018) . Z
J5 Z2 MM I B DL AR R A i 2 5 A
S B, AN, A R R R R 4D A AR
(Yuan et al. ,2011) Ji A= 8 (Xiao et al.,2002) Fl
AARMEA: YU HE (Xiao et al.,2021) , U W1 BRI B AL 15
AR . A5 B Z [ A AT 2 AH EOCHK 5

5 B8 :2024-01-13; &[5 H #§:2024-03-03; 3% A H#5:2024-04-24 ; M & tH kit B £ : 2024-04-24
HEWA : FHE HARRFR4 T H (42072036,41921002,42130207,42192501) 5 FI T S0 & 1181 (2022YFF0800100, 2022YFF0802700) 5 F [E A&}
2EBE RS St R L5 (XDB26000000) 5 H A AT & 5T B Rkt 5 H AR T &30 H (2021Y]CQ03)



513

RSRAAE I B il R R AR BEILVEZE T SR S S R R G R AN R 55

2y, PRI ER R R Ll R A — R A

HIAN A R ER AL A8 hR 20 S R 2d
(R R VR SR IR 2R A AT T 2l A U T £
FRANTRIBIATHR o R HR R 7 HY S I AT TR OK
e T2 B4E A (Canfield er al., 2007 ; Canfield et
al., 2008; Li et al., 2010; Li et al., 2015; Jin et al.,
2018; Wang et al.,2018) , A1 X i Jit i v 3tk 25 ml fig
— E LR i A AR (Dahl et al., 20105 Sperling et
al.,2015;Jin et al.,2016) . SR, Bt KA 20 VERY
AL IR S 5 (AR TTO AR 2 Hh Ak A T s 8k
PRI BN, HER b= b5 s & B 7E 29 600 Ma
{1 35 FH A= PR L 249 550 Ma () ik i) A= A 1) (R A7 3P 458
% H B IREE (Wang et al.,2014) , 11 UL Z2 R
WA= A Al LR D B A A IR I Ry 5 S K AR
(Xiao et al.,2002; Yuan et al.,2011) . HHT, A il
U R A A7 25 (87 Mo) A5 M BRfh 24 F8 A A A
GEARM, Fth R L4 0 A TR HE K AE BB o b DX 7]
REAFAE R AR X S AL A 1 0 (Sahoo et al.,2012; Chen
et al.,2015) , 7] LIy LI AE Wi (A A A A= AP 30058
S BT SC Tl A R VR S F 5T 2 S e
BRAL A2 o3 BT LAl b Bl A R DT AR S LT ) o
R

WY AR EENT YR G, &R
DURRE T2 AR TE o5 B o 22 S B R AR
o SR B 15 HE iU 23Ry [F] A= 454
WA UL R RSN TR A S5 4% 02 5 1 [a) i 20
AT Y S R RS e R G I WG S A <Y
SEAE FH AR B 0 J2 38, R 1 b i DA B 45
(Cronan and Tooms, 1967; Hein and Koschinsky,
2014) 5 JMCA S I T A 1 P OB IR 4P 70
e, Z54% 22 2 i AR, N2 BESE BOANES il 380 4)
T AR B I B AL TR B 0] 1) ol B o
% H AR (Sellés-Martinez,, 1996) 5 Ji5 A& 45 4% W k78
Ol 1 L2 v e AR ) Jo S8 eV IS T i) 45
¥, i T HIE e U E R Z 05 Bt ASS BN Y J2
PR K T H A, 5 E A 2 B AT A (Selles-
Martinez, 1996) o i, ol 5 45 4% Fil W) A= Z5 4% 35 ] LA
S5 TR B S8 %) oy Vi K PR (L) A 235 A S
JE T IRAF DT A S5 A L DR A S
SE T T S S DCTERT G o B S5 A% R i L
AR Bl TR 6 25 A% I SO 25 A% 91, B b A 45 A L 7 o

Iy s L)z oA, SR 3R T ST A AR DR IR S K
PRI 1) B B A (Wang and Arthur,2020) .

WAL B =k DX e [l e - R A J2 U T
FRAEH , S [ R Ah 5 R R 2 b R
b 2R PR R A A SOCTE R B IX . WL B
JREH T S R PR BE LV T SRS B A rh &
HREWE NG, ASCULE SO S5 5
S N A ST A YR
TEAT IR A% B2 AR B O A8 o IR 4 O
DR PR AR R S

1 HiE 5

e R T AR KRR DO 0k 8l KB i1 4%
(Zhao and Cawood,2012), TEXRIM-KHIZ, T Hudk
PEILHR A B K B, 2R B BB A oK Z b, W 22 1)y
A= RN (Jiang et al.,2011) (K 1a) . 7EWIHLE E
=X, iR PR K B TR, B R T
IRE e KA Z L, TR TR R ™ H/heil
AT R AT SR B IR R, T BE LIV A AT 52 4 40
ACRAR BIAE ,2021) o — 0 HBIX (Y BE L yE 4 iR T 72
AR A AR T BOR B 2R i a1 o
i, DB FZ s AP A8 A e R,
D2 K 2 JROR Gk A A5 4%, 7 2R B 32 5 0y )
T4 AT (Ouyang et al.,2021) . I Be b & & H—
JEEBRIR R, Hoh R A S5 B0 2 e R
4 7ts ) BE IR 224647 (Ouyang et al., 2017 ; Shang et al.
2019) o IV B0 Sy e 7K A5z T AR ) 2 €0 i S 00 2 e e
R #H BBk (Zhu et al. , 2007 ;4B 4E5 ,2015)

4 B 161 (30°45721” N, 110°58" 14" E) fvi T
WAL BB TR SR VA LA ZY 1 km, FE 3T 4
T A 0T B T RRE T R R 2% (8 1b) o il b 3
BLEAL T AR (8 1a) o 4 EGH mBE L
TRLH BRSSP B i, 88 R Af . A SO 9T
1SR A0 A5 A% R B A A IR T BE Ll 2H 1T B T
H RKEEE—hRREA R S ME s,
PR RRE LS [ BIEHRZ) 5 m, 75 5 i A 45 4%
HRIEZ10.5 m(E 1c) .

2 SEEITE

WFFEW B WAL A~ A B AP AT, HoR
et RY/E SV IN LR Y/) % e Eeel ESE R ]



56 TR A S ¢ Ha4t
(@) - NS - I:1
3]\l
i} T - f
,
= R
= L A%
BRVERES . E
fle N ==
t = TR
""""""" RSIERTEoS = ——re
170 340 km == H=RICE
=L [Tee7 7]
= =
e B
e
— —
i ===
St o RFA =
% 7
+ IH Il ==
i B oz
% |4 -
27
| a—— s
A= STk e
L =13
vz 7 ®
= 7
<= |
> ® /o
7= §
S | @
72 1L
ZZ |Er—=74
=71 Fl/—/ —
A /—/—
Z—11
od— 7
=
7 s
7 —
/0, 1
=\ [[=LP4%
7\
ﬁﬂiﬂfﬂ R HH A HL == ;’ mE] oo
OO s \ .
% whatety | | l\l I = | '/ v
T e Kf— - LA
gl FhE  COOERE e W2 lokzleea] S 7
B 1 (a)fErisih R dr B R (3 Wang et al., 2020 15 240) 5 (b) = 152 b X f7 £k 55 B (3 Ouyang et al. , 2021
B 5 (e ) 4 JIIHI AT BE Ll 210 4 2 A1 4R ] (416 Ouyang et al. , 2021 18 80 5 2164, = M JE Sy 4 TR BG83 )
Fig.1 (a) Ediacaran paleogeographic map of South China (modified from Wang et al., 2020); (b) simplified geological map of

the Yangtze Gorges area (modified from Ouyang et al., 2021); (c) lithostratigraphic column of the Doushantuo Formation at the

Jinguadun section(modified from Ouyang et al., 2021; red triangle in B marks the location of the Jinguadun section)
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Fig.2  Occurrence of barite nodules at the Jinguadun section and their optical and

Energy Dispersive Spectrometer ( EDS) images

(a) occurrence of barite nodules at the Jinguadunn section, with barite nodules marked by red circles, the photo shows a ruler with a measurement of 60 cm; (b) contact of

barite nodules and surrounding rock; (c) 1, 2. spheroidal and elliptic nodules without pyrite; 3. nodules with dense pyrite layer; 4, 5. nodules of dispersed pyrite

"core"; 6. energy spectrum image of calcium in barite nodules, parallel distribution of calcium-containing minerals inside the sample
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Fig.3 Image of barite nodules under optical and scanning electron microscopes, energy spectrum scanning and

Raman laser spectrum
(a) schematic lengthways section of nodules (b is the area in the red box in a; c, e, and g are the area in the purple box in a; h and i are the area in the black box in a; d, j, k,
and | are the area in the green box in a); (b, ¢, e-h) optical photographs (reflected light) and EBSD images of the inner layer of barite concretion with a dispersed pyrite
core, f is the area in the orange box in e; (d) the clay minerals in nodules; (i) EBSD images of nodules with dense pyrite cores; (j) pyrite framboids that inside barite; (k) anhe-
dral pyrite aggregate; (1) pyrite framboids; (m) energy spectrum of minerals in nodules (The yellow sites in i are numbered); (n) Raman spectral spectra of different minerals in

nodules (The red sites in figure j are numbered) (green spectral lines are standard spectral lines in open access database)
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Fig.4 Conceptual model of dominant biogeochemical processes occurring in different redox zones within marine sediments and

barite nodule formation

On the left are the relative concentration profiles of each component in the pore fluid, in the middle are the biogeochemical processes in different redox zones within sedi-

ments and proposed formation model for the Doushantuo barite nodules (modified from Zan et al.,2022), and on the right are the diagram of the formation of nodules (modi-

fied from Xiao et al.,2010)
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Abstract: [Objective] The redox states of the Early Ediacaran ocean have long been a research hotspot, particular-
ly its material composition and distribution. The formation process of sedimentary barite nodules in the lower part of
the Doushantuo Formation was studied to explore the redox variation of the Ediacaran ocean immediately after the
Snowball Earth event using sedimentology and petrology. Additionally, a detailed analysis of the formation process of
barite nodules in the lower part of the Doushantuo Formation in the northern part of the Yangtze Block, specifically at
the Jinguadun profile, was conducted to infer its depositional environment.[ Methods ] Analysis on sedimentary envi-
ronments of barite nodules from calcareous mudstone of the lower Doushantuo Formation in Jinguadun section were
developed via sedimentologic and petromineralogical methods. [ Results | Based on field observations, the surround-
ing rock layers were found to exhibit a distribution pattern around the nodules. Examining the contact relationships be-
tween the nodules and their internal bedding, in accordance with the summary by Sellés-Martinez in 1996, indicates
that the barite nodules in this profile formed during the early burial stage. The barite, quartz, and pyrite are the three
top authigenic sedimentary minerals in the nodules. The mineral distribution is stratified in the barite nodules. Spe-
cially, the inner layer contains dense pyrite aggregates dominated by euhedral-to-subhedral pyrite grains and quartz
minerals that grow interwoven together. From the core to the outer edge, radial aggregates were developed in barite
and quartz. This study preliminarily demonstrates that the formation of authigenic sedimentary minerals occurring in
different parts of the barite nodules precipitate in different redox zones. First, in the sulfate reduction zone within the

sediment, an area enriched in organic matter forms a loose outer shell primarily composed of pyrite aggregates. Subse-
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quently, as burial depth increases towards the sulfate-methane transition zone, barite begins to deposit around the
pyrite outer shell, causing the high-content pyrite aggregates to gradually become denser. The isolating effect of the
pyrite aggregates results in a relatively closed internal space, impacting the deposition of stable barium ions and sul-
fate radicals by barite. In a slightly acidic environment, the process of pyrite generation promotes the stable deposi-
tion of quartz, leading to an internal mineral composition predominantly consisting of quartz. Simultaneously, the
external environment evolves into a radial mixture of interwoven barite and quartz. This process highlights the interac-
tion between pyrite and barite under different geological conditions and their influence on the deposition of barium
ions and sulfate radicals. The Ba™ sources in the barite likely originate from the methanogenic zone, where dissolu-
tion of labile and biogenic barite associated with organic matter occurs. The upward spreading Ba® ions react with
downward diffusing seawater sulfate radicals and deposit barium sulfate in the upper front of sulfate-methane transi-
tion zone. [ Conclusions] In summary, the barite nodules form in the early diagenetic soft sediments, exhibiting a
phased development. In the initial stages, they are primarily composed of pyrite and quartz; in the later stages, barite
and quartz deposition becomes dominant. With the increase in sulfate concentration, it is suggested that in the Early
Ediacaran oceans, the sulfate reduction interface may have descended into the sediments near the water-rock
interface. As a result, methane in the sulfate-methane transition zone underwent oxidation, thereby reducing their
emissions into the atmosphere.

Key words: Yangize Block; Ediacaran; Doushantuo Formation; barite nodules



