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Abstract The dolomite reservoir is developed in the typical dolomite-evaporite paragenetic system
(DEPS) of the Ordovician Majiagou Formation in the Ordos Basin. Many researchers have conducted numer-
ous studies on the characteristics and formation mechanism of dolomite reservoirs in the Majiagou Formation.
However, limited research has been done on the dolomitization process and evolution characteristics from the
perspective of DEPS. In this study, two dolomite-evaporite sedimentary sequences (S1 and S2) from the
Xiweikou section on the southeast margin of the Ordos Basin were selected for high-precision continuous sam-
pling. Through sedimentology and petrology analysis, as well as carbon-oxygen isotopes, rare earth elements
(REEs) and trace elements, two types of dolomite—evaporite paragenetic assemblages were identified. A
detailed study was conducted on the properties, sources, evolution of dolomitization fluid, and the dolo-
mitization process. The results show that; (1) in the S1 sampling interval, a Type I paragenetic assemblage
is present, consisting mainly of intraclast grain dolomite—dissolved gypseous breccias dolomite —dolomicrite
bearing gypsum pseudocrystals—mudstone. This indicates a supratidal environment with strong evaporation. In
the S2 sampling interval, a Type II paragenetic assemblage is observed, mainly composed of thin-medium
thick layers of finely crystalline dolomite—medium ( grain) dolomite—argillaceous dolomite bearing gypsum
pseudocrystals—mudstone, representing an intertidal —subtidal environment. (2) The REE distribution pat-
terns of dolomite in two types of paragenetic assemblages are similar to those of pore water, both showing en-
richment of MREE | with slightly negative anomalies—normal of Ce and Eu. There is no significant difference
and Mn

between 8"°C and 60, and the contents of Fe are relatively high. It is speculated that the

carb carb

sources of dolomitized fluid are the same, originating from weakly reducing pore water derived from seawater.
(3) The sedimentary sequence in the studied geological section changes from type I to type 11 from bottom to
top, reflecting the typical dolomitization process of paragenetic systems in evaporative tidal flat environ-
ments. As sea level rose from S1 to S2, penecontemporaneous sabkha dolomitization in the supratidal zone e-
volved into seepage reflux dolomitization in the intertidal —subtidal zone. The concentrations of MREE and
Fe,,, in dolomite of the type I paragenetic assemblage are higher than those in type II, indicating the evolu-
tion of dolomitization fluid properties from rich Fe**~Mn”* and MREE to poor Fe** ~Mn>* and MREE. The re-
search has enriched the basic theory of dolomite genesis under paragenetic systems and provides theoretical
guidance for oil and gas exploration in the Majiagou Formation in the Ordos Basin.

Key words dolomite-evaporite syngenetic system, dolomitization process, rare earth elements,
Majiagou Formation, Ordos Basin
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Fig. 1 Lithofacies palaeogeographic map of the Member 3 of Majiagou Formation in Ordos Basin and stratigraphic column

of study area (modified from Su et al., 2012)
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Fig. 2 Macroscopic and microscopic characteristics of dolostone of the Majiagou Formation in Xiweikou section, Ordos Basin
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Fig. 3 Vertical variation in geochemical test results of two sampling intervals (S1, S2) of the Majiagou Formation

in Xiweikou section, Ordos Basin
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Euw/Eu” ., Gd/Gd" 2% ( Lawrence et al., 2006)
T AR N 48 H PAAS fRifEfL G B9 fH: LasLa™ =
Lay,/ [ Pry x ( Pry/Ndy )* ]; Ce/Ce” = Cey/
(Pri/Ndy ); Eu/FEu® = Euy/( Smy x Thy )"’
Gd/ Gd* =Gdy/ [Thyx(Thy/Dy,) ],

S1 Bt 1 = % B & X REE i [ K 12. 765~
49.796 ng/ g, FI1H K 24.661 pg/g; S2 B
A RE S REE G M 6.412~30. 418 g/ g, F
¥IHE M 10.953 ng/ g SI BE A = A MM & 1
R FERA A (K 5-A): (1) P+
( MREE ) % 4, LREE/MREE f{f J} 0.227 ~
0.558, MREE/HREE f{f§ » 1.361 ~ 2.796,
SMREE 2.328~7.076 pg/g, M K 3.911
peg/g; (2) Lafi ¢ H—55 i 7 W, La/La”
0.528~0.950, F#{E K 0.727; (3) Cedy i H

#—IE %, Ce/Ce” J}70.798~1.069, - #{H N
0.899; (4) Eu ¥§ fi & #—iF %, EwEu" W
0.877~1.116, ¥} 0.995; (5) Gdifi 57
W—IEH, Gd/Gd™ H 0.932~1.036, FHHH
0.980, S2 Bt 1 = & dh I £ 0 & i 4 52 =X
(BI5-B) F#EXHN: (1) bW+ &FE,
LREE/MREE {# 3 0.391 ~ 1. 093, MREE/HREE {{§
9 1.161 ~3.748, SMREE }70.562~4.246 pg/g,
SERER 1,197 png/ g, WG E AT ST BH
JrkEAL (B 4-D); (2) Lajgft 3 %—IE %,
La/La” Jy 0.708~1.014, SE¥{H 4 0.847; (3) Ce
9 R —IEH, Ce/Ce” y 0.859~1.027, 1y
fHR 0.922; (4) Euifi ¥ —IE#H, EwEu N
0.894~1.304, FH{H K 1.020; (5) Gd¥jfiSw
—IEH, Gd/Gd™ g 0.884 ~ 1.146, F ¥ (i K
1. 026,
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TE BT 3 28 A T LA 3R T o S DU BRI R AR
PRI AR, T K B SRR AR (AR 7 0 AF,
2003) o A7 w1 By 59 AL DY Br— 5 T, W B (S2
B) kw0 BUILAEHS, ERELMGH =AM
iz E A E (I BL 65% 1 30% ), 4k H
A AR, WO E AR HL R ERCR
B HERR, U8R A P 0 R B i R ek
A, AT R 23 8 B B A5 4 O o ST A B A IR
45, RWBE oo DURER S A ) [l — Tl

LR, BRIAE =B (S1 B) FIEZKN
HMB—5 T, B (S2 Br) mdtAEdHaEAYE
DUBUEPRIE 14 3 (1) 8 A2 6 W, Bt 4 96 1 10 32 i B T
DUBLERIE phy 87 10 3 1)l — 3 1 A, DORUK
AR D5 2 A T K [0) 535 28 R — IE W R R e e, SRR
A TR I Y AR

4.2 BHz=zAHLEE

4.2.1 HBEITERBEFEATEEST

BRIRER & M LT R AL 5 Z B O R &
R RERR £ 5 4 . Fe-Mn & fL ¥/ 2 8 AL W) 1 1) FI
WL B ) A5 A B BR #h E H r 15 4% (Byrne et al.,
1996; Bayon et al., 2004; Nothdurft et al., 2004;
Frimmel, 2009) . Jy 1 8 GAE Ak AEBR IR £ 410 T
PSR G TORREH 23 (R LU R R AE , B H TRV 2
HoR T AR O i R i FHE B AR Bk R R 4 03 1 75
oo (1) Dt WU W&, JRAE OGS X b
SEATIORE o DR JBURE (37 & L -F- TG i UL R S 09 5
(2) RABBEEARBE A = kR, B B e T
ki BB sedh LA R ST (3) SRHD
RFRLL 5% BOBS R A, RE8 MR SR IDCE 17 Hh ik 1R
4300 REE {8 (Zhang et al., 2015) ,

BFFEIX ST A1 S2 SR A2 Be i SREE 35 4 2 8
5351 24,505 we/ g1 10.953 pe/ g, i 78 Kt V5 i
Ji DURRY) vh 5 i JE R R T 100 pg/ g, AL R W]
Rl B 52 IR S 975 Qe 8/ (Banner and
Hanson, 1990), Al, Ti fl Zr B2 ABMICHE H % W
AT Bl IR T 20 0 WO 55 0 ARG B, Al et
REEIREL B W) 1 & &, Rl PR 08 8 W) PR A B2

AL T F Ze 95 BB, B AL TiFD Ze 55
SREE 9 AH S Al LU Wik 1R £ 5 52 Bl U5 6 8 1 5
P SE (Frimmel, 2009) ., WK 7 ol LLFE i, Al
Ti #1 Zr 5 SREE & @A HRAP B L CHR, b
WA E M LT R IL T A 2 B RERRER 0 W) 035 gt
BN .

Iesh, T Fe-Mn ALY/ A S ALY B A KM
TIOCE ML, AT RES R Bk IR A i M Lou R A
Ji% (Bau, 1996; Bau and Alexander, 2009), [H It
TESEbr Mk B2 vh, A RLid@ 4 SREE 5 Fe-Mn JT
B[] AR G 23 B D R AT X I i S e (R
EA, 2019), MR K], Fe, Mn it Y
SREE HIR A (B 7-D), X ERE KK
Horry M LT R & i ILP A 32 Fe-Mn S ALY/ 20U A
1y 52

Zi b, WP IR B A B SEE, AT T
NERE o AT AR R
4.2.2 AzAUREERREWL

MEICR (Fe, Mn, Sr) . i +I0EK FARE [F]
fiiFg (8"C. 8"0) JELYH A = A b i kb B Ak
B E B T B (Warren, 2000; Machel, 2004),
WL = A7 A A A 45 T K S K AT AR R AR
(Saller, 1984) . &= #h xi 7K ( Melim and Scholle,
2002) . J& & /K ( Badiozamani, 1973; Ward and
Halley, 1985) #1#¥& i {4 ( Qing and Mountjoy,
1994b; Davies and Smith, 2006) 4. B %% %1 4%
KA A MSCR 870 (H W] B 72 5 (& 4-A),
il 1 RIEAEAES T MEAA5M A s A
T IEAR ] o SRR 22 07 4 Hb R P R A R R 60
5y fi T -13.14%0 ~ —-1.94%0 Z [a], ¥ {H K
~6.38%0, FEAENIE-8%0~ 4% LN (i
4,2012) WERIK T B A G d 870 N
-9.44%0 ~ -7.08%0 (F-IJ{E -8.05%0), M Bt/
4 d 80 h -10.43%0 ~ —6.89%0 (¥ {H N
=8.07%¢) , ML SH IR 2 31 B M R ik IR 4k 45 670
(B S A 10, () Fof B A7 0 T 08 € e A DL B A R ARIR K
WRUETE MR AL, RO R B T R 4R s PR
P4, PR AT DL AR B 7K B A
B WFFE DX TR AL 3R i B Y A b B X ) Mg/ Ca
FEIR ELA /N (I8 4=B) , UL W J7 47 5 By 79
810 fHRAG, fH T EMF & T =
AT fRAEE "0 (Land, 1980), KUILZEH NN
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SN AR A PRSI TN ik SO A= e = sl bR
A I) o 2R 20 1 s s ORISR FH SR T R o A
i (Compton et al., 2001) , HF5¥ X8 "C{H K # 4y
37 F B W 2238 K 1 8VCAH FE B (=2. 0%0 ~ 0. 5%0)
W, MR, 8"OM SR MILLiE K 80 f (=6. 6%
~ —4%0 ) FH I 5 B 7% 4F AR ( Veizer et al.,
1999) (K 4-A), B4k, BFFEIXS"CH 8"0 fH Y5
Mg/ CalE /R EAFAE — E kM &R (K 4-B, 4-C),
XEWRAIE X 2 2RI H G R B 2 E ik AR A R
EIC A IR AR I IR K AR 5, e R = A ki
PR A A AR TR

XFH T PAAS AR dEAL 5 B #r 1 o0 & BC 43 #8EC
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J5 DR 5 U A B A AL A O, O B A
YITE A R 3R BE 2 A S5 W HF MREE JC % (Haley
et al., 2004; I FLEE, 2020) FF A _E 2
B FR B (Fe-Mn 38 JFA ), k40 A AL W) Bk R
I Fe™ | Mn™, [ B W Fff @9 MREE 4 B i, &
B MREE fil Fe* | Mn™ (O fLBRWE K. T 1 %
ShrE A4 B SR R U B A ER e
Z% MREE B4 H Fe SR8, i S2 BUlRT
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1 A6 AR A4 1 2 A0 PR MR o 7K A3 A 1 59 3 D
fLEBR/K (& Fe® -Mn™ fl MREE) , Mg™ eI nl fig>
W I A T 2 K T AR AR A S A AR
B i 18] R 8 R M AL B K (3% Fe™ - Mn®™ I



e

906 + W 2 F R

2024 4 8 A

MREE) , Mg &5 7] G845 i [l i 1 78 A i K o
4.2.3 HRBEEBER

[ARVR T BMAEHGR A s a5 URTEER
B P b —# T AR A s At R, Hb
HE R AR B2 A 0 1 = A AR AR D 2 3% R = Ak
(1 8), I AIFLAHGIE LT 5500 H = Bty -F-
RERTEE, AR A T A R R A o R T 5
T, b 2 LR Y B 2R 78 kAR I
K, B AR v A A TR 1) B AR AN W 1)
XHIER A FRIF P 4, SCa A BT,
Ca® B K BT AE, A% L PR K (9 Mg/ Ca i Bl 2 18
e, AN Bk BR R DLW KR B B A, TR R
SUE I MG LA A (& KEAFERG)
Jp EWUER B A = s WA T T N R R T
A5 1) (8] 47— T 7 PR 58 v TUAR S2 B iy J5t i 4 Jo ik
RERTVURY, MR BTE R BTy b &K
1 IR % J5 1Y) = Mg/ Cafi LR /K 76 52 J3 46 F 7 3 2ok
BiE R BT A BT Y AW ) R B S, i S2 B
FFARES TR A A=A fl, BB B IR 1
W E R PR TP S2 B I R A G
LS s A EWMBERRE A RS ER
TP B T T RURD IR 2 b LA 4L A A

A ] B BRI 0] 1 7%

WA, 2 K EHAMAR SR AR
Fe ., Ml Mn_, & IKEFMCRELARZES (5
SMIRA B D) M Ce 5517 5 0 —IE B B FRRAE,
R T X & R AL = T T AR R 8 PAT i o )
A TR B A FR BE . Fe™ ~Mn™" Al MREE & & (1)
A 7R T A AT A Ry K AT AR B IR SR FLBR
K, WARYEF N E Fe’ ~Mn™ | MREE [f] %% Fe™ -
Mn®" | MREE jEfk .

5 #it

1) SR Z Ml R SR WHA =4 -
BRAAIER R RPN 2 Rt A A, HAPTE S
WA =B (SUB) A [ RILAEA S, A
HNFEBBR A —BRMGHZE—RAE S
H(EAOBBRS—RE, EREFRME A,
BRMUEA = A N BAL A =4, fHRmER
W R R B — B (S2 Br) U
MARIE A A, Aol - PR 2 Al = A —
JZ (B Anma—REAsE (FaFEA),
FEETWRMATE . WA A B A A 3

I A Ca+2HCO, — CaCO, +H,0+CO,! i
fiH: Ca”+ SO, + H,0 — CaSO, 2H,0|

....... i Fe,0, +[CH,0],— Fe’* + HCO,
Ca”%}}'wﬁﬁ MnO, + [CH,0],— Mn*" + HCO™

e

e
Co,”+Ca” +Mg”" +Fe’ +Mn’*>[Ca,Mg,Fe,Mn]CO.|
CrSiAEEss

ay@p
004 @

S @ @
")
2]

o P 7%

55 14 S AL B K

Fe,,/Mn,,,/MREE
HEASIATE R A 2=

B B
3 - "
%ww EEQ

25
[Efze ey

S oes

L (12 T ik
E%m R

Bl 8 SRR 230 4 e P i R T S 5 4L E & A A s

Fig. 8 Dolomitization model of the Majiagou Formation in Xiweikou section, Ordos Basin



_

CM K

B26% H4H)

RTEE: A G-AZREHERRAS ORI LUSPR 2 4 5 50 4 907

FREAY, F5 7R W ()7 — T Al BB .

2) I mIAgHAES 0 MAAEGTHS S
A A T A B 3 5 L R K A s e E 43 A XA 0L
KNP L EE . Ce s —IEH M Eu 5517
FW—EW. FLXADHMSC, sSOHIEAKSA
Wl i 22 55 H 5 Mg/ CalBE /R LU AFAE — E R R R
Fe ., 1 Mn_, & 805 . HEWOE R X E = A6
A 349 Ay Vg KA 2B T 55 3 SR P LB K o

3) S1E I RHLAEAGHH B BN T
KB LA S EE, K AEERAE B IS B s Ak
e, A=Ak Mg/ Caflif & Fe' —Mn™ Al
MREE ()i K fii A= fLB K ; 82 B T BUE AR 5 1Y
H 2z 5 T8 BT 7K AR X 85 T 1 i [ 77— 7l 26
B, Mg/ Caffi H#% Fe’ ~Mn®" F1 MREE [#) 5 7K
T A= AL B K 7E 3 AR T I b 1] 202 (a3 58
AR IRk R L A W LRI B o A9 % 1 ¥ - T I8 B 4%
G O | I B e e e o | R E A =
i,

5 2 3L ik ( References)

BT WL, B RS, £ 2017a. 2050 /)2 55 A i B
i T R AR 2 BF 5 B D PR B S LSRR 25 007 3 X Hp A A
PR T T I B R Bl A % A, 33(4) ;1094 - 1106.
[Bao H P, Yang F, Bai H F, Wu C Y, Wang Q P. 2017a.
Sedimentology study on sub-member lithofacies paleogeography map-
ping and its petroleum exploration significance: taking Ma5 member
of Lower Ordovician Majiagou Formation in central-eastern Ordos Ba-
sin for example. Acta Petrologica Sinica, 33(4): 1094-1106 ]

ALUEF B WL, SR LT, F AT, RAFTE. 2017b. SR/R 2 3 45 b R I &%
H Z i B |z )2 R B R E. R Tk, 37(1) : 32—
45. [Bao H P,Yang F,Cai Z H,Wang Q P,Wu C Y. 2017b. Ori-
gin and reservoir characteristics of Ordovician dolostones in the Or-
dos Basin. Natural Gas Industry, 37(1): 32-45]

Wi, 5K 00, 22 SCJRE AL ST, X . 2012, SRR 22 T BB R o I 4R
R AR O R RS AE R G R S ol A A, 14(1) : 117 - 124,
[ Chen Q,Zhang H Y,Li W H, Hao S L, Liu Z. 2012. Characteristics
of carbon and oxygen isotopes of the Ordovician carbonate rocks in
Ordos and their implication. Journal of Palaeogeography ( Chinese
Edtion), 14(1): 117-124]

A — RS PR UL, R0, B %, IR s, B, R
K. 2019. PREWAMPRBRBERDEZWHLBI TA S
AR R IE R HOE A B R S5 0T K, 46(6) @ 1087 -
1098. [Fu S Y,Zhang C G,Chen H D,Chen A Q,Zhao J X,Su Z
T,Yang S, Wang G,Mi W T. 2019. Characteristics, formation and e-
volution of pre-salt dolomite reservoirs in the fifth member of the Or-

dovician Majiagou Formation, mid-east Ordos Basin,NW China. Pe-

troleum Exploration and Development, 46(6) : 1153-1164]

fihax Ao, XUHA, B, AL 06, o K 20, £ ATF, iP5 2022, %
IR 2 47 43 b R 2R R T T 1 Y B R AR B R O i R T
o LA R, 27(2) ; 47-58. [FuJ H,Liu X S, Wei L B, Ren J
F,Gu Y H, Wang Q P,Shi P P. 2022. Breakthrough and signifi-
cance of natural gas exploration in the fourth member of Majiagou
Formation of subsalt Ordovician in Ordos Basin. China Petroleum
Exploration, 27(2) : 47-58]

T, T Al TE IR, BRAORS ,  E F, RAG , PRIEWE. 2003. SRR
2407 4 v R 8 T VA AL U RUER B 5 A A R B R AE . DL
iz, 21(1): 106-112. [Hou F H,Fang S X,Dong Z X,Zhao J S,
Lu S X,Wu Y, Chen Y N. 2003. The developmental characters of
sedimentary environments and lithofacies of Middle Ordovician Ma-
jlagou Formation in Ordos Basin. Acta Sedimentologica Sinica,
21(1): 106-112]

WISCHE, PR, E /AR, B 8. 2010, 3 256 2 T8 iU A 1 72 b AR TR
AR A o0 R AR £l 5 R AR B, 31(6) -
810-818. [Hu W X, Chen Q,Wang X L,Cao J. 2010. REE models
for the discrimination of fluids in the formation and evolution of dolo-
mite reservoirs. Oil and Gas Geology, 31(6) : 810-818]

WS IR, TR, B, . 20100 SRR 2T A P I 4k )

W R WA = R B 5. A0 23 BT, 32(2) : 147 -
153,158. [ Huang Q Y, Zhang S N, Ding X Q, Duan J, Xiang L.
2010. Origin of dolomite of Ordovician Majiagou Formation , western
and southern margin of the Ordos Basin. Petroleum Geology and Ex-
periment, 32(2) . 147-153,158]
SR EUET (LA, e, IR L. 2011, S8R 2 00 4 P e
W R DR WA A = AR AR KO L E S . BEAR
25(5): 925-930. [Huang Z L,Bao H P,Ren J F,Bai H F,Wu C

a

Y. 2011. Characteristics and genesis of dolomite in Majiagou Forma-
tion of Ordovician, south of Ordos Basin. Geoscience, 25(5) : 925-
930]

B R EIL, A, kA, £ &, 0, 5248204, 2019, BRIR £
A—EHA IV E R RO S A R KA A Ol R ST
K, 46(5): 916-928. [Hu A P,Shen A J,Yang H X, Zhang J,
Wang X, Yang L, Meng S X. 2019. Dolomite genesis and reservoir-
cap rock assemblage in carbonate-evaporite paragenesis system. Pe-
troleum Exploration and Development, 46(5) : 916-928]

AR AL AR, TWEs, XUk, m B s, R B 2023, SRR Z i At
R4 B G R 2 DY B s o R AE B a0 A R KR AR
5%, 46(1):32-41. [LiCT,QiZ Z,Ding X Q,Liu S H,Gao
J Y,Zhu Y. 2023. Characteristics and distribution regularity of dolo-
mites in the fourth member of Majiagou Formation, Daniudi gas
field, Ordos Basin. Natural Gas Exploration and Development,
46(1): 32-41]

PR BRI, EAS, EYE, B8R 2012, SR Z 4K R
ARE A BB G M B 2A 4, 14(1) ¢ 85-100. [Li W H, Chen
Q,LiZ C,Wang R G,Wang Y,Ma Y. 2012. Lithofacies palacogeog-
raphy of the Early Paleozoic in Ordos area. Journal of Palaeogeogra-

phy( Chinese Edtion) , 14(1) . 85-100]



_

CM K

908 + W E

% &

2024 4 8 A

XIEE R, NN, 2R AR BERE 22, W30, ) . 2006. SRR £ 407 4 b 8
M 2 AR AL R A0 A SE B BT, 28(2) 155161,
[Liu D L,Sun X R,Li Z S,Tang N A, Tan Y, Liu B. 2006. Analysis
of carbon and oxygen isotope on the Ordovician dolostones in the Or-
dos Basin. Petroleum Geology and Experiment, 28(2): 155-161]

X, A e, Al 2011, SRR Z M G AR SR B R B H A
= R HLEL . A7 K AR A, 33(11) £ 46-50. [Lin Y,
Fu J H,Li ] M. 2011. Dolomite genetic analysis on Ordovician Ma-
jiagou Formation in eastern Ordos Basin. Journal of Oil and Gas
Technology, 33(11): 46-50]

X4, Fep 0. 2016. 2016 4F 1€ Py Al AT R R AR . dEst: A
WAl Bk, [ Liu Z Q) Jiang X F. 2016. 2016 Domestic and
Foreign Oil and Gas Industry Development Report. Beijing: Petrole-
um Industry Press ]

BEW, B, £, T HEE, X R, £ B, B, SR AL
2020. SR 22 4 4t b 0 BB R T KV A LB 1 s R R
PE R B ALBR AL A1 5 K AR BT, 41(1) : 102-115. [ Luo
Q Q,Liu B,Jiang W M,Yu J X,Liu S Q,Wang Y C,Wei L B,Cai Z
H. 2020. Diagenesis and pore evolution of dolomite reservoir in the
5th member of the Ordovician Majiagou Formation, central Ordos Ba-
sin. Oil and Gas Geology, 41(1): 102-115]

I, 2017, BRI BIF B B Sl A W 3 A (2017) . Jb T
A0 ol AL, [ Mu L X. 2017. Global Oil and Gas Exploration
Situation and Oil Company Dynamics (2017). Beijing: Petroleum
Industry Press ]

AR W A SCHE, TS0, AR, B IE R, BAMIK. 2016. S0 /R £ M 4
Mo T KA 2 R 2 R AE S R LB B B T K A 2 4l
(HSRFI2E M), 43(3) . 274-281. [Ren J F,Yang W J, Ding X
F,Zhao W B ,Huang Z L, Wei L B. 2016. Discussion on characteris-
tics and origin of Majiagou Formation dolomite reservoir in Ordos Ba-
sin, China. Journal of Chengdu University of Technology ( Science
Technology Edition) , 43(3); 274-281]

SR AL PREETE  SROF AR 2% DB RS E. 2010, SR 22 307 4 v
P D G T 2 LR S A R B A Al B BT, 15(4) ¢ 613,
[SuZT,Chen H D,Zhu P,Zhao J X, Dong S F, Hao Y. 2010. Pore
types and evolution of Ordovician Majiagou Formation in the southern
part of Ordos Basin. Marine Origin Petroleum Geology, 15(4) : 6~
13]

Jp b PRUEDE TR, B, A% 5. 2011, SRR 20 i T 5K
EINS R e S (T A S I = o 1IN o = e o
27(8): 2230-2238. [Su Z T,Chen H D,Xu F Y, Wei L B,Li J.
2011. Geochemistry and dolomitization mechanism of Majiagou dolo-
mites in Ordovician, Ordos, China. Acta Petrologica Sinica, 27(8) :
2230-2238]

Si b R R AR , 42 27 5. 2012, SR 2 0 i IX T 5 0 4 2
J S AR T R AT . A T, 39(3) : 623-633. [Su Z T,Chen
H D,Ouyang Z J,Jin X Q. 2012. Sequence-based lithofacies and pa-
leogeography of Majiagou Formation in Ordos Basin. Geology in Chi-
na, 39(3): 623-633]

INESE, JH L & 2018, SRR 22 47 7 T B s TR R AR U

JRHIRE WA 5 Pk 7R, 30(6) : 67-75. [Sun Y J, Zhou L F.
2018. Influences of gypsum-salt deposition on gas accumulation of
the fifth member of Majiagou Formation in Ordos Basin. Lithologic
Reservoirs, 30(6) : 67-75]

ELRA TR IR, £245E, £—, . 2009. FRIR 2 17 4 b By
RORWAD R A =5 1 R AR Bk R kA2,
38(5): 472-479. [ Wang B Q, Qiang Z T, Zhang F, Wang X Z,
Wang Y, Cao W. 2009. Isotope characteristics of dolomite from the
fifth member of the Ordovician Majiagou Formation,the Ordos Basin.
Geochimica, 38(5) : 472-479]

BOKAHE S350, Bk, 2011 I ARJGE Y B X =5 R
FZB. AL H BT, 33(1): 81-86. [ Wei S J,Feng Q,
Feng Y, Yuan S K. 2011. Prediction of Triassic gypsum cap rocks in
Tongnanba region of Northeast Sichuan Basin. Petroleum Geology
and Experiment, 33(1): 81-86]

W AR 2012, 3K [ S BRI OO $R B R
R HLF ,31(S1) : 487-488. [ Wang S L, Zheng M P. 2012. Dis-
tribution characteristics of Cambrian gypsum salt rocks in China and
its indication for potassium prospecting. Mineral Deposits,31(S1) :
487-488 ]

SCHEE R SRR B SR A BRI, R R AR SO, XY IR,
e AN 2021, [ 2 H — 28 S e S A TR R T
. PLREER, 39(6): 1321-1343. [ Wen H G, Huo F,Guo P,
Ning M, Liang J T,Zhong Y J,Su Z T,Xu W L,Liu S B,Wen L B,
Jiang H C. 2021. Advances and prospects of dolostone-evaporite par-
agenesis system. Acta Sedimentologica Sinica, 39(6) : 1321-1343]

R, A B BRI WIE R, T, 2 4R G, 5F3E. 2022, SR
27 R AR S SV A 1 2 R AR B R AL s A st
JEEAR, 28(4): 606-616. [ Wu D X,Li C,Zhou J G,Hu C,
Huang Z L,Yu Z,Li W L,Guo W. 2022. Characteristics and genesis
mechanism of the dolomite reservoir in the Ordovician Majiagou For-
mation in the Ordos Basin. Geological Journal of China Universities,
28(4): 606-616]

BUSEHR L Tk R 3C. 2014, v (3] 32 22 i R 5 I B A RS T80 I sl % G
Xof ¥ AR BT ER R FE T B0 ) 2. BT R M BT, 33(5) ;945 - 963.
[Yan M D, Zhang D W. 2014. Drifting history of China’s main
blocks during specific periods and its tectonic constraints on marine
potash formation. Mineral Deposits, 33(5) : 945-963]

W%, 412 X B 2016. SRR 2 407 BB R 11 2 AR 2 O VR
e IR RARAE. VYL K222 4 (AR B2 R, 46(3) « 415-
422. [ Yang H,Shi K, Liu J W. 2016. The characteristics of Ordovi-
cian Dolomite petrography and its composition of Carbon and Oxygen
stable isotope in Ordos Basin. Journal of Northwest University ( Natu-
ral Science Edition) , 46(3) ; 415-422]

Wl T HER B 2R IR . 2006. B R 45 30 22 B [0l B 4 4 AL
HRAAESE. PEAOME, 11(1): 17-24,6. [ Yang H,Xi S
L,Wei X S,Li Z H. 2006. Evolution and natural gas enrichment of
multicycle superimposed basin in Ordos Basin. China Petroleum Ex-
ploration, 11(1): 17-24,6]

Wt A e BB G A A . 2011, SRR 2 57 4 0t R P AR I A ik R



_

CM K

26k H4W RFWEEF: Anha-RRERERZA T AL RIS

DU IR 22 W 43 3t 5 R 4 R 1) 909

A RR TR, 4, 32(5) . 733-740. [ Yang H,
Fu J H,Wei X S,Ren J F. 2011. Natural gas exploration domains in
Ordovician marine carbonates, Ordos Basin. Acta Petrolei Sinica,
32(5): 733-740]

siAE AL 2004 2R ] 5 90 R £ 0 4 A0 il K AR A i SR T
26(2): 138-142,152. [ Zhang F L. 2004. Relation of multicycles
to oil and natural gas in the Ordos Basin. Petroleum Geology and Ex-
periment, 26(2) . 138-142,152]

AR D%, BRUEDE, Sk 8 55, /N, A 81 3. 2005, SR 2 307 4 4 v &%
DB oA R E LT . £k, 26(5) : 38-41. [ Zhao
J X,Chen H D,Zhang J Q,Liu X L,Fu S T. 2005. Genesis of dolo-
mite in the fifth member of Majiagou Formation in the middle Ordos
Basin. Acta Petrolei Sinica, 26(5) : 38-41]

XL T SC, PR L SR R, v k. 2020. e Rt X g 8 KO
WAALR FIREEH ST . ok B SN BEREIE 4l A = A s 3 i
BRALA I FE 8. DURL2# 4R, 38(6): 1140-1151. [Zhao S F,Gu S
Y,Shen H J,Wu Z Y,Feng Y. 2020. Ocean Redox Environment in
the Nantuo Ice Age of South China: an indication of the rare earth
element geochemistry in the dolomites from the Nantuo Formation in
Guizhou Province. Acta Sedimentologica Sinica, 38(6): 1140 -
1151]

B, EEE. 2011 SRR 2 W 2 R AR X R P R B RS
TLBH = 3R AL 2 R AR, R F 4R, 32(6) 0 681 -690.
[Zhao W W,Wang B Q. 2011. Geochemical characteristics of dolo-
mite from 5th member of the Ordovician Majiagou Formation in Su-
lige area,Ordos Basin. Acta Geoscientia Sinica, 32(6) : 681-690]

B, B =00, 2R 0R I A, B . 2019, BRIRER () Y
i 170 R AR B H il SR B 8 R R Kb R S R 2,
43(1): 141-167. [Zhao Y Y,Li SZ,Li D,Guo L I, Dai L. M, Tao
J L. 2019. Rare earth element geochemistry of carbonate and its pa-
leoenvironmental implications. ~ Geotectonica et Metallogenia,

43(1); 141-167]

Azmy K, Veizer J,Misi A,de Oliveira T F,Sanches A L,Dardenne M A.
2001. Dolomitization and isotope stratigraphy of the Vazante Forma-
tion, Sdo Francisco Basin, Brazil. Precambrian Research,
112(3-4): 303-329.

Badiozamani K. 1973. The dorag dolomitization model, application to the
middle Ordovician of Wisconsin. Journal of Sedimentary Research,
43(4): 965-984.

Banner J L. 1995. Application of the trace element and isotope geochem-
istry of strontium to studies of carbonate diagenesis. Sedimentology,
42(5) . 805-824.

Banner J L,Hanson G N,Meyers W J. 1988. Rare earth element and Nd
isotopic variations in regionally extensive dolomites from the Burling-
ton—Keokuk Formation( Mississippian) : implications for REE mob-
ility during carbonate diagenesis. Journal of Sedimentary Research,
58(3): 415-432.

Banner J L,Hanson G N. 1990. Calculation of simultaneous isotopic and

trace element variations during water-rock interaction with applica-

tions to carbonate diagenesis. Geochimica et Cosmochimica Acta,
54(11): 3123-3137.

Bau M. 1996. Controls on the fractionation of isovalent trace elements in
magmatic and aqueous systems: evidence from Y/ Ho, Zr/Hf, and
lanthanide tetrad effect. Contributions to Mineralogy and Petrology,
123(3) : 323-333.

Bau M, Alexander B W. 2009. Distribution of high field strength elements
(Y,Zr,REE, Hf,Ta,Th, U) in adjacent magnetite and chert bands
and in reference standards FeR-3 and FeR—4 from the Temagami i-
ron-formation , Canada, and the redox level of the Neoarchean Ocean.
Precambrian Research, 174(3-4) . 337-346.

Bayon G,German C R,Burton K W, Nesbitt R W, Rogers N. 2004. Sedi-
mentary Fe-Mn oxyhydroxides as paleoceanographic archives and the
role of aeolian flux in regulating oceanic dissolved REE. Earth and
Planetary Science Letters, 224(3-4) . 477-492.

Budd D A. 1997. Cenozoic dolomites of carbonate islands; their attributes
and origin. Earth-Science Reviews, 42(1): 1-47.

Byrne R H,Liu X W, Schijf J. 1996. The influence of phosphate copre-
cipitation on rare earth distributions in natural waters. Geochimica et
Cosmochimica Acta, 60(17) . 3341-3346.

Compton J, Harris C, Thompson S. 2001. Pleistocene dolomite from the
Namibian shelf: high *’St/*Sr and §'%0 values indicate an evapora-
tive, mixed-water origin. Journal of Sedimentary Research, 71(5):
800-808.

Davies G R,Smith L. B. 2006. Structurally controlled hydrothermal dolo-
mite reservoir facies; An overview. AAPG Bulletin, 90(11): 1641
-1690.

Delpomdor F,Blanpied C, Virgone A, Préat A. 2013. Paleoenvironments
in Meso-Neoproterozoic carbonates of the Mbuji-Mayi Supergroup
( Democratic Republic of Congo) — Microfacies analysis combined
with C-O - Sr isotopes, major-trace elements and REE+Y distribu-
tions. Journal of African Earth Sciences, 88: 72-100.

Frimmel H E. 2009. Trace element distribution in Neoproterozoic carbon-
ates as palaeoenvironmental indicator. Chemical Geology,
258(3-4) . 338-353.

Haley B A,Klinkhammer G P,McManus J. 2004. Rare earth elements in
pore waters of marine sediments. Geochimica et Cosmochimica Acta,
68(6): 1265-1279.

Land L S. 1980. The isotopic and trace element geochemistry of dolomite:
the state of the art. Concepts and Models of Dolomitization. SEPM
(Society for Sedimentary Geology) , 28 87-110.

Lawrence M G, Greig A, Collerson K D, Kamber B S. 2006. Rare earth el-
ement and yttrium variability in South East Queensland waterways.
Aquatic Geochemistry, 12(1): 39-72.

Liu C,Xie Q B, Wang G W,He W G,Song Y F,Tang Y, Wang Y H.
2017. Rare earth element characteristics of the carboniferous Huan-
glong Formation dolomites in eastern Sichuan Basin, southwest Chi-
na; implications for origins of dolomitizing and diagenetic fluids. Ma-
rine and Petroleum Geology, 81: 33-49.

Lottermoser B G. 1992. Rare earth elements and hydrothermal ore forma-



_

CM K

910 + W E

1% 2024 4 8

tion processes. Ore Geology Reviews, 7(1) : 25-41.

Machel H G. 2004. Concepts and models of dolomitization: a critical re-
appraisal. Geological Society, London, Special Publications,
235(1): 7-63.

Melim L A, Scholle P A. 2002. Dolomitization of the Capitan Formation
forereef facies( Permian,west Texas and New Mexico) : seepage re-
flux revisited. Sedimentology, 49(6) : 1207-1227.

Nothdurft L D, Webb G E, Kamber B S. 2004. Rare earth element geo-
chemistry of Late Devonian reefal carbonates, Canning Basin, western
Australia; confirmation of a seawater REE proxy in ancient lime-
stones. Geochimica et Cosmochimica Acta, 68(2) : 263-283.

Qing H,Mountjoy E W. 1994a. Rare earth element geochemistry of dolo-
mites in the Middle Devonian Presqu’ile barrier, Western Canada
Sedimentary Basin: implications for fluid-rock ratios during dolomiti-
zation. Sedimentology, 41(4) ; 787-804.

Qing H,Mountjoy E W. 1994b. Formation of coarsely crystalline, hydro-
thermal dolomite reservoirs in the Presqu’ile barrier, western Canada
sedimentary basin. AAPG Bulletin, 78(1): 55-77.

Saller A H. 1984. Petrologic and geochemical constraints on the origin of
subsurface dolomite, Enewetak Atoll: an example of dolomitization
by normal seawater. Geology, 12(4) : 217-220.

Vahrenkamp V C, Swart P K. 1990. New distribution coefficient for the
incorporation of strontium into dolomite and its implications for the
formation of ancient dolomites. Geology, 18(5) : 387-391.

Veizer J, Ala D, Azmy K, Bruckschen P,Buhl D, Bruhn F,Carden G A F,
Diener A ,Ebneth S,Godderis Y, Jasper T, Korte C,Pawellek F,Pod-
laha O G, Strauss H. 1999. ¥’Sr/%Sr §'°C and 80 evolution of

Phanerozoic seawater. Chemical Geology, 161(1-3); 59-88.

Wang L C,Hu W X, Wang X L, Cao J,Chen Q. 2014. Seawater normal-
ized REE patterns of dolomites in Geshan and Panlongdong sections,
China: implications for tracing dolomitization and diagenetic fluids.
Marine and Petroleum Geology, 56: 63-73.

Wang X L,Jin Z J,Hu W X,Zhang J T,Qian Y X,Zhu J Q,Li Q. 2009.
Using in situ REE analysis to study the origin and diagenesis of dolo-
mite of Lower Paleozoic, Tarim Basin. Science in China ( Earth Sci-
ences) , 52(5): 681-693.

Ward W C,Halley R B. 1985. Dolomitization in a mixing zone of near-
seawater composition, late Pleistocene, northeastern Yucatan Penin-
sula. Journal of Sedimentary Research, 55(3) : 407-420.

Warren J K. 2000. Dolomite; occurrence,evolution and economically im-
portant associations. Earth-Science Reviews, 52(1-3) . 1-81.
Warren J K. 2010. Evaporites through time: Tectonic, climatic and eustat-
ic controls in marine and nonmarine deposits. Earth-Science Re-

views, 98(3-4): 217-268.

Xiang P F,Ji H C,Shi Y Q,Huang Y,Sun Y S,Xu X R,Zou S Q. 2020.
Petrographic , rare earth elements and isotope constraints on the dolo-
mite origin of Ordovician Majiagou Formation ( Jizhong Depression,
North China). Marine and Petroleum Geology, 117 104374.

Zhang K,Zhu X K, Yan B. 2015. A refined dissolution method for rare
earth element studies of bulk carbonate rocks. Chemical Geology,

412; 82-91.

(REFE KAEE; AXHEK NEEA)





