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Table I Abundance trace elements and their ratios of sedimentary rock samples from the Lower Member of Minghuazhen Formation

Li/10° Ga/10” Sr/10°°
JEAL Rk FRK WK K K K K FRK WK
>150 90~150 <90 <8 8~17 >17 800~1000 500~800 100~500

- 37.85 ~ 82.69 16.48 ~ 34.05 137.28 ~251.82
- 50.02(25) 23.45(25) 173.40(25)

L 34.18 ~ 53.41 16.74 ~ 25.81 120.04 ~ 216.57
44.62(22) 21.51(22) 161.33(22)

— 31.03 ~51.66 17.36 ~27.17 132.57 ~ 208.01
44.16(13) 23.24(13) 170.57(13)

Vg 30.19 ~ 46.29 15.48 ~ 25.35 130.29 ~ 229.09
39.55(15) 21.37(15) 191.91(15)

Vs 17.51 ~ 45.39 13.23 ~25.22 149.87 ~ 374.81
34.73(26) 20.19(26) 202.04(26)
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Table 2 Paleosalinity discrimination indicators based on Sr/Ba and Th/U in the Lower Member of Minghuazhen Formation

TP AME REAR KD Th/U Sr/Ba
JEL 4 > » » 6 BK  CERBUK Bk Bk CEROK K
Sr/10 Ba/10 Th/10 uU/10 - 7 ~ - 061 —06
KL6-1-2 148.04(4) 594.25(4) 15.81(4) 3.71(4) 4.88 0.25
14 KL6-1-5 185.58(10) 1562.77C10) 11.47C10) 2.32(10) 4.94 0.17
KL6-1-6 181.51(5) 615.84(5) 13.99(5) 3.16(5) 445 0.29
KL6-1-14  163.25(6) 592.73(6) 14.24(6) 2.89(6) 497 0.28
KL6-1-2 145.11(7) 618.71(7) 15.30(7) 2.90(7) 5.28 0.24
T4 KL6-1-5 168.86(4) 847.51(4) 13.75(4) 2.82(4) 4.88 0.24
KL6-1-6 157.77(8) 584.85(8) 11.53(8) 2.55(8) 4.52 0.28
KL6-1-14 166.46(3) 1573.66(3) 12.63(3) 3.55(3) 3.77 0.11
KL6-1-2 141.72(3) 749.85(3) 15.01(3) 3.07(3) 4.89 0.19
W KL6-1-5 158.70(4) 938.97(4) 13.23(4) 3.00(4) 4.41 0.20
KL6-1-6 163.52(3) 739.78(3) 11.02(3) 2.56(3) 431 0.23
KL6-1-14 193.69(3) 1971.72(3) 13.51(3) 2.83(3) 4.77 0.10
KL6-1-2 205.92(4) 2264.19(4) 13.33(4) 4.49(4) 3.37 0.12
Wi KL6-1-5 180.46(4) 1478.66(4) 12.77(4) 3.22(4) 3.97 0.16
KL6-1-6 168.88(4) 731.44(4) 10.92(4) 5.04(4) 3.57 0.25
KL6-1-14  206.46(3) 4229.79(3) 12.64(3) 2.89(3) 439 0.05
KL6-1-2 187.69(7) 1849.68(7) 13.90(7) 3.29(7) 4.24 0.13
Vil KL6-1-5 190.51(6) 2087.58(6) 12.85(6) 3.63(6) 4.05 0.13
KL6-1-6 161.52(7) 2051.82(7) 9.23(7) 2.34(7) 3.96 0.09
KL6-1-14 255.79(6) 7430.74(6) 12.51(6) 2.99(6) 4.23 0.03
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Fig.2 A-CN-K triangle diagram of the weathering degree of

sandstone in the Lower Member of Minghuazhen Formation”’
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Fig.3 Vertical variation trends of Sr/Cu and Rb/Sr in the well-to-well correlation of the Lower Member, the Minghuazhen Formation
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Table 3 Paleowater depth parameters of mudstone samples from the Lower Member of

the Minghuazhen Formation in the study area’

J=20A Co/10° La/10™° ' v, h/m
- 15.49 ~ 29.54 39.09 ~73.10 1~1.87 0.39 ~ 0.74 478~ 1275
19.88(25) 45.21(25) 1.16(25) 0.57(25) 7.49(25)
- 14.15~23.18 38.71 ~51.18 0.99 ~ 1.31 0.45 ~ 0.84 3.95~ 10.14
18.12(22) 4375(22) 1.12(22) 0.63(22) 6.27(22)
_— 15.88 ~20.87 39.85 ~ 60.66 1.02 ~ 1.56 0.51 ~0.83 4.04 ~8.43
18.18(13) 46.81(13) 1.20(13) 0.65(13) 6.05(13)
— 15.42 ~20.75 37.78 ~ 50.62 097~ 13 0.52~0.76 4.64 ~ 8.06
18.11(15) 44.64(15) 1.14(15) 0.63(15) 6.16(15)
— 9.14 ~20.53 24.13 ~53.13 0.62~1.36 0.53~1.28 2.10~7.84
15.77(26) 42.48(26) 1.09(26) 0.79(26) 4.78(26)
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Table 4 Indicators of paleo-redox condition based on

trace element ratios' "’
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Fig.5 Well-to-well correlation of trace element ratios in reactive redox environments
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Paleoenvironment of Lower Member of Minghuazhen Formation in
Laibei low uplift, Bohai Bay Basin

LI Chao, LIAO Xinwu, GUO Cheng, ZHAO Dalin, LI Yang
(Bohai Oilfield Research Institute, Tianjin Branch of CNOOC (China) Ltd., Tianjin 300452, China)

Abstract: The characteristics of ancient sedimentary environment and the geological significance of oil and gas
in the Lower Member of Minghuazhen Formation in the Laibei low uplift of the Bohai Bay Basin remain to be
clarified. We utilized comprehensively the trace elements and paleontological data and analyzed the climate, salin-
ity, redox conditions, and water depth during the time of Minghuazhen Formation to understand the paleoenviron-
ment. Results indicate that the abundance of Li, Ga, Sr elements, and the ratios of Sr/Ba and Th/U trace elements,
reflect that the sediments were formed in a freshwater environment. Data from the palynological assemblages
sensitive to temperature and humidity, the alteration index (CIA) reflecting the weathering intensity of sediment-
ary rocks, and the Sr/Cu, Rb/Sr trace element ratios all indicate a warm and cold transition zone. The analysis of
cobalt element content suggests that the ancient water depth ranges from 2.10 to 12.75 m, on average of 6.15 m,
indicating a shallow water environment. All the contents or ratios of U/Th, V/(V+Ni), V/Cr, Ni/Co, Ce/Ce*, and
Eu/Eu* reflect a weak redox environment. The joint working by the ancient climate background, stable geological
structures, and gentle terrain favored the development of shallow water deltas, and the structural pattern of altern-
ating depressions and uplifts provided a good support for the formation of large-scale oil reservoirs in the
Minghuazhen Formation.

Key words: Laibei low uplift; Lower Member of Minghuazhen Formation; paleosalinity; paleoclimate; paleowa-

ter depth; redox conditions
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