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Fig.1 Regional geology of the study area
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Fig.2 Column diagram of section of the Qiongzhusi Formation

in the Xinchanggou section
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Fig.3 Typical field photos of the Xinchanggou section

(a) carbonaceous mudstone of layers 1-5; (b) the symmetrical ripple marks formed by billows in the 27th layer
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Table 1 X-ray diffraction content (%) of whole rock

in the mud-shale of the Qiongzhusi Formation in the

Xinchanggou section

RS K HRa BRKG Jrite Asa #ikay
zxp-1xyl 41 14 29 16
zxp-4xy1 45 12 23 20
zxp-9xyl 42 11 30 2 3 12
zxp-11xyl 42 13 28 17
zxp-13xyl 41 12 24 5 18
zxp-15xy1 38 3 6 9 7 37
zxp-17xyl 37 10 11 8 34
zxp-19xy1 36 3 8 6 13 34
zxp-21xyl 38 10 18 5 29
zxp-23xy1 41 4 18 14 23
zxp-25xy1 33 2 5 9 15 36
zxp-27xyl 45 5 2 9 39
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Fig.4 Micrograph of typical rocks in the Xincanggou section

(a) micrograph of argillaceous siltstone of layer 1; (b) micrograph of argillaceous siltstone of layer 23
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Table 2 Results of clay mineral analysis and temperature calculation of mud-shale in the Qiongzhusi Formation

in the Xinchanggou section

b " B W E % FISEIR)Z % izilkay W

A GHRa mba gika PERE ENaZE Ra2 4 TI/C T2/°C
zxp-Ixyl Pivniiess 2 85 0 7 6 5 95 0.31 222.14 221.32
zxp-4xyl BT 0 81 2 12 5 5 95 0.29 222.14 223.10
2xp-9xyl A5 TR D 2 0 94 2 1 3 5 95 0.33 222.14 219.53
zxp-11xyl e Bk b 2 90 2 1 5 5 95 0.35 222.14 217.75
zxp-13xy1 e Eb 7 82 4 2 5 5 95 0.35 222.14 217.75
zxp-15xy1 YR e 0 58 16 24 2 5 95 0.26 222.14 225.78
2xp-17xy1 T e 0 58 8 31 3 5 95 0.25 222.14 226.68
zxp-19xy1 R 0 58 6 34 2 5 95 0.24 222.14 227.57
zxp-21xyl b aRisevey 0 60 5 33 2 5 95 0.24 222.14 227.57
zxp-23xy1 b le s 0 62 6 28 4 5 95 0.28 222.14 224.00
zxp-25xy1 Wb le s 0 58 4 35 3 5 95 0.29 222.14 223.10
2xp-27xyl e 0 68 4 25 3 5 95 0.34 222.14 218.64
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Table 3 Vitrinite reflectance and its temperature
calculation results for the Qiongzhusi Formation source rocks

e ey R /% R /% T3/C T4/°C TS/°C T6/C.
zxp-lsyl B 2.81 2.22 256.27 254.18 199.91 199.76
2xp-1sy2 BTV 3.26 2.52 272.53 269.84 210.14 205.29
zxp-1sy3 BT 3.31 2.56 274.21 271.46 211.20 205.91
2xp-2syl VN ves 3.18 2.47 269.78 267.20 208.41 204.31
7xp-2sy2 BTV 3.34 2.58 275.21 272.43 211.83 206.28
zxp-2sy3 BTV 3.37 2.60 276.21 273.39 212.45 206.65
zxp-3syl b3kl e 3.28 2.54 273.20 270.49 210.56 205.54
zxp-3sy2 TR 3.41 2.62 277.52 274.65 213.28 207.14
zxp-dsyl BTV 3.27 2.53 272.87 270.17 210.35 205.42
7xp-4sy2 BTV 3.45 2.65 278.82 275.90 214.10 207.63
zxp-3syl B e 325 2.52 272.19 269.51 209.92 205.17
2xp-17syl LLibinEey 3.24 2.51 271.85 269.19 209.71 205.05
2xp-2Tsyl s 3.22 2.50 271.16 268.53 209.28 204.80
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Table 4 Structure of illite/montmorillonite interbedded minerals and its relationship with temperature

Nadeau er al.*"

Hofman et al.*!

Jenning et al.” Harvey et al.”””

/eSS PR FE LR/ C HARIRLE°C PRG SR BEURECC PRA SR R/ C
RS <60% <130 13% 68
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100% 208 rE >200
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Fig.5 Microscopic picture of the Qiongzhusi Formation kerogen in the Xinchanggou section

(a) micrograph of black argillaceous siltstone kerogen in layer 1; (b) micrograph of black argillaceous siltstone kerogen in layer 3
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Extremely Low Grade Metamorphism and Paleotemperature of the
Lower Cambrian Qiongzhusi Formation in Northeastern Yunnan
Province: Evidence from illite and vitrinite reflectance

LIU JianQing,ZHAO Zhan,HE Li, LU JunZe, RAN Jing, HU ZhiZhong

Chengdu Center, China Geological Survey (Geosciences Innovation Center of the Southwest China), Chengdu 610213, China

Abstract: [ Objective] The extremely low grade metamorphism is in the evolution stage of petroleum, wet gas, dry
gas and peat, bituminous coal, and anthracite and is closely related to paleotemperature. Therefore, the study of ex-
tremely low grade metamorphism and paleotemperature is of great practical significance for the exploration of energy
resources such as oil, gas, and coal. Compared with the Longmaxi Formation shale gas, the study of which has led to
exploration breakthroughs, the lower Cambrian Qiongzhusi Formation shale has higher organic matter abundance and
thermal evolution in the Upper Yangize region. Furthermore, the Qiongzhusi Formation has a larger sedimentary
thickness and wider distribution area compared with the Longmaxi Formation; therefore, it has huge shale gas explo-
ration potential. It is another key shale gas exploration and development layer in China. At present, there has been no
systematic study on the extremely low grade metamorphism and paleotemperature of this high maturity source rock in
the Qionghzhusi Formation. It is necessary to reveal the technical parameters such as paleotemperature and its influ-
ence on oil and gas accumulation.[ Methods ] Based on profile measurements, a study on the ultralow grade metamor-
phism and paleotemperature of Qiongzhusi Formation in northeast Yunnan was conducted for the first time with the
mineral structure order degree, crystallinity degree of illite, and vitrinite reflectance of source rocks. [ Results]
(1) The illite content in the illite/Mongolian mixed layer is 95%. The crystallinity of illite in authigenic illite and I1-
lite/Mengzi mixed layer minerals ranges from 0.24 to 0.35. The vitreous reflectance (Ro) of source rocks calculated
by bitumen reflectance is between 2.22%-2.65%, lower than that of the southeastern margin of the Yangtze region
(the vitrinite reflectance, Ro, in this area was calculated by the asphalt reflectance between 3.18%-3.43%) and the
upper limit of maturity for marine kerogen gas generation (vitrinite reflectance R, 3%) ; (2) The maximum palaeotem-
perature of the Qiongzhusi Formation in northeastern Yunnan ranged from 200 to 227.57 °C, lower than that of the
southeastern margin of the Yangtze River (211 °C-246 °C) and the maximum hydrocarbon death temperature (230 °C
-300 °C ). The paleotemperature gradient from the Early Cretaceous to Neogene maximum burial depth ranged from
2.53-2.91 °C / 100 m, close to the southeastern margin of the Yangtze. (3) Based on the comprehensive classification
standard and scheme of metamorphism, the Qiongzhusi Formation in northeastern Yunnan belonged to lower meta-
morphic zone A-B, near metamorphic zone, and lower near metamorphic zone to high near metamorphic zone, and
belonged to the Vitiite-chlorospar facies. The Qiongzhusi stage in northeastern Yunnan province was in the favorable
transition from sedimentary sag to uplift.[ Conclusions ] The Qiongzhusi Formation experienced a lower highest paleo-
temperature and maturity. In addition, the maturity of organic matter in the Qiongzhusi Formation in northeastern
Yunnan province was lower than that in other parts of the Yangtze region, with hydrocarbon formation conditions and
material basis. At present, no paleooil reservoir has been found, and the structural preservation conditions were good.
The oil and gas prospect of the Qiongzhusi Formation in northeastern Yunnan should be given significant attention.

Key words: northeastern Yunnan; Qiongzhusi Formation; illite; vitrinite reflectance; ultralow grade

metamorphism; paleogeotemperature



