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Abstract The estimation of paleotemperatures and paleopressures from methane inclusions in shale reservoirs can provide
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important clues for the study of shale gas overpressure and enrichment mechanisms. This study investigates the fracture cements
from the Wufeng-Longmaxi Formation shales in the Luzhou shale gas field, Sichuan Basin. Petrographic observations show
that the fractures are mainly filled with quartz and calcite. If both minerals exist, quartz predates calcite. A large number of high
density methane inclusions were found in the quartz cements, suggesting that the formation of fractures and the cementation
of quartz occurred during the gas generation stage. The opening of the fractures may be related to the increase of pore fluid
pressure caused by gas generation. Using the methane Raman scatter peak v,(2909.97~ 2914.23 cm™") of methane inclusions,
the density of methane inclusions was calculated to be 0.277~0.305 g/cm™. The homogenization temperatures of the coexisting
two-phase gas-liquid inclusions are 242 “C~258 °C (well L201) and 175 °C~206 °C (well H202). Using the equation of state
of the CH, system, the trapping pressure for the high density pure methane inclusions was calculated to be 128~169 MPa,
and the corresponding pressure coefficients reached 1.86~2.65, showing high overpressure conditions. The discovery of high
density methane inclusions in the Luzhou shale gas field, and their high pressure and temperature conditions, indicate that the
Wufeng-Longmaxi Formation shales had already been in an abnormally high pressure state before reaching the maximum depth
(before or in the early stage of tectonic uplift). This finding provides important insights into the further development of fracture

formation mechanisms and their effects on the preservation and enrichment of shale gas.

Keywords

doi: 10.3969/].issn.2096-1693.2019.03.022

0 5l

J11pi il DX 39 DX 2 DU 1| 3 5 B AR T A2 1Y
EEARZ —, ZIXH RS g — T EH ST
HREA T BN EEICA VYR, B ZBEAFEEN
PUABTR, BRI ARy an I, A BERER
W, 11 pe i DX 3 DX R T2 — g B R 2 WU il = A
SR A BRI R 2, B WA
filf)J=, T RPER 2 el PR A ) T A R R A
AF, N BRAE AN U RO 5 B T A i 1
FES e AT I 3R, HA HAE  — A E 2
A

A, A 1 0 A SR v R A7 B TR AR ) I
FErp ORAT T LA R 2 Fp IR AR R R S, (R B
XEEAE BT LUK E = IR HORAS | JB B kR Aok
UL W HZREEIE L] % R A DA OB i
WRERVIKE , 22 el et 2 R X —JRLEE (T) 3K
Mo e P e CL R AR (p), FREAT e A B A 3
JE 3 R 7105 T SR P2l AR 0 (TR Y 45
LG TR (1) B — R B R IR E A
B 75 TR AR O, B ROT iAR A AT A5 RS HE A
AR AL, JOHk SR LS G SR RS

DRl AR SR 0 T 2 — T 3 A S )= (14 28
BRIAKRE S, TR 2B IR OSSR 1 kAR5
D RSY VIR 2T FRERE ROk S U ST 0V e S S NN
JePr e T oA, e B R R R A
B PR Y BB & UM Iy, 28 5 OE R
AR A B e AL B AR R, B R T

methane inclusions; fracture; Wufeng-Longmaxi Formation; shale; Luzhou shale gas field

RFRETTRWAZ T W e R AR T, IFvhe T
UM DX G R IR B b B S

1 HuFis st

PN XA T 001 A b 3, JE RS T S5
WAl LAY . A2 L 284ty UZR Z 1A X, i IX
RIS M s R, W DS AR IR R A, 24
R o A NINE S e I RS e [ P 2 R P L R

WE, TR PR BEIS A AR, SR EWR AR
A, DASZE R, SR EA MR T (K 1A),

WX SefR 207 1 Z s A iem], 7eifE iR
RAsghERAT, JIZRE X B ah, SRR A .
ARG R LG 2 B s ik TRl
WIRITE FETHE, BIFST XA iy 3 22 FRr i R )2
PR X b )22 DA FEIR R — R R HZ 3, /R AT
SIURMZE (E 1B), RS HIEAM N ERE RS
B A FEON R R DUS TR B E R D BT it
o, EANURTUS R AT IA 95~140 m, Ll A< )2
BIREY) 40~52 m, HA MK (TOC) T KT 3.5%. B
R EAEE AR ) AR . S R AR
5.2~7.1 mt, 2B AR 3540~3625 m, HBT )
S I R KR AT BB T 6500 m™, B4 b RS
2.6~3.0 C/hm, JEJJFRECH 1.80~2.30™, vUHA 5L
He k3, &8N 86.93%~97.35%, [AMf &/ EINAS
57 (2.4%~16.23%) DL R tle /it e 53 1)

s

/



244

FIMELEER  20194F9 H SH 4B 3 )

2 FERER S5 Tk

WFFERE Al R T 11 R b X0 N DX B i L201 - i
H202 o SREHE R 1 PR,

S8 kA D D't 1 B MR AE T [ A R (dE D)
AR S BRI 5 S E e, PR L B
T HL 58 S BRI A S 4 4 R B B AR b it K2 i 1 Al
55 Hb 50 80 B0 W S = e A R HDBUTA Ot
W, 7E Leica-35 i)' i i T iE 4738 38 D2 b g
W, SR )5 K H Sputter Coaters and SEM/TEM Carbon

Coaters (Q150T ES)# i &R 48 T AT 98 4% #efE, HR
HIQUANTA FEG 650 #u7 & S ss, #17 —kd
F WM. BT H A RN BA A & G4 4 L B (CL-SEM)
WL, B GE TAESM: mEaEA, TAEER
(WD): 10~11 mm; HL HK: 10 kV; SPOT: 5; APE:
5. CL-SEM TAEZ&AM: mEAw, TAEMEE (WD):
11.7mm; HiJE: 10kV; SPOT: 6; APE: 3.

T AR AL ZE AR FNEOC R 20615 3 B TAR S TER T
b b 5 Hl BT 5 B A3 AT I 5 O R T AR
FE AR Z At TR ' A 22 A B, D Ay R AR
JH LEICA 2\ ] 4 77 () DM4500P 4 fif 36/ 2¢ S i 1 55

C 5
_ KT K

| l'g\_ﬁ . 2 . /

2577
O L)

!

B
WRER |
REM | AMEE ERREER A
ES B
4020
4030
x
s o .
= -
2B | ares
81 BEHFETE
= 1 4050 BESBAEED R
=R HOHRER, KE
2 4060
n IlIIIIIIIIII’
B 4070
KE4. BREBRTE
BEDEREADT
WA RR, BRE
4080 1.1cm, Bki6cm.
25 50km| | BApEZR| FigH 090

E - 1 O K [ [e]
EBL-Rd mE4R ZBZM  KPEH  AEEM HENY
ERMBE  WER ER R BE

BEHS BRIE MPRRE RRHPE SRIE £MNERKE

B M)A N KRS S Bt RgiEE R H202 H HIEE— DR AR ELESHIKE

Fig. 1 Schematic geological map of the Luzhou area, southern Sichuan Basin, and stratigraphic column of the Wufeng-Longmaxi

Formation in the Well H202
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Table 1 Sampling information of the analyzed shales
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Fig. 2 Characteristics of fractures in the Wufeng-Longmaxi Formation shales in the Luzhou area, southern Sichuan Basin
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Fig. 3 Secondary electrons microscope and cathodoluminescence-SEM images of the fracture cements in the Wufeng-

Longmaxi Formation shales in Luzhou area, southern Sichuan Basin
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Fig. 5 Frequency histogram of two-phase fluid inclusions homogenization temperatures in quartz and calcite cements from

H202(A) and L201(B) in Luzhou area, southern Sichuan Basin
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Table 2 Measured Raman scatter peak v, positions, calculated densities of methane inclusions in quartz cements from wells

H202 and L201 in the Luzhou shale gas field, Sichuan Basin

AR G = e KN vl/cm’1 D/em™ pl(g-em™)
Sample 1 H2 3um X S5um 2910.24 —6.87 0.284 281
Sample 2 H2 4um X 7um 2910.38 —6.73 0.277 303
Sample 3 H3 4pum X 6pm 2909.91 =7.20 0.300 979
Sample 4 H3 3um X 3um 2910.14 —6.97 0.289 303
Sample 5 H4 Spm X 3um 2914.23 —7.18 0.299 957
Sample 6 H4 3um X 6um 2910.08 -7.03 0.292 332
Sample 7 L1 4um X 4pm 2910.12 —6.99 0.290 312
Sample 8 L1 3um X 6um 2909.97 -7.14 0.297 917
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Table 3 Homogenized temperatures of two-phase fluid inclusions, calculated densities and trapping pressures of methane

inclusions in quartz cements from wells H202 and L201 in Luzhou area, southern Sichuan Basin

ARG A AR ER K L IR — IR /C ) —AHAs p/(g-cm™) WARE S /MPa JET BB
Sample 1 185 AR 0.284 281 129.63 1.89
Sample 2 203 TRAH 0.277 303 127.58 1.86
Sample 3 175 WAH 0.300 980 156.47 2.28
Sample 4 178 WA 0.289 303 143.34 2.09
Sample 6 206 WA 0.292 332 137.17 2.01
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Sample 8 242 WA 0.297 917 168.67 2.65
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Fig. 7 Variation range of trapping pressures and burial depth of methane inclusions in the Luzhou area, southern Sichuan Basin
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