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Abstract Based on the test materials including the measurement of a large number of shales in the field geological section, the
component analysis of the rock mineral samples and the result of organic geochemistry experiment, the characteristics of development
and distribution about Lower Cambrian ( Niutitang Formation ) black shale in Upper Yangize region ( Qianbei area) has been
systematically discussed. Besides, the prospective area of shale gas exploration in Qianbei area has been successfully predicted
combining with the geological condition of marine shale formation in North America and the evaluation standard of prospective area of
shale gas in China. The results show that the Lower Cambrian ( Niutitang Formation ) marine black shales in Qianbei area have the
characteristics of large thickness and wide range of distribution. The water level was deeper in the early transgressive system tract
('TST), the centre of deposition and settlement located in the southeast area, the main sources were supplied from the northwest area,
and the sedimentary facies were sandy shelf facies, shallow water shelf facies and deep water shelf facies ( distributed in the southeast
part of study area and developed in the northwest-southeast direction). The water level got lower in the late highstand system tract
(HST), the range of shelf sand bodies expanded with the descend of relative sea level, and the range of shallow water shelf and the
deep water shelf narrowed down to the southeast part of study area. The organic material type of black shale is type IlI, and the average
value of organic carbon content is high(4. 88% ), which generally greater than 2% ; the overall evolution level is high with the higher
average value of organic material maturity (2. 7% ) ; the mineral compositions of the black shale are the detrital mineral and the clay
mineral. Black shale mainly composed of detrital minerals and clay minerals. The average content of detrital minerals is 61.3% , the
ingredients are mainly quartz and a small quantity of feldspar; the average content of clay minerals is 31. 1% , the ingredients are
mainly illite and smectite mixed layer minerals. Compared to the indicators of the main shale gas production area in American, Lower
Cambrian marine black shale in Qianbei area of Upper Yangtze region has a larger thickness, higher average abundance of organic
matter, higher thermal evolution degree, lower brittleness mineral content, lower shale porosity and the characteristic of medium clay

mineral content. This study area which has the basic geological conditions of producing shale gas is one of the main marine shale gas
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exploration areas in China. This paper makes comprehensive evaluations to predict the prospective areas and favorable areas of Lower

Cambrian ( Niutitang Formationg ) black shale in Qianbei area.

Key words Qianbei region; Lower Cambrian; Marine shale; Shale gas; Formation condition; Prospective area
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Fig. 1  Outcrop section location and thickness map of Lower Cambrian( Niutitang Formation) black shale in Qianbei area
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Fig.4 Sedimentary facies comparison map of Lower Cambrian ( Niutitang Formation ) black shale in Bajiaozhai-Yuhua-Wengjiao-
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Fig.7  Organic carbon content( % ) contour map of Lower Cambrian( Niutitang Formation) black shale in Qianbei region
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Table 1

Qianbei region

BIEAYBREE(TOC) M FAE (Ro) KIEHE

Organic carbon content( TOC) and maturity ( Ro) experimental data of Lower Cambrian ( Niutitang Formation) black shale in

3269

U % wn HEAEF O HFE O guz FH gumk o gug DB AU R i
] AR ERE B AR Yk RE fdi RWE OWE BE R 4% Fh
TOC(%) 695 895 48 520 630 990 1.85  1.20 640 515 245  9.80  0.40
Ro(%) 171 420  2.25 - 2.70 2,60 235 345 268 28 270 138 -
A RO JFRHE AR MMk @e mfr o B PR UM Rm ERGE W R
HI T R & B 8y DUl LR BET ERL hBE MEWEE Ok R4
TOC(%) 3.80  1.95 375 415 040 1.98 620 295 195 515 405 515 7.35
Ro(%)  3.20 - 340 2.86 - - 255 172 2,68 230 135  2.35 2.40
U AP M Ak Mk B MBkR S TFEl R A LR Mt
T AR B RER TR AR KB R WL &R 13 13
TOC(%) 14.30  9.40 595 295 1.80  1.60  7.95 185 835 6.4l 1.80
Ro(%) 2.80  3.90 272 - 2.70 - 280  3.10 2.85  3.44 3.0l
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maturity of Lower Cambrian( Niutitang Formation ) black shale in Qianbei region

Table 2 Songye 1 Well and Cenye 1 Well’ s micro-components data of Lower Cambrian ( Niutitang Formation ) black shale in
Qianbei region
o JEURAL(% ) BRI (% ) LEEEY
obb EREE  BERE BASE MR KAHEE  BAse _ -
TR (% ) (%) (%) (%) (%) (%)
S-1 58.3 19.0 77.3 15.7 7.0 22.7 60.3
S22 67.7 18.7 86.3 6.3 7.3 13.7 76.0
S-3 59.0 21.3 80.3 10.3 9.3 19.7 65.5
S4 53.0 27.7 80.7 8.7 10.7 19.3 66.2
S-5 55.0 22.7 77.7 12.7 9.7 22.3 61.0
C-1 71.3 14.0 85.3 8.0 6.7 14.7 74.3
C2 49.0 27.3 76.3 16.0 7.7 23.7 58.5 m1
C-3 52.0 25.7 77.7 13.0 9.3 22.3 61.0
C4 65.3 22.3 87.7 7.0 5.3 12.3 78.5
C-5 60.0 26.0 86.0 8.3 5.7 14.0 75.5
C-6 52.3 20.7 73.0 19.7 7.3 27.0 52.8
C-7 64.0 19.0 83.0 12.3 4.7 17.0 70.3
C-8 45.3 24.3 68.7 22.3 8.0 30.3 47.0

TSR T 1 I C-HE AT I

R3 PAGBRMR 1 F SR FTEREFE

Table 3 Songye 1 Well and Cenye 1 Well’ s rock components analysis data of Lower Cambrian ( Niutitang Formation ) black shale in

Qianbei region

FTRARBRENESEEESNHIE

A (%) FRA (%) ARG (%) T (%) Hzfi(%) W (%) KiEEE(%)
WA 1 3 17.3 ~52.3 0.9~4.8 2.8~17.3 2.1~14.0 2.8~19.7 3.0~20.3 9.1~37.2
e 39.97(38) 1.41(38) 11.79(38) 6.25(38) 4.37(38) 9.28(38) 24.31(38)
w1 g 19.3 ~44.2 2.2~4.8 3.8~20.0 1.5~28.8 1.6~18.3 2.7~24.0 11.0~55.8
e 34.5(58) 0.22(58) 8.9(58) 3.46(58) 4.09(58) 5.51(58) 43.32(58)

o, S/MH ~ B
P E ( CRES O
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Table 4  Songye 1 Well and Cenye 1 Well’ s clay minerals
analysis data of Lower Cambrian ( Niutitang Formation ) black

shale in Qianbei region

E A BEEE PRA =]y e
S (%) (%) (%) (%) (%)

ATT 1~68 23 ~94 1~37 1~24

13 35.84(38) 55.53(38) 2.63(38) 3.29(38)
HI 432 3~53 34 ~94 1~3 3~26

1 3+ 0.86(58) 22.64(58) 63.57(58) 0.31(58) 12.62(58)
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Fig.9  Organic material maturity distribution map of Lower Cambrian ( Niutitang Formation ) black shale in Qianbei region
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Fig. 10 Micro-components micrograph of Lower Cambrian ( Niutitang Formation ) black shale in Qianbei region
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Fig. 11  Mineral composition and percentage content map of Lower Cambrian( Niutitang Formation ) black shale in Qianbei region
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Table 5 Comparison of organic geochemistry data between Lower Cambrian marine black shale in China’ s Qianbei region and major

shale gas basins in American
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Table 6  Comparison of shale reservoir characteristics between Lower Cambrian marine black shale in China’ s Qianbei region and

marine shale in American
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triangular map of Lower Cambrian ( Niutitang Formation )

black shale in Qianbei region
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Table 7 Preferred evaluation index in marine shale gas prospective area
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Fig. 13 Prospective area prediction map of Lower Cambrian( Niutitang Formation ) black shale in Qianbei region
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