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Study of gas source, diagenesis stage and accumulation process of the
sandstone of the Shanxi Formation in the southern north China Basin

LIU Rui, GUO Shaobin, QU Kaixuan, GUO Yubin
School of Energy Resources, China University of Geosciences-Beijing, Beijing 100083, China

Abstract In order to systematically and deeply study the gas source, diagenesis stage and accumulation process of the upper
Paleozoic Shanxi Formation in Taikang and the Bengbu Uplift in the Southern North China Basin, this paper adopted the crystal-
linity of illite, fluid inclusion petrography, and Micro-Laser Raman, combined with rare gas isotopes, which provides a detailed
study of the diagenesis stage of sandstone, the accumulation process of tight sandstone gas and its source and contribution rate.
The crystallinity of illite in the sandstone ranges from 0.64 to 1.06 (A 260), indicating an early to middle diagenesis stage. The
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smectite content in the I/S mixed layer ranges from 0 to 50%, indicating a middle diagenetic stage A-B. The temperature of fluid
inclusions is in two ranges of 110~120 °C and 130~150 °C, which also indicates in the middle diagenetic stage A-B. Integrating
the three research methods of illite crystallinity, smectite content in mixed layer I/S and paleo-temperature, the diagenesis
stage of tight sandstone in the Shanxi Formation is in the middle diagenetic stage A-B. Through fluid inclusion petrographic
observations combined with Micro-laser Raman testing, the type, composition, and generation relationship of the inclusions
are accurately determined, and there is only one hydrocarbon accumulation period. Using the homogenization temperatures
of the hydrocarbon-bearing brine inclusions, “projecting” these onto the burial history map with paleotemperature evolution,
the accumulation time of tight sandstone gas in the Shanxi Formation is determined to be the end of the Indosinian to the early
Yanshan period. By using rare gas isotope “’Ar/**Ar values to calculate the age of the gas source rock, it is determined that the
natural gas in tight sandstone in the Shanxi Formation comes from the Carboniferous-Permian. According to the mud shale and
coal rock two-end-member mixing model, the contribution rate of natural gas produced by different source rocks to natural gas in
sandstone samples was calculated. The results indicate that the main source rock of natural gas in tight sandstone of the Shanxi
Formation in the southern north China Basin is the mud shale, and the contribution rate of shale is about 73%. Coal rock plays a

secondary role in the entire hydrocarbon generation process, and the contribution rate is about 27%.
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Fig. 1 Location map of the study area
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Fig. 3 The division of diagenesis stages using Kubler index K./



360

K.1>0.42(A20) A H—h A BB 0.25(A20)< KT <
0.42( A20) W N A B B KI<0.25(A20) 78 i AE
o T, BEfEdb il v 4 BUBRD AL T R—
LB B, (AR, AR TR —rh s Hr B
A ELRSE— B BE (R B BE A . B, PCA BB
A, BRI KW e BB ), i (R A7 B 45 R S e
TP TCRHNR, O TGEE A A F A I ik 3 [m) ) HAR Y
B B BT
322 USRBEHYZRGHEE

FIFH XRD 525, 4531 g At A oA B e Al i
GBI PELE 21 BeaREn VS IRZ h 52 e A i & 50,
Xof S B B AU o A BT AT (8] 4), USTR)Z T
SRA S RIEEN 0%~50%. ¥ (SY/T 5477-2003
W A A B BRI Ay ) Al USTRZH 58 A& il
IR 0%~15%, Frhsia BB B 15%~50% S Ak
AR BEAW]; 50%~70% A FLRCA B BEB I >709% A
WA B A . HERT %, mEfedt a1l Pe 2 30
Wb rp A BB A-B .

FIMBLEER  20214F9 H 6 B 3 )
100
N=21
80
3 R = )
X g0l mBH
@60 - RS
ol ERAHR
Py
40
20
BREH  EHEH
. . BBH  BAH
0%~15% 15%~50% 50%~70% >70%

FIREERTPREASE
B4 F/IREEFREAIENIRENE

Fig. 4 The division of diagenesis stages using smectite
content of I/S

323 HEE

MG IR BRI T, BERS 1. ik
1 IFILPE 2R AL 26 ASRD A HE i 1 35— R R A5 AR (%
3), FrARESIE B A il SRk
BRI — IR B B AT S), ¥ —IRE A i

®3 REBREIBHEER
Table 3 Overview of fluid inclusions experimental data
4 [WERIN /PN L RS Y K/ /mm S /% PR ec /%
TR K ek 5%3 <5 142 5.41
REK LR 6x1 <5 147 5.56
TR B 2x4 <5 133 5.41
T RER AR 1x7 <5 132 5.56
T R é‘ié%yk@%ﬁx 5%2 <5 135 5.41
sy T REK AR 6x2 <5 146 5.56
TR AR 7x3 <5 140 5.41
T REK AR 6x3 <5 145 5.56
Bl RSV TR SN 4x2 <5 134 5.41
e SO LN 2x%3 <5 148 5.56
RS ST N 1x3 <5 129 5.41
TR A 2%2 <5 120 5.41
R R 2N 3x3 <5 141 5.26
ARz e R SR Tk AR X i 2N 6x10 <5 121 5.41
A WS R AR KR A 4x2 <5 142 5.26
Fp ST TR TN 6x3 <5 133 5.41
RSV CUE TN 5%3 <5 134 5.26
Fp ST TR TN 3x2 <5 120 6.45
TR AL 1x3 <5 122 6.45
FRRERALER 2x4 <5 108 6.01
wﬁaﬁﬁﬁ%ﬁ‘@@ﬁm@%w 4%3 <5 119 6.01
ik 1 o RSV COE JVN 1x6 <5 118 5.41
’ i Kk 1x3 <5 109 5.41
R ALER 2%x5 <5 114 5.56
RSV IR JVN 2%3 <5 119 5.56
T RERALER 8x5 <5 115 5.56




FAEIL A L P ) UHORIR | R B B UG RS

361

W1

120~130

130~140
T./°C

140~150

5 ERGM—EEEAE

10
W b1

Y A

100~110

110~120
T./C

120~130

Fig. 5 The histogram of uniform temperature of fluid inclusions

B A R BE . 43 WIS 110~120 °C Fil 130~150 °C.,
M4 (SY/T 5477-2003 )8 4 WA B Be kil 43 ) A ife
HH R ~65 °C A R B BE AR 65~85 °C ol R
FrEe B ; 85~140 °C HH A BrBe Al 140~175 °C
Sy sCE BT BEB I 175~200 °C Ry s B Be. iy
TREETTAL, BEAEAL A L PG AL O A A T R A B
BtA-B#.

LEARIA ISR . USIRIZHh S 2 A & ity
TEE =R g vk, LR B m AR Ll v 20 B0
W AV E B B A B A-B

3.3 RUENETER

R AR 2 2%, FElE R d, HA
ZERIE . ZWWEEE) . 20z R A
BRI, XA AR OB BT RIS M R

(@) B35 1 3, 2695.06 m, BiE*
REBEREEHER
Fig. 6 Micrograph of fluid inclusions

B 6

T A AR R R A SOEE B, CC i
FEUTRRZE M P AT Sl A 1 THL B8 e 455 131
TASE B AT AN IR R R
KA, B A A T SR A A R AR
WA TUAE 5 1 o 2 2% AR b SO A P e A A e ) A 2 ] A
PLES AR . BB R A 5% D i A3 1l 4 5 L4
FMEHO ., S5 ELSS, A REHER K R
BUE AR 2, PR, R I A AR S AT 45 4 A b T
AP FIHEART S, AT LR 52 AR RS s i) 0330
330 AR EA X2

AL R R A SR R R 2 1, it 1
FE VG LR AR S b S R R K A AR 15 R0 38
AP AR E IR R T LUE R (E 6): S
1. e HE | D R A S PO 4 f A B EA LAY (1
UAINRARE, WARAERE T T A R PR

(b) beiEHb 1 F, 147317 m, BR}E



362

Rk EER 20214E9 A 56 55 3 W

ARG, S IR K 5 V)2 20
A1 TR ) 1 0 T B LR IR 43 A 8 s 43 A
ZBIKE M RIR MR R4 O sGE I an &
SRR KA BR300 2 A 2 SR A B AR B AR S R AN
FAP AT, KE—RERSHED A LT 1 IR
T AR

FEF R AR MW, SRk Kk L B ik —
PR 5 AR AR X 4y . BB e M BE A3, <
TP € 2 T R AR B, S AR A T AR
Ok B H B R K A S R RN 4l K LB IR X 43 Pk, (1
WS AR A 2 A ke K R Al K AL AR, AT
fEHROCHSOEREEAR, R Z ARt P2 A
YEMAEAE, FIJ LABHR-VIS LabRAM HR800 & 418

JERLESEIEAL, KRS 1 I Va2 i AR S A A T
Wit , 4 FARE AR, Sl OB h 2 OiE Ry
TEAERT 0, A7 SO R R I (E 2 2912.8 em™'(1&]
7y, RH R WAL Y O 2 AR E S
B PO AR AT LA s L O AR, A
Sy HEE, XU AL Ak FR o S A AR

FEL, RS 14— R0 9k A3,
i N REE R SR A 0 A B R A T 0 OO 20
M, A7 P2 ReIE (o 2914.2 em™' (&1 8), R
AT BT ARAE T ST, 0 7 R SR, B TRIRE Ry
Ht; 2230 — A2 RRF 16N 464.7 em™ 1) 3204,
BV B AT B, XA Ui )
AT, BT, A A e SR A A A

1600 F
1500 -
1400 [
1300 [
1200 |

. 1oof

1000 -

900
800}
700 |
600
500
400
300
200

464.7

Intensity/cn

%—" ~=1284

MW%MMW

= 5-03

2912.8

-2000 |

-1500

-1000

-500

Y/um

500

1000

1500

2000 B

LT}

2000 2500
Raman Shift/cm™’

500 1000 1500
7 SERGHHtRStIE

Fig. 7 Laser Raman Spectroscopy of gas inclusion

3000 3500 4000

2000 -

464.7

1800 |
1600
1400
1200

1000

Intensity/cnt

800

1284

—— - 207.9

600

400

200

k,w R it A

o M

2914.2

JL‘?MM‘W

¥

R AR e

2000 2500
RamanShift/cm-!

500 1000 1500

B8 SEMEEREHRENE

3000 3500 4000

Fig. 8 Laser Raman Spectroscopy of gas-liquid two-phase inclusion



FAEIL A L P ) UHORIR | R B B UG RS

363

ZE TR, ARYGHE o A AR A 2 A A O
Pr2MAH A, HERE T UF5E XL P B0 R 1
FEARRYSEARY . o FTROC R, Al SR v
G E VRS B HER 2 AR -

332 R EREE

THTSCE Y TR 8 s T gl 1l Sk AR A 2 o A s
B PR EEARTE I B 2kl . RRUK SRR
B, T LIz P AL R 5 12 2 2% 039 A=) i s
[ 12130 32 07 vk A B 28 A TN ASBURAE A 22 A
T T B vk 2 — B30 RS SR T B B ] 2 ke
T RIRAKHUSEIE A JZ F (s (] 991, bk k£l
TR B B v b e T 5L SR
P A, G IO At 2 AR R Ay 3 A R 4 st ] 23830

KFEFEEHS 1 _SRLHLD T &4
(284.4 May— — & 20 K 1 (199.6 Ma) 1) PR 3 It L By
B, ik =B RKWIRE, 117 2 b2 R Bk B iR
B, HER RS 0w RS TR LS sh s B
Meizsh, =S RY—H LK Y] (23.03 Ma), 14
o THE R 15 1l )2 K B2 36 TR ik, HAEX —ad & rp
PERER ek 1) — WA 2R E Bh, zCE R s R AR

R 34 S JHE 1113 s 11 v B 0 B B — L S O, Y
MR F M 8 R RIS TE PR TURR B Btk A 2
ARG, AV AR, R B e K8
WG, BARMZERTER, ARARNERSS
bR RS TS, AR AR R R SR —
Bt EERH)ZEE TR, RO SR F
FH 75 % 5 22 15 25 4 Dow!™V it 2l 12 HH A9 8% I 4 I 4 3%
R 2 T N N 18 1 L)Y (O S S )
% 1 I kB BE S 2150.65 m, K& R R K 40 B K
)R BE ¥ B Petromod B 4 i B B A iy Ml
TR AL AT SR ], o] UK E TSR FT T B IR R
210~178 Ma( &l 9), M itri &l R I—Hrir 2 KW, o
A A E TR, (A I8 B B S ) e R
JE IS I AT T B S e I R R A T
AHIURAEA RS, R REARRNTHE,
)R, MR RESR AR 1 SRV HRT T
TS 20 (284.4 Ma)— B AR 2 i (29 157.2 Ma) By PR UL
UGB, BATRE 8 AR WIS, 11 PG 432 VTR ik 31
KA. MR AR L SR 7E Petromod A4 1 22 il (9 B
At T A B R S A BT, TR R SR

Temperature, weican1

1000

3000 1

0 S0
Temperature [°C)

100 150 200

e 210Nf°a° 178 Ma Time [Ma]

B9 Eif& 1 FEEatE

Fig. 9 Accumulation time of Well Weican 1



364

FIMBLEER  20214F9 H 6 B 3 )

S FTERIINE A 192~171 Ma( 18 10), 454 5250 #15
P AU ERE T F AP ERIK(GOLN +2%), 1T
R R L PR A TP KRR T EANE .

34 BESERMAESHT

341 B EHEAMKE

KRS He . Ar [l RADNR B RIF AV TIR
Xt A AU F Bz — o AR AR b A L
FF AR BR 2, B5G M BAR AR B AR
P BNAR AT SR B L [ 2 2 B T S e IR IR A AR IS 2
ﬁ[ZS]:

SR

T:530.8lg(4°Ar/36Ar)s ~1323.1 (1)
ARk

x4 BESHERMEIRHERSREELTES

T=-3155lg( He/* He)s ~1959.2 )

Xof, TRHFABEEAFL, Ma; (He/'He), i RIKAAA
dh 1 SHe He fH s (PAT/AAD), S K SR SRE i “Ar/Ar
fH-

PR RS2 IR IR A R Tk, AES AR
[ FYE . TR B E A TS R R
KRR, S5 AR L e 4 BUE 5 RAR R
FBOLSIR A B, B BCR A CA AT B IR
EIARRY, TSR L 40 RAEA RIS TR
SR He. ArlRIOFE AL A AT A0 BE S 100, i
WL 1 BB A SISOk A T A R— B

BMRIRS AR IR A A — AT, A SAr{E 2
FE IR TP K & BRGNS A = A K
SR AP AT fH IR AR R 1

Table 4 Overview of rare gas isotope experimental data and the age of source rocks

H-44 WE /m =2 *He/*He He &1 /(ml/g) OArAArH ArFa/(ml/g)  RIPRAERHT
e BEiR 2695.6 Pis 1.89x 107  4.65x 10 1331 9.35%10° Am— S
et 1 14732 Pys 1.39x 107  3.52x10° 1380 1.58x10°° fR— =

Temperature, wanpandi1

Degth [m]

[t} S0 100 150
Temperature [2C]
T

200 e
192 Ma 171 Wja

Gk
E
i livjiscgou

sunjizgou

shangshibezi

xiashihezi

| shanxi
[ taiyuan

° AR —RE

T
250 200 150

Time [hal

B 10 Feigith 1 R E
Fig. 10 Accumulation time of Well Wanpandi 1

T T
100 50 a



FAEIL A L P ) UHORIR | R B B UG RS

365

(4°Ar/36Ar) —(4°Ar/36Ar). u
shale air _ 77
40 36 40 36 (3)
(“Ar/ Ar)ml—( Ar/Ar) b

air

Kb, a MR ITUAE R KA, BUE 3.6%; bR HE
KA A, A 0.2149); (“Ar/ Ar),, R 2 K
OAATE, HL295.5; (“Ar/CAr)gae N IR TUA AR LAY
KRR CArPATE s (A CAD) o IR I R IR
S A Ar B .

o b A SR, A RECA A KRR A
(PA AL o TH 5 T RIR R CA S ACE, 8 FL 5
XFEEAT A (B 1), RS 1 IS = AR R AR R
(PAT AL oo [HH 357, SEPRINEREEHR R 13315 ekt
1 LG 2R AR5 77 A A KSR (P AT OAT) 0 TR 360,
SRS R A 1380, HHULATAL, A AR RIS
(PATLOAT) oo TEIZE /N TS KAR R, PAr/°ArfE. T 10
PELLIR IR FZON RIS A, XU 3= s
RIS, AR A R R A B

1500

W SEM40Ar /e Ar{E

Wt B R S EOArPeAr

-
o
o
o

4OAr/3Ar

500 [

0

MS1H e &1 F
B 1 HEGRREESENRAS “ArfAr B ZNER
XFEL

Fig. 11 Comparison the calculated “’Ar/**Ar of natural gas

produced by coal source rocks and the measured results

7B R AR IR 5 T R
N T BN DU AR PRI U5 0 i 1
AR RIRAN ST, P IUs | BEE TmoT
AT, TR A RIS ™ A 1 KIR TS A R dh
HRIR T TTRRR -
(40Ar/36 Ar)s _(40Ar/36 Ar)coa]
40 A /36 Ar) _(40Ar/36 Ar)
K, @ ATRE B RIR TP Ar XA KRS
FEdh o A TTRRR, %5 (VA OAN R KRR AL
9 CAPATE; (PAPOAT) e A T8 DU R R KRR
(4 A OAT B (VAT A0 R A Y R IR R
OAr/ AT {H.

3.4.2

Date = ( x100% 4)

shale coal

A L3RI LAGr Bk A e DU AR R At 4
b oA A AR e i S 1L P A O D e R TR (&
12): & 1, et KRS sk /N T 0l s 4
RISk, WTUETITTIREE Ry 73.2%, HEA DTk
RN 26.8%. MEih 1 b, BEEXT AR sk
FURTUE X FARS ATk, e TUA A ST R R 73.9%,
AR TTIRR R 26.1%. HIL, BEfEdCAsl ve 4 2o
WS RIS IR TUE, TTRRRLAN 73.5%; M
FERA AR R T R R EAE R, DTSR 2N 26.5%

100

WORTUE N KA TR
WS X RASTTRE

80 73.2 73.9

201

RS 13
RTUEIRE XN M TR &SR TR E
Fig. 12 Contribution rate of shale and coal rock to tight

fe 7 1

& 12

sandstone gas

5T X AP A TR R 25 R EE AT 0.64~1.06( A26)
Z M, R R —rh A B VSIRZETE B A S
U Y 09%~50%, F88 T UCE BT BEA-BI; AR
LRI — R B AT B EEE A A B Bk
110~120 °C F1 130~150 °C, [EJFEFE 7~ H A B B A-B
Wl 254G LR = IR AR 5 X B DA A T Al
B A-B .

TR AR A AR 2= R O R 2 A5 A
WFFE XA A N BT B R R B T A 5 R e ik A
K, ZF AR R AR L & 3R WK R R A
I P BB D S RAR SBGEUIH UCh 1 ZR G
PRBSAE | L L A0 b YA 52 45 SR B IX L P 4
OSSR 1] Ay B S AR —He L 3 A0

o U DUA FREA — o oni A B, TR
SRR T HE B AR AR b AR R ST iRR
g5 R F AL F b P A BB DA P RAR R E S
JRRE IR VE T, HOTHRRAN 73.5%; AR
MERR R R R EAEH, STRRZ R 26.5%.



366

FIMBLEER  20214F9 H 6 B 3 )

CEPUIN

(1]

(3]

(4]

(5]

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

FEEALE. izl DR 5 IR AR B IRy B A Dy 1 (9] A3 MRk SE 8 4, 2020, 5(2): 141-147. [KANG Y Z. Potential and
exploration direction of unconventional natural gas resources in the middle Yangtze Region[J]. Petroleum Science Bulletin, 2020, 5(2):
141-147.]

ARARE, RANHL, SNV, L WS IR IR | BHIE . ML R Db E SR I A SR SR B[], AheER , 2012,
33(2): 173—187. [ZOU C N, ZHU R K, WU S T, et al. Types, characteristics, genesis and prospects of conventional and unconventional
hydrocarbon accumulations: Taking tight oil and tight gas in China as an instance[J]. Acta Petrolei Sinica, 2012, 33(2): 173—187.]
T, R, 2IRE, & 2REUED ARG SBGTH 0T 0], KIRHIREL %, 2017, 28(6): 952-964. [LI'Y H, SONG Y,
JINAG Z X, et al. Parameters statistic analysis of global tight sand gas basins[J]. Natural Gas Geoscience, 2017, 28(6): 952-964.]
WL, FOMAR, 2R, 5 P EBUR A ST R RS LU 0], T E TR, 2012, 14(6): 9-15. [TONG X G,
GUO B C, L1J Z, et al. Comparison study on accumulation & distribution of tight sandstone gas between China and the United States
and its significance[J]. China Engineering Science, 2012, 14(6): 9—15.]

ke, XUEL, B/ INE. PR 22 1 gt e ity A AR LR A 3 — VORI AL 15 EO D A OB D). H2# T 2R, 2015, 22(3): 174-183.
[YANG H, LIU X S, YAN X X. The relationship between tecotonic-sedimentary evoluation and tight sandstone gas reservoir since the
late Paleozoic in Ordos Basin[J]. Earth Since Frontiers, 2015, 22(3): 174—183.]

UL, e, SEATUR, 45 TGP RGBS RAR TH IR AL PR A [J]. IR THIERELF, 2020, 31(4): 447
461. [XIE ZY, YANG C L, DONG CY, et al. Geochemical characteristics and genesis of Middle Devonian and Middle Permian natural
gas in Sichuan Basin, China[J]. Natural Gas Geoscience, 2020, 31(4): 447—-461.]

BRI, BRABAS, 254k, 45 NIZRZNGIT A B Rb-A W AR R G0 L W2 e i) P T 4 BIARRAE (3], Al BhFam i, 2020, 5(4): 441—
448. [LIAO Z H, CHEN W L, LI W, et al. Fault-fracture systems of the Xujiahe tight sandstone in the Northeast Sichuan Basin, Part I:
Distribution of fault damage zones[J]. Petroleum Since Bulletin, 2020, 5(4): 441-448.]

O, LRAE, £F5)7, & AR AHBCE A O S A LN L F 5 i R ] 1], Al S AR,
2017, 38(6): 1005—1018. [LI J, JIAGN X H, WANG X Q, et al. Mechanisms for gas accumulation and enrichment in tight sandstone
reservoir in rift basins: Cases from the Songliao Basin and the Bohai Bay[J]. Oil & Gas Geology, 2017, 38(6): 1005—1018.]

B E, 2K, TR, 55 Wa TS B ISR AR 28T 5 SR AT (0], RAR S HbERELF, 2019, 30(6): 783-789. [ZHAO C
Y, LI'Y X, WANG J F, et al. Genetic types and exploration of natural gas in Bohai Bay Basin[J]. Natural Gas Geoscience, 2018, 29(10):
1383-1397.]

TKATTR, R, SRR, AF . R AR A R R PR X b A R AR AU U S AR R I 0], KRR HLBRFLE, 2017,
28(11): 1637-1649. [ZHANG J D, ZENG Q N, ZHOU X G, et al. Drilling achievements and gas accumulation in the Upper Palcozoic
in western new arca of Taikang Uplift, southern north China Basin[J]. Natural Gas Geoscience, 2017, 28(11): 1637—-1649.]

W, T, BoRAE, % Mt 2 E &8 6 2 5 A M]. JEstl i L ik, 2012, [HE M X, WANG M, QIU R H, et al. Oil
and gas in the superimposed South North China Basin[M]. Beijing Geological Press, 2012.]

X BRELIL, 4280, 45 38 AT M a2 Rl e 51 /R 22 2t b ity A SUM SRRt R [7]. HBRHE 4R, 2005, 24(4): 60—
66. [LIU J Z, CHEN H H, LI1J, et al. Using fluid inclusion of reservoir to determine hydrocarbon charging orders and times in the Upper
Paleozoic of Ordos basin[J]. Geological Science and Technology Information, 2005, 24(4): 60—66.]

B ZE, R, WSO, 4 TURAHbI BURIIE oY B BURG BR LR & AT ik (], MbERBIAERE , 2004, 19(6): 939-946. [ZHAO
M J, SONG Y, PAN W Q, et al. The overall approach of hydrocarbon filling periods and process in sedimentary basins[J]. Advances in
Earth Science, 2004, 19(6): 939-946.]

MIDDLETON D, PARNELL J, CAREY P, et al. Reconstruction of fluid migration history Northwest Ireland using fluid inclusion
studies[J]. Journal of Geochemical Exploration, 2000, 69: 673—677.

KELLY J, PARNELL J, CHEN H G. Application of fluid inclusion to studies of fractured sandstone reservoirs [J]. Journal of Geochem—
ical Exploration, 2000, 69: 705—709.

SRR, XSG, R % B XORAR A . WA 2 b ERAb 2= R AE (7). AR 571 % , 2005, 32(6): 38—41. [ZHANG D
W, LIU W H, ZHENG J J, et al. Helium and argon isotopic compositons of natural gases in the Tazhong area, Tarim Basin[J]. Petroleum
Exploration and Development, 2005, 32(6): 38—41.]

XA, . At X R = B 20 AT AR A M B AEAE [J]. MBS 4%, 1986, 60(2): 128—138. [LIU S L. The existence of a large-scale
Triassic sedimentary basin in north China. [J]. Acta Geologica Sinica, 1986, 60(2): 213—-218.]

BRI, AT, SREE, SF m R 5 R — T R AU AR ZERIFSE (1], Al RS (LD = B4,
2005, 27(5): 554-556. [HU J Q, YAN Y X, WU G S, et al. Carboniferous-Permian organic mass thermal evolution and genesis in North



FAEIL A L P ) UHORIR | R B B UG RS 367

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

[30]

[31]

[32]

[33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]
[42]

Huabei Area[J]. Journal of Oil and Gas Technology(J. JPI), 2005, 27(5): 554-556.]
H5ed, ok, Tk, 5 ptedb B G Hgooh S—r AR, 2 SRS AHEDFIE M), dLat: Bl2E At 2014, [TIAN
J C, ZHANG X, WAGN F, et al. Study on the Neoproterozoic-Mesozoic deposits, sequences and characteristics of source, reservoir and
cap in north southern China superimposed basin[M]. Beijing: Science Press, 2014.]
KUBLER B. Les argiles indicateurs de metamorphisme[J]. Revue Institut Francais du Petrole, 1964, 19: 1093—1113.
Bk B . TARE AR BE Ko H (M. db 5T B ML, 1994, [XU Y C. Origin theory and application of natural gas[M]. Beijing:
Science Press, 1994.]
IhEH R . i SRR R A 5 VGS400 BT iy Re s [Cl. HlRHF A AL, 1987, 246—250. [SUN M L. Determination of
rare-gas isotope and function of VG5400 mass spectrograph[C]. Gansu Publishing House of Science and Technology, 1987, 246—250.]
SUN M L, YE X R. Measured on He and Ar isotopic compositions in solid samples by mass spectrometry[J]. Acta Sedimentologica
Sinica. 1997, 7(3): 51-53.
SUN, M L. Measurement technology of noble gas isotopes in natural gases[J]. Acta Sedimentologica Sincia, 2001, 19 (2), 271-275.
FRUE I, 2P, SRl 45 ORI RAERE Rt A It )b ik mie . &l 4RI 3R I5Em (7], RN THERER, 2020, 31(4):
483—-487. [XING L T, LI Z P, ZHANG P Z, et al. Effect of different sampling devices and storage time on carbon, hydrogen and oxygen
isotopes of non-hydrocarbon gases[J]. Natural Gas Geoscience, 2020, 31(4): 483—487.]
R, XIFy, S, L SRR Z WA SR IL VA — T A & T AU ECERD A AL [J]. R HERRLE, 2021, 32(1): 1-10. [LI S,
LIU L, WU J, et al. Diagenetic evolution of tight sandstone of Shanxi-Lower Shihezi formations in the southern Ordos Basin[J]. Natural
Gas Geoscience, 2021, 32(1): 1-10.]
ROBERT H. GOLDSTEIN and T. JAMES REYNOLDS. Systematics of fluid inclusions in diagenetic minerals|[M]. Society for
Sedimentary Geology, 1994.
WL, Zpas , Ph M. DRI A R RS Ry BRIE 5 528 (], 5 s sk 275@ 4z, 2006, 25(1): 1-11. [OU G X, LI L
Q, SUN Y M. Theory and application of the fluid inclusion research on the sedimentary basins[J]. Bulletion of Mineralogy, Petrology
and Geochemistry, 2006, 25(1): 1-11.]
BRI RE . D AE A 2 B 5T PR (9], 3B 98 40 3 B, 2002, 23(3): 257261, [ZHAO J Z. Method of geochronology of petroleum
accumulation[J]. Xinjiang Petroleum Geology, 2002, 23(3): 257-261.]
MCLIMANS R K. The application of fluid inclusions to migration of oil and diagenesis in petroleum reservoirs[J]. Applied Geochemis—
try, 1987, 2(5): 585-603.
NEDKVITNE T, KARLSEN D A, BIORLYKKE K, et al. Relationship between reservoir diagenetic evolution and petroleum emplace—
ment in the Ula Field, North Sea[J]. Marine and Petroleum Geology, 1993, 10(2): 255-270.
LISK M, EADINGTON P J, O’Brien GW. Unraveling complex filling histories by constraining the timing of events which modify oil
fields after initial charge[J]. Geological Society, London, Special Publications, 1998, 144(6): 189—-203.
PARNELL J. Potential of palacofluid analysis for understanding oil charge history[J]. Geofluids, 2010, 10(5): 73—82.
XWEEBL, e, 1 BT I AR A R AR A TR AT & v B R FE M. T T ARARREL Rtk 2007, [LIU D H, LU H Z,
XIAO X M. Oil and gas inclusions and their applications in petroleum exploration and development[M]. Guangzhou: Guangdong
Science and Technology Press, 2007.]
HASZELDINE R S, SAMSON I M, CONFORT C. Dating diagenesis in a petroleum basin: A new fluid inclusion method[J]. Nature,
1984, 307(5949): 354-357.
MCLIMANS R K. The application of fluid inclusions to migration of oil and diagenesis in petroleum reserviors[J]. Applied Geochemis—
try, 1987, 2(5): 585-603.
BT, XU A, XUEL, 45 . RGBS R WP R IR ORI SORLRT 18] [J]. B3 41, 2002, 47(12): 957-960. [XIAO
X M, LIU Z F, LIU D H, et al. Using reservoir fluid inclusion information to study the accumulation time of natural gas reservoirs[J].
Chinese Science Bulletin, 2002, 47(12): 957-960.]
WRELDL, ZRalis . skAm W, A5 .z P P B R A s 35 T il 9 R s0) U B 5 ) [9]. =F T2k, 2003, 10(1): 190. [CHEN
H H, LI C Q, ZHAGN X M, et al. Using fluid inclusions to determine the oil and gas accumulation period and main accumulation
period[J]. Earth Science Frontiers(China University of Geosciences, Beijing), 2003, 10(1): 190.]
BEAR, AOCAT, BBHE, 55 ISR AT EE IR [0]. AR HERBL#, 2020, 31(12): 1733—1748. [XUEN, ZHU G Y, LU X X,
et al. Advances in geochronology of hydrocarbon accumulation[J]. Natural Gas Geoscience, 2020, 31(12): 1733—-1748.]
AT % AL r [ b O 0 R 2 R s A A s ST M. Jb a3l Tl AL, 1999, [REN Z L. Study on the tectonic thermal
evolution history of sedimentary basins in Northern China[M]. Beijing: Petroleum Industry Press, 1999.]
DOW W G. Kerogen studies and geological interpretations[J]. Journal of Geochemical Exploration, 1977, 7(2): 79-99.
XISCIL, K B . KRR P QAR Z A AL X [)]. Bl2#E4, 1993, 38(9): 818—821. [LIU W H, XU Y C. Significance of the
isotopic composition of He and Ar in natural gases[J]. Chinese Science Bulletin, 1993, 38(9), 818—821.]



368 FIMBLEER  20214F9 H 6 B 3 )

[43] W, Bk, XUSOL 4 SRR P IR A SR 22 0 R (7] DORL2A3R , 1995, 13(2): 48-58. [SHEN P, XU Y C, LIU
W H, et al. Applied models of rare gas geochemistry in the research of natural gases[J]. Acta Sedimentologica Sinica, 1995, 13(2): 48—
58.]

[44]  AELT, BIEODY, XIS, 48 K-Ar ERIER I TS LEBTFE P AR [7]. KARTHEREL, 2005, 16(4): 499-502. [ZHENG 1 J,
HU H F, LIU W H, et. al. Discussion about the relationship between Kalium and Argon in research of gas and source rock correlation of
natural gas, 2005, 16(4): 499—502.]

[45]  AREAR, XUSGL, AT, &5 . SR E TR M BE RAR T R AFHR 0], 3bERAL, 2005, 34(4): 405-409. [ZHANG D W,
LIU W H, ZHENG J J, et al. Identification of main gas source in Kuqa Depression using argon isotope ratios, 2005, 34(4): 405-409.]

(% AL R AHERE)



