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Differences and main controlling factors of large-scale gas accumulations in typical
giant carbonate gas fields: A case study on Anyue gas field in the Sichuan Basin
and Jingbian gas field in the Ordos Basin

ZOU Caineng"?,XIE Zengye'?,LI Jian'*,ZHANG Lu"?, YANG Chunlong'*,
CUI Huiying"*, WANG Xiaobo'?,GUO Zeqing' >, PAN Songqi'**

(1. Research Institute of Petroleum Exploration & Development, PetroChina, Beijing 100083, China;
2. Key Laboratory of Gas Reservoir Formation and Development, CNPC, Langfang, Hebei 065007, China)

Abstract: Anyue gas field in the Sichuan Basin and Jingbian gas field in the Ordos Basin are two giant marine carbonate
gas fields with the largest overall scale and the largest single-layer scale respectively discovered in China so far. Based
on the analysis of the source-location structure of gas reservoirs, the process of gas accumulation and the space-time
configuration of key play elements during reservoir generation, we consider that Anyue and Jingbian gas fields are
characterized by a variety of source-location structure types and source-trap configuration of high efficiency. However,
Anyue gas field is of “in-situ” accumulation of pyrolysis gas from paleo-oil reservoirs in inherited paleo-uplift, while
Jingbian gas field is of adjusted accumulation in the structural transformation zone of a slope. There are three key factors
controlling the large-scale enrichment of Anyue and Jingbian gas fields. First, the hydrocarbon source rocks underwent
abnormally thermal events, with the duration of thermal events with a heat flow value over 70 mW/m* being about
70 Myr. Different types of kerogen got fully cracked to generate methane-dominated gases in large amount. Second, the
multi-layered reservoirs of large scale and high quality are well developed due to the modification of favorable lithofacies
by karstification. Third, many types of large-scale traps are well developed including structural, structural-lithologic,

stratigraphic-lithologic and lithologic traps, being favorable for large-scale and effective accumulation of gas. The areas
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with ideal configuration relationship between high-energy beach body and lithologically tight zone within paleo-oil reservoirs

or adjacent to hydrocarbon source rocks are favorable for discovering large-scale gas accumulation in the near future.

Key words : carbonate rock , Sinian, Cambrian, Ordovician, Anyue gas field, Jingbian gas field, Sichuan Basin, Ordos Basin
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Fig. 1

Maps showing the locations of Anyue gas field in the Sichuan Basin (a) and Jingbian gas field in the Ordos Basin (b)

(Modified from references [6] and [ 15])
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Table 1 Statistics of basic parameters of Anyue and Jingbian gas fields
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Table 2 Characteristics of the accumulation system in Anyue and Jingbian gas fields
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Fig. 2 Diagrams of the source-location structures for the Longwangmiao Formation (a) and Dengying Formation (b) of Anyue gas
field, and the Ordovician of Jinbian gas field (e)

(See Fig. 1 for the section location)



6 AT IR NN Ve
61 _
o BT R AL R=2.5% “
o il ERi4L R=2.0% : P
s| o BRI LA - -26 ARITRAE

ST T ER AR

o IR IR I AR . =
AR FALS oF

LIRS 1 L e TR go
4|« RS - 25 B
o BRI R TUE T s°
e
\\“:. DDd;]D
NN SE T

)

N
N R=2.5%
N o
N
N

In(C,/C,)

P32 S s S KRR AR B 2R A P e
Fig. 3 Diagnostic plot of the genetic types of natural gas in Anyue
[16]

and Jingbian gas fields

BR80T fE P AR AR i, R 2 L OIS
FEUR R 33X — B Be i[RI 2 3 1R S i e, 6 R i
LRt D 81C, R B AR T R 4
FUCAE DL 5341, 2 bt 5 TSR 5 12 v i B
Wy o A g (B Rk Ak 2 348 i S 17, B TSR R )
A AL T B R LS 5 ROV R EE R IR, A
P2 L RE R SV C A3 K, o5 30 < H BB FR AR N AR
JHE T UL . PR, A7 78 3 S o 45 14 B, FH 8°C,
KR ISR A 25 I 22 , T T

AR KT 52 4 R IR S el [R) 457 25 {8 (8 C)) 7R
=34. 1 %o ~=31. 0 %o, E H-32. 9 %o,8"C,1E —33. 6 %o
~=26.0 %o, I{H H-28. 4 %o; ¥ F i 41 KR 8°C, 1E
—33.7 %0 ~ =32. 1 %o, 4J{H H-32. 8 %0,8"C,7E-35. 3 %o
~=30. 5 %o, BIH H-32.7 %o UL, FHANZE R 3°C, I
A—FH S C, 2 57K, X HA R A 5Tk ) A/
A K. BTAMFFERI, o A KRR F BV T AT
IR AT H RN TP iR B R Rl n It
[ STk TR IR A R BRI UR A Y A AR B
FEEATTRUL, BIR T AT P AR IR AT R SRR AR
H = H R IR AR TR A A B 3 =, AR
o 1 §CC B A KT R A e Tl 4 AR 87C, A A
K, 5 s B 8°C, 1 K iR i K T 8°C, A
S22l T 2 A i 2 AR B A R R E
(3D o) [ 25 S it — LU W AR PN IR] . BT 4 7] 0L, e
F i 2 K AR 8D ey, £ —138 %o ~—132 %o , B ME K
~134 %o ; kT 5 2H K IR K 8D 22 ALK, A T =158 %o ~
—135 %o, FARPE S A1, S 7 BH -2 vt 2407 1Y 5 %
HRXTEE R, LA 8Dy, >—144 %ol 3, 65 1 N AU AR R /)N
L 8D, <—144 %o J F X — 43 A Jm EE 5N RI B AR

o BB T R
o BATRRAT DB 25
» BT B A2k
32| o BREITIUEA N
o ERIT B AN
o HEE N T L .
344 o BT TR A B

o BRRITIE & 2%

L LT EEAT —Ba% ‘
-160 -155 -150 -145 -140 -135 -130
3D,,,/%o

IR
o 8 SHERANE
: R
sl

8C, /%
o
f=]

K4 2 E RIS L Ben a5 W b AU A 3 (8 &
R o 8t 51 A SCRk[22-24])
Fig. 4 Correlation between ethane carbon isotope and methane
hydrogen isotope of natural gas in Anyue gas field

(Part of the data quoted from references [22] 10 [24])

TRE DT N G o ST =P LR IR DURR I (7K A
A R AR BRI A R IRAA AR T i
K, RIR D K L, IR FERAT S LR R A R
SRATRAIER [ 72 BRI KIRZIT TR A 8D g K
/N, 7% BRI B TR , 8D /N, X R,
ez GHERSS NI IS BN PO dP- 22 0IAL ez N
YA H B R KRR FE N TR, TR
0.976 ~0.999 K 3=, 2 0. 804 ~ 0. 944 (&l 5a) , {H
B E(BH =S WE) 5T (SRR LT)
RIRAAFEZE R ER RIS C 3K, 37, 3 %o ~
-30.7 %o , ¥J 1 N -33.5 %o , 8°C, N -37.5 %o ~
-23.6 %o, YJ{H }-30. 4 %o ; £ T KR 8VC, BAAE
IN, R —=45.7 %o ~ =32. 4 %o, PI{EH R -39. 7 %0, 8"°C, H
=35. 6 %0 ~ —22. 6 %o, I{EH N -28. 8 %oo HBITHF F K
RARCMIM KR ELSFHMAA (S S &R EA
KL PEIE N ANREANAE 8C,, M5 2454 81°C, 3k
RO LR, IEF RSO B R R
d1C, A, 8"C, 5 8" C, A ,87C,-8"C, (A "C,.)
BN, 2 ARC, <0, ES5hRSRC,-ARC, KR
P&, ML AT L L by A S g A S5 BB R AR A
AR E AR LTI JTLHE T75 H I TA3S H-4¢
RN R T H,S & 5 = 111 508, W b A KB
SIS B SR A A B H O AN R LS
FROE ) R B, UL, 76 LA TR T 75 HF 8°C, Rk i K
SRR, WIEEH AT Z B R KRR
SUC R, A TR KRR AR IR e . RIS
Xof BB 2R G A 1 AR BTk AR TG R
HEL T SR RIR SRR WS A EA T



514

A 4 . SO H A

1020 -
® Qo ?’O 00'
oo ce%? ’* .!° e
0.980 + Eggiyj o.°'él+ Lo BERIR
i L ++A /A%éégnA A
R A Ao mune
509401 iy o0 TR v A
4 #*, a &
E{ﬁ i + N a .ﬂ_,-‘»'
+ 0900t ot e
© ey e
0.860 | B e PR
® o 3 Aij?fﬁ:%/% o*gﬂ){(:é%
Ce R SRR i SR
0820 LT AR . ,
©048 46 44 42 40 38 36 34 32 30 28
31C /%o
2
18}
14}
=< 1of
< 6r
CHERIET e mpy &AL e,
2okl BRE  epik Bz -y
GEE-BE o A2 W Le
IR ST W O T o
o = °
-6 L - > > p y : v y :
48 46 44 42 40 38 36 34 32 30 28

K5 SRRZHr @RI behx R AL R ES TR AR (a) &
foe — FH e sl i 36 220 (b ) 56 5 CRR 20 Bt 571 A SCiik[28,311)
Fig.5 Correlation of carbon isotope of methane with dryness
coefficient (a) and carbon isotope differences between ethane and
methane (b) of natural gas in the Ordos Basin (Part of the data

quoted from references [28] and [31])

iti™ A AR AR SR AR AE L 20214F 6
A TE 7 M AR TR A i b DX YR A DU AR A e 7 A Y
MT1 -, H 8"C, 55 8"C, 43 5l iy —45. 7 %o F1-26. 2 %o ,
H,S ¥ 5 4 50. 13 o/m™, TSR 2 17 fiff 8"°C, 3 K , i A
FHE A REAERAE . MT1 I RIS R4 A LA
IEAGGE R TS B Ry 2, B beJa 105 96 5 A AL AIR
([ 6), AR P2 2 R e A, 28 5 B P R
H B RIEA A,

2.3.2

DU )1 2 b AR 7R 22 40 2 b HAT R AARAR DL ) P 1
R VA ARG — R S H IR R R
I A R 22 5 . Wiy 2o g B 28— R Sty
FasE (G B B, PR E R 55 mW/m?, Fh—i B {3
PR B | W 7K 85 mW/m?, H AT 70 mW/m? B4
FREERHE] 290 70 Myr, =B 20 PR ETFRZ HIRAG , h 2
0B I IRNEIEALARELE 64 mW/m™ ™ SR/R Z Wi fdHh
MR A ARy A AR, TR e 24 ~ 26 “C/km BEH
22 ~ 24 “C/km, il A ARG B E K ECH 60 mW/m™7,

YR s A IRIRAL

FH AR SR 4 25 Sk e HE R I &R 7
L22- T I 9.
3 2. 3K R J5E 10. 38 Ukt
3.2-HIE i de 11.2-H 5 U
5 4.3-HHE b 12.3-FHi bt
5.0 Ok 13, 1E Bkt
6.2,2-"HIEENLE  14.22- I T
= 7. B LR Y b 15, H1 5
= Lolal goa—mikh
o
@
13
11
) 12 14
JL 6%k 910 15
LI
{5 B i 1)

6 SR/RK 2 dah MT1 - Fig 2 55 DU B R AR R4 g
Fig. 6 Light hydrocarbon compositions of natural gas in the 4"
member of the Ordovician Majiagou Formation in well MT1 in the

Ordos Basin

Mt A R —— B A KECN 55 mW/m?, &4 —1k
B0 FE 55 ~ 60 mW/m?, B J5 PO EE i T, B
P 16 40 3K 3 R 24 90 mW/m?, H. #7148 i
70 mW/m® (RS FRFLE R[] 29 28 T0Ma, Bl 5 #4070 (1%
WA, LA N 66 mW/m> 2247 U1 44t FL SR /R £
Hr AR AT 2232 “ e IR, S BOL U W AR R
HRGm I E B B 2 —RAR P, iR e 32
AR B g (8] 7a) , AR H R-FER R
JE SR AN T, TR EL0. 995 ~ 0. 999; 11 %]
IR Z T A L R VA S I R R e — S
H R, R St 2 A AT e A S SRR A
- AR AR B, ot AR YR R IRIRA TR
PR — L R SRS (B 7h)  BLA BB R
SIRFIR AT IR REEZIN 0. 944 ~ 0. 999,

2.3.3 WA AEE

A AR B AR TR T S Y — Rl R
BT AR IR PRI ZE 5, 25 B W98 X R i Ak DT
FRUHEL R o R e Y A S v A s S50 B T i R Fe v sl .
T 2 AR AL T Ak A TR T ET LU &
A1 A AEA SR AR FT YR R AR, &
EAWAT A e TR S5 R IE A  Eh K g ik
— I 4y A VG B TE L R 81 ~253 °C, FE I A{E 120 ~
180 °C, H: i BetE AR ., Hop AT 52 4 78 A B 4
R 42 22 K F 180 “CHYALZE AR (I 8a) 5 Jp T i 41 %
& 1 2L 120 ~ 180 C2H 3=, KF 180°CHY i L AH X Ik
(FEI8b) . 454 05T X TR sh K U AE J T4k
HOAR =S R R A R
B, HEA 2 R W 2 s e s, LT 2 4
(F 72) R, AR FR 20, 3B BRI EA O ARSI, 5%



1000

3000

CR,=0.5%~0.7%
CIR=0.7%~1.0%
4000 =g R'=1.0 %~ 1.3 %
COR-1.3%-~2.0%

450 400 350 300 250 200 150 100 50 0

~100¢ I} i /Ma
g o0l
=z L
% 80
= 0
£ 60}
£ 5

VU1 Z4t Ca ) FIS 7K 25 7l (b ) £ s K B4 e s (4 Sk [ 36-38 [0

Fig. 7 The burial and thermal history of the Sichuan (a) and Ordos (b) basins (Modified from references [36] to [38])

8 AT IR NN
a 0 Z [ €1 0] S [ Dd JC[ P T T [ K | RQ [k
40°C ,
60° |
2000 s 00 T
.
E .
& 100 °C
#4000} 120 *C i
% 140 °C wn
160 °C -
I R=0.5%~0.7% 1gore =
6000 = R'=0.7%~1.0%
EIR=1.0%~13% 200°C
COR=1.3%~2.0% 220°C
COR=2.0%~4.0%
8000 ——— ; : : r
1001600 500 400 300 200 100 0
"‘E I 5] /Ma
£ o0f
s 80
@ 70t
= 0}
™50
&7
350 n=1113
300

|2 WA

Q N AN
/\Q /\7' \’LQ/

A W
PN \QQ \@

A0
i EE/eC

180

b n=531
[ PaE:

J7 ff AT

CISPaye)

N \'LQ
et o

N N D I\ 10 0
o o AL \A‘QH\ \bQ N \%Q,JL 7‘00,—/1 7’}

H—iiE/rC

K8 LR AT R (a) R i 20 (b )it J23 U (A E0 2 A 14— TR BE A3 8 i 4

Fig. 8 Histogram of homogenization temperatures of fluid inclusions in the Dengying Formation (a) and Longwangmiao Formation (b)

in Anyue gas field
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