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Hydrocarbon expulsion of stylolite and matrix in carbonate rocks:A case study from
the Ordovician and Carboniferous carbonate rocks in Eastern Sichuan Basin
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Abstract ; This paper discusses the differences of hydrocarbon expulsion and compositions between stylolite and matrix in
carbonate rocks. Samples were taken from the Ordovician and Carboniferous carbonate rock cores containing stylolites of
Wells Zuo 3,Chi 53 and Wuke 1 in the Dachigan Structure Belt of the Eastern Sichuan Basin. The stylolite and matrix
were studied through observation of core and cast thin sections and various tests such as whole rock X-Ray diffraction for
mineral components and TOC content, Rock-Eval pyrolysis, solvent extraction and fractionation of extract and so on. The
results indicate that there is a relatively large compositional difference between stylolite and matrix in carbonate rocks,
and this is intimately related to pressure solution of carbonate mineral. Because of pressure solution,the stylolite contains
more indissoluble materials such as dolomite, pyrite,, and organic matter than the matrix. The mineral grains in stylolies
mainly display basal cementation and matrix-supported fabric. While the mineral grains in the matrix mainly represent li
near contact and close contact in concave and convex shapes. This makes stylolite to have better physical properties com-
pared with the matrix,thus acting as important passages for expulsion of fluids in carbonate rocks in geological history.
Therefore , the hydrocarbon expulsion effect of stylolite is more evident than that of the matrix. For the stylolite-bearing
carbonate rocks with low organic abundance,the organic matter in the stylolite can be a prominent supplement of hydro-
carbon generation in carbonate source rocks. In addition, the soluble organic matters relatively abundant in the stylolite
have certain effects on Rock-Eval pyrolysis parameters.
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Fig. 1  Structure and cored well location in the Sichuan Basin
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Fig. 2 Photos of carbonate rock core samples containing stylolite in the Eastern Sichuan Basin
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Fig. 3 Cast thin sections of the stylolite in the Carboniferous and Ordovician carbonate rocks in the Eastern Sichuan Basin
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Fig. 4 Cast thin sections of the matrix in the Carboniferous and Ordovician carbonate rocks in the Eastern Sichuan Basin
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Table 1 Minerology of stylolite and matrix in

carbonate rocks in the Eastern Sichuan Basin

Hits ARG/ WA 6% BA TR/

¥ % % % % % %
1 1-FHX 17.5 47.6 14.1 5.1 2.6 11.8
2 1-J7 7.1 17.3 2.6 2.4 2.5 66.1
3 5-FHX 22.5 45.5 10.6 5.3 2.1 12.4
4 5-JZ 4.1 16.8 3.2 3.4 2.4 68.4
5 4-FHX 26.3 41.3 9.3 6.6 2.7 11.5
6 4-J7 8.2 15.2 1.8 1.6 2.1 66.7
7 9-FHX 18.1 44.8 13.1 6.8 2.8 9.7
8 9-Jz 5.3 27.2 3.4 2.4 2.6 56.1
9 15-FHX 19.2 48.1 12.5 5.7 1.8 8.3

10 15-JZ 3.1 26.4 5.7 2.6 1.5 58.7
11 -FHX 22.7 43.4 11.5 6.9 1.9 11.8
12 11-JZ 2.8 27.9 2.2 2.4 1.4 59.3
13 10 -FHX 18.5 48.6 8.7 6.2 2.9 12.2
14 10-JZ 6.9 18.1 2.7 2.2 2.7 63.4
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R2 IFERERESESESERJRAS AN SELHE

Table 2 Relative contents of various group components of stylo-

lite and matrix in carbonate rocks in the Eastern Sichuan Basin

LS AR 4/ %
¥ %
Wk kR 93 UN=ErA
1 1 - FHX 17 23 32 28
2 1-Jz 21 35 24 20
3 5 - FHX 21 24 37 18
4 5-JZ 25 36 23 16
5 4 - FHX 18 26 41 12
6 4-J7 22 31 34 13
7 9 - FHX 23 27 37 13
8 9-Jz 28 36 29 7
9 15 - FHX 14 31 35 20
10 15 -z 21 29 33 17
11 11 - FHX 29 33 27 11
12 11-J)z 32 41 18 9
13 10 - FHX 17 35 33 15
14 10 -JZ 24 34 29 13
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Fig. 7 Chloroform bitumen “A” vs. total organic carbon

content of the stylolite and matrix in carbonate

rock samples in the Eastern Sichuan Basin

350~
® HEJF
A p m A%
2501 \
\
2001 Q
g e
< 150 | ~-a__g
1001 '\
| ]
S0k ‘\.
.-
% 100 200 300 400 500 600 700
T J
E 8 IR X BRAREL A4 AL MIERN L fE5 T, HXR

Fig. 8 Relationship between I, and T of stylolite and

matrix in carbonate rock samples in the Eastern Sichuan Basin



2

S ASE

=

J3t AR HE R R 541

#3M E R BRI
4 4hig

1)%5%%%H5éﬁx—%%m%i%%%
%%ﬂ BRILETHELZM A LA R B

@%ﬁm DA SR S 45, W R 2 ] — i 2
f&m?%%ﬁ%%ﬁ$W%ﬁhZ@ fHE SRR
Y S BT LASE AR LI A AR TR A A AL B
P, HiTE 7 Sk A3 AT DA A Bk B e S A HE S 1
2L

2) AHURF Bt o TR R S AR
FH R BRER P85 A 26 LU IE A T Z R DL, Ui T 4%
B TR E SRR T . TR A%S
LRI ML F B BRR R 1 A ke — 52 BTk

3)%Mﬂ“/A%5%ﬁmmﬁ?T@ﬁm
HGR oy S w0 LR A R A AL M%ﬁﬁ
%mkﬂ%%ﬁﬁﬁutgﬁﬁﬁo

2 % x W

[1] Jrda R. Stylolites ; measurement of rock loss[ J]. Revista Brasileira De
Geociéncias,2001,30(3) :432 -435.

[2] Ramsdom R M. Stylolite and oil migration[ J]. AAPG Bulletin, 1952,
36(11) ;2185 —2186.

[3] Finkel E A, Wilkinson B H. Stylolitization as source of cement in Mi-
ssissippian Salem limestone, west-central Indiana[ J]. AAPG Bulle-
tin,1990,74(2) :174 - 186.

[4] Wanless H R. Limestone response to stress ; Pressure solution and do-
lomitization[ J]. Journal of Sediment Research,1979,49(1) 328 —
332.

[5] Tucker, Maurice E. Carbonate sedimentology [ J]. Oxford London:
Blackwell Scientific,1990,18(4) ;401 —402.

[6] . BRlREh A 4% G EIT SO < i
%,2013,24(2) ,218 -226.

SCLT]. RS HBRFL

Gao Gang. Research status and oil & gas geology significance of car-
bonate rock stylolite[ J]. Natural Gas Geoscience,2013,24(2) ,218 -
226.

[7] Logan B W, Semeniuk V. Dynamic metamorphism, processes and
products in Devonian carbonate rocks, Canning basin, western Aus-
tralia[ J]. Journal of Geological Society of Australia, 1976138 —
145.

[8] Diirrast H,Siegesmund S. Correlation between rock fabrics and physi-

cal properties of carbonate reservoir rocks[ J]. International Journal of
Earth Sciences,1999,88(3) :392 —408.
[9] Park W C,Schot E H. Stylolite : their nature and origin[ J]. Journal of
Sedimentary Petrology, 1968 ,38(1) ;175 - 191.
[10]  JEoRa, ZEE%, B8, 4. IR S B R0 SR Ca ERoR
[J]. KRR FAK,2009,3(6) :6 —11.
Zhou Dazhi,Li Guorong, Luo Peng, et al. Diagenesis research of Shi

niulan Group of the Silurian in the southeastern Sichuan [ J]. Natural

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

Gas Technolgy 2009,3(6): 6 - 11.

7 B SE G IRIRER A i SR HEE R E I [T ], W22 A
f%i%iﬂﬁ: A4 A,2000,15(4) :32 - 36.

Gao Gang. Role of stylolite to generation , expulsion, migration and ac-
cumulation of hydrocarbon in carbonate rock [ J]. Xian Petroleum In-
stitute Journal ; Natural Sciences,2000,15(4) :32 -36.

B FLALSE 2RI, A STl B 1 DX B8P AR B R S il e b
E"Jii%%éﬁﬁfﬁ[]] - Wi ,2010,5(6) 1841 - 850.

Zhong Jianhua, Kong Fanliang,Li Yang, et al. Stylolite research of the
Ordovician carbonate reservior in the forth area of Tahe oil field [ J].
Geology Review,2010,5(6) :841 —850.

W25 R b, N BRIRER IR AT L
IR ,1999,17(3) 1482 - 485.

oA AR RE LT ]

Liu Guangdi, Gao Gang, Wang Hui. Organi matter distribution and
hydrocarbon-expelling characteristics of carbonate source rocks [ J].
Acta Sedimentologica Sinica,1999,17(3) .482 —485.

e, A A, T R B TR A R 5T 4B S R A R R R HE IR R
[J]. P EB.D 35,2000,30(2) :175 - 179.

Gao Gang, Hao Shisheng, Wang Hui. Characteristics of hydrocarbon
generation and expulsion in matrix and stylolite of carbonate rocks
[J]. Science in China;series D,2000,30(2) ;175 —179.

S5 IR AR A A HE R AL B A e il 3 2 S e —— LA
TR VIS M A TR SR 01, A5 R AR 5, 2012,33(3) 2329 -
334.

Cai Xiyuan. Hydrocarbon generation-expulsion mechanisms and effi-
ciencies of lacustrine source rocks: a case study from the Dongying
sag, Bohai Bay Basin. Oil & Gas Geology [J].2012,33(3):329 -
334.

FATAR R AL THE, 55 R L WA BB AR R i AL VR
[J]. AR < 57,2006, 11(3) :27 - 38.

Wang Xingxin, Cai Jinggong, Bao Yujing, et al. Catalysis of clay min
eral to organic matter in hydrocarbon genesis[ J]. Marine Petroleum
Geology ,2006,11(3) :27 - 38.

FEAERE, PRELIL, F R 245 WA B by A AR iR £k & )=
BEEVERILT]. PUR Al I 41,2007 ,29(6) 243 - 47.

Tang Jiancheng, Chen Honghan, Wang Jiahao, et al. The diagenesis of
the upper Paleozoic carbonate rocks in the southeast Xiang depression
[J]. Journal of Southwest Petroleum University,2007,29 (6) :43 —
47.

FE KM, BRELA , Br/Nse , S5, M AHBRARER 75 b 205 < e A
FRRSARELT]. A0 5 KI5, 2016, (3) 1363 —371.
Wang Dapeng, Lu Hongmei, Chen Xiaoliang, et al. Petroleum accu-
mulation systems and distribution of medium to large marine carbon-
ate fields[ J]. Oil & Gas Geology,2016,(3) ;363 —371.

MR, RN, B, 5. WA S AR IR L & e A A I A
Xt LI A KR HI R ,2014,35(3) 336 - 341.

Tian Chuntao,Ma Suping, Yang Yan, et al. Comparison of hydrocar-
bon generation conditions between lacustrine and marine carbonate
source rocks[ J]. Oil & Gas Geology,2014,35(3) ;336 —341.

TRE WIS A DU F AR L Xy e R AN AL S
MBI R AT T]. TR 2 B 24k ( A SRR 1) L2010,
12(3) :24 -29.

Rong Yi,Hu Ming, Tan Yong, et al. Carboniferous tectonic evolution



542 VAT I N N 55 38 &
and hydrocarbon accumulation relationship analysis of Kaijiang Area Li Guorong. Discussion on the genetic mechanism of stylolites in car-
in eastern Sichuan basin [ J ]. Journal of Chongqing University of bonate rocks and their significance for storage [ J]. Journal of Mineral
Science and Technology ( Natural Science Edition),2010,12(3) . Petroleum ,1997,17(2) :49 - 54.

24 -29. (28] JHi, &2 8, n&kR,F wRE A ZWE 75 U
[20] Vil A e, 2L, 46 101 3 26 gt DX 8 Pl 2R b J2 ) 43 [J]. A5 RIS HT,2016,37(4) 457 - 463.

He BAEHE LT ). A7 Il R SRR 24 41,2008 ,5(30) 1192 - 197. Zhou Bo, Jin Zhijun, Yun Jinbiao, et al. Secondary oil migration dis-

Liu Mancang, Yang Wei, Li Qirong, et al. Study on characteristics and tance and hydrocarbon accumulation in carbonate rocks[ J]. Oil &

its stratigraphic classification and correlation of Ordovician in Shunan Gas Geology,2016, 37(4) 1457 -463.

area of Sichuan Basin[ J]. Journal of Oil and Gas Technology,2008 , [29] fArHZE, jo Kus, e EES 45, LS HARFR Eh A i 2 2448 1 i A

5(30):192 -197. MHBEHEZE[]]. ﬁ*ﬁ‘(m%lﬁﬁ,2014,l9(4) 165 -72.
[22]  GFk, WMz, 5REAT , 45 DR IX AT 524 1 = 8 sk Ak R AT He Hujun, Zeng Dagian, Bi Jianxia, et al. Genesis and controlfactors

TR T] . A5 KRS HF,2016,37(5) 721 —730. of fractures in Carbonate Reservoirs in Puguang Gas Field[ J]. Ma-

Wu Tie, Xie Shuyun, Zhang Dianwei, et al. Geochemical characteris- rine Origin Petroleum Geology,2014,19(4) .65 —72.

tics and fluid origin of the Dengying Formation dolomites in southern [30] o, VRS, 2808 45, )14 E UM X KA1l 56 2H 4 48 5 E T A,

Sichuan Basin[ J]. Oil & Gas Geology,2016,37(5) ;721 -730. HERFGE[T]. Pm AR 22 4) (AR 2R ) ,2011,33 (4) ;
[23] YU%‘F RPGSR, EDUA], S5 DU F b 5 ) 3 AL AR 5 RT3 78 - 84.

I R He e[ T ] Al e B ,2005,21(6) 1321 - 330. Tang Hai, Wang Quanlin, Peng Xinling, et al. The study of fracture

Liu Jianhua, Zhu Xiyang, Wang Sili, et al. Geologie tectonic evolu- characteristics and causes at Feixianguan Formation in Xuanhan area

tional characteristics and prospecting potential. for ISL-amenable of eastern Sichuan [ J]. Journal of Southwest Petroleum University

sandstone type uranium deposits in Sichuan basin[ J]. UraniumGeo (Science&Technology Edition) ,2011,33(4) .78 —84.

logy,2005,21(6) :321 -330. [31] Espitalié J,Deroo G,Marquis F. La pyrolysis Rock-Eval et ses appli-
[24] SR U1 25 b B P R A2 R B R AE SR 0 (0], A 5 cations. Revue de L’ Institut Francais du Pétrole, 1985 40,755 -

RIRF M ,2014,35(3) 372 - 378. 784.

Guo Tonglou. Charateristics and exploration potential of Ordovician [32] Tissot B P Welte D H. , Petroleum formation and occurrence[ M ].

reservoirs in Sichuan Basin[ J]. Oil & Gas Geology,2014,35(3) . NewYork : Springer Verlag, 1984,

372 -378. [33] Mhaxss, onde, i SOR 45 B EERG V0 I L I B R i et
[25] MM XIRIHE, SR, 55, 106 3 B T 2 5 2 1 Be B b S SEIRE LI A S KRR MR, 2013,34(2) ;161 -

AR ERE R R [T]. A0S KRR ST, 2014,35(2) 166.

224 -230. Lin Huixi, Peng Suping, Du Wenfeng, et al. Hydrocarbon accumula-

Lin Xiaobing, Liu Liping, Tian Jingchun, et al. Characteristics and tion conditions and prospecting potentials of carbonate rocks in the

controlling factors of tight sandstone reservoirs in the 5th member of Upper Es4 of Bonan Sag[J]. Oil & Gas Geology,2013,34 (2) .

Xujiahe Formation in the central of western Sichuan Depression[ ] ]. 161 - 166.

Oil & Gas Geology,2014,35(2) :224 -230. [34]  BRaF, BN, skok B, 4. o ol A SR RE e U5 A AR e b 0 o
[26] RURE, Exife, 4800, 4. 48 S LRI T ], H2F T2k, Brbrue S50 [)]. HBAE4R, 2012, (7) :1132 - 1142.

2011,18(2) :241 —249. Chen Jianping, Liang Digang,Zhang Shuichang, et al. Evaluation cri-

Tan Qinyin, Wang Ruihua, Mu Chuanlong, et al. New congnition terion and methods of the hydrocarbon generation potential for China’

about stylolite[ J ]. Earth Science Frontiers,2011,18(2) :241 —249. s Paleozoic marine source rocks[ J]. Acta Geologica Sinica,2012,
[27] ZERE. BREREL A P8 G LR IIE UML) B At B 7 SCihig [T . (7) :1132 - 1142.

WA A ,1997,17(2) 149 -54.

(¥ KILAHE)



