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Characteristics of Silurian Paleo-oil reservoirs and their significance
for petroleum exploration on the southeast margin of Sichuan Basin

Ma Wenxin', Liu Shugen' , Huang Wenming® ,Zhang Changjun',Xu Guosheng' and Yuan Haifeng'

(1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation ,Chengdu University of Technology,
Chengdu , Sichuan 610059 ,China; 2. Research Institute of Exploration and Development , CNPC Chuanging Drilling
Engeering Company Limited , Chengdu , Sichuan 610051 , China )

Abstract:In order to understand the hydrocarbon accumulation characteristics of the Silurian carbonates on the
southeast margin of Sichuan Basin,this paper studied reef-shoal facies sedimentary features and paleo-oil reservoirs
in the Lower Silurian Shiniulan Formation based on the comprehensive field and laboratory research of petrography
and geochemical analysis. The Lower Silurian Shiniulan Formation is composed of upward-shallowing three cyclic
deposits,of which the third cyclic deposits are bioherm-shoal facies on platform margin occurring along Lintan-
chang-Liangcun-Dingshan structures. The reservoirs of reef-shoal facies are rich in bitumen, indicating that they
are lithologic paleo-oil reservoirs of shoal-reef type. These paleo-oil reservoirs are small in resource scale and scat-
ter in regional distribution. Their resources are estimated to be about 6. 62 x 10° t. The oil of the paleo-oil reservoir
is mainly sourced from the Sinian paleo-oil reservoir,partly from the Silurian source rocks. The formation and de-
struction of the Shiniulan paleo-oil reservoir includes the following process;the Sinian oil reservoirs were destroyed
and the escaping oil accumulated in the Shiniulan Formation to form the oil reservoir( Late Triassic to Early Juras-
sic). The oil of the oil reservoir was cracked to gas due to the long term deep burial ,to lead to the gas reservoir
(Middle Jurassic to Middle Cretaceous). Finally, the gas reservoir was destroyed by folding and quick uplifting

(since 80 Ma). The exploration prospect in the Silurian in southeast Sichuan Basin is not as good as in the eastern
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Sichuan-eastern Chongging.
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Fig. 1 Sketch map showing regional geology of the study area
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Fig. 2 Lithologic column of the Silurian in Dingshan 1 — Lin 1 wells on the southeast margin of Sichuan Basin
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Fig.3  Xishui-Liangcun cross section showing bioherms in the Lower Silurian Shiniulan Formation on southeast margin of Sichuan Basin
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Fig. 4 Photo of the paleo-oil reservoir on Xishui-Liangcun outcrop on southeast margin of Sichuan Basin
(a MEEGEREME, NPT & it b, o a JRTRXEUICR, S A f L AR A GIEE 5 0E,
LR R EATITE e O a AFES Y DA T )

N b
250 250
1y
200} e 200 i
25 - nCs.
= nCy, =
2150} e, B osot
= L nCs 25 nCy | nC,, .
k= = nCor
3 nC.,
100} Wy ([|]])me 100} Pl
| nCe,
[ nC,, |
. 1|1 | 111 HCyy
50t #Cys L ‘ o 50+ nCis || | bkl L | ] #Cyy
0 10 20 30 40 50 60 0 10 20 30 40 50 60
]/ min e ]/ min
¢ d
250 250
e nC..
200} 200} ",
nCsy Cas
= He b=
150 2150
= HCis = nCy | | #Cn #Cxn
= nCs, = "
ne; Ph
100} s P 100 | s
| Pr|
ne,. P | nCy, | Gy
sob | ] sof | nCy,
HCys 'g."‘"‘J" bl Uik R nCys | 00 - g ol gt L
0 10 20 30 40 50 60 0 10 20 30 40 50 60
i ]/ min [ (] / min

K5 UG AR R 2k B A0 AR L 7 S HL AR - Tl R FUR IR R RIAR (% 4R
Fig. 5 Correlation of saturated hydrocarbon chromatogram between bitumen in Shiniulan
Formation and source rocks in Sinian-Plaeozoic on southeast margin of Sichuan Basin
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Table 1 Gas chromatographic characteristics of saturated hydrocarbon of source rocks

and reservoir bitumen from the Sangmuchang-Guanyingiao-Liancun cross section

e T g b o o (2T CCZ;/ P/nCy PGy
SM1 -2 A BEYELH Ve A 24 19 24 15~33 1.02 1.14 1.37 0.58 0.58 0.56  0.66
SM5 AR AT E 24 19 24 15~32 1.01 1.10 1.04 0.34 0. 67 0.72  0.55
HGS TR H RS 24 18 24 14~37 1.01 1.14 1.51 0.49 0.71 0.70  0.91
LC12 -4 FAR2d BRI IS 23 19 23 15~33 1.00 1.13 1.58 0.44 0.48 0.56  0.52

L RESR NS SM N F A  HG NI LC N LA,

e R4 A B AL e A A ARt KT A
fith )2 7 1 1E 4 Be 4 23 A1 34 EL OB 28 AIE 38 4 FF
mn UGBS LR (B 5) o B R BA SR
IERIE R A, e W R 8 A7 A= W A, AR B &R
AT A2 s b R I T A AR R

A 0T H A R A AR U R R i S I
OEP ,CPI 1 Pr/Ph 553 AT FHE , Al A AN F 458
OaFRAEZDE 578 B R 64205 50 E
3, QFT A RE G 9 OEP R CPI#B #3563, G
A Sl P AT O 35, 38 S g 1 ot S B A e Y
S QW T ZBNVTREAEE S g, B R
PAFEM Y Pr/nC,, , Ph/nC, Al Pr/Ph Y75 T FE 5,
RV A MR HRWE LK R 25
il IE 578 HLRGEZ S AR

PR FES B RTBR RS B EE Y, €/ Y € 1
{HA T 0.34 ~0. 58 L%‘%Eﬁ%/}?zﬁﬁﬁvuﬂﬁ
MAPLTRE ™ M H S ARV TS ER R
VAW 22 W, T Hn TR R e A M=
BEHZWTE., Pr(nC,)/Ph(nC,) lLHR R
i A L S 82—, i T H 2 Ok g
FUT A 5% WA, 5 SR AR A DT A 5E 48 R
F12 Ten Haven %' Bfg548 Y, & Pr( nC,,)/
Ph(nC,y) FUAE (KT 3.0) f87m S8 AL 55 1F T A i
fﬁﬁ/\ fik Pr(nC,,)/Pr(nC,) FLAE (/NF 0.8) H5/R

bk B R R £ DURUIA . Y IX
Fﬁﬁﬁunﬂﬁ Pr/Ph HLIEA T 0.52 ~0.91, £
VEADURRIAEE A — & $h B 1 P4 2E 30 R A 5%
BA AR %2 W Pr/Ph HAE 0,52, 5T5
HABZ W AR R 23T (0. 55) , 1 A B T FE R R A
MR,

2.2.2 REBELEERFER, G AR

m/z191 Jii a3 A I p k25 & Wb

Fﬁ?ﬁ*ﬂﬁuuqﬂu R ot o5 U, Ferb o AR R 2 R

KT A 2T — IR B8 DL C,, R fi i U ,W/m\
MAMIER R AWML C, Mk (E6),
R R R AR B A €, —Cs,
BR CoBidt, Ts /NF Tm, G, —Co FERE S & 228
=T 22R, HE N2 D I, BT A J 58 A
JEREAE YA, FEA Y Ts/Tm 22460 FI7E
0.73 ~0.90, £ AF #2205 5 A 5 7% B R Wi 75 FE A1
MR AR MR, 445 0.73,0.83 F
0.76, 1= Ts/Tm FKHIAFFHIIH ARK A Tk
R s

m/2217 ﬁ%ié BRI A S 2R G &
A ﬂJJJ B e T HE S o S /D 2 S e, R 55 A
Co—Cog—Co BIRAK V" BI04, R BNy C,, >
Cy > ng,EtH_éﬂ@ﬁF‘/F B FE R b s SR B R
B2 WE RAL(E 6), BRiFTR—8IA R, C,,
Bk A KRR, Cog B8 e R T T HE R BB I b R
Coo S5 BETR /RIS AR AR T UL, SARRRAE
T MRS A sl e i A R AR A 55 1 T
AL i 5 38 i B ORI ELA A S, A3
FRIAH S T SRR S S — 2 i
ThEgE AT I e 55 (D e/ (AN B e + Cy,
FEhe) )1E 0. 16 ~0. 18, AL, FiRFRHEE/R TS
DU AT — e 2R I S A
ZE b A AR R O R IR AR

HI TARIZ W AR B A e - i A B
W S 002 DT BB B | B e AR AR R AR R 2 22k

W, (BS54 EEX LS, A AR AR Z
HHRERMEZIE EHERCR,

2.3 HiHEEESBIREE

27 DX S J2 PR P s e SR R, (B A
B AH 295, 0 T+ 1 AR AR i 30 77 22 7 7



53 4]

L3 A5 DU B AR M 2k B

Ftr IR B L A B R X 439

(EASY %R, H5iRY) FIgE KA R ARRB A (Z& R
JRIRLEH ) XoF B AT L W 5] T S48 7 o B A s R A T A
(F7), BT wrss Xk M R Rl
AT R 2 20— v R A s
R FERGR IS A R A s, MR B R R TRA
FraR AT, FE R R AR A A TS A LS B, W 7E
A B[R] EARE S

A EEAFREALE B IR AR ARG S
Wi f A 0 K f A, L3 — TRy 88.6 ~
116.1 °C " F¥97.2 €7 R, % A0 S A
87 HRAE AT AR R 2ty T D TS T B, A A R
SR MR IR N 97.2 °C, HH i = Bt - R
TR (B 7)), Bk, 38R FR I R

o B

PR AR IS e =B - AR I, il T 52 kA M
izl (D,—T,) MEISE s, S TRE
) 52 4 B OR UR BB R S R
FEM I 12 B 2 75 B AR MR AT P R DA P i
BEJG , t TR R UM, 3 B AR RS R TR AR
JIHE i HORS - TR JEE A B 4
TR IRLIEE , v I i vy SRR A T 2 T R 1Y
— ZR 0 s 15 MR EE 3 24 A S S0 SUROR AT R A F

S P 20 )R 8 I A P e A S BUE
T UBGE 3 SE R

ES

3 AR E X
WFFE R AR 1 - BRI A AR 4 TTRUA
B Gl G M, 0 T 1 1 RN B g g Y- &)
Yoo PEITBAHRE S s, FHRIFGE X b (F
Ji 1)) 1 AR A 2 32 ER B PR k5 5 b ) YR K TR AR
RN DTAIA S i A, 72 9 M — A B SF s 2 B
R MEDTRR, (R G I 55k, 76 BH & <7 A4
SN EN LA U S &Y IRV R S EA ]
SRFH, I H 207 2 50 A 765 55 41 e 5
B (i 72%) , MEHEA AR (5 28%) ;IF H
FEJNAFE A Y 18 T AFE K 13 H3RF b
P (RHEERMILBR R A2 . ERER
REH BRI — R R s B R AR
XN LA K B RRLASE B = 7 v 7, 1 AT g
FEAETE 1B R BB A RS U E SR T)
WFEN] 4R — i 4 b X A B &R BB o — & b

Bl EAEEARDLRR, & & A b - dimb 5 8 =, LB

A5, [ ZEREE A A LR L - 2 Tk E I H S BRI 2R RS
ol z 1 € Jo [s] b ] c [ P 1 T 0] K | pe [Ng[HR
—_ — \/ Siz
40°C S ~— ™ e . A 5
60C \\MN\ _--—" . N i
80°C ! S Y i €5
2l N &
- p =
1 4 £,
100C \
K - ’ﬂ"\ = - ) Zadn
120C NN ==
E ey \\ \v’_ - N
2 I 140°C \
mAb0 160°C \ 7
5 B - % g i o
# 40 B MUEMBEERE 104 | \NWNC N\ Sm——e
: 21 n SNLe
o gt 52.2 160°C D
- ——
= %
=120 180°C RS
6F T ——
T -
160 P
‘ 5 L& i sooc N
200 Lu . . . —
80 60 40 20 0
44/ Ma : :
ik L I:l AL 13 1B A0 l:] 1458
R.0.5%~0.7% R0.7%~1% R1%~1.3% R,1.3%~2.6
g : : : ;
600 500 400 300 200 100 0

Fig. 7

Hi AR/ Ma
P71 b 7 e 5 A T SRR o2 B ke DR P A i A

Burial and hydrocarbon generation evolution history of resource rocks in Houtan profile ,margin of southeast Sichuan basin



440 15 XA MR

%33 %

BAURIE A BN AR Ao I e
AR AR DX/ N I B O AR A A
FI A8 B RA S — e PR SOE, i HL58 2 25 PHRT P4 20
G — B R REU RS A O P, TR 13
NI RY PR T x 107 m'/d

(B 38 3 AR YT 5 4 75 7 1| 2R g s 1X )Ry
DA R AR R , B AR AR X /N (S
KIETMRB T RENEER, XEEW AR
R AR S 2 18 B, B Y
FARBME, LAl I S RS N AR RO
B —EXEERE, WA SRR E B X
PR S JZ RIS 8 3 B2, X AR 5 e R ke
DR AR O B oy il e A — 5 A B AR
I, AR 3t DX i B8 A Tz gl ml S 3408 HL &R -
BB 2 KRR O S A2 A, KRR iz
P B B AR AR I A U

2 B ATIR 2R R DX B AR A R AL
FERAE2E AT RS )1 g s XA e 22 ) IR U (2
KO BRI ) AR Z AR B IR ARG H il <
TR AL AW, 1 2R - i 2R Hu DR 2 S B R o A
A X

1) A& RUUBARE L F 51 Sy « PRI UR K 4
M —IR B —22 3 —IF I &5 Hh— 15 Hh i 2k —7k
RGN, AR 3 A ) AR TR R BT RUE [T A4
WALAL, 55 =N e - RA - T 1 vt —
WA B A BNV,

20) WL vy yol A 1O )1 5 b % i % E — L
(18— Ak 7 B Ry YR, S [ P R R A A AR AR
AN YR R 2 6. 62 x 107 t, iy T
MR RE %, A s BB W R AE 48 7 Hom g
FER A TR AR, (A A SR RRIER
TERRTRE, WL T IR A T B A SR R AR
7 EZR T T 2 IR SR e B AR A R
BT I (B =t — PR ) — R TR R
MBS T W S0 (P AR 2 T —rh ) —F
A8 R PR B AR D oy A0 2 R (80 Ma &
WA o

3) B3 - #ellis s S8 )1 A AR p 4R HL
RuTMECR A TR WSS Rie  EEE R
PE BB J2 B B LUk A oy T R, 5 6 S5 B0 7 2

figp 1R A TP PR AT SR AR, U AT AR AL
ANEE R

4) SR L TR T e XA = B R IR
HAREA R R AR TR AT A AR 1
IR — T 2R i DXL B A B S R e S
HARIR TR T, 4 2 2 B R e AR 1
HHIX

& % x #t

(1] SBIEE XSRS Ao, U8 i S M. JE5T .
HUBT T AL, 19961113 - 136.
Guo Zhengwu ,Deng Kangling, Han Yonghui. The formation and
evolution of Sichuan basin[ M ]. Beijing: Geological Publishing
House , 1996 ;113 - 136.

(2] ESCHT XIREAR, D30y 45, U1 4 4 58 Bl 22 3 4R T
sE[1] A R THBT,2011,31(3) 2461 —473.
Huang Wenming, Liu Shugen, Ma Wenxin, et al. Petroleum ex-
ploration potential of the Ordovician in the Sichuan Basin[ J].
0il & Gas Geology,2011,31(3) :461 —473.

(3] BSCHT, XIRIAR, sl 2, 45, 1)1 4 b 58 50 R it 2 R AIE K
DLBhist 2T AL J]. A7 5 KRS T, 2009. 29 (5)
566 -575.
Huang Wenming, Liu Shugen,Zhang Changjun,et al. Reservoir
characteristics and formation mechanism of the high quality
Cambrian reservoir in Sichuan basin[ J]. Oil & Gas Geology,
2009,29(5) :566 —575.

(4] X2, 428, mik, 5. W& — SR EHAEKAY
ARSI [T ] A SRR, 2012,33 (1) 110 - 18.
Liu Quanyou, Jin Zhijun,Gao Bo,et al. Types and hydrocarbon
generation potential of the Permian source rocks in the Sichuan
Basin[ J]. Oil & Gas Geology.2012,33(1) ;10 - 18.

(5] FSEG. DU 44t W7 48 AQ e JE LA [T ], RARR Tk,
1992,12(5) .2 -17.
Tong Chongguang. Mechanism of formation fault-folded struc-
ture in Sichuan basin[ J]. Natural Gas Industry,1992,12(5) :
2-17.

(6] ks, KM, blitH 0UA S AW R ™ /94 F) H Ar—IU
PR T ARE G [ )], A7 il S2 36 4 5, 2012,34(3)
246 - 251
He Faqi,Zhu Tong. Favorable targets of breakthrough and built-

up of shale gasin continental facies in Lower Jurassic, Sichuan
Basin [ J ] Petroleum Geology & Experiment, 2012,34 (3) .
246 -251

(7] ZE0UE, JAME, 1 R0, S5, VU1 4 3 AR 1 2% 3 /K ML ke s BR
FREHEAFIEL )] . A2 4R ,2009,30(6) 1849 - 856.
Li Shuangjian,Zhou Yan, Xiao Kaihua, et al. Characteristics of
Silurian destroyed oil reservoir in Houtan section of Xishui area
in southeastern margin of Sichuan basin[ J]. Acta Petrolei Sini-

ca,2009,30(6) :849 - 856.



553 1) Hy3eag A VO ZE b AR e 2 B A TR B i R E L 441
[8] Hao Fang, Guo Tonglou, Zhu Yangming, et al. Evidence for [J].1991,9.91.

[9]

[10]

[11]

multiple stages of oil cracking and thermochemical sulfate re-

duction in the Puguang gas field, Sichuan Basin, China[ J].

AAPG Bulletin,2008,92(5) :611 —637.

Ty XURAR 38 SC B ot i JRE R ok IR K AT Ay s o 4

FABTFEHERE[T] . MS R 1 ,2010,29(4) 289 - 99.

Ma Wenxin, Liu Shugen, Huang Wenming, et al. Progresses on

primary study of the paleo oil reservoirs and its control on natu-

ral gas accumulation [ J ]. Geological Science and Technology

Information,2010,29(4) :89 —99.

FOCH XURAR, T30 45 DU 28 B R - Rl AR

WCRFAE [ J]. AR B TR 2 2 4l (A AR IR L 2010,

37(6) :638 —645.

Huang Wenming, Liu Shugen,Ma Wenxin, et al. Primary study

on characteristics of paleo-oil reservoirs of Sinian system- Lower

Paleozoic in Sichuan basin, China. Journal of Chengdu Univer-

sity of Technology ( Science & Technology Edition ), 2010,

37(6) :638 - 645.

TR g, R, Bk S - IR X R B R -
WA B SRR SRR A )], T 24 4, 2007 ,81(8) -

1143 —1152.

Xu Guosheng, Yuan Haifeng, Ma Yongsheng, et al. The Source

of Sinian and Lower Paleozoic bitumen and hydrocarbon evolu-

tion in the Middle and Southeast of the Sichuan basin[ J]. Acta

Geologica Sinica,2007,81(8) ;1143 —1152.

Peters K E, Walters C C, Moldowan J N. The biomarker guide

2" edition[ M]. New York ; Cambridge university press,2005.

Ten Haven H L,De Leeuw J W, Rulktterer J, et al. Restricted

utility of the pristane/phytane ratio as a palaoevironmental indi-

cator[ J]. Nature,1987,330:641 —642.

Walples D W, Machihara T. Biomarkers for geologists American

association of petroleum geologists methods in exploration series

[15]

[18]

[19]

2R F’E‘}%Hﬂ SCE R, AL S = M R ORIV
WZBUR W A AOBBUN s v LI ] A R, 2011
50(6) :558 -564.

Ye Tairan, Tang Jianming, Wen Xuekang, et al. Application of
3D3C seismic data for predicting deep tight gas reservoir in
Western Sichuan Basin[ J]. Geophysical Prospecting for Petro-
leum,2011 50(6) :558 —564.

Peters K E, Moldowan J M. The biomarker Guide: interpreting
molecular fossils in petroleum and ancient sediments[ M ]. En-
glewood cliffs, NJ : Prentice hall ,1993 :363.

XUBAR , b 30 Luba, 3. DU 4R 26 B & iR
TEIEAFAEL ] H A4, 2011,27(8) 12239 -2252.

Liu Shugen,Ma Wenxin, Luba, et al. Charateristics of the shale
gas reservoir rocks in the lower Silurian Longmaxi formation,
east Sichuan basin, China[ J]. Acta Petrologica Sinica, 2011,
27(8) :2239 -2252.

WSO XIBAR, 30 4 }ll
FTUE WA R (7],
364 -371.

- SR AR DX R o AR
J 3 #fz, 2011, 30 (23)

Huang Wenming, Liu Shugen, Ma Wenxin, et al. Shale gas ex-
ploration prospect of lower Paleozoic in southeastern Sichuan
and western Hubei-eastern Chongging areas, China[ J]. Geolog-
ical Bulletin of China,2011,30(2 ~3) :364 —371.

EB M, XA, A5 SRTG i AR IX A A R AR B
BN BB A AR R[], A5 KAR U R,
2011,32(1) .75 -82.

Wang Yong, Shi Zejin, Liu Yawei, el al. Diagenesis of tight
sandstone in the Silurian Xiaoheba Formation of the Shizhu
Synclinoyium , western Hubei eastern Chongqing Area[ J]. Oil
& Gas Geology,2011,32(1) .75 -82.

(hih KT

“EEAH IS FAEISEMRI %

2012 4F 5 H 9 HEM B & #E R 29 320 24

CELAL, o R R AR R

%“wiﬁﬁm%ﬂmﬁﬁﬁ%m%“ﬁﬁEﬂ%V%ﬁ—%@%¢@@#E@%%%ﬁ ]

AHE I M 300 m ZKIRFEFER)] 3 000 m BRI
Elﬂﬁb‘/,ﬁ;ré LA TR X

a2 P A VO S BT RS X T4}
Mo BTG R OUSTR T TR A R R

FIE 973 1, T X [ i 2t R G v TR 4 TT & AR e e, SR TR S

Il TRV BE T, FLA T A A T



