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Abstract: The high-quality dolomite reservoirs of the Ma;’ formation in the Ordovician Majiagou formation in the northern part of
the Ordos Basin Yishan slope are developed. Many wells drill high-yield industrial gas streams in this layer, demonstrating huge
potential for natural gas exploration. The genetic mechanism of dolomite reservoirs has not yet reached a consensus. Based on the
petrological characteristics, the carbon, oxygen isotopic compositions, strontium isotopes and trace elements were discussed deeply
to study the origin of dolomites in Ma;” formation of Northern Yishan slope Ordos Basin. There are three types of mud
microcrystalline dolomite, ine-grained dolomite and leopard spots limy dolomite in the Ma;” submember of the study area. The

former is mainly developed at the bottom of the Ma;” submember, the latter two are mainly developed in the upper middle part of
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the Ma;’ submember and are the main natural gas reservoirs; The fineness of fine-grained dolomite and leopard spots limy dolomite
is low, with average values of 0.86 and 0.68, respectively. The 8"°C value is mostly consistent with seawater in the same period , and
the 8"°0 value is significantly negative; most fine-grained dolomite ¥Sr The/*Sr value is significantly more positive than the
seawater value in the same period. The leopard spots limy dolomite is consistent with the seawater in the same period; the
dolomites are characteried by high Fe, Mn, Na, K content, and low Sr content, and the leopard spots limy dolomite contains Fe,
Mn, and Na contents, which are between mud microcrystalline dolomite and fine-crystalline dolomite ; the dolomites have very low
REE content and similar REE distribution patterns, which are generally characterized by the enrichment of light REE, losses of
heavy REE, obviously negative anomaly of Eu and slightly positive anomaly of Ce. In summary, the dolomitization fluids in the
study area are mainly sea-sourced fluids. In the early stage, there may be mixed air freshwater. Both types of high-quality dolomite
are formed in the shallow burial stage of the tidal period in the intertidal-tidal zone of the restricted platform. Based on the above
petrological and geochemical characteristics, the longitudinal sedimentary and diagenetic sequence models of the Ma;” sub-section of

the study area are established, which provides a theoretical basis for the prediction of high-quality dolomitereservoirs in the study area.

Key words: dolomite genesis; isotope; trace elements; Ma;’; Yishan slope; Ordos Basin; geochemistry.
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Fig.2 Petrological characteristics of carbonate rocks in the Ma;’ member of the northeast Yishan slope, Ordos Basin
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Table 1  Carbon, oxygen, strontium isotopes and Mn/Sr characteristics of carbonate rocks in the Ma;” member of the northeast of
the Yishan slope in the Ordos Basin
W B 5 B (m) B M 0% BBC(%) 7Sr/%Sr Mn/Sr
D48 D48-11 3020.28 LR NEY TV &= —9.79 —1.74 0.708 879 0.20
D50 D50-14 2918.78 TR Ve kb I —9.36 —1.63 - 0.13
PaE=NilN| XX11-M55-33-2 17.80 B, NEYTY &= —8.86 —1.77 - 0.17
P2 =Nill} XX12-M55-35-1 25.00 B, NEYTY &=y —9.26 —1.75 0.708 654 0.12
P2z =NilN| XX37-M55-53A-2 33.00 o, NEYTY &=y —8.94 —1.23 - 0.16
P2 =Nl XX37-M55-53B-1 35.00 o NEYTY &=y —8.75 —0.89 - 0.12
D48 D48-1 3012.30 R T e TR Paa) —8.23 —0.45 0.710 004 1.03
D48 D48-2 3013.20 R e TR Pa) —10.19 —1.83 0.709 327 1.08
D48 D48-4 3014.00 o L E TR Pag) —7.82 —0.78 0.710 067 0.73
D48 D48-5 3014.82 L T LE T P —8.93 —1.70 0.709 350 0.82
D48 D48-6 3016.17 0 D TS Pae = —10.11 —2.19 0.708 819 0.29
D48 D48-8 3017.52 S, E TS P —9.82 —1.94 0.709 310 0.64
D48 D48-9 3018.83 S, LE TR P —10.00 —1.64 - 0.55
D48 D48-12 3021.18 s FE IS PaE) —9.56 —1.03 0.708 919 0.60
P23 =Nk} XX9-M55-24 8.00 D, e IS Pae ) —10.59 —2.79 - 1.06
26 BT XX10-M55-26A 9.00 S eI E Py —8.90 —2.05 0.709 270 1.53
26 EL XX10-M551-27-2 9.50 o E IR E Pae ) —9.69 —2.68 - 1.17
D48 D48-2a 3023.04 O FIPEIK = —9.89 —1.63 - 0.47
D48 D48-15 3023.59 T FIPEIK 24 —10.04 —1.14 0.708 879 0.51
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26 EL ) XX37-M55-53A-1 33.00 B, FIPEIR 45 —8.13 —0.12 - 0.32
PaE =Nl XX37-M55-53B-2 35.00 B, PR = —9.14 —0.41 - 0.51
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Table 2 Trace elements in Member Ma;’ of Northeast Yishan Slope, Ordos Basin.
e B i WiEm) B HE SRR
Fe Mn Sr Na K
D48 D48-11 3020.28 S, Je i s 551.00 29.00 147.22 44.00 405.00
D50 D50-14 2918.78 D LY =y 161.00 14.00 109.39 21.00 118.00
PR =ik} XX11-M55-33-2 17.80 A7 T ATy 424.00 35.00 207.87 14.00 154.00
24 E T XX12-M55-35-1 25.00 A7 ATy s 412.00 21.00 174.38 22.00 227.00
b xilif XX37-M55-53A-2 33.00 oh s ATy s 399.00 28.00 180.24 27.00 284.00
bl XX37-M55-53B-1 35.00 T ATy s 353.00 24.00 201.20 24.00 198.00
D48 D48-1 3012.30 e BV RIS PaE e 1155.00 94.00 91.10 122.00 208.00
D48 D48-2 3013.20 B BV RIS Pae e 1198.00 67.00 61.80 87.00 298.00
D48 D48-4 3014.00 T Elip LI E Pa 1095.00 58.00 79.02 109.00 352.00
D48 D48-5 3014.82 RATE B TS P e 1160.00 57.00 69.32 70.00 232.00
D48 D48-6 3016.17 = Elip TS Pa s 584.00 42.00 145.45 38.00 180.00
D48 D48-8 3017.52 O Elip TS Pa s 1132.00 62.00 97.53 99.00 421.00
D48 D48-9 3018.83 O Elip TS Pa 1 284.00 63.00 114.92 110.00 354.00
D48 D48-12 3021.18 O, ElE TS P 793.00 48.00 79.78 28.00 124.00
4B T XX9-M55-24 8.00 B EiE T b ey 1339.00 64.00 60.10 38.00 234.00
2% EL T XX10-M55-26A 9.00 B R i = 1611.00 78.00 51.15 163.00 432.00
2B T XX10-M551-27-2 9.50 BT EiE TS Py 1 456.00 92.00 78.33 51.00 217.00
D48 D48-2a 3023.04 L=y PIBEIK = 806.00 39.00 83.17 42.00 275.00
D48 D48-15 3023.59 /5 FIBEIK = 910.00 44.00 86.53 52.00 664.00
2B XX11-M55-32-1 17.50 S, PIBEIK = % 677.00 36.00 145.15 28.00 211.00
2B XX11-M55-32-2 17.50 S PIBEIK = 1.044.00 43.00 66.71 32.00 355.00
2B XX11-M55-33-1 17.80 D PIBEIK = 863.00 69.00 107.45 30.00 170.00
2B i XX12-M55-35-2 25.00 s PIBEIK = 835.00 38.00 128.50 31.00 315.00
2 B i T XX37-M55-53A-1 33.00 D, PIBEIK = 956.00 39.00 121.05 64.00 534.00
2 Bl T XX37-M55-53B-2 35.00 A7 PIBEIK = 1223.00 52.00 101.29 26.00 274.00
10998 KBS L ) B4, IR B9 IX 1 = A0 Al T A 0 VRERE
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WA MANTE e (E 2¢, 2h), 2 B BB 480 3 4 Fig.3 Carbon and oxygen isotope correlation of carbon-
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Table3 AnalyticaldataofrareearthelementofdifferenttypesofcarbonaterocksinMa;’formationofnortheastYishanSlope, OrdosBasin.
. - —— )24 s i e 2 A BE(10°)
i La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 6Eu 0Ce
D50 D50-14 2918.78 i, WK  4.529.411.02 3.650.61 0.10 0.62 0.07 0.32 0.07 0.16 0.02 0.10 0.01 0.50 1.07
D48 D48-11 3020.28 Thfis  WEKE  2.193.880.41 1.54 0.25 0.05 0.29 0.04 0.21 0.04 0.10 0.01 0.09 0.01 0.57 1.00
MLELEE XX11-M55-32-2  17.50 D REHKE  1.452.50 0.26 0.95 0.17 0.03 0.19 0.03 0.15 0.03 0.09 0.01 0.08 0.01 0.51 1.00
MLELET XX12-M55-35-1  25.00 D RMKHE  3.286.08 0.67 2.58 0.45 0.08 0.49 0.06 0.28 0.05 0.11 0.01 0.10 0.01 0.52 1.01
MLELET XX37-M55-53A-2  33.00 s RMKHE  3.336.27 0.68 2.64 0.47 0.10 0.50 0.07 0.35 0.07 0.18 0.03 0.19 0.03 0.63 1.02
MLELEIT XX37-M55-53B-1  35.00 D RAKE  4.407.99 0.86 3.23 0.61 0.11 0.60 0.07 0.39 0.07 0.18 0.02 0.16 0.03 0.56 1.01
D48 D48-1 3012.30 s B4 Z 4 0.37 0.810.10 0.43 0.11 0.02 0.10 0.02 0.09 0.02 0.05 0.01 0.04 0.00 0.58 1.03
D48 D48-2 3013.20 s B4R Z 4 0.450.930.12 0.48 0.13 0.03 0.12 0.02 0.10 0.02 0.06 0.01 0.05 0.01 0.73 0.98
D48 D48-4 3014.00 D5 By i Z 4 0.35 0.74 0.09 0.37 0.09 0.02 0.09 0.02 0.09 0.02 0.05 0.01 0.05 0.01 0.68 1.02
D48 D48-5 3014.82 T B4z 0.80 1.750.18 0.72 0.12 0.03 0.14 0.02 0.11 0.02 0.07 0.01 0.05 0.01 0.71 1.12
D48 D48-6 3016.17 T, B4 iz 4 2.34 4.39 0.46 1.63 0.25 0.04 0.28 0.04 0.18 0.03 0.10 0.01 0.08 0.01 0.46 1.04
D48 D48-8 3017.52 i, B4Rz 1.72 3.53 0.41 1.61 0.30 0.07 0.32 0.04 0.19 0.04 0.11 0.01 0.09 0.01 0.69 1.03
D48 D48-9 3018.83 Dk, M4l A 1.16 2.41 0.28 1.17 0.25 0.05 0.24 0.03 0.17 0.03 0.09 0.01 0.07 0.01 0.62 1.04
D48 D48-12 3021.18 Tk M4l = 1.031.920.20 0.72 0.12 0.03 0.12 0.02 0.11 0.02 0.06 0.01 0.06 0.01 0.76 1.04
MAHE XX9-M55-24 8.00 Thfi; M4l =% 0.72 1.40 0.16 0.65 0.11 0.03 0.13 0.02 0.09 0.02 0.04 0.01 0.05 0.01 0.77 1.01
MBI XX10-M55-26A 9.00 ThF, BN =4 0.89 1.78 0.21 0.82 0.16 0.04 0.18 0.03 0.15 0.03 0.10 0.01 0.10 0.01 0.72 1.01
MBI XX10-M551-27-2 9.50 Th s MARER I & 1.21 2.38 0.27 1.09 0.23 0.06 0.27 0.04 0.22 0.04 0.13 0.02 0.13 0.02 0.74 1.02
D48 D48-2a 3023.04 TP, FBEK &4 1.06 1.93 0.20 0.75 0.14 0.03 0.13 0.02 0.11 0.02 0.07 0.01 0.04 0.01 0.68 1.03
D48 D48-15 3023.59 Thfi, FIBEK & 1.452.56 0.28 1.02 0.18 0.04 0.18 0.03 0.14 0.03 0.08 0.01 0.09 0.01 0.68 0.99
M EF XX11-M55-32-1 17.50 D, FIBEK=AH  1.81 3.40 0.36 1.40 0.28 0.05 0.30 0.04 0.21 0.04 0.11 0.01 0.11 0.02 0.53 1.04
MBI XX11-M55-32-2  17.50 Hhfi, FIBEK &4 1.452.50 0.26 0.95 0.17 0.03 0.19 0.03 0.15 0.03 0.09 0.01 0.08 0.01 0.51 1.00
MLELEE XX11-M55-33-1  17.80 D FHEK =% 1.70 2.93 0.30 1.15 0.22 0.04 0.22 0.03 0.15 0.03 0.07 0.01 0.08 0.01 0.56 1.01
MR XX12-M55-35-2  25.00 B, FIBEK A 2.28 4.01 0.43 1.64 0.31 0.06 0.30 0.04 0.20 0.04 0.10 0.01 0.06 0.01 0.60 0.99
MEH I XX37-M55-53A-1  33.00 B, FIBEK % 2.34 3.98 0.42 1.54 0.31 0.07 0.33 0.05 0.25 0.05 0.13 0.02 0.15 0.02 0.67 0.98
MLELET XX37-M55-53B-2  35.00 s FIBEK A 2.30 3.78 0.39 1.42 0.29 0.06 0.29 0.04 0.21 0.04 0.11 0.01 0.10 0.01 1.34 0.95

1998) , AT 3 B 8O (H FAR , Horp By b 11 = 5 AR X
FIpS R R OR NI NP SRS N 0 R
B A R g5 R B D e a7 S R R
B 520 . Ak, Meyers et al.(1997) ¥ 58 & B =
A AAE G B A RRIRKIEA L 8PC 5O A8
1k 36 B #g ok (B8C, +5.4%0~ —1.2%0; 80, +
2.5%0~—4.3%), H 8"C 5 8"0 {8 = [h) A £ /7 15 &
U1 TE AR OGO R, H 81 3 0] G B A AR G
B H = % 0°C 50 Oz i 45 FiR R AE, K,
WFFE X = 0 T8 BB ) 0 A R SIR K IR A

422 BEAE 0 F A CE o8 T kR 5
FRCEE R R R R, EVE A RR R A 'Sr/SrE S
Iv] 301 96 7K 119 ¥ Sr/% St 5 % M 56 (B 4R 45, 20125 3
be ¥ 45 ,2016). CA BT R W], #5058 X 1 0 Bt
H = 5 A A TR R 5 T R K I8 4 'Se/%Sr A
T PRl Rz 5+ B Bl I K A ST S /%S A 4 A v B A
— M (B = %5, 2014) . SR, BF 58 IX 6% 430 5 BE

IRz 5 R 24 Al 1 = R TSt/ Y S (E V& A R
WKV RN (R TME4), A& H s AR
fn ' St/% S AE ¥ L [R] 1A T K A 5 2 A IE |, 3 B R AR
B 1A AT B A AR B S O St M A A S
BUH A AR 2 TR S U P TS AN IR b ) L
BEIR 2 7 09 St/ Se B ¥ ¥ A ) 9108 K (B S L
[T B N R S A i 2 NI R B S T N S S 2
T, 3 41 b 1 2 2 i 5 S/ S (8 i T ) 399 9 K 1
Ji R TE AT F - O KR KRN B & S
PE VSt fik 5T 8 DOAR Y s O TR & & i 1k St
i JZ 7K 9 I A (Keith and Weber, 1964). %5 /R £ i
Ea N A TS TR = 1Sl e o A - X N
T M W R SR AR T IR E &
PESr i ARMELL ) Eag RS L, A 5 R B
R B A A s e T R R TS/ S I 5 B
AL Hb 2 AR T ph K 32 KARIROK S A G T
TR A X 35 K B BE K 2 5 T 32 R AR K S T
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AN LT Se/YSrH R R 5 R W1 K — 2.
43 WETEXAZEREETEX
431 FERETRETENX Fe Mn.Sr.Na K5
Tl 3t 0 3R I T i 1Rk S Tk A4 M B0 i) B i AR
FH 7 R T R i3 . Fe Mn Jt % 38 Bl 1E T
SR EE RGN, BB B W nr ER, X EE S Fe,
Mn JC 2 X 40 Ji 50 55 (19 B30 P A OGP R e
&5 VLI & 07 SN A B A S (Walker ez
al., 1989) ; St EZAME N H FHM /R EE TR , BAA LR
Rtk 2w T K B A AR SR B Y Y
i, Sr 5% 2 Wk /0 1 #a # T K Na g6 2 ) ok S e
A I A R B (Vahrenkamp and Swart, 1990 ; 52 )l
A 2014).

BB B 3 AR AL S L W BE B2 H & 4 e
Mn Na K & #H X5 &, Sr & m A A ZEIR 7%
A5 (2005) WF 58 I\ S A HE B0 11 = %4 Na K.
Sr#Z ,Fe Mn & %, 4 1 4 Wr & W BE 1 = il
PRUAIL Al 2 > B 368 1 = A A AR L AR 58 DR i T =
FH B 2 7 1 Na & 2 508 5 A 38 m w , B
FIBE K 25 77 Na Je 2 F 507 T U8 fb K2 FUR 40 &
g Z ), Uk W) =5 2 ) AR B — E Y dR K
P, RE A AR E A EMI S, W AT
F2 5 L B I s 0B A DG L AR R R T TR
(1998) 37 1 Sr-Na [1 2 75 5 P ) 590 452 = 181 ] %0
AR ARk 3 AR AL R 3 BE A o A 4 VR A M g
SN S PR IR ER 3 AN T AR S A CI b
BB = A A E AR (8 59 Sr-Na). 75 46, i
& 5 Sr-Fe . Sr-Mn s2 L B AT A1, By 40 5 L = 5 5
PBEIK 2 AW Fe Mn i RS RS Src R G2
TR K6 & RFE R LB 9E X = A T A 5E A
— i B SR BB — E SRR B L B R
fEAN , 2 = 4 1 Mn & 83 < 100X 10°°, 78

1B 43 1 K 65.91X 10 °.45.0X 10°°, Na & & 43 9| 7]
ik 83.18X 10 °.38.12X 10, {4 £ B #HF 5% IX. 14
= A AR AR A U VR A (H 5 06 R M IR
RAFE—E M ZE R, X — S8 T EMERE
(201D B 93 AR L X SR A H = A X E PR
W2 (2015) PV BE S PR LR R % — LG e =
TN P BE R E LAY G
432 BITEEREX HaaWMt tRZEREZ
H = AR K T g B R B B G 45 2 A
F YR SRR T R, B AR TR TR ot R
TEWMK . HaahWmt iR EFERETRA,H
I, SAC IR B 2 5 i e 2 e o i 2l S R
A M L (Humphris, 1984; Qing and Mountjoy,
1994). # Lot R M ot &R Ce . Eu % ) bl iy #2
b2 2 AR A0 5 -+ T 28 43 i B R AR A
WAL 1 Ce . Eu e 4385 =8 0T 40 7 11 2= A A6 T 1A 11
P T B A AR

AR SR JE K AR KR 5UA (PAAS) i 4
JCF i %A o0 F AR 2 17 B 1k A B (Boyn-
ton, 1984) , &I H. . B H = 7+ La/Yb br fE fL 18
K 5.02~27.23, F ¥ {5 Ay 12.44, Eu 4> 15 36 [ A
0.46~1.34,F Y18 H 0.69, B] /N T 1.00; Ce 43 i
0 0.95~1.12, F- ¥ {8 1.02, B KX T 1.00.
(& 6 AT T AF 5 DX 5 0 Bk 4l i 1 2 o R R BE K
= BRI R LA 1 T R e o s X (A
6), HBkBEMm o EEE EML TR TH, LY
B Eufi 5% K55 Ce 1E 5% FRAE, R X H =
FA AR (O b A A, 2011). BEAh AR A A 61
B AF (2012) #3719 1 = 5 B A i b i, T gk — 25
AR T B P 1 2 o R 1 s
B, A 55 [ 30 0 KRR RL P A 0T R L 40 A 20 % Eu fiy
S Ce 59 1 58 AT 3 BOoRBFIE 9 = 55 Nk i
R T ™ 1, Ha R M B B B s
FHIRRE X — N S R RS 458 — 8. B
5 =B TR SRR = AL (E 6b,
6¢) , J5 PH AT 225 0 AN i 2 S S R T A X A
AN S BRI R /N B Mgt i K IR T AR L
= A AR B S, DT S EOR  o0 3 BRI

5 DU WA AL P 81 AR 5K

v B B S B IO AR SR 22 0 4
(LT AT % 38 B R BE AT (3°~307) , A fie 5, 0
S AR AT T S BUR KSR BE R W T, Dl i K
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