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Fig.1 Tectonic location (a), tectonic zoning (b), and well location map™(c) of the North Yellow Sea Basin

@D eastern depression; @) central depression; ) western depression; @ eastern uplift; 5 mid - western uplift; © southern depression group; I . northwestern uplift;

II'. central depression; Il northern uplift; IV. eastern uplift; V. southeast depression; VI. southern uplift
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Fig.2 Stratigraphic histogram of the North Yellow Sea Basin'
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Fig.3  Photographs of cores from the Lower Cretaceous red mudstone section in the North Yellow Sea Basin

(a) the section of red mudstone, well B, 2 552.87-2 553.70 m; (b) the section of red mudstone, well B, 2 552.87-2 553.70 m; (c¢) the section of red mudstone, well B,

2 549.00-2 549.60 m; (d) the section of red mudstone, well B, 2 547.50-2 548.20 m; (e) the section of red mudstone, well B, 2 299.17-2 299.84 m; (f) red mudstone, well

B, 2 553.00 m; (g) red mudstone, well B, 2 549.48 m, after reference [15]; (h) the boundary of red and grey mudstone, well B, 2 553.30 m; (i) fibrous minerals, well B,

2 548.20 m, after reference [15]; (j) sulfur mineral, well B, 2 299.07-2 299.27 m
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Fig.4 Micrographs of Lower Cretaceous red mudstones in the North Yellow Sea Basin

(a) hematite aggregate, well A, 1 330.82 m; (b) hematite aggregate, well C, 2 729.36 m; (c) hematite aggregate and sericitization, well C, 2 549.83 m; (d) sericitization,

well B,2726.93 m
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Fig.5 Igneous rock types and distribution in the eastern North Yellow Sea Basin
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Table 1 X-ray diffraction (XRD) analysis results of Cretaceous rock samples
from the North Yellow Sea Basin (%)
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Fig.6  Characteristics of hematite occurrence and secondary electron diagram of clay minerals in the Upper Cretaceous red

mudstones of the North Yellow Sea Basin
(a) granular hematite, well C, 2 550.40 m; (b) hematite aggregates, well C, 2 550.40 m; (c) kaolinite in grey mudstone, well C, 2 730.00 m; (d) illite and smectite mixed

minerals (I/S), well C, 2 550.40 m; (e) spectrogram of hematite; (f) spectrogram of 1/S
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Fig.7 F(R) second derivative mapping of Lower Cretaceous red and grey mudstones in the North Yellow Sea Basin

(a) red mudstone sample; (b) gray mudstone sample
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Table 2 Hematite and goethite contents of mudstone

samples in the North Yellow Sea Basin

FEfhS Hm 7 H/g/kg Gt f/g/kg
S1 2.624 1.186
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S3 0.079 0.019
S4 0.069 0.013
S5 0.072 0.038
S6 0.082 0.034
S7 0.081 0.058
S10 2423 0.778
S11 1.769 1.113
S15 0.076 0.042
S16 0.003 0.041
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Fig.8 Graph of iron oxide content of Lower Cretaceous red mudstone in the North Yellow Sea Basin
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Fig.9 Graph of paleoclimate, paleobathymetry, and paleosalinity variations in the North Yellow Sea Basin
(Th/U and Sr/Ba data in the figure are cited from reference [16])
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Characteristics of Chromogenic Minerals in Lower Cretaceous
Lacustrine Red Mudstones and Their Paleoenvironmental Effect: A
case study from the North Yellow Sea Basin, eastern China
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Abstract: [ Objective ] During the Cretaceous period, extreme greenhouse climate, global oceanic anoxia ,and oxy-
gen enrichment events occurred. The Cretaceous red beds that appeared during this period contain important informa-
tion related to the paleoclimate and paleoenvironment that aid in our understanding of stratigraphic surface systems.
[Methods] In this study, a set of red mudstones developed during the Cretaceous in the North Yellow Sea Basin of
eastern China were taken as the object of study. X-ray diffraction (XRD) and diffuse reflectance spectroscopy (DRS)
analyses were conducted on the red and grey mudstones of the Middle Jurassic to Lower Cretaceous to semi-
quantitatively and quantitatively analyze the composition and content of chromogenic minerals in the rocks. We also
combined the ordinary thin section and scanning electron microscope methods to observe the characteristics of chro-
mogenic minerals in the red mudstone, such as the morphology, distribution, and crystalline size of iron-containing
minerals. The DRS second derivative method was used to calculate the contents of hematite and goethite in mudstone
samples. The paleoclimate and paleoenvironment information of red mudstone during its deposition period was
obtained by combining the content and ratio of iron oxides in the samples. [ Results] XRD results show that the
chromogenic minerals in the red mudstone are hematite and goethite, of which hematite is the main content. The high-
est content can reach 14%, whereas the grey mudstone does not contain hematite ; hematite aggregates can be seen
under the microscope in the red mudstone, and alteration phenomena can be seen in the local area; hematite can be
seen as granular or plate aggregates under the scanning electron microscope ; The DRS second derivative method cal-
culated that the average content of hematite in red samples was 1.25 g/kg, and the highest was 2.62 g/kg. The average
content of goethite was 0.62 g/kg, and the highest was 1.19 g/kg. Using the changes in hematite and goethite content,
the climate was found to be relatively humid from the Late Jurassic to the Early Cretaceous, and hot and dry from the
Middle to Late Early Cretaceous. [ Conclusions ] Combined with the paleoclimate data of the North Yellow Sea Basin
and its adjacent areas, the method of using iron oxides to reflect the paleoclimate changes in the study area was found
to be feasible. A comprehensive analysis suggests that the chromogenic minerals in the red mudstone of the Lower
Cretaceous have indicative significance for the paleoenvironment and paleoclimate.

Key words: red mudstone; chromogenic minerals; paleoenvironment; Cretaceous; North Yellow Sea Basin



