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Fig.7 Schematic diagram of the genesis of marine platform evaporite and basinwide evaporite (modified from reference[4])
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1332 A

S

$39%

A FXH 2T RS 7 AT G 2 B, 8
PRBAE LR LA T

(1) A=At

HWAEKRRLEBNZE LRGN T H s AREN
AT, BRSO A 8% A s A AR BB R R R/N Y
14.8% , N EEFH I A= LB ™, AN = A R
UFbe R SCE FNMETE , FEAE R B 1 )2

(2) BSRYEMH

AR R PR Y E WA — S, 28k
e M N e =g e = A W ST e 3 Ga B /LT L
EAEHBSR)AE W = 7, [R5 v ) SO i oy
STAEHLS™, B A SR TR R v i A 2 0t
it 2T Il B A TR ALI . 5340, A I
“FEHRFLTAS B th g RAF GG AR S ),

(3) FLERATE B 5 PR A7

R HA B R E T B R A RRE, TR
A HTE = A2 P RE AL R T A
YEHIRERE | IF FL28 K v 20 R SR A — 2 A
AR, R AR R R T 28 R A AR EA T T
T A LB LRAE

(4) AR R 7R AT REH

AR PSRRI ER A
FAE ARG R T 5415 W 5 Z 8RR KR
Hi T A B IR T e A s iy, R R AL R AR
BRI LI, 55 AN H R B AT TR I AL A
] A S AR R R, SRS oK H S A LIRSS
G MBRPERAAR , B 9K 5 SOV, ek T IR AE LY
EaE",

(5) TSRYEH

A (R R 78 KA A AE IR AR R B R AR 34 Jir
VB (TSR T AR ik 8 56 U0 T i J2 ) T B 5
PR R PR 340 S 8 AN AT 43, T 28 R WU i R i 38
JE RN R A TR T el . anFREIS LR
M FER A" SR 2 A T R4 U )1 i
B 32 A R AR DR MEU A, B b 2 R
Em T it 2B R R SESR A E KA
BRFRER A JEAE T, i = A LS 51 % B EL A T Tk 1)
AR , 2% FIHATE B FLBR HE— 2 plur o, %
it 2P THE & S I VE R, BLAh , F1 Rl G B
PR ER I S A A HEA T, SR R PR i SO~ fbny , T & 2R
Wil WS N — RANFLE, 3 — 25 0GE T %2
Ptk

6 AERRREENR

WS PAEA AR R R E R AT 51
SRR, T A 7 A B EE AR I B DA O,
6.1 FFETK

TR VT RAR IS, ARG A 25, T KA AN 3] St
T ZEEMERT ST B YR
it BT S e Mg/Ca S 38 325 ML AR AT TR 1 =41 5
Bl 75 K AR SEHEA T , $h BE Rt BT IR T 1
2R A TR IS T B N B, 1K
LLERREA AR YEEE HERAS AL
YEH . BRI, TR K A 7832 BRER K IR
FHRVOIE A =4 FIZ8 & o (R RIS, K
IRTEA AR, W) 322 & U i e Uk I, AR
Je AR

AFBLAR A 5 S 457) 4 B &2 g 337 Oy AR 9 — R
FER M Ara B, BRI AT B —ZE R 52T,
TEARAAR R BT F B R F RS, H iR
R NR R A = £ E AR kA 1
BAAH T HEARFE R T ERGE N =5 578K T m
KEFEW R T EAERIESE A S
Sz A e m g A SR Z W T B R
GO A ST B AT AR S8R A =
BB AS S SEYEARE B AR
o, W A2 45 TP T A8 A PR, - T A A
AL AL AR R T B G EE
6.2 HSIE

AR NI A B AR T EARE T ", 7%
KA RIS — R B T RS A A =
o WM 35 R X W —2F 1 5 1 o O B,
I, AR AR T E | AR R AR A S,
[ Williston 211 Red River 417 [ F i 1 it
YA B5 B e ME s s v m A2 L
ST MERE R, B AR IR A A H A 1]
BT ASIT . TAE P Z k=S40 T F 2 A
R Jx Maghra El-Bahari 2H 1F 4f 4 81 -5 A 2 A S £
g, BVl T B AR R A 5 2 et R & B
WO E S B aMEwa s, (B A
A R R B AR AN R i e R R R AR
W2 FECEA AR BE , MEY B = 58 E =
TR, 7632 [F Oklahoma Blaine 2™ PUJ1| % i1 57
B VT2 OFAT I Sachun 20" 455 TL IR A =



55 634]

AR S w28k A R AT R R 1333

EANRBEIE X T RERTURTIRWE T 57,
SRS L R A W A 1 RV L BT B, ) 2P
TR 140%0 L LN A L EEDTHE TF R AT I,
AR I AR RIE AN AT BRI P 2
6.3 RRIFEE

WERRTHESELEBEIIG, KT ih
TURUE L, AR B IR AR = A S U
H A ER S W B2 s ] th RCE A E I L, fnss
AR e Mg/ Ca iR RIT A TE I = 47
TEHZ TP RBUON R ) B2 R oA ) RS
SRR BRI

AR R LT H e B KA R R, Rt
DU R R R R R F Ry SEal . HE2RH T
PERYEN b R BRI ) K 28 K A = S K IR R
PR DU, 1A A T8 B A e B = A e
LR WA R TBE R E = A EM . W B
AMEAL TR & b, 2K E RN, 22T
BT FORZS o KR FR R K 28 & AE R mT Al
B AT e BT T FL BRI AR IR B 28 & A W AR, A
A EDLHE o X ARTITE 25 R LB Mg/Ca 21
TG A AT B A IR, P, B AT PR
TEOE AR R R I AR R [ N AMIFSE TR s T
X a5, G0 5 [ PRI 2 b B2 P 3R Red River 2H
W] Zagros Basin Dalan 41 FI H [& #% 1L 4% Hb 18 3k
gﬁ%mn.mm R

AL Z T, Jry BRI T RN 28 2 5 1 i AR AARR G ¢
WL AR R BASE . m T IR R 2l PR
BRI A (0 B 4, e PRSI N 2 & 15 Ml A ik ) )
IKARAZ 32 BR, TURR I TUTE 52 B0 BB R il , 2R 32
VI STIWANER: N 1A iy w =g U/ I N TR RS
BRI K ) R RS R A o A AR, dniR
JH|IF Carnarvon Basin Coburn ZH™ . PU JI] %37 3t J€ i
R\ OB RREBILA RS AR IER R EE K
FER RN AL RN 328/ TS TN S Pae =g SULE S
FRIRIE , © A WTFEIA N H T IO TR R & #h75 W
AR R G R, TURRER B S S A 1R R TP L
FRBEA

7 HAARRFEHIIE

KT Hz A SRR AR R B A TR
BB, HRTE XA R R AR5 7 15 R RS 5
BBLIESE IR MR IEIE ST Ul AR T 5

HBRAL AT STk . BARINT

(1) SLEAHITSE

S T 7K 7 e S e mT R Al 9 K B K
Ui S ST RF SR SR e g g A7 K\
FIEL B 5, AT B9 S S0 DL 7 B4 -
TE W 7K 78 S S B S0 ep 3P Ak oy 4 v 2K L o3 1Y 22
S0, DA R AR I K 78 e S 5 v A TR 02 2R M R Al
IYPRREEE A

(2) DURRETHRAIERTTE

KT IR TUREH 0T 5T, # Mlis 2 &
5 Az A R R G AT DUR B A %l 23 (H
M T AR A E R o e, = O AU R A R
AR B A AT AR 2T A0 I
e ST BORMEAT 20 A, H R S E S 32 2
i SR T S U B B A R Sk LA DU R BIF S
SRR R TUBURHIE . BeAh, ZEXT AR R A5
o7 S B GO A DL AR A R AR AL, T dek Bl e 8=
SERG ERORLAS A BEBRES R A 13 2 LR, DAL
XHBIBRBLIRES F) A 2 K G 0 O I3 BT 45

(3) BT AT

AR R P UURR I 28 K0 B W45 s R
R AR O 58 B R A A S AR AR R R Y
Tt = A WS 58 4 1Y PR A7 U A A, TR It
AEFA T A A A o 8 i A A iR
Sl AT SRR PR A2 A AR R R, el
R 2 A P H  CRR K A LA T 3 il e
W GET AT BB A B )RR b e L SR
R A LA B R, TR OB KA A
7 3N A i T PRI AL B SBURR S, AT gL
RV S (0 ) PRAL 57 25 LD SRk S XTI R AR S R G
FIREIE IR AR

(4) HERALABIFST

A R 57 3R 0 3R A 1 M D s b T R A R
AT AR R P B s A OE ST, dnad s Sr Rl R
TR A = AR B RS Rt H B A
AT 5 KT8] (9 5 215 38 HIH R |l o A
A 7 [l v 2% A5 i Ak T BOAE 9 2 DR R 36
S BUNS PV ek (R N e K L TR WD
JZ2 R FRAFT N I 2 T R il DX
EWT = s BRI AR XS T B R AR T
o R TR 7 THRAT s E i (B R B LR
Z R BRAL o A 4R ELh T Ak o B i 2 i i



1334 A

S

$39%

2, 76 FIWT 2 A At 7 & Mg B F i R TR AR
RETRALAE — A 293, I AF R Bl 75 AR 58, F R T
BL O SR ) R BT 40 25 52 0 5 N R 1 b Bk
P2 A3 M7, N Sk A4 B At 1y FH 31 P 2 e F
FEH, BN LA-ICP-MS 40K B 4% R A [l 7 2%
Y R TR ER A Z R AL A T (AR
LS A = A A B Ca [R) 2 .S [F 7
R RN ZE Mg [FZEH T LA SR (R R 5T
PR KA HES) ) o AR R 28 R R
S R B AEE bR IR AT E bR T B S
AR R 2R R PTG WO A AR R Y A 1)
T AAEAR AR, 30 M5 g s v A EL A A A R

8 MR JRE

8.1 MRENX

(1) IETFERZ =24, I aw SEER
YA, Hil SoA3k, SR L3 A & FRHE B B
P ERRE AR T LR EH AT AT E . A ieE
TAMPHEA R Y GRS R 2 W] LATR AL
KT A B FrAR,

(2) AR R BER AR T ORIl 385
A LA Bty Vg K AR 2 A5 B s 1 e S0 T A i
At B, 33X AT DA g o 1 3R 5 P o 3 A A LA
K, RETF AR R RO BCA ST | REdR 4t
T2 A G BR b 5 [y sk e Ak 5 TR A IR

(3) FEABRHLJT Ty s A, A A R i A7 A
TR G S A A, i SR TAE A A
A 2 PR R S v, o B TRV e A A R Y A
B, AT REXHM R BAA 4R T

(4) AEKRMETRELR S SA DA NI
Pl R goad B v B ORI A5 5 A0 2R
PRZ AR bR Bl A8 T H

(5) AR RER D 2k E S
TRl ER A WSS SE & Kt — 20 F & e B U
LN
82 HFHEOERTLRE

UG RTAFUR T — & M SR (B R R
FETE G R v A2 52 24 A DURR— 1 s A R s e, s
203 OUBURHE A G  HLERT SRR )
YER RACRIR s AR RARIR S ) A
SR A RYNBb2E ) A RRR ABSR .

B BB kAT SR (4 S 46 T BB, i e H
R AR e A TR AR RS R e AR 7S 5 T
Iz

(1) AR IE BRI 5 1 6 b (A Mg [7)
7 2 BEAAY | Gl A= W3t 0 25 ) st s, R v 0
AR A RO L= 2 45 s I A AR R DU Ty 241
AR R

(2) ER AR WA JESRHE LA S5
S e G PR S

) WA SRR R R A A
TR LA KRR i

(4) HANRR BT P75 HERAL R AE AR TTTAR
— A VR A T AR A R I ML o

(5) AR ZR YD

(6) BEEREEHG N, &5 Mg™/Ca™ AR 23 T BUHT IR Yy
KEA AN B A =6 B Eh B4R T,
H oz a Il  JH IR IIRR 8 Ko ARG 28 4 A i D0E
Bl TR Ca®, Mg™/Ca” MR H 8, BT A4k
ek A A m A R B AR AR B A s 4
AL B My RGN A s RABTIE

2 % 3Lk (References)

[1] Riechelmann S, Mavromatis V, Buhl D, et al. Controls on For-
mation and alteration of early diagenetic dolomite: A multi-proxy
5*Ca, 8*Mg, 50 and 8"C approach[J]. Geochimica et Cos-
mochimica Acta, 2020, 283 167-183.

[2] Warren J. Dolomite: occurrence, evolution and economically im-
portant associations [J]. Earth-Science Reviews, 2000, 52 (1-
3): 1-81.

[3] Land LS. Failure to precipitate dolomite at 25 °C from dilute so-
lution despite 1000-fold oversaturation after 32 years[J]. Aquatic
Geochemistry, 1998, 4(3/4): 361-368.

[4] Warren J K. Evaporites: Sediments, resources and hydrocarbons
[M]. Berlin, Heidelberg: Springer, 2006.

[5] Warren J K. Evaporites: A geological compendium[M]. 2nd ed.
Cham: Springer, 2016.

[6] Chen X, Wei MY, Li X B, etal. The co-relationship of marine
carbonates and evaporites: A study from the Tarim Basin, NW
China[J]. Carbonates and Evaporites, 2020, 35(4): 122.

(7] B2 R, st 4 kR A — A R R A
R B SR A T A S 9T %, 2019, 46 (5) 1 916-
928. [Hu Anping, Shen Anjiang, Yang Hanxuan, et al. Dolo-
mite genesis and reservoir-cap rock assemblage in carbonate-evap-
orite paragenesis system[J]. Petroleum Exploration and Develop-
ment, 2019, 46(5): 916-928. ]

[8] Mazumdar A, Strauss H. Sulfur and strontium isotopic composi-



Yarand

%61

1335

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

tions of carbonate and evaporite rocks from the Late Neoprotero-
zoic-Early Cambrian Bilara Group (Nagaur-Ganganagar Basin,
India) : Constraints on intrabasinal correlation and global sulfur
cycle[J]. Precambrian Research, 2006, 149(3/4): 217-230.
Allen P A. The Huqgf Supergroup of Oman: Basin development
and context for Neoproterozoic glaciation [J]. Earth-Science Re-
views, 2007, 84(3/4): 139-185.
Prince J K G, Rainbird R H, Wing B A. Evaporite deposition in
the mid-Neoproterozoic as a driver for changes in seawater
chemistry and the biogeochemical cycle of sulfur[J]. Geology,
2019, 47(4): 375-379.
gNPE, FIRM L, TS h AR L 2020 4R 4 BRI A HOE B 2
2021 R Y[T]. [E PR Aim £, 2021,29(3) : 39-44. [ Shi
Bugqing, Wang Zhaoming, Wan Lunkun, et al. The global oil and
gas exploration situation in 2020 and the outlook for 2021 [J].
International Petroleum Economics, 2021, 29(3): 39-44. ]
IMBZRFBRAR, T4, 55 . 7Y SR AT A 1 b S5 3
SEEATL (T]. W P R AT T L 2021, 37 (2) 1 37-45. [Sun
Xudong, Zheng Qiugen, Guo Xingwei, et al. Tectonic evolu-
tion of Santos Basin, Brazil and its bearing on oil-gas explora-
tion[ J]. Marine Geology Frontiers, 2021, 37(2): 37-45. ]
152 R, s e, 5. JIRFER R LM A H = A sk
PR B B < L LT]. 4R . 2016,37(9) : 1102-
1115. [Ren Ying, Zhong Dakang, Gao Chonglong, et al. Geo-
chemical characteristics, genesis and hydrocarbon significance
of dolomite in the Cambrian Longwangmiao Formation, eastern
Sichuan Basin [J]. Acta Petrolei Sinica, 2016, 37(9) : 1102-
1115. ]
FHRT I, SRLL, 55 . SR 2 R R A A
FeH w2 R ERAE ] RIRRT,2017,37(1) :32-45.
[Bao Hongping, Yang Fan, Cai Zhenghong, et al. Origin and
reservoir characteristics of Ordovician dolostones in the Ordos
Basin[J]. Natural Gas Industry, 2017, 37(1): 32-45. |
KREUEE P2V, XicAm , 5 IR IER R 578 R A AR
KMz A ERE R R R T ]. PIBEAH,2013,31(1)
89-98. [Zheng Jianfeng, Shen Anjiang, Liu Yongfu, et al.
Main controlling factors and characteristics of Cambrian dolo-
mite reservoirs related to evaporite in Tarim Basin[J]. Acta Sed-
imentologica Sinica, 2013, 31(1): 89-98. |
T, THRAL, ERIE, 55 SRR 2 Wi 4 i A B 3 T G 4L T
BURH T A A2 RN RT] A5 KA
J5,2018,39(6) : 1213-1224. [ Yu Zhou, Ding Zhenchun, Wang
Lihua, et al. Main factors controlling formation of dolomite res-
ervoir underlying gypsum-salt layer in the 5" member of Ordovi-
cian Majiagou Formation, Ordos Basin[J]. Oil & Gas Geolo-
gy, 2018, 39(6): 1213-1224. |
Warren J K. Evaporites through time: Tectonic, climatic and eu-
static controls in marine and nonmarine deposits[J]. Earth-Sci-
ence Reviews, 2010, 98(3/4): 217-268.
L3 Ry A R o A 1 = N W 7 B K TS LA EYETi % 198

[19]

X R R S i AR LT ], 2441, 2016, 37
(1):1-16. [ Du Jinhu, Wang Zecheng, Zou Caineng, et al. Dis-
covery of intra-cratonic rift in the Upper Yangtze and its coutrol
effect on the formation of Anyue giant gas field[J]. Acta Petro-
lei Sinica, 2016, 37(1): 1-16. ]

AHT— 5K | BRUEEE, 45 . SRR Z A i rh AR TR P R
FWA TR T A o AR IR R L s A [T ], A1t
5T % , 2019, 46 (6) 1087-1098. [Fu Siyi, Zhang Cheng-
gong, Chen Hongde, et al. Characteristics, formation and evo-
lution of pre-salt dolomite reservoirs in the fifth member of the
Ordovician Majiagou Formation, mid-east Ordos Basin, NW
China[J]. Petroleum Exploration and Development, 2019, 46
(6): 1087-1098. ]

FENL, KR, TR AR P B 20— IR R
Rl s BT R AR LR AR e [0 ). MBBR241, 2013, 34
(5):585-593. [ Wang Licheng, Liu Chenglin, Zhang Hua. Tec-
tonic and sedimentary settings of evaporites in the Dengying For-
mation, South China Block: Implications for the potential of
potash formation[J]. Acta Geoscientica Sinica, 2013, 34(5) :
585-593. |

Schroder S, Schreiber B C, Amthor J E, et al. A depositional
model for the terminal Neoproterozoic-Early Cambrian Ara
Group evaporites in south Oman[J]. Sedimentology, 2003, 50
(5): 879-898.

Prasad B, Asher R, Borgohai B. Late Neoproterozoic (Edia-
caran) -Early Paleozoic (Cambrian) acritarchs from the marwar
supergroup, Bikaner-Nagaur Basin, Rajasthan [J]. Journal of
the Geological Society of India, 2010, 75(2): 415-431.

Schmid S. Neoproterozoic evaporites and their role in carbon
isotope chemostratigraphy (Amadeus Basin, Australia)[J]. Pre-
cambrian Research, 2017, 290: 16-31.

Turner E C, Bekker A. Thick sulfate evaporite accumulations
marking a Mid-Neoproterozoic oxygenation event (Ten Stone
Formation, Northwest Territories, Canada)[J]. Geological So-
ciety of America Bulletin, 2016, 128(1/2): 203-222.

Fha RSO . B AR B FE AR T H oz A R AR
PRSI L], BRI % , 2016, 43 (3) : 327-339.
[Du Jinhu, Pan Wenging. Accumulation conditions and play tar-
gets of oil and gas in the Cambrian subsalt dolomite, Tarim Ba-
sin, NW China[J].
2016, 43(3): 327-339. ]

JBGE A AT L, R A ) B R R H A2
IR [T ). IR, 2019, 37 (4) : 834-846. [Gu
Zhixiang, He Youbin, Peng Yongmin, et al. “Multiple-lagoon”

Petroleum Exploration and Development,

sedimentary model of the Lower Cambrian gypsum-salt rocks in
the Sichuan Basin[J]. Acta Sedimentologica Sinica, 2019, 37
(4): 834-846. |

XUMHEL, @At , EAHE, 4 BRI R T R A 0
TEZEZIEmT] a0, 2021,40(1) : 109-
120. [Liu Lihong, Gao Yongjin, Wang Dandan, et al. The im-



1336

A

»y,
2

Eild

$39%

[32]

[36]

pact of gypsum salt rock on Cambrian subsalt dolomite reservoir

in Tarim Basin[J]. Acta Petrologica et Mineralogica, 2021, 40

(1): 109-120. ]
Sl 3B BRI AR B FE I R 1 A e A S Bk A2

FEAF[D]. P84 P52 A9 K 2%, 2020. [Jing Shuai. Lithic fa-
cies and geochemical characteristics of Cambrian dolomite in the
Bachu uplift belt, Tarim Basin[D]. Xi’an: Xi’ an Shiyou Uni-
versity, 2020. ]

R AT AR AT B AE R B S (D], KA
F MK 24,2019, [Wu Yun. Geological characteristics, genesis
and metallogenic prediction of the gypsum deposits in Liaoning
province[ D ]. Changchun: Jilin University, 2019. ]

ARARETC, 5 VT, AR DB T B 1 = E AR
FHFIRAELT]. BREAR 5 TR, 2020,20(15) : 5887-5899.
[Zou Zuoyuan, Xiang Fang, Shen Xin, et al. Genesis and iden-
tification of dolomite under the control of sedimentary facies
zone[J]. Science Technology and Engineering, 2020, 20(15):
5887-5899. ]

Grotzinger J, Al-Rawahi Z. Depositional facies and platform
architecture of microbialite-dominated carbonate reservoirs,
Ediacaran-Cambrian Ara Group, Sultanate of Om [J]. AAPG
Bulletin, 2014, 98(8): 1453-1494.

Husinec A. Sequence stratigraphy of the Red River Formation,
Williston Basin, USA: Stratigraphic signature of the Ordovician
Katian greenhouse to icehouse transition [J]. Marine and Petro-
leum Geology, 2016, 77: 487-506.

Black T J. Evaporite karst of northern Lower Michigan[J]. Car-
bonates and Evaporites, 1997, 12(1): 81-83.

Coniglio M, Frizzell R O B, Pratt B R. Reef-capping laminites
in the Upper Silurian carbonate- to-evaporite transition, Michi-
gan Basin, south-western Ontario[ J]. Sedimentology, 2004, 51
(3): 653-668.

b BRILE, ol 45 SR Z I SR B
P@ﬂiﬂz%%ﬂ‘&fﬁ aHHUR T [T]. H A 2ER, 2011,27
(8):2230-2238. [ Su Zhongtang, Chen Hongde, Xu Fenyan, et
al. Geochemistry and dolomitization mechanism of Majiagou
dolomites in Ordovician, Ordos, China[J]. Acta Petrologica Si-
nica, 2011, 27(8): 2230-2238. ]

El-Tabakh M, Mory A, Schreiber B C, et al. Anhydrite ce-
ments after dolomitization of shallow marine Silurian carbonates
of the Gascoyne Platform, southern Carnarvon Basin, western
Australia[ J]. Sedimentary Geology, 2004, 164(1/2): 75-87.
Machel H G, Buschkuehle B E. Diagenesis of the Devonian
Southesk-cairn carbonate complex, Alberta, Canada: Marine
cementation, burial dolomitization, thermochemical sulfate re-
duction, anhydritization, and squeegee fluid flow [J]. Journal
of Sedimentary Research, 2008, 78(5): 366-389.

Nagy Z R, Somerville I D, Gregg J M, et al. Lower Carbonif-
erous peritidal carbonates and associated evaporites adjacent to

the Leinster Massif, southeast Irish Midlands [J]. Geological

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[49]

Journal, 2005, 40(2): 173-192.

YL RRBEAR R TT, % IR A ARG T X
ZERHERIAEZ LRI ], DUBER, 2016,34(4) : 747-
757. [ Guo Kai, Cheng Xiaodong, Fan Leyuan, et al. Charac-
teristics and development mechanism of dolomite reservoirs in
North Truva of eastern Pre-Caspian Basin [T]. Acta Sedimento-
logica Sinica, 2016, 34(4): 747-757. ]

IRARA, 5w Hiw, KR, 45 . N AR —in b B0 e B v £k o it )2
B R G 1T]. Al 4, 2010, 31(2) : 237-245. [Zheng
Rongcai, Dang Lurui, Zheng Chao, et al. Diagenetic system of
carbonate reservoir in Huanglong Formation from East Sichuan
to North Chongqing area [J]. Acta Petrolei Sinica, 2010, 31
(2): 237-245. ]

Becker F, Bechstddt T. Sequence stratigraphy of a carbonate-
evaporite succession (Zechstein 1, Hessian Basin, Germany)
[1]. Sedimentology, 2006, 53(5): 1083-1120.

Amel H, Jafarian A, Husinec A, et al. Microfacies, deposition-
al environment and diagenetic evolution controls on the reservoir
quality of the Permian Upper Dalan Formation, Kish gas field,

Zagros Basin [J]. Marine and Petroleum Geology, 2015, 67:

57-71.
FRAS AT B4 BIRR—RM X — B R =R
HH A RO A B (7], DERR2AAR L 2012,30(5) « 859-

867. [Zhang Jie, He Zhou, Xu Huaibao, et al. Petrological
characteristics and origin of Permian Fengcheng Formation dolo-
mitic rocks in Wuerhe-Fengcheng area, Junggar Basin[J]. Acta
Sedimentologica Sinica, 2012, 30(5): 859-867. |

Raines M A, Dewers T A. Dedolomitization as a driving mecha-
nism for karst generation in Permian Blaine Formation, south-
western Oklahoma, USA [J].
1997, 12(1): 24-31.

Calga C P, Fairchild T R, Cavalazzi B, et al. Dolomitized cells

Carbonates and Evaporites,

within chert of the Permian Assisténcia Formation, Parana Ba-
sin, Brazil[J]. Sedimentary Geology, 2016, 335: 120-135.
LiPP, ZouHY, Yu XY, etal. Source of dolomitizing fluids
and dolomitization model of the Upper Permian Changxing and
Lower Triassic Feixianguan formations, NE Sichuan Basin,
China [J]. 2021, 125:
104834.

SunCY, HuMY, Hu Z G, et al. Sedimentary facies and se-

Marine and Petroleum Geology,

quence stratigraphy in the Lower Triassic Jialingjiang Forma-
tion, Sichuan Basin, China[J]. Journal of Petroleum Explora-
tion and Production Technology, 2019, 9(2): 837-847.
S8 AR, B, S R R TR E R ] A
5 KSR ST, 2006, 27 (5) : 571-583, 593. [Jin Zhijun,
Long Shengxiang, Zhou Yan, et al. A study on the distribution
of saline-deposit in southern China [J]. Oil & Gas Geology,
2006, 27(5): 571-583, 593. ]

Beigi M, Jafarian A, Javanbakht M, et al. Facies analysis, dia-

genesis and sequence stratigraphy of the carbonate-evaporite suc-



1337

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

cession of the Upper Jurassic Surmeh Formation: Impacts on
reservoir quality (Salman oil field, Persian Gulf, Iran) [J].
Journal of African Earth Sciences, 2017, 129: 179-194.

Konari M B, Rastad E. Nature and origin of dolomitization as-
sociated with sulphide mineralization: New insights from the
Tappehsorkh Zn-Pb (-Ag-Ba) deposit, Irankuh mining district,
Iran[J]. Geological Journal, 2018, 53(1): 1-21.

Wanas H A. Petrography, geochemistry and primary origin of
spheroidal dolomite from the Upper Cretaceous/Lower Tertiary
Maghra El-Bahari Formation at Gabal Ataqa, Northwest Gulf of
Suez, Egypt [J]. Sedimentary Geology, 2002, 151 (3/4) :
211-224.

Liining S, Grife K U, Bosence D, et al. Discovery of marine
Late Cretaceous carbonates and evaporites in the Kufra Basin
(Libya) redefines the southern limit of the Late Cretaceous
transgression [J]. Cretaceous Research, 2000, 21 (6) :
721-731.

Quijada I E, Benito M I, Suarez-Gonzalez P, et al. Challenges
to carbonate-evaporite peritidal facies models and cycles: In-
sights from Lower Cretaceous stromatolite-bearing deposits (On-
cala Group, N Spain) [J]. Sedimentary Geology, 2020, 408:
105752.

Giindogan I, Onal M, Depgi T. Sedimentology, petrography
and diagenesis of Eocene-Oligocene evaporites: The Tuzhisar
Formation, SW Sivas Basin, Turkey[J]. Journal of Asian Earth
Sciences, 2005, 25(5): 791-803.

Gibert L, Orti F, Rosell L. Plio-Pleistocene lacustrine evapo-
rites of the Baza Basin (Betic Chain, SE Spain)[J]. Sedimenta-
ry Geology, 2007, 200(1/2) : 89-116.

RIS, EhER, 20, 45 SR VE AR SG-1 B AL
AT RS [T]. B B 4R, 2020, 26 (5) : 520-529.
[ Wang Xiaoxiao, Han Zuozhen, Li Minghui, et al. On the ori-
gin of dolomite in laustrine sediments of the borehole SG-1 in
western Qaidam Basin[J]. Geological Journal of China Univer-
sities, 2020, 26(5): 520-529. ]

Strohmenger C J, Al-Mansoori A, Al-Jeelani O, et al. The sab-
kha sequence at Mussafah Channel (Abu Dhabi, United Arab
Emirates) : Facies stacking patterns, microbial-mediated dolo-
mite and evaporite overprint [J]. GeoArabia, 2010, 15 (1) :
49-90.

Liu M J, Xiong Y, Xiong C, et al. Evolution of diagenetic sys-
tem and its controls on the reservoir quality of pre-salt dolos-
tone: The case of the Lower Ordovician Majiagou Formation in
the central Ordos Basin, ChinalJ]. Marine and Petroleum Geol-
ogy, 2020, 122: 104674.

Jiang L, Hu S'Y, Zhao W Z, et al. Diagenesis and its impact
on a microbially derived carbonate reservoir from the Middle Tri-
assic Leikoupo Formation, Sichuan Basin, China[J]. AAPG
Bulletin, 2018, 102(12): 2599-2628.

de Lange G J, Krijgsman W. Messinian salinity crisis: A novel

[62]

[65]

[69]

[70]

unifying shallow gypsum/deep dolomite Formation mechanism
[J]. Marine Geology, 2010, 275(1/2/3/4): 273-2717.

Sorento T, Olaussen S, Stemmerik L. Controls on deposition of
shallow marine carbonates and evaporites-Lower Permian
Gipshuken Formation, central Spitsbergen, Arctic Norway[J].
Sedimentology, 2020, 67(1): 207-238.

SR, SRR R BTSRRI AR o R
ML 5B [T, Hb B 4, 2017, 36 (4) : 664-675. [ Zhang
Jing, Zhang Baomin, Shan Xiuqin. Major formation mecha-
nisms and models of marine dolomite in middle and western ba-
sins of ChinalJ]. Geological Bulletin of China, 2017, 36(4) :
664-675. ]

Sanchez-Roman M, McKenzie J A, de Luca Rebello Wagener
A, et al. Presence of sulfate does not inhibit low-temperature
dolomite precipitation[] ]. Earth and Planetary Science Letters,
2009, 285(1/2): 131-139.

FINbR BISCE SR A A B RURZEHORNIT 1 3 p e
HEBEWEAEASALT] HBUEIT,2016,62(2):419-433.
[ Wang Xiaolin, Hu Wenxuan, Zhang Juntao, et al. Discovery
of primary dolomite in evaporite sequences of Hetian-1 well,
Middle Cambrian, Tarim Basin[J]. Geological Review, 2016,
62(2): 419-433. ]

Borrelli M, Perri E, Critelli S, et al. The onset of the Messini-
an Salinity Crisis in the central Mediterranean recorded by pre-
salt carbonate/evaporite deposition [1]. Sedimentology, 2021,
68(3): 1159-1197.

Schinteie R, Brocks J J. Paleoecology of Neoproterozoic hyper-
saline environments: Biomarker evidence for haloarchaea,
methanogens, and cyanobacteria [J]. Geobiology. 2017, 15
(5): 641-663.

Barbieri R, Stivaletta N, Marinangeli L, et al. Microbial signa-
tures in sabkha evaporite deposits of Chott el Gharsa (Tunisia)
and their astrobiological implications [J]. Planetary and Space
Science, 2006, 54(8): 726-736.

UL, Bk SR 0O, 2 WU o 32 1 = i 2
FANTRA [T]. WA HIT 2008, 13(4) :19-28. [ Shen An-
jiang, Zhou Jingao, Xin Yongguang, et al. Origin of Triassic
Leikoupo dolostone reservoirs in Sichuan Basin[J]. Marine Ori-
gin Petroleum Geology, 2008, 13(4): 19-28. ]

W PG =R th AW kK EEMME[D]. Jeat.
[ Ml 5 k2% (b5t ) , 2013, [Huang Xi. The enrichment regulari-
ty of Triassic potassium-rich brines of the salt-bearing Sichuan
Basin [D]. Beijing: China University of Geosciences (Bei-
jing), 2013. ]

TSR VIR AR, A SRR Z A G R A AR
ST B A2 5 T ML RS BIL] - ARG 2 DX S 52 IR 4 )
T BB ]l MU ER A4, 2021, 23 (4) - 837-854. [Feng
Qianghan, Xu Shumei, Chi Xinqi, et al. Development regulari-
ty and genetic mechanism of weathering crust reservoirs in the

western Ordos Basin: Take the sub-members 1-4 of member 5 of



1338

A

»y,
2

Eild

$39%

[75]

[78]

Majiagou Formation in Tao 2 block as an example[J]. Journal
of Palacogeography (Chinese Edition) , 2021, 23 (4) :
837-854.

Xiong Y, Tan X C, Dong G D, et al. Diagenetic differentiation
in the Ordovician Majiagou Formation, Ordos Basin, China:
Facies, geochemical and reservoir heterogeneity constraints [J].
Journal of Petroleum Science and Engineering, 2020, 191:
107179.

Qiu X, Wang H M, Yao Y C, et al. High salinity facilitates do-
lomite precipitation mediated by Haloferax volcanii DS52 [J].
Earth and Planetary Science Letters, 2017, 472: 197-205.
T L, IRAE . MUY A s A LB FUAR S A AERY
[a) 5 [J/OL]. UUAR =« 1-15[2021-10-19]. https://doi. org/
10. 14027/j. issn. 1000-0550. 2020. 135. [ Wang Jinyi, Jin Zhen-
kui. Formation mechanism, identification markers, and ques-
tions regarding microbial dolomite[J]. Acta Sedimentologica Si-
nica: 1-15 [2021-10-19]. https://doi. org/10. 14027/j. issn.
1000-0550. 2020. 135. |

Meng F W, Zhang Z L, Schiffbauer J D, et al. The Yudomski
event and subsequent decline: New evidence from 8*'S data of
Lower and Middle Cambrian evaporites in the Tarim Basin,
western China[J]. Carbonates and Evaporites, 2019, 34(3) :
1117-1129.

Y, skoK kB 5, 45 BRAbEh A B S S LB AR R
HOR LR ARAE B Htr BB L[], a4, 2018,92(8) :
1680-1692. [ Zhao Haitong, Zhang Yongsheng, Xing Enyuan,
et al. Sulfur isotopic characteristics of evaporite in the Middle
Ordovician Mawu member in the salt basin of northern Shaanxi
and its paleoenvironment significance[J]. Acta Geologica Sini-
ca, 2018, 92(8): 1680-1692. ]

Schoenherr J, Reuning L, Kukla P A, et al. Halite cementation
and carbonate diagenesis of intra-salt reservoirs from the Late
Neoproterozoic to Early Cambrian Ara Group (South Oman Salt
Basin)[J]. Sedimentology, 2009, 56(2): 567-589.

Hu AP, Shen AJ, Yang H X, et al. Dolomite genesis and reser-
voir-cap rock assemblage in carbonate-evaporite paragenesis sys-
tem [J]. Petroleum Exploration and Development, 2019, 46
(5): 969-982.

Vasconcelos C, McKenzie J A, Bernasconi S, et al. Microbial
mediation as a possible mechanism for natural dolomite forma-
tion at low temperatures [J]. Nature, 1995, 377 (6546) :
220-222.

Warthmann R, Vasconcelos C, Sass H, et al. Desulfovibrio
brasiliensis sp. nov., a moderate halophilic sulfate-reducing
bacterium from Lagoa Vermelha (Brazil) mediating dolomite
formation[ J]. Extremophiles, 2005, 9(3): 255-261.
Bontognali T R R, Mckenzie J A, Warthmann R J, et al. Micro-
bially influenced Formation of Mg-calcite and Ca-dolomite in
the presence of exopolymeric substances produced by sulphate-

reducing bacteria[ J]. Terra Nova, 2014, 26(1): 72-77.

[81]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

Vasconcelos P M, Renne P R, Becker T A, et al. Mechanisms
and kinetics of atmospheric, radiogenic, and nucleogenic argon
release from cryptomelane during *’Ar*Ar analysis[J]. Geochi-
mica et Cosmochimica Acta, 1995, 59(10): 2057-2070.

Caruso A, Pierre C, Blanc-Valleron M M, et al. Carbonate de-
position and diagenesis in evaporitic environments: The evapora-
tive and sulphur-bearing limestones during the settlement of the
Messinian Salinity Crisis in Sicily and Calabria[J]. Palacogeog-
raphy, 2015, 429:
136-162.

Palacoclimatology, Palacoecology,
Ruggieri R, Forti P, Antoci M L, et al. Accidental contamina-
tion during hydrocarbon exploitation and the rapid transfer of
heavy-mineral fines through an overlying highly karstified aqui-
fer (Paradiso Spring, SE Sicily) [J].
2017, 546: 123-132.

Husinec A, Harvey L A. Late Ordovician climate and sea-level

Journal of Hydrology,

record in a mixed carbonate-siliciclastic-evaporite lithofacies,
Williston Basin, USA [J]. Palacogeography, Palacoclimatolo-
gy, Palacoecology, 2021, 561: 110054.

Gutiérrez F, Mozafari M, Carbonel D, et al. Leakage problems
in dams built on evaporites. The case of La Loteta Dam (NE
Spain) , a reservoir in a large karstic depression generated by in-
terstratal salt dissolution[J]. Engineering Geology, 2015, 185:
139-154.

SUMR R R 7k J2 B0 2 e S AR A BLARI [T ). 5 24l
2011,27(3) : 809-826. [ Zhang Shuichang, Zhu Guangyou, He
Kun, et al. The effects of thermochemical sulfate reduction on
occurrence of oil-cracking gas and reformation of deep carbon-
ate reservoir and the interaction mechanisms[J]. Acta petrologi-
ca Sinica, 2011, 27(3): 809-826. ]

i, BT, R, A AR TR Al DL AT ik
JZE AR B LB AL [T ], R TR 222 4l (AR R
J7),2021,48(3) :326-336,376. [ Xu Yungiang, Yi Juanzi, Yu-
an Haifeng, et al. Diagenesis and pore evolution of Feixianguan
Formation beach facies reservoirs in Longmen structure, eastern
Sichuan Basin, China [J]. Journal of Chengdu University of
Technology (Science & Technology Edition) , 2021, 48 (3) :
326-336, 376. |

Sepbnm, AP, EES % BRAGIER—BHRA S
AR R T R R I LB [T]. 54247, 2008,24(6) :
1390-1400. [ Wu ShiQiang, Zhu Jingquan, Wang Guoxue, et
al. Types and origin of Cambrian-Ordovician dolomites in Tarim
Basin[J]. Acta petrologica Sinica,2008,24(6): 1390-1400. ]
Hallenberger M, Reuning L, Schoenherr J. Dedolomitization
potential of fluids from gypsum-to-anhydrite conversion: Mass
balance constraints from the Late Permian zechstein-2-carbon-
ates in NW Germany[J]. Geofluids, 2018, 2018 1784821.
Budai ] M, Lohmann K C, Owen R M. Burial dedolomite in
the Mississippian Madison Limestone, Wyoming and Utah



1339

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

thrust belt[J]. Journal of Sedimentary Research, 1984, 54(1):
276-288.
Arenas C, Zarza AM A, Pardo G. Dedolomitization and other
early diagenetic processes in Miocene lacustrine deposits, Ebro
Basin (Spain) [J]. Sedimentary Geology, 1999, 125 (1/2) :
23-45.
Sanz-Rubio E, Sanchez-Moral S, Cafiaveras J C, et al. Calciti-
zation of Mg-Ca carbonate and Ca sulphate deposits in a conti-
nental Tertiary Basin (Calatayud Basin, NE Spain) [J]. Sedi-
mentary Geology, 2001, 140(1/2): 123-142.
Rameil N. Early diagenetic dolomitization and dedolomitization
of Late Jurassic and earliest Cretaceous platform carbonates: A
case study from the Jura Mountains (NW Switzerland, E
France) [J]. Sedimentary Geology, 2008, 212 (1/2/3/4) :
70-85.
Kenny R. Origin of disconformity dedolomite in the Martin For-
mation (Late Devonian, northern Arizona) [J]. Sedimentary
Geology, 1992, 78(1/2): 137-146.
Meng F W, Ni P, Schiffbauer J D, et al. Ediacaran seawater
temperature: Evidence from inclusions of Sinian halite[J]. Pre-
cambrian Research, 2011, 184(1/2/3/4): 63-69.
Horita J. Oxygen and carbon isotope fractionation in the system
dolomite-water-CO, to elevated temperatures[J]. Geochimica ct
Cosmochimica Acta, 2014, 129: 111-124.
Timofeeff M N, Lowenstein T K, da Silva M A M, et al. Secu-
lar variation in the major-ion chemistry of seawater: Evidence
from fluid inclusions in Cretaceous halites [J]. Geochimica et
Cosmochimica Acta, 2006, 70(8): 1977-1994.
McCaffrey M A, Lazar B, Holland H D. The evaporation path
of seawater and the coprecipitation of Br and K" with halite[ J].
Journal of Sedimentary Research, 1987, 57(5): 928-938.
X5 PR, 25 BRI, A L B HUR G ot X R4
AR UE T AL - ok B PR I AL 2R SEds (1], Arim5 K
SR ML JFT, 2020, 41 (1) : 68-82. [ Liu Jiaging, Li Zhong, Yan
Mengke, et al. Diagenetic fluid evolution of dolomite from the
Lower Ordovician in Tazhong area, Tarim Basin: Clumped iso-
topic evidence[J]. Oil & Gas Geology, 2020, 41(1): 68-82. ]
G ST, X, S VR h A gL = A A
SRS PUREHE,2020,38(3) :589-597. [ Zheng Haofu,
Yuan Lulu, Liu Bo, et al. Origins of dolomitization fluids
within Middle Permian coarse dolomite, SW Sichuan Basin
[J]. Acta Sedimentologica Sinica, 2020, 38(3): 589-597. ]
SCAEE, RN AR AT, 4 IO Z T — 3 Sl AR i K
LA 2 TR — A — U R BE T ] AR, 2017,
33(4) : 1115-1134. [ Wen Huaguo, Zhou Gang, Zheng Rong-
cai, et al. The sedimentation-diagenesis-reservoir Formation
system of reef dolomites from Changxing Formation in the
eastern of Kaijiang-Liangping platform-shelf, Sichuan Basin
[J]. Acta Petrologica Sinica, 2017, 33(4): 1115-1134. ]
Haeri-Ardakani O, Al-Aasm I, Coniglio M. Fracture mineral-

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

ization and fluid flow evolution: An example from Ordovician-
Devonian carbonates, southwestern Ontario, CanadalJ]. Geo-
fluids, 2013, 13(1): 1-20.

R, DU BRICE], 5 BRI & o AR v IR
FI A2 IR SRR S R R 5 K E 42
HiETT T (Whirlpool point) X L[], A=), 2012,28
(8) : 2525-2541. [Qian Yixiong, You Donghua, Chen Dai-
zhao, et al. The petrographic and geochemical signatures and
implication of origin of the Middle and Upper Cambrian dolos-
tone in eastern margin Tarim: Comparative studies with the
Whirlpool point of the western Canada Sedimentary Basin[J].
Acta Petrologica Sinica, 2012, 28(8): 2525-2541. ]
KRZRA, XN, SCARE L NZRACHL X AL AR M =
A S A — OB RGELT ], AR TR A3 (A SRR
fZ ), 2017, 44 (1) : 1-13. [Zheng Rongcai, Liu Ping, Wen
Huaguo. Dolomite genesis and diagenetic-reservoir system of
Feixianguan and Changxing Formation in northeast Sichuan Ba-
sin, China[J]. Journal of Chengdu University of Technology
(Science & Technology Edition), 2017, 44(1): 1-13. ]

Ning M, Lang X G, Huang K J, et al. Towards understanding
the origin of massive dolostones[J]. Earth and Planetary Sci-
ence Letters, 2020, 545: 116403.

Hardie L A. Dolomitization: A critical view of some current
views [J]. Journal of Sedimentary Research, 1987, 57 (1) :
166-183.

WG, S, SR A AR R R R A S R A
[J]. EhWIF5E, 2006, 14(1) : 55-59. [ Hu Guangming, Ji You-
liang, Zhang Yajing. Summarization on continental salt Lake
sequence stratigraphy [J]. Journal of Salt Lake Research,
2006, 14(1): 55-59. ]

Hst K J, Schneider J. Progress report on dolomitization—
hydrology of Abu Dhabi sabkhas, Arabian Gulf[ M J//Purser B
H. The Persian gulf. Berlin, Heidelberg: Springer, 1973:
409-422.

Adams J E, Rhodes M L. Dolomitization by seepage refluxion
[J]. AAPG Bulletin, 1960, 44(12): 1912-1920.

Badiozamani K. The dorag dolomitization model, application
to the Middle Ordovician of Wisconsin [J]. Journal of Sedi-
mentary Research, 1973, 43(4): 965-984.

Amthor J E, Mountjoy E W, Machel H G. Subsurface dolo-
mites in Upper Devonian Leduc Formation buildups, central
part of Rimbey-Meadowbrook reef trend, Alberta, CanadalJ].
Bulletin of Canadian Petroleum Geology, 1993, 41 (2) :
164-185.

Evans D G, Nunn J A. Free thermohaline convection in sedi-
ments surrounding a salt column [J]. Journal of Geophysical
Research: Solid Earth, 1989, 94(B9): 12413-12422.
Vasconcelos C, McKenzie J A. Microbial mediation of modern
dolomite precipitation and diagenesis under anoxic conditions

(Lagoa Vermelha, Rio de Janeiro, Brazil)[J]. Journal of Sedi-



1340

A

S

$39%

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

mentary Research, 1997, 67(3): 378-390.

Allan J R, Wiggins W D. Dolomite reservoirs[J]. Geochemi-
cal techniques for evaluating origin and distribution: AAPG
Continuing Education Course Notes Series, 1993, 36: 129.
Tucker M E. Sequence stratigraphy of carbonate-evaporite ba-
sins: Models and application to the Upper Permian (Zechstein)
of northeast England and adjoining North Sea[J]. Journal of
the Geological Society, 1991, 148(6): 1019-1036.

Morrow D W. Synsedimentary dolospar cementation: A possi-
ble Devonian example in the Camsell Formation, Northwest
Territories, Canada [J]. 1990, 37 (4)
763-773.

Morad D, Nader F H, Morad S, et al. Limited thermochemi-

Sedimentology,

cal sulfate reduction in hot, anhydritic, sour gas carbonate res-
ervoirs: The Upper Jurassic Arab Formation, United Arab
Emirates [J]. Marine and Petroleum Geology, 2019, 106:
30-41.

Boschetti T, Awadh S M, Al-Mimar H S, et al. Chemical and
isotope composition of the oilfield brines from Mishrif Forma-
tion (southern Iraq) : Diagenesis and geothermometry[J]. Ma-
rine and Petroleum Geology, 2020, 122: 104637.

Amadi F O, Major R P, Baria L R. Origins of gypsum in deep
carbonate reservoirs: Implications for hydrocarbon exploration
and production[J]. AAPG Bulletin, 2012, 96(2): 375-390.
ih, T A, 45 R A E I I R P A T A AR
WK = B e Bttt 2Rk KA A 2R LT ). A b,
2012,17(3):8-11. [Chen Lei, Ding Jing, Pan Weiqing, et al.
Characteristics and controlling factors of high-quality dolomite
reservoir in Permian Fengcheng Formation in west slope of Ma-
hu Sag, Junggar Basin [J]. China Petroleum Exploration,
2012, 17(3): 8-11. ]

Zhang J Z, Wang Z M, Yang H J, et al. Origin and differen-
tial accumulation of hydrocarbons in Cambrian sub-salt dolo-
mite reservoirs in Zhongshen area, Tarim Basin, NW China
[J]. Petroleum Exploration and Development, 2017, 44 (1) :
40-47.

Alqattan M A, Budd D A. Dolomite and dolomitization of the
Permian Khuff-C reservoir in Ghawar field, Saudi ArabialJ].
AAPG Bulletin, 2017, 101(10): 1715-1745.

DuJH, Pan W Q. Accumulation conditions and play targets of
oil and gas in the Cambrian subsalt dolomite, Tarim Basin,
NW China [J].
2016, 43(3): 360-374.

Yang H, Bao H P, Ma Z R. Reservoir-forming by lateral sup-

Petroleum Exploration and Development,

ply of hydrocarbon: A new understanding of the formation of
Ordovician gas reservoirs under gypsolyte in the Ordos Basin
[J]. Natural Gas Industry B, 2014, 1(1): 24-31.

Liu H, Tan X C, Li Y H, et al. Occurrence and conceptual
sedimentary model of Cambrian gypsum-bearing evaporites in

the Sichuan Basin, SW China [J]. Geoscience Frontiers,

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

2018, 9(4): 1179-1191.

Huo F, Wang X Z, Wen H G, et al. Genetic mechanism and
pore evolution in high quality dolomite reservoirs of the
Changxing-Feixianguan Formation in the northeastern Sichuan
Basin, China[J]. Journal of Petroleum Science and Engineer-
ing, 2020, 194: 107511.

Pierre F D, Clari P, Natalicchio M, et al. Flocculent layers
and bacterial mats in the mudstone interbeds of the Primary
Lower Gypsum unit ( Tertiary Piedmont Basin, NW Italy) : Ar-
chives of palacoenvironmental changes during the Messinian
salinity crisis[J]. Marine Geology, 2014, 355: 71-87.

BRI . NP DR T B AR Y A R RE (D ] B - ik
FRPL T K2£,2019. [ Zhao Cong. Characteristics of microbial-
ites reservoir of Leikoupo Formation in the western Sichuan Ba-
sin [D]. Chengdu:
2019. ]

Beardsmore G R, Cull J P. Crustal heat flow: A guide to mea-

Chengdu University of Technology,

surement and modeling[ M ]. Cambridge: Cambridge Universi-
ty of Press, 2001: 324.

XS B, XA, 55 B A2 R AR AR I =R i
WEAEAD]. FrM2ER,2016,37(12) : 1451-1462. [ Liu Wen-
hui, Zhao Heng, Liu Quanyou, et al. Potential role of gypsum
strata series in marine hydrocarbon accumulation [J]. Acta
Petrolei Sinica, 2016, 37(12): 1451-1462. ]
ERN G N, B T B EHEE X R e 1],
KRS M BREL 2, 2005, 16 (3) : 329-333. [Wang Dongxu,
Zeng Jianhui, Gong Xiumei. Impact of gypsolith on the forma-
tion of oil & gas reservoir[J]. Natural Gas Geoscience, 2005,
16(3): 329-333. |

BRI KK E R, 45 TSR XTRTRRIR £ 2 2 A0
Tl A < 01| A R SRR R S DL B2 2 A B 25 5
[J]. &40 % 4%, 2006, 22 (8) : 2182-2194. [ Zhu Guangyou,
Zhang Shuichang, Liang Yingbo, et al. Dissolution and altera-
tion of the deep carbonate reservoirs by TSR: An important
type of deep-buried high-quality carbonate reservoirs in
Sichuan Basin [J]. Acta Petrologica Sinica, 2006, 22 (8) :
2182-2194. ]

FICRE VR RIGEE, 45 DO F T SR R A
KA BT SCLT]. R B TR 524 (F AR B2 M)
2017, 44 (6) : 697-707. [ Wang Wenkai, Xu Guoming, Song
Xiaobo, et al. Genesis of gypsum-salt in the Leikoupo Forma-
tion and its hydrocarbon significance in the Sichuan Basin,
China[J]. Journal of Chengdu University of Technology (Sci-
ence & Technology Edition) , 2017, 44(6): 697-707. |

Zorina S O. Mineralogical composition of the Lower and Up-
per Kazanian (Mid-Permian) rocks and facies distribution at
the Petchischi region (eastern Russian Platform) [J]. Carbon-
ates and Evaporites, 2017, 32(1): 27-43.

Andreeva P V. Middle Devonian (Givetian) supratidal sabkha
anhydrites from the Moesian Platform (Northeastern Bulgaria)



el SRS A m AR R R R RS R

1341

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[J]. Carbonates and Evaporites, 2015, 30(4): 439-449.

BT, XUk, A%, 45 . MRG0V Bl 2L A8 A A
P15l B IE D). Ao Ak AR 2021,40(3) : 525-
534. [ Yan Kai, Liu Chenglin, Wang Chunlian, et al. Mineral
deposition and paleoenvironment of Cretaceous evaporite in
Southwestern Congo [J].
2021, 40(3): 525-534. ]
VHOL, i AL SR LI AR R TR G K
T TUBAFAE[T]. ARl < 5T, 2010, 15(4) : 1-5. [Xin
Yongguang, Zhou Jingao, Deng Hongying. Sedimentary fea-

Acta Petrologica et Mineralogica,

tures of Lower Ordovician Majiagou Formation in the southern
part of Ordos Basin [J]. Marine Origin Petroleum Geology,
2010, 15(4): 1-5. ]

WA B ARRR, K B, GF . AR ROURF SRS AN 2 i K
OB ARE : LASRIR 2 0 42 ik b B 48 B 10 WY By 19
[J]. of Hb B 2% 4, 2021, 23 (4) : 735-755. [Huang Daojun,
Zhong Shoukang, Zhang Daofeng, et al. Datailed character-
ization and interpretation of sedimentary sequences under evap-
oritic environments: A case from the Ma5, submember of Mid-
dle Ordovician in central Ordos Basin[J]. Journal of Palaco-
geography (Chinese Edition), 2021, 23(4): 735-755. ]

Sweet A C, Soreghan G S, Sweet D E, et al. Permian dust in
Oklahoma: Source and origin for Middle Permian (Flowerpot-
Blaine) redbeds in western Tropical Pangaea[J]. Sedimentary
Geology, 2013, 284-285: 181-196.

ZRR R AVER B TR S )T I AR TR A KR
TR 3 SRR [ ], KRR T, 2021, 41(6) 13-
26. [Li Jianzhong, Gu Zhidong, Lu Weihua, et al. Main fac-
tors controlling the formation of giant marine carbonate gas
fields in the Sichuan Basin and exploration ideas[J]. Natural
Gas Industry, 2021, 41(6): 13-26. |

Arzaghi S, Khosrow-Tehrani K, Afghah M. Sedimentology
and petrography of Paleocene-Eocene evaporites: The Sachun
Formation, Zagros Basin, Iran [J]. Carbonates and Evapo-
rites, 2012, 27(1): 43-53.

RUMEHE, G WLLEE AF . T IX P R D A
HHh A AL TR BT [T ], HUFA4, 2020, 94(12) ¢
3819-3829. [Wu Haiyan, Liang Ting, Cao Hongxia, et al.
Study of the salt-formation and sedimentary evolution model of
the Upper Ordovician Majiagou Formation in the Yan'an area
[J]. Acta Geologica Sinica, 2020, 94(12): 3819-3829. |
SERRAT, EGE B QLD = A AR
JH B HAm A BRSO A Pa L7 v — B Gz e
TR [I]. RIRT,2021,41(4) :22-29. [ Pei Sen-
qi, Wang Xingzhi, Li Rongrong, et al. Burial dolomitization
of marginal platform bank facies and its petroleum geological
implications: The genesis of Middle Permian Qixia Formation
dolostones in the northwestern Sichuan Basin[J]. Natural Gas
Industry, 2021, 41(4): 22-29. |

XSO, BB, e, A NIPEHEAR R AR IR Z 1 = )2

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

FEAE R AR R (T]. gl K244, 2021, 50(2) : 342-
362. [Liu Wendong, Zhong Dakang, Yin Hong, et al. Devel-
opment characteristics and main controlling factors of ultra-
deep dolomite reservoirs of the Qixia Formation in the north-
western Sichuan Basin[J]. Journal of China University of Min-
ing & Technology, 2021, 50(2): 342-362. ]

XS W IR B, A5 TG R B SRR I =
ZIUIN [T]. HiERRF, 2021,46(2) : 583-599. [Liu Zhibo,
Xing Fengcun, Hu Huarui, et al. Multi-origin of dolomite in
Lower Ordovician Tongzi Formation of Sichuan Basin,
western China[J]. Earth Science, 2021, 46(2): 583-599. |
Husinec A, Bergstrom S M. Stable carbon-isotope record of
shallow-marine evaporative epicratonic basin carbonates, Or-
dovician Williston Basin, North America[J].
2015, 62(1): 314-349.

P, B 5% A, A T R TE DU 1 A 15 AL BRI
Fe A B A P U [T]. SRR T, 2021, 41(4)
1-12. [Yang Wei, Wei Guogi, Xie Wuren, et al. Role of

Sedimentology,

paleouplift in the scale formation of intra-platform carbonate
mound-bank body reservoirs in the Sichuan Basin[J]. Natural
Gas Industry, 2021, 41(4): 1-12. ]

RT RN, THRAL, . SRR G R R A
U ERAL SR AE B R A3 BT (D], AR U BT, 2020, 25
(4) :312-318. [Wu Xingning, Wu Dongxu, Ding Zhenchun,
et al. Geochemical characteristics and genetic analysis of Ordo-
vician dolomites in the western margin of Ordos Basin[J]. Ma-
rine Origin Petroleum Geology, 2020, 25(4): 312-318. ]
B, PRULAE , S5, 45 . SRR 22 W b o w3 iy e
X P F AR IR S AR I E I LT, Arim g KRR
HiJ7T,2021,42(2) :391-400,521. [ Wei Liubin, Chen Hongde,
Guo Wei, et al. Wushen-Jingbian paleo-uplift and its control
on the Ordovician subsalt deposition and reservoirs in Ordos
Basin[J]. Oil & Gas Geology, 2021, 42(2): 391-400, 521. ]
AR, B, LB 45 A VLA AR 2 20 1 e i B
HHb BT ST ]. ARALR AR (L ARLERR) ,2021,42(4) ¢
550-560. [ Zhang Yongli, Miao Zhuowei, Gong Enpu, et al.
Genesis of dolostone in Du’ an Formation of Youjiang Basin
and its geological significance[J]. Journal of Northeastern Uni-
versity (Natural Science), 2021, 42(4): 550-560. ]

Fontes J C, Matray J M. Geochemistry and origin of formation
brines from the Paris Basin, France: 1. Brines associated with
Triassic salts [J]. Chemical Geology, 1993, 109 (1/2/3/4) :
149-175.

Holland H D. The geologic history of sea water—an attempt to
solve the problem [J]. Geochimica et Cosmochimica Acta,
1972, 36(6): 637-651.

Holland H D, Lazar B, McCaffrey M. Evolution of the atmo-
sphere and oceans[ J]. Nature, 1986, 320(6057): 27-33.
Harvie C E, Moller N, Weare J H. The prediction of mineral
solubilities in natural waters: The Na-K-Mg-Ca-H-CI-SO,-OH-



1342

A

$39%

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

HCO,-CO,-CO,-H,0 system to high ionic strengths at 25 °C
[J]. Geochimica et Cosmochimica Acta, 1984, 48 (4) :
723-751.

Millero F J. Thermodynamic and kinetic properties of natural
brines[J]. Aquatic Geochemistry, 2009, 15(1/2): 7-41.
Shalev N, Lazar B, Kobberich M, et al. The chemical evolu-
tion of brine and Mg-K-salts along the course of extreme evapo-
ration of seawater- An experimental study [J]. Geochimica et
Cosmochimica Acta, 2018, 241: 164-179.

Passey B H, Ji HY. Triple oxygen isotope signatures of evapo-
ration in lake waters and carbonates: A case study from the
western United States[J]. Earth and Planetary Science Letters,
2019, 518: 1-12.

Sarg J F. The sequence stratigraphy, sedimentology, and eco-
nomic importance of evaporite-carbonate transitions: A review
[J]. Sedimentary Geology, 2001, 140(1/2): 9-34.

Adachi N, Ezaki Y, LiuJ B, et al. Late Ediacaran Boxonia-
bearing stromatolites from the Gobi-Altay, western Mongolia
[J]. Precambrian Research, 2019, 334: 105470.

Bischoff K, Sirantoine E, Wilson M E J, et al. Spherulitic mi-
crobialites from modern hypersaline lakes, Rottnest Island,
western Australia[ J]. Geobiology, 2020, 18(6): 725-741.
Schopf J W, Farmer J D, Foster I S, et al. Gypsum-perminer-
alized microfossils and their relevance to the search for life on
mars[J]. Astrobiology, 2012, 12(7): 619-633.

Pierre F D, Natalicchio M, Ferrando S, et al. Are the large fil-
amentous microfossils preserved in Messinian gypsum color-
less sulfide-oxidizing bacteria? [J]. Geology, 2015, 43(10) :
855-858.

Rouchy J M, Monty C. Gypsum microbial sediments: Neo-
gene and modern examples [M]/Riding R E, Awramik S M.
Microbial sediments. Berlin, Heidelberg: Springer, 2000:
209-216.

Vai G B, Lucchi F R. Algal crusts, autochthonous and clastic
gypsum in a cannibalistic evaporite Basin: A case history from
the Messinian of northern Apennines [J].
1977, 24(2): 211-244.

Natalicchio M, Pellegrino L, Clari P, et al. Gypsum lithofa-

Sedimentology,

cies and stratigraphic architecture of a Messinian marginal ba-
sin (Piedmont Basin, NW Italy) [J]. Sedimentary Geology,
2021: 106009.

[166]

[167]

[168]

[169]

[170]

[171]

[172]

B W, ST S D) A AR AR — A i — R =
a3 | NS PAEaRS TR G S TR Vb N T AR =F 4]
24 ,2011,27(12) : 3831-3842. [Huang Sijing, Huang Yu,
Lan Yefang, et al. A comparative study on strontium isotope
composition of dolomites and their coeval seawater in the Late
Permian-Early Triassic, NE Sichuan Basin[J]. Acta Petrologi-
ca Sinica, 2011, 27(12): 3831-3842. ]

kA SR E T OR . K2 GBIRIZ IR L A S )2
MALBIF ST 25k [T ], Ho2Tii 2%, 2011,18(4) : 181-192. [Ma

Yongsheng, Cai Xunyu, Zhao Peirong. The research status
and advances in porosity evolution and diagenesis of deep car-
bonate reservoir [J]. Earth Science Frontiers, 2011, 18 (4) :
181-192. ]

LA AmiasE R, 4 RE— IR BRI A k)2 T
LR T]. A h2F4,2019,40(12) : 1415-1425. [Ma
Yongsheng, He Zhiliang, Zhao Peirong, et al. A new progress
in formation mechanism of deep and ultra-deep carbonate reser-
voir[J]. Acta Petrolei Sinica, 2019, 40(12): 1415-1425. |
PRI, DR L A5 0, 45 DU A = B8 8 R S A e
B K H 7o)z 1], Arilse s )i, 2010, 32(4) : 334-
340, 346. [Chen Ligiong, Shen Zhaoguo, Hou Fanghao, et
al. Formation environment of triassic evaporate rock basin and
dolostone reservoirs in the Sichuan Basin[J]. Petroleum Geol-
ogy & Experiment, 2010,32(4): 334-340, 346. |

A VULl XN =& 50 AL SC BRI ER 4 i A 1E
WEFE[D]. R : AR FE T K %%, 2018. [Dong Jie. Diagenesis
of carbonate rocks of the Lower Triassic Feixianguan Forma-
tion in Jiangyou area, Sichuan Basin[D]. Chengdu: Chengdu
University of Technology, 2018. ]

eI TRAE  XISTIG 4 . MR e M I 4 2% 28 Mishrif 2178
WA IR Eh A i SR 2 L HL B [T ], s 3kFL27, 2021, 46
(1):228-241. [ Li Fengfeng, Guo Rui, Liu Lifeng, etal. Gen-
esis of reservoirs of lagoon in the Mishrif Formation, M oil-
field, Iraq[J]. Earth Science, 2021, 46(1): 228-241. ]

AN, B AR AR L A5 U A s B — I R IX 2
BRI AR S BN R T]. #FUEIT, 2021, 67
(2) : 441-458. [Xia Qingsong, Huang Chenggang, Yang
Yuran, et al. Reservoir characteristics and main controlling fac-
tors of oil and gas accumulation of Dengying Formation, Sini-
an System, in Gaoshiti—Moxi area, Sichuan Basin[J]. Geo-
logical Review, 2021, 67(2): 441-458. |



55 640 AR S w28k A R AT R R 1343

H

N

Advances and Prospects of Dolostone-evaporite Paragenesis System

WEN HuaGuo"**,HUO Fei'**,GUO Pei"**,NING Meng"**, LIANG JinTong'*"*,
ZHONG YiJiang'*?,SU ZhongTang"*?,XU WenLi"**,LIU SiBing*’, WEN LongBin"*~,

JIANG HuaChuan'*?

1. Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu 610059, China
2. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu 610059, China
3. Key Laboratory of Carbonate Reservoir, CNPC, Chengdu University of Technology, Chengdu 610059, China

Abstract: Dolostone-evaporite paragenesis systems (DEPS) have been widely found in Precambrian to Quaternary
strata worldwide. However, despite its wide spatio-temporal distribution, the formation mechanism and controlling
factors of DEPS remain poorly studied. By reference to copious literature from China and elsewhere combined with
previous knowledge of DEPS in China, this study comprehensively summarizes the development characteristics, com-
bination patterns and formation mechanism of DEPS. Firstly, its spatio-temporal distribution is clarified based on pub-
lished studies: laterally, DEPS is known to be widely distributed in 51 regions globally, mainly in the northern hemi-
sphere (mostly in Asia, followed by Europe and North America). Comparatively, it is found less often in Africa and
is only scattered in South America and Oceania. Stratigraphically, although DEPS is found in many Precambrian to
Quaternary strata, it appears mostly in the Permian. The combination patterns of evaporite and dolostone in DEPS in-
clude the interbedding of dolostone and evaporite, with thick dolostone overlying thick evaporite, thick evaporite
overlying thick dolostone, thick dolostone mixed with thin evaporite, and thick evaporite mixed with thin dolostone.
The formation process, distribution and main controlling factors of symbiotic differences as well as the particularity
and universality of the paragenetic system development are discussed. Secondly, based on macro- to microscale char-
acterization of mineral types in DEPS, six types of evaporites and five types of dolostones have been found and their
genesis is discussed. Finally, the properties, characteristics, sources and evolution paths of diagenetic fluids in
DEPS are summarized. DEPS studies provide new concepts for solving the “dolostone (or dolomite?)” question, and
promote the understanding of the important basic geological problems associated with DEPS. Such studies also pro-
vide theoretical guidance for the exploration of oil and gas resources in the paragenetic system.
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