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Geological records of the Great Oxidation Event (GOE) in China: Progress, challenge, and
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Abstract: [Objective] The Great Oxidation Event (GOE) during the early Paleoproterozoic represents one of the most
significant geological events in Earth’s history and has profound impacts on Earth’s surface environment, biological
evolution, and the formation of mineral resources and energy reserves. Chinese scholars innovatively proposed the
hypothesis of a dramatic shift in Earth's surface environment at around 2.3 Ga in the late 1980’s, mainly based on
sedimentary records from the North China Craton and global correlations. However, due to the pervasive deformation, the
high-grade metamorphism, and the poor continuity of the Paleoproterozoic sedimentary sequences in China, most critical
achievements in the GOE research obtained over the past two decades have predominantly relied on the well-preserved
overseas geological records from South Africa, Western Australia, North America, and Northern Europe. [Methods]
Geological and geochemical research over the last decade in China has identified some relatively complete sedimentary
records of the GOE from the North China and Yangtze cratons, such as the "North Liaohe Group" in the Anshan area of
northeastern Liaoning Province, the lower Fanhe Group (Sanchazi Group) in the Fanhe Basin of Tieling, the Hutuo Group
in the central part of the North China Craton, and the Yimen Group in central Yunnan Province on the southwestern margin
of the Yangtze Craton. Evidence related to the GOE has also been documented from the late Paleoproterozoic crustal-
derived carbonatites on the southeastern margin of the Tarim Craton. These discoveries provide crucial opportunities for
studying the GOE and the Lomagundi-Jatuli Event (LJE) in China. [Results] Compared with the Paleoproterozoic sections
used for GOE studies overseas, most of the Paleoproterozoic sequences in China were deposited after 2.2 Ga, and generally
lack geological records from the early stage of the GOE (2.43~2.2 Ga). Notably, the Paleoproterozoic successions in
northeastern North China Craton and the southwestern Yangtze Craton are characterized by great thickness and low
metamorphic grade, offering invaluable opportunities for investigating the middle- to late-stage evolutionary processes of
the GOE (2.2~2.06 Ga) in China. [Conclusion] Future research on the GOE and LJE records in China should focus on:
(1) the depositional environment and genesis of Paleoproterozoic black shales and their relationship with the positive

carbon isotopic excursions in marine carbonates; (2) the mechanisms for termination of the Lomagundi-Jatuli marine
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carbonate positive carbon isotopic excursion; (3) integrated chemostratigraphy based on marine carbonate carbon-oxygen
isotopes and geochronological studies for regional stratigraphic correlation; (4) the effects of metamorphism on the carbon-
oxygen isotope composition of marine carbonates; (5) the behavior of carbon and oxygen isotopes during the anatexis of
marine carbonates to form crust-derived carbonatites; and (6) the use of multidisciplinary integrated methods and new
geological-geochemical proxies for studying the GOE and LJE. [Significance] Such studies based on geological records in
China will provide a more comprehensive understanding of the mechanism, timing, and resource-environmental effects of
the GOE and LJE during the early Paleoproterozoic.

Keywords: Great Oxidation Event (GOE); Lomagundi-Jatuli Event (LJE); Earth's habitability; Paleoproterozoic
sedimentary record; atmosphere—ocean environment
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Fig. 1 Curves showing the evolution of Earth’s atmospheric oxygen content through time

(a) The classical, two-step atmospheric O, evolution curve (after Lyons et al., 2014); (b) The revised multi-step atmospheric O, evolution curve

(after Zhang S C et al., 2022)

PO,—atmospheric partial pressure of O,; atm—standard atmospheric pressure; PAL—present atmospheric level; GOE—Great Oxidation Event;

MOE—Mesoproterozoic Oxidation Event; NOE—Neoproterozoic Oxidation Event; POE—Paleozoic Oxidation Event
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Fig.2 Major global paleoenvironmental and tectonic events during the early Paleoproterozoic (after Melezhik et al., 2013)
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Fig. 4 Lithostratigraphic column and C-O isotopes of lower Fanhe Group in Fanhe Basin and the “North Liaohe Group” in the Anshan area

(a) Northeastern Fanhe Basin (modified after Zhang et al., 2024a); (b) Southwestern Fanhe Basin (modified after Zhang et al.,2024a); (c) The
“North Liaohe Group” in the Anshan area (modified after Wang et al., 2024)
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Fig. 6 Lithostratigraphic column and C isotope curve of the Yimen Group, central Yunnan Province on the southwestern margin of the Yangtze

Craton (modified after Liu et al., 2023)
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N BT R R A 2 (F J5 B AR, 2012; #1828 R 5,
2012) o B) o 55 A B A% LB R S HL AT 58 TR K TR
FRAE, FLI0IES A U-Pb 2 4F 4 HAR AR I PR E o 1.93
Ga, Jf I\ 02 oK 22 20 B b O 4l R 3 S 7R e 8
ER TR =Y (GF 5 |5, 20125 1 R R 4%,
2012) . ATAF K EE A U-Pb 2 4F 45 S R, B ve 85
P& b KRR TR R AL T 2 O [ BB, 4 R
1.94~1.92 Ga #11 1.87~1.83 Ga(Wu et al., 2022; Pan et
al., 2025) o B~ A7 R 4 Hr 45 2R o, B 5 35 A3
& e IR A HL A A e ) e [ 7 2% 21 LI S,
O"Crypop 10 Bl K 4.2%0~15.7%0, 6" Oy.smow A 11.9%0~
19.7%0( Wu et al., 2022; Pan et al., 2025) . Bif 55 ¥ A 15
& KRBtk T2 v O B Y v Al TR A7 R4 OE SR AT
AEIC SR 1 H: 55 e R 6 5 i Bk W) o7 3R 2H B, SR W AE
P& BLOR AR e 4 B JK 4 10 b X ] BB AT 7R 3% 5 g a8
T ) A7 v 30 00 RR ) Wk R R S, B R Ak S 1)
JiE 5% o

5 W5 REZE

SEAE . PG b S5E Kb WAE BT Ah b XA T,
AR T BT P ol O o AR TR R R 4 A7 T AR T
AR T s, i 3t R I S | 5 Bk A5 7 T A

E— B AR, (H T 20 2 455k I F 5% SR B, 7
el vE P PLIA 2 (LIRS 38 =% 7 /F) . -
I =355 BT BE” U LR ) R b 5 3 1L (D%
TWHE T HEANS IR, 7 e Pl b & s 08 2 s
FVE P 2% Gy 11 RE b Y 08 B A KAk 1 Sk B ot
I — B R S 0 i b BT 00 i, AR B BOR sl 2
Bi] 5 85 A 5 & R R 5 AR AR A R A S R Y
HEAE R, A TE o E 5 NI R R A R o 4R
THEENLE ., IR A b v b A AR L X
“AE LT BT RN LR A LR RE R BB (= TR .
AE b v P R Y I Ve M4 v e P 2k TE
LX) 5 TTRE, TR R E R B e H AR
Jo i JRERE R A, 2 R R A v B 5 N O R R A A g
P 5T B FEEEXT G . R R Y ORGSR R b BT
TE SR YRR AR R TAE R A AW,

(1) Bk~ [ 7 R M A AR S5 R Bos, b
BERRE e R Z R F 22Ga 2 )5, &
R b RS AL 1R R0 (2.43~2.2 Ga) B9 # SBT3
o PRI B N A b BT g s B A T R KA R
17 DA rh 30 28 298 o g A o A A ST 0 P . AR
e P P 2w LLRE LR 08 AL PT RE ORAF TR S DT —
TR R S 4400 B0 (2.35~2.3 Ga) UL AL %, FL25
T 5 R AT BE DR A A s AR ] (2,46~
2.38 Ga) UL FLIC 5 (Dong et al., 2022), {H 0} 5% 72 B
R, T 2k — 0P R TAE . WA BA UK Fr
fiE () A8 At 5 Br 38 ¥ 78 BE I S PY 4R 4 AR s (R el
F 4, 2018; Chen et al., 2019) (g YT FLES R (~2.14 Ga,
A AR A, 2010) L 42 2R At M X, 4 b S 4R 12
(Huronian) 8 ## 3 3] VK fist /& (Ramsay Lake ZH . Bruce
20 1 Gowganda 241 ) W IE Rl Bt E] (2.43~2.30 Ga; Rasmu-
ssen et al., 2013) . ¥ I < 3% T /K (Kaapvaal) 52 4738 74
OB VE K& A & 2% (Griqualand West) 23 H#b 9K Tt &
(Makganyene 2H ) /4 UL B AT [E] (2.43 Ga; Gumsley et al.,
2017) . ¥ FL IR 5 A8 AR 8 R 18 2% - KU (Eastern
Transvaal) 7 1 3 3] VK 5t 7+ (Duitschland 2H %) Ji§ #F .
Rooihoogte ZH F JEE 3 A1 Timeball Hill £ I~ 7 AY Riet-
fontein B ) FYIE LI TE] (/T 2.43~2.20 Ga; Rasmussen
etal., 2013) M A&k % B Bl $i7 2 & Polisarka 20 vK fist 7+ 1)
ULFR A4 (2.43 Ga; Brasier et al., 2013) B B 4E 88 . A
B, W5 X P R PO AR A A R L B AR R
F 30T 1) oty A T R — 2 B E

(2)— A Ry, KA AL =5 0 30 1] ok ) or 3= 40
B IE 8 1Y B LS A AL Bk (9 3858 A7 ¢ (Baker and
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Fallick, 1989a; Eguchi et al., 2020) . &1t 4% T 78 Hif
i H AT A By A2 BT AR R R 6 AR A R AL S RIC
sf T A AR PR TS B B A DU AR, QAL e B e
KR L J FLInT B R I 7 4 4 AR A se hr i fL 25 5 &
e I — 30— 75 748 o AR R A v M X R A R U
BB A 5T ik R k5 8 ot B PR B A AR T (PR AT B AE
2000) o oA R T BN X 48 A AL 1 I ] AR A R
05U Bk B T IR A BESE, DL TR A
B PR B T ARk TR 2k W) 6 3R 2H BUIE R RS 1Y
&R,

(3) 7% 5 ot — BT &R =5 A AR 3R 1 Bk v Ak Ty
S b [l 07 R A E B AL I B B R L FR LI )R
B =, (R (6] o 3R IE B RS 4 R Y L I — B IA 1
B D o KA A R A e R Bey 2.3~2.06
Gati R W ERL, HEZERIEZERERAK, &
IR XA VRE R, 6D KB L AE A (Van
Kranendonk et al., 2012) . B4 A 2% 35 JE F b BR b 2 45
AU, AR w210 A% 8 i A BB 2ok v B LR TG
T THOK fige B vty oo ol A Bk (W) 07 3R 40 B AE = RO R
(Eguchi et al., 2020), fH A5 B4 il = M ot Sik 405 A9 52
o BB KA F W E A K 8w A DLk L2
UOAIE 9 K M A R 82 B A K2 A (Van
Kranendonk et al., 2012), il K HLBL 75 K2 A 2] B
UL B 2 v i A8 BT R I Y CO, 2 T Bk W] Aor
= B 71 7 % (Svensen et al., 2007, 2018; Heimdal et
al., 2018), ¥ L BT 3l — 55 ] ) =5 2 oK 01 sk [ o2 3 4 1
IEERRIH R W RS 2 = 40 K B B 2 IR = A 2
FE AR DU 4 ik AR T SCAE B %5 U0 A OG (Zhang et
al., 2022) o 33X —HfE L A5 B 7K ok -5 E S
4 285 FRT ] (2.06 Ga) 5 42 BRBLUARL i K10 )2 R A=Z A
P& ——55 3B A 11 4 /K 1 (Bushveld ) F& 1 —8 56 4 244
A AR AT A i A — X (Zeh et al., 2015; Scoates and
Wall, 2015; Mungall et al., 2016) B9 37 .,

(4) |1 T J5 178 8 722 J3 4 FH 1) 52 ) 5k = A7 4L
B4 7 AF X 2 (L 2 s DT BE K A e )2 5 ), LB
AR Z2 3 TH ool 4G H )2 i DR B BR A Sl = R
B2, 20 T 5 A v B i X LR A5 . o Bk A
A1 U-Pb AR AR 2 BR 78 18 5 ot il — B (&R S AR Y
Tk R 6 7 Hh o & Itk [F) 67 R 4 B OF S5 8, 5 e F —
I R ST oy B R anAE b b aE th AR Y
JBS S AF i 4 PR E 7E 2.14 Ga( g 55 45 %5, 2018), TR
AR 1 R E TE 2.09 Ga(X % 45, 2015), (B 7E b 2% 4
KA H R & B a [A] 7 25 20 W OF = % o e db sedi

AL %% A o KREA TR DA T R A b 3
PRI I) (b 52 0 4, 2018), o R & B[] o7 2 41 7%
IE S H  7E XS 2 L T G k- R
b2 b )22 5 AR AR A A 25 6 T Lok I R AR b v i
Fo 5 HA FE R o ool AT 2 ) L B it
SRR (E R 55, 2024) .

(5) 78 i/ FH 5 3508 2 5 2 ik W) 437 28 (A BRI —
BB S A b T R K R R B A v
JE Al sk A 28 2 B AE 55 (67Cypos>10%0) 1Y B 2
RN Z — (7 4 45 %, 20085 17 4F 45 %, 2009,
2009b; Tang et al., 20115 B &T FBERAT 5¢, 20185 2501
H 4, 2020) o X — 30— HF 8 Ll H X b A BT
R A B — 4 A R W ST 4G SR B, X AR R
FIRAAE 5T AR T X Bl 2 6 3 ik — 48U IR or 3R 41 i S5 A
SR, 6"Cyopps Fl 6" Oy svow ¥ A A 7] 12 BE B AKX, (H
OB Cypop FENE — B /N T 3%0~5%0, 6™ Oy syow Y B 1 I
AL 3K B 6%0~10%o, TEBK [A] 7 22 2H B IE 5 9 3 B B 1Y
i IXC, A8 AR 0T AN 23 58 A TR 2 ik R #h A DU AR D)
B4 B [ 47 28 21 B OE S (6 72 7 5%, 2024) o AnTE I
%t v i 3 A ER 8 gk 2P 9 20— 4E B 46 748 (Lofoten-
Vesteralen) i % 22 JJ7 WAL 75 FH AR A 0 KBS 2
AR ARAT T 0"Cupps 15135 10%0F B 7] 37 28 41 1 1E
S+ H (Baker and Fallick, 1988, 1989a, 1989b), [X I 2%
Jo A FH G A Bk — AR TR A 26 s LA S 3 —
TE 15 978 5t X PN IR SR A A 0 3 55 1 L X, AT DL
S A [ 467 28 AR IE SR . B, FE R B O T
wrAREE Al 2, G0 T R T KRB
T TS A AT e AF R KA AR 3 300 R) TR Y Bl (] 67 3R
41 E 55 AR A

(6) VX5 A FH X 6 A ik 82 & 2 ik — &L Rl 1 KR 1
R (E AT R A 5E . 85 BLK SO HiiE 1.94~1.92
Ga Fl 1.87~1.83 Ga [] 3¢ 85 - 85 4% 72 I Kk LBk IR 7+
filk — 4 [5] 137 3 43 M7 45 SR /8 (Wu et al., 2022; Pan et
al., 2025), I AH AR B2 £k 5 28 D I e A FHJE B3 Rk
WURR R 77 2 J5 . T8 56 U8 JCRURR B2 5 =2 Hh A7 mT 4 B8
TR A Bk — S TR 7 R 48 A5 8 o R e mT A 1
e Uik e s A DL S 6 > BF 5 T A ok R R A TR AR
HhR — 4 R 07 26 21 AR B AR AT R o

(7) TF Ji R AR A =R 1 B g 15 57 il — B 16 R 4
W2 2EBHER G 5T . H RN KAk F 405 % H
Y48 bR KRR BB S B 5 KRR A M EAER B
RE BT PR AT 10 i J5 /b R Ak 2 10 53, B 46 Vi 4 A TR 56
ik — A AL R M TR RS AR A AR U
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W AR R T gk B A A R 46 JE TT R B[R] 2
203 LA B TR A 3R Al BT 640 L 9 K B IR R vk
AR I BUROT R AR (B R BITAE, 2022) o X R
A6 F 12 AL 8 A7 AR K4+ (Kump and Barley,
2007; Campbell and Allen, 2008; Konhauser et al., 2009;
Gaillard et al., 2011; Kasting et al., 2013; Lee et al., 2016;
Ciborowski and Kerr, 2016; Smit and Mezger, 2017;
Kadoya et al., 2020; Alcott et al., 2022; % # B 45, 2022;
gk ¥ 7% 4%, 2022; Zhang et al.,, 2024b; Zhou et al.,
2025) o — B I AU 67 Con I R AR
AR, H % D BT — B R R S ik R R ik ()
7 38 ZH 8 (0" Cany) B9 1E 57 B 28 1R A g RS AL 51
2 R SN E G DO PN o S G R N R ey
A AR KA U(P ARG, 2022) . RARFELIA
B 22 1) JHC Al 3t 57— b R A 27 98 b B BB UL 5 22 2
FLOT 5, LR a7 1% I 300 B0 3R S fad & L A
DN PN =Rt 9 SR RS/

B KT Bami, KEA AR, T4 4
ARkt PEE, HAFLAMTARAN
FoHIEERAETARRE I, EETRCH
Rt
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