EaEESH oo iR Vol.41, No.8
2022 4E 8 H GEOLOGICAL BULLETIN OF CHINA Aug., 2022

do1:10.12097/j.1ssn.1671-2552.2022.08.010

R AMEESNAERAEEXEAER S
MRIMERFIRESEER

2SN T IR LS L S
SHI Jizhong"?, CUI Haifeng"?, XU Wei'?, SONG Bo"?, WANG Baowen"*"

1P BRAIAEEGE R FAE T (B REAREA P S) BE B 710054;

2P AP RS AT EAEAFHANREL LT EH HE 710054

1.Xi” an Center, China Geological Survey( Northwest China Center for Geoscience Innovation) , Xi’ an 710054, Shaanxi, China;
2.Key Laboratory of Paleozoic Oil and Gas Geology in North China, China Geological Survey, Xi’an 710054, Shaanxi, China

WE.H#FEATEEHRRNETXEAPERN EL -2 TLWRRE, AT BELE3 02 E R &HTHRLTE S
WM AREI S MERPHLILERE AR LETERBUERERAIAE X, BR AN, Sy/Bafih 0.14~0.24,F
HAEHA 0.18,B/Ga 1l H 3.89~6.51,-F¥14% 5.03,48 % B 42 4 230.88X10 °~375.99X10 ", F3HME K 294.95X10° , FHEH
11.97%0~15.83%0, “F ¥ 1EH 14.70%0; V/ (VHNI) 1A 0.67~0.84,-F #4454 0.74,Ce, AL A —0.113~0.018,F 35444 —0.055; &+
BAEIH(C) A 0.80~1.34,F 3945 A 1.06, W FrE T I (CIA) A 75~81,F 9L A 79; F KK A 4.16~88.04 m, T3 A
33.40 m;P/Ti4E A4 0.10~0.22,F 35945 % 0.15, 3 40 (Bayg ) A —46.5X10 °~144.5x10° 315 4 38.85x10°°, 454 &S a4
AELFFRR B E T ERARTIRE BIE FRK SRR, MRKREBR, BARG F A= H &, ANEESE LSRR
I ARR O REN T REDBZERBEANRG EATHE R-EREN FABE FEFAFRELREAY
LR, FRERTALR 2P ARG LT RPN R F 4

KB RALH,CF XA, ZET 2, 5,5 EHEX mAFRAE L

FESYES P534.53;P618.12 NEAIREM A XEHS:1671-2552(2022)08-1430—15

Shi J Z, Cui H F, Xu W, Song B, Wang B W.Sedimentary environment and organic matter enrichment model of black shale from
Cretaceous Bayingebi Formation in Balongwula, Yingen—Ejin Banner Basin.Geological Bulletin of China, 2022, 41(8) : 1430-1444

Abstract: The lacustrine shale of Early Cretaceous Bayingebi Formation is a suite of important source rocks resources in the Yingen—
Ejin Banner basin. We studied the characteristics of the major elements, trace elements and rare earth elements, and the paleoenvironment
and organic matter enrichment model of the black shale by the geochemical analysis of the Balongwula section. The results show that St/
Ba value is 0.14~0.24, average value is 0.18, B/Ga value is 3.89~6.51, average value is 5.03, equivalent boron content is 230.88 X107 ~
375.99%10°°, average value is 294.95X10 ~°, paleosalinity is 11.97%o~15.83%o, average value is 14.70%0; V/(V+Ni) value is 0.67 ~

0.84, average value is 0.74, the Ce value is —0.113~0.018, average value is —0.055; the paleoclimate index( C) is 0.80~1.34,

anom

average value is 1.06, the chemical index alteration( CIA) is 75~ 81, average value is 79; the ancient water depth is 4.16~88.04 m,

average value is 33.40 m; P/Ti value is 0.10~0.22, average value is 0.15, the excess barium (Bayg) is —46.5X10° ~144.5X10°°,

average value is 38.85X107°.Based on the characteristics of various parameters, the black shale in the study area is deposited in a warm
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and humid climate, with a sedimentary environment of deep lacustrine facies under an brackish water and anoxic condition. The

paleoproductivity reflect a low initial paleoproductivity. The study on the correlation between organic carbon content and sedimentary

environment shows that the organic matter enrichment in black shale of Bayingebi Formation is the result of the combined action of

paleosalinity, oxidation —reduction conditions, paleoclimate and paleo — productivity. This will provide theoretical support for the

sedimentary evolution of Mesozoic and the evaluation of oil and gas resources in Yingen—Ejin Banner Basin.

Key words: Yingen — Ejin Banner Basin; Bayingebi Formation; Black shale; Paleoenvironment; Enrichment mode; oil and gas
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Fig. 1 Tectonic units of Mesozoic in Yingen—Ejin Banner Basin(a)and geological sketch map of Balongwula area(b)
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Table 1 Major elements analysis of black shale in the study area
B SiO, ALO, Fe,0; FeO CaO MgO K,O Na,O TiO, P,O; MnO LOI CIA TOC P/Ti
CHI1 56.76  22.69 3.15 2.15  0.65 1.53 294 0.75 0.86 0.22  0.08 7.88 80 2.06 0.19
CH2 5595 22.13 4.53 3.00 0.66 154 276 0.83 0.82  0.25 0.18 6.89 80 1.64 0.22
CH3 55.20 22.58 3.63 1.92 046 152 287 0.89 0.81 0.13  0.09 9.58 81 1.94 0.12
CH4 57.43 22.38 3.18 1.45 0.47 148 292 0.75 0.84 0.12  0.04 8.68 81 2.86 0.10
CH5 57.60 22.02 3.17 2.25  0.55 1.51  3.06 0.78 0.84 0.18 0.13 7.54 80 1.77 0.16
CH6  55.04 23.11 3.68 1.60 052 152 3.00 0.84 0.79  0.11 0.11 9.36 81 1.45 0.10
CH7 5446 22091 4.32 1.88 0.47 1.48 3.00 0.77 0.80 0.16  0.16 9.25 81 3.45 0.15
CH8 55.89 21.66 6.05 1.40 039 136 293 0.69 0.83 0.15 0.16 8.23 81 2.75 0.13
CHY9 5555 21.42 4.20 1.80 053 150 2.78 0.88 0.80  0.19  0.08 9.93 80 1.30 0.17
CH10 53.76  22.51 5.07 1.20 0.66 134 283 0.93 0.77 0.12  0.06 10.49 80 2.07 0.11
CH11 55,55 22.32 5.14 1.40 058 136 3.05 0.74 0.84 0.19 0.15 8.40 80 1.96 0.16
CH12 53.10 22.19 4.77 3.25 0.87 1.68 2.97 0.70 0.79  0.22 0.20 8.75 80 0.98 0.20
CH13 53.68 22.50 3.81 1.85 0.78 158 2.88 1.06 0.79 0.12  0.09 10.54 78 1.74 0.11
CH14 55.77  20.65 4.86 220 066 1.74 290 1.19 0.85 0.18 0.18 8.45 77 2.74 0.15
CH15 52.39  20.87 6.32 225 1.07 2.06 281 1.25 0.76  0.17  0.32 9.34 75 1.14 0.16
CH16 56.02 21.12 3.97 2.95 0.68 1.67 2.80 0.81 0.84 0.18 0.24 8.25 79 1.11 0.16

. LOI ek i ; CIA WAL MAR %L, CIA=100X[ Al, 05/ (Al,O5 +CaO * +Na, O+K,0) ]; TOC HA HLEK & & P/ Ti N
A= ERITE S RN %
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Fig. 2 Comprehensive column and sampling position of Bayingebi Formation in Balongwula section
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Table 2 Trace elements analysis of black shale in the study area

(=252 Sr Ba B Ga Ni Co A% U Th St/Ba B/Ga V/(V+Ni) I/m C Bayg

CH1 110.00 642 132 2820 5290 13.00 151 421 18.00 0.17 4.68 0.74 2628 0.89  83.00
CH2 113.00 567 159 27.20 60.60 16.70 154 4.70 18.50  0.20 5.85 0.72 46.01  1.30  34.00
CH3 116.00 547 145 23.70 47.20 8.79 132 391 18.10 0.21 6.12 0.74 9.52 0.95 20.50
CH4 102.00 530 164 27.20 3220 8.16 165 4.11 18.60 0.19 6.03 0.84 718  0.80 —16.00
CH5 91.20 639 125 23.80 44.20 11.20 124 3.33 17.60 0.14 5.25 0.74 19.57  0.91 93.00
CH6 95.80 604 131 28.10 75.50 15.40 150 5.16 20.80 0.16 4.66 0.67 39.15 0.88 90.50
CH7 99.10 575 140 26.80 38.60 10.80 143 4.89 19.60 0.17 5.22 0.79 18.95 1.07 55.00
CHS8 91.30 580 118 27.60 43.00 17.20 156 4.69 18.50 0.16 4.28 0.78 51.57 1.34  40.50
CH9 98.10 556 126 26.80 61.00 10.80 160 4.56 18.60 0.18 4.70 0.72 15.78 1.03 36.00
CH10 122.00 524 118 28.90 30.90 7.60 166 6.10 21.50 0.23 4.08 0.84 4.16 1.04 23.50
CH11 103.00 666 108 27.40 51.40 18.20 144 5.50 19.60 0.15 3.94 0.74 55.67 1.10 120.00
CH12 108.00 658 109 28.00 63.30 16.00 145 5.82 19.90 0.16 3.89 0.70 44.39  1.29 144.50
CH13  67.00 467 120 22.30 43.30 10.90 124 4.71 11.60 0.14 5.38 0.74 28.24 0.89 —46.50
CH14  79.70 533 101 25.10 51.00 15.70 152 495 18.40 0.15 4.02 0.75 43.38 1.09 —19.50
CH15 115.00 476 125 19.20 47.40 14.30 110 3.98 16.10 0.24 6.51 0.70 36.44 1.21 —18.00
CH16  82.40 527 143  24.40 60.00 21.90 133 4.24 16.50 0.16 5.86 0.69 88.04 1.19 —19.00

T h K CON I ARERSEL, C =3 FetMn+Cr+V+Co+Ni) /3 ( Ca+Mg+Sr+Ba+K +Na) ; Bayg A id M, Bays =Bapes ~Tigep,
(Ba/Ti) pans » PAAS S Ji5 Kt R VA 5 U TO 3R B i B2l 107°
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Table 3 Rare earth elements analysis and NASC—normalized result of black shale in the study area

K La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb
CH1 4330 83.20 9.90 3620  6.84 127 547 082 459 093 275 0.42 3.2
CH2 4470  84.80  10.20  37.70  7.39 147 657  1.02 596 1.16 324 050  3.41
CH3 4020 71.90 8.91 3190 589 1.16 477 072  4.02 0.86 241 039 275
CH4 40.60  73.80 8.85 3120 573 1.08 451 071 418  0.86 2.67  0.42  3.42
CH5 39.90  70.80 8.86 31.60 578 1.15 475 072 410  0.84 265 0.39  2.87
CH6 4350  80.30 9.80 36.10 729 145 652 097 546 1.07 3.07 046  3.21
CH7 37.70  70.90 8.25 2010 545  1.04 448 069 402 0.81 245 038 271
CHS8 41.40  76.40 9.11 3270 621 123 507 081 476 1.00 290 0.46  3.12
CH9 4370 81.40 9.62 3570 692 145 632 097 555 1.06 317  0.47  3.32
CHI10 4430  82.30 9.85 3540 661 131 572 090 536 1.07 3.08 0.47  3.46
CHI1 4440 8240 1000 3680 7.10 134 594 091 516 1.05 3.06 0.46  3.46
CHI12  41.10  77.10 9.24 3290 633 1.19 534 081 456 094 276 0.42  3.14
CHI13 22,60  48.90 4.78 17.00  3.15  0.62 284 044 248 049 137 022 153
CH14  40.00  76.20 9.04 3350 651 131 578 089 495 099 285 0.42  3.08
CHI15  38.30  63.40 8.86 3250 650 1.31 579 087 5.09 1.03 287 0.42  3.24
CHI16  36.90  70.90 8.21 3000 593 114 502 077 439  0.88 249  0.38  2.69
== Lu Y LREE HREE SREE LREE/HREE (L¥Yb)y OEuy 06Cey (La/Ce)y  Cepom
CH1 0.46 2290 180.71  41.44 22215 4.36 1.34 0.91  0.88 1.19 —0.046
CH2 0.51 28.10 186.26 50.46  236.72 3.69 1.27 0.93  0.86 1.20 —0.053
CH3  0.41 20.30 159.96 36.63  196.59 4.37 1.42 0.96  0.83 1.28 -0.071
CH4 0.46 20.80 161.26  38.02  199.28 4.24 1.15 0.93  0.85 1.25 —0.060
CH5 0.42 2040 158.09 37.14 195.23 4.26 1.35 0.96  0.82 1.29 —0.074
CH6  0.47 26.40 178.44  47.63  226.07 3.75 1.31 0.92  0.85 1.24 —0.063
CH7  0.42 20.80 152.44 36.76  189.20 4.15 1.35 0.92  0.88 1.21 —0.046
CHS 0.48 23.80 167.05 42.40  209.45 3.94 1.29 0.96  0.86 1.24 —0.057
CHY9 0.51 28.50 178.79 49.87  228.66 3.59 1.28 0.96  0.86 1.22 —0.057
CHI10 0.52  27.20 179.77 47.78  227.55 3.76 1.24 0.94 0.86 1.23 -0.055
CHI11 0.48 26.80 182.04 47.33  229.37 3.85 1.24 0.91  0.85 1.23 —0.060
CHI2 0.46 25.00 167.86 43.43  211.29 3.86 1.27 0.90  0.86 1.22 —0.051
CH13 0.23 10.70  97.05 2029 117.35 4.78 1.43 0.92  1.02 1.05 0.018
CH14 0.44 2430 166.56 43.71  210.27 3.81 1.26 0.94  0.87 1.20 =0.050
CHI15 0.45 2470 150.87 44.46  195.33 3.39 1.15 0.94  0.75 1.38 -0.113
CH16 0.41 2130 153.08 38.34 191.42 3.99 1.33 0.92  0.89 1.19 —0.043
TR AR 1070
x4 MEREBETUEEE X-THRERMITUEENNER

Table 4 Quantitative analysis results of X—diffraction and clay minerals of black shale in the study area

%

RS A5 ] Aa Hzfa  #a Bisks” Cizila e LRl
CH1 23.4 1.7 5.1 5.1 2.6 43.2 10.9 8.1
CH3 22.9 2.3 6.5 5.6 2.9 43.8 11.8 4.2
CH5 28.1 2.1 3.6 3.0 44.6 10.4 8.2
CH7 23.3 2.1 3.7 3.1 51.3 10.4 6.1
CH9 26.2 4.6 6.0 3.2 45.1 8.9 6.0
CH11 27.9 2.2 3.6 3.0 52.3 5.9 5.1
CH13 22.1 2.0 3.5 5.5 2.7 43.7 6.4 14.1
CHI15 24.0 2.0 6.2 2.8 43.8 4.3 16.9
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Fig. 3 NASC-normalized trace elements(a)and REE(b) patterns of black shale in the study area
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Table 5 Clay mineral content and paleosalinity of black shale in the study area

. B/ K,0/ KIFB MM B KL YA S % KEIERS 541/ % B/  Couch iy
H 107 % /107° /107° VS I Ch I S Ch 107° LB/ %o
CH1 132 294  381.63 298.98  70(25) 17 13 695 175  13.0 4217 15.26
CH2 159 2.76 489.67 375.99
CH3 145 2.87 429 .44 333.80  79(25) 14 7 733 198 7.0 43.61 15.67
CH4 164 2.92 477.40 373.16
CH5 125 3.06 347.22 27576 66(25) 21 13705 165  13.0  39.68 14.55
CH6 131 3.00 371.17 292.77
CH7 140 3.00 396.67 312.88  77(20) 14 9 756 154 9.0 42.02 15.22
CHS 118 2.93 342.32 267.88
CH9 126 2.78 385.25 296.46  74(20) 16 10 752 148 10.0  38.14 14.11
CH10 118 2.83 354.42 274.26
CHI11 108 3.05 300.98 238.76  62(15) 30 8 827 93 8.0 30.91 11.97
CH12 109 2.97 311.95 245.22
CH13 120 2.88 354.17 275.60  66(15) 12 22 68.1 9.9 220  41.07 14.95
CH14 101 2.90 296.03 230.88
CHI15 125 2.81 378.11 291.94  44(15) 30 26 674 6.6 260  44.20 15.83
CHI16 143 2.80 434.11 334.80
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Fig. 8 The correlation between organic carbon and terrigenous detritus( Al, Ti, Th,Zr)
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Fig. 9 The correlation between organic carbon and sedimentary environment, paleoproductivity
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