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Fig. 1 Sedimentary basins around the Ordos basin and the location of the Ningnan Basin, North China
(modified after Liu Chiyang,2006)
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Fig. 2 Stratigraphy and tectonic evolution of Ningnan basin, North China(modified after DengHui,2014)
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Lithological column and sedimentary cycles of Qingshuiying Formation in Ningnan basin, North China
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Fig. 4 Sections and lithology of Qingshuiying Formation in Ningnan basin, North China
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(a)—Gray-green thin mudstone(distant view) ; (b) —gray-green thin mudstone(close view) ; (¢)—bedded gypsum(close view) ;

(d)—bedded gypsum(distant view) ; (e) —filament gypsum and honeycomb gypsum; (f)—crystal gypsum
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Fig. 5 Rock types and sedimentary environment of Qingshuiying Formation in Ningnan basin, North China
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Table 1 Concentration of major elements of gypsum

in Qingshuiying Formation
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1| J2WRAR [0.115]28.57] 0.07 |0.103| 1.6 [0.478|0.021{0. 009
2 | RARAE |0.151(28.680.078(0.082] 1. 27 | 0. 424{0. 017 0. 01
3| EWRAE |0.107|28. 84(0.073]0.076{ 1. 09 |0. 321|0. 014 0. 008
4| G5 SR 0,304 28. 83| 0..06 0. 091 1. 15 | 0. 348|0. 019] 0.01
5 | &Gk A 0. 06728, 99]0. 0620. 022 0. 35 0. 126]0. 006 | 0. 007
6 |45 SR A 0. 087(28. 81/0. 073] 0.06 | 1. 33 0. 257(0.017] 0. 014
7 | 4G A 0. 06929, 01]0. 094 |0. 042]0. 526 (0. 169 0. 009 | 0. 006
8 | LYtk A7 0. 12128, 85(0. 063 (0. 046 0. 974 (0. 247 |0. 012] 0. 008
9 | L 4ER AT 0. 219]28. 39]0. 065 0. 129 1. 55 | 0. 468|0. 024| 0. 01

10 | £F 4R A3 | 0. 065]29. 12]0. 148]0. 033]0. 687|0. 131|0. 013 0. 007
11 | £F 4R A58 | 0. 123]28. 89]0. 106 | 0. 056 |0. 667 |0. 195| 0. 01 | 0. 006
12 | 4R A8 0. 922(27.09] 0.49 [0.301{ 4. 95 | 1. 06 [0.053]0.017

13 | £F 4R 47 55 |0. 148 28. 71]0. 054 0. 054 |0. 957/ 0.18 0. 012 0. 009
14 | SRk A |0. 272| 28, 140. 148 0. 147 2. 33 |0. 576 |0. 026 | 0. 012
15 | ZF 4k A5 78 0. 419 27. 84{0. 155]0. 194 3. 18 0. 766 [0. 041 0. 017
16 | J2ARAEF |0.105]28. 810.093|0. 045 (0. 801| 0. 21 |0. 013 0. 009
17 | J2ARAEF |0.717| 27.6 |0.163|0. 227| 3.84 | 0.9 |0.046|0.014
18 | WA |0.893|27.64[0.165| 0. 16 | 4.51 |0.695[0. 041 0.018
19 | JRARAF |0.814(26.16{0.191]0. 377| 6.27 | 1. 52 0. 073 0. 029
20 | JERATF [0.237(27.63[0.188] 0.17 | 4.84 | 0.76 | 0.05 | 0. 014
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Fig. 6 Distribution of major elements( %) of gypsum in Qingshuiying Formation profile
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Fig. 7 Correlation analysis of major elements of gypsum in Qingshuiying Formation



o BT

962 http://www. geojournals. cn/dzxb/ch/index. aspx

2L

#H
2017 4§

A AR — AR K S [\ i MgO,Na, O, K; O,
SIO, \AL O, Ti, O F1 P, O; 5 s A8, EPIE T 4 7 iR
AT B2 B UG 8 W o2 e 4D

(DWEKEH B (8~17 J2),Ca0 Fra s fbi Kk,
H AR R i A N3 Rl B MgO, Na, O, K, O, SO, .
AL Oy T, O Fl P, O; & B8y » SV S ] F AR R 3,
LR W KB A R B T OB K IR AR R S TR
AKX PTRRAB R IR B IR A £

G EA FE(18~21 B) . AT EHFMR, 4
BONHRAR B By i 0w R AR RS oIk A1 5 . CaO Fr 4t
Hr 5, AT BB S T I KB DT RS DT R ER B AR 1k #1301
IKARA AR TR A B DR S TR A

4 Pr AR

R T8 7 A DO AR PH IR 60 435 78 o O DO AL A
PRI A U TR T P A b v 7K 8 20 b TOAR i )
a FE R Vs A PL 2R & A R kAl
AF B 2 WAl R BE F ST Y O Al B R (Miao
Zhongying et al. ,2014) . [R Jt38 £ X 35 7K & A e A 1
A DL AL FFAE BEAT B ST AL RE DA o — 1 AR 8 Xy e
20 0 T T b 1) SR AR 2 AL R A TR
4.1 BHERFE

AP FE 48 B a4 A AL ) B T
i) e 5 AT AL BT F B E R Oy A PLBOR IR R
{1 55 1F (Zhang Huifang,2016) , 7EfhiAH AL 8 230
Je v AT LT T B i S W AR g B L K AR
B AW 7 AR A WUSU R AT S5 R e X i
AKE L 38 11Ul A A i AT TOC g A # S il ik, 45
R (8 &) G /KEH T B)Z TOC FiA: f2 i & (S,
S, R A M JZ S i 1) B AR DN U B TR JRA ) 7
AL S ) W K AT S T 2 S5 R R A 4R 2
TR KRR AT A AR A 22 AE
IKEH T 9~11 J2 TOC RAE WS (S +S) e
B S WA 2 AR A A e R R L 7K A AR X A
R 9D,

4.2 HBHRER

WARTCRR YA HLISTA 2 Flok I8 5353 S A A AL
FEANIEA BT, AMIEA BILBT 35 2k T i DA il b >k
F18y Ity A= o A R0 5 T P TR A AL 2 A AR A A
B 7K A= A ) (Miao Zhongying et al. ,2014), 40544 #l,
JoT e A T A= e A5 R A K DR A LI S 2 A AL BT 2
R B B BYL AT AR S R D BT D /) (Qin
Jianzhong ,2005) s 45 LAZK A= A 1 2K U5 A BIL BT A
F DA BT 2 AR T e R L A R B e K R )

Ko MIEZKE L R 1A (& ) K EH T
B Wt v T3 AR 70N o R BRA AL LA re 56 A 2 K T
3 IEAFERTIE TR A I8 7 T R 0T R R AR £ K
PRBETRIREAE 5 T3 7K 2 v B A FA AV T AR O R
S WA BILJTT LK AR A R IR 0 O 32 4 O 32 225
B E I > g R AR R
4.3 BHHRELEE

ARWHEFEINR TR O FiE K E IS 5 e
(B8 0T A B A 28 (R, o 5 S 87« Ry 43 A 7 0.55 %6 ~
0. 66 %02 18] .S F-24 0. 60 % (% 2) . KRR I A RBVE
B BeXil 43 b5 #E (Qin Jianzhong, 2005) . AF 5% [X T 45 #F i
2 Ak FAIK B AR R B B s Uk B A BT Ak A DR S 4
A ER .

TEEARB SR 7 B85S, /S +S) LA
BTG AR R W AR A 1) 2 fE A ML 1 v AL R
NI 7K LA U™ 24 B R A L R AR Rk B
AR Vb B JRIC A T80 72 6 A o0 o v K A ke o 0 5, OB BA
Sl — 3B T AR A A A A s TV K B AL B BB
A BT ™= 2848 BEOM T 45 w8 o Uk B 7R T 1 7 s K B A
TORRUI RSP T80 T V5 A g 7 300 R e R 30 K AR G 5 0 Sy
D 5 S A R DR S8 40 A 1 2B ) A= A P A BB
FR 53 fift .

x2 FAREAREERERHFER,)
Table 2 R, of mudstone in Qingshuiying Formation

¥4 | HP014-01 | HP020-01 | HP028-02 | HP041-08 | HP044-05
Ro( %) 0.6 0. 66 0. 55 0.6 0.57

5 g

5.1 RALH#AZETR LAFAE

WL T A TR R SR A i R AR
MR E H R T R T R A R A
(Gu Yansheng et al. ,2000) ,{§i 1515 2 K AR S22 45 6,
b, A KB H ORI B T R A 2 g 1 — A Ay
()AL A AL T 51

I bR B GE I T KB 2 T PR R AE
AB FRITR ST AN 1A DL R AL RRAE D IE
N T R A KB TR T4 28 & 8 TR
PR i O T ELJRAR 80 4 1 14 A 8 B 3h o (B 3k
S0 UUVE I im W AR AL B B IR ALTE T TR 4
bt T 20 B A A A R T = A B

(DR PR IR K R & B B B

LB B XU T 46 T Ak (AT R DA AU f
SCRE N T WA KRB A HLBUOR A SR B R A
JRER A IR S5 5 A B Y EL 2 B VG KB 2R Bt )2




SN A P AL 5 T T Ay 3 A 0 30T R A 10 % T B G X ek 3 i R

963

2 N N —
7| w |REP . 2 % TOC o W T % i 8 7 5% 18 4
=5 (m) o 0.3 —35 [0 U 1
— - & | 1 | | | 1 | 1 1 | 1 |
M4 22 ——— E 10
= 20
= 30
= 40
21 S
= 60
= 70
E 80
== E 90
20 s g
= 100
o B— = 110
= 120
= 130
18 — E
o oommmmmens 140
T 150
16 IITII“I_IIIIIIIIIIIIII__ 160
T T 170
rrErCrCerorer 180
15 B 190
Frererererrererreere . 200
o
14 220
230
TTTITTTITTITITTITTTITTIT
TTTTITTITTTITTTITTTTT 240
=
T T0T T — 260
12 IO
—I==1 = 270
= | Em— 20
ey Re Q TTTTTTTTTTTITTTTTTTT 290
i HKE A = -1
3 lo [cooooooooom— 300
sesessesssssrues
EEsssssssumsssus=aseiEERRIY
Srreerreeeerreeee- 320
& eEsesmesieesmenae: 330
340
= 350
= — 1T =
T T TT T — 360
8 = 370
e 380
i )
IIIIIIIIIIIIIIIIIII_— 400
=— = 410
= 420
., o £ 430
CECTCrrCrererrereree - 440
“,:_ 450
= = 460
T 470
6 I_Il_ll_llllllllllllll: 480
490
E = 500
4 B 510
MO
T TIT T 520
3 IIIII_IITIIIIIIIIIIIII: 530
el 540
2 e = 550
e 1))
e =
FOT4 e 570
T

&l 8

T KB 4L A B Ak 2 Bk T AR Ak

Fig. 8 Distribution of organic geochemical parameters of mudstone in Qingshuiying Formation profile
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Abstract

With the Hejiakouzi stratigraphic section of Qingshuiying Formation in the northern Ningnan basin
chosen as the research target, this study carried out research of the lithology of Qingshuiying Formation,
major element features of gypsum, and organic geochemical parameters of mudstone. The results show
that lithology of Qingshuiying Formation is dominated by intercalated gray-green and purple mudstone and
gypsum. The Qingshuiying Formation can be divided into eight secondary depositional cycles and three
primary cycles. CaO content of gypsum reflects chemical deposition of gypsum in saline lake basin, with
Al, O, from terrigenous clastic sedimentation. The lower segment of the Qingshuiyin Formation is gypsum
deposited in deep water of saline lake and the gypsum in middle segment was deposited in shallow water;
mudstone in the lower part of the Qingshuiyin Formation contains high TOC and hydrocarbon potential (S,
+S,), indicating that climate was relatively humid and water was deep at early stage of saline lake
evolution. Besides the decreasing degradation potential, organic matter was derived mainly from high plant
sources, most of which were from land. The study shows that the Qingshuiying Formation in the Ningnan
basin resulted from sedimentation of both evaporite and terrigenous clastic rock. But the evolution of saline
lake did not reach the high evaporation stage at which halite (such as sylvine) can be precipitated. The
Late Paleogene evolution of saline lake can be divided into early closed deep saline lake, middle closed
shallow saline lake and late open shallow saline lake stages, and was good response to the continuing
tectonic subsidence and the regional sedimentary event that all secondary sedimentary depressions

developed into a unified lake.
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