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Fig.1 Paleogeography and stratigraphy of theMiddle Permian in the Lower Yangtze Region
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Fig.2 Petrologic characteristics of the Kuhfeng Formation in the Chaohu and Tongling sections. Anhui Province
(a) black thin-bedded cherts of the Kuhfeng Formation at ChaoHu; (b, ¢) black thin-bedded cherts with abundant siliceous sponge
spicules and siliceous fossils such as radiolaria, (—); (d) blue-grey thin-bedded cherts of the Kuhfeng Formation at XiaoLao; (¢) bedded
cherts interbedded with nodular limestone, the latter contains bedded cherts inside; (f) the interior of non-bedded cherts contains chert
nodules during early diagenesis; (g) the minerals in bedded cherts are mainly microcrystalline quartz, (+); (h) lamination in cherts, (+); (i,

j) siliceous breccia in non-bedded cherts, with irregular veins of early diagenetic rocks developed within the breccia, (—)(+); (k) bedded
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cherts with abundant sponge spicules, Sample X123, (-); (I, m) bedded cherts with a large amount of green algae, Sample XL20, (-)(+);
(n, 0) bedded and non-bedded cherts contain a large amount of calcareous sponge spicules that were replaced by siliceous rocks during

early diagenesis, (—)(+)
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Table1 Major element data in the Kuhfeng Formation, Chaohu section (wt.%)

HRRES CHO5 CH10 CH15 CH20 CH25 CH30 CH35 CH40 CH45 CHS50 CHS55 CH60 CH65 CH70 CH75 CHS80 CHB85 CH90 CH95
Si0s 57.57 56.38 45.27 72.13 91.81 93.72 93.91 92.86 94.16 92.44 93.02 80.56 78.47 80.10 85.89 89.95 93.03 92.85 90.00
TiOa 0.63 0.38 0.43 0.38 0.06 0.05 0.08 0.12 0.05 0.05 0.05 0.16 0.22 0.19 0.14 0.10 0.09 0.12 0.20
ALO3 13.43 9.04 8.53 7.96 1.36 1.17 2.15 2.34 1.04 1.18 1.13 4.06 5.45 3.56 1.96 3.09 1.09 2.29 3.83
Fe O3 4.52 391 5.54 2.67 0.98 0.54 1.07 1.01 0.63 0.73 0.32 1.23 1.08 1.42 0.35 1.31 1.42 0.45 1.14
MnO 0.01 <0.01 0.01 <0.01 004 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 0.01
MgO 1.27 0.74 0.86 0.65 0.02 0.04 0.07 0.13 0.05 0.05 0.05 0.17 0.26 0.14 0.09 0.13 0.03 0.11 0.19
CaO 2.80 2.18 6.29 1.23 0.59 0.32 0.19 0.25 0.30 0.25 0.21 0.62 0.56 0.11 0.63 0.30 0.40 0.38 0.24
Na,O 0.10 <0.01 0.13 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
K.O 2.99 1.84 1.87 1.69 0.18 0.11 0.15 0.33 0.14 0.12 0.13 0.43 0.64 0.50 0.29 0.27 0.12 0.28 0.46
P,0Os 2.45 0.98 6.55 1.28 0.13 0.04 0.05 0.07 0.02 0.04 0.02 0.05 0.03 0.03 0.02 0.03 0.03 0.02 0.03
LOI 14.66 25.04 27.16 11.59 5.21 3.76 2.40 3.23 391 4.76 5.48 13.19 15.17 16.44 12.65 4.44 4.00 3.82 3.95
Fe/Ti 8.38 12.01 15.04 8.20 19.07 12.61 15.62 9.83 14.71 17.05 7.47 8.98 5.73 8.73 2.92 15.30 18.42 4.38 6.66

Al/(Al+Fe+Mn) 0.69 0.64 0.54 0.69 0.50 0.62 0.60 0.64 0.56 0.55 0.73 0.71 0.79 0.65 0.81 0.64 0.37 0.79 0.72
®2 EREIEEMETREIHE (x10°)
Table 2 Minor element data in the Kuhfeng Formation, Chaohu section (x10-%)

[EST CHO5 CH10 CH15 CH20 CH25 CH30 CH35 CH40 CH45 CHS50 CHS55 CH60 CHO65 CH70 CH75 CHS80 CHB85 CH90 CH95

Sc 13.2 9.38 10.4 11.7 2.5 1.48 2.57 3.24 2.31 23 2.88 6.04 7.16 6.51 3.86 5.65 2.78 3.42 4.81

Cr 421 962 1282 674 298 121 136 394 245 216 213 855 802 769 402 413 75.1 267 169

Co 10.4 7.25 3.01 0.75 1.61 0.69 2.28 0.43 0.84 1.23 0.76 1.45 1.52 0.65 0.57 1.45 1.03 0.59 11.3

Ni 132 193 203 125 63.7 42.1 59.2 38.5 41.9 44.7 36.9 98.9 155 51.4 124 64 75.4 50.2 38.5

Cu 553 124 56.5 46.4 31.3 21.5 25.4 15.9 20.4 80.7 25.1 56.5 151 93.8 18 43.1 26.2 36.1 58.6

Th 9.17 6.32 6.15 7.62 0.79 0.57 1.36 1.49 0.91 0.73 0.63 2.33 4.09 3.07 2.1 1.85 1.82 2.14 2.98

Ba 204 175 441 167 42.8 57.6 63.9 36 30.7 27.8 25.6 40 98 69.6 85.8 105 127 117 110

La/Sc 23 3.1 2.9 6.1 1.6 1.5 2.1 2.1 1.5 23 1.1 2.1 32 2.6 4.4 1.0 34 2.6 3.1

Ti/Zr 323 20.5 32.1 18.5 13.2 31.5 24.5 31.8 21.3 20.1 24.6 24.5 16.4 15.0 133 9.6 7.7 17.9 13.7
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Table 3 Rare-earth element\(REE) data in the Kuhfeng Formation, the Chaohu section (x10%)

FE S5 CHO5 CH10 CHI15 CH20 CH25 CH30 CH35 CH40 CH45 CHS0 CHSS CH60 CH65 CH70 CH75 CHS80 CHS8S CH90 CHO95
La 30.2 293 30.1 71.8 3.94 2.19 5.48 6.92 3.56 5.31 3.03 12.7 22.6 17.1 16.9 5.76 9.41 9.05 15.1
Ce 53.3 36.7 43.8 109 5.74 3 7.37 11 5.28 7.3 4.32 18 46.2 34 33.1 12.3 19.1 14.7 25.4
Pr 6.86 5.69 6.45 11.9 0.93 0.49 1.18 1.65 0.91 1.18 0.72 2.76 5.01 3.75 3.44 1.44 1.8 2.11 3.05
Nd 27.2 22.6 259 41.7 3R 1.96 4.7 6.13 3.67 4.64 2.92 10.5 18.6 14.1 12.6 5.71 5.78 7.91 10.4
Sm 5.27 4.56 5.27 6.49 0.69 0.41 091 1.09 0.63 0.97 0.62 1.86 3.04 2.51 1.96 1.37 0.8 1.18 1.27
Eu 1.07 0.97 1.15 1.01 0.14 0.096 0.19 0.2 0.12 0.19 0.13 0.35 0.41 0.39 0.34 0.28 0.15 0.22 0.25
Gd 5.21 5.12 5.43 5.81 0.77 0.46 1.07 1 0.6 1.11 0.63 1.92 2.53 1.97 1.85 1.42 0.78 1.11 1.55
Tb 0.78 0.82 0.81 0.7 0.12 0.07 0.16 0.14 0.085 0.17 0.091 0.29 0.38 0.3 0.24 0.22 0.11 0.17 0.23
Dy 4.58 5.28 481 3.54 0.83 0.42 1.06 0.8 0.49 1.12 0.54 1.75 2.47 1.88 1.34 1.33 0.65 1.04 1.49
Ho 0.89 1.1 095 0.67 0.19 0.086 0.23 0.16 0.1 0.23 0.1 0.36 0.52 0.41 0.29 0.27 0.15 0.22 0.33
Er 2.61 3.37 2.74 2.09 0.61 0.25 0.7 0.48 0.3 0.68 0.32 1.09 1.61 1.22 0.9 0.8 0.53 0.71 1.07
Tm 0.39 0.51 0.39 0.33 0.095 0.035 0.1 0.071 0.046 0.098 0.047 0.16 0.25 0.19 0.13 0.13 0.096 0.12 0.17
Yb 2.62 3.42 2.46 2.35 0.64 0.25 0.64 0.44 0.29 0.63 0.3 1.12 1.66 1.25 0.89 0.86 0.71 0.76 1.14
Lu 0.4 0.54 0.38 0.37 0.1 0.035 0.1 0.07 0.044 0.097 0.047 0.18 0.24 0.19 0.14 0.13 0.11 0.12 0.18

Eu/Eu* 0.96 0.94 1.01 0.77 0.90 1.03 0.89 0.90 0.92 0.85 0.98 0.87 0.70 0.83 0.84 0.94 0.89 0.90 0.82
Lun/Lan 1.15 1.60 1.10 0.45 2.20 1.39 1.58 0.88 1.07 1.59 1.35 1.23 0.92 0.96 0.72 1.96 1.01 1.15 1.03
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Table 4 Major element data in the Kuhfeng Formation, Xiaolao section (wz.%)

HmRs XLO05 XL10 XL15 XL20 XL25 XL30 XL3% XL40 XL45 XL50 XL55 XL60 XL65 XL70 XL75 XL80 XL85 XL90
SiO2 58.20 4.10 96.39 96.7 97.23 97.89 97.09 96.88 97.18 96.55 96.96 97.83 97.86 98.7 98.57 98.51 98.08 98.37
TiO2 <0.01 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03
ALLOs 12.53 0.13 0.21 0.69 0.76 0.47 0.67 0.57 0.55 0.99 0.9 0.46 0.58 0.26 0.34 0.29 0.67 0.42

TFe20; 4.77 0.35 0.8 0.42 0:81 0.97 1.05 0.47 1.01 1.41 1.06 1.02 0.42 0.8 0.79 0.85 0.46 0.78
MnO 5.71 1.40 0.13 0.13 0.17 0.13 0.13 0.09 0.19 0.17 0.08 0.1 0.04 0.12 0.09 0.12 0.11 0.09
MgO 4.51 2.33 0.2 0.07 008 0.04 0.09 0.1 0.08 0.06 0.09 0.03 0.04 0.02 0.03 0.01 0.05 0.03
CaO <0.01 43.79 1.12 0.42 0.13 0.15 0.22 0.4 0.17 0.09 0.04 0.06 0.05 0.06 0.05 0.06 0.11 0.07
Na,O <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
K20 3.64 0.05 0.07 0.1 0.08 0.06 0.08 0.1 0.08 0.13 0.21 0.06 0.1 0.04 0.06 0.05 0.07 0.05
P,0s 4.04 0.04 0.05 0.17 0.02 0.06 0.02 0.05 0.02 0.03 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.01
LOI 8.55 47.79 1.37 1.05 0.59 0.57 0.95 1.15 0.74 0.92 0.99 0.65 0.87 0.36 0.4 0.46 0.73 0.46
Bt 102 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Mn 4.42 1.08 0.10 0.10 0.13 0.10 0.10 0.07 0.15 0.13 0.06 0.08 0.03 0.09 0.07 0.09 0.09 0.07

Al 6.63 0.07 0.11 0.37 0.40 0.25 0.35 0.30 0.29 0.52 0.48 0.24 0.31 0.14 0.18 0.15 0.35 0.22

Fe 3.34 0.25 0.56 0.29 0.57 0.68 0.74 0.33 0.71 0.99 0.74 0.71 0.29 0.56 0.55 0.60 0.32 0.55

Fe/Ti 17.51 46.71 16.35 31.53 37.75 40.87 18.29 39.31 41.16 30.94 39.70 16.35 31.14 30.75 33.08 17.90 30.36
Al/(Al+Fe+Mn) 0.46 0.05 0.14 0.48 0.37 0.24 0.30 0.43 0.25 0.32 0.37 0.24 0.49 0.17 0.22 0.18 0.47 0.27
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Table 5 Minor element data in the Kuhfeng Formation, Xiaolao section (x10-%)

i XLO05 XL10 XL15 XL20 XL25 XL30 X35 XL40 XL45 XL50 XL55 XL60 XL65 XL70 XL75 XL80 XL85 XL90

Sc 10.1 1.55 2.26 2.27 0.92 1.71 1.79 1.66 2.05 2.33 2.14 1.81 1.97 1.89 1.59 1.22 1.47 3.45
Cr 226 9 57 39 353 94 72 30 76 83 72 64 27 65 69 63 11 60
Co 10.2 3.31 1.39 115 18 1.27 1.66 136 1.47 1.93 1.66 1.31 163 1.45 0.89 1.21 167 0.96
Ni 199 47 16 48 903 7 11 55 11 16 14 9 62 12 6 6 68 5
Cu 57 2 4 8 3% 6 7 11 14 12 8 7 9 6 6 5 7 5
Th 18.7 0.26 0.26 0.2 0.42 0.31 0.42 0.34 0.37 0.5 0.48 0.26 0.42 0.17 0.26 0.21 0.36 0.27
Ba 390 17 11 17 13 9 23 164 27 28 15 16 22 11 10 21 21 15
La/Sc 4.8 4.6 1.0 2.0 1.8 1.3 1.1 1.2 1.6 2.9 1.4 23 2.0 0.9 1.3 1.6 1.6 0.6

Ti/Zr 61.6 533 76.9 40.0 51.7 429 42.1 40.7 40.6 37.1 58.0 41.8 97.2 56.6 86.1 55.9 16.2
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Table 6 REE data‘in-the Kuhfeng Formation, the Xiaolao section (x10)

RS XLO05 XL10 XL15 XL20 XL25 XL30 XL3$, XL40 XL45 XL50 XL55 XL60 XL65 XL70 XL75 XL80 XL85 XL90
La 48.2 7.19 2.36 4.59 1.67 2.16 1.91 2.04 3.35 6.7 3 4.17 3.94 1.74 2.1 1.94 2.37 1.98
Ce 80.7 4.14 1.56 3.73 2.37 2.52 2.65 2.45 2.81 3.82 32 1.76 4.89 2.33 2.77 2.12 2.45 1.63
Pr 10.4 0.86 0.4 0.85 0.36 0.58 0.55 0.51 0.63 1.49 0.76 0.9 0.94 0.34 0.46 0.43 0.54 0.47
Nd 42.7 3.36 1.6 3.46 1.58 2.6 2.58 2.36 2.61 591 3.11 3.48 3.7 1.3 1.81 1.7 2.29 1.88
Sm 9.12 0.6 0.29 0.69 0.4 0.7 0.66 0.6 0.58 1.3 0.79 0.78 0.83 0.31 0.41 0.39 0.54 0.39
Eu 1.29 0.14 0.061 0.15 0.092 0.16 0.15 0.19 0.14 0.29 0.19 0.17 0.2 0.074 0.097 0.094 0.12 0.084
Gd 9.31 0.72 0.34 0.81 0.46 0.77 0.71 0.69 0.59 1.22 0.78 0.69 0.83 0.31 0.43 0.36 0.55 0.35
Tb 1.47 0.11 0.045 0.12 0.078 0.13 0.12 0.12 0.093 0.19 0.14 0.11 0.16 0.055 0.075 0.061 0.085 0.054
Dy 8.94 0.74 028 0.74 0.48 0.83 0.77 0.77 0.59 1.15 0.92 0.64 0.95 0.34 0.49 0.39 0.53 0.33
Y 63.8 8.88 3 7.46 3.98 6.24 6.54 6.94 4.01 7.01 5.73 3.36 5.33 1.95 2.89 1.93 3.78 1.82
Ho 1.78 0.16 0,057 0.15 0.094 0.16 0.16 0.16 0.11 0.21 0.18 0.11 0.18 0.061 0.091 0.07 0.1 0.058
Er 5.18 0.49 0.15 0.42 0.27 0.44 0.45 0.44 0.32 0.58 0.5 0.31 0.49 0.17 0.26 0.2 0.28 0.16
Tm 0.75 0.065 0.02 0.06 0.037 0.063 0.067 0.061 0.046 0.081 0.075 0.045 0.075 0.025 0.039 0.03 0.042 0.023
Yb 4.67 0.4 0.12 0.34 0.23 0.38 0.43 0.37 0.29 0.51 0.49 0.3 0.45 0.16 0.26 0.2 0.27 0.15
Lu 0.7 0.061 0.017 0.051 0.033 0.054 0.061 0.054 0.043 0.074 0.069 0.038 0.065 0.021 0.035 0.027 0.038 0.021

Eu/Eu* 0.66 0.99 0.90 0.93 1.00 1.02 1.02 1.37 1.12 1.08 1.14 1.09 1.13 1.12 1.08 1.18 1.03 1.07
Lun/Lan 1.26 0.74 0.63 0.96 1.72 2.17 2.77 2.30 1.11 0.96 2.00 0.79 1.43 1.05 1.45 1.21 1.39 0.92
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(a) the lower chert members; (b) the upper chert members
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(a) the lower bedded chert members ; (b) the upper nodular chert members
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(a) La-Th-Sc diagram; (b) cross-plot betweenLa/Seind Ti/Zr
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Geochemical Constraints on the Hydrothermal Chert
of the Kuhfeng Formation in the Middle Permian in

the Lower Yangtze and Its Significance
ZOU Yi'2, WEI HengYe'*
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2. Qiangtang Institute of Sedimentary Basin, Southwest Petroleum University, Chengdu 610500, China

Abstract: [Objective] The organic-enriched black bedded cherts in the.Kuhfeng Formation were deposited in the
Lower Yangtze during the Middle Permian. The hydrothermal cherts may be the key part for the relationship
analysis between chert deposits and the extra-ordinarily high organic matter enrichment. This would be the basic
theories for the shale gas exploration in this area. [Methods] This work uses major, minor, and rare-earth elements,
combined with the petrology, to analyze the origin ofichert'and their tectonic setting for the Kuhfeng Formation in
the Chaohu and Tongling areas. [Results] The blackbedded cherts in the Chaohu area contain abundant siliceous
sponge spicules and radiolarians. The cinerous cherts in the Kuhfeng Formation in the Tongling area contain
extremely rare siliceous fossils and consist of micro-quartz. Hydrothermal proxies, such as Al/(Al+Fe+Mn),
Euw/Eu*, Al-Fe-Mn diagram, and{Lmy/Lan, indicate a hydrothermal and biotic origin for the chert in the Kuhfeng
Formation in the Tongling and, Ghaohu areas, respectively. The La-Th-Sc diagram and crossplot between La/Sc
and Ti/Zr indicate oceanic island agc ‘and active continental margin origins for the Tongling and Chaohu areas.
[Conclusion] The chert in the Kuhfeng Formation in the Tongling area was primary deposited by hydrothermal
activity. The silicic acid was brought by a hydrothermal vent near the slope environments. The black bedded cherts
in the Lower Yangtze area are biotic in origin, but the source of silicon was related to the hydrothermal activity.
The organic matter enrichment in the Kuhfeng Formation in the Lower Yangtze area may be related to the
phytoplankton flourishment induced by the nutrient element input from hydrothermal activity.

Key words: Kuhfeng Formation; hydrothermal activity; chert; Lower Yangtze area; Middle Permian; organic

matter enrichment
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