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Fig.4 The pre-Carboniferous paleokarst development model of Ordos Basin
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Table 1 Carbon istopoic data for Lower Palozoic paleokarst gas and Upper Palozoic tight sand gas in Ordos Basin
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Table 2 Natural gas accumulation characteristics of different types of paleokarst reserviors

2 2 URUE 3 P 2 R
JEL 2% e B Fis0. 5 2 e
KU B R EMIRE R MBS R E MRS B

il 2 JEE 2 L9 HROR R 2= )2

it J2 BB = A B s s R ss
i )2 RFAE FLBRZE R 25k LW B 244 — i IA] Q) FL R Ly S E{N R

TLBRBE/ % 2~8 4~9 1~6

BBER/(X10 3 pum?) 0.1~100 0.1~100 0.01~10

& 11 4% 1 T A )22 P 1] P 1 T 3 55— 3 2 P A

S A R T 3 2 4 A JR 4 R T B3 43 A

KK FEH TR A AR K Te R K

A% Jay o vty R 7 P o S S B X SR A L T M
ARTRAL Tty M AR A A Tl OB R AR (9
Wt LA P 0 R M PP B TR ) TR R R R A
Rt A fift 8 25 18] DUBE J7 fifk A0 B2 208 8L

it 2 AR A A T LB A R

AR A SR EOR 5 ORI A

6.4 FHULPHNEREREETRASERRERE
FHE L1 S F B S 5 AR AR T L B AP I BT 1) Y A



MHEF KRBT EERRKLEAR L F 1 185

No.2 %5
O [SID[ C [ P[T]
0C__ -~
1 L
2 L
£
<
B 3F
IS
4 b 140C .
160C
N\
180C\_ ¥,
% -
500 400 300 200 100 0
HuFAE R/ Ma

B8 ZR/REHTZM S139 HHEREHRARNLSE
Fig.8 Burial thermal history of Paleozoic strata

in Well S139,0rdos Basin

CHAHRDARISE R | GBI e _E
RO E) | GBS E S0

() SRR R RE IR B

CHERGSERZ iz &2 | E =
CHYETH) CHTERBHD AR
M [ ————
. ————
B = —Z\ TN

(b) s JHIFEE S B
EQuzs e~z [ |y e =] i
B9 SBREFAMWPRBRALZTSERBEL TR
Fig.9 Evolution of paleokarst gas field in the

central-eastern, Ordos Basin

AR BRI R 3 L BT R R A S A SR
WA g VUAR AR s B A A SRy AR e AN B A
N RIS )32 F 14 1 $a BOl B A WAL 72 <
R 1) _E U7 1) 0 1 a3 3 R (I 9) VAR 45 3t AR
Ab T B AR M BGRE IX A (XA 7 82 IXOAE T i
o PR R AR FLBR AR A B2, R B )
HUE L 32 2O BOE KA TS OB T2 R R B A Ak T
BANATT T ARG P AL H S REA LT
i W b e — 2% A e [ LA 1) A7 A e PEAR AR L
AR AN A B Bt T R S 0 Y 2 1 f81) 40 b
W B U BRI R B TR A BT AP W AR H o
AL BOR K A B s B B = B AE TR
RS B VY AR S A B AR B AR
i CEL10) o A T K98 AR DAY R, XA 78 UL
PREBO M LR A A EZRAE A SR
AR5 IR 8 L0 300 ) s 2 5 T A 3o o I8 8 A A8
A BUE T G5 AR AT oy A A KA e U 22
S R AR ORI A SR TR T A P 1] 2R i O RD AR B
75 R 1) B RS W U A

7 it

(DIRR S BT + AR KA E 4 E LA A
RO EFHESAAFIE,E B R AR %5 R R
LA EA T FAR A R BEES T,
SRR AL WAL A EAS £ EEHT
AR A B R B KB RAL & o8 T RO B Ok
REAER,

(DOTFHFARRLTAREALTEAER 2 £
BB EAEAIE, EE AR R BRR EHE T AL
wZ EE@ERER K, B HGRLE R A

B Fik

& 10

br3vi] Gl AR

=

k2 Emseson B0 rs WAERS
] (G HIRBIE S seweom B azs [ RRES

BREFAMFARBE THER—THRARLZTSES AHN

Fig.10 Predictable distribution of Lower Paleozoic-Proterozoic paleokarst gas reservior in Yishan Slope,Ordos Basin



186 X KR A

#  F Vol.29

BREMEEBRERK. BB EHERLT ARA
AR B A AR GERAIEL,

(DT HFAEARRA TR £ F 2L TR
fi’iﬁaﬁiﬁ#iﬂa%ﬁﬂﬁﬁi&ﬁﬁ%%&ﬁ%Mi}]ﬁti&
MR RABRTHEOLER > H HH LS
%f‘ié\%%éﬁ#&%,Q&J@E\b(?ﬂ%)ﬁ'&é“i@ifmﬁ

3% ) B RAL e AR AL B R B AR,

DFRREHERRL AR TLAE T FEAE
FARR B, £ 2R A FR, R A AT EELLRAL
ABRAT—FRAAHIKFT &,

;-?;»\-

£ % X HK (References)

[1] Yang Hua, Liu Xinshe.Progress of paleozoic coal-derived gas
exploration in Ordos Basin, west China[ J ]. Petroleum Explo-
ration and Development,2014,41(2):129-137.

WA XA S0 R 22 0 g b oty A BRI R R LT A
MRS K .2014,41(2) :129-137.

[2] Yang Hua,Fu Jinhua, Wei Xinshan, et a/.Natural gas explo-
ration domains in Ordovician marine carbonates, Ordos Basin
[J].Acta Petrolei Sinica,2011.32(5):733-739.

B AT G BT E 55 SRR £ 407 4 4 Y B AR A R TR AR
KRR BT ] A0 2412, 2011, 32(5) : 733-739.

[3] Yang Junjie. The discovery of Lower Paleozoic natural gas in
Shan-ganning Basin[ J ]. Natural Gas Industry, 1991,11(2):
1-6.

MR BH T A T i AER KRR R L RAK T,
1991,11(2) :1-6.

[4] Liu Bo, Wang Yinghua. Qian Xianglin. The two Ordovician
unconformities in N.China their origins and related regional
reservoirs prediection[ J]. Acta Sedimentologica Sinica, 1997,
15(1) :25-30.

X, A B B, AR L LB AR S AN A T R 5 A
I XS i 2 T[] ] BT AR A 4R, 1997, 15(1) : 25-30.

[5] Xia Riyuan,Tang Jiansheng,Guan Bizhu,et a/.Ordovician pal-
eokarst landform in Ordos Basin and gas enrichment charac-
teristics[ J1.Oil & Gas Geology.1999,20(2) :133-136.

ELH T, Rl G Bk, 55 SR 2 30 4 U B AR A A
Lo RARAE RAFAELT ] A5 KRR THLT . 1999,20(2) - 133-
136.

[6] Pan Zhongxiang. Significance of unconformity to oil and gas
migration and accumulation[ J]. Acta Petrolei Sinica, 1983, 4
(4):1-10.

WA A EAEXN MR BB REMEEZELI] AR,
1983,4(4) :1-10.

[7] He Dengfa. Structure of unconformity and its control on hy-
drocarbon accumulation[ ] ].Petroleum Exploration and Devel-
opment,2007,34(2) :142-149.

R AEAEHPEHSMAAREN] GRS F &,
2007,34(2) :142-149.

Chen Xueshi, Yi Wanxia, Lu Wenzhong. The paleokarst reser-
voirs of oil/gas fields in China[ ]J].Acta Sedimentologica Sini-
ca,2004,22(2) :244-253.

MRz, 25 07 85, 5 S T E A B R R SRR L],
LR 42,2004, 22(2) 1 244-253.

Jia Zhenyuan, Cai Zhongxian, Xiao Yuru. Paleoweathering
crust: An important reservoir (boby) type of carbonate rocks
[J].Earth Science:Journal of China University of Geosicenes,
1995,20(3) :283-289.

BEPRAC L S0, W Al T KR SE R R R R A — A T Y
IR O [T ] o BR B} 27 . i [ 4 K 2 2 41, 1995, 20 (3)
283-289.

Zhang Keyin, Ai Huaguo, Wu Yajun. Characteristics and oil
controlling significance of uncomformity structure layer on
top of carbonate rock[ ] ].Petroleum Exploration and Develop-
ment,1996,23(5) :16-19.

kAR, AR L SO TR R R R A TIN5 R R A
MR ST AT B PR 5 9 K. 1996,23(5) :16-19,

Liu Xiaoping, Sun Dongsheng, Wu Xinsong.Ordovician palae-
okarst landform and its control on reservoirs in west Lungu
region, the Tarim Basin[J]. Petroleum Geology & Experi-
ment,2007,29(3) :265-268.

XN, P4 L SR RS . Ty A 3t A R G X o R 4R
Tl —— LA 5 BLOR 0 b 56 vty 7 b DX B Bl 2R A 46 [ ). A i S 56 b
Ji,2007,29(3) : 265-268.

Wei Xinshan, Chen Juanping,Zhang Daofeng,et al.Geological
characteristics and reservoir forming conditions of large area
tight carbonate gas in easrern Ordos Basin,China[ J ]. Natural
Gas Geoscience,2017,28(5) :677-686.

BOW L WRAE O TR TE L A TR IR 22 M0 A AR S A TR R B0 ik
& ﬂ?&ﬁiﬁ%ﬂiﬁfﬁ[J].?Ei’.’ii/ii’rﬁfikﬂi",
2017,28(5):677-686.

Wei Xinshan,Chen Hongde, Zhang Daofeng,et al.Character-
istics and gas exploration potential of tight carbonate reser-
voirs: A case study of Majiagou Formation in the eastern Yi-
Shan Slope, Ordos Basin[ ] ]. Petroleum Exploration and De-
velopment,2017,44(3) :1-11.

BB WKL, BRI B, 45 BUR BR IR 3 A 6 4R )2 R AE 5 KR
SRS 72 LLSRIR 22 307 4 b B D AR 3 AR B R B R T SV A
HBILT] AR 5T %, 2017,44(3) 1 1-11.

Su Zhongtang,Chen Hongde, Xu Fenyan,et al.Geochemistry
and dolomitization mechanism of Majiagou dolomites in Ordo-
vician, Ordos Basin, China[ J]. Acta Petrologica Sinica 2011,27
(8):2230-2238.

JRA L, REEEE L R, B R Z A B KW H A m A
FRAGSAHFAE S = 5 LR 23 B (] 2 A2 42 2011, 27(8)
2230-2238.

Zheng Congbin, Wang Shilu,Jia Shuyuan.Formation and evo-
lution of caves in main production formation in the central
part of Shan-Gan-Ning Gasfield [ ] ]. Jour Geol & Min Res
North China,1996,11(1):73-79.



No.2 MFHEF . RRS AR T EEARRAL L AR L FH 187

HOWE L SR B L R T A A 22 R LR (2):205-212.
RIE S A [ AR db M B = 44 75, 1996,11(1) . 73-79. [21] Yao Jingli, Wei Xinshan, Zang Daofeng.et al.Sedimentary mi-

[16] Zhao Wenzhi,Shen Anjiang,Zheng Jianfeng,et al.The porosi- crofacies of anhydrite concretion dolomite rock: Take Majia-
ty origin of dolostone reservoirs in the Tarim. Sichuan and gou Formation Ma53 layer in the eastern Ordos Basin as an
Ordos Basins and its implication to reservoir prediction[ ] ]. example[ ] ]. Petroleum Exploration and Development, 2010,
Science China:Earth Sciences,2014,44(9):1925-1939. 37(6):690-695.

XSO UL KRS B AR R U 1| B SRR £ A b WeR A BT kB g SF AT S A = s TR —
2 i 2 LB PR R Rkt i 2 50 A 48 T 2 LT L E R PLEBIR 22351 233 AR 8 5 #3 /N2 S I L) 0. A B4R 5 &
2 M ERBLA%.2014,44(9) :1925-1939. 2010,37(6) :690-695.

[17] Huang Difan, Xiong Chuanwu, Yang Junjie, et al.Gas source dis- [22] Yang Hua.Bao Hongping.Characteristics of hydrocarbon ac-
crimination and natural gas genetic types of central gas field in Or- cumulation in the Middle Ordocician assemblages and their
dos Basin[ J].Natural Gas Industry,1996,16(6) :1-5. significance for gas exploration in the Ordos Basin[]].Natural
BEEHE L REAE R A R A ARSI £ 300 25 M v 3 A< I AR AR Gas Industry,2011,31(12):11-20.
RIS E R )RR T .1996,16(6) :1-5. W46 AL UET- TR IR 22 00 43 b B8 Bl 2R vl 2 R AT B 4R

[18] Wang Chuangang, Wang Yi,Xu Huazheng. e al.Discussion on AR RRR T, 2011,31¢12) :11-20.
evolution of source rocks in Lower Paleozoic of Ordos Basin [23] John M Hunt.Petroleum Geochemistry and Geology[ M].New
[J].Acta Petrolei Sinica,2009,30(1) :38-45. York: W.H.Freeman and Company,1996:90-101.

FEAEN F BB S A8 SR 28 A R Al AR BRI A [24] Ren Zhanli, Zhang Sheng,Gao Shengli,er al. Tectonic thermal
JSCTRR T8 AR AE [ ). A T 2= 42, 2009, 30(1) : 38-45. history and its significance on the formation of oil and gas ac-

[19] Dai Jinxing,Li Jian, Luo Xia,et al.Stable carbon isotope com- cumulation and mineral deposit in Ordos Basin[ ] ].Science in
positions and source rock geochemistry of the giant gas accu- China: Serices D,2007,37 (supplement [ ) :23-32.
mulations in the Ordos Basin, China[ J ]. Organic Geochemis- AT A, ol %, 3 58 IR 22 3 2l e ot i g Ak sk R JHC R e
try,2005,36(12) :1617-1635. M B LT R E R D 35,2007, 37 1) .23-32.

[20] Xia X Y, Chen J,Braun R,et al.lsotopic reversals with re- [25] Ehrenberg S N, Eberli G P, Keramati M, et al.Porosity-per-
spect to maturity trends due to mixing of primary and second- meability relationships in interlayered limestone-dolostone
ary products in source rocks[ J].Chemical Geology 2013, 339 reservoirs[ ] ].AAPG Bulletin,2006,90(1) :91-114.

Differential distribution of natural gas in the Lower Paleozoic

paleokarst gas reservoir,Ordos Basin

Wei Xin-shan'?,Wei Liu-bin''?,Ren Jun-feng''*,Cai Zheng-hong'*,Zhou Li-xia'"*
(1.National Engineering Laboratory of Exploration & Development
of Low Permeability Oil/Gas Fields,Xi’an 710018 .China ;
2.Exploration Development Institute of Changqing Oilfield Com pany ,CNPC ,Xi’an 710018 ,China)

Abstract: The study on the geologic characteristics and distribution of hydrocarbon generation and accumu-
lation in the Lower Paleozoic paleokarst reservoir in the Yishan Slope of Ordos Basin,indicates that the
reservoir has undergone intraformational syngenetic karst,epigenetic karst development,and buried hydro-
thermal karst modification in the local area. The paleokarst gas pool was produced from the Upper Paleozo-
ic coal-bearing source rock and the Lower Paleozoic marine source rock,and the Upper Paleozoic coal-bear-
ing source rocks are the main source rocks,the Lower Paleozoic paleokarst reservoir has differential accu-
mulation and distribution in the Yishan slope.Developments of (conventional) low permeability paleokarst
gas reservoirs in the western Jingxi area,are mainly lithological traps,dolomit intercrystalline(dissolution)
pore,oil-type gas,gas pool is not continuous,with edge water and bottom,local high yield and enrichment.
Developments of low permeability gas reservoir in Jingbian area,are mainly palaeogeomorphic-stratigraphic
traps,fractured- vuggy pore,coal-type and oil-type of mixture gas,no edge and bottom water,gas pool has

large area continuous distribution. Developments of tight paleokarst gas reservoir in the eastern Jingdong
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area,are mainly palaecogeomorphic-stratigraphic traps,fractured-micropores,localized vuggy pore,coal-type
gas,but single well production capacity is low.The accumulation of gas reservoirs is mainly controlled by
the following four aspects: (1) Microfacies are the basis for controlling the development of different types of
reservoirs; (2) The paleokarst paleomorphology creates differential paleokarst reservoir; (3) The orderly ac-
cumulation of multi-source hydrocarbons is the key to the differential of natural gas; (4) The period of Yan-
shanian tectonic inversion laid the pattern of the distribution of gas pool.

Key words: Ordos Basin; Ordovician;Differential accumulation;Paleokarst; Carbonate rock; Entrapment

B e S S s S o s a2 e e e S e i st ot S

DOE # 3% 3 000 F T ZNEEMHIKTAA L

2018 4E 1 A 3 H , EEREHA (DOE) & i #3225k A & BB BUN B9 3 000 J1 30 % 4, T3R5 FLl
SRE R RARILZTR ST R 6 ANWH X 5 3258 T A ge IR A = (FE) JE 5 MUl < & e b #
A AR S B Rl T ML B 2 . B S B I E R AT B TR X B TS P A T 243 ST & L AL S DOE
i 5% [ BE R 3 S ML 0 AR PR AP as SRR BT, 4 56 )RR 5 R AR (CUOG) G808 5 T & FoR 1 42 3k
G TR ERE R R KRME, 6 NH EEAENT

(D) T s 45 4 0975 7 B AT RS 3 1 2 D e i K8 —— 30K S IR & T — ATl T K e $2 4k &R 4t i
P XA K YR N 7 Lk A R i i T v R et R T it LT . 3 A B L B s R T i L U
I E R AR A s R A 7 R D I A 7 A U R AR PR B TR A, SR B 187.5
T 3%TC.

(27K NIRRT | (HFTS2) —Fphre 2t ORI 35 S 1 48 307 35 22 07 R AR SR WF 5 s ik A7 2
TR 5, DA A 58 H PP AG BT PR Ab AR SR 5 0 . % BIF 5 T K ) P 7 T 15 30 M PG 5 4 4 2 b 114 K g R S
55 5 0 S AT X R . BVRE I O 2 056.4 T TG,

(3) & Wt (Eagle Ford) U7 52 50 28— 3 o 4 A3 9 Rk 2% a1 JHURIT I 00 6 A ke 48 i B T A= 7= 19 A &K
PR IR ANE F T 5 ) 3G 77 R AE 77, DL NG o F 52 R Vi R A TSR O R R R IR . B )
HIEEN 1 000 HHETC,

() T3l A2 R KA o B rp RAR SR G W DT R R B35 7 I Ut . 3 2 1 B0 4 0 sl 35 2 ) ik Rt
Xof i i A U A R TR O R, R R RG] IR B N DA BRI AT R Lk . R B BUE N
187.2 1 £ TT.

5) B+ F5 5% (Tuscaloosa) 1 4 T 45 S 56 %8 (TMSL) — B¢ fift R A 56 38 i 45 5% 36 AH 00 2 (TMS) #Y
HHRZ L, AT, TMS & 70 ACHE W] R 52 SRR 0l . 100 B Ai-F- 24 H = 8 2 3 000 Al A, B st i)
BUE N 965.7 JTETT,

(6) 32 T Ff B4 7 22 3G F 350 %) 3 2% 28 Al B L A (ESUP) 52 56 %8 —— K5 I8 25 A 43 7 30 55 J2 1 74 3 356
P B 24 AR F R I R 22 B SR G A v . I B — A R BRI B bR 1 4 B 3 R g R R
i 2 R AR R 2 2 5 59— A R DA AT AR T 24 0 CRLE R I 47 /) Lower Huron BT g 58 - 56 s 1
WA R . BYEBEE R 1 114.5 T 3ETT,

(E3fE HiF)



