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Fig. 1 The sketch map showing the distribution of the co-sedimentary system of evaporates and source rocks
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in the middle part of Member-4 of Shahejie Formation in Dongying sag (modified from Zhu et al. , 2004b)
I—mdh AH 2 KA A nd: 3P A4 AL 5— W2 6— % DUARA R 43 A 10 [

1—Halite, gypsum; 2—limestone, dolominte; 3—mudstone; 4—wells; 5—faults; 6—sketch boundary of different sedimentary systems
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Fig. 2 The sectional distribution of the content of mineral elements in the Paleogene System

from well Haoke-1 in Dongying sag
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(a)—Major minerals; (b)—trace minerals; (c)—elemental ratio; 1—mudstone;

silty mudstone; 3—oil shale; 4—calcic mudstone; 5—argillaceous dolomite; 6—salt rock; 7—gypsum and salt rock
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Fig. 3 The distribution of total salinity (g/L) of the lower part of 4th Member of Shahejie Formation

from the Paleogene System in Dongying sag
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Table 1 The distribution of mineral elements and some ration parameters in the co-sedimentary system of saline
and mud in the middle part of 4th Member of Shahejie Formation from the well Haoke-1

I N \h\ K \ Ca \ Mg\ Fe \ Al | Mn \ Ni \ Zn \ Sr \ Co \ Ba \ v . Iy

I . Sr/Ba|Ca/Mg| V/Ni [Fe/Mn
(m) (%) (X10°%)
3650| Kfadesr |3.23|1.39(6.38|2.38(2.40(6.67(495.38] 28.37 | 92.75 | 829.9 | 12.91 | 398.2 | 86.04 | 2.08 | 2.68 | 3.03 |48.45
3659 [RIK IR | 2. 27 [1. 56 [14. 32/ 2. 56| 2. 75|4. 45 |470. 54| 29.32 | 92.64 |1399.7| 12.14 | 324.1 | 62.00 | 4.32 | 5.59 | 2.11 |58.44
3715 i 11.52/1.398.27|2.40(2.47|3.96(399.93| 27.82 | 81.50 | 657.7 | 10.96 | 184.4 | 64.59 | 3.57 | 3.45 | 2.32 |61.76
3718 i 32.26/0.81(5.25[1.30|1.47|0.84(293.49| 11.85 | 41.45 | 652.6 | 5.05 | 277.3 | 14.02 | 2.35 | 4.04 | 1.18 |50.09
3730 Kfadesr |4.65|3.53[10.21|1.83(6.37|4.11(298.16| 30.45 | 204.7 | 735.3 | 14.94 | 281.5 | 59.88 | 2.61 | 5.58 | 1.97 [213.64
3745 B 36.72/0.25(0.24]0.90|0.46(0.47| 73.25 | 7.14 | 16.89 | 458.0 | 1.69 | 377.4 ] 10.89 | 1.21 | 0.27 | 1.53 |62.80
3772 i 24.61/0.22]9.02]0.34|0.39]0.33]28.20 | 5.88 | 11.76 | 770.2 | 1.84 | 283.9 | 6.93 | 2.71 | 26.53 | 1.18 [138. 30
3802 | 4 fme st 2. 22| 1. 39(14. 112, 01|2. 54 |5.08(547. 92| 32.09 | 89.59 |1247.7| 14.10 | 379.5 | 66.32 | 3.29 | 7.02 | 2.07 |46. 36
3856 | KL G e A 3. 65(2.01(3.92(2.42]1.00(6.80(403.09| 34.79 |117.80| 801.8 | 13.45 | 816.4 [100.00| 0.98 | 1.62 | 2.87 |24.81
3862 i 27.080.28(3.40]0.58|0.46]0.53] 68.91 | 7.09 | 16.63 | 351.5 | 1.94 | 254.4 | 8.91 | 1.38 | 5.86 | 1.26 |66.75
3884 i 34.980.20(3.17]0.29|0.33(0.42| 28.30 | 4.67 | 11.25 | 368.8 | 2.45 | 262.4 | 7.23 | 1.41 | 10.93 | 1.55 [116.61
3896 | L4 et |5.21|1.79(4.33|1.87(3.093.59(422.06| 31.69 |107.50|1429.4| 12.81 | 583.0 | 90.00 | 2.45 | 2.32 | 2.84 |73.21
3902 | ER4TfaYe 7 3. 76| 1. 75(10. 82/ 2. 54 (3. 02|5. 35(354. 54| 28.92 | 96.73 | 825.4 | 13.89 | 487.8 | 68.95 | 1.69 | 4.26 | 2.38 |85.18
3914 |54 Mg 7 |3. 95| 1. 44(8.67|1.98(2.66|5.65(643. 14| 25.95 | 97.61 | 618.7 | 12.93 | 262.6 | 60.70 | 2.36 | 4.38 | 2.34 |41.36
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Table 2 The characteristics of carbon isotope of the group
composition of the organic matter in the middle part of

Member-4 of Shahejie Formation from the well Fengshen-2

e H g AR 8" C AT o)

(km) ot 4 75 g E[Ep
FH2 [3.963| WKEO GRS —27.6 | —25.5 | —25.7
FIE2 [3.968| WKE G —27.3 | —25.3 | —25.6
FH2 [3.971| WKEGHES —27.4 | —25.3 | —25.5
F2 [3.973|  WIKE G E —27.4 | —25.3 | —25.6
FIR 2 |4.024 s —25.0| —23.9 | —24.5
FIR 2 |4.295 R E —24.2 | —22.8 | —24.3
£ 2 4. 301 2P H —21.0 | —21.0 | —22.6
FUR 2 4. 498 | WIR BB es | —22.4| —23.6 | —23.6
FVR2 4. 499 | WK arihles | —25.2 | —24.3 | —25.3
FIR2 [4.500 | WREBETF WA | —22.1| —23.2 | —24.2
FWR 2 |4.501 | IR EFEEIRISE | —23.9 | —24.3 | —25.6
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Fig. 4 The characteristics of carbon isotope of n-alkanes from the source rocks of

the middle part of Member-4 of Shahejie Formation from the well Fengshen-2
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Table 3 The characteristics of the parameters of organic matter in the Member-4 of Shahejie Formation from the well Fengshen-2
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Response of Mineral Elements, Carbon Isotope and Hydrocarbon
in Typical Synsedimentary System of Evaporate and Mudstone:

A Case Study of the Dongying Sag, Bohai Bay Basin

CHEN Zhonghong, ZHA Ming, JIN Qiang
China University of Petroleum , Dongying, Shandong, 257061

Abstract

A typical Mesozoic (Tertiary) synsedimentary system of evaporate and mudrock occurs in the middle
and lower parts of the 4th Member of Shahejie Formation in the Dongying sag, East China. To investigate
mineral elements, carbon isotope, and hydrocarbon generation of synsedimentary evaporate and mudstone,
an intense sampling for saline section was conducted in two deep wells (well Haoke-1 and well Fengshen-2)
in the Dongying Sag. The results show remarkable response differences, characterized with low contents in
Al, Mn and Ba, high in Na, Ca and Mg, and abnormally high in Sr; and a distinct response of distribution
of feature element ratios, low V/Ni, and(Fe+ Al)/(Ca-+Mg), and high Sr/Ba, Fe/Mn and Sr/Ca. The
distribution of mineral elements displays clear discretion and fluctuation; inorganic elements is depleted in
evaporate but enriched in neighboring mudstone (except sodium, which is also enriched evaporate). §*C
values of different group compositions and n-alkane composition range from —28%, to —21%, and —18%
to —32%,, respectively. 8" C factionation between compositions of organic group is relatively low (less
than — 2%,), while n-alkane shows a distinct 8" C change in Cy; and C;;. The 8" C value of residual
hydrocarbon from source rock was increased by thermal evolution and TSR reaction. The synsedimentary
system of evaporates and mudstone has potential capacity of hydrocarbon generation and expulsion. The
organic matter dominates decayed mud and can be divided into type | and type [[, The original potential
capacity of hydrocarbon generation and expulsion can reach 40 mg/g and 20 mg/g, and the efficiency of
hydrocarbon expulsion attained 60%. But they both show intense heterogeneity in both plane and cross
section. The content and maturity of the mudstone and generation and expulsion of hydrocarbon are higher
than those of evaporate. In addition, high thermal evolution is likely to result in decreasing of generation

and expulsion of residue hydrocarbon.

Key words: mineral element; carbon isotope; evaporate; potency of hydrocarbon generation and

expulsion; Dongying sag





