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Distribution and genetic mechanism of carbonate cements in the Zhuhai
Formation reservoirs in Wenchang-A sag,Pear River Mouth Basin

You Li,Li Cai,Zhang Yingzhao, Gan Jun and Liu Jinghuan

( China National Offshore Oil Limited Corporation Zhanjiang Branch , Zhanjiang , Guangdong 524057 , China )

Abstract ; Sedimentary mineralogical and petrological methods in combination with oxygen-carbon isotope and
electron probe were used to analyze the distribution, forming environment and material sources of the carbonate
cements in the Zhuhai Formation in Wenchang A sag,Pear River Mouth Basin. The result indicates that the car-
bonate cements significantly affect reservoir quality. When the content of carbonate cements is greater than 5%,
the reservoir quality significantly deteriorates. Furthermore, the distribution of carbonate cements show obvious
regularity both vertically and horizontally. The content of carbonate cements in the 1* and 2™ members of Zhuhai

rd

Formation are higher than that of the 3" member,and it is higher in the southern fault zone than the center of the
sag. The carbonate cements are dominated by middle ferric calcite and late ferric dolomite,followed by siderite
and dolomite as well as local early crystal stock calcite. The forming of carbonate cements is resulted from decar-
boxylation of organic acid and influenced obviously by freshwater. In addition to dissolution of calcareous fora-
minifer, feldspar dissolution and clay mineral transformation provide abundant calcium for the carbonate cements
development.

Key words : carbon-oxygen isotope, carbonate cement,reservoir,Zhuhai Formation, Wenchang A sag, Pear River

Mouth Basin
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Fig. 1 Schematic map showing structural units of

Wenchang A sag
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Fig. 2 Distribution of carbonate cements of the Zhuhai Formation in Wenchang A sag
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Fig.3 Typical photomicrograph of carbonate cements of the Zhuhai Formation in Wenchang A sag
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Fig. 4 Relations between porosity/permeability and carbonate cements of Zhuhai Formation in Wenchang A sag
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Table 1 Carbon-oxygen isotopes of carbonate cements, paleogeotemperature and Z value

of the Zhuhai Formation in Wenchang A sag
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Table 2 Elementary composition of carbonate cements in the Zhuhai Formation in Wenchang A sag

Ai*ﬁsﬁﬁ/%)
B HwEG IEB JtR/m 7 S
Ca Mg Fe Sr Na Mn
. WC10 -1 -1 3603. 80 BH=f 2223 6.10  9.86  0.04 0. 63
BRiEL e WC9 -2 -1 3201.70 BHz=f 22,68 6.19  8.54  0.03 0.94
—B 3331.56 ~3339.07 i 37.54  0.25 0.50 0.07 0.02  1.30
B MIBIRA  WCI0-3-1 il
3368.00 ~ 3 396. 00 Jif4 37.31 0.27  0.22 0.0l 0.02 1.64
kaiéﬂ ML W9 -2 -1 3660. 30 Hz=fA 2111 11.29 0.01
‘ i . 4211.50 BH=A  22.65 592 8.65 0.04 1.47
I*:/ifﬂ MG We -2 -1 4381. 00 BHZEA 2300 571 8.02 0.0l 2.21
- MBIZAR  WCI0 -3 -1 3753.83 FfA 3666 0.80 1.19  0.18 0.95
N S s S by
RTRBBEHRE, BA SRR, : TR
U5 j st 4 || & BRI BB L
%T%/Lﬁf%)ﬂﬁ&%ﬂ%\ﬂﬁﬁﬁﬁm o Ek/@ H | s | il
BCETRIREL ptk | SR 2R W 2 G f , Lok [ o2 R =l ! ';kfgig:gg;g
N N N . § A = EAT
HEFEMERBKRE —EIEHCME(ES), PIERE | & B = B MR
Y = BOH MR, AR R BN 0. 76, RO BR T . A
OB AIOC BN 0. 48, BRI 21 — B 56 P 2 A
. . N . N " . ~ 2 Ao :
P B2 — B S P e 2% T R R 1 M 45 g I
| kR
T b ) 57 22 480 A BRI 22 5| B R
N " —1 ; e = g . 5AHBLIRBRIER 1
TEAR S T A B [ 37 2% 1 ) oo R 5 4R TR 32 3R xmn |
o7 PR AT DG e R R B A M 20} :
BRI 2 B IR £ I A5 W E R A 64.8 ~94.9 C |
(F 1) ERBABB B AW ~ PR B, P I S
AR 2 2 BB B T B, 5 8 1 1 RN R
WA 1 L B B e L O B, KRR Curis C K6 S A AL
D i L A T (11 6) , Bk 2L I At anl el
Fig. 6 Isotopes of carbonate cements of the Zhuhai
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Fig. 7 Content relations of carbonate cements and feldspar/argillaceous mineral of the Zhuhai Formation in Wenchang A sag
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Fig. 8 Evolution of authigenic clay minerals of the Zhuhai Formation in Wenchang A sag

P, BB A BRI A 1 AT 2D o B TR R IR 45 )
MHEZY R IRZ — . BFTEN N, 3 BRI 2 D
T ANRRE AL AR SR B T LR B A 7 AR
AL e Y , ELYE AT DL M B FI2E 2 | g
Wity 7R B M1 oL, A LR T 1k E D i, A5
BURR A AT S5 AN 20 73 HEAT I IV A, by B R
YU AR IR Y ORI, BRI ER 45 YY)
5 2 et 1 B i AR S (P 7h ) B Jo
ZRFE D YUK S ) 8GR | AR TS,
17 BRPRER IS A5 Wy 5y DURR . BRI 4 AR RG 4
YA s (1 8) Bl SETR A3 0, D - SER
JZE R PR RS A S N, e A
AR D R R E R, SR A K
7, UIBEE A 1R E#EAT , B AERS 8k A
THAL, EERIAP- SHRIZ 52 A [ A

AL AR N SRR R IR A5 P B2 B3t T — 2 19
BFORUE, RN R ALY Ca* ke’ Fil Mg®* JE B TR
A5 04 HEEY) OR IR, BB S E A Bk
FRERICAE Y MR 5 e S AT 5% O3 b, Bkiie 4
Iba s DA 5 TR A LR, HLAR o B R 3 ik (1
30) X R T R et o S IR R ER 25 )
AITTESe Bt —E R TORERL . 25 BRTIA KA Vi
TIDRE 4490 e Al 2 B 1 58 J 45 ) 05 Jo Y 2 B2 ) T
SRR, A FL LR i e it — 5 A9 iR

4 25
1) BRI 6 10 25 4 B 4 — B R — B = B

RE  FWTRR BUT B 5 2R 41 45 B s MR o
FE o BRITRA T A A T W R BRI B



55 6 3]

Jo W AR BRI SR A TR BRI 2L 2= 0 R e 5 2 A AR B PR L 889

FTUIRE o BRI 2H = B 8k F = A LA W7 284 2k
T2l B =B NI o R s s B i
AR /L 7 i U 205 600 41 564 v 0 BR VG 4 4% B 22
N T RO KT  ATE R W24 T R 4 2R T
H—Be i B 22 BR 0 F W 24 BR Bk 2 = B
ARSI AT AN BRI — BRI T BRI R LA, TG
ODERIGA — BRI

2) WRFRERIEAS W) & 7 KT 5% W), FL B EE A
5 15 R BB R 6 s 45 0 B B w0 i R SR
JBE 45 ) 2 TR T 2H TR A 2 O AR 2 1) T SR A

3) BRI ALK R 5 245 0 19 TE LS A HILIR I
BAERA 2, HZ IR, KA % i ARy
1 T A R B TR R R 45 S 1) B R R A R
A LA e —E R R IR B

& % x #

(1] VSRR XS N , 328, 55, )11 P38 B 25 52 0 20 0 Th Bk AR
FRALEY LIV B[] ). RERTHA ,2008,2(5) :24 - 28.
Liu Haonian,Deng Lili, Gong Yechao,et al. Carbonate cements
from Xujiahe sandstone and its forming mechanism, West Si-
chuan Depression [ J]. Natural Gas Technology,2008,2(5) .
24 -28.

(2] E3EE A4, A5, 5. HERS IR 43 M P i Ukl DX b o

il )2 R ERER B 5 W R A B R R [T ] B A0
74,2009 ,28(2) ;169 - 178.
Wang Furong,He Sheng,He Zhiliang, et al. Characteristics and
genetic mechanism of carbonate cement in sandstone reservoirs
of Yongjin area in central Junggar Basin[ J]. Acta Petrologica
et Mineralogica,2009,28(2) ;169 - 178.

(3] skarsi, BGEAE. W 6 R 70 b g R ok R 6 S 285 )28 1 43 A
KAFELT]. AL BT, 2011,33(4) 388 -391.

Zhang Liqiang, Luo Xiaorong. Distribution and characteristics of
carbonate cementsin overpressure zone of Junggar Basin[J].
Petroleum Geology & Experiment,2011,33(4) ;388 —391.

(4] O BOEREE, E IR, 55, A 1R e B 2 £L B £
AR SCLT]. AP, 2007 ,19(3) 28 = 13,

Huang Sijing, Huang Peipei, Wang Qingdong, et al. The signific-
ance of cementation in porosity preservation in deep-buried
sandstone[ J ]. Lithologic Reservoirs,2007,19(3) :8 —13.

[5]  Jui, 254 XERER. SCE A IV BAER 1S 4002 XS U A4S

fIERE AT )], RERAHAEBEAR ,2012,36(2) .7 - 13.
You Li, Li Cai, Liu Jinghuan. Regional diagenesis feature and
quantitative evaluation from Zhuhai Formation reservoir in
Wenchang A Sag[ J]. Journal of Daqing Petroleum Institute,
2012,36(2) :7 - 13.

(6] TKAKRE, B, mEE. A% [MIRA oo R 082 Ik IR ER L 45 W
IR R R R [T ], & ORI (MR 20
2009,39(1) :16 -22.

[9]

[10]

[11]

[12]

[13]

[14]

Zhang Yongwang, Zeng Jianhui, Gao Xia, et al. Distribution
characteristics and main controlling factors of carbonate ce-
ments in the Paleogene reservoirs in dongying depression[ J].
Journal of Jilin University ( Earth Science Edition) , 2009, 39
(1):16 -22.

El-ghali M A K, Tajori K G, Mansurbeg H, et, al. Origin and
timing of siderite cementation in Upper Ordovician glaciogenic
sandstones from the Murzuq basin, SW Libya[ J]. Marine and
Petroleum Geology ,2006,23(4) :459 —471.

T ER BOCE kA 1, A5 AR AR AR 2 R 2 B A AL
FAAEAL B S 1] URR 24,2000, 18 (2) ;297 - 301.
Yang Minghui, Xia Wenchen, Zhang Bingshan, et al. Parase-
quence-scale organic facies variations and its significance in
nonmarine basin [ J ]. Acta Sedimentologica Sinica, 2000, 18
(2):297 -301.

Curtis C D. Isotopic evidence for source of diagenetic carbonates
formed during burial of organic-rich sediments [ J ]. Nature,
1977,7,269 :847 - 850.

EVER TR BAEA, A5 B PR T A b R EE S
SRR BRER B A5 W) o3 A FRAE B R R BRI [T ], Al 5 R
SRR ,2009,30(4) :438 - 443.

Wang Qingbin, Zang Chunyan, Lai Weicheng, et al. Distribution
characteristics and origin of carbonate cements in the middle
and deep clastic reservoirs of the Paleogene in the Bozhong De-
pression[ J]. Oil & Gas Geology,2009,30(4) :438 —443.
B, EG, #5/N B, A5 AL Bk R 2 =
BEEPLHIIT[T]. A 25T, 2011 ,33(6) :559 - 563.
Luo Kaiping,Huang Zeguang, Jiang Xiaogiong, et al. Reforma-
tion mechanism of high quality carbonate reservoirs in north-
eastern Sichuan Basin[ J]. Petroleum Geology & Experiment,
2011,33(6) :559 —563.

Chowdhury A H, James P A. Origin, distribution and signifi-
cance of carbonate cements in the Albert Formation reservoir
sandstones, New Brunswich,Canada[ J]. Marine and Petroleum
Geology,1996,13(7) :837 - 846.

e, U] RIE . SR Z AKX =F R K 6
JEBRIR 0 e 45 ) BTG LB [T ). A i i 5 TR
2010,24(1) :20 -26.

Zhang Yan, Li Jianming, Xu Lunxun. Forming mechanism of
carbonate cements of Member 6 of Yanchang Formation in the
Huaqing area, Ordos Basin[ J]. Petroleum Geology and Engi-
neering,2010,24 (1) ;20 - 26.

VR, ShFEl, 0 AF. SEIR R A AL 2% B b b X ik
MR ISR B D] A S M3, 2012,34(2)
134 - 139.

Sun Guogiang, Ma Jinye, Wang Haifeng, et al. Characteristics
and significances of carbonate cements in northern Mahai re-
gion, northern margin of Daidam Basin[ J]. Petroleum Geology

& Experiment,2012,34(2) ;134 - 139.

(T34 899 W)



55 6 3]

BPORIRE , 45 25 A F R X A F B AL IR 7 (5 899

gets for the Yanchang Formation in Zhenjing area, south Ordos
Basin[ J]. Oil & Gas Geology,2012,33(2) ;159 - 165.

(19] SEfBI MRE R/NE 2 PEAHIKIE KA K 6 - K 8 il
SRR [T, BRI TR 22 ik ( AR E IR
2005,32(2) ;129 —132.

Dou Weitan, Tian Jingchun,Xu Xiaorong,et al. Diagenetic facies
study on Chang 6 — 8 oil formations of Triassic Yanchang For-
mation in Ordos Basin,China[ J].2005,32(2) :129 —132.

[20] EBE AEEME, IR 55 SR Z WA E M - W5 X =

BRK, S E A BRSBTS Z A (1] DI
##%,2005,23(3) ;397 - 405.
Wang Qi,Zhuo Xizhun,Shi Ji’ an, et al. Characteristics of dia-
genetic evolution of Chang,,s sandstones (upper Triassic ) in
Yanchi-Jiyuan Area, Ordos Basin and distribution of high-quali-
ty reservoir[ J]. Acta Sedimentologica Sinica,2005,23 (3) .
397 -405.

[21] ki B s, A R0, 45 RS E BRI A k2 UE A 2E
F MU J5 12— LSRR 22 0 G I FEAR U T A1
BTHS BB A5 KRR TP, 2012,33(2)

wrtistististie e ettt e bbbt s st b e s st bbb s e b e b,

(E#% 889 W)

[15]  FEZE AME IR SE, 55, WETE K 40 I 30 b X IR 2 b 45

S JESLBRRAERTFE [ ] A2 SE S b 57, 2010,32(6) :547 -
552.
Wang Furong,He Sheng, He Zhiliang, et al. The reservoir char-
acteristic of deeply buried sandstone in the center of Junggar Ba-
sin[ J]. Petroleum Geology & Experiment,2010,32(6) :547 -
552.

[16] Jedkd B 7k, Tz g, 45 8 R st AT U

PRETRTR £ UUBURURRAE [T A 3 52 96 0 5T, 2011, 33
(4):353 -358.
Yan Jixin,Zhao Xisen,He Yunfeng,et al. Sedimentary facies of
Carboniferous carbonate rock in Bashitop Oil Field, Tarim Basin
[J]. Petroleum Geology & Experiment,2011,33 (4).353 —
358.

[17]  HSEER, BEE L, RICHE, %5, SRR 2 W m ) - A1 2 i
XK 8 AR JZBRIRER A R AE [ )] R B L2722 4l
( HARRIRR) ,2011,38(4) :378 —384.

Tian Ya ming, Shi Zejin, Song Jiang-hai, et al. Characteristics of

[22]

[23]

[18]

[19]

256 -264.

Zhang Haitao, Shi Zhuo, Shi Yujiang, et al. Diagenetic facies
types and logging identification methods for low-permeability
tight sandstone reservoirs; a case study on the 8" member of
Xiashihezi Formation in Sulige gasfield, Ordos Basin [ J].
0il&Gas Geology,2012,33(2) :256 —264.

Wt fagE e, /R, AR SR 2 3 A A ety A ARk
LG FX 4 A b5 Ak 2 I 2R [T ], O 241, 2007, 25
(4):526 -534.

Yang Hua, Yang Yihua,Shi Xiaohu,et al. Influence of the late
Paleozoic volcanic activity on the sandstone reservoir in the in-
terior of Ordos Basin[ J]. Acta Sedimentologica Sinica,2007,
25(4):526 -534.

ZRLL AR RE , KUAKE . SR 22 307 43 7Y DAy P S 4 20 4K 81
KB EHZ A L], A5 KR HLBT, 2006, 27
(2):209 -217.

Li Hong, Liu Yiqun, Liu Linyu. Diagenesis of Chang 81 reser-
voir with low permeability in Xifeng oilfield. Ordos basin[J].
0il&Gas Geology,2006,27(2) :209 —217.

(%4t RIAE)

L e R et Tt Fe Lot Pe

carbonate cements of Member 8 of Yanchang Formation in the
Yichuan-Xunyi area,Ordos Basin, China[ J]. Journal of Chen-
Du University Of Technology ( Science Technology Edition ),
2011,38(4) :378 —384.

P, BB RE, JRI I b, 4. B8 LK 26 b o b X B8 Pl 3R
R A2 EERELI]. A5 KRB, 201,32
(2):199 -206.

Jiao Weiwei, Lii Xiuxiang,Zhou Yuanyuan,et al. Main control-
ling factors of the Ordovician carbonate reservoirs in Tazhong
area, the Tarim Basin[ J]. Oil & Gas Geology,2009,30(2) :
199 -206.

fiase BB, B— M, 25 AR FR A DU B 2 L
PR AT )] i 5 R IR BT, 2011,32(4) 489 -
498.

He Zhiliang, Wei Xiucheng, Qian Yixiong,et al. Forming mech-
anism and distribution prediction of quality marine carbonate

reservoirs[ J]. Oil & Gas Geology,2011,32(4) ;489 —498.

(%% RIAME)



