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Sedimentary geochemical environment restoration of Yixian Formation and
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Abstract: In order to determine the geochemical characteristics and paleosedimentary environment of the Lower
Cretaceous Yixian Formation and Jiufotang Formation in the northern part of the Naiman sag, petrographic analysis
was conducted on N10 and NA-2 wells located near the sedimentary center in the north. Samples of mudstone and
evaporite were tested for major and trace elements, carbon and oxygen isotopes, organic carbon, pyrolysis, and
group composition. The paleoredox conditions, paleosalinity, paleowater depth, paleoclimate, and lake water seal-

ing characteristics of the study area were systematically analyzed. The study shows that they were volcanic facies in
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the early sedimentary period of Yixian Formation in the northern part of the Naiman sag, mainly fan delta-lacustrine
depositional-lake facies sedimentary systems in the middle and late sedimentary period, and local shore-shallow
lacustrine facies of different types of evaporites in the late sedimentary period. Sensitive elements or element ratios
such as Cu/Zn, Sr/Ba, Sr/Cu, Rb/Sr, Fe,0,/MnO, Ga, Sr indicate that the climate of Yixian Formation
changed from semi-humid-semi-arid to arid from the middle period to the end period, the water environment also
changed from semi-closed-semi-open with partial oxidation to completely closed with weak oxidation-weak reduc-
tion, and the sedimentary geochemistry environment changed from freshwater-brackish deep lake to brackish shallow
lake. The Jiufotang Formation is a semi-enclosed deep lake sedimentation of oxidized fresh water with a climate
similar to that of the middle of the Yixian Formation. The sedimentary environment during the middle and late peri-
ods of the Yixian Formation and the Jiufotang Formation were suitable for biological reproduction, which were fa-
vorable for the development of argillaceous source rocks. And for the development of pores and intercrystalline pores
of thick-layer evaporites, which can become good reservoir spaces, they are favorable for oil and gas enrichment.
Key words: paleosedimentary environment; elemental geochemistry; evaporate; Yixian Formation; Jiufotang
Formation; Naiman sag
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the outline map of the top boundary fault in the lower section of the Jiufotang Formation

Fig. 1 Location of the work area(a),
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in Naiman sag(b) and comprehensive stratigraphic column chart(¢) of Kailu Basin
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Table 1 Mineral compositions of rocks in the Yixian Formation and the Jiufotang Formation from Well N10 in the north
of Naiman sag
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Fig. 2 The mineral characteristics of evaporites in the north of Naiman sag
a—A1#k, N10JF, 1488.2 m; b—A1dh BRENESAT B S I FLAE, N10 JF, 1 488.2 m; o—HHLRh A1 h AR AR AR S B a7 K s ] LBR, N10 JF,
1488.2 m; d—ARACIRIR A K RIFLEE, N10 JF, 1488.2 m; e—frdh AT R MAIFLEE, N10 I, 1488.2 m; f—HARMEA A |
A R AEFLAE, N10 JF, 1488.2 m
a—nhalite, Well N10, 1 488.2 m; b—the halite, shortite and intercrystalline pores and fissures, Well N10, 1 488.2 m; c—coarse crystal halite,
lath-shaped wegscheiderite and intercrystalline pores, Well N10, 1 488.2 m; d—Ilath-shaped wegscheiderite and intercrystalline pores and fissures,
Well N10, 1 488.2 m; e—the halite, wegscheiderite and intercrystalline pores, Well N10, 1 488.2 m; f—lath-shaped wegscheiderite, the halite and
intercrystalline pores and fissures, Well N10, 1 488.2 m
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Fig. 3 The histogram of Well N10 in the north of Naiman sag
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Fig. 4 Lithofacies characteristics of mudstones and argillaceous siltstones in the middle period of Yixian Formation in the

north of Naiman sag
a—IR RG-S NI10 JF, 1 884.5 m; b—IRIKEIRA NI10 JF, 2 051.2 m; c—KEARTEHEA,N10 I, 1883.5m
a—the dark gray mudstone, Well N10, 1 884.5 m; b—the dark gray mudstone, Well N10, 2 051.2 m; c—the grey argillaceous siltstone,
Well N10, 1 883.5 m
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Fig. 5 Mineral types and occurrences of evaporites in the north of Naiman sag
a—HURZER 4 N10 | 1 487.3 m; b—HURZER A, N10 I, 1487.4 m; o —BURRZE KA NA-2 I, 1621.97 m; d—J2RE KA NA-2 I,
1 603.74 m; e—WURLRZE R & NA-2 JF, 1 637.92 m; (—REHURZER S NA-2 35, 1 603.59 m
a—the blocky evaporite, Well N10, 1 487.3 m; b—the blocky evaporite, Well N10, 1 487.4 m; c—layer -liked evaporite, Well NA-2, 1 621.97 m;
d—Tlayered evaporite, Well NA-2, 1 603. 74 m; e——the granular evaporite, Well NA-2, 1 637.92 m; f—the patchy evaporite, Well NA-2, 1 603.59 m
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Fig. 6 Lithofacies characteristics of glutenites, fine sandstones and mudstones in Jiufotang Formation in the north of Naiman sag
a—HREER, BURIZHL, NA-1JE, 1562, 84 m; b—AR@PERY, BURZH, NA-3JF, 1.562.96 m; c— KA F MDA, JolRZH,
NA-3JF, 1409.9 m; d—HREMHRS , HORIZHE, NA-1H, 1765, 83 m; e—KIAGAEDS, TA7 )28, NA-1 I, 1909. 18 m; f—IIRE
URTFIIRS, AP =20, NA-4 JF, 589.65 m
a—the brown conglomerate, massive bedding, Well NA-1, 1 562. 84 m; b—the brown conglomerate, massive bedding, Well NA-3, 1 562. 96 m;
c—the dark gray oil bearing coarse sandstone, massive bedding, Well NA-3, 1 409. 9 m; d—the brown conglomerate, massive bedding, Well NA-1,
1 765. 83 m; e—the ray-white fine sandstone, parallel bedding, Well NA-1, 1 909. 18 m; f—the dark grey asphalt mudstone, horizontal bedding,
Well NA-4, 589.65 m
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Fig. 7 The changes of oxidation-reduction and paleosalinity conditions in Yixian Formation and Jiufotang Formation in the north

of Naiman sag
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(1) HEERHBOTR & it
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(2) St/Ba fH
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5 02017; s K&, 2017), L, Se S, &
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VUL Si/Ba (E/NTF 0. 6 B, AIRIKUIRL, St/Ba
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B, AR DU (E 28 K %5, 1979), 521X St/Ba
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4.3 HKREH

Ca.Cu 5 Ba FH{L, AJTIHR H Ca™ HI Cu™ B
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(1) Rb/Sr{H
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W7 SCELZH R A e 2 A, DTRUR I
BT A, B U0 A I AL TR R 2k T
B,

(2) St/Cufl
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(3) Fe,0,/MnO [H

Mn 7 R & e g, 6 AR DO 1 4%
(N BAR, Fe FEWIEIAEEH 5 UL Fe(OH) , AR
AP DLTE, i, DO Fe,0,/MnO B =5 {H
TR IR AR s TS (RWAK, 2005)
521X Fe,0,/MnO {4 0. 37 ~50. 44, F-14 21. 69,
Jz e S-S 2 T AR e B Ak 1 O 35 A, TORR AR I Ak
T2, B T UM Ak 2 IR S iR e <

(4) Ca0/(MgO+AL 0, )4
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Fig. 8 The changes of paleowater depth and paleoclimatic conditions in Yixian Formation and Jiufotang Formation in the north

of Naiman sag
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Table 3 The parameters of abundance of organic matter in the north of Naiman sag
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The oil bearing characeristics photos of evaporite cores in the Yixian Formation in the north of Naiman sag
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NA-2 9, 1 543.05 m; d—Z8 L AFLBE &0, NA-2 I, 1 543.05 m
a—oil in the cracks of evaporite, Well NA-2, 1 476. 68 m; b—oil in the dissolution pores of evaporite, Well NA-2, 1 506.49 m;
c—intercrystalline pores in evaporite, Well NA-2, 1 543.05 m; d—oil in the pores of evaporite, Well NA-2, 1 543.05 m
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