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Characteristics and origin of dolostones in the Miocene Meishan Formation in
Well Xike 1, Xisha Islands,South China Sea
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[ 1. Institute of Sedimentary Geology ,Chengdu University of Technology ,Chengdu ,Sichuan 610059 , China ;
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Abstract ; Cenozoic carbonate platform was well developed in South China Sea, and dolostones are quite common in car-
bonate sequences of Xisha Islands. The characteristics of the Miocene Meishan dolomite is described by studying the
macro-and micro-scopic features of dolostones, the carbon and oxygen isotopes, and main/trace elements in Well Xike
1. Mainly four categories of dolostones were developed in the Meishan Formation in Well Xike 1, which are different in
thickness, color and porosity. Sucrosic dolomites,commonly distributed under the ancient exposed surface,can be seen
in thick-bedded dolostones. While thin-bedded dolostones feature loose consolidation and incomplete dolomitization. The
dolomite crystals are dominated by subhedral-idiomorphic flat surfaces, and bright edge and foggy center are seen in some
dolomites of very fine to fine-crystallized crystals. The carbon and oxygen isotopes of carbonate rocks in the Meishan
Formation show certain correlation, while the correlation of carbon and oxygen isotopic values in the dolostones is
insignificant. The paleosalinity value of dolostones is calculated to be slightly higher than that of contemporaneous seawa-
ter. The oxygen isotopic value of dolostones is positive, indicating that the dolomitization was not affected by magmatic
hydrothermal fluids and organic acid solution. Most thin-bedded dolomites in the Meishan Formation are calcareous dolos-
tones, low in Fe, Sr and Mn concentrations, suggesting that the source of magnesium ions is mainly seawater. The rare
earth elements (REE) are characterized by low Ce and Eu. In conclusion, the dolomitization in the study might have

been caused by seepage reflux, and is characterized by high porosity and permeability as a result of geothermal warming,

%S EH#3:2019 - 08 — 01 ; 1&iT H#A:2019 - 10 - 28,

FE—EEE N AR (1993—) , 5, L5k, TiR%: . E-mail :717819782@ qq. com,
BIREEE A BEHR(1972—) 5, Bd% ARSI, E-mail: szqedut@ 163. com,
ESTE : 1A 5 KL (2017£X05026 - 005 - 003) ,



210 WS KRR MR

841 %

implying good reservoir potential.

Key words : geochemistry , petrological characteristics, dolostone ,Meishan Formation , Miocene ,South China Sea
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Fig. 1 Structural elements division of the northern slope of the South China Sea and the location of the Well XiKe 1
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Fig.2 Composite column of the Miocene Meishan Formation in Well Xike 1, Xisha Islands
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Fig.3 Macroscopic characteristics of the dolostones in the Meishan Formation in Well XiKe 1, Xisha Islands
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Fig.4 Microscopic characteristics of the Meishan Formation in Well XiKe 1, Xisha Islands
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Table 1 Range of major and trace element concentration values in different units of
the Meishan Formation in Well XiKe 1, Xisha Islands

Bz a2 00 Ca0/ % MgO/ % Sr/10 ¢ TFe/10 ~° Mn/10 ~¢
ERES R 10 34.06 ~37.19/345.64  15.08 ~18. 66/18. 06 45.0~152.0/118.6  37.0~362.0/139.0 3.6 ~19.0/7. 4
B2 EREZE 6 33.30 ~39.00/34. 85 14.10 ~19. 00/16. 89 139.0 ~226/184. 5 15.0 ~210.0/80. 3 7.1~17.0/11.5
iR 4 33.70 ~36. 80/34. 90 18.55 ~18.70/17. 02 90.0 ~159.0/140. 3 19.0 ~210.0/92. 3 9.0~16.0/13.3
ERESEY 7 33.90 ~38. 62/35. 60 14.13 ~18.59/17. 02 127.0 ~242.0/166. 5 14.0 ~248.6/96.7  10.0 ~20.1/15. 4
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Fig.5 Carbon and oxygen isotopic values of carbonate rocks in the Meishan Formation in Well XiKe 1, Xisha Islands
a. MgO &1 5 8" C(PDB) fyAHEHE ;b. MgO it 15 8" O(PDB) fUAHIAE ;. RFIEET 8" C(PDB)
58" 0(PDB) A s d. R 28 BRI 2 ¢ 87 C(PDB) 15 8" 0(PDB) # A A

HEIl2H 94 Phak AR R B P, A=A 38 32 1
(HAALT 4 Bl HZTRI2T 1F) KA 48 4, KI5
o 8 MERI R BURKERER 6 71 (32 2) otk ids n]
IE 4 ER AR AR AR RS KA+
MR, F oz 2 P i e 4 TR 7 3 (e B R 38 O TE A
(T Sd) A T A B | 4T 07 2% 1 R A S it ) T 672
{6, H oz A PR A R R A oo e ad B v 3l LR K
HPBRIIARIE . A B H B A R S AR
FEHAE P AR b HE R ARG ke 30 A 40 4, AT AN
KEFA DA, BEH = AR s, R R R Y
SR T IR ™z 2 Bk R & 1
5 BAHEPE i IR £ A DORR B[R] 7 3 BN 43, 1R
U9 AL Z2 A BRI ARBR R 4 2 1 3 BBl P 5 e v
it BRI R R I M A A B vk S K
W Mg 27 A A R R R (B — 2 R b
RNV AN E N RN VSR /TR vt L]
M 5E , FEHE N 1 %0 BE /R VR BE (85, 3L 80 (PDB) {EL 1 Jin

EPXER 1 FELARREMLR. &
F A& ESEE
Table 2 Range of carbon and oxygen isotope values at
different units of the Meishan Formation in Well XiKe 1,
Xisha Islands

*x2

Hz AN 4

8" C(PDB) /%o $'*0(PDB) /%o

1B

10 2.626 ~3.051/2.789 2.293 ~4.619/3. 484

Mzt
3 =l
2 @3::)2 6  2.670 ~3.146/2.901 0. 892 ~3.290/1. 831
Mz
WZEAZS 4 1.800 ~2.180/1.969 0.987 ~4.070/2. 568
= El=
w3 %EE 7 2.167 ~2.340/2.228 2.173 ~3.303/2. 603
Hzs
= 48 -4.788 ~2.951/0.959 -7.021 ~1.444/ -2.110
KRS 8 1.214 ~2.944/2. 061 0.802 ~4.105/2. 278
ZREKE 6 1.546~2.034/1.777 -2.761 ~1.980/ —0. 339

TE - A R N R /ML ~ SR KA/ PRI



BT, A T E RV VS VD L X VSR 1 B LU o A REE B R 217

5511
10.00
¢ BIEREREN)
B EREN=)
WR(n=4)
]
& BIELRE(n=5)
T
= $
i NN ‘
% 1.00 * 3 ‘
- =
L 4 : 1
p N
= RN |
& o |—3
4 ~o—*
010 1 1 1 1 1 1 1 1 1 1 1 1 | J
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
LR ST
K6 SR AR LSRN a8 T
Wi L ICER Mk

Fig.6  Average REE curves of dolostones after normalization

by globular vermiculite in Well XiKe 1
1 BIREEA T AR IR TSGR [12], HAABERR IR T AR S, )

FAE 0. 05%0 ~ 0. 14%0 > | R #1120 [ 25 2 e R
1 8™ 0(PDB) {H s .

3.3.3 #iaE

Fi LT R AE A AR S AR A v A B Y
BT 2 U PR F AR R AR A /NS Rt T
Tt nla AR T R IR AR OE AR B 2R n] Lo A
AT LR T X BRI A 0 D T
WFFE A o0 3R A8 35 i S AR S, XL RRE R 100
RWPFE AL i IR i B AU R A AR
IS S R IR B o BN K o 5 B = AR
JEE U (NASC) BUK 7 BUA (PAAS) FRifE(E AL
4,7 Ce KRB WL 5451, Bu 5575 15 # BT R 14
JE PR, Ce R Eu A2 H B 5 al IR H 51 TR
DURA P AR APPSR AR o, AL ER S R Ce Oy
SRR R IRBRAE IR B W R B Eu R
O AN TEAENE PPy e o8 i 20 a W1 WUAN = B 2y o S =R (V2 )

JEVERE (I 6), 7 Y H: 32 28 Ry S0 Ak 34 55 1 I o ks
K o

4 g

4.1 B=EMREEFR

B PGV 3 DX A2 B = e R B 98 6045 - TR
B KU B R kR i K R 0

S BAR IR HOK AR BT M s A G I AR
P2 35 R R AL LRy S A 1 A8 A ] 422
P (Rl BER VR 1R A = s B0 2O R )
AR IR R B R A R AR DE I R 2 T
AR BE w5 T IR WK, R WAL 7 28 A 5 2 45538 1Y)
WEL, H A LR - dllio £, 2 8 FE A - A
Bk, R R BEARRENE LA S A, BAE
HALBR P 2 A R AR R IR S5 B = A DL0E , g — B
Htl — Bty ] WA BEIR 2, — MOk 28 1% R
A 2 5 UL R AIE 270 g L 2R 1 2 Bk 4L ]
(R ER A —E RN (B A A E R AR
(R AEENZ IO A , 1 W R IR K LA LI S5 7 1A
BHESHHE A =A™ L H = E 2 1
B AR 3R ) T IE(E (2, 1815 ) BAE AN R A
b TR LB 9 A R AR R, X 5 Fouke (1994)
Xk R ThE— R T AR el O B9 1 0 e S e —
o PR A L 2 OB AL T B X O 98
VI 52V R AR ARG £ (8 IR o AR R, L
MAF I 2 2 B a1 TR AL &K P 39 {5 Budd
(1997 ) X A3 K L v i 12 1k 13 = oA 98 P g
AR R PO . SRR (2010) 45 H 2 K
RUE Y B TR ER A 8T O (AR X BN, T 2 R i K
8" O {ELAR XS 1E 3K 5K 5 Sibley (1990) A LR
1180 (KT 2%offi i T i T 1E A i /K 6 5 i A
LA A i T, AR A O R UL R
JZ B 78z A AN T BE R w5 v BE Y i K, T Y
JEA = H)Z 1 Fe, Sr,Mn 43320, BEHTH Mg™”
AR T 0 A D5, I 32 2 0 ol ke v T K B R
ERIDE ST 88

WL Az SR BT Fe i Mn ik Ce X
FAR Eu B94ERL, R HOE A s T8 A3, X 5
A (2018 ) S22 M L L B LK R EE AR &
TEm b EARME RIS R E R, e 1 2652 8RR
H oz or R R 8 T M B O R e AR 6, K T AR
PG, UL UESE UL ZH 2 e D AT e R
Bz U A (EA L AR R B H 2 s SR R R
RN =0 20— BRI L ZE ORI A, Vi X
Hh R R AR 5 N TR R T 3 s K
FAERITRVE , B3 R A = AL R i F =
JEREGE . LR A B A SRR
FRAEL 84 3t 2R AL “2 7 5 (16 M AIG Fe (% Sr) 358 B H
Mg™ " RIS IR T K, (EICH B ) B TR 1 22 S
(BARILBREE (BB R4E) , i mB ik in B &tk
G hs (A LTI S B = ) Wi sh S i , 520



218 WS KRR MR

841 %

AP B, 7 3 2 o P D A0 Wi 1 32 i 57 5 113 B9
WRFEERHIZ H = (B 7)o BEGRE A3, 1905
FREMUAR I = B RE ey 7 ek g
e PO RS S M REAR: Sen A ) S ) N A
WS 1 AR T T B A (M
B ) R A mEGZ T, H oA S RKCE A
JBE, FTREIR T BRI AR Bl 9 o (R ARTT 1)) H = Ak
BN EE

HLLZH 1 = T ARJZ L8 o IR BT = 8 o K
A A IVBCOR A OB i - 40) B A = A, BA iR+
s AR A B AR, AR5 45 (2016)
ARG AR IR 1 I = H = 5a 2 2 308
AT 20 M BRI I ) 2 0, I A 1) Bt s b
W 7RI (B T) , S B = R i
KRz (= BOKE) T Z M H =4, HX
PR TR 2 A R i B T, A 3l A AR
RHEATHAR.

4.2 BzaEYH

POV X 2 A 2 0 S LB = B aE R
BRI B BRI A G DL S FLBREE ) & B G L 2 A
TREF X LT st X L 204 141 PRRE S e
4G 60 1 = b, 81 1 A A AT A O A LB B
ke ARYEMN AT L ZH = A LR A FE 2. 9% ~
40.6% ,YE N 24. 2% ;1835 FK 4 FE 0.05 x 107 ~
5651.04 x10 7 wm® , YJ{E K 1 043.22 x 10 7 pum’, fL
B BE IR 3 A —E WA G (BT 8) AR LR UL, KA
L BHEER T H s (K 8) . H = AL
WART 20% ([ 9a) ,18ER Lk AT 100 x 1077 pm’

HEAEH
e
——

z //\\‘// 7z
7z NN
7z
7z O &L

i A

PAAAA

IE 1K

i

WRIR &

HZA el A

K7 PYEbHDX PR 1 AL 2H A0 A i R AR
(& A SCHk[47 1)
Fig.7 Diagram of genetic mechanism of dolomitization of the
Meishan Formation in Well XiKe 1, Xisha Islands

(modified from reference[ 47 ])

(K 9b) , B LI I (FLBRBE >30% ) K 2 T
Fad fHiiE (BER >1000 x 1077 pm®*) [ =%
HaZ T (K9), B B o A i 2 U 5
SR H IR B IR ER A A )R B Ja 23 T 98 (SY/T6285—
2011) Al I TE A I 21 B = o FL B B 0 R R
4, EEERIUNE AL R B AR R, O LB
Hig B R AR (8 9) , A oz A T 0 A g A 5 i
£H.

10 000.00[ . ®
100000 ® e ,“Q“ ’
e o *$
2 100.00F . e
= o 8,
< 1000t
G P s HEH
B o0} 2 Nee
Py . * E=
0.10}
*
0.01 '
0 10 20 30 40 50
FLBREE/%
K8 PaybHLIX FUAL 1 HAME L E = A LTS
BB R

Fig.8 The correlation between porosity and permeability
of dolostones in the Meishan Formation in Well XiKe 1,
Xisha Islands

5 4Eig

DR ARz a8+ E (B K
HE \afiEads)  JBRH s A B LT d #
e I BRI, LB BN R )R B e B A R N
o HWEAZAZAEASANATIR . XA S
Eepia: e SRS P Sl D i I N NS AT

2) Az A2 BA K Sr Ak Fe ik Mn i Eu fik Ce
FRORAAIE , T H BT Ak S SR AL e K BR3E , T RO T R
AL IXTA], BERA LB B TR AR IRAR L, 2 4
[l R ) T AE(EL, T RE T T H = A AL B SR A9
H ze Pl R 62 R e A e rpout IR e o
AR B AR , B AR 3R B L8R B s A T LR
PR P A AR R TR K

3) AR R B O = A7 A
B SR 2R RO M 3 Bl o0 3R 0 A Ay AT e
DIMERE B E IR A = A E s £, 28 o
AR S EEE DAY kB CE
AERB e, HH IR AR o A R ] T —E
YERT.



514

i

], S R [E R P VD ML IX YR 1 I G L 2H 1 2 A R SO A

219

40 -

35+

30F

20

A
A

15F

10+

<4

4<P<12 12<P<20 20<P<30 =30
LBRBE/%

35

30

25

K<1

I<K<10 10<<K<<100 100<<K<1000

BIEAR/(107m?)

K=1000

KO PUvbHL X PERE 1 g AR £ RS i
Fig.9 Statistical plot of physical properties of various rocks in the Meishan Formation in Well XiKe 1, Xisha Islands
a. AN TEALBEE (@) 434 BT s b, AREA PSR (K) 4340 H 7 18]

HBINAA A RERA RSB RSB &R

wL BATE N U T T

(1]

(2]

(3]

(5]

(6]

5

=

% X Wk

Franke D,Savva D, Pubellier M, et al. The final rifting evolution in
the South China Sea[ J]. Marine and Petroleum Geology,2014,58;
704 —-720.

Li C F,Xu X,Lin J,et al. Ages and magnetic structures of the South
China Sea constrained by deep tow magnetic surveys and I0DP Expe-
dition 349 [ J ]. Geochemistry, Geophysics, Geosystems, 2014, 15
(12) :4958 —4983.

B VU UG B A AR A B R R 2 I A 1 B i AR i
[ D]. JbaT: v b5 K %+, 2006.

WeiXi. Forming condition of late-cenozoic reef facies carbonate rocks
in Xisha Sea Area and their oil and gas exploration potential [ D].
China University of Geosciences( Beijing) ,2006.

Taylor B, Hayes D E. Origin and history of the South China Sea basin
[J]. The tectonic and geologic evolution of Southeast Asian seas and
islands; Part 2,1983 :23 - 56.

Briais A, Patriat P, Tapponnier P. Updated interpretation of magnetic
anomalies and seafloor spreading stages in the South China Sea:
Implications for the Tertiary tectonics of Southeast Asia[ J]. Journal
of Geophysical Research:Solid Earth,1993 ,98(B4) :6299 —6328.
Qiu X,Ye S,Wu S, et al. Crustal structure across the Xisha trough,
northwestern South China Sea[ J ]. Tectonophysics,2001,341(1 -4) .
179 - 193.

RS VU VDR B e AR W R R R A DUAR AT [ D] B . v
,2010.

Zhao Qiang. The Sedimentary research about reef carbonatite in Xisha
Islands[ D ]. Institute of Oceanology,Chinese Academy of Sciences,
2010.

FKHTIC. FE VAL AR R 2k PR i R PR R B R B AL S A
MERIBE S (D] B B 22 B 0F 52 A e I PR P58 97 )
2016.

Zhang Xinyuan. The evolution and characteristics of Miocene carbon-

[9]

[10]

[11]

[12]

[13]

ate platforms and reefs in the Xisha area, northwestern continental
margin of the South China Sea[ D]. Institute of Oceanology , Chinese
Academy of Sciences,2016.

IVE R, S P, B0, A R IR A P R L A 1R 22
S MR RIS LT]. RS HIRFL 2+, 2008 (05) : 665 ~
672.

Sun Qiliang,Ma Yubo,Zhao Qiang, et al. Different reef carbonate di-
agenesis and its influential factors , Northern South China Sea[ J].
Natural Gas Geoscience,2008 (05) :665 —672.

AKAEpR, EIRIGE, K55 iRV VURL | 2 PR S
AR A TTRAE [ T]. R FL2 . op B 3 BT R %% 4z, 2015, 40
(4).677 - 687.

Zhu Weilin, Wang Zhenfeng, Mi Lijun, et al. Sequence stratigraphic
Xike-1Well from framework and Xisha Islands reef growth unit of
South China Sea[ J]. Earth Scicnce; Journal of China University of
scicnees ,2015,40(4) :677 - 687.

B, VUK, L, 45 F i P9 v P R 1 JE AR R Y
PR B A AT SRR AE [ T] . 3 5T 3 4, 2008 ,27 (11) : 1933 -
1938.

Wei Xi,Jia Chen Zhao, Meng Weigong, et al. Biogenetic reefs and
its petrological characteristics of well Xichen 1, Xisha sea area,
China[ J]. Geological Bulletin of China,2008,27 (11) ;1933 -
1938

FARIE I AR BRI AL, AF. POV RE R PR L RS - LS
Iz R AE B I8 [0 ] 3R 2 vl [ 3 57 K 25 2 41
2015,40(4) .633 —644.

Wang Zhenfeng, Shi Zhigiang, Zhang Daojun, et al. Microsopic fea-
tures and genesis formiocene to pliocene dolomite in Well Xike-1,
Xisha Islands[ J]. Earth Scirnce-Journal of China University of Geo-
sciences,2015,40(4) :633 —644.

HAEIL SRIEZE W A, 45 VTP B I = A R R E 5 R AR
SrMr[ )], AR ,2016,38 (11) 1125 - 139.

Cao Jiaqi,Zhang Daojun, Zhai Shikui, et al. The characteristics and
genetic modil dolomitization in Xisha Reef Islands[ J]. Haiyang Xue-
bao,2016,38(11) ;125 - 139.

2015,40(4) .677 —687.



220 Al 5 R R R M R 5541 4%
[14] P20, F R, 200 55, V4 70 b 2R W i U2 70 9 26 0 3 e A TESE [T ]. Al SRR BT, 2019,40(1) 123 - 132.
VER S5 A W Rk v AR S AiE [ M. db 5. Bh 2% 1 f Ak, 1989 ,1 — Wang Longzhang, Yao Yongjian,Zhang Li, et al . Forebulge migration
134 since the Mid-Miocene in the southern South China Sea: Evidences
Xu Hong, Wang Yujing, Cai Feng, et al. Reef-forming effects and from the Beikang Basin[ J]. Oil & Gas Geology,2019,40(1) :123 -
bioreef evolution characteristics of the Miocene biostratigraphy and 132.
algae in Xisha[ M]. Beijing ; Science Press, 19891 — 134 [25] Metcalfe I. Gondwana dispersion and Asian accretion ; Tectonic and
[15] faEett, skUA45 a4, 25, POVDTRE S A0 15 e o0 T B R SR TR palaeogeographic evolution of eastern Tethys [ J]. Journal of Asian
WK RO 22 M S22 [T . W o b R 5405 DU 20 M SR , 1986, 6 Earth Sciences,2013,66:1 -33.
(3):1-8. [26] Nissen S S,Hayes D E,Bochu Y, et al. Gravity, heat flow, and seis-
He Qixiang,Zhang Mingshu Ye Zhi zheng, et al. Stable isotope stra- mic constraints on the processes of crustal extension: Northern margin
tigraphy of late Pleistocene carbonate deposits in Shidao, Xisha of the South China Sea[ J]. Journal of Geophysical Research : Solid
Islands[ J]. Marine Geology and Quaternary Geology,1986,6(3) : Earth,1995,100( B11) :22447 —-224383.
1-8. [27]  JHAE, AL, RIUSS. 7 U0 X B 408 XA et v Ak 3l ) 2= 1 T
[16] &, skl 7%, B2 45, VU B AR 11 = 4 F Lo R b Bk R[] KHF S 5 4 ,2005,29 (3 ) :339 - 345,
AR R R IR BT [T ). VRSB R, 2017 ,36(2) ¢ 151 — Zhou Di, Wu Shimin, Chen Hanzong. Some problems the tectonic evo-
159. lution of Nansha and its adjacent regions in Southern South China Sea
Xiu Chun,Zhang Daojun,Zhai Shikui, et al. Geochemicalcharacteris- [J]. Geotectonica et Metallogenia,2005,29(3) :339 —345.
tics and diagenetic environment analysis of rare earth elements in dol- [28] Bai Y,Wu S, Liu Z, et al. Full-fit reconstruction of the South Chi-
omite of Xisha Shidao[ J]. Marine Science Bulletin,2017,36(2) : na Sea conjugate margins[ J]. Tectonophysics,2015,661 ;121 -
151 -159. 135.
[17] Bi D J,Zhai S K,Zhang D J,et al. Constraints of fluid inclusions and [29] s de, A R, 4. me e A AR DU L Jic M N 2 Hh 2
C, 0 isotopic compositions on the origin of the dolomites in the Xisha W[ T]. VAT A T ,2010,15(04) 235 —47.
Islands, South China Sea[ J]. Chemical Geology,2018,493 ;504 — Xie Jinlong, Yu Hezhong, Tang Liangmin, et al. The basement fea-
517. tures and basin types of Cenozoic sedimentary in the south China
[18] Wang R,Yu K, Jones B, et al. Evolution and development of Miocene Sea[ J]. Marine Origin Petroleum Geology,2010,15(04) ;35 -
“island dolostones” on Xisha Islands, South China Sea[ J]. Marine 47.
Geology,2018,406:142 - 158. [30]  XURHNG, SREF, RN, 45 T R i Bl 2 4 3t S e g i K i <
[19]  VESCRE, #IA . P B HOARRRAEL ) ] P E R BT Y, 1982 ,2 I S AAL SR b AL A4 B S 4 (0] Wi dleah <, 2018,
(4).80-93. 25(1) .1 -5.
Feng Wenke, Bao Caiwang. Topographical features of the South China Liu Yuqing, Wu Zhiping, Zhang Jie, et al. Characteristics of inversion
Sea[ J]. Journal of Marine Geology,1982,2(4) .80 —93. tectonic and its impact on hydrocarbon accumulation in southern con-
[20] 4037, BRF. T ¥ VG 350 o o plg 7 0 A s A% 22 K IE AL A1 4 7 tinental basins of South China Sea: A case study of northern Depres-
[D].2006. sion, Reed Basin [ J]. Fault-Block Oil and Gas Field,2018,25(1) ;
Gao Hongfang, Chen Ling. Analysis of tectonic framework and forma- 1-5.
tion mechanism of the Zhongjiannan Basin in the western South China [31]  FMBESE, sk, sk Tl ak , %5, g VA 0350 5 2E 10 23 3 L e 45+ %
Sea[ D ].2006. FxgE @ e [T ], v [ BE 2% 3 2R Bl 2%, 2014, 44 (06) : 1312 -
[21] SRR, RER, k&), 55 FREdLil®y — B kol el ) 2 20 5 1323.
TE A BT [T ] W B 5 5 DU 2 b B ,2014,34(2) - Sun Xiaomeng, Zhang Xuqin, Zhang Gongchen, et al. Texture and
111 - 120. tectonic attribute of Cenozoic basin basement in the northern South
Zhang Qing,Zhu Yushuang, Zhang Jingong, et al. Types and forma- China Sea[ ] ]. Science China:Earth Sciences,2014,44(06) ;1312 -
tion conditions and exploration prospects of concealed traps in the 1323
Qiongqiong Basin in the northern South China Sea[ J]. Marine Geolo- [32] THEEATEN, k¥ BB EATE 0 X ol #E [T ]. M BkE
gy and Quaternary Geology,2014,34(2) ;111 -120. (P E M R AR ) ,2015,40(4) (744 - 762.
[22] #T¥,7ER, B35, 5. miEE b ps—AL Ak 7 244 F o ke Lei Chao,Ren Jianye,Zhang Jing. Tectonic province divisions in the
[J]. Pl vE24 ,2019,38(2) :86 —94. south China Sea: Implications for basin geodynamics[ J]. Earth Sci-
Xu Ziying, Wang Jun, Gao Hongfang, et al. Research progress of the ence ( Journal of China University of Geosciences),2015,40 (4):
Zhongnan-Liyue fault zone in the South China Sea Basin[ J]. Journal 744 -762.
of Tropical Oceanography,2019,38(2) :86 —94. [33] sk m , SRPCHN, F g, 55, B i T AR x) A = AL iy
[23] Hall R. Cenozoic geological and plate tectonic evolution of SE Asia FM I EZER A A REA R R[], WA H BT, 2013, 18
and the SW Pacific ; computer-based reconstructions, model and ani- (4) .46 - 12.
mations[ J]. Journal of Asian Earth Sciences,2002,20 (4) :353 - Zhang Jianyong, Guo Qingxin, Shou Jianfeng, et al. Control of the
431. neogene global eustasy on dolomitization ; revelation to the origin of
[24]  Fheks, Wk g, 5k #7,% st Ok ma v s B R R AT 7% « ok dolomitization in paleostrata[ J]. Marine Origin Petroleum Geology,



o513 )

], S5 R E RV VD B XU R 1 I G L 2H 2 S R SO A 221

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

2013,18(4) .46 - 12.

EORS TR B VI DB A AR IR 38 8 5 M B 138 Ak B il Ui
[D]. h ERL =BT A BE ORI IT) ,2012.

Lu Caili. Geological evolution and hydrocarbon potential of cenozoic
carbonate platforms , Southern South China Sea[ D ]. Graduate School
of the Chinese Academy of Sciences( Marine Institute) ,2012.

Wang Z, Huang K, Zhang D, et al. Maturation of neogene dolomite
from xuande atoll of Xisha archipelago,the South China Sea[ J]. Ma-
rine and Petroleum Geology,2018,92:51 —64.

R BB R PO B R R B D FA AR [T ] P,
1984,3(3) .64 -72.

Zhu Yuanzhi,Zhong Jinliang. A preliminary study on sand hilly rocks
in Xisha Island and Hainan Island[ J]. Tropical Ocean,1984,3(3) .
64 -72.

PNEME, JCR , 2208, 55 PEYPPERE 1 JF28 DU R A0 - iR b A
BE AT AR AEL )] HuBREBEF: o [ M B R 22 41, 015,40 (4)
653 - 659.

Sun Zhipeng, you Li, Li Xiao, et al. Petrological characteristics of
Quaternary reef-carbonate rocks in well Xisha 1[ J]. Earth Science;
Journal of the Chinese University of Geosciences, 2015,40 (4 ).
653 - 659.

TRIEZE X, TN, 55 74 Vb DR Pt LA e ik FR 6 A 1
DUBUEAL S AR RARAEL T ], HuIRAL 2 . rp [ M BT K277 4, 2015,
40(4) :606 —614.

Zhang Daojun, Liu Xinyu, Wang Yahui, et al. Sedimentary evolution
and reservoir characteristics of carbonate rocks since the Late Mio-
cene in Xisha area of South China Sea[ J]. Earth Science: Journal of
China University of Geosciences,2015,40(4) :606 —614.

filt DA W AL, 2, A5 BT VURE 1 AR s AR Wil ik =
DURE - 272 SUUBUE AL L M. 2000 o [ 4 5727 iR
#1,2016.12,P1 -20

XieXinong, XieYuhong, Li Xushenet al. Sedimentary sequence stratig-
raphy and sedimentary evolution of carbonate reef reservoir in well
Xike 1, South China Sea[ M ]. Wuhan; China University of Geosci-
ences Press,2016.12,P1 -20

MG H, R B S, . P B XA s R A R Y
BB HETE L) W T T S 5 PO 2 4 5T, 1984 ,4 (1) <1 - 10.

Ye Zhizheng,Zhang Ming,Han Chunrui,et al. Discovery and signifi-
cance of eolian limestone and fossil soils in Xisha Island[ J]. Marine
Geology and Quaternary Geology,1984 ,4(1):1 —10.

Ma Z L,Li Q Y,Liu X Y, et al. Palacoenvironmental significance of
miocene larger benthic foraminifera from the Xisha Islands, South
China Sea[ J]. Palaeoworld 2018 ,27(1) ;145 - 157.

PR, A0 VYD I A7 I WG SEOBT A B R, - 9 2 i A i 4 1
£1[D].1991(03) .69 —74 +131 —132.

FengWeimin, Yu Wen. Terrestrial snail fossils from late Pleistocene
carbonate soil layer in Shidao, Xisha Islands[ D]. 1991 (03) ;69 —
74 +131 -132.

B XUBTF, Sh3o5 , 45 v v RE S PaRE 1 Rt —
SR PULE A Wk RS BOB A R I SCLT ] W AR
24 ,2016,55(3) :385 —392.

Zhu Youhua, Liu Xinyu,Ma Ruifang, et al. Early miocene quaternary

calcareous Nanno fossils from the biogenetic reef complexes and their

[44]

[45]

[46]

[47]

[48]

[50]

[51]

[52]

[53]

[54]

[55]

significance of Well , XK1, Xisha Islands, South China Sea[ J]. Jour-
nal of Palaeontology,2016,55(3) :385/392.

Shao L,Cui Y, Qiao P, et al. Sea-level changes and carbonate plat-
form evolution of the Xisha Islands( South China Sea) since the Early
Miocene [ J .
2017 ,485:504 —516.

TrRE7E AR, 1, 45 VUUPRER VER) | HFRRER AT E RN R b
SRR ] Bk v B HUTOR 741, 2015,40(4) 1725 - 732.
Qiao Peijun,Zhu Weilin, Shao Lei, et al. Carbonatestable isotope stra-
tigraphy of Well Xike 1,Xisha Islands[ J]. Earth Science: Journal of
China University of Geosciences,2015,40(4) 725 -732.

R AABA, XB A, 55 B O | R RER AR MR A2 L
g - A2 5 W TR IR [ M. o [ M BT KA s A,
2016.12,pP5

Palaeogeography, Palaeoclimatology, Palaeoecology,

Shao Lei, Zhu Weilin, Deng Chenglong et al. Sedimentology of car-
bonate rock reef reservoirs in Well Xike 1 in the South China Sea -

Geochronology and Valley Marine Environment[ M ]. China University
of Geosciences Press,2016.12,P5

TIARLL, SR B W, 45 A = oE Ve 28 R L B —— LA
1 B i 0 R VDT A 2 — B [ T] . 3% MROR 22 2 3 (M Bk Bl 2%
fR) ,2017,47(02) ;355 - 369.

GaoFuhong,Zhang Yongsheng, PuXiugang, et al. Types and mecha-
nisms of dolomitization ;:a case study of the PaleogeneEs' in Qikou sag
[J].2017,47(02) :355 —369.

WP W R LD, XISE, A IR 1 BRI Eh s AR Wi i = 0L
Bz - SRR S A AL M. B0 AP [ 3 B2 AL
2016.12,P1 -20

Shi Zhigiang, Xie Yuhong, Liu Li et al. Sedimentology , reservoir char-
acteristics and diagenetic evolution of carbonate bioplastic reservoirs
in Xike 1 well ,Nanhai[ M]. China University of Geosciences Press,
2016.12,2016.12,P1 -20

PN, SR EAR, MV, 45, )1 AR R RGe F IRl A =
FAUBFORF ] A5 R HT,2018,39(2) 1318 -329.

Sun Haitao,Zhang Yuyin, Liu Huilin, et al. Typological analysis and
genetic mechanism of dolomite in the lower Cambrian Longwangmiao
Formation, eastern Sichuan Basin [ J ]. Oil & Gas Geology, 2018,
39(2).318 -329.

Tucker M E, Wright V P. Carbonate sedimentology[ M ]. John Wiley
& Sons,2009.

Vahrenkamp V C,Swart P K. Late Cenozoic dolomites of the Baha-
mas; metastable analogues for the genesis of ancient platform dolo-
mites[ J ]. Dolomites; A volume in honour of Dolomie, 1994, 21,
133 -153.

A . AR ER R A M A TE I LML b st o BT AL,
2010.

Huang Sijing. Diagenesis of carbonate rocks|[ M ]. Beijing; Geological
Publishing House,2010.

Keith M L, Weber J N. Carbon and oxygen isotopic composition of
selected limestones and fossils[ J |. GeochimicaetCosmochimicaActa,
1964 ,28 (10 -11) :1787 - 1816.

Budd D A. Cenozoic dolomites of carbonate islands: their attributtes
and origin[ J]. Earth-Science Reviews,1997,42.1 —47.

Fritz P, Smith D. The isotopic composition of secondary dolomites



222 A5 R R R R 5541 &
[J]. Geochimica et Cosmochimica Acta,1970,34(11) ;1161 —1173. 38(2):217 -224.
[56] Chacko T,Deines P. Theoretical calculation of oxygen isotope frac- [66] LiR,Qiao P,Cui Y,et al. Composition and diagenesis of Pleisto-
tionation factors in carbonate systems[ J]. Geochimica et Cosmochim- cene aeolianites at Shidao, Xisha Islands: Implications for palaeo-
ica Acta,2008,72(15) ;3642 -3660. ceanography and palaeoclimate during the last glacial period[ J].
[57] TR RERENE 2 MBS [ M. R E v B Al R A= A, Palaeogeography, palaeoclimatology, palaeoecology, 2018, 490 .
2007 604 -616.
Qiang Zitong. Carbonate reservoir geology[ M |. Dongying ; China Uni- [67] EBL, RGEDL, b, 25 NPl TIbar & O3 b E = a5
versity of Petroleum Press,2007 it 2L I FLEBR A2 R [T ] b Se e it 57,2018 ,40(6) -
[58] #Plk, 2= 5. REE REEUIARY IR S Bk [ 1] . HuBkAh 2 ik 757 -763.
J#£,1999,14(2) . 164 - 167. Wang Qiongxian, Song Xiaobo, Chen Hongde, et al. Cement charac-
Yang Shouye, Li Congxian. Research Progress of REE Tracer Sedim- teristics and effects on dolomite reservoir pores in the fourth member
entSources| J . Advances in Earth Science,1999,14(2) :164 - 167. of Leikoupo Formation, Longmen Mountain front, western Sichuan
[59] BAmE=, X vE, B0, 5. SPR 230000 r 2k K SR I8 LR TR 56 b Basin[ J ]. Petroleum Geology & Experiment,2018,40(6) ;757 -
BRAGSAAFAE [T ). PHAL R i ( B AR BRI , 2017 (2017 45 763.
01).101 —109. [68] Fouke B W. Deposition, diagenesis and dolomitization of Neogene
Zhao Xiaochen, Liu Chiyang,Zhao Yan,et al. Geochemical character- Seroe Domi Formation coral reef limestones on Curaqao, Netherlands
istics of the carbonate rocks of the Shuiquanling Formation in the Antilles[ M ]. Publications Foundation for Scientific Research in the
southwestern margin of Ordos[ J]. Journal of Northwest University Caribbean Region, Amsterdam,1994 133,182 pp.
( Natural Science) ,2017 (2017 -=01) ;101 - 109. [69] Sibley D F. Unstable to stable transformations during dolomitization
[60] Wlele FREE, 4. IR T SR G AT 7 0 R AL [J]. The Journal of Geology,1990,98(5) :739 -748.
Be Hdb B S LA VLA SR T A 9 [ T ] A s 36 4 5, 2018, [70] 2, skl %, XUHT T, 55 Vb M X PE R 1 255 2 5 05T
40(5) :716 -723. [J]. b2 2%5 2018 ,42(04) :485 - 498.
Cao Tingting, Xu Sihuang, Wang Yue. Characteristics of rare earth Luo Wei, Zhang Daojun, Liu Xinyu, et al. Study on comprehensive
elements in Lower Cambrian Qiongzhusi Formation in northeastern stratigraphy of Xike 1 well in Xisha area[ J]. Journal of Stratigraphy,
Sichuan Basin and its geological implications:a case study of Yangba 2018,42(04) .485 —498.
section, Nanjiang [ J ]. Petroleum Geology & Experiment, 2018, 40 [71] Machel H G. Concepts and models of dolomitization; a critical reap-
(5):716 -723. praisal[ J]. Geological Society, London, Special Publications, 2004 ,
[61] WHER,ERKA:, #EE, % SIMNARTURY R LuR IR LE 235(1) .7 - 63.
WL T]. 08274 , 1994 114 (3) 298 —308. [72] Saller A H,Henderson N. Distribution of porosity and permeability in
Lei Guoliang, Wang Changsheng, Qian Zhixin, etc. Geochemistry of platform dolomite ; Insight from the permian of west texas:Reply[J].
rare earth elements in Karst sediments of Guizhou [ J]. Journal of AAPG Bulletin, 2001 ,85:530 —532.
Mineralogy, 1994 ,14(3) :298 —308. [73] ke, sk R, S5 ob [ b AR A 11 = A 2B L
[62]  zA, WL 5L, 175, 2. JIARALH XK A 1 = ik )2 R SR T]. #FGEH 2017 ,36 (4) 1664 — 675.
KSR ]. 0¥ A4 ,2007 ,27(4) .78 —84. Zhang Jin,Zhang Bao Min, Shan Xiu Qin. Major formation mecha-
ZhengRongcai , Hu Zhonggui , FengQingping, et al. Genesis of dolomite nisms and models of marine dolomite in middle and western basin-
reservoir of the Changxing Formation of upper Permian, northeast sof China. Geological Bulletin of China,2017,36(4) :664 —675
Sichuan[ J]. Jmineral Petrol ,2007,27(4) ;78 - 84. [74] B2 W SCR, SRE IR, 55, B HUR BB TR 5 5 UK 2= FRAE
[63] IKIGFE,VFLL, WS, A5, BOVb ol tH 3Rt 1 = o it 2 ek S B SR H ARG 2E— 3 HUA A 98 i — BB R Bk R e DUAR
KA T]. PR BT ,2016,32(3) 148 - 56. FEIEHFFELM . o A8 B 4323 7], 2008.
Zhang Haiyang, Xu Hong, Lu Shushen, et al. Reservoir characteristics Zhao Zongju, Pan Wenqing, Zhang Baomin, et al. Characteristics of
and genetic model of the Miocene algae reef dolomite in Xishalslands carbonate reservoirs and optimization of oil and gas exploration targets
[J]. Journal of Ocean Geology,2016,32(3) :48 - 56. in the Tarim Basin—Study on the Cambrian-Ordovician carbonate
[64] He Q X,Zhang M S. Origin of Neogene dolomites in Xisha Islands rocks in the Tarim Basin[ M ]. PetroChina Tarim Oilfield Company,
and their significance [ J]. Marine Geology & Quaternary Geology, 2008.
1990,10(2) :45 -55. [75]  BRIRZE, XIHR, B, 55, PUUMHE B RGBT A AU AR W T it 2 R AiE
[65] BLUVUKE, f DT YRR TR | ORI A s Ak FEHIBR—FET IR | SRR RPOR LT ]. A1l KR4, 2007

FAIE DR RBLH [ )] 35 AROR 2 2 4 - HB IR 2 bt , 2008 ,38 (2)
217 -224.

Wei Xi, Jia Chengzao, Meng Weigong. Dolomitization characteristics
of carbonate rock in Xisha Islands and lts formation: A case study of

Well Xichen-1[J]. Journal of Jilin University ;: Earth Sciences,2008 ,

(3):113.

Chen Yihan, Liu Dayang, Wei Xi, et al. Characteristics and control-
ling factors of the Late Cenozoic reef reservoirs in the Xisha Islands:
based on the drilling data of Xiqiao 1 well[ J]. Journal of Oil and Gas
Technology ,2007 (3) :113.

(%h# KEHR)



