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Abstract: The First Member of Qingshankou Formation in the Changling depression of the Songliao
basin is a major exploration target for shale oil, but the current level of research on its paleoenvironment
is relatively low. This paper studies the paleoenvironment changes based on elemental geochemical
methods and analyzes the impact of environmental factors on organic matter enrichment, which is of
great practical significance for clarifying the main controlling factors of shale oil enrichment and selected-
area evaluation. 73 shale samples from the P1 — P3 layers of the Upper Cretaceous Qingshankou
Formation in the Changling depression were tested for total organic carbon and major and trace
elements. The organic matter abundance and major and trace element characteristics of the samples in
the study area were discussed. The paleoclimate, paleoproductivity, paleowater depth, paleosalinity,
and paleooxidation of the target layer were restored using elemental geochemical indicators, and the
paleoenvironmental change characteristics of the First Member of Qingshankou Formation in the study
area were reconstructed. The results indicate that the organic matter abundance of shale in the study area
is relatively high, with an average TOC of 2.14%. From the Dagqingzijing to the Yuzijing to the
Tahucheng work areas, as well as vertically from the P1 to P3 layers, the lake water deepens, and the
paleoproductivity and organic matter abundance increase. The overall paleoclimate in the study area are
warm and humid, with a slightly warmer and wetter climate to the P3 layer. The paleowater is
characterized by an oxygen deficient reduction environment of fresh to brackish water, with high salinity
forming salinity stratification, making the reduction environment in the study area less susceptible to
damage and conducive to the preservation of organic matter. The source of organic matter and
paleosalinity are the key factors that lead to the differential enrichment of organic matter in the study
area. The input of organic matter and paleosalinity in lakes increases from Dagingzijing to Yuzijing to
Tahucheng work area, organic matter is relatively enriched. Vertically, the P1 to P3 layers also exhibit
similar patterns of change, forming a set of high-quality black shale in the lower part of the First
Member of Qingshankou Formation, which is a favorable interval for shale oil enrichment in the study
area.

Key words: Songliao basin; Changling depression; First Member of Qingshankou Formation; mud

shale; element geochemistry; paleoenvironment;shale oil
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Fig.1 Division of structural units (a) and distribution of sedimentary facies and well positions (b) of K, qn' in the study area of

Changling depression in southern Songliao basin
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Table 1 Major elements mass fraction of mud shale and UCC in Layer P1 — P3 of K, qn' of Changling depression in southern
Songliao basin %
FE SRR AL SiO; Al O3 Fe, O CaO MgO K;0O Na, O TiO, P, 0s MnO
P3/NE 64.23 17.62 5.32 2.78 2.25 3.94 2.28 0.71 0.10 0.05
T1 P2 /N 65.99 17.40 5.18 1.57 2.14 3.97 2.06 0.73 0.10 0.04
PL/hZ 63.18 18.45 5.44 3.35 2.17 3.96 1.94 0.72 0.11 0.04
P3/NZ 64.42 17.74 5.33 2.54 2.11 4,24 2.22 0.75 0.09 0.04
Y1 JF P2 /N 65.16 17.41 5.01 2.69 2.15 3.91 2.38 0.72 0.09 0.05
P1/NZ 63.16 17.84 5.07 3.95 2.31 4,10 2.07 0.72 0.11 0.05
P3 /NZ 62.22 16.72 5.07 3.96 2.21 4,00 2.48 0.75 0.10 0.06
D1 Jf P2 /NE 65.00 17.12 5.10 3.11 2.10 4.10 2.70 0.72 0.10 0.06
P1 /N2 62.74 17.88 5.66 3.77 2.15 4,59 2.29 0.72 0.10 0.06
e 63.93 17.60 5.24 3.10 2.19 4,07 2.26 0.73 0.10 0.05
ucCc 65.89 15.17 4.49 4,19 2.20 3.39 3.89 0.50 0.20 0.07
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Table 2 Trace elements mass fractions of mud shale and UCC in Layer P1 - P3 of K, qn' of Changling depression in southern
Songliao basin 10°°

i R o \4 Cr Ni Cu Rb Sr Ba U Th Zr
P3 /N2 107.59 62.67 27.84 263.01 145.12 392.93 560.38 4.01 11.91 120.00
T1 4 P2 /N2 107.66 65.12 31.02 205.11 143.92 352.74 543.54 1.28 11.43 118.03
P1/NZE 107.24 55.85 24.78 216.05 145.29 390.48 674.20 4.09 11.41 114.09
P3 /N2 111.86 38.24 23.00 30.59 148.93 452.37 519.93 4.49 11.72 125.45
Y1 JF P2 /N2 102.03 34.66 26.49 28.22 144.34 457.11 590.58 4.06 11.74 118.54
P1 /N2 101.41 35.97 24.26 26.60 146.63 519.33 472.60 4.40 12.00 120.34
P3/NZE 108.88 50.76 27.63 26.14 171.00 330.07 562.50 4.13 13.09 126.52
D1 Jf P2 /N2 93.63 46.81 26.44 24.88 154.89 389.59 827.64 2.96 12.87 109.30
P1 /N2 99.46 57.71 24.06 23.97 173.83 299.56 610.59 3.57 12.94 134.53
TR 105.28 49.70 26.05 105.89 151.57 406.76 578.14 4.06 12.08 121.13

ucc 107 85 44 25 112 350 550 2.8 10.7 190
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Table 3 Elemental parameters of mud shale and shales in Layer P1 — P3 of K,qn' of Changling depression in southern Songliao

basin

Si0,/ w(VHNi+  w(Sr)/
FERCREME w(TOC) /%  CIA Fe/Mn Zr/Rb Sr/Ba  V/(V+ND V/Cr

Al O3 Mn)/10°6 106
I 0.49~ 53.91~  29.68~ 2.97~ 0.37~  310.33~ 249.15~  0.32~ 0.73~ 2.00~
HHFEIX ﬂirﬂﬁ/ 5.12/ 72.67/ 190.61/ 4.61/ 0.98/  1516.55/ 748.98/ 1.67/ 0.88/ 4.50/
el 2.14 65.22 99.74 3.65 0.83 528.84 406.76 0.74 0.80 2.38
P3 /N2 2.77 66.33 105.41 3.80 0.80 614.48 392.93 0.70 0.80 2.44
- P2NE 3.34 69.62 125.74 3.66 0.81 572.65 352.74 0.66 0.78 2.43
o Pl /N2 2.43 66.82 120.26 3.43 0.84 575.20 390.48 0.66 0.81 2.37
2IFHHE 2.79 67.06 113.02 3.62 0.81 591.07 384.85 0.68 0.80 2.42
P3 /N2 2.15 66.36 118.63 3.75 0.82 542.73 452.37 0.87 0.83 2.34
P2 /N2 1.87 65.98 89.97 3.65 0.83 520.11 457.11 0.79 0.79 2.37
v P1/NZ 2.17 63.95 86.67 3.55 0.85 461.57 519.33 1.13 0.81 2.41
2IE 2.09 65.37 99.36 3.64 0.83 507.09 478.40 0.95 0.81 2.36
P3 /NE 1.47 61.53 75.82 3.83 0.71 554.20 330.07 0.59 0.80 2.35
P2 /NZ 1.52 63.25 80.25 3.76 0.74 432.39 389.59 0.50 0.78 2.29
bk P1/NZ 0.88 62.78 89.83 3.53 0.81 459.49 299.56 0.50 0.80 2.31
LIl 1.29 65.13 81.41 3.70 0.84 506.81 336.10 0.54 0.80 2.32

#:CIA= AL O3/ (Al; O3 + K2 O+ Na, O+CaO * ) ;CaO * ZHEHMRELT W CaO,CaO* =min (CaO—10/3XP,05

»Na; O8],
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Fig.8 Organic matter accumulation pattern of mud shale in Layer P1 — P3 of K, gn' in Changling depression in southern

Songliao basin
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