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Fig.1 Sedimentary background of the Early Triassic Feixianguan Formation in the Yuanba area and location of

study area
(a) global distribution range of Early Triassic oolites and giant oolites (modified from Li et al.4); (b) Distribution of sedimentary facies
in the Fei-2 member of the Kaijiang Liangping Trough area (modified from Gu Qiang et al. ?); (c) Comprehensive Histogram of
Sedimentary Strata of the Early Triassic Feixianguan Formation in the Yuanba area.
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Fig.2 Characteristics of oolitic petrology in the second member of the Early Triassic Feixianguan Formation in the

Yuanba area

(a) oolitic limestone, developed in the upper part of the shallower sedimentary sequence, in the Wangcang Gaoyang section; (b) Enlarged
black box area of photo a, many needle shaped dissolution pores formed by the dissolution of ooids can be seen; (c) oolitic limestone,
mainly composed of concentric oolites, well Yuanba 27, cast thin section; (d) oolitic particles are well sorted, with a diameter of 0.3-0.8
mm, single polarized light, well Yuanba 5; (e) Concentric ooids, bright crystal cementation, crystallized ooid muds, but concentric layers
are still visible (yellow arrow). The dissolved pores in the particles are filled with asphalt, with single polarization. well Yuanba 22; (f)
Compound oolite formed by multiple sedimentation (yellow arrow), single polarized light, well Yuanba 3; (g) brick structure with
mineral composition of aragonite(yellow arrow), single polarized light, well Yuanba 205; (h) needle-like aragonite crystal structure
preserved in the oolitic grain layer (yellow arrow), single polarized light, well Yuanba 2; (i) cathodoluminescence of ooids characterized
by non-luminescence, well Yuanba 224.
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Fig.3 Giant oolitic petrology characteristics of the second member of the Early Triassic Feixianguan Formation
(a) The development of giant ooids in microcrystalline limestone shows a scouring surface (yellow dashed line) at the bottom, and the
degree of development and particle size of giant ooids gradually decrease upwards, well Yuanba 27; (b) giant ooids are developed in
oolitic limestone, with varying particle sizes and poor sorting. Longtan Village profile; (c) The giant ooid, with its core as bioclastic
material, was redeposited and formed by storms, single polarized light, well Yuanba 21; (d) giant ooids with complex ooids as the core,
bright crystal cementation, single polarized light, well Yuanba 205; (e) giant oolitic shell, composed of inlaid carbonate rock grains
(yellow arrow), single polarized light, well Yuanba 204; (f) a giant ooid with a core of ooids, where the core is corroded and residual ooid
structure is observed, indicating that the original minerals of the two are different. Dark microbial drilling can be seen in the shell, single
polarized light, well Yuanba 205; (g) suspected chain-like structures resembling cyanobacteria can be seen in the giant oolitic layer
(Within the yellow box), well Yuanba 3.
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Fig.4 Evaluation of the influence of ooid and giant ooid terrestrial clasts and diagenesis on the second member of

the Early Triassic Feixianguan Formation in the Yuanba area

There is no significant positive correlation between Al content and Y REE concentration; (b) There is no significant positive correlation
between U content and Y REE concentration; (c) The correlation between Mn content and Prsn/Ybgy is weak; (d) All samples show low
Mn/Sr values; (e) The relationship between Ce anomalies and Mn content is poor, indicating that the interference of Mn (hydrogen
oxygen) oxides on oolites and giant oolites can be ignored; (f) There is no significant correlation between Eu anomalies and Ba content.
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Fig.5 PAAS standardized REY model for ooids and giant ooids in the Early Triassic Feixianguan Formation of
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Table 1 Trace elements of ooids and giant ooids in the Early Triassic Feixianguan Formation of the

§ ; Na k Mn Fe Sr Ba K/Na Sr/Ba Mn/Sr V/ (V+Ni) VICr
R
nelg nglg nelg nglg nelg nelg
1 147.14 162.33 8.97 201.43 1058.58 194 1.10 544.82 0.008 5 0.23 0.00
2 144.93 30.48 5.98 161.48 890.09 3.02 0.21 294.95 0.006 7 0.17 0.69
3 207.22 215.00 11.77 555.21 745.09 2.04 1.04 365.46 0.015 8 0.76 3.16
4 186.50 223.83 6.16 311.07 977.44 3.96 1.20 246.95 0.006 3 1.00 1.14
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5 44.49 41.97 8.61 205.43 883.60 0.48 0.94 1851.40 0.009 7 0.34
6 82.63 255.49 7.24 478.94 979.96 3.30 3.09 296.88 0.007 4 0.41
7 152.42 54.28 5.17 258.89 964.86 4.18 0.36 230.77 0.005 4 0.40
8 266.95 112.19 5.55 141.98 824.93 174 0.42 474.55 0.006 7 0.12
9 149.14 57.06 7.94 156.42 622.41 1.32 0.38 471.66 0.012 8 0.43
10 172.74 96.08 4.44 177.73 974.66 2.10 0.56 464.20 0.004 6 0.97
11 219.35 119.99 4.98 226.78 502.29 0.99 0.55 508.40 0.009 9 1.00
12 77.04 76.91 5.05 204.54 419.36 0.84 1.00 496.41 0.0120 0.42
13 57.59 55.74 5.90 260.81 453.57 1.16 0.97 389.91 0.013 0 0.65
14 46.67 53.01 5.77 278.15 552.89 1.01 114 546.14 0.010 4 0.35
15 47.53 74.91 3.93 163.68 553.98 1.74 1.58 317.78 0.007 1 0.47
16 79.31 39.51 5.23 142,77 640.84 0.49 0.50 1296.16 0.008 2 0.56
17 21.05 9.67 6.01 135.50 690.12 0.19 0.46 3545.77 0.008 7 0.72
18 41.35 81.85 4.57 401.80 459.00 0.51 1.98 904.46 0.010 0 1.00
19 193.63 292.43 8.28 977.47 3715.82 5.93 151 626.51 0.002 2 0.94
20 184.79 779.00 35.20 1785.34 6 964.56 5.81 4.22 1198.47 0.0051 0.70
21 27412 222.62 8.31 748.57 2806.38 3.08 0.81 912.55 0.0030 0.71
22 419.56 456.02 13.36 1057.39 2563.03 3.24 1.09 792.22 0.005 2 0.77
23 223.86 331.26 8.01 2578.14 4671.77 5.80 1.48 806.11 0.001 7 0.78
24 150.87 144.97 13.04 647.43 649.54 141 0.96 459.22 0.020 1 0.41
25 409.42 490.70 12.95 1226.27 1087.54 5.23 1.20 208.03 0.0119 0.68
26 349.93 459.53 14.11 1056.81 759.95 5.27 131 144.17 0.018 6 0.76
27 250.80 451.17 13.70 656.55 853.89 3.63 1.80 235.49 0.016 0 0.88
28 111.99 237.79 66.40 1849.30 1755.08 2.63 2.12 667.97 0.037 8 0.54
29 94.67 44.89 10.59 389.47 2778.62 1.87 0.47 1488.07 0.003 8 0.00
30 158.46 368.72 6.41 550.78 907.17 2.80 2.33 324.52 0.007 1 0.77
31 151.76 622.73 11.39 421.78 851.47 2.28 4.10 372.64 0.013 4 0.85
32 386.47 376.86 6.92 426.75 1893.11 1.30 0.98 1456.92 0.003 7 0.71
33 162.59 1043.42 7.37 478.38 937.24 15.94 6.42 58.80 0.007 9 0.92
34 371.02 145.26 431 209.28 1230.73 172 0.39 716.65 0.003 5 0.97
a 243.37 404.21 15.02 941.23 2151.62 4.24 1.95 654.27 0.0101 0.71
b 119.12 97.79 6.29 247.92 732.98 172 0.97 403.49 0.009 1 0.56
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{85 0.7119, #i ¥'sr/®sr tef o 0.70358%, gk &'Sr/%Sr B A AN AT IH R T KRS KUk
B R B 22 U M Sr BN, TR B R R f A s B L Sn i X R = B 1 A
¥1Sr/®°Sr {73 A fE 0.70732~0.70738, “F-HI{E N 0.70736 (n=10) , Tfifiik: *'Sr/*°Sr fE /3 A {E
0.70725~0.70731 (F& 3) , “FHEKIK AN 070729 (n=10) . JeIlHh X F = &t [5 f
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AT, BARARA:

(Ce/Ce"), =Ce,,/(Pry,x(Pry/Nd)) (1
(Eu/Eu’)sy=Eugy/(Sm?syxTbgy) /3 (2)
(Pr/Pr"),,=Pr,/(0.5Cesy+0.5Nd,,) 3)

(CelCe*)snFEn Ce FHifEH, Eu. Pr[AH, Xey#as X JGE PAAS (Ja A 7 M A R
A ARl )5 A

F 2 ik 3FIH T AR A KA REY S, LAK Lan/Yby. JEu. 5Ce %5, [Eifif
A kL) PAAS brifEft REY #XR7x: EiHEA LREEs #HX HREEs T Hi (“Fy
Lan/Yby=0.41) . Ce fiilg# (P 6Ce=0.91) . #3551 Eu IERH P dEu=1.31) FIE
& YIHo {EFFE (CFI42k 45.46) ; fiifiiZ/x LREEs fHXI HREEs ®4 (°F3J Lay/Yby
=1.23) . B5M Ce ERH P 6Ce=1.02) . #HRK Eu IERH CFH 0Eu=1.73) F%
ik Y/Ho {6 C°F¥32h 34.21) HEiE (K 5)

%2 TR P =Bt Y ILXAMKFME ML RNH LT TEMRER (/g
Table 2 Rare earth element test tesults of oolite and giant oolite layer in the Early Triassic Feixianguan

Formation in the Yuanba area (ng/g)
La Ce Pr Nd Sm Eu Gd Th Dy Y Ho Er Tm Yb Lu

1 0.33 0.86 0.10 0.38 0.11 0.00 0.13 0.00 0.02 0.48 0.00 0.00 0.00 0.00 0.00
2 0.16 0.31 0.04 0.12 0.06 0.01 0.02 0.01 0.04 0.38 0.00 0.01 0.01 0.08 0.01
3 0.20 0.41 0.07 0.30 0.05 0.01 0.04 0.02 0.07 0.37 0.01 0.04 0.02 0.07 0.01
4 0.27 0.52 0.06 0.23 0.03 0.02 0.05 0.00 0.02 0.45 0.02 0.07 0.01 0.08 0.02
5 0.84 1.66 0.26 0.82 0.21 0.03 0.14 0.01 0.18 0.92 0.02 0.03 0.00 0.04 0.01
6 0.26 0.50 0.08 0.20 0.05 0.02 0.07 0.00 0.08 0.34 0.01 0.03 0.00 0.02 0.01
7 0.23 0.46 0.05 0.12 0.03 0.02 0.01 0.01 0.06 0.40 0.01 0.03 0.01 0.06 0.01
8 0.24 0.56 0.07 0.21 0.03 0.01 0.03 0.02 0.06 0.49 0.02 0.01 0.00 0.02 0.00
9 0.17 0.46 0.03 0.11 0.03 0.00 0.04 0.00 0.01 0.36 0.00 0.03 0.01 0.04 0.00
10 0.17 0.34 0.05 0.14 0.04 0.00 0.00 0.01 0.05 0.41 0.01 0.03 0.00 0.03 0.00
11 0.30 0.72 0.09 0.43 0.08 0.04 0.12 0.01 0.17 1.78 0.04 0.14 0.02 0.05 0.02
12 0.24 0.48 0.05 0.31 0.12 0.02 0.12 0.01 0.16 0.85 0.01 0.08 0.01 0.07 0.00
13 0.33 0.59 0.07 0.25 0.05 0.03 0.10 0.03 0.08 0.92 0.03 0.10 0.01 0.10 0.02
14 0.26 0.47 0.07 0.35 0.07 0.02 0.19 0.02 0.05 0.98 0.01 0.06 0.01 0.09 0.01
15 0.29 0.49 0.05 0.27 0.15 0.00 0.12 0.02 0.07 1.02 0.02 0.11 0.00 0.07 0.01
16 0.21 0.46 0.07 0.18 0.04 0.00 0.07 0.01 0.07 0.62 0.01 0.04 0.01 0.10 0.00
17 0.27 0.65 0.12 0.43 0.21 0.08 0.38 0.05 0.34 6.82 0.09 0.31 0.05 0.16 0.01
18 0.41 1.03 0.17 1.04 0.38 0.11 0.43 0.11 0.82 3.96 0.18 0.58 0.10 0.42 0.06
19 0.91 211 0.25 0.93 0.25 0.03 0.15 0.02 0.16 0.80 0.02 0.08 0.01 0.03 0.00
20 1.34 3.95 0.65 2.57 0.43 0.21 0.40 0.04 0.28 0.47 0.03 0.13 0.01 0.03 0.02
21 3.20 5.44 0.57 241 0.52 0.08 0.28 0.04 0.19 0.12 0.04 0.11 0.01 0.12 0.03
22 0.41 0.75 0.06 0.33 0.00 0.01 0.08 0.01 0.05 0.38 0.01 0.01 0.01 0.05 0.00
23 0.60 1.25 0.12 0.60 0.14 0.04 0.15 0.01 0.08 0.65 0.02 0.10 0.01 0.05 0.01
24 1.43 2.94 0.28 1.07 0.06 0.03 0.29 0.03 0.21 2.62 0.02 0.09 0.00 0.06 0.00
25 1.29 2.43 0.31 1.29 0.23 0.04 0.21 0.03 0.19 221 0.05 0.16 0.04 0.13 0.00
26 0.97 2.20 0.25 1.01 0.15 0.04 0.24 0.06 0.27 1.94 0.03 0.21 0.03 0.15 0.04
27 1.23 2.69 0.34 1.27 0.25 0.07 0.44 0.03 0.30 2.19 0.04 0.11 0.03 0.09 0.02
28 2.23 4.49 0.48 2.01 0.31 0.09 0.25 0.05 0.28 1.42 0.06 0.15 0.01 0.12 0.02
29 0.22 0.41 0.06 0.16 0.06 0.02 0.03 0.00 0.00 0.12 0.01 0.03 0.01 0.01 0.00
30 1.17 2.18 0.27 0.91 0.23 0.06 0.12 0.03 0.14 1.07 0.01 0.13 0.02 0.07 0.01
31 1.27 2.47 0.33 1.02 0.17 0.04 0.14 0.03 0.12 1.02 0.03 0.10 0.01 0.10 0.02

32 141 3.05 0.36 1.36 0.22 0.02 0.42 0.01 0.16 1.72 0.02 0.13 0.00 0.18 0.01
33 0.97 2.05 0.25 1.06 0.19 0.04 0.16 0.03 0.15 0.98 0.03 0.05 0.01 0.06 0.01
34 0.51 0.99 0.12 0.51 0.17 0.02 0.12 0.01 0.11 0.71 0.03 0.07 0.01 0.10 0.00

i 1~18 SONENEHE, 19~34 Jyfih A .
£ 3 JUUh X B =B R S8 KI# TR A Sr FALRRHE
Table 3 Rare earth element and Sr isotope characteristics of Early Triassic ooids and giant ooids in the
Yuanba area

[E3Th= SLREE SHREE Lay/Yby Pry/Yby oEu oCe oPr Y/Ho 875y /P05y
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1 1.78 0.15 = = = 0.95 1.03 = 0.707 35
2 0.69 0.17 0.15 0.16 0.74 0.69 1.20 = 0.707 36
3 1.04 0.28 0.21 0.33 0.50 0.70 1.16 26.24 0.707 35
4 113 0.28 0.23 0.23 3.36 0.94 1.03 25.20 0.707 38
5 3.82 0.44 1.47 1.94 0.86 0.60 1.29 43.68 0.707 32
6 1.10 0.22 121 152 = 0.50 141 27.23 0.707 37
7 0.91 0.21 0.27 0.26 2.39 0.61 1.24 39.57 0.707 36
8 113 0.15 0.82 1.05 0.66 0.67 1.22 28.84 0.707 37
9 0.80 0.13 0.34 0.24 = 177 0.72 = 0.707 37
10 0.75 0.14 0.44 0.53 0.25 0.60 1.29 35.43 0.707 35
11 1.67 0.58 0.45 0.57 2.24 114 0.92 42.53 =
12 1.23 0.46 0.24 0.23 0.95 1.59 0.78 85.58 =
13 1.32 0.47 0.25 0.23 2.27 0.87 1.07 33.73 =
14 1.24 0.45 0.22 0.25 1.19 111 0.91 96.43 =
15 1.26 0.42 0.31 0.23 0.01 1.57 0.79 43.48 =
16 0.96 0.31 0.15 0.23 0.00 0.44 1.50 53.32 =
17 i) 1.38 0.12 0.23 171 0.60 1.26 78.42 =
18 3.13 271 0.07 0.13 1.15 1.06 0.89 22.17 =
19 4.48 0.47 2.33 271 0.82 0.94 1.03 43.75 =
20 ON5! 0.95 2.94 6.22 2.86 0.68 1.18 15.40 =
21 12.22 0.83 1.90 1.46 1.02 1.18 0.92 2.73 =
22 157 0.23 0.62 0.41 7.17 1.78 0.75 33.78 0.707 29
23 2.76 0.43 0.90 0.76 2.28 1.54 0.80 29.59 0.707 30
24 5.81 0.70 1.72 1.46 1.69 114 0.93 151.36 0.707 31
25 5.59 0.82 0.72 0.75 1.02 0.94 1.03 42.33 0.707 28
26 4.63 1.03 0.49 0.54 1.04 1.05 0.98 58.30 0.707 30
27 5.86 1.06 1.06 1.28 1.63 0.83 1.10 49.96 0.707 30
28 9.61 0.94 1.33 1.23 1.44 114 0.94 24.16 0.707 25
29 171 0.09 — 1.43 1.73 0.62 1.33 11.59 0.707 30
30 4.82 0.53 1.26 1.27 1.47 0.77 114 77.81 0.707 28
31 5.30 0.55 0.97 1.08 0.97 0.68 121 37.85 =
32 6.43 0.92 0.57 0.63 0.81 0.91 1.05 102.58 =
33 4.56 0.50 1.25 1.37 0.97 1.04 0.98 30.68 =
34 231 0.46 0.36 0.36 0.81 1.06 0.97 21.07 =
a 5.49 0.67 1.23 0.49 173 1.02 1.02 34.21 0.707 29
b 1.59 0.50 0.41 144 131 0.91 1.09 45.46 0.707 36

T 118 SR EHE, 19-34 NERRLER, a ForBRCT B, b on CERT I, o0 2 Rl
5 +f18
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SRR, fEGPNER. R SRR WA, KPR EE (B 1) , X
YLK BN RN 4 il s A B A B AN A B R R . jeAh, R A O SR I,
JCHUH X L = B tH iR Al SR 22 R [RC i, KB SEmiRE, iR R HIE T 5K 3)
At

BB W R, JTHUHL X F = ik 3 B R B A 1 EAR R SR b 8,
N R Rk A RET . R AW KA 2 RE (B 2a, B 6) , BRI
TERT /K3 ykcim H 5 B B oK I 85 . SR10,  ESACA MR B A2 1) B AR A DT ]
P, AEUURUIE R R 3B K s A s A ep R iR A 3 A (B 6) o BfiiE ST
PRI 2R 2 B R S P A A T R B AN S e, R B IR R IR IR T L 2K 11
iR, WAAREESAE 2~5mm (K 3a. K 6) . IXELH G i iF B i 2 T 0] &1k 5
KA, Feal 2 NBEH . REWRKIFE =S RIEA-EEN COo, ok, X
A G T A BRARES B2 b X (1 IR AN KR R R B BT, 5 8O b RS R RS
ST, RN, SR BT R IR IE T 2 b FKS) 7R AR R B8, 1T 5 A T
TREIRFE 2 I, 2l EsmKsh igm, £ aREBIER.
512 RIBRRT WEF

T S0 R IR TGk DX R = 5 i R B 1) SR AR DA S8 A — B, SR SR LG )
TORSCH, TESTEE MR A, FEKIEINT . ORERENZESR: MRG0 b
BRERERN VIR M B ERAE, SCAB TR MR, ML C MiAKMEHR, MR, 44
WHE, MHRARNZTTmEAR, WRCURRFIE R A 3B, BF 70 X 5 = B b 25 2
EHIRSCH AR R (B 2h) ,  H I SCH B[Rl A e mgifa (B 2g) , i R ) 3=
E ORI T A AR (B 3e) 5 @FREMEZER: CARESET A ER K
WAKIAEE AR e 5y KAVl RN SR BT T A Fe 5 KA B4, w
AR N R BT A B e B FE X SR A 8 T WAL R IEALAIESE S (B 2b, B
6) , i EffiAK A E oy I, Feos B A H Ry LU SR SE InAR e s ®Sr SR E
S ERFH, SCAM St A ERRE, MR AR St & RBRI, JTh X ik i
Sr & &1 850~7 000 pglg, WEf Sr & &A1 622~1 231 pglg (Kl 7¢) , HFEHAHEH:
RS NIRRT A SRUTTR IR B (1 500~2 000 pglg) M3, it — B Ha o i A 6 4 544
9 43 1) Eh S RMERE T A 2
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Fig.6 Comprehensive histogram of coring for well Yuanba 27

SIRL G V) 5 KA S 0 N AE ORI, A TR I g 7K AL o7 B o0 AR A ) B
KHEI21, Sandberg MR H7E Mg?Ca?*>2 gk ORI SRR AT Y B R CH
MEBEIT A, TIE Mg®/ICa® <2 s/ OFffe) FENREET A, AR E
PTG X 5 = 2 I Sk A G 1) BR A8 AT DRI SCR AR A I E R, TR R =
B KA B I A TR E .
513 THAFHEF

Na ¥ 8 T2 AV R Bh 5 v AT B (0 7 2R BE TR ARCY,  BF FUREA b LA P35 i A
119.12 pglg, YRR T4 BN 243.37 pgly, (BN SEGN A B He R i Eh A TE L,
R AIEZ% T Sr/Ba. K/INa. B 0T LU R i 2h ORI, Sr/Ba Lufi B TFR /K
PRER RN, AMFETE, ZZRMmE. K/INa EHRTHEREE, KNa EBOKRR KA
Ol I gt 2 A S 4 R e A A B T Y Sr/Ba (BN K/Na . (B 7a, b) , HEA
BIFR&ERR (B 7a) , @R IURE KA R RAH SR, [EETR, &
Rarzy, eI, SURAAFARE, K IR K.
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Fig.7 Comparison of indices for oolites and giant ooids in the second member of the Early Triassic Feixianguan

Formation in the Yuanba area
(a) The content of B and K/Na exhibit good synergy, and the values of giant oolitic layers are clustered in a lower range; (b) The overall
Sr/Ba value of ooids is greater than that of ooids; (c) The Sr content of ooids is significantly higher than that of giant ooids, indicating that
their sedimentary environment is mainly" Aragonite Sea;" (d) The ¥Sr/%Sr value of giant ooids is greater than that of ooids, indicating
that continental weathering intensified during the sedimentation of giant ooids.
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VI(V+NI) AT DL SRR A K AR RN, (BN T 0.6 Rom gt KR 7 A A B2,
183 0.6~0.84 45 R BRETI S EAKME, KT 0.84 NI B NEREAE FEFAEE, viCr H gt
WNNTHRIGREMNIE R A, (HANT 2 RoR B, (HIEH 2~4.25 RRHBEEAE, E
KT 4.25 ok IR0, AR I Lo B AR e E B R S T8 4 AR R 7 . B2k
I VL Ni Al Cr SnREERBL, S LZFHE RS, A ref pag e S Q) o br ki
TTEMIE SRR TE, (EH AT LA b A SR A8 A BERE B PR AR A6 9, SRt [X L = B A
1) VI(V+NI) T304 0.71, VICr 3524 2.11, Efii VI(V+Ni)F-3)4 0.56, V/ICr T34 1.15,
VICr tES VI (V+ND HWE P FE MR (B 8a) , [RINRRIFE &3 Fe & & T B
(K 8b) , #R/RHIIRIEKESAL (EHfi°F Fe &80 248 pelg, HFIFES T3 Fe &
TN 941 pglg) » VI (VNI . VICr Al Fe Jt 2 3% IR ik FE 5T 50 Nk J5 i vae /K o o

i e®R (REE) RHEW @M. & &l B BRIR #h A VIR B A e JFoR S, £
SHEAGHFH Lan/Yhy. Ce Al Eu 3 LK Y/Ho FLAE P2, Ak kb + o — R il
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Fig.8 Redox characteristics of ooids and giant ooids in the second member of the Early Triassic Feixianguan

Formation in the Yuanba area
(a) The V/(V+Ni) and V/Cr values of the giant oolitic layer are significantly lower than those of the oolitic particles, indicating that they
were formed in a more oxidizing environment; (b) The Fe and Mn contents of ooids are significantly higher than those of giant ooids,

indicating that they were formed in a more ferritic marine environment.
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W JE KRR A G, MARZ R . X 32 22 R A s R AR 3\ I 5 TR E
KRS, WIRK BV B TREEN, MEFEMEKEE Eu ER%RNRE. RN
WKAUE FVRRIS, Bu IES% K SEKE KRS, BTRE=SHEKE L
FIRJRIASE, MR BB TAERKETIRSEL, SEHEKEGHIEKERE T Eu IERH
MIRFIE. DRI, Sk Eu IESF 8 AMUIER TRK G HUGEIRIAEE, — @R BICUESE 1 IR
7K IR ) 5

Ce S ] & & (MU B BRIR 30 A DU IR B LR JRUIRAS . Ce¥ IR AL IR Birh & Uk
AT KN Ce*, HHLUFR. Mn-Fe SEALYIANZEE L BRI SER N Ce, fKiAZHLIL Ce
T (0Ce<l) , TMHIHEIHEKAEF, B Mn-Fe EAMIEENIIHTRL 2 kA8 R 75 #
S5 Ce" PR FA Ce™ BB BIKIEH, 24 Ce MK EHE, HEU Ce ERH
(0Ce>1)P, La (¥ L FME] Ce FHIMTHELER, [ (CelCe) sn5 (PHPr) sy HIZE
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Fig.9 Intersection diagram of ooid and giant ooid (Pr/Pr) ¢y and (Ce/Ce”) gy in the second member of the Early
Triassic Feixianguan Formation in the Yuanba area
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B TR AT A AN, JelHL X B = ST B iR 3 B BT 5R KB ) Sk
A B AR SR SCAET (F 100) , FESUTMHEEAERERAE X OS5
MR AR R ol X % B B BT B L SRR IR, HE R B, X
% 5 5= B G E Ea kP (B 100) o REBMFEERKAERE. R
VAT, B AR SO WKEZMHHE, HE & HCO; . CO& Ml HS . IRIFHG/KANE Fif
H b I R E K, SRR KR R T IR IS SR B K B, TERE MR A I JE A
AHFERE SO/ FHF ST, TIRERERKITE. CaCO, WHEZRFAE SO~
WP, SFER, FERK ERE AT LGEE HCOs A1 COZ™ IR E M AR m ik R K
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Fig.10 Genetic mechanism of Early Triassic ooids and giant ooids
(a) oolites in the Early Triassic; (b) giant ooids in the Early Triassic
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Differential Genesis and Paleoenvironmental Significance of
Early Triassic Ooids and Giant Ooids: A case study from the
Yuanba area in northern Sichuan
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Abstract: [Objective] The Early Triassic was a special geological period after the mass extinction of organisms,
during which oolitic and giant oolitic deposits were widely developed in shallow carbonate platforms worldwide.
However, there is still significant controversy regarding the origin and paleomarine environmental significance of
oolitic and giant oolitic deposits. [Methods] Based on field and core observations, this study utilized petrological,
mineralogical, and geochemical analyses to explore the sedimentary characteristics, genesis, and
paleoenvironmental significance of the Early Triassic Feixianguan Formation oolites and giant oolites in the
Yuanba area. [Results] Research shows that the oolites and giant oolites of the Feixianguan Formation in the
Yuanba area primarily developed in the margin zone of the Section 2 of Feixianguan Formation. The types of
oolites are concentric and single crystal oolites, which are developed in the middle and upper part of the meter
scale sedimentary cycle and are produced in thick layers and blocks, indicating that they were formed in a shallow
water environment with strong hydrodynamic forces and easy exposure. Giant ooids are primarily composed of
concentric ooids, which are developed in the upper part of the meter scale sedimentary cycle and the lower part of
the mud crystal limestone. They are produced in a thin layer and have clear erosion at the bottom, indicating that
they were formed under intermittent strong hydrodynamic conditions, mostly due to storm action. Based on
geochemical analysis, the Sr content in the concentric layer of oolites is found to be high, and the crystal structure
is mostly needle-like or rod-shaped, indicating that the original minerals are aragonite deposits. However, the Sr
content in the concentric layers of giant ooids is relatively low, and their crystal structure is irregularly inlaid,
indicating that their original minerals are calcite deposits. In addition, the concentric layer of oolites has
characteristics such as high Fe content, weak positive Ce anomaly, clear positive Eu anomaly, light rare earth
element— (LREE-)relative heavy rare earth element (HREE) enrichment, and low Y/Ho values, indicating that it
was formed in a reducing environment of iron mineralization. Giant ooids have characteristics such as low Fe
content, weak negative Ce anomalies, relative HREE depletion of LREE, and high Y/Ho values, indicating that
they were formed in a weakly oxidizing environment. [Conclusions] Comprehensive analysis suggests that during
the sedimentary period of the Early Triassic Feixianguan Formation, the seawater was mainly characterized by the
anoxic aragonite sea. However, in the context of gradual atmospheric oxidation and strengthened continental
weathering, intermittent storm action increased the input of terrestrial materials (particularly Ca") and oxidants,
resulting in a decrease in Mg/Ca in shallow seawater and weak oxidation, as well as the development of a transient
weak oxidation calcite sea. This may be the cause for the gradual improvement of the marine environment and
slow biological recovery in the Early Triassic.

Key words: oolites; giant oolites; genetic mechanism; paleomarine environment; Early Triassic; Yuanba district



