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Abstract This research delves into the Lower Cretaceous Naijiahe Formation in the Liupanshan Basin, which

is a typical terrestrial basin. By conducting a detailed examination of sedimentary features and geochemical
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signatures, the study aims to decipher the paleoenvironmental and paleoclimatic evolution preserved in lacus-
trine systems. Geochemical analysis uncovers unique elemental distributions in the mudstones of the Naijiahe
Formation. When compared with the average values of the upper crust, major elements such as Na,O and
TFe, O, are enriched, while the concentrations of MgO, K,O, and TiO, are lower. Among trace elements, Ba,
Sr, and Rb are enriched, whereas Th, Zr, and Hf show depletion. Weathering indices, such as the Chemical
Index of Alteration (CIA) and the Index of Compositional Variability (ICV) , suggest that chemical weathe-
ring was relatively weak during sediment transport. Provenance discrimination diagrams, consistently imply
that the source rocks are felsic, originating from acidic magmatic rocks in the Qinling-Qilian Orogenic Belt.
Multiple geochemical proxies jointly indicate that the deposition occurred under arid, anoxic, and hypersaline
conditions. As a representative terrestrial saline lake in North China, the salinization of water bodies and the

formation of black shales in the Madongshan-Naijiahe Formation may well represent the regional responses to o-

ceanic anoxic events during the greenhouse climate conditions of the Early Cretaceous.
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Fig.2  Geological map of the Liupanshan Area
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Tab.1 Mass fractions of major elements in samples from the Naijiahe Formation, Liupanshan Basin Hi{ij ;%

BESL Si0, Al,0;  TiO,  FepO3  MnO  MgO Ca0 Na,0 K,0  P,04 SO LOL Total Al,03/TiO, CIA ICV K,0/Al,04
1 46.19 14.84 0.54 5.55 0.080 6.37 6.56 1.88 3.43 0.11 0.03 14.46 100.04 27.6 60.0 2.63 0.23
2 52.06 19.98 0.76 7.92  0.019 3.90 0.71 3.33° 429 0.19 0.09 7.19 100.49 26.2 64.4 1.37 0.21
3 44.55 14.50  0.59 5.36 0.088 4.31 8.75 4.01 3.52 0.08 2.46 12.22 100.45 24.8 46.0  2.86 0.24
4 4271 13.48 0.51 4.90 0.061 7.25 9.60 2.66 2.75 0.21 0.17 16.10 100.41 26.4 53.5 3.48 0.20
5 31.13 7.94 0.32 2.98 0.028 4.61 24.43 1.26 2.23 0.11 1.08 23.34 99.47 24.5 54.7 17.93 0.28
6 11.37 2.78 0.12 0.95 0.006 1.07 34.28 0.54 0.65 0.03 34.55 12.78 99.12 23.4 52.9 24.27 0.23
7 14.24 3.70 0.16 1.45 0.022 3.37 29.60 0.60 0.8 0.05 34.35 11.51 99.92 23.9 55.7 17.70 0.24
8 26.79 7.83 0.31 3.47 0.037 6.21 23.37 1.69 1.79 0.14 1.42 26.99 100.05 25.1 51.1  8.37 0.23
9 44.82 15.04 0.59 7.13 0.071 6.86 6.5 1.35 4.24 0.27 0.06 13.45 100.42 25.3 62.5 2.75 0.28
10 7.36 2.14  0.06 1.83 0.154 18.44 27.15 0.15 0.44 0.04 0.09 41.69 99.55 33.4 68.9 45.81 0.21
32012 10.22  0.40 4.15 0.06 6.24 17.10 1.75 2.42 0.12 7.43 17.97 99.99 26. 05 56.98 11.72 0.24
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Fig.4 Rare earth element geochemical characteristics of the Naijiahe Formation in the Huoshizhai Section
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Tab.2 Trace element concentrations in samples from the Naijiahe Formation, Liupanshan Basin  ifi;; x 107
FEShV Ni  Th U Rb S G Co Y la Ce Pr NI Sm FEu GI T Dy Ho FEr Tm Yb lu
110520 32.97 10.22 3.37 124.8 680.7 60.86 16.23 25.93 33.00 64.63 7.36 27.79 5.45 1.15 532 0.84 4.57 0.89 2.60 0.34 2.28 0.35
2 13360 49.62 13.87 6.06 167.9 2723 85.77 20.22 32.41 43.64 84.97 9.86 36.48 7.31 1.45 6.72 1.08 5.77 1.13 3.36 0.48 3.09 0.45
310790 36.70 12.26 3.86 116.6 592.4 60.28 16.69 28.81 38.51 79.11 8.64 31.86 6.17 1.26 592 0.95 4.97 0.96 2.88 0.38 2.63 0.37
49547 2859 10.66 3.52 113.3 513.4 56.72 14.6 23.14 31.62 63.26 6.97 25.54 5.13 0.98 4.57 0.73 3.92 0.78 2.35 0.34 2.23 0.33
5 6455 2775 7.00 1129 78.0 2041 36.03 12.86 16.47 21.88 43.99 4.85 18.27 3.40 0.67 3.35 0.51 2.77 0.54 1.68 0.24 1.50 0.23
6 20,02 1532 204 362 2.6 288 12.37 5573 526 637 1250 1.38 523 101 0.20 1.00 0.17 0.85 0.18 0.54 0.07 0.50 0.07
7 2284 1698 259 2,04 288 2160 17.04 6.132 6.64 863 17.31 1.8 7.17 1.43 0.26 121 0.21 115 0.23 0.66 0.10 0.62 0.09
8 7628 30.90 6.26 14.02 65.0 1787 39.31 13.17 1590 21.45 43.75 4.76 17.97 3.24 0.63 3.35 0.49 2.70 0.52 1.61 0.23 1.47 0.22
9 12580 38.23 119 465 153.5 116.6 85.59 20.66 26.29 39.62 80.50 8.94 33.28 6.3 1.13 5.58 0.86 4.66 0.89 2.54 0.35 2.21 0.33
10 57.01 2522 1.55 146 17.3 120.1 117.8 16.64 9.37 12,10 22.94 2.34 861 1.59 0.3¢ 174 0.27 141 0.30 0.85 0.12 0.77 0.13
o 80.87 30.23 7.83  5.39 88.68 1360.22 57.18 14.28 19.02 25.68 51.30 5.70 21.22 4.10 0.81 3.88 0.61 3.28 0.64 191 0.26 1.73 0.26
ucc 107 44 107 2.8 112 35 8 17 22 30 64 7.1 26 45 0.8 3.8 0.6+ 3.5 0.8 23 033 22 0.32
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Fig.5 Rare earth element and trace element geochemical diagrams of the Naijiahe Formation in the Liupanshan Basin
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Fig.7  Source rock types of the Naijiahe Formation in the Liupanshan Basin
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