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Geological characteristics and shale gas potential
of Lower Cambrian Hetang Formation in Lower Yangtze region:
a case study of Jiangshan—Tonglu area, western Zhejiang province
ZHU Wenbo'*, ZHANG Xunhua’, WANG Xiugi', QU Zhongdang', HUANG Zhengqing”, ZHOU Daorong’

(1. College of Marine Geosciences, Ocean University of China, Qingdao, Shandong 266100, China;
2. Nanjing Geological Survey Center, Nanjing, Jiangsu 210016, China;
3. Qingdao Institute of Marine Geology, Qingdao, Shandong 266071, China)

Abstract: The high degree of thermal evolution is a main factor restricting the development of the Lower Paleozoic
shale gas in the Yangtze region. The latest field study shows that there is a region with relatively lower thermal
evolution in the Jiangshan—Tonglu area in western Zhejiang province. Centering on the lower thermal evolution
area, this paper analyzes the geological and geochemical characteristics of the Lower Cambrian Hetang
Formation, based on the regional geological survey of the western Zhejiang province and the latest borehole data
analysis. The study area is located in a good sedimentary facies belt ( basin-shelf facies) , with a large deposition
thickness, and a high organic matter abundance. While the thermal evolution degree is relatively low, with high
brittle mineral content and moderate clay mineral content. And micro-pores and micro-fractures are well
developed. The study area has a good material basis for accumulation. The Changshan—Kaihua area has been
identified as the most favorable area for shale gas exploration on the basis of considering a thick shale deposit with
high organic matter abundance, relatively low thermal evolution, stable tectonic background and deeply buried
area, while avoiding the areas with relatively strong igneous activity.
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Fig.1 Tectonic units and lithological column of western Zhejiang province, Lower Yangtze region
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Fig.2 Sedimentary facies distribution of Hetang Formation in Jiangshan—Tonglu area, western Zhejiang province
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Fig.3  Stratigraphic columns of Jiangshan—Tonglu area, western Zhejiang province
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Table 1 REE analyses of Hetang Formation in Jiangshan—Kaihua area, western Zhejiang province

FREH X B Eﬁff/ ELlf)iE/ Efflgi” Ezzegg (La/Sm)s (La/Yb)s (La/Sm)y (La/Yb)y 8Ce 8Fu
FALFHH 12D002-2 10552 99.72 5.79 17.21 5.43 20.15 1.62 274 092 378
1300011  106.55  99.84 6.72 14.87 5.8 13.23 1.58 180 071 130
FEAb R 1113
13D001-2  102.07  95.28 6.79 14.03 5.41 14.85 1.62 202 085 2.44
g D09 12289 10118 9.37 3.66 9.30 1.09 127 092 112
14D010 3964 3426 5.38 6.37 5.20 7.54 1.55 103 0.84 127
ZID-1 10722 9488  12.34 7.69 3.58 7.78 1.07 106 091 0.72
ZID-2 6139 5421 7.18 7.55 311 7.84 0.93 107 093 130
7ID-3 6781  60.25 7.56 7.97 3.00 8.31 0.90 113 093 116
ZID-4 7454 65.85 8.69 7.58 331 8.03 0.99 109 092 1.07
7ID-5 10346 9201 1145 8.04 3.48 8.60 1.04 117 092 0.80
7ID-6 12874 11454 1420 8.07 3.95 9.01 1.18 123 088 0.70
7ID-7 14030 12523 15.07 8.31 3.33 9.52 1.00 130 092 0.57
711 I ZID-8 91.04  80.87  10.17 7.95 3.58 8.68 1.07 118 093 0.93
ZID-9 7697  68.22 8.75 7.80 3.89 7.90 1.16 1.08 091 118
ZID-10 6576 58.02 7.74 7.50 3.38 7.54 1.01 103 093 1.36
ZID-11 60.83  53.93 6.90 7.82 3.35 7.96 1.00 108 092 1.39
ZID-12 4999 4361 6.38 6.84 3.54 7.52 1.06 102 1.01 170
ZID-13 17924 15636  22.88 6.83 4.45 8.94 1.33 122 085 0.50
ZID-14 32122 25858  62.64 4.13 3.4 5.80 0.97 0.79 049 0.19
ZID-15 10941 9052  18.89 4.79 3.05 456 0.91 0.62 072 0.69
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Fig.4 REE distribution of Hetang Formation in Jiangshan—Kaihua area, western Zhejiang province
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Table 2 w(TOC) and R, data of shale from Hetang Formation in Jiangshan—Tonglu area, western Zhejiang province

RS s bk w(TOC)/% R/% EqVRI™ /% |55 k5 e bk w(TOC)/% R,/% EqVR,/%
1 JHO2  REFURRITDUA 9.75 4.52 3.39 25  14D009 T DU 1.48 2.87 2.27
2 JHIO  REFURR TS 2.83 4.29 3.23 26 L4D010 FERIEA 3.76 3.12 2.44
3 JH13  BEFEfR G U4 15.30 4.37 3.29 27  Khmk-01 T WA 3.99 3.03
4 JH14  BERTRT DA 13.23 3.74 2.86 28  Khmk-02  BRF A 4.68 3.50
5 JH16 BRI 0.64 4.61 3.45 29  Khmk-03  BRFGTUE 3.15 2.46
6 JHI7  RETRRIR U 2.86 4.53 3.40 30 Khmk-04  BRETIA 4.70 3.51
7 JH18 T VLA 2.37 3.71 2.84 31  Khmk-05  BRFGUA 3.90 2.97
8 JH20 R T 4.09 2.85 2.25 32 Khmk-06  BREEIUA 4.93 3.67
9 JH30 liva: 4.87 4.35 3.27 33 ZJD-1 REFRIEA 3.13 4.27 3.22
10 JH32 T VLA 4.55 4.13 3.12 34 7ZJD-2 HEFR A 3.52 3.56 2.74
11 JH37 T VU 2.82 4.19 3.16 35 ZJD-3 R A 3.51 3.48 2.68
12 JH41 Leiness 0.79 4.66 3.48 36 ZJD-4 A 3.57 3.76 2.87
13 JH42 TR IR 6.00 4.32 3.25 37 7ZJD-5 RER A 1.93 4.12 3.12
14 JH43 T VLA 18.60 4.74 3.54 38  ZJD-6 TR IR
15 JH45 5T 8.94 4.11 3.11 39  7ZID-7 REJTKA 2.76 9.71 2.84
16 JHA6  TEJTRR T O 5.18 431 3.25 40  ZJD-8 REBUK
17 JH48 SR A 0.36 3.79 2.89 41 7Z]D-9  BEpEmIE 2.97
18 JH49 RERA 3.78 4.43 3.33 42 ZJD-10 BoFEFRRAE 3.33 4.07 3.08
19 JH50 R T 4.61 4.32 3.25 43 7ZJD-11  BOREREE 3.57
20 JH52 W DU 3.34 3.82 2.91 4 7]D-12  BEREFRE 5.22 3.80 2.90
21 JH53 e DU 23.52 4.65 3.48 45 7JD-13 B FERRAE 16.93 3.76 2.87
22 JH58 T T VLA 3.83 4.69 3.50 46  ZJD-14 RBEAGEFRS 9.56 3.73 2.85
23 1.2D002 REFTTUA 2.99 3.28 2.55 47 7ZJD-15 BOREREE 13.67 3.71 2.84
24 L3D001 R IUA 3.43 4.44 3.33
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Fig.5 w(TOC) and R, distribution of Lower Cambrian Hetang Formation in Jiangshan—Tonglu area, western Zhejiang province
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Table 3 Mineral and clay components of Hetang Formation
in Jiangshan—Kaihua area, western Zhejiang province

e T W5/ % B0/ %

. H¥  PF PL  Cal Dol Py Sid Zhit I K C s c/s 18 cs
12D002-2 46 22 0 2 2 28 71 23 0 6 0 5 0
L3D00I-1 56 3 4 0 0 35 87 0 0 13 0 40 0
L3D001-2 7 21 7 0 0 15 0 0 2 98 0 5 0

LAD009 49 2 0 0 0 22 24 8 1 67 0 5 0
L4DO10 67 3 0o 17 3 2 8 12 5 7 76 0 5 0
ZJD-1 356 52 07 06 87 10 0 20 48 0 0 52 0 5 0
ZJD-2 68.4 1.4 0 34 45 22 0 11.6 43 0 0 57 0 5 0
7ZJD-3 725 26 0 31 32 65 0 6.9 41 0 0 59 0 5 0
ZJD-4 643 24 0 37 57 5 0 18.9 36 0 0 64 0 5 0
7JD-5 583 1.7 0 129 81 41 0 149 37 0 0 63 0 5 0
ZJD-6 566 22 0 145 39 64 0 14.5

7JD-8 542 0 0 67 131 54 0 20.6 40 0 0 60 0 5 0
ZJD-9 68.1 27 0 32 6 59 0 14.1 41 0 0 59 0 5 0
ZJD-10 69.7 1.5 0 58 7.1 33 0 12.6 45 0 0 55 0 5 0
ZJD-11 66.1 1.4 0 7.6 69 59 0 2.1 42 0 0 58 0 5 0
ZID-12 71.5 0 0 63 52 28 0 121 59 0 0 41 0 5 0
ZJD-14 61.6 47 0 05 1.9 74 43 152 47 0 0 53 0 5 0
ZJD-15 61.9 25 0 05 64 82 0 16.5 35 0 0 65 0 5 0

I
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Fig.6 Pore structure in shale from Hetang Formation in Jiangshan area, western Zhejiang province
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Table 4 Comparison of geological parameters between Hetang
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Fig.7 Potential district for shale gas exploration in Jiangshan—Tonglu area, western Zhejiang province
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Fig.8 Geological profile and outcrops in Changshan—Kaihua area, western Zhejiang province
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Table 5 Main parameters for favorable area optimization
in Changshan—Kaihua area, western Zhejiang province
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