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Abstract Recently, mixed sedimentation involving clastic, carbonate, and evaporite components
has been identified at the base of the Majiagou Formation in the Ordos Basin, offering significant insights
into the tectonic-palaeogeographic framework during its early depositional phase. This study systematically
examines macroscopic and microscopic petrological features, along with representative depositional
sequences, to reconstruct the depositional environment. Integrated geochemical analyses were conducted to
investigate the genetic mechanisms, geological significance, and elemental behavior associated with this
mixed sedimentary system. Key findings include; (1) The mixed sedimentary assemblage comprises three
primary lithological components—clastic rocks, carbonate rocks, and anhydrite. (2) Sedimentary
structures indicative of tidal flat environments, including scour surfaces, normal grading, transitional
bedding, and brecciated anhydrite, were observed and used to define four subfacies: tidal-dominated
channels (F1), muddy/arenaceous dolomitic flat ( F2), gypsum-bearing dolomitic flat ( F3), and
supratidal sabkha ( F4 ). (3) Geochemical data reveal distinct elemental partitioning during
sedimentation, with vertical variations reflecting fluctuating terrestrial input driven by sea-level changes.
Laterally, rare earth elements exhibit greater mobility compared to terrigenous elements, suggesting longer
transport distances. The results indicate that the mixed sedimentation originated from reworking of
sandstones derived from the exposed Changcheng System within the central Wushen Banner-Jingbian
palaeouplift, triggered by marine transgression during the early stage of Majiagou deposition. This unit thus
serves as critical evidence for the existence and persistence of the Wushen Banner-Jingbian palaeouplift
during the O, m, to O,m, intervals, which played a critical role in facilitating regional uplift and ensuring
sustained supply of terrigenous clastics throughout this period.

Key words mixed sedimentation, tidal flat facies, geochemical characteristics, Majiagou
Formation, Ordos Basin
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Fig. 1 Palaeogeological map before the depositional period of Majiagou Formation in Ordos Basin (a, modified from Li et al., 2021)

and sedimentary integrated histogram of Well T112 (b)
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Fig. 2 Characteristics of dolomitic/ gypsiferous sandstones of the O, m, to O,m, of Majiagou Formation in Ordos Basin
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Fig. 3 Characteristics of sandy carbonate rocks from the O,m, to O, m, of Majiagou Formation in Ordos Basin
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Fig. 4 Typical sedimentary sequence of diamictites at the base of Majiagou Formation in Ordos Basin
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Table 1 Sedimentary characteristics at the base of Majiagou Formation in Ordos Basin
VLR WA TR T R TR B AE 5 BB (Typel ~Type6)
RS 2 I — IR T Typel: Ve BB 70 BUT A O/ £ RRIR BE 45 75 160 (18] 4-a i)
(F4) - a 5 F11 B S1) 5 %A1 04 B 5 BORD 4 AL ISR P 5k BE T 88 0 G T 4L 26 K
A~ B 7j- Nei=] i =N
waswi SRR SR e,

(F3) EMBRE S Type2: 25 FHROVEHH 102 , T U0 U8 I 46 4 60 B B (1 4D
- =P A 0 SS) W1 K B ) U 55 A B, SOV LB R L a0
A /TN RBRASE SR RBRERE G BB TR S S

(F2) I 1 7 P2 a

1% KB AR /B RARG A ERT R A
(F1) i kL = A i

Type3: {130 A IRAHE 1 & BRIREE & 658 (B 2-c) 581
IR DI T A R TR S Tk PR 2 0 T R R R 5

Typed: {1 SR R 8] FEHORE A8 (18] 2-d,2-e) s {19 /K 8 41 3%
b 3 LT H 2 i K ] 5 808 ) L UE H A

TypeS: Jofi F 275 & 53 2 1028 0 i IR U6 A = o B0 I e
Az (B 2-b) 5 Bl 0 97 7K G 2 il e 7 0 o) e 3 B3O TR

A
[= )

Type6: FIRTEMRL = & 2, Bl 4 AE h i ko A% 0 (& 3-h) 5
20 0y R XA DX 3/ A 7 R T A Ay iR A

FRERBE oKl ) e b ek, A RMRL AR AT
M (2%, 2023),

2) R/BWS—ZRIFLME (F2), RB/W—= I
FH R 32 197 A TR Wi fi g W) R K ORRL, 8
FAEW A7, 25 ) b B Bl R A AR (V)
REREANBEAEAS, 1999) , [ it g T il G 9 A i %
DX CiRFAMRAE, 2023) 0 T 52 Bl 6 a0 A2 i,
WP/ W n s SUZRRE M oA, BIZ A
By SRR R P A B o SR R A A B
EWARE)E, H R BUE B A b P 2 A B
PO AR SRR B (& 3) (22 B 48, 20235 Brito
et al., 2024)

3) ExHLME (F3) 5 LFEHRKITE
(F4) o 7E—261 59 )45 b DL ) bl #6358
W, RREE R 2R R AR P AL B 2 18] 4 J5E AR T 7K B AS By
THFE, (R I SOH d 6 408 e i A A kb 45, il i
b, ALK R B T B AT ULTE Y
M, f& 20 7 JOF 2 AUE S (West et al.,
1979) o B = YEVARTE )8 8 5 5 LA AT Hek sl 48 4%
BIEMEIZ R = FUH B E R aE R F (E 2-a)
(Riley and Byrne, 1961), [a] & J7 7 i 38 i b 5%
A W AR, [R) P  22 9108 1R A% R S (18] 4-
a, 4-b) (Aleali et al., 2013; Andreeva, 2015) ,

gi b, SRR 22 M i T 5 IR IR AU TR L
T Bh oS W R 5, J® T R R AR & R
(Mount, 1984) . 1 Hi ¥ a) fili 52 € 38 1k /Y 5 B2 o,
LR AC/ NN e S VANV A28 A s R LR S A ]

I WRnTE . o PFLL R b A i P A
HULRmE, REHE A BRIRER S L g ka3
PR TR A DU, JE BT W58 X A PR ZE B 24
RPN (R 1) o SHEWAHARBIIRBUAES N
B AT (B 25 1B 3), RIS KW AR
A DT A T i G R RV 5 I O A (el 7 B
&, 2024),

4 RS MIKULFHFE

4.1 BLHIEHEN

X SRR A R B R , dE— A
BRA 7 J5 1k Rl U A R BEAT PR, PRI 3R
¥F AL, Ti, Sc, Th, Zr &3kt & ( Turekian
and Wedepohl, 1961; Algeo and Maynard, 2004;
Tribovillard et al., 2006) , # R HF 55 X N EE N
RAE, HmiadaoWeiae, WiEtrm
Si 5 R B/ VA Bl PRS2 e s 8, Hoh w (SI0,)
<3%E AR R, ez WG S
W7, B i 5o B IR BUE RE R R, AL O, &
5 Ti0,, Zr &8 R EGR M IEM L, MK R
KT 0.7, 5 Sc, Th &R IEMKC(E S-a 2
5-d), XERH ERITR EERAMBEKEE (T4
L4, 2018) o fERGUREE W B AR P, BiA T
EFALIE PSR EC I Y P S

BRIEREBOT R Z A0, BRI BRI A B
TAETPRMA, ERIRBEE T REE & B EER



‘CM K

WA BAE Tl R M PR BT IR AUA K T RRAT SO 65 U A B R O

A% BIH USR5 — Bt — 5 = Bl 51
a b
I 5
L6t
) ¢ 50f o
.l R>=0.7605
_4or ° .
o R*=0.179
@300 ¢ :
~
2 [ ]
? 20' .. ° ° L ]
L™ °
10 .o:... ....
o0 L]
o 1 2 3 4 5 6 7 8 9
Al,0,/% ALO./%
c
J 401 d Loor
: [ ]
8of
30t
ks 60}
. X
i:f 201 ° <
£ . ¢ R*=0.1815 S 4o
10t ‘s o . °
° °® 20f
) N ® ®
© 2pe °® |
o 1 2 3 4 5 6 7 8 0 :
AL,0,/% ALO./%
- ®1(Si0,)/%>3 n=18
©] 4507 f] 14
° 12 o ©® w(Si0,)/%<3 n=16
3507
o ° 10}
: . X
E R*=0.2343 -
a £,
m -
~ @ 6 o ' .
N L [ ]
4 .
2F @ R*=0.1717 Sr/Ba=1
....‘ N "’“""."‘".‘-'-.--- ‘---‘ ‘ : ‘__/_“
o 1 2 8 o 1 2 3 5 6 7 8 9

3 4 s
ALO,/%

4
ALO,/%

S AR 2 A T R 2L R A2 W B IR A2 A

Fig. 5 Geochemical characteristics of terrigenous elements in mixed strata at the base of Majiagou Formation in Ordos Basin

& ( Webb and Kamber, 2000; Nothdurft et al.,
2004; Chen et al., 2021), Jxz, 2K T
MBI L ¥ REE & & (R fE 5K, % /N T 50
ne/ g (Kawabe et al., 1998), Al,O, vs. REE 32 [
P S 7 P 2 (A AR A i TE AR OG 1 , HOBFSE X
ZRRENH REE & BB R, ASRVIZ B T REY
B A B ([ S—e) o

TUR AL o #E H, Sr Y B O R 8 35 T
Ba, it Jiffi A % K 36 55 B9 BUAR Y S/ Ba (B 2 3%
T KRG (Garzanti et al., 2014) 3T % 4F
fiE, St/ Ba {0 Bl ] T 0 Wi TORUK AR 2 15 52 21 il AH
IKARBIR AW, 38 %A S/ Ba> 1y i A UK

DURERSG , B 22 W) Sy ol R 5 7 il 2o 90 R ) 3% 7K PR 358
(Chen et al., 2020; Wei and Algeo, 2020), AlLO,
vs. St/ Ba 2L & W7~ AL O, F1 Sr/Ba {H Z [8] /£ 7E 1t
FHOCHE, Hoh Bl I B W R A A v, L —
L EREA Y Se/Ba {1 ZE A 8/ T 1, T il Y5
Y BTSN RE il St/ Ba {HBEA R T 1, Fe Rl
k10D E (K 5-f), ALO, vs. St/Ba it (5-f)
AR A T3 72 Al 1) B T U A kT o 9 A A ) 5 55
FETE 22 S B 30 1) b R A 2 o 3

BT BIRTTER S S EAE A A SR S BT, IR SE
AR UM FERE S P AFAE R IR TR G, TRl R 7 J0 R %
B L Bl R RR R B 8 A0 A A B S 5 Sl e



‘(IM K

182 + W E

#& 2026 4 2

4.2 BEE—HBREESR

it Al,O4 vs. Sr/Ba ZZiC E bt (& 5-f) JESE
TIRG VIR SRR IR T 2Ok A RS o 78 0 Rl
b #E—2B AR E 5 2 T AR R Y TR R
T, AN 5B 2 AN Dy T T R IR A DU AR T
FR IR 2 W LAY

GhI) b, AR5 S 0] 9 W AR N 98 ~F- T T e 42
il 5 i 050 AL 25 3 58 0 Bk 2 170 T R 238 418 A X DR/
(FEFEESE, 2007), 2R BUE & E 1O K
#EZ — (Zecchin and Catuneanu, 2017; Li et al.,
2021a; Brito et al., 2024) . ] 40 7 B o A= A vk 4,
H1 T 52 21 22 4> 1 TR vk 3 A Te] ok 8 2h 25 2 A 1
Wi, AR BRI P T AR S, HAL T AR T T
k¥, SFAKRL—_S4L 8 Y (Pangea) i
R Pl AP 43 3 X DA b Bty R 3 0 9 R B R B R TR R
a8 E 2 R )ZE  (Fielding, 2021; Brito
et al., 2024) o Mz, T2 2N FERLBAZ AR,
R A XALAE B R #h & 3k & 9 91 0 LR AR
o, BEJS B B R Y A R, X A E S AR
SR W N (A E RS, 20205 R4 RAE,
20215 kAR, 2023),

g A gy VARSI

AR Ut AR BR BE WAk 5 F mOgE B g B
(B 1=b), A Bk Im) EAFAE 3 B 58 %
MR —H R IR . JTR S X ORI, AR
T - THT 1) T WY S5 W) 3 3 ) 2RI 3 b )2 7 i
BRAVIRE B P oc K ek fksmn, H5 Si|
Al Ti SRR CER DL & REE & 5 2Z 4] £7 75 I 7]
KIK(IE6), BIHALTH) 46 Z 80 AL,
P TETRH X ARG, O Bl 5 A ) B e PR 3 O, T
AL T I ORI, ST TR O B, )R 9 K
M B T B U A ) SR Y B, T O BR A 2 )
M K 55 ( Algeo and Maynard, 2004; Tribovillard
et al., 2006; Liet al., 2021a) ., 1M Ca & = F{CFHE
4 25 38 U5 T R 5 98 Y- T T R 22 E) U A AR G 18] O BBk
(L 6), BIYAL T ) 46 iz s % 2 m AL, Ca
T YRR R A K, EBE A B R /Y F
K, WIEE ETHER

Bl U5 AR SE R AERR 1] B AAEE . [ T-a
H 3 0 2 e P [ AR K A TR, (H AR X v
ST SR T A TR R AR R AR AR A, X IAE
TUUBUK BB, 4 T0 3R 5 0 00 3 2l 72 B2 A58 o
XATRES) 2 AN T5 m A B A OGBS S Y T T
e XoF 3 i 50 5 e g R — B, AR R ) K TR 2

YREE :

CaO/% i ALO,/% : TiO,/% /ugg'

T €————> JHi0 €D 60i0 €> 4010 €> 9:0 €> 180 <> 450!

5
Bf 3820 | °
I RPN
1, l
= o)
1
| —°
Br 3830
- —o
_[= )
2
- ,
%38407 A
B 1 —O
o S
3 1 o
¥ ‘ o
7% 3850 o0
KR 7 :

o o o o
o '} 0 ')
o0 o o) o
——o o0 |—o —o0
oo o) o
0 o |—o o
o o o) Lo
—o |o o o
—o o —o ——o
——o o o) lo
o |o Lo o
o o o} -o
o0 0 =6)
—o

40‘—0 O O

B 6 HRRZ A T1I2 JF T 52000 4 — Bl T i I e 5 0 % i K b (a4 ) o3 A

Fig. 6 Sea level fluctuation and vertical distribution of elemental contents and ratios in the O, m,

of Majiagou Formation from Well T112 in Ordos Basin



‘(IM K

WA BAE Tl R M PR BT IR AUA K T RRAT SO 65 U A B R O

>, AR A L — Pt
W28 % WL PLSR IR 22 407 4 b 5 — B — 5 — B Ry ) 183
—_EAA
T1123f EES YY 13
[0 ;3 GR/APL | SiO0,/% Ca0/% }i GR/API Si0./% Ca0/% }(5 GR/APL | Si0,/% Ca0/%
m0 15010 < 600 <> 60 /m0<— 1500 < 600 <— 60 m0 <1500 <— 6010 <> 60
=g 1S
o= L%, e L. et I T =Sl I
5 Ei
o | |3
C R - 4
~ g 3 B
i +5-
2 e S 5 R
L2 e o ° =
. E M g
= o [
— | Ll
3 1% T 4 -e- -
T 2 S
KR E B

4070

3390 "
.

° L]
L) o
ERTEN i,
i “ ° °
L] L]
<
E
I O T2t | T R
" O 1k A
1 @ vyt
o Lo M o B o WL oo M o WU o ML o e B
0 | 1111l 0 1111 1111 S T N - 0 1 1 1 1 1 1 ! 1 1 1
|
= N N '
2F = 20 |
] o )
s - 0 ; : ! ]
- j ~ 0 150 = =
<4 = 040 - - 2
) ! & 200 F -
- 5k - = L - m
= 5] g0 <
ok | eo% | | [ 250 -j -
7= - 70F s - 300 i i
8_] L g0k L L 350 - -
9] 90 400

a—TH2 JUAN YY1 JF ERCR G RIS b—T12, J1UR YY1 JF AL O, Zr o S REE § 843 15 B )7 [
B 7 SR Z Wi A B BT R A i SRR ORI 1)

Fig. 7  Distribution of major element content and evolution of terrestrial sources of the O, m, of Majiagou Formation

in Ordos Basin (wells location shown in Fig. 1)

TR R AP o A\ ) TS S O R A RN B
Hoe, 3 MM ZEREMC R, TH2 5 TR
MRZE N RIEAED A, T EABERIA L
AEG M, B B ORI IR C e — sl
3, ISR, W YY1 S R AR R 5,
EAR Fh 5 28 v A oty Mo S 18] (181 1-a) HEWT, YY1
AR S ZE R A BT B GG AL 58 Wl 24 fih
(M AR, 20215 BUMIAKSE, 2021), 7 iz /=
AP IR T REYEAR . NI, SR TR Y 4
DB B e, A o Bl R T 3R 5 0 Bl A o 5
B JELEA,  [R) e — 2B A e T B 5 A UL AR W) 3 il
TR B P IR DX A T F DX PG

SR X Y BE B, A R e ki YRR AR R
S5, ARJTR W WAAEZE R 3 I
i AL, Zr fl REE % & 40 M S e ik &1 (181 7-b)
KA, AL, Zr 55 SE I8 0 R 78 58 0T W0 I X0 Bl O
HBCEL A O 73 1, T2 85 ) 90 ) DX 5 bl 3
AR A TE BN RGN REE /95 & BAA WA
AR AR, (HTE I 2 Wy U5 ) DX H 3 AT el
DLYE 7 A X 8@ Ko BL BB 3], ALl Zr
SEORRIROC R Y HUEE B A X, T REE 97 #E
5 IR XA S

RBUE R Siy AL Ti, Zr ZRREIOCR £
BEEAB AL ET Y P (Webb and Kamber,



‘(IM K

184 + W E

F & 2026 4 2 A

2000) , 7ERG VIR A, Z 2K I B2
Wiy, RELBORE DA s EE A W R DO, s R 45
o MTARZEITWARALREFENRA (B4
S, 2021), PR 2 R Bl IR 0 R B BT A
Bi. M REE JSURY HUEE B 1, H¥K, &
K I DR 52 # b A, I TE B Bl L A
H, REE JUR Z W 70 R L W) 55 4k UL A o
( Nothdurft et al., 2004) , iz 1 2 & K I 52 ) 3|
ST i X

5 itig

5.1 RMERMEE X

RAVE I AURA LS A DU, A W DO
TR E R E 2R (SKREFEMSE, 2023) 0 A
NGl i FE AR )2 V5 R = X
FLAE, WA R 155 i — 1 vl B 7E JE
AREMFE (IR, 2021), [Hizd ik fE
PR R AT MATERR . HATEZA 3 F
WA e (1) B 5830 4 PUAR I & 1 i — 3 10y e 18
WHE, AFHEER (GHbF 2, 20225 SRAFMEE,
2023) 5 (2) MAMER R w58 Tl Bk IX 5 = BL
A E S —B—5 B, A = BT B i
— 3§ 0y R R R QR PR gl (HTE RN, B
FWATIRH I HE R (BITREE, 2023);
(3) D—Br—5 Bl B T 1 i i il B
Z b, R oK bl 5 8 KR (R R
(ff A0 2, 20235 fh 73 BREAE, 2024), JF Hixlr
G AR SN H DU R BRI R A, XK IR e
ERHE M A 7 HA U p 7R R (B 2%,
20215 BhAFRERE, 2022) o ABETEEE T ULRIY: 5 4
BRAEA BT, A B A 2R HR B R BUE TP AT fiE
55 B B 5 o i o R AR G . R, RS
14 4 T X T SR8 AL URR A0 400 A oty e BE A SRt 2 A
HE IR L

B, AR ET A R (A 1-a) K
A, EEANGHIEEN, PPl i —ug i — i
DA, TEHEE AL, R R )2 O KR
Woa RS, 20215 AR, 2021), ©F5%
DX PN 22 1R 32 A 18 B HRE— 8 30ty e X5 ]
e S XA (] k0% 2, 20235 B,
2023; gRAFARAE, 2023), W40 T2, J1 &40

i 2 il OC R A R S IR AE B R, A T112 JF b
RIA 2 WA 132 2 B I8 M A EA AT, A~
AT T BRI R B R A A b s (RRBHE {2
¢, 2020) W] AR BFSE X CE Y BEJE ) 5 ok R
(K 8) . MOMAFHIEE R, KIMAD AN T A
g, R WA K s S A E MR (0 E A,
2024) , X5 H GV AL B B A T RE ] A 0 6 A
AL (B 2=d) 5 H 5 508 H A7 Sk 8 DL di—rp
WhE, RIS ABD (K 2-d), 5EEh—#k,
25 UL W] BEFE B ) IR X IR AR AR . iR BT
TR USCH AR IERY, S5 A TR A IR
4 Bl AR S AR AT B B T RIRR .

Hk, RILAERE TS W BT DO AR 43 5 R A O 1 -
L RV HAFAE— B F W3 A 31 %A & GR {E TR
Y (B FEAE, 2024) , X} T112 H. Sh473 H Al
XQU IR S UL P 5 i hi B 5 %F Hb 2B, BEE
SR X B S K, DORRT A R JE P T o L
ik, RiEEMAn (18 8) . flan T112 H-# )8 A ALK
BIES KA SA S GRERN, BHK
WK K E (B 4-b), H A 9ihs 5 ] LUk 5|
W (K 2-d; B 3-e). 1 &M Sha73 HF1 XQ1
I, BBEMNRFES KA, A9 BoRkL R
W1 s/ (B 3-c, 3-d), RA TR WA I LLJE &
NE, WhaARptaR GRS s S EHS

e, MKk s prde i, B TH2 7R,
il V5B i 1 b BR A 2 S B WSS (] T-a) o X
UWITE S X WA TR R BE T =T, WiHE
Bk B PR X,

DL E 2 A B2 RIS 4 R B, 3 i K0 A DT
WK & & B IR AU 09 Dt PR 1 | i — 3 i oy i
FZHR 88 R IR R b R TR Wi, S—B¢
—HTRIRBUAMET, WARSUEW] 75—
Ty R A R P 20 S I AL TR R R AR, T
ERK R E B (5 —B—5 RO )
KRR, S ER AR R S R DX R S I 45 il
g, M2 5 2 5 K0 R b )2 A TR i #2 rh
(1 8),

5.2 R IEH A IT R MK F M
BRI SR AR R A R i A BR A S R AR

FeWT, FEIR B AR Bk AL 2 i 2 45 T 3 A7

TR R AR (&) 8) o ST T T T T Y R



e

WA BAE Tl R M PR BT IR AUA K T RRAT SO 65 U A B R O

$28% B 1M PLSR IR 22307 4 . o — By — o — B Sy 4l 185
Sh4733f
B A
T1123
AL ot E ,
XQUI

WL s oty ol i
/m !

48

TH2HY RSB A X Sha733kY

L L R[] B
WRE W A RRE % WRM
WK WH BREE A5H

==
Z 4
2= -

S SURE BRI BRI MER é‘a\ﬁ’ﬂ’: Wb YRR
MAZE BRAZE Azada Mafs Adza %ba e Ass

A SRR 230 > s R

>« Ko W Hm O —B

K8 SPRZH Rt —B— T T B R A /B IR R TTAR 23 S 5

Fig. 8 Sedimentary differentiation pattern of clastic-carbonate rocks of the O,m, and O ;m, of Majiagou Formation in Ordos Basin

RIMDRSE X N DLRR . JC 3R &5 SR A o e B B
Y- T8 T a0 0 T I T 96 A B R, AR ARG VT T
BRI, SRBROCER S H 08, RIBHOTRE 5K
55, TR X VS T A e P DU e 22 o U, SR IX
R 4 9 0 L B A DLRBUK AR B A TR A v, iR
FUURII BT R AE 5 B s, (AR 2 52 319
ST TR P o de e, A R R R s 1 A
Si, AL\ Ti, Zr % 3R R I o0 R B 20 W A5 0 8 2
ERUR 7RSS L R SRS DS R S N AN
HRRIES L, PEUMEOCRAER G IR R Py
RO RS A, UL W IR X SR 5 B K oF-5 T REE

EACE S RRUR7E S ERIRGALY/ I U 8= T P NUN
Pewy, JFEWEIE YA XK (E 8) . Hik, 1E
AR RN BRIR A ek b TAEH, R
(L A D DX AR GG, R AR 8 T Tl 552 i ) A
AR, JEHOR LR 040 5 R i i o0 R
Fo

6

1
52

n_n

iro st

1) SRRZW A S R S — Br— 5 —
BRI A 2RI A SOE A A o AR R



_

CM K

186 + W E

#& 2026 4 2

Mg, Rah () zslR/ERDE. (&) @
FRHz AR (%) BEATEF AR,

2) B—B—5 B H M- E - B R
RE WA/ Vi A = — BRI A s ki
HoRBH B EREA A AIRIREE B A 5F
PORPLRUFSI, WRRIE bR . IERLF . G
P2 LA R A SRR B A 8 o 45 i R 9 3 B AR AR S
I A AR TR IR BUA Y T iRl R 5T, R
TR )RR A A 2R

3) AT VR o s R Ll YRR T
SRATAE A T oRBL IR TR MREE S B8 m, H ALO,
5 TiO,, Zr X REE & & B i (9 1A e . o,
00ty ¥ 28 i 07 W 1 SR Bl U OT R DL % REE &5 B R
MR, HEEE PR EISn s kX, %
RhURTC R & R LS o IR A R TR
W ITR o AL, B b R R e B
T T B T 77 2 o 5 AR o g e s, AR ) B TR
BOR R IROT R B A T i HO

4) S—B—H T BUUBU, DU Uk
SRR Z2r it i, 5 R 0 vy R AR A ) I AR
b By 2830 A IR AUA TP Rl IR R B TR X

£ % ST ( References)

UL AT K, ERTF, kT, sk @ A0, ™0, 1B . 2022, SR £ M
S DU R e T A i AR R S 28 . ol M B AR A
24(5): 951-969. [ Bao H P, He D F, Wang Q P, Zhang L, Zhang J
W,Yan T,Yan W. 2022. Four main paleouplifts evolution in Ordos
Basin and their differences in significance of oil and gas reservoir
control. Journal of Palaeogeography ( Chinese Edition) ,24(5): 951
-969]

W3 . 2010, SRR 22 307 sth e L oty A AR 7 b 3 AL 5 4 BT SR A LA, AR
FRPE T A2 12 8 30 : 1- 147, [ Chen A Q. 2010. Basin evo-
lution and sediments accumulation during Eopaleozoic in Ordos con-
tinental Block. Doctoral dissertation of Chengdu University of Tech-
nology: 1-147]

FAL K BRULHE YR, 255, W ki, R K. 2007, BEUEIEE S
WRTR LR & DU P A JL R . bR 2 E % ,22(9) = 931
-939. [Dong G Y,Chen H D,He Y B,Qin Z Y,Luo J X,Xin C J.
2007. Some problems on the study of the mixed siliciclastic-carbon-
ate sediments. Advances in Earth Science,22(9) : 931-939 ]

DI, SRR, 1999. SRR £ Jh W B 42 T 5 38 1A A T 3. DTAR
4 ,17(1); 1-8. [Feng Z Z,Bao Z D. 1999. Lithofacies paleo-
geography of Majiagou Age of Ordovician in Ordos Basin. Acta Sedi-
mentologica Sinica,17(1): 1-8]

fop% & AR T B B, 1 A, TH R, BORE. 2021, SRR
230 4 b R FG 40 X O R R 3 A O U B AR AE. A1 U 2 AR,

42(10): 1255-1269. [He D F,Bao H P,Kai B Z,Wei L B,Xu Y
H,Ma J H, Cheng X. 2021. Critical tectonic modification periods
and its geologic features of Ordos Basin and adjacent area. Acta Pe-
trolei Sinica,42(10) ; 1255- 1269]

i s, gk B, T e S AR A Ph . 2023, SR/R 2 07 A b
Ly R I AR X U O PR R HLBE. il S K R U R,
44(2) . 276-291. [He F Q,Zhang W ,Ding X Q,Qi Z Z,Li C T,
Sun H J. 2023. Controlling mechanism of Wushenqi paleo-uplift on
paleo-karst gas reservoirs in Ordos Basin. Oil & Gas Geology,
44(2) : 276-291]

VO ML VEZS KB/, X, B A7 e, ARk, K e, 75 . 2024, 5
IR 2 R AR — & SRR R DUBVARAE 5 DU K.
L AE 4R ,26(4) : 911-925. [ Huang Y G, Xu J, Zheng X P,
Liu Y, Zhong S K, Li L, Zhang D F,Tan X C. 2024. Sedimentary
characteristics and sedimentary models of the Lower Permian
Taiyuan Formation limestone in mid-eastern Ordos Basin. Journal of
Palaeogeography ( Chinese Edition) ,26(4) ; 911-925]

SRR TR, I LT, 7 o i B, 2 SRR R
JEL M. 2020. ¥R K B8 B TR B A LB AR SRR I DT BR IR S
HAOFRHE . DL ROR G T AL R I8 iR R Rk M 4L o . A
MR 5 7 % ,47(3) : 476-489. [Jin Z M, Tan X C Tang H,
Shen A J,Qiao Z F,Zheng J F,Li F,Zhang S X, Chen L,Zhou C G.
2020. Sedimentary environment and petrological features of organic-
rich fine sediments in shallow water overlapping deposits: a case
study of Cambrian Yuertus Formation in northwestern Tarim Basin,
NW China. Petroleum Exploration and Development, 47(3):
476-489]

LA SRR R R X B, N i, R NS. 2021. R BUA
A PTESARAE R IR E L DI RER AR e fl iR 4
. BOAR S ,39(3) : 525-539. [Li H,Li F,Gong Q L, Zeng
K,Deng J T,Wang H Z,Su C P. 2021. Morphological characteristics
and provenance significance of heavy minerals in the mixed silici-
clastic-carbonate sedimentation: a case study from the Xianniidong
Formation, Cambrian ( Series 2) , northern Sichuan. Acta Sedimento-
logica Sinica,39(3): 525-539]

BRI, ER W, W AR SR, R IR, R XL
2021. PR 230 4 3 3 iz Bl AN B G TR AE L2 B R
S KRS H R, 42(5) : 1043-1055. [Li X B, Wang H B,
Huang J P, Zhang C L, Zhang Y ,Wang Y T,Zhang L, Wang J, Liu H
Q. 2021. Characteristics of unconformity resulted from Huaiyuan
Movement in Ordos Basin and its significance for oil and gas explora-
tion. Oil & Gas Geology,42(5): 1043-1055]

XE =X, R A A D, 5 AR, VR, B A BR L E R R, A
MR TGN . 2024 T E R BB A AR 2 AL RS AR
FEOUHD . LUSBIR 2 17 800 I Ik &R O B v b B 2 4T, 26(6) -
1435-1451. [Liu H Y,Liu M J,Hao Z L,Ren Y,Wu E Y ,Xu H,
Zhong S K,Tan X C,Zeng W, Lian C B, Dai H M. 2024. Pore for-
mation and preservation mechanisms of ancient deep tight sandstone
reservoirs: a case study of the Mesoproterozoic Changcheng System

in Ordos Basin. Journal of Palaeogeography ( Chinese Edition ),



_

CM K

WA R BRI R UG R R KO & AL B R R

B2WE 1Y

VLSRR 22 0 4 3t & — B — 1 B 1) 187

26(6): 1435-1451]

TFFR, o] 55 0, 4 S, BRI, V7 A, JRORE, A B S, TR
2023. IR 2 3 4 b 5 o TR Y A Y 40 A LT A B M R R . A
R S5 % ,50(4) : 755-766. [Mao D F,He D F,Bao H P,
Wei L B,Xu Y H,Cheng X,Gou J Y,Wu S J. 2023. Distribution, e-
volution and structural properties of Wushenqi paleo-uplift in Ordos
Basin. Petroleum Exploration and Development,50(4) : 755- 766 ]

BIFR AT K, AU BN, BURE A8, i, VR AR, 2024,
SRR 22 B 4 VR S8 12 Bl M A S R T L A R AL ol B
#%,26(1); 119-131. [Mao D F,He D F,Bao H P, Wei L B,
Cheng X,Gou J Y,Shi J,Xu Y H. 2024. Distribution characteristics
of different Huaiyuan unconformities in Ordos Basin. Journal of
Palacogeography ( Chinese Edition) ,26(1) ; 119- 131]

WR B g, v BB 42, T3t 5, 2 SO 2020, SRR 2 30t X v T ol 7 K
IR VIBURRIERF S VUL R 22 4 ( B AR R ,50(1) ¢ 105
~112. [Ouyang Z I, Feng J P, Ma H Y,Li W H. 2020. The sedi-
mentary characteristics of the Middle Proterozoic Changchengian Sys-
tem in Ordos area. Journal of Northwest University ( Natural Science
Edition) ,50(1): 105-112]

Z , Ronald J. Steel, 387K M, BRL/IN I, BRI BB, 2023, 3 % i A 72
BT AE D SE 25 38 . 7y #3274, 25(5) « 1069— 1089. [ Peng
Y, Steel R J,Gong C L, Wei X J,Sheng L N. 2023. A review on tidal
depositional processes and characteristics. Journal of Palaeogeogra-
phy( Chinese Edition) ,25(5) : 1069- 1089 ]

RIS, KA, I A, IR AR, RSS2 X, I A, P B, X
B, 4%, IR . 2021, DY I 4 M ot X 2 48k i 4
TRTRRHIE B OH M BT . il 5 K AR LB, 42(3) @ 627- 638,
701. [ Song J M, Zhang Y X,Yin K W,Liu S G,Chen Z Y,Li Z W,
Tian Y H,Sun W, Liu Y,Jin X,Zhao L L. 2021. Characteristics and
geological significance of mixed sediments in the Lower Cambrian
Longwangmiao Formation, central Sichuan Basin. Oil & Gas Geolo-
gy,42(3): 627- 638,701 ]

B, AR %, Jp P, BB 8 (L0, OE R, R 3. 2021, 5
IR 22 M A A R P 2 R W R AR O3 A L R TR
2. AR S % ,48(6) : 1162- 1174, [ Wei L B, Zhao J X,
SuZ T,Wei X S,Ren J F,Huang Z L, Wu C Y. 2021. Distribution
and depositional model of microbial carbonates in the Ordovician
middle assemblage, Ordos Basin, NW China. Petroleum Exploration
and Development,48(6): 1162-1174]

Wi, T BT 2012, 8% HUOK 4 3th 2 8 4 )2 0% 3 2 T OB
Ak, R E K224 ,41(2) . 242-255,261. [ Yang B, Xin R
C,Jia J H. 2012. Sequence stratigraphy and sedimentary evolution of
Bachu Formation in Tarim Basin. Journal of China University of Min-
ing & Technology,41(2) : 242-255,261]

TAA& kKR TR, ERERR, 0L, S AR 2018, SEP R 3 ILIY
T BB G T 8 AR BUS HBR AL 2 AL X IR R R L A
%% ,25(4): 65-75. [Yu D D,Zhang Y S,Xing E Y, Wang L L,
Li K,Huang Y L. 2018. Geochemical characteristics and implication
for provenance of mixed rocks from the Pliocene Shizigou Formation

in the Nanyishan structure of the western Qaidam Basin. Earth Sci-

ence Frontiers,25(4) : 65-75]

TRAEBRTRRAE , 3K A T3, A8 AR IEAR, R BT 6. 2023, SR/R £ M 4
bR 2 AR R L o A 3 A R X AR A
PR A S KRBT, 44 (1) : 89-100. [ Zhang C L,
Xing F C,Zhang Y Q,Jiang F J,Xu W L,Zhang A M. 2023. Tecto-
nic evolution of Qingyang and Wushenqi paleo-uplifts during the
Early Paleozoic and its control on Cambrian lithofacies paleogeogra-
phy in the Ordos Basin. Oil & Gas Geology,44(1): 89-100]

PG R R NLEA T T A I R I B, RSB N
M, M, T T 0%, 2022, 7 b R JR) X R A — Rk R R oA 3 A
RGBS S 26 . LASRIR 2 i AR A P R T K i A
FBE 6 WB B, £ B 5 9T & ,49(4) . 728-740. [ Zhong S
K,Tan X C,Hu G,Nie W C,Yang M Y, Zhang D F,Zheng J F,Xu
J,Dong G D,Xiao D,Lu Z X. 2022. Control of paleogeographic pat-
tern on sedimentary differentiation of evaporite-carbonate symbiotic
system ; a case study of the sixth sub-member of Ordovician Majiagou
Formation M5 Member in central-eastern Ordos Basin, NW China.
Petroleum Exploration and Development,49(4) . 728-740]

i A7 B TR R, BRMIORE, VA, O, AR I, AR S, L AL 2024,
SR 22350 At BB AR T G0 A — By — = BOk i B Ak S I ol
ST S AR 5 T &, 51(5) : 10401052, [ Zhong S
K,Tan X C,Wei L B,Xu J,Wang Q P,Xiong Y,Wu C Y,DuJ S.
2024. Tectono-sedimentary evolution and oil-gas geological signifi-
cance of first to third member of Ordovician Majiagou Formation in
Ordos Basin, NW China. Petroleum Exploration and Development,
51(5): 1040-1052]

Aleali M, Rahimpour-Bonab H,Moussavi-Harami R, Jahani D. 2013. En-
vironmental and sequence stratigraphic implications of anhydrite tex-
tures: a case from the Lower Triassic of the Central Persian Gulf.
Journal of Asian Earth Sciences,75: 110-125.

Algeo T J,Maynard J B. 2004. Trace-element behavior and redox facies in
core shales of Upper Pennsylvanian Kansas-type cyclothems. Chemi-
cal Geology,206(3-4) : 289-318.

Andreeva P V. 2015. Middle Devonian ( Givetian ) supratidal sabkha an-
hydrites from the Moesian Platform ( Northeastern Bulgaria). Carbon-
ates and Evaporites,30; 439-449.

Brito A S,Nogueira A C R,Dos Santos R F, Angélica R S, Rodrigues R.
2024. High-frequency palaeoenvironmental changes in the mixed si-
liciclastic-carbonate sedimentary system from a Lower Permian re-
stricted basin ( West Gondwana, southern Brazil ). Sedimentology,
71(5): 1515-1557.

Chen G,Gang W Z,Chang X C,Wang N,Zhang P F,Cao Q Y,Xu J B.
2020. Paleoproductivity of the Chang 7 unit in the Ordos Basin
(North China) and its controlling factors. Palaeogeography, Palaeo-
climatology , Palaeoecology,551: 109741.

Chen Y X, Liu J B,Shen B,Wang Y N,Wu R C,Zhan R B. 2021. Geo-
chemistry of lower Ordovician microbialites on the Yangtze Platform,
South China: implications for oceanic oxygenation at the onset of the

GOBE. Palaeogeography, Palaeoclimatology, Palaeoecology, 578:



_

CM K

188 + W

2 F &

2026 % 2 A

110564.

Hazard C S, Ritter S M, Mcbride J H, Tingey D G, William K Ii R. 2017.
Ground-penetrating-radar characterization and porosity evolution of
an upper Pleistocene oolite-capped depositional cycle, red bays,
northwest Andros Island, Great Bahama Bank. Journal of Sedimenta-
ry Research,87(5) : 523-545.

Fielding C R. 2021. Late Palaeozoic cyclothems: a review of their stratig-
raphy and sedimentology. Earth-Science Reviews,217; 103612.
Garzanti E,Padoan M, Setti M, Lopez-Galindo A, Villa I M. 2014. Prove-
nance versus weathering control on the composition of tropical river

mud ( southern Africa). Chemical Geology,366: 61-74.

Kawabe I, Toriumi T, Ohta A, Miura N. 1998. Monoisotopic REE abun-
dances in seawater and the origin of seawater tetrad effect. Geoche-
mical Journal ,32(4) . 213-229.

Li H,Li F,Li X,Zeng K,Gong Q L,Yi C H,Wang Z J. 2021a. Develop-
ment and collapse of the early Cambrian shallow-water carbonate fac-
tories in the Hannan-Micangshan area, South China. Palaeogeogra-
phy, Palaeoclimatology , Palaeoecology, 583: 110665.

Li L,Ambrose W A ,Lawton T F,Stockli D F. 2021b. Tectonic controls on
the evolution of mixed carbonate-siliciclastic systems: insights from
the late Palaeozoic Ouachita-Marathon Foreland, United States. Ba-
sin Research,33(4): 2281-2302.

Mount J F. 1984. Mixing of siliciclastic and carbonate sediments in shal-
low shelf environments. Geology,12: 432-435

Nothdurft . D, Webb G E, Kamber B S. 2004. Rare earth element geo-
chemistry of Late Devonian reefal carbonates, Canning Basin, West-
ern Australia: confirmation of a seawater REE proxy in ancient lime-
stones. Geochimica et Cosmochimica Acta,68(2) : 263-283.

Riley C M,Byrne J V. 1961. Genesis of primary structures in anhydrite.
Journal of Sedimentary Research,31(4) . 553-559.

Tang H,Xu Q,Li S J,Li L, Wang X F,Tan X C,Zheng J F,Kershaw S,
Yang X F. 2022. The Ordovician retroarc foreland basin on the Yan-
gtze Block linked to the final assemblage of Gondwana. Lithosphere,
(1): 8698933.

Tribovillard N, Algeo T J, Lyons T, Riboulleau A. 2006. Trace metals as
paleoredox and paleoproductivity proxies: an update. Chemical Geo-
logy,232(1-2): 12-32.

Turekian K K, Wedepohl K H. 1961. Distribution of the elements in some
major units of the earth’s crust. Geological Society of America Bulle-
tin,72(2): 175-192.

Webb G E, Kamber B S. 2000. Rare earth elements in Holocene reefal
microbialites; a new shallow seawater proxy. Geochimica et Cosmo-
chimica Acta,64(9) : 1557-1565.

Wei W, Algeo T J. 2020. Elemental proxies for paleosalinity analysis of
ancient shales and mudrocks. Geochimica et Cosmochimica Acta,
287: 341-366.

West I M,Ali Y A,Hilmy M E. 1979. Primary gypsum nodules in a mo-
dern sabkha on the Mediterranean coast of Egypt. Geology,7(7) :
354-358.

Zecchin M, Catuneanu O. 2017. High-resolution sequence stratigraphy of
clastic shelves VI : mixed siliciclastic-carbonate systems. Marine and
Petroleum Geology,88. 712-723.

Zhao D F,Zeng J J,Tan X C,Wang X F,Qiao Z F,Luo S C. 2023. The
coupled evolution of depositional systems and paleo-redox conditions
was recorded in terminal Ediacaran sedimentary succession in the
Tarim Block, NW China. Journal of Asian Earth Sciences, 249,
105623.

(REHE KAEH)





