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Fig.1 Mesozoic stratigraphy of the Ordos Basin, along with the location and lithological log of the Anya section
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Fig.2 Outcrop characteristics of siderites and theit s nding rocks in the Fuxian Formation, Anya section,

Yulin, northeastern Ordos Basin
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Fig.3 Microscopic characteristics\of siderites in the Fuxian Formation, Anya section, Yulin, northeastern Ordos
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Fig.4 Micromorphological characteristics and energy dispersive spectroscopic (EDS) analysis of siderite grains

in the Fuxian Formation, Anya section, Yulin, northeastern Ordos Basin
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Table 1 Characteristics of major and trace elements of siderites, Anya section, northeastern Ordos Basin

Sample  Si0%  K:0%  Nax0%  CaO%  MgO0%  ALOs%  TFex0%  MnO%  TiO2%  P20s%  V(ug/g)  Ni(ug/g)

SO01 33.806 1.321 0.108 1.07 2.507 13.35 31.69 0.697 0.603 0.161 58.16 24.113
S02 6.304 0.657 0.077 1.614 4.751 9.17 40.32 1.153 0.294 0.134 57.729 20.738
S03 21.994  0.922 0.097 1.893 5.655 11.84 3235 0.413 0.561 0.048 54.100 17.841
S05 6.765 0.398 0.086 2.498 1.46 4.079 54.22 0.93 0.239 0.426 20.228 11.930
S08 22976  0.685 0.088 3.44 3.649 11.02 31.15 0.303 0.413 1.424 67.873 11.591
S10 10.407 0.339 0.077 2.104 3.544 5.483 46.67 0.633 0.213 0.348 63.319 13.297
S13 25.482 0.67 0.078 1.18 2.424 18.11 28.84 0.159 0.52 0.189 174313 9.701
S21 38.262 0.881 0.087 0.698 1.343 24.82 15.08 0.11 0.588 0.167 129.281 12.427
S24 4.979 0.13 0.085 1.934 1.743 3.637 55.9 0.416 0.114 0.606 52.849 5.803
S27 28.42 0.79 0.087 1.271 3.196 16.65 26.72 0.23 0.455 0.197 157.097 23.170
S31 21.244  0.555 0.083 1.702 3.395 12.21 34.69 0.295 0.341 0.249 132.733 8.863
SS01 9.876 0.42 0.087 1.753 2.592 5.205 49.95 0.536 0.19 0.448 43.112 6.403
SS05 11.704  0.402 0.138 3.309 1.736 7.377 46.45 0.355 0.21 1.767 66.872 10.575
SS10 15.507 0.464 0.072 0.796 1.65 10.03 43.5 0.95 0.288 0.268 107.472 27.305

FEERTRE R V TR S B TEEN20.23~174.31 pg/g CFHIME A 84.65 pg/g) » V/AI
EEARL AR Ab T BN 8.23~27.45 CPHME N 15.600 « B4 R ILE 2. S20H RE I AR
FittEk (YREE) &8N 58.82~313.41 pg/g, it BB A br kAl 5 5 -+ o K BC 20 #h 28 4
B 5. B s fEa R B R £k (LREB) MiX Fh#itnE (MREE) . £+
Jt& (HREE) W8 EWHSH P ELcamHly TEME TREE. SHED N
YLREE/YMREE: 2.38-9.74 YLREE/YHREE: 12.68~25.54, YMREE/YHREE: 1.82~5.32,

TRAE B R H Bu 5757 5[0.69~0.85, “F44°4 0.79, Eu/Eu"=Eun/ (0.5xSmn+0.5xGdn) #81]°
R2 BRSHAM GO R ESEERY BT BT

Table 2 Rare earth element (REE) content of siderites in the Fuxian Formation, Anya section, Yulin, northeastern

Ordos Basin

Sample La Ce Pr Nd Sm Eu Tb Gd Dy Ho Er Tm Yb Lu La

SO1 25.95 47.43 5.61 19.37 3.83 1.0 0.56 3.46 2.92 0.60 1.75 027 1.77 027 25.96

S02 25.30 46.94 4.78 18.07 3.66 0.82  0.59 3.50 3.47 0.77 216 035 241 040 2530

S03 27.54 48.78 5.84 19.76 3.71 0.97  0.60 3.54 3.62 0.84 248 041 267 044 2755

S05 12.38 23.71 2.64 9.95 1.94 0.56  0.33 2.01 1.80 0.41 132 021 1.36 022 1238

S08 5276 11796 1424 5876 11.56 325 198 1274 10.84 226 558 0.74 419 0.58 5276

S10 20.96 40.94 5.11 18.02 3.72 0.96  0.63 3.87 3.57 078 225 036 254 039 2097

S13 45.36 79.02 10.08  37.52 6.35 1.54  0.85 5.51 4.64 .01 292 046 3.07 049 4536

S21 34.17 59.95 7.25 23.28 4.38 1.05  0.59 3.66 3.11 0.64 1.81 027 1.86 030 34.17
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Abstract: [Objective] The widespread siderites in the marine strata of the Toarcian Oceanic Anoxic Event
(T-OAE) are believed to have resulted from a low sulfate concentration and increased terrestrial iron supply.
Similar large amounts of siderite have also been reported in paleolakes in the same period. However, the
mechanism of lacustrine siderite development and its connection with the T-OAE remain unexplored, but is crucial
to a better comprehension of lacustrine biogeochemical cycling in the early Toarcian. [Methods| Mineralogical

and carbon isotope geochemical analyses were performed on siderite samples from the lacustrine Anya section of
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the Ordos paleolake. The sources of iron and carbon, as well as the sedimentary environment, were investigated by
integrating major and trace element data, which allowed exploration of the formation mechanism of siderites
during the T-OAE period of climatic change. [Results] The coexistence of pyrites and siderites was observed by
scanning electron microscopy. The value of inorganic carbon isotopes (5*Ccan) varies from —11.25 to +16.32%o,
and the organic carbon isotope (6'3Core) value ranges between —32.03 and +14.33%o. Light rare earth elements
(REEs) are enriched and heavy REEs are depleted, with Eu anomalies ranging from 0.69 to 0.85. [Conclusions]
The iron in the Anya siderites is derived from terrestrial inputs; the carbon included HCOs;  produced by
methanogenesis, as well as carbon released by organic matter decomposition and aerobic methane oxidation, either
bacterially in the suboxic zone or archaeally below the oxic-anoxic interface immediately after methane production.
The pore fluids during siderite formation were a suboxic to anoxic environment. During the T-OAE, intensified
continental weathering and increased surface runoff transported abundant Fe?* ions into basin lakes whose
widespread anoxia, abundant organic matter and low sulfate concentrations created favorable conditions for
extensive siderite deposition.

Keywords: Ordos Basin; siderite; formation mechanism; Lower Jurassic; anoxic event
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