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Study on formation conditions and reservoir characteristics of marine—terrigenous

facies coal measures shale gas in western Guizhou
JIA Lilong,SHU Jiansheng, JIANG Zaibing, ZHANG Dongliang, WANG Bo,DU Tianlin,ZHU Wenxia
(1.Xi’ an Research Institute Co. ,Ltd. ,China Coal Technology and Engineering Group Corp. ,Xi’ an 710077, China)
Abstract : In order to intensive study on formation conditions and reservoir characteristics of marine—terrigenous facies coal measures shale
gas,a variety of test and analysis were carried out on the shale of Longtan Formation in Dafang anticline area of Western Guizhou , including
total organic carbon content( TOC) ,vitrinite reflectivity (R, ) ,rock—eval pyrolysis,X—-ray diffraction, thin section identification, mercury in-
trusion porosimetry , analysis of surface area and pore size distribution. The results show that the thickness of the shale is thin (1.8~2.8 m
on average ) ,and it is frequently interbedded with the coal seam. But the cumulative thickness is large ,and the mud land ratio is more than
70% on average. The shale has a high organic carbon content(0.23% ~22.10% ,3.51% on average, mainly distributed in 1% ~7%) , or-
ganic matter type is Ill. Vitrinite reflectivity(R,) is 2.67% ~3.06% ,2.85% on average ,which mean they are in the over mature stage and
organic matter gas is relatively sufficient. High organic matter abundance and sufficient gas generation process provide favorable basis for
shale gas accumulation. Shale is mainly composed of clay minerals(48.4% ~81.6% ,66.3% on average ) ,which are mainly composed of il-

lite/smectite interstratified clay(73.0% ~94.0% ,85.1% on average) , followed by chlorite (2.0% ~ 23.0% ,10.5% on average) , with a

Y5 B HA:2021-04- 18 ; SR AF 4Rte . 0 /L
EETR B B AR AT 78R B8 B0 H (2021JQ-234) 5 HrRERE T4 F P9 220152 e A B A R R B A2 42 350 H (2018 XA YMSO05)
EERIN: X 2 A(1987—) , B, TESHIRA , BHEARR ML, E-mail. jialilong@ 126.com
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small amount of illite( 1.0% ~7.0% ,3.5% on average) ,and some samples contain only tiny amounts of kaolinite. Quartz content distribu-

tion is next(7.4% ~27.2% ,16.5% on average ). The content of calcite , dolomite , siderite , pyrite and other minerals are less, which are gen-

erally in the range of 2% ~7%.The average brittleness index is 27%.which mean the conditions of natural fracture development and artifi-

cial fracture expansion are worse than that of marine shale in this area. The shale of Longtan Formation in the area shows typical character-

istics of low porosity and permeability. It s average effective porosity is 3.66% and permeability is 0.005 6x107* wm®.Porosity has a posi-

tive correlation with clay content, while brittle mineral content has a negative correlation. The pores of shale are open nanoscale pores, a-

mong which the mesopores provide the main pore space and surface area of shale,with an average pore volume of 0.019 88 ¢cm®/g and an

average pore surface area of 10.861 31 m>/g. Mesopores provide favorable conditions for shale gas adsorption and storage.

Key words : marine—terrigenous facies; coal measures shale gas; organic characteristics; formation conditions; reservoir characteristics
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Table 1 Organic geochemical characteristics of mud shale of Longtan Formation in Dafang Area
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Table 2 Clay mineral composition of mud shale of

Longtan Formation

oy B v WA /%

Y men mwn g YRR
! - 23 4 73
2 - 12 2 86
3 2 5 1 0
4 3 5 7 85
3 - 5 4 91
6 - 7 7 86
7 - 19 3 78
8 - 18 3 79
9 1 2 6 91
10 6 11 2 81
11 - 3 3 94
12 - 19 2 79
13 - 8 5 87
14 - 15 3 8
15 - 6 1 93

AR [ s o FH R Ab 22 15 G A 2L ) 43 2
A (L <2 nm 4 FL 2~50 nm 2L =50 nm)
?Lééﬂﬁ&tb%@ﬁ% IR R R (E 5) . ?}EJJ“
FLBR A FLAE B AL B 5 4 L B 24 65% 5
LA F150.026 95 em’/g, Horh 4L E’J%Lfe\rﬂ?i’a
0.011 66 cm®/g, fLRE BT 1.542 74 m*/g; 1L
LA F 44 0.019 88 em’/g, FL7 1 FL 44 10.861 31
m*/g; Z LI FL A F 1 0.005 09 em’/g, £l 2% 1 1
45 0.343 84 m*/g, W TUE T A FLAEFLA FI AL
L 2 AR T O i T AL, S A R S R
THRM KM,

TUEH AL B i A BILST LB R T LA 4 L Bt
UK B AT 4 O LR A R, AR
PRS0 WA 53 50 Bt , &5 LB o BN R & 1Y) 4
5.5 S RETEAS A FL AR R P R A B AR A o 3 3k
KTF R BEAR 1 Sk, 38R (AL TfL
#£<50 nm BYFRST; FLEREE 5% 4 B 73 B B A G
KFRBEE A9 BRIRER A S5 Mt ) ot & 7 B 4
s (& 6) o

SR E BRI o3 BT 285 SR S DX PN R TR 4 e
TUT AN TRV (it [ R 5 BFF 1t 26 A T 25 5 (L A A 2

13 I
4_ ]
0 20 40 60 80 100
LB /%
(a) FLERARFALL
8 ]
9 ]
11 |
,Eé 1 |
oE 2 |
s
=13 ]
4 il
5 |
0 2|0 4b 60 §0 160

FLB R AR EL /%
(b) FLBRECRTALL
BHfL(<2nm)  BAFLR~50 nm) O % FL(=50 nm)
A5 RarREBILRER K@RSH
Fig.5 Distribution of pore volume and surface

area in different pores of mud shale

70.004
—— 15 o
4R 40.003 :"
—— 55k e

40.002 1
<
Uy
{0001 E
=
=
' 0
100000 10000 1000 100 10 1

FLBR - 4%/nm
15FE: 351:53.2%, AP+ A25.0%, TREZE611.2%, FLERE4.82%
45FE: B1:63.4%, A 3E+HKA18.5%, TRELZ £63.7%, FLEET.74%
55K B61-80.5%, 1K A111.4%, ER 50, FLERE7.15%

(a) WL RS M
101
8k . .
_— . o .o
X gt ‘ .
# A .
&=
= 4
=
2+ oHh LW A fEMERY
0 20 20 60 80 100
)5 =5 %

(b) FLBEE
Mo FLBERMET HRELSF MK R

Fig.6 Relationship between porosity and mud shale mineral content

FAR B [ S BUARAE (K 7)o W R th & 78 p/p, =

0.05~0.10 HBREARI AITT R AR, p/p, =
205



2021 455 10 #A

www.chinacaj.net

AR FHRK 4 49 %

0.1~0.8 NRILH AN P22 b7 i BB
TEARXS oy R DX W ot o A B B Al A 8 5R , 7E p/p,>0.8
{14 o e DX o oty & ke e b= 5 B8 BfF it 4 7 p/py >0.5
DX Ji) 2 PR R A RRAIE , T BRI /N TR B R £

251

—e— R
—o— it

3%
(=]
T

wn

W B AR AR AR (cm? - g 71)
w o

1 1 1 1

0 0.2 0.4 0.6 0.8 1.0
FHAXT I iplp,
(@) 154
251
—— W Bt
:\ IJl]
o a0l o M
5 s}
%
= 10
=
3
=
1 1

0 0.2 O 6 0.8 1.0

iraxﬂf Jiplp,
(c) 1095k

1E 0.4<p/p,<0.5 HBLFRIR T BRI 51, 1E p/py<0.4
TIN5 R — B RRAE, I BRI B ER S
AR b Rt 908 0 LB 3 T R A 4 oK AL
B, A T U SRR B AR FNIE RS

251

—e— I it
‘::o w0l A
51s
§
10
=
=
1 1 1 1 J
0 0.2 0.4 0.6 0.8 1.0
FHXY I iplp,
(b) 35k
25
—a— I Bt
;:D w0l FRT
5 s
\_1‘T[é
£ |0
=
Rek
= s
2
1 1 1 1 |
0 0.2 0.4 0.6 0.8 1.0
FHXT I Tplp,
(d) 1258

BT T AR RO - R &
Fig.7  Adsorption—desorption isotherms of mud shale

5 4 i

1) B4V M DX R 7 8 Ak X 3 e Y 24 V) L R 2
JEREE, IR <3 m, R )EE R G H)ZEHA
FEMEE R AT AR RIR IR A Rt
JEERE A, TR Hh L - 15K 70% , 5 R SR BT AE 1

RETE RS,

2) AR X RV 2 e 0 A BILAR T i 53 (TOC)
B (P 03.51%), 43 A IX 8] i3z (0.23% ~
22.10%) , SRS T IX PO UL T REAR IS
I s SR B S 5 2 (R, ) o3 A IX A %8 (2.67% ~
3.06% ,°F-$4 2.85%) , ¥ 4b T i LB B, HERFE
a3 BT WA AILJBE = B2 R e AR e Ak R B AR T A A
R DA SRR A

3) T e L rh 6 T ) o i o B
(48.4% ~81.6% , V¥ 66.3%) , EE N/ SR )Z .
g A FOFIA it P 5T i 53 K5ORS DX P T A

TUREUD | MatE T8 OB 27% , A0 A F) T KR
SR B S R A s o R R
4) Pl | T R AR AL ARB AR IEAR R A

206

WAL BRE 0.20% ~ 7.74% , V-1 3.66%; & % %
(0.001 4~0.007 2) x 107 wm*, %4 0.005 6x10~°
pm® ., FLBR A R 40 K AL B, AL o 3 S A b
A7, BTHR T 2 DA ST e 25 ]

5% 30k ( References) :

(1] 4BAfE, AR, TAbEL, 5. v [ 5UA SO ALHE | Hb SRR AE
B U1 [ ] AR 5T % ,2010,37(6) :641-653.
ZOU Caineng, DONG Dazhong, WANG Shejiao, et al. Geological
characteristics, formation mechanism and resource potential of
shale gas in China[ J].Petroleum Exploration and Development,
2010,37(6) :641-653.

[2] SRR, ZEE, RSN, F 2EIUE
[ M]. bt # s s ikt 2012.

(3] Hok/E, B, B b E A SR RIS AR 5
BRI AR 59 & ,2018,45(4) :561-574.
MA Yongsheng, CAI Xunyu, ZHAO Peirong. China’ s shale gas

SR 2 AR

exploration and development ; understanding and practice[ J]. Pe-

troleum Exploration and Development,2018,45(4) :561-574.
[4] Z IR, TIAR, it B0 dui X - — S5 e m A vin

TERAFAE[ ] ST ,2015,22(1) :301-311.

LI Juan, YU Bingsong, XIA Xianghua. The charactersitics of the

upper Permian shale reservoir in the northwest of Guizhou Province



www.chinacaj.net

BN A G VU M DX ik AR AR 2R A SRR B 2 RS

2021 4F35 10 HH

[10]

[11]

[12]

[13]

[J].Earth Science Frontier,2015,22(1) :301-311.
X g, E G BOUDRE, A 01| Gk AR TR A 2 L b IX M YR 4
TUASHRIRRAEL ) ] KRR T HER B2 ,2019,30( 1) : 11-26.
LIU Hu, CAO Taotao, QI Minghui, et al. Reservoir characteristics
of Longtan Formation shale gas in Huayingshan area, eastern Si-
chuan Basin[ J]. Natural Gas Geoscience,2019,30(1) ;11-26.
ylalA: JRGE 4 A5 TR FOR R R 2 R -0 0N
FERFIE M FRIRBA I ] MR, 2016,44( 1) :212-220,
YI Tongsheng,ZHOU Xiaozhi, JIN Jun.Reservoir formation charac-
teristics and coexploration and concurrent production technology of
Longtan coal measure coalbed methane and tight gas in Songhe
field, western Guizhou[ J].Journal of China Coal Society,2016,44
(1):212-220.
Gy R OSBRI 8 G R SRR I SR
FER I [ J] HEBA 7, 2018,43(6) :1554-1563.
YI Tongsheng, GAO Wei.Reservoir formation characteristics as well
as coexploration and co—mining orientation of Upper Permian coal—
bearing gas in Liupanshui Coalfield[ J]. Journal of China Coal So-
ciety,2018,43(6) :1554-1563.
58 20 (NS SO 17 R S v Y LIV S <22 o A 2
R 2 T i 30 A 0 D LB 25 AR R A S X U [ 7). R
%#,2019,44(11) :3757-3772.
WU Zhongrui, HE Sheng, HE Xipeng, et al.Pore Structure Charac—
teristics and Comparisons of Upper Permian Longtan and Dalong
Formation Transitional Facies Shale in Xiangzhong—Lianyuan De-
pression[ J].Earth Science,2019,44(11) ;:3757-3772.
B R AR, SRR O AR R A
RATE[)] FREHOR 5 T2 ,2017,17(22) :162-168.
LUO Sha, WANG Lingxia, SHI Fulun, et al.Potentiality explora—
tion of the longtan formation coal shale gas in Southwestern Gui-
zhou province[ J].Science Technology and Engineering,2017,17
(22):162-168.
BOR T IR, BT , A5 KT DR Z S R R 2
B TS T ] EBARA R, 2017,45(9) :182-187.
BI Caigin, CHI Huanpeng, SHAN Yansheng, et al. Analysis of
coalbed methane reservoir characteristics and reconstruction
process in Shuicheng Mining Area[ J].Coal Science and Techno—
logy,2017,45(9) :182-187.
AL E WL FE AR VM DA R T A S X e
HEREZ A PR [ J] SERBH R ,2012,40(3) 1 109-114.
DOU Xinzhao,JIANG Bo, QIN Yong, et al.Structure evolution in
west of guizhou area and control to seam in Late Permian.[]].
Coal Science and Technology,2012,40(3) :109-114.
S, TR AT, S AR I I R SO R [ M ] L
B A T AR AL, 2011,
wOMS, sRE K WA SN T R B S e IR BUA UK
FLAAFAINTL ] pE K223 (AR ,2016,47(9)
3085-3092.
ZHANG Peng,ZHANG Jinchuan, LIU Hong, et.al. Accumulation
conditions of shale gas from Lower Silurian Longmaxi Formation in

Guizhou [ J ]. Journal of Central South University ( Natural

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Science ) ,2016,47(9) :3085-3092.

SilalA: SR S e EhIR A SR SR R AR B AR B R
[J7.48 3 B S5 #8548, 2015,43(3) :22-27.

YI Tongsheng, GAO Di. Characteristics and distribution pattern of
shale gas reservoir in Longmaxi Formation in Guizhou Province
[J].Coal Geology & Exploration,2015,43(3) ;22-27.

T BRI VT, AR B L X T FE R R A DA )2
JREHHIE: LIS IUX B[ ) ] Hb~FRii2% , 2017 ,24(6) :286-299.
WANG Ruyue, GONG Dajian, LENG Jigao, et. al. Developmental
characteristics of the Lower Gambrian Niutitang shale reservoir in
Northern Guizhou raea:a case study in the Cengong Block [ J].
Earth Science Frontier,2017,24(6) :286-299.

MR A8,30 SR, S BT XS T R0 B A AL U
BRACAFHFIE SR ST ] AT, 2019,41(1) :10- 15.
CHEN Rong, YUAN Kun,ZHANG Ziya,et al.Geochemical cha—
racteristics of organic—rich shale in the Dawuba Formation, wes—
tern Guizhou Province [ J ]. Petroleum Geology & Experiment,
2019,41(1) :10-15.

ROUQUEROL J, AVNIR D, FAIRBRIDGE C W, et al. Recom-
mendations for the characterization of porous solids[ J ].Interna-
tional Union of Pure and Applied Chemistry, 1994, 66 (8) .
1739-1758.

BT Bk R, 2, S AERIERRA IR TR IR
SRS )] DR 2014,42(1) :89-92.

CAO Daiyong, YAO Zheng, LI Jing, et al.Evaluation status and
development trend of unconventional gas in coal measure[]J].
Coal Science and Technology,2014,42(1) :89-92.

FARO S B B, SR AR USSR Z FLBRRAE 328
L TTHR[ T ] AT S R SHTT, 2019,40(6) < 1215-1225.
Xiao Dianshi, ZHAO Renwen, YANG Xiao, et al.
Characterization , classification and contribution of marine shale
gas reservoirs [ J].0il & Gas Geology,2019,40(6) :1215-1225.
RREAR M, oK B, SF R P SUE A HUBER (L2 IE
ARO[ D] SRR ,2019,47(11) £ 182-188.
ZHAO Kaidi, FU Xuehai, ZHANG Miao, et al. Evaluation of
organic geochemical characteristics and hydrocarbon generation
potential of coal measure mud shale[ J].Coal Science and Tech-
nology,2019,47(11) .182-188.

SIS BOSOME, 51 SRR 30 g Mt Bt A T AT LIS 0T
ERFE B A SRS LT AT, 2015, 22(6) :197-206.

YAN Deyu, HUANG Wenhui,ZHANG Jinchuan. Charactersitics of
marine—continetal transitional organic—rich shale in the Ordos Ba-
sin and its shale gas significance [ J]. Earth Science Frontier,
2015,22(6) :197-206.

g G i, LA A6 AR DX T D R A R
PRI [1] RIR MR R 2017 ,28(4) :654-664.

HE Xipeng, GAO Yuqiao, TANG Xianchun, et al. Analysis of
major factors controlling the accumulation in normal pressure
shale gas in the southeast of Chongqing[ J].Natural Gas Geosci-

ence,2017,28(4) :654-664.

207





