4TS 1M hOE R Vol.47, No.1
2020 4F2 A GEOLOGY IN CHINA Feb., 2020

doi: 10.12029/gc20200106

PR KA I, EFLIAR, PIAEAE, KA1, SR . 2020, WLESAUIEE /R X R ER A TR SR VRN D). sR R, 47(1): 72-87.

Liang Xing, Zhang Tingshan, Shu Honglin, Min Huajun, Zhang Zhao, Zhang Lei. 2020. Evaluation of shale gas resource potential of Longmaxi
Formation in Zhaotong National Shale Gas Demonstration Area in the Northern Yunnan—Guizhou[J]. Geology in China, 47(1): 72—87(in Chinese
with English abstract).

HEJLBE R EX DR A R ESRIEE EMD
PRI, AT, RAEES KB, K

(1. % B & bl @ 58], 30T A 3100232 i A B G AT A LRBREF S LT Bdaih ks, vl R4 610500;
3.0 B R F IR F B HARFIE, w9 AR 610500;4. AR T K F R8RS, w91 AR 610059)

TR AFIE XA TS A3 68 S T3 11 8 X3 R AT B E RS Al m 2ty , AN SCR B BT AR Sk | IX et

RAEGERL, TS X e B A A S IEA M B T T T #ﬁéﬁﬁﬁifﬂiﬂﬂﬁi”b%iﬁiﬂ:ﬁﬁ%? TFFEIL

SR, X R TR T B O TUA AT WU 0 S A B, A LB U8 8 s 5 ek ) o s b —

B, B AR AR, SRS KT R S AR X R R P A U RO AL, S A SE R R UUA B —E v Hetk . W

A EWIGEIX T DR T SRR 24871.8% 10 m?, JEER Y R HO IR AT 5% (2682 4 ARAE RS, 7T
FIIRA A PETEANEY G L R R R R DA AR R B AR R A e IR AR AR 1 /N2 i L A TS

DAL )1 P AR BERE 28 N L T2 DX P DR S 1) 8 92 52 ) Rty FIAR RS R 1A 2 T A BRI A 11X

X B TUAAG I SR TR PR s i A TR RV e 5 S

FESES . TEI32 XEEEE:A  XEHS:1000-3657(2020)01-0072—16

Evaluation of shale gas resource potential of Longmaxi Formation in Zhaotong
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Abstract: The study area is located in the central and western part of Weixin Sag in the northern Yunnan—Guizhou to the southern
margin of the southern Sichuan Low—steep fold belt. This paper analyzed the basic geological characteristics of the Longmaxi black
shale using drilling, field outcrops, regional geology and other data. And the shale gas resource of Longmaxi black shale were
evaluated by using volume method. The research results show that the studied Longmaxi black shale is relatively high in TOC,
maturity and brittle mineral content, relatively saprolitic in organic matter type, and medium in physical properties and total gas

content. The above characteristics of Longmaxi black shale has certain comparability with the major gas— producing shale in
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Weiyuan, Changning and North America. The preliminary estimation of shale gas resource of the Longmaxi Formation in the study
area is 24871.8 x 10° m’, which shows a good prospect for shale gas exploration. But affected by characteristics of reservoir
development and preservation conditions, the shale gas resources are severely unevenly distributed. Shale gas resources with good
quality are mainly distributed in the first layer, and the southern Sichuan low—steep fold belt in the northern part of the study area is
the main area equipped with good quality resources. The wide anticline and box anticline structural belts with good preservation

conditions are favorable areas for the next exploration.

Key words: shale gas; Longmaxi Formation; shale gas potential analysis; Zhaotong National Shale Gas Demonstration Area; oil—
gas exploration engineering; Yunnan; Guizhou
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Fig.1 Tectonic division map of study area (modified from Si Chunsong et al., 2016)
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Fig.2 Comprehensive histogram of the lower Longmaxi Formation in study area (Y S8)
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a— PRI, YS9 HF,2161.06 m; b— b T 5, K2 A , YS9 I, 2164.95 m;c— [ A 4198, YS6 I, 1434.97 m;
d—A SR 5% A5, YS9, 2165.95  e—REARIRHEER D™, YS9 I, 2168.91 m; F— 7 A 454 , YS9 3:2202.39 m
Fig.3 Microscopic characteristics of shales in the lower Longmaxi Formation in study area
a—Silty mudstone, well YS9, 2161.06 m; b—Silty shale with horizontal bedding, well YS9, 2164.95 m; c—Authigenic quartz, well YS6, 1434.97 m;
d—Quartz and clay mineral cements, well YS9, 2165.95 m; e—Framboidal pyrites, well YS9, 2168.91 m; f—Calcite cements, well YS9, 2202.39 m)
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Table 1 Quantitative element analysis of the shales in Longmaxi Formation in study area

L2 =TRSO B Fhit/% T9% R A% BHA% TRG% Al EET % KRR
YS8 17 9~57(33.8)  13~52(30.5) 0~6(1.5) 2~18(6.4) 6~47(18.8) 0~23(7.1) 0~6.5(1.5) 65.5
YQl 14 16~55(38.7)  23~39(33.4) 0~6(2.1) 1~12(5.4) 5~26(12.4) 2~23(6.4)  0~4(1.4) 60.7
74 31 13~75(36.0) 10~42(28.3) 0~12(2.8) 0~9(3.6) 3~49(21.8) 1~16(6.5)  0~3(0.9) 63.6
YS6 25 8~48(29.9)  18~46(28.0) 0~5(2.5) 5~13(8.4) 5~37(14.0) 6~30(15.0)  1~4(2.2) 69.4
L) i 6 26~48(39.0)  9~43(262) 0~7(2.0) 0~16(5.7) 1~65(26.0) 2~23(1.2) 0 61
X 6 9-53(26.3)  3~40(28.7) 0~12(4.0) 2~10(4.7) 3~86(24.7) 0~22(9.8)  0~8(1.8) 732
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Fig.4 Scatter diagram of porosity and permeability in shales
of Longmaxi Formation in study area
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Table 4 Ro of shales in Longmaxi Formation in study area

Ro/%

I v

B AN /AT I /m FES A WM Bl T
YS8FH: 2381.9~2514.86 17 220 318 271
YS7H: 2207.8~2287.17 8 342 425  3.89
743 2028.70~2057.00 6 269 296 2.87
YS6 3 1402.40~1442.85 9 227 3.02 271
YQI1 ¥t 121.91~222.53 3 292 299 295
YS9 Jt: 2160.02~204.77 16 196 342 243
LT JEEHB 141.56 4 207 242 221
X JEHS119.4 6 21 325 274
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Table 5 shale gas content in shales of Longmaxi Formation in study area

4 W% /m FEREUAS Arirde MRy AR (YY) FRARRE (m') RVRE ()
YS8  2485.34~2513.94 29 JidE 1.87~2.87(2.426) 0.42~0.73(0.547) 0.04~0.07(0.058) 2.38~3.48(3.027)
Z4  1921.92~2055.97 19 JidE  0.09~0.71(0.27)  0.05~1.03(0.306)  0.1~1.66(0.891)  0.73~2.26(1.466)
YS6  1406.03~1433.5 32 JidE  0~1.11(0.227)  0.01~0.8(0.249)  0~0.1(0.052)  0.1~2.01(0.528)
YS9 2162.32~2205.18 14 JFJE 0.98~2.79(1.880) 0.37~0.82(0.658) 0.01~0.09(0.054) 1.33~3.67(2.592)
Bl 1134.74~1271.83 35 JiJE  0.03~1.05(0.205) 0.01~0.42(0.152)  0~0.18(0.080)  0.05~1.56(0.437)
EEPIs / 129 JRXE 0~2.87(0.923)  0.01~1.03(0.351)  0~1.66(0.189)  0.05~3.67(1.461)
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Table 6 Comparison of basic geological characteristics of the main gas-producing shales in research area,

adjacent areas and north America

WK GMKH SURME MR Ezg T rocm g Row Al 7(‘/?
] £ 7 2 1 Ohio 610~1524  45~60(f1%%) 0~4.7 [.1I 0.4~1.3 2 1.69~2.83
PR Antrim 183~730  20~41(f713%) 0.3~24 I 0.4~0.6 4 1.13~2.83
b3 PFRENT  New Albany  183~1494 50(f15%) 1~25 II 0.4~1 5 1.13~2.26
TR T Barnett  1981~2591  35~50(f13%) 45 II 1~1.3 25 8.5~9.91
KA Lewis 914~1829  50~75(f#)  0.45~2.5 MAE  1.6~1.88  1~35  042~1.27
FEAIST BIEA 2313~2595  37.3(FH3E) 2.54 I.1, 2.2-3.6 452 2.96
o] B FBELEA 1503~3536 (Ef;r;?r‘z;) 2.1~5.9 [.11 1.9~3.0 3.6~5.2 2.1~7.3
K7 TR 2363~2525 61.6-78 2.47~5.1 .1, 27~325 2.4~6.8 2.0~6.5
(etka )
pigedl TR A 2390~2516 55.60-82.3 0.6~6.5 I.1, 28~3.0 1.0~7.0  1.35~3.48
. (WetEw)
e . N 292(f5)/64.4  1.59 1.37
FFEIX T IhEE  500~4500 (8 Riis2%) [0, 196~425 2~6 (ReH>2%)

1 WEPET 8 A S+ KA HRIR £ 5 4B X S b2 M IX Ficis >k [ SR (Hill and Nelson, 2000 ; Curtis, 2002 ; §22%4

, 2011 5 5/ HE

FIFRDUR , 20145 FRARTFAE, 20145 {45, 20165 I 1455, 20165 B SR 47, 2016)
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Fig.5 Distribution of resource calculating units in lower Longmaxi Formation
a—Map of the favorable areas of the first layer; b—Distribution of resource calculating units of the first layer; c—Map of the favorable areas of the
second layer; d—Distribution of resource calculating units of the second layer; e—Map of the favorable areas of the third layer; f—Distribution of
resource calculating units of the third layer

http://geochina.cgs.gov.cn H1EHLFT, 2020, 47(1)



82 i =]

b, J 2020 4F

RT AREEDZATERI3/NEHTLE

Table 7 The characteristics of the 1-3 layer of the lower Longmaxi Formation in study area
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Table 8 Evaluation parameter for shale gas of
Longmaxi Formation in research area
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Fig.6 Simulation results of shale gas resources in a unit
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Table 9 Calculation results of shale gas resources in the lower Longmaxi Formation in study area
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