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Fig.1  Geological map of the study area

(a) southern margin of Precambrian North China Craton (modified from Zuo et al., 2019);(b) section of Longjiayuan Formation
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Fig.2 Macroscopic characteristics of stromatolites in Longjiayuan Formation
(a-d) mud crystalline dolomite, with layered, deformed, and chrysanthemum-shaped siliceous bands ;(e-h) layered dolomite comprising horizontally layered, wavy, conical and

columnar layered rock ; (i, j) conglomerate dolomite containing a small amount of columnar stromatolites
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Fig.3  Photomicrographs of stromatolites in Longjiayuan Formation

(a) mud crystalline dolomite under plane-polarized light (PPL); (b) mud crystalline dolomite under cross-polarized light (XPL), with visible siliceous bands; (c) powdery

crystalline dolomite under PPL, with irregular calcite-filled pores and dark brown spherical aggregates (red arrows); bright spots between the aggregates (yellow arrow)

composed of fine-grained dolomite; (d) dense alternating light and dark layer with raised and curved layers under PPL; (e) fine-grained dolomite under PPL; () layered

stone vein with densely stacked alternating light and dark algal layers in the upper part, and irregular clumps in the lower part (red arrows) under PPL
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*1

AREAREEHLTEMY.Th.Ce/Ce’ .\ Y/Ho & SREY f&
elements in carbonate rocks in Longjiayuan Formation, with values for Y, Th, Ce/Ce’,
Y/Ho and XREY

U la C Pr Nd Sm Fu G T Dy Y Ho Er Tm Yb Tu Th SREY e Vi
/(pglg)
FD-1 0426 1396 0205 0829 0167 0023 0174 0020 0.103 0875 0023 0057 0.008 0.049 0.007 0.057 4.363 0794 38.110
FD-2 1165 2339 0307 1082 0210 0042 0209 0029 0.167 1.095 0034 0086 0011 0084 0011 0234 6874 0.776 31.841
FD-3 0469 0983 0.18 0560 0087 0032 0126 0019 0.104 0717 0017 0.048 0.005 0.025 0.005 0078 3.314 1.145 42.567
FD-4 0128 0219 0035 0173 0033 0008 0037 0004 0018 0299 0008 0013 0002 0012 0001 0024 0991 0.883 36218
FD-5 0321 0596 0086 0339 0079 0027 0.100 0013 0076 0463 0014 0033 0004 0024 0003 0046 2.177 0.797 33.809
FD-6 0241 0511 0073 0288 0082 0016 0071 0011 0047 0421 0010 0026 0.003 0015 0003 0.008 1.818 0790 43.374
FD-7 0438 0771 0.112 0360 0067 0018 0092 0017 0.113 0714 0019 0045 0006 0031 0004 0038 2.806 0.642 38.563
FD-8 0347 0.757 0082 0364 0064 0025 0067 0010 0054 0399 0012 0029 0002 0019 0004 0020 2.234 1172 33.458
FD-9 0332 0848 0077 0286 0056 0012 0036 0006 0031 0242 0011 002 0003 0018 0002 0073 1981 1.187 21118
FD-10 046 0996 0.23 0423 0090 0022 0081 0013 0071 0480 0014 0031 0004 0028 0005 0088 2.840 0.800 34.619
FD-11 0.857 198 0.199 0689 0099 0021 0091 0017 0087 0587 0019 0055 0009 0043 0.008 0345 4769 0999 30.494
FD-12 0268 0.559 0058 0243 0032 0.006 0041 0005 0023 0262 0005 0012 0001 0013 0001 0013 1530 1.155 49.766
FD-13 038 0.899 0086 0295 0058 0014 0052 0009 0053 0353 0010 0018 0002 0015 0002 0016 2251 1.040 36.547
FD-14 0364 0844 0085 0261 0041 0011 0048 0006 0024 0304 0.007 0.020 0002 0016 0002 0019 2.037 0.880 42581
FD-15 0630 1.205 0.40 0.521 0084 0027 0083 0015 0092 0715 0020 0056 0008 0044 0007 0095 3.648 0931 36.291
FD-16 0396 0.645 0055 0208 0028 0007 0016 0007 0038 0267 0005 0015 0001 0010 0002 0016 1701 1266 50.981
FD-17 0567 0916 0.112 0455 0039 0013 0069 0010 0057 0482 0011 0035 0004 0025 0002 0026 2796 0966 44.933
FD-18 0508 1293 0.19 0460 0070 0020 0086 0012 0059 0491 0.013 0034 0004 0023 0.004 0033 3.196 1223 37.499
FD-19 0997 2173 0237 0854 0.156 0028 0.127 0.027 0.143 0.895 0028 0070 0009 0062 0008 0203 5814 0956 32.013
FD-20 0374 0.690 0078 0303 0058 0009 0057 0010 0048 0425 0007 0026 0004 0023 0004 0025 2.117 0988 57.045
FD-21  0.172 0265 0026 0.120 0017 0003 0019 0003 0018 0.183 0005 0011 0002 0014 0001 0.020 0859 1316 40.111
FD-22 0168 0238 0031 0.106 0.026 0.003 0031 0004 0014 0260 0004 0014 0002 0012 0002 0018 0915 0.784 60.262
FD-23  0.156 0276 0033 0.114 0022 0004 0022 0002 0013 0202 0.003 0.007 0001 0008 0.001 0021 0.864 0826 78.156
FD-24 0301 0466 0064 0226 0038 0009 0052 0007 0044 0725 0011 0035 0005 0032 0005 0057 2.021 0749 66.266
FD-25 0318 0362 0084 0358 0082 0015 0080 0011 0095 0906 0021 0045 0008 0049 0006 0.036 2440 0.534 43.960
FD-26 0238 0339 0054 0186 0032 0006 0049 0009 0050 0.635 0009 0030 0004 0023 0004 0033 1.668 0631 69.582
FD-27 0232 0320 0042 0.154 0021 0.006 0.035 0006 0038 0603 0010 0031 0005 0023 0004 0027 1530 0818 63.441
FD-28 0390 0493 0083 0357 0061 0017 0092 0012 0070 1.095 0020 0.067 0010 0058 0.009 0431 2.834 0743 55.622
FD-20 0391 0448 0078 0291 0068 0019 0068 0013 0085 1462 0022 0068 0010 0065 0010 0040 3.097 0.613 66.752
FD-30 0153 0245 0027 0.122 0030 0004 0028 0004 0026 0408 0006 0017 0002 0017 0002 0030 1.094 1.175 64.412
FD-31 0272 0385 0056 0261 0064 0012 0062 0009 0064 0918 0014 0039 0006 0034 0004 0014 2.198 0941 65.548
FD-32 0718 1407 0.177 0.607 0.130 0023 0.125 0016 0068 0712 0020 0051 0009 0049 0006 0.065 4.116 0.790 36.389
FD-33 0579 1114 0120 0472 0079 0012 0070 0013 0070 0.524 0014 0.039 0006 0029 0.005 0.040 3.145 1.057 37.449
FD-34 0587 1242 0.173 0586 0.137 0024 0086 0016 0099 0.608 0.020 0057 0009 0052 0008 0.162 3705 0704 29.735
FD-35  0.196 0362 0043 0.193 0031 0006 0.036 0009 0027 0310 0009 0022 0003 0023 0003 0044 1272 1.110 3336l
FD-36 0356 0798 0.094 0348 0060 0009 0064 0009 0058 0406 0011 0030 0005 0031 0005 0057 2.283 0904 37.534
FD-37 0281 0538 0066 0272 0055 0009 0045 0009 0046 0473 0012 0033 0004 0029 0005 005 1.876 0983 39.920
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Table 2 Major element content and C-O isotopes data for Longjiayuan Formation carbonate rocks

e 8"C/%o 8"0/%o Si0,/% ALO/% TFe,0,/% MnO/% MgO/% Ca0/% P,0/%
FD-2 0.01 -4.38 3.02 0.17 0.36 0.05 21.03 29.50 0.01
FD-7 -0.42 -6.32 8.31 0.04 0.29 0.05 19.64 28.41 0.01
FD-8 -1.01 -3.99 0.75 0.06 0.21 0.02 21.64 30.20 0.01
FD-10 -1.30 -5.45 2791 0.12 0.42 0.02 15.63 21.78 0.01
FD-12 -0.12 -6.22 49.31 0.05 0.09 0.02 11.20 15.57 0.01
FD-13 -0.22 -7.19 35.14 0.08 0.11 0.02 14.29 19.89 0.01
FD-14 -0.18 -7.19 49.95 0.07 0.12 0.01 10.87 15.32 0.01
FD-15 -0.48 -4.87 46.23 0.13 0.09 0.01 11.75 16.36 0.01
FD-17 -0.06 -6.42 24.58 0.04 0.20 0.02 16.55 23.15 0.01
FD-18 0.14 -5.35 16.67 0.04 0.14 0.01 18.23 25.54 0.01
FD-19 -1.42 -6.03 12.45 0.21 0.19 0.01 19.18 26.61 0.01
FD-20 0.11 -5.93 0.03 0.05 0.11 0.01 21.88 30.36 0.01
FD-21 0.15 -6.90 2.23 0.07 0.08 0.01 21.26 29.61 0.01
FD-22 -0.21 -6.90 0.07 0.03 0.17 0.01 22.05 30.37 0.01
FD-23 -0.63 -4.96 22.60 0.04 0.12 0.01 17.11 23.64 0.01
FD-24 -0.70 -6.52 0.43 0.08 0.09 0.01 21.55 30.08 0.01
FD-25 -0.89 -6.61 21.92 0.06 0.09 0.01 17.06 23.52 0.01
FD-27 -0.72 -6.52 2.00 0.03 0.12 0.01 21.64 29.84 0.01
FD-28 0.75 -7.10 0.02 0.04 0.10 0.01 21.72 30.66 0.01
FD-30 1.01 -7.10 0 0 0.12 0.01 22.01 3042 0.01
FD-31 1.14 -6.42 0 0.03 0.14 0.01 22.07 30.52 0.01
FD-32 0.71 -6.61 0.90 0.10 0.19 0.02 21.60 2991 0.01
FD-33 0.73 -5.35 0.22 0.06 0.10 0.01 21.91 30.58 0.01
FD-35 -0.06 -6.81 0.09 0.06 0.12 0.01 21.90 3035 0.01
FD-36 -0.92 -6.90 0.52 0.06 0.10 0.01 21.80 30.13 0.01
FD-37 -0.14 -5.74 0.12 0.07 0.11 0.01 21.88 30.35 0.01

IS E) 2.0 pe/g, BIUEITZORE A AT BB 32 215 fl I e S
(75 G, i DA B R 2R R e oSS . IeAh,
FE i Ce/Ce’ \Pry/Yby, Y/Ho . SREE 5 Th #¢ i 1% 4 BH
WA (E14) , Ce/Ce™ 5 Euw/Eu 1 Dy, /Sm, Z [H]
ToHI AHCE (L 5) o

HR B s 1 00 2 R R R 5 REY fic 43 #h 28 18] (&
Sa~d) L Bz Ce/Ce" .8"C F1 Y/Ho 1EH IR K | 1) 22 7
(1 6) , K52 DX il DA 21 T058 43> DA B B o
B BE 1 (n=7; & 5a) , REY Bt 43 #5528 [ B A 3055 1
HREE 7, Ce 5% AN B s 58, Y IE 58 (04
fiE . CelCe Y% SHVE M 0.78~1.15, {4 0.86,
Hod 6 NEES AL T 0.90 LAF , HEE T — VR & 55 Y
Ce T 5% ; Y/Ho “F-¥J{d Fy 38, {H Mn/Sr A1 X455 55,
YIE 18, BrBL 1l (n=14; & 5b) ,REY fit /3 # =K
TN Ce S0 NI B o 55 1E 54, HAEREE Y IE 5
A Eu 1IE 55 ; Ce/Ce I BITEFTH 0.80~1.31, -3
{4 1.06, Hoi A7 124K 5 A 0.90~1.30, I
ToH B S5 5 Y/Ho S 24{E R 39, Mn/Sr % ik #41K , ~F
BIE R 6. BB I(n=10; 5¢) , REY £ EI R M

MR La IE %, Ce AR H MY IERH o CelCe'[V)
W BT K 0.53~0.94, F-2448 2 0.71, Hid Ay 8 ML
A B34/ T 0.90, S — IR 2 1) Ce T 728 5 IF H
B AR R R A AT 3855 19 Y/Ho ., ~F-YME M 64,
B Mo/Se {8, XA R 3. BB IV (n=6; ¥ 5d),
REY A5 [ 80T 328 8 ) B B 1SR4 0 a3, e i
h S H AN R Ce 1 5%, Y IE S5 5 Ce/Ce 1% 5)
18R 0.70~1.10, 34 0.92, 3F HAT 4 4-FE A
A T0.90~1.30, 3% 5 Hr B 11 Ce/Ce (I3 Bh 251, I
H[R]RE A v 1Y Y/Ho {1 (49 Mn/Sr i
CEAER3)
33 mERLE

AR YR 5% 075 filk SR R 6 2 B 26 41 (3R 2) .
gh B R, 8°C A T -0.91%0~1.14%0, 8"0 4 T
~7.20%0~—3.99%0 , P AT B 0 9 AH G . BB I
B B TR BBE THL i 235 4 6°C 22 DA ik =, 5
T BB 235050 MY BE IV, KA T BH 5 A9 1 A
FrrEf G YE ) OBt (B 6) o
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Fig.4 XREY indicators and Th covariance plots
(a) Ce/Ce” vs. Th, correlation coefficient is 0.16; (b) Y/Ho vs. Th, correlation coefficient is 0.23; (c) Pry/Yby vs. Th, correlation coefficient is 0.08; (d) SREE vs.Th, corre-

lation coefficient is 0.39; (e) XLREE vs. Th, correlation coefficient is 0.35; (f) SHREE. vs. Th, correlation coefficient is 0.31

4 e

4.1 BHIRFEEARE BSOS R I

HTEET Y oo R & s, AVl z 206G
VR T8 AR AR IS Y , AT DL 35 SRR TRV TP TR TR
A REY B0, SREY & -t n] BE7E AL e Fi ik AR
Ayt R 32 3 520 (Nothdurft et al.,2004) . PRI AETT
WX BRI 1) AR JFARAE 2 1T, 7 B e IS 21 Y
fiFREL#r REY Bi Be AR M IR LR IR 05 . Vg AH
TRFRER 2511 Ce S 1 BT UURUABE 1) 2 Ak AA i

ZME (RIS ,1992) , 1F Ce SR UG JFERES , 111 1
Ce SR ARREIATE (RIS, 1998) . FERRIREL
DRGSR, TR E YRR A S R IR LR
i+ IC R 5 BRI R FTRAE , BRI Ce £ 53 R &1 1Y
Fis ot & & (%% ,2009; Ling et al.,2013) ., fi%:
Ji8 Py J5 1 5 e T LA 3 2 P T 3 MR B R G A
i £ o0 2 kA an R Th /N F 0.5 pefg,
Sc /N F 2.0 peglg, SREE /N F 12.0 pg/g (Ling et al.,
2013;Duda et al.,2014) , MYCHIRIRER 7 H Y REY 45
TEVEAG 52 BB 15 YL 5200 3 Y/Ho>26 1,25 1 H)
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Fig.5 REY patterns and covariance plots

(a-d) REY partition curves of four stages after PAAS standardization; (e) Eu/Eu’ vs. Ce/Ce’, correlation coefficient is 0.20; (f) Dy(M/Smm vs. Ce/Ce", correlation coefficient

is 0.17

SRR ER e A e AR AR T K A5 5 945 bR (Bolhar
et al.,2004; Ling et al.,2013) . TEJ ZFE 20 BOARE L
Th & B ERAR(Th /T 0.5 pe/g) \Y/Ho KT 26,
SREE/NF 12 pg/g, H Ce/Ce’ Pry/Yby,. Y/Ho SREE
55 Th e B WA B S AR OCME (1K 4) 5 B e + 3 i
(LREE) FIE# + & & (HREE) 5 FG VA% 8 AH 54 9 Th
JCR A s U I AR OO R (K1 4) . Bt
WEFE XL S 0 FR o0 R FEORIE T IRAR K, ki
TR JE X AE R R REY AL o] AT

BIRBRIRER 5 b B HAWAR TR A 5 32 3
BRI SZ R A8 S AR AT AT BE 2 2022 i AH ik
FRER 75 Ce S8 EZE 2 (Webb et al., 2009 ; FRAI
45,2022) . FERUCEH SRR, 32 B0 BUE WIRAR A AR

WRIR L A 23 ARl T8 Z2 /% Mn JIN AR Sk, e
P Min/Sr 2 FH2F I W7 I 22 75 52 31 o 1 FH 5 e 1)
TEEFEAR (Zou et al.,2020; BRI ,2022) . 5348, Ul
FEUG B WA R 2 fd Ce & % Eu 5401, HFEBES
Dy, /Sm, A, T RZ I SREY Xt R AR 1 K15 5 /Y
#5875 1E FH (Shields and Stille, 2001) . 48 [F 3 2% 2H i
8"0<—10%0 — /X FE 58 Z1 i 7% (Banner and Hanson,
1990) o JIr il Je 5 el B i A, Mn/Sr 2 AR 5 /N, 80>
~10%o, Ce/Ce 5 Eu/Eu’ Fl Dy, /Sm,y, Z [0 B 45 W 5 /Y
FHOCHE (8] Se , ) , R A6 TR K AR S5 RERE TE A X
W A SE S AT T R
42 LI RMNENTFEIFENIER

Yl Ho 7E G4 /K Hr 285 280 H AR Ak 2 1
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Fig.6 Main geochemical characteristics of carbonate rocks in the Longjiayuan Formation

57 ABAE AT K, Ho AT /K I RS B A4 T
Y, M s B AR 7 B Y/Ho {H (Nozaki et al., 1997) .
Ce [ HLBR AL 24T A TR BRI S8 L I AR v 22 St AR
R, 5 HAbE 3 UL =0 SRR LT R AW, B
PLRL VYA B S8 A S A IR T 31058 1) AU I
Mk FEAALRIEK T, Ce™ili it Fe-Mn & fL Y sk
ALY Bl E AL AT Ce | DT AR 4 o0 43
B, FEUE KT Ce 2T H Fe-Mn 8L Ce 22 1E
S MRS A AL ARG K T Fe-Mn 48
e aF Y 25 R A I SRS i, Ce B J5 R
Ce™ IR BIARAR T, 3 Ce 1955 51 57 W BT R

FLE R Ce WIESH o R H ool H LA
T D Ce¥ il Fe-Mn ALY , Ce/Ce (B 1T EFEIT
H T 1. TR 25 LB T 55 A1k
AL G T, Ce/Ce H T AEAT T 0.55~1.00 (Ling et
al.,2013; P K45 20205 BR 155, 2022) . R IE,
Ce/Ce REME 10 s 3K [Ty 1 9 9 il S Ak i [ AR Ak
Ce 5 4% 8 11 58 J7 1: 0 CelCe” =2xCe\/[ Lay, +
Pry o A TR La—EA B EIESE 445
AT EESSEAREZE WA Ce 7% (Wyndham et al. ,
2004 ; MRIA FH 55, 20085 T 24555, 2014 Bk 45
2022). A, K55 T Lawrence et al.(2006)
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TEM 71 CelCe'=Ce /[ Pry/Ndy, ], AR AR K 1) B
St Ce 5, TR N KR a K SRR
TUA A TRRMEAL . 24 Ce/Ce’ /DT 0.90 1], 2675 Ce 1Y
TSEH T8N T IRBRER 5 T8 B AR PR A S Ak B 2R
5%, Ce/Ce {H 4 0.90~1.30 i}, {{.3 Ce TCH .54 , Ce/
Ce fHR T 1.30 B R IE S5, T8 7m K MR 1) 348 Jii— ik
AIAEE (BRANAE, 2022 X445, 2023) o

BT AT, B B CelCe F-3{H A
0.86, 3 T s s5 1y 71 574, B Be 1 rh Ce/Ce V- 21{H
H 1.06, {HZPHASBYBEHY Y/Ho HUAEABAS =5 (] Sa, b)),
W AH R K A ZEAR SR — B AU B . 25 A B B 1
i 2B AR EE A MRS 2 A BN AT
(IR IR FVEEIR S 2 A, W] LUK Ce/Ce I 22 AL M
TR K AR 1 28 Ak, B ZK TR A 1) 3800 [ el A 5%
] K AR TR A 7 A P AR . XA B BE s C
— B, A ARG AL, OB TR —
AEE FEAIRE T RN, AR T
Ce M55 119 B0 5 31 JC B (5 (R AR AL AT RE SR TTAUK
PO AT 200 . 25 1Y B BT B 1Y Ce 1 57
W CFEE R 0.71) , IEN(E 5¢) AT DLAR I 5 1 &
BT R R A R SRR AR B A B Y La IE SRR LY
ESH | Ce TS 7 M5 HY Gd IEF% , Y/Ho F
iKE 63, Pr/Yby, F-¥IE M 0.66, I~ LREE 774,
HREE & £ , 58RI 7 ) REY it 408 X — 2 (Bau
et al.,1996; Tostevin et al.,2016; £FMAi4E,2018), 3f
HiX—Bir B Mn/Sr 54K, FBE N 3. Ce Y5 R I
T ot AR i (IR A R BE Y Ce S50, R IA TR
WEE R T W AR Ak T B e R £ ORI 1)
KRR C 2 ANIE A Bz e, A T REE KA
HEEIRT IR N, B 2 K & AR, D
fiff Fe-Mn 9 4804k 38 [ 53 1F 6 16 & A 0 3, 76 St T
I BT KR Fer il Mn™ AL T 1 Fe-Mn &4
AR IR, FT M Ce™ BIHFE , AL ™= 1 Ce™ K {4
PR BR S BT %K T Ce (TR F G S . BBV
1 Ce/Ce” XK 52 2N W16 /KT, Y/Ho Lo AH 7 M1V
238, 5B B IARL, K34 i Ce/Ce 41 T 0.90~
1.30, F B F& Ui L SR EUKF  H R X — P B
(/) 8°C A 1E Al , Bifl i S [ 9% 31 22 /i (1) 7K, 7l BE 2
SR B UL ) R AR T 15 St R S N 380 T 9%
A 33 B A MDA VR IS I, S BOE PR
LB 4 T {E B 2 B B T B AR R 45 o, 8C S [ 3|
EF A DAL TS Br B TR IE B IR A 2 A%

TR R 20 V0 BE 3R 5 vh kA (2516 A S 4ot
2023) , AT W 7K RS AL . PRLIE , B B T A 47
IR Z 4 TR S BN, e T — kB
(ki St
4.3 AT HIE1.59~1.48 GaltFEH

FEH T i AR AL RS T PR E AL E
Ji R3S AF AE AR R 1Y 25 1] 5 5T 1% (Sperling et al. ,
2014) o B A B AR A v ) B R R R A 1
(Ca+Mg) LA K Ce SEHAG M 38T , KB T 1% B AN )
() U 7K AR AL A8 TR 25 X TR A B = B
(1.59~1.56 Ga) Bk R £ 25 1 1/( Ca+Mg) H 20 BT A5 H |
TR A T AR A TR K AR, S BOHRELT — oK
AR UG o SR [V 1) 358 B2 (Shang et al. , 20195
Fang et al.,2020) . — B TR A Ce f 575 578
T — Wk 3 S FR (Zhang et al.,2018) ;4% 1%
4 F 3 (~1.55 Ga) Ce/Ce’ I BL T — R & 1 33
(0.50~0.90) , H 3K (~1.54 Ga) (1 2 5 K 45 1/( Cat
Mg ) {E7E 0.50 wmol/mol VA I, ¥JF8 /R T iz 1 H <
FEEENE s (% 5 45,2020; Zou et al. ,2020) ;
A I B Ce 58 Mgtz Bl T
Ce/Ce 1E 534 ) 67 S5 B EIIE 588 i 72, o H AR fk
WEEL AN =5 R4 A Y, RIS SR T — WK B S 1 fik e
RIGE (P &, 2020) , I HAEA T 3 20k
A Bt B[R] AR RS T 45 2

MR e 5 el 28 v 3 B I R AT R AR R 25 5L
ZHTTIRELE T 1 541.1+7.9 Ma(FKAE %5, 2019)
ARYRIF G H, e SR e 21 [ BE LI A Jok it 40 % A 1 i
JZ R AR T LR b s ) AT LR A2 7E 1.54 Ga R A
X5 mETFE4 B =B(1.59~1.56 Ga) 4T
#B(~1.55 Ga) FNZ5 2k 11 2 PU Bt (~1.48 Ga) [ Jok i
AR R AR LW G, JF B Ce 59 U sh iR H
(0.53~0.94) th 5 HAH 2 (] 7) , EPHIE T 3X — i H 4¢
At v Hr 3 1] BEAF A )k U A AR . XL
YR B S 1 1 A R e R el 4 ) ok v g Ak —
AR AL v fE v oo AR E AR s T AR R E TE
IS A X AR RS T A 4 3R 3 1K A ) 7
Bl A= R =i ) P 9 = Rl QL v =Y ) P
SR — IR KA A UG T RARA S =
W E TR, — 5 B S BOKAR A A A
hn, AR S R B A AL AR AL s P
A BT R 2 B BN K rh R S S A
Y 55—y AR i VR R R S SR R
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Fig.7 Comparison of geochemical records of the Second member and Third member of the Gaoyuzhuang Formation, Yangzhuang

Formation and the Fourth member of the Wumishan Formation ( Shang et al., 2019 ; Sun et al., 2020 ; Yang et al., 2020)

I, AN Wk AT e B T R R A SR A B
TER AP I3 . SR RS IR R A 7
NPt AR R, T T A
P77 A By 8 SR TR PR BRI B ) o, (2 IX
PR KA T — IR Ce 510, 53— J7 TG Z2 14
AT PREZ R LT, A VLR AR
R AR, I HA B IR S5 A P I 5 (A T
AR RRERAE B H,S , H,S — 43 S IR/K I Fe A HE
A AR, o — R WV FE 1 TR A 481, 2L
R RN T AT . FE oo (AR Y AL
R g5 30T, X MR IR D0 T S0 I el e
e LI T] A 02 3 A A= M T A L (BT A PR K
N ] A TR AR IR S |, X0 8 1 BELAS LA A )
R R A, BEE S IR EAL S R A TR
— i AR, BRI S Y 38 JEAE T 2 2 2 IR
PHEREA, A A S EUETE PR Ce 58 N BES)
NGRS N T AEFEIL” IS BB Ce K, 3X
WA RS T J5 A8 s kA A R 31 ooty o R Y A
(Tang et al.,2016; Tostevin et al.,2016) .
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S PE oo A A
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Redox Conditions of the Shallow Sea in the Mesoproterozoic
Longjiayuan Formation, Western Henan Province
SHI ZeYuan,ZHANG GuoCheng, SUN FengBo, LI QianQian, YANG WenTong,ZHENG DeShun

School of Resource and Environment, Henan Polytechnic University, Jiaozuo, Henan 454000, China

Abstract: [ Objective] The levels of oxygen in shallow waters and the atmosphere during the Mesoproterozoic period
(approximately 1.8-1.0 Ga) have raised controversy. Currently, it is widely believed that there may have been fluctu-
ating high and low oxygen levels at that time. However, the spatiotemporal heterogeneity of the ancient planet during
this period limits our understanding of the redox state of the ancient oceans, but accumulated evidence tends to indi-
cate dynamic fluctuations in the oxygen content of shallow seas.[ Methods ] This study, which focused on the carbon-
ate strata of the Longjiayuan Formation in the Guandaokou Group, western Henan province (oldest age 1.59 Ga) ,
carried out petrological, elemental geochemical and C and O isotope geochemical analyses, mainly using Ce anoma-
lies 8. Indicators such as §”C and Y/Ho restored the redox state of the shallow sea in the region. [Results ] Microscopi-
cally, the formation lithology consisted mainly of relatively pure fine-grained, powdery, and mud crystalline dolo-
mite, with main structures containing different forms of laminated stones and siliceous bands. The main geochemical
data indicated overall Th content <0.5 wg/g, Y/Ho > 26, SREE <12 pg/g, and Ce/Ce’, Pr/Yb, and Y/Ho. There
was no significant correlation between 2 REE and Th concentration, indicating that the sample material was not affect-
ed by terrestrial debris interference to any great extent. Mn/Sr was generally low (average<6),5"*0>-10%c, and there
was no significant correlation between Ce/Ce”, Eu/Eu” and Dy,/Sm, , indicating that the original seawater signal
was relatively well preserved during diagenesis. The rare earth element distribution indicated significant negative Ce
anomalies (0.53-0.94) and positive Y anomalies in the region around 1.54 Ga, similar to the value for modern seawa-
ter rare earth elements. This was accompanied by a significant increase in Y/Ho (mean 64 ), followed by §”C, which
experienced a significant positive deviation and later recovered to the original level of the Mesoproterozoic era.[ Con-
clusions ] These findings indicated that there may have been a brief oxidation event in the region during the Mesopro-
terozoic. The range (0.53-0.94) and time (~1.54 Ga) of negative Ce anomalies in the Longjiayuan Formation were
reasonably consistent with values in the second and third segments of the Gaogaozhuang Formation, and in the lower
part of the Yangzhuang Formation. These indicated that the atmosphere and shallow sea environment in the North Chi-
na Craton underwent an overall oxygenation process of common amplitude during this period. The negative Ce anoma-
ly and its rapid rebound indicated that the low oxygen state in the shallow sea and atmosphere of the Mesoproterozoic
continued to dominate, interspersed with a pulse-type oxygenation process that may have been widespread throughout
the North China Craton at that time. This study provided direct evidence of pulse oxygenation events during the Meso-
proterozoic, which was useful in determining the redox state of shallow waters during this period, and to explore the
impact of oxygen level on the evolution of eukaryotes.
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