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Abstract: The Chuanjie basin in the Lufeng area of central Yunnan has recorded important

information on the continental sedimentation and biological evolution of the Middle-Upper Jurassic in the
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Upper Yangtze region, providing a good carrier for the study of the Jurassic greenhouse earth climate
environment. In this paper, the sedimentary, carbon-oxygen isotope and trace element geochemical
systems of the Middle-Late Jurassic continental red beds in Chuanjie basin were studied to restore their
paleoclimatic and environmental characteristics. Research suggests that the Jurassic Batonian to Early
Kalo lakes in the Lufeng region were saline lakes with good sealing and gradually increasing salinity.
During this period, the climate changed from relatively humid to dry, and the temperature was generally
higher, showing a trend of gradually decreasing temperature from the early to late stages. The closure of
the lake in the middle to late stages of the Kalo period weakened, making it a semi saline lake. During
this stage, the climate changed from dry to relatively humid, and the temperature rose. However, the
climate fluctuated violently, with frequent dry-wet alternations. During the Oxford Titang period, the
lake’s closure further weakened and became a semi saline lake, with a generally stable humid climate.
This work identified the Middle — Late Jurassic transition cold event (ML]JT event) in the terrestrial red
beds of the Lufeng area, providing an important reference for the study of the Mesozoic greenhouse
earth climate environment and the comparative study of the terrestrial red beds in Southwestern China.
The rapid change of climate in the late Middle Jurassic led to the rapid death of organisms, coupled with

the transportation, sedimentation and rapid burial of rivers during the rainstorm period, resulting in the

present biological burial characteristics of the Chuanjie basin.
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Fig.1 Location (a) and geological map (b) of the study area
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Fig.2 Field macroscopic characteristics of Middle-Upper Jurassic in Laowen Village section of Lufeng, central Yunnan
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Fig.3 Profile map of Middle-Upper Jurassic in Laowen Village section of Lufeng,central Yunnan
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Table 1 Geochemical data of Middle-Late Jurassic calcareous mudstone samples in the study area

45 AlLOs CaO  K;O NaO As B Cr Cu Ga Hg Ni Sc Sr Th U \Y%

1 15.33  9.83 3.67 0.42 8.35 102.0 97.1 19.9 19.7  0.006  53.2 16.1 142 13.4 2.71  124.0
2 12.44 11.63  2.87 0.46 2.91 84.1 77.6 40.2 14.9  0.006  40.0 12.0 181 11.2 2.68 113.0
3 15.76  7.92 3.96 0.48 12.00 105.0 248.0 24.5 20.9  0.009  50.2 16.7 152 14.2 3.05  124.0
4 11.53  15.36  2.76 0.42 2.32 90.8 118.0  34.0 14.2  0.011  33.3 11.0 242 10.2 2.50 103.0
5 16.31  5.77 4.02 0.55 11.90 108.0 101.0 15.6 21.9 0.009 51.2 17.3 122 14.2 2.73  128.0
6 10.77  19.00  2.31 0.16 4.06 64.9 67.4 50.0 13.6  0.010  30.9 10.9 255 9.4 5.87 94.2
7 9.02  19.82  2.44 0.22 2.43 88.5 57.2 15.3 11.5  0.006  24.9 9.4 307 8.6 2.27 75.1
8 10.70  18.05  3.00 0.24 6.28 91.6 69.8 14.0 13.7  0.004  33.1 11.5 362 9.9 2.46 83.9
9 10.65 11.30  2.68 0.62 5.94 80.1 65.9 15.8 13.5 0.009  31.3 10.6 187 10.1 2.31 76.8
10 9.46  19.30  2.04 0.32 4.62 58.8 54.9 12.6 10.4  0.004  24.2 8.3 314 8.8 2.24 72.0
11 7.59  19.45  2.01 0.30 2.12 76.8 56.6 15.9 12.2 0.016  23.3 9.3 354 9.0 2.42 69.6
12 11.37 12.58  3.26 0.42 9.15 117.0  67.8 8.4 13.7  0.008  34.5 11.1 155 10.8 2.11 81.6
13 13.66  9.78 3.51 0.2z 15.00 101.0 83.2 242.0 18.0 0.031 40.2 14.2 261 13.2 5.35  133.0
14 11.15 16.84  3.86 0.32 2.96  148.0 74.4 11.7 14.5 0.003  31.9 11.7 254 9.9 1.76 83.4
15 7.08 23.66  2.00 0.37 1.96 72.7 42.2 17.1 9.9 0.004  18.7 7.6 460 7.5 2.47 45.6
16 12.91 12.68 4.34 0.40 3.70  162.0  85.1 14.5 16.7  0.002  39.0 13.5 190 11.8 1.93 86.1
17 11.30 16.34  3.32 0.60  19.30 103.0  70.0 19.7 14.3  0.004  33.3 12.0 380 10.3 1.78 75.7
18 7.15  27.28 2.18 0.27 1.21 88.7 71.2 22.2 8.7 0.003  24.4 7.4 206 6.1 1.12 83.0
19 11.30  16.36  3.62 0.50 17.10 122.0 70.1 21.7 14.8  0.003  36.0 12.3 384 10.9 1.92 82.2
20 8.26  24.40  2.51 0.34 5.61 86.4 56.4 17.2 10.5 0.003  25.4 8.8 479 8.1 1.36 63.8
21 5.06  31.41 1.28 0.26 0.93 43.4 82.6 18.5 6.9 0.003  16.8 5.7 669 5.1 1.29  153.0
22 11.91 14.05  3.04 0.62  24.30  96.7 67.5 19.6 14.5 0.005  35.8 11.6 378 11.1 2.12 70.5
23 8.97 5.38 1.57 1.12 5.70 64.0 53.5 33.9 11.8  0.003  28.6 8.4 122 8.5 1.73 74.9
24 12.40 15.14  3.29 0.52 9.91  109.0  76.5 18.9 16.9  0.005  39.4 13.9 432 11.8 2.44 87.3
25 12.79  14.15  3.36 0.58 9.28 109.0 79.7 20.8 16.8  0.004  40.8 13.5 451 12.0 2.60 82.6
26 17.77  3.82 4.11 0.64 7.23 110.0 103.0  22.9 23.9 0.004  56.9 19.2 109 15.8 3.28  130.0
27 9.53  21.06  2.33 0.58 3.05 76.2 66.1 15.6 12.4  0.003  28.4 10.3 414 9.5 2.13 57.6
28 13.07 11.22  3.18 0.71 5.38 106.0  81.0 20.4 17.0  0.011  41.5 13.5 386 12.0 3.27 102.0
29 8.59  24.08 2.12 0.52 3.04 58.4 54.3 17.6 11.2 0.006  26.9 9.3 415 8.7 1.92 51.0
30 10.18  3.37 2.06 1.09 3.64 67.2 62.4 481.0 13.9 0.043  26.6 10.2 85 9.6 1.96 99.2
31 17.25  3.67 3.58 0.66 16.10 118.0  97.7 21.4 22.1  0.005 52.0 17.1 109 15.4 2.46  111.0
32 11.58  6.26 1.96 1.27 1.71 72.5 70.2 32.2 14.9  0.005  31.6 11.1 103 10.8 2.47  108.0
33 16.82  6.15 3.46 0.60 8.80 109.0 102.0  23.0 22.7 0.004  53.2 18.2 122 15.8 2.60  118.0
34 16.67  4.60 3.52 0.63 11.30 108.0  93.2 21.4 22.0 0.004  46.7 16.7 109 15.0 2.63  117.0
35 13.43  4.73 2.58 1.12 3.17 97.8 83.8 25.2 17.4  0.004  43.3 13.5 104 11.9 2.17 95.0
36 15.86  4.50 3.06 0.84 3.95 91.6 91.7 26.3 20.4  0.004  46.8 15.8 108 14.8 2.76  120.0
37 15.04 12.64  3.28 0.40 2.92  106.0  92.5 29.3 17.8  0.009  39.9 14.2 164 12.3 4.36  179.0
38 13.86  6.40 2.50 0.94 4.55 89.4 112.0  28.3 17.7  0.004  44.2 13.5 105 12.5 2.17  104.0
39 15.71  5.73 3.08 0.88 6.83 99.3 98.6 23.7 20.6  0.004  47.5 16.4 114 14.4 2.44  124.0

40 14.95  6.58 2.92 0.84 5.48 93.4 93.0 27.3 20.0  0.005  50.4 15.6 136 13.9 2.74  130.0
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45  AlbOs;  CaO K;O Na,O As B Cr Cu Ga Hg Ni Sc Sr Th U \

41 16.62  4.07 3.19 0.70 6.15 106.0  95.1 25.0 22.0 0.004 52.8 17.0 122 15.5 2.67 129.0
42 15.90  6.44 3.22 0.72 5.71 100.0 100.0  24.5 21.2 0.004 51.9 16.9 128 14.2 2.89  146.0
43 16.90  5.15 3.64 0.76 6.83 114.0 109.0  27.0 22.2 0.004  56.4 17.9 128 14.8 2.81  141.0
44 16.80  8.69 3.72 0.52 4.25 101.0 158.0  24.6 20.9  0.005  52.7 17.1 140 14.0 3.09  195.0
45 17.02  6.36 3.70 0.74 11.00 103.0 104.0  22.6 21.2 0.005 52.2 17.1 115 14.4 2.56  152.0
46 16.42  7.21 3.50 0.59 11.40 99.5 103.0 254 20.7  0.004  53.0 16.6 114 14.0 2.35  135.0
47 16.46 13.26  2.80 0.80 1.51 61.7 109.0 102.0 13.2 0.010  30.1 10.8 156 10.0  10.30 114.0
48 15.98  5.94 3.25 0.85 8.16 93.9 99.5 27.3 20.5 0.006  54.7 16.7 100 14.0 2.77 135.0
49 16.63  6.65 3.36 0.66 8.52 99.3  100.0  24.7 20.3  0.004  54.8 16.2 118 14.2 2.79  146.0
50 8.21 26.72 1.32 0.72 2.06 39.2 51.4 91.1 9.6 0.008  20.1 8.0 197 6.9 5.54 64.2
51 16.35  6.56 3.34 0.62 12.30 97.0 103.0  25.7 19.5 0.004 51.1 15.6 119 13.6 2.67 128.0
52 14.36  8.99 2.89 0.67 9.64 86.8 90.8 26.1 16.4  0.006  43.1 12.8 124 11.7 2.86  114.0
53 9.93  22.41 1.80 0.73 2.34 46.9 58.4 60.6 11.1  0.011  24.3 8.6 213 8.4 4.00 79.4
54 17.44  5.94 3.68 0.64 10.50 101.0 104.0 22.6 19.0  0.003  49.1 15.0 109 13.4 2.51  161.0
55 13.12  16.20  2.62 0.57 3.39 73.2 79.0 60.7 14.9  0.009  33.4 12.1 250 11.2 4.90  112.0
56 17.51  5.89 3.88 0.68 11.10 100.0 116.0  36.5 22.5 0.006  55.7 18.3 125 14.7 2.73  150.0
57 12.68 15.64  2.36 0.43 2.24 65.9 75.8 49.2 14.3 0.012  31.2 11.6 206 10.3 5.10  106.0
58 16.99  6.10 3.76 0.66 9.39 102.0 112.0  30.0 21.1  0.004  50.4 16.5 146 14.4 3.20  158.0
59 10.67 23.14  2.14 0.53 2.71 57.1 65.0 60.7 12.5 0.006  26.9 10.5 284 8.9 5.18  100.0
60 18.15  5.22 3.90 0.54 11.20 105.0 110.0 17.9 21.3  0.004 52.8 17.3 124 14.8 2.73  152.0
61 15.07  4.41 3.15 0.88 11.20 89.9 108.0 16.9 19.7  0.005  51.6 15.9 95 13.6 2.78 138.0
62 15.06  4.93 3.11 0.88 12.60 93.9 101.0 15.1 18.1  0.004  49.8 14.6 112 13.2 2.98 132.0

63 13.88  9.53 2.94 0.86 8.37 77.3 92.3 10.3 16.8  0.005 42.3 13.1 111 11.8 3.43  119.0
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Table 2 Results of carbon and oxygen isotopes of calcareous mudstone samples from Middle-Late Jurassic in the study area

- EP N e JRR M L 4 s ZTA

o C/ %o 8180 /% o C /%o 880/ %o OB C/ %, 00 /%
L-1 —1.32 —5.72 M-1 —1.98 —9.23 A-1 —3.66 —9.78
L-2 —4.19 —10.04 M-2 —2.89 —9.30 A-2 —5.22 —11.72
L-3 0.24 —6.67 M-3 —1.72 —7.45 A-3 —6.24 —11.47
L-4 —2.78 —8.86 M-4 —3.43 —9.52 A-4 —5.75 —11.80
L-5 1.18 —4.62 M-5 —1.61 —4.84 A-5 —2.11 —8.21
L-6 0.23 —4.90 M-6 —5.90 —10.89 A-6 —6.03 —11.71
L-7 —0.71 —6.16 M-7 —4.50 —9.79 A-T7 —5.35 —9.70
L-8 —0.79 —5.20 M-8 —3.94 —9.89 A-38 —7.68 —11.02
L-9 —1.46 —6.67 M-9 —3.89 —10.10 A-9 —6.84 —11.25
L-10 —2.77 —8.24 M-10 —3.58 —9.68




%5 M ETTREGF E PR N A b 0 R 2 iR % e 3K A B 00 7 R A K X A R G 174 5 1537
2 a kB4 T2[ bt il 4 2 ey
o —al
»=0.999x—5.4723 B y=1.004x—5.7118 4 $=0.5738x—7.6238
—2f R’=0.82 6l R'=0.61 el R=0.60
= 2 £
o . * S —8 o —8 .
%6 y : g A
® ¢ “—10} 2 3 —10} ¢
87 4 ¢ * o e o
—10t é —12f —12} *
—12 L 1 1 r —14 L L L v —14 L L L 1
-6 —4 —2 0 2 -8 —6 —4 —2 0 —10 —8 -6 —4 -2
6" C/%o 6"C/%o 6" C/%o
B4 BRREZINAEZENAFBLARET AR SRACEAXEE
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