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Abstract; Samples of quartz veins were collected from the Permian Gufeng Formation siliceous shale fractures
along the Changqiao profile, Jingxian County in southern Anhui. Inclusion composition analysis, thermodynamic
temperature measurement, and laser Raman spectroscopy were carried out on the samples, and high-density
methane inclusions were detected. The measured displacements of laser Raman scattering peak v, of the inclusions
vary from 2910. 6~2911.2 ¢m™', and densities of the methane inclusions were calculated as 0.2295~0.2618 g/cm’,
indicating characteristics of high-density methane inclusions. The two-phase vapor-liquid brine inclusions coexisting
with the methane inclusions have homogenization temperatures ranging from 216.8 °C to 242.3 °C. The
combination of methane inclusion composition by laser Raman spectroscopy with the simulation of high-density
methane inclusions using the equation of state of supercritical methane system shows that the trapping pressure at
216.8 C was 76 ~95 MPa. By calculating the density of the high-density methane inclusion and the capture
pressure, it reveals the evidence for high-pressure methane yield in the Permian Gufeng Formation highly evolved
siliceous shale in geological history, and provides scientific grounds for the exploration and evaluation of Permian
shale gas in southern Anhui.
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Location map of the Changqiao profile, Jingxian County, southern Anhui
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5 6 1]

OB, GF. R IX TS RINEH TR

2 R B R O J S R 7 875

2 MEREREGWR T &

X e e M X B R 21 SRR A Y U A B A
AP, 7E IR0 4 RE T D0 A 24 8% 1Y A 9 ko ki
Flim B, ZEGRRAT I FimEENE
Bisl i & R G4, Kb A& Ar, N30°44'
38", E118°23'7", i TEMHHE M E X B LM O,
P 4 2 M LA e JoE 00 2 RN R o T o T, R
BEH,

W 2L 8% B KRR S E AT T O, SR B
50~80 wm HYELEEARSE F, AE A AU S B AL |
K YL Renishaw 23 7] InVia %GR8 6 A0k
1 A A AR 43 1 B 43 RN 25 48 A9 B DX 4 B, B0
P8 3 (0 $HE 6 T 1800 Ye Ml My i 2 R, K1
55 W, HEAT AL 2 ORI B0 40 J W, L 2 S 1% A
R, St B EER I, B2 O6 3% H A 05 I B2 /N T
0.01 em™ . SZH v HOA 9 ik v 5 FR o 40 2 { [

PifEE K B

et 2k

PifH AR B EE

1B S A AR K B ZE AR, 32 B THMS600 = K B
BARE IEAT IR B g, Sl AR ERE AR IE, HIR
FERZE N +0.1 °C, FEMLIERE LIEAT T 90235 K f#
Br, SEU0 T VR ¥ 7 b ) M 5 08 A ) TG 22 Ml 5 U A
HLO OB 26 I = SR

3 MM RER G Tk

3.1 RUESEEHEDFE

X i T M DX I 0 2 T e 0 B 1A S A AT IR AL
WLEE, FE G R R AL © AR 1 7E ) AR R
(B 2) o &AW Be 270 B9~ A £ 7K f 28 1A S U
A (18 3a, 3b), TEESOCRMEBET BmR
KBA, HEW AL, BEZEAMNAR, H
F e el R A A G AR (1] 3e—31) , fEB I
TCRMB T RN N EEYN, EW, BEZRE, A
FTE . W6 13T A BB AR, RN FEZER 5 ~
8 pm, I BRSPS AR BE 1] HES 23 A AR AE

Fpe ik

[10um]

ek e 2%

mm

a—b— 5 Bkt 30 1 PR K LB 5 e f— 7 3K T 431 0 4T 5 £ 0
B3 e XN 7 A R A S KR R R R e A AR AE
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Gufeng Formation, Changqiao profile in southern Anhui
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Fig. 4 Laser Raman spectra of fluid inclusions in the calcite veins of the Gufeng Formation in southern Anhui
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the Permian Gufeng Formation in southern Anhui
s R B P {3 ?ﬁ%’iﬁf}ﬂlé/ £/ T‘%TTEZ ¥R/ AR IE T/

cm MPa (g/cm”) C MPa

€Q03 DI 2 P8 Ty A Bk R el 2 1A 2911.0 33.7881 0.2386 216.8 80.9
CQ04 PR 2 LU TT AT K e 2 1 2910.6 39.7498 0.2618 216.8 95.0
€QO5 PR 2 LLBET7 AT K H g 4 2 1A 2911. 1 32.9272 0.2345 216.8 78.6
CQ06 P2 AL 7 M A1 Tk W bt 4 1 2911.2 31.8064 0.2295 216.8 76.0

4 HFTE X

T TR MX ARV, R T
DU, REBURIR S, AHLREE R, &
b R AL, A I 2H i B 0T A Ak T o A
BB, Mg B b X O 0 2 288 4% 7 e ik 1Y) i % R I
B R B i, AT RE S e A0 2 BT RO R AT R
T 2SR R A R AL AR 0 R A AU 2 3R
B A7 B Ik b o o RE PR e L B A B % R Ol 0.2295 ~

0.2618 g/cm’, 18 HAE 216. 8 C IR E T3k R
174 76 ~95 MPa, i3t W] IR0 21 75 47 35 1 e 40 22 1A
) P 1 HL AT A

5 7 ) T DI U 2 Y A LB 2R B DL T — I &Y Oy
F, TOC 4 3.2%~4.8%, R, } 0.8%~2.2%, At
TR AR B, AR TREEM, —HHblT
PRI Jm T A A= A G R oA )=, R TR R A
RIS RE R, AR R VR RS S S ) R AR A S
AL, i 2 T A S U B P 1 S BOUTE ) 1
Ky 53—y T AN 20 Oy ik B 00 A R, L TIUR



878 WR /155 http: //journal. geomech. ac. cn 2020

WohTes, RATERANAEMBEAS, Ml
fRIE TR, TURHR A AR, BiEEE,
SEEANMH R EBAGIE BB K (XK,
2015; FRFEHE, 2016; Gao et al., 2019), JMfkig
A Tk JBR U 2 0 A R G TR B TR R A A

fEpa L X 22 7 T 5 22 R v e, B R AR
PIK, ARG sh 4y W3, XA L L
R, 52 30 5 KU AR, BRI
T, X L B R TR IR A s T, A
VAL S AT OE, A2 N B R R AL TR 1 0 R By
Br, oy b 1 AR e X I 2 A T 0T A 8 R
1 LLRAE B A RIS (BRI, 2014) , 1l
WEM X B TR A E RSN, K8
KW, )2 b R E 20 il 2 iR

gi LRTIR, g e b DX I 2 R R B R
FeAE 51 B % 2 1 R 5 0 3 48 T B B i) i AR
X fif 2 4 P 3G R VE A 25 1. F 3 1 e 7 b X 3T
R TI A R X 0] MR AE N — A R bR AT U
ST (XIS 2016), T R THIX
AT A &, s, WMREE, *
FEFAE 2, 408 R I FooE M XA R F 42 5 it
g DX R

5 Hi

X foE F M DX 72 BB B T S R I A R
T 2455 vp 7 B ik i I R 6 2 R 0 AT B BRI B
OGS B GIR DL R 2 R R AT
BIT & W b R, IR IEAT T R e A K
R AR R, R EILL I EE

(1) W b 4 2 IR (% B S 10 55 W 7 B8 oy A 7E
2910.6~2911.2 em™ ' Z[0], 1515 3 H b f 22 1K
RN 0.2295~0.2618 g/cm’, M FH 4 1 Il 5 5 BE
0162 g/cm’, PRI ELAT = % B F Joe f 2 AR R AIE

(2) & e 2 43 0 SO R 3 7K A R AR 1 3
— R BEAY TR AE 216.8 ~242.3 °C, R4 e A0 1A
OEA=E @l E VA A PO /N NI 2. W [ < 7
FRAT = 2 T e AR AE 216. 8 C AR E Sk
76~95 MPa, M5 S REZAH 1.5, REGZX IR
W 2 7 4l A R o A0 B R 1 B AT LA R R R AT

(3) e A0 22 0k Y R e ir = R AE 0 A FS A
2911 em™' BHREAR &, I HAR D &4 HAlHE R 4
gy, IR b A R R AR R ), R

e R b X TS AR IR0 A e Ak PR 6 RE BT DU S A
by sk Ak o FR AR A R B AR 4
2% X DI 2 £ )2 T TT A 2 R AR R 5 1R
fitt )22 38 e 5 400 3 46 T B B R 3 AR DX 0 )2 IR R
L[ VE B 45 5 . 3 M ) T DI e A T O A 2 6%
A koo R P B AL AR A B, R SR
T, DLSGE R UEE 09 20 B, b B e L X DUA S
HIR P S it 1 AR

Big: PREomARSE (LK) K FETF
TERRARY (XRX) W FEHEEFETRERE
hRFEREAFTAIRIPRETHEHFY,;, §HF
RAARBIXHATTALGFE, RETEZ XL
TG L, H s — 5 A R S B

References

CHEN Y, ZHOU Y Q, YAN S Y, et al. , 2006. The application of laser
Raman spectroscopy to obtaining internal pressure of fluid inclusions
[J]. Acta Geoscientica Sinica, 27 (1): 69-73. (in Chinese with
English abstract)

CHEN Y, ZHOU Y Q, ZHANG L P, et al. , 2007. Discovery of CH,-
rich high-pressure fluid inclusions hosted in analcime from Dongying
depression, China [ J ]. Journal of Petroleum Science and
Engineering, 56 (4): 311-314.

DUAN Z H, MO@LLER N, GREENBERG J, et al., 1992a. The
prediction of methane solubility in natural waters to high ionic strength
from 0 to 250 °C and from O to 1600 bar [ J]. Geochimica et
Cosmochimica Acta, 56 (4): 1451-1460.

DUAN Z H, M@OLLER N, WEARE J H, 1992b. Molecular dynamics
simulation of PVT properties of geological fluids and a general equation
of state of nonpolar and weakly polar gases up to 2000 K and 20, 000
bar [J]. Geochimica et Cosmochimica Acta, 56 (10): 3839-3845.

GAO J, HE S, YI J Z, 2015. Discovery of high density methane
inclusions in Jiaoshiba shale gas field and its significance [J]. Oil &
Gas Geology, 36 (3): 472-480. (in Chinese with English abstract)

GAO J, ZHANG ] K, HE S, et al. , 2019. Overpressure generation and
evolution in Lower Paleozoic gas shales of the Jiaoshiba region,
China: implications for shale gas accumulation [ J]. Marine and
Petroleum Geology, 102 844-859.

GOLDSTEIN R H, REYNOLDS T J, 1994. Systematics of fluid
inclusions in diagenetic minerals [ M ]. Tulsa, USA. Society for
Sedimentary Geology: 199.

GUO T L, 2016. Key geological issues and main controls on
accumulation and enrichment of Chinese shale gas [ J]. Petroleum
Exploration and Development, 43 (3): 317-326. (in Chinese with
English abstract)

HANSEN S B, BERG R W, STENBY E H, 200la. High-pressure
measuring cell for Raman spectroscopic studies of natural gas [ J].

Applied Spectroscopy, 55 (1) : 55-60.



o5 6 #

B, S BERIHIX T AR PRI TS e o R T e A AR A MG b B R S 879

HANSEN S B, BERG R W, STENBY E H, 200lb. Raman
spectroscopic studies of methane-ethane mixtures as a function of
pressure [J]. Applied Spectroscopy, 55 (6): 745-749.

HU D F, ZHANG H R, NI K, et al. , 2014. Main controlling factors for
gas preservation conditions of marine shales in southeastern margins of
the Sichuan Basin [J]. Natural Gas Industry, 34 (6): 17-23. (in
Chinese with English abstract)

HU S Z, 2000. New Consideration of Gufeng formation by stratigraphy
check up [J]. Volcanology & Mineral Resources, 21 (1): 63-68.
(in Chinese with English abstract)

HUANG B J, SHIR F, ZHAO X B, et al. , 2013. Geological conditions
of Paleozoic shale gas formation and its exploration potential in the
South Anhui, Lower Yangtze area [ J]. Journal of China Coal
Society, 38 (5): 877-882. (in Chinese with English abstract)

LIW, HE S, ZHANG B Q, et al., 2018. Characteristics of paleo-
temperature and paleo-pressure of fluid inclusions in shale composite
veins of Longmaxi Formation at the western margin of Jiaoshiba
anticline [ J]. Acta Petrolei Sinica, 39 (4): 402-415. (in Chinese
with English abstract)

LI Y H, DUAN H L, TAN Y, 2010. Structural division of marine
Mesozoic-Paleozoic in Lower Yangtze region and its significance for
petroleum exploration targets [ J]. Journal of Geomechanics, 16
(3): 271-280. (in Chinese with English abstract)

LIU B, SHEN K, 1999. Thermodynamics of fluid inclusions [ M ].
Beijing: Geological Publishing House: 27-83. (in Chinese)

LIU D H, DAL J X, XIAO X M, et al. , 2009. High density methane
inclusions in Puguang Gasfield: Discovery and a T-P genetic study
[J]. Chinese Science Bulletin, 54 (24) . 4714-4723.

LIU D H, XIAO X M, TIAN H, et al., 2013. Multiple types of high
density methane inclusions and their relationships with exploration and
assessment of oil-cracked gas and shale gas discovered in NE Sichuan
[J]. Earth Science Frontiers, 20 (1) 64-71. (in Chinese with
English abstract)

LIUH L, WANG H Y, FANG C H, et al., 2016. The formation
mechanism of over-pressure reservoir and target screening index of the
marine shale in the South China [ J]. Earth Science Frontiers, 23
(2): 48-54. (in Chinese with English abstract)

LIU R B, 2015. Analyses of influences on shale reservoirs of Wufeng-
Longmaxi formation by overpressure in the south-eastern Part of
Sichuan basin [ J]. Acta Sedimentologica Sinica, 33 (4). 817-
827. (in Chinese with English abstract)

LU H Z, FAN H R, NI P, et al., 2004. Fluid inclusion [ M ].
Beijing: Science Press: 230-239. (in Chinese)

LU W J, CHOU I M, BURRUSS R C, et al. , 2007. A unified equation
for calculating methane vapor pressures in the CH,-H,0 system with
measured Raman shifts [ J]. Geochimica et Cosmochimica Acta, 71
(16) : 3969-3978.

OU G X, LIL Q, SUN Y M, 2006. Theory and application of the fluid
inclusion research on the sedimentary basins [ J]. Bulletin of
Mineralogy, Petrology and Geochemistry, 25 (1). 1-11. (in
Chinese with English abstract)

PING H W, CHEN H H, REGIS T, 2014. Prediction model of

petroleum inclusion trapping pressure constrained by methane mole
content [ J ]. FEarth Science—Journal of China University of
Geosciences, 39 (1): 79-90. (in Chinese with English abstract)

SEITZ J C, PASTERIS J D, CHOU I M, 1993a. Raman spectroscopic
characterization of gas mixtures; I, Quantitative composition and
pressure determinatioin of CH,, N, and their mixtures [ J].
American Journal of Science, 293 (4) . 297-321.

SEITZ J C, PASTERIS J D, CHOU I M, 1996. Raman spectroscopic
characterization of gas mixtures; I, Quantitative composition and
pressure determination of the CO,-CH, system [ J]. American
Journal of Science, 296 (6): 577-600.

SEITZ J C, PASTERIS J D, MORGAN G B, 1993b. Quantitative
analysis of mixed volatile fluids by Raman microprobe spectroscopy-a
cautionary note on spectral resolution and peak shape [J]. Applied
Spectroscopy, 47 (6): 816-820.

SHI W J, XI B B, 2016. Calculation of paleo-pressure in gas reservoirs
using fluid inclusions [J]. Petroleum Geology and Experiment, 38
(1): 128-134. (in Chinese with English abstract)

SISH, ZHAO JZ, MENG Q A, et al. , 2018. The fluid inclusion Paleo
pressure characteristics and geological implications of Gaotaizi tight
reservoir in  Qijia area of Songliao basin [ J ]. Journal of
Geomechanics, 24 (1) : 51-59. (in Chinese with English abstract)

SONG T, CHEN K, LIN T, et al. , 2019. Study on geological conditions
of upper Permian shale oil and gas in Lower Yangtze area of southern
Jiangsu-Anhui Province [ J]. Geological Survey of China, 6 (2):
18-25. (in Chinese with English abstract)

SONG T, LIN T, CHEN K, et al. , 2017. The discovery of shale gas in
Upper Permian transitional facies at Jingye—1 well in Lower Yangtze
region [J]. Geology in China, 44 (3): 606-607. (in Chinese with
English abstract)

THOMAS A V, PASTERIS J D, BRAY C J, et al. , 1990. H,0-CH,-
NaCl-CO, inclusions from the footwall contact of the Tanco granitic
pegmatite; Estimates of internal pressure and composition from
microthermometry,  laser ~ Raman  spectroscopy, and  gas
chromatography [J]. Geochimica et Cosmochimica Acta, 54 (3):
559-573.

XI B B, TENGER, YU L J, et al. , 2016. Trapping pressure of fluid
inclusions and its significance in shale gas reservoirs, southeastern
Sichuan Basin [ J]. Petroleum Geology & Experiment, 38 (4):
473-479. (in Chinese with English abstract)

XU F F, ZHANG X H, HUANG Z Q, et al. , 2019. Characteristics of
the Dalong and Gufeng Formation shale reservoirs in Ningguo
depression, lower Yangtze Region, China [J]. Journal of Chengdu
University of Technology ( Science & Technology Edition) , 46 (2) :
180-190. (in Chinese with English abstract)

XU W L, HU S Y, LI N X, et al., 2019. Characteristics and
exploration directions of inner gas source from the middle assemblage
of Ordovician in Ordos Basin [ J]. Acta Petrolei Sinica, 40 (8):
900-913. (in Chinese with English abstract)

YAN LY, ZHENG Y, WANG C M, et al. , 2019. Application of fluid
inclusions methodology in the shale gas study: A review [J]. Journal

of Geomechanics, 25 (S1):. 103-107. (in Chinese with English



880 WR /155 http: //journal. geomech. ac. cn 2020

abstract)

Mt i 325 & SOk

MRBE, FEREL, Bk, %, 2006. WOGHE ETE R 1E PR A A
BERPE RN Re (1], HER2ER, 27 (1) . 69-73.

A, IR, BARIE, 2015, A B S o o L e 4 2 K
FRMIBHE X [J]. AS KRBT, 36 (3): 472-480.

A, 2016, HE X TR S T ) A S R0 R 4 R
[J]. AR SH %, 43 (3): 317-326.

BRI, s, ik, 5, 2014, PUJI| 700 7 B 2 10 AR 00 SR AE
FAEREFEREEFE [J]. KRBT, 34 (6): 17-23.

SR 2000, XFIRIELALAIHTNIR [J]. KB 577, 21 (1)
63-68.

WARE, MiZEE, B, 4, 2013. TP THREIBXHARTAES
TE A SR T PE M (1], M4, 38 (5) . 877-882.
AR50, A, SRAIAR, S, 2018, EAMITE R R DBEATUEE A
ok s v A0 A f R A Y IR BT R D ARAE (0], A, 39

(4): 402-415.

EWHE, BEess, R, 2010, T3 F XA i AR B T A5 A
X R FC AR R X R SO (], MR Ty, 16 (3):
271-280.

Xk, RE, 1999, WAREEMM S (M. dbat. B H AL,
27-83.

XIEENL, WA R, MR, 4 2010, OB H o bR R
I & B0 T8 1 0 TR BE RN R ) A5 (0] BE2EaE R, 55 (4):
359-366.

XS, MBI, OB, 45 2013, i8I ZR AL M X & B ARG v 25 5 W e
A FE RIS 5 9 2L AOM TUE SR ()], e, 20
(1) 64-71.

XAk, FLs, HEA, 4, 2016, v E R 7 A U SOREALE

FHEE (RFERS) FRIREG (0SID) .
AT P T AR LT R, A A T FE
VR A4 I 2 SRR R

KX AEIRHESE [J]. H2FRTZ, 23 (2) . 48-54.

XUFUK, 2015, 8 FEXH )1 2R pig o X 0 06 2 — Jg o ¥R 4 00 2 ik )2 B2 Wl
0T (1] DLRRAR, 33 (4): 817-827

MR YU EG, R, AF, 2004, GEARERA (M. dbat. Bl
ik . 230-239.

BB, ZEMRER, AN T A, 2006. DT AL 2k b i A 1 5 (A 5 0 B G
5ok [1]. 09 s A kb 2Em i, 25 (1) 1-11.

WA, BRLIL, REGIS T, 2014, % BE /R £ 2 29 310 £ il 4 2 14
TAKIE J UM ASE A [ 0], Hboek Bl 2 —vh [ M BT K S 24, 39
(1) : 79-90

WA S, Rk, 2016, B EEREARKE SRS ES (1], A
MK T, 38 (1) 128-134.

Wi e, BOE A, SR, & 2018, MMM R HIX B A T EUE
THZ IR G E S AR IE R R & S [J]. ML 2R,
24 (1) 51-59.

KW, M, BREH, %, 2017 FHFREMX L -&5% (B 1
It RBERGTEMTUAE R [J]. WEME, 44 (3): 606-607.

KM, BRE, AR, %, 2019, THFAREMEILKX L &% TR
RS PERETE [T, PEME AL, 6 (2) . 18-25.

O, R OR, BTEA, 4, 2016, I KB U SRR 2 Ik vk b g 2
PR T g R AR B M ST SC [T A ik SRR M B, 38 (4):
473-479.

BAEE, YN, BIEW, %, 2019. T3 70X 7 [ MG AR —
PRV e DU 6 B ARAE [T]. AR F T K% (A RR#
ML), 46 (2): 180-190.

M, RS, ZTE, % 2019, FRZWGZHBEATHEN
FRURRRAE Ry [J]. AihaEdR, 40 (8): 900-913.

FEALTE, B, ERUMA, 45, 2019, PR IER TS AR 0 S SE
RO [J]. HJBE 3224, 25 (S1): 103-107.




