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Abstract: On the basis of outcrop, drilling cores seismic, logging and geochemical data, the main sequence boundary surfaces of the
Yan an and Zhiluo Formation of Jurassic on the northeast margin of Ordos basin were systematically studied. On outcrop profiles
and drilling cores, the sequence boundary surfaces show characteristics of iron weathering crust, truncation and lithologic—
lithofacies transformation. On seismic profiles, the boundaries are featured by onlap, downlap and truncation. The rock—electricity
relation indicates different types of mutations. The trace elements also show mutation characteristics. Ten different orders of
sequence boundaries were identified, including three I-type (TSB1—TSB3) and seven II —type (SB1—SB7) sequence boundary
surfaces. | —type boundaries include TSB1 sequence boundary surface between Yan an (J,-,y) and Yanchang Formation (Tsy),
corresponding to T, in seismic profiles; TSB2 sequence boundary surface between Yan an (J,-,y) and Zhiluo Formation (J.z),
corresponding to T, ; in seismic profiles; TSB3 sequence boundary surface between Jurassic and Lower Cretaceous, corresponding
to Tk in seismic profiles. As regional unconformities, 1 —type sequence boundaries including TSB1, TSB2, TSB3 reflected tectonic
activity during Mesozoic period. The II —type sequence boundaries were main climate transformation surfaces and showed the
cyclic changes in climate factors. The vertical variations of values of Sr, Cu ,St/Cu, FeO/MnO and AL,O-/MgO indicate that the
paleoclimate and paleoenvironment experienced a changing process from warm—humid climate to dry—wet alternation, arid and
semi—arid climate; TSB2 and SB6 were main climate transformation surfaces. Vertical zonation of stratigraphic structure is obvious
between Yan an and Zhiluo Formation on the 3D models of the study area. The uranium bodies mainly lie in the large sandstone
overlying TSB2 sequence boundary surface, in the form of plate on the 3D models of sandstone and uranium mineralization bed.
The uranium bed was obviously influenced by the vertical zonation of stratigraphic structure and paleoclimate transformation. The
integrated identification of sequence boundaries will not only reduce the casualty of artificial empirical recognition but also provide
a basis for the division of Jurassic sequences and the establishment of isochronous sequence stratigraphic framework. The research
on space—time attributes and the indicated geological meanings of the main sequence boundary surfaces will be helpful to revealing
the process of "Yanshan movement" and its influence on the paleoclimate transformation and sandstone— type uranium

mineralization.

Key words: sandstone—type uranium ore; Jurassic; Yan an Formation; Zhiluo Formation; sequence boundary surfaces; 3D model;
mineral explotation engineering; Ordos basin
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Fig.1 Simplified geological map of Dongsheng area on the northeastern margin of Ordos basin (a)
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1—Quaternary; 2—Pliocene; 3—Lower Cretaceous Zhidan Group; 4—Middle Jurassic Zhiluo Formation; 5—Lower—Middle Jurassic Yanan Formation;

6— Upper Triassic Yanchang Formation; 7— Middle Triassic Ermaying Formation; 8— Lower Triassic Heshanggou Formation; 9— Lower Triassic
Liujiagou Formation; 10— Location of drill hole;11— Location of stratigraphic correlation profiles; 12— Sampling location; 13— Sandstone— type

uranium deposits
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Fig.3 Outcrop profiles characteristics of sequence boundary surfaces from Yan an Formation to Zhiluo Formation in the Gaotouyao
and Shenshangou area on the northeastern margin of Ordos basin

a, b—Unconformable contact between Lower Cretaceous Zhidan Formation and Jurassic/Triassic in the Gaotouyao and Shenshangou area; c—SB6

TR )2 5 g h—1m K 78 M X AE 22

sequence boundary between upper and lower member of Zhiluo Formation.1—2 coal line inside lower member of Zhiluo Formation; d—Micro—

unconformable contact between Yanan and Zhiluo Formation in the Shenshangou area; kaolinization sandstone on the top of Yan an Formation; e—

SB4 sequence boundary conformable contact inside Yan’an Formation; burned sandstone on the top of Yan’ an Formation; f—Plant root soil being the

identification symbol of the sequence boundary inside Yan an Formation; g,h— Regional iron weathering crust (TSB1) : Unconformable contact
between Yan an and Yanchang Formation

http://geochina.cgs.gov.cn H1EHLFT, 2020, 47(2)



284 h &

b, J 2020 4F

)G, 401 T KB XA 2 22 TR R, th T bk
HP )R A K 2 XA R T e AR Shy v 0, AT
TR T IR TR B b " o L AR R A at
Hi DT B T 105 7 i 0 4 PR (2 L 45, 19905
XIS, 2006) (4) B2 20 &R A9 11 24 )2 )5 51
(SB5~ SB7) , iZ = A~ Fm¥ g Gm, Hi, )27
LI SBS i B A B AN UTRRUIE |1 A o3 AT, £
FRIRAE(2005) 4 1.2 41N BEFR 43 0 B BE—
TWB (12 ) EFBE(0,272), F B £ ] i b
VA B R A T 25 1) 32 3 VR Y K AR
TS BE D A RIS e B bR B A F W B,
A (SBS) 28 H A TFOM bR A A T I B T 1) i
Lol ZeA (Bl 3e) . 275 SB6 N HP 4 I
BL(12) M B H T B (1) 2 R, Hm R b
T AR A 2 PR 2 A R b )2 B 6 A 28 78 (] 2~
d) o ZRMZ T NKE KGR E A, F iz
oA —E - T AN TR, R AT A
HOK, FE BB M X R B W H 20K, HA X
S ARHIE (1 2b) o FEBF A Sk IR FLA S, SB6
S BN A A 2B T B B -
IRER” — 53 (B 2¢) o J2 7 51 SBT AN A5 3k 119
DX IaXF e, 7R R X, QAR RS X, % A
0038 J 30 P B8 A ML g 25 B, DA T2 0 e 4 e
ik, FL 1T SB7 Az ML J 4 Br 5 N 402 A g
B A (2 a) o (5) PR (KZ) 51R% &
=& [ 255 (TSB3) , iZ A e AR X
F A 23 S 0], B AR Sk Bk 43 B A DX
AR T (K 2a; 8 3a~b) . HATERARRK,
TSB3 FiZ A ME— MR = - B IE)Z R Bk
i (E10) , FHRIEH— M iR P G 52 H By
CLAANEE A SO E S . o AR S m k A —
AR FHER IS ER o B AR 2 5 A B AR ik
B RM=FRZMZAIT(E 3a~b) , X EREHIX
A R R
3.2 EHEERFFREiIRA

b B (i) 590 T S S U R AR AR 22, S b
AT 2 ff P AR SCHEIE 5 XA s R H 0 A
FE B HEE ) (S X D1S 2RI L76 28 — 4k
HuRRHI T ), A AR E 15 B 60 IE AN 2 o 7%
RS . MR XTREIE B B BB 0R LR 2
57 B ARSI B O 4L %) b S T A, AT AT L

b pe iy e T N ) = S 11D ) i ey
XFHEAEES . MIEHLIX D1SZRI L7624k — 4=
FIE AT LA A X Tk Ty Too TS PUAS 2 AL
FAE 2220 3 22 5 HRE 20 I It e ik s ol Wk 2 (BT 4)
TR BN, RGBS H R A OZ A
TSB3) kB 8 9 DX I A N5 Bt v - A 4 2%, o
FHES TR R =& R A HZ o0, [m)
FNEE NS HP A B MEAES B, 1
U2 7 S TSB3 1 TSB2 T &5 % 2 98y 11 % L T
M, IR E R SR (K 4a) o IEAN, M1
RIEHRAP IR 7 R NI ZIh 4 B3, R A T
- AR SNEIEAS , 5 U0 E) AR R el FLE A 2
BB ST E 28R (K 4b) . BB A FBS P
JZ 7 51t SB6 e M AE ) R BARRH B,
T KSR R AERAS . AT BSR4
TE A A b R ) Tt LA R ) S SRR
AN R T i 19T g 35 B b, AR s o (181 4b) , -
RIS /N (R IT EAD R , ol IR BE /N T R Ay B
— BB I AR P PRI S IR R F R
LA b, 3 AL 4 IRELE RN 5 IR 1 2 i i A —
AR AT, T Tao T AT FE RS B) 35 1T 3
PLRE R fEM e X R T (R AT ) 4
fE(E 4b)
3.3 BHRMHLE LEF REHEBIFERIZ

FRAE

JZ P A ST — 5 AU A R T W TR
B RAF MRS A TE R PE BRI, S5H
REGORMH G, D0k AR FUR A R AH Y AR Ak
1) S5z ik, AFL LA o 1) 3 3 R e Ak R B B
AR, LR TR 2 e AR Bk B ) e
AREEAE o SR 1T ULl S e S R 2R A R
G B — 0 26 PR e 1 A, AR Uk E FH H AR
AN — 08 e, JSEL 25 RIS i 22 — 400 e L 256 25300 -l 2
Ao I X AE e 4 RN B AN [R] 2 e AT
FEIESEATIFZE , P00 H AN [ i AT 2 A v o) S+ i 2
FEIRFAE

(DG (JZ 7 ) 51 i DR 2 Bk 2k
2L TR N Tl U D P =y NI Tl
MU 228/, b F 1E 7 PRS2, A2 ¥ 5t i TSB3
Z b A RGPS ER A B AR R 2 3
LR R E B B B % A 22T ORI

http://geochina.cgs.gov.cn H1E LT, 2020, 47(2)



FATE B2

TRFRARAT SR S A AR AL AR Y 22 5 SRR AE S B0 AT ™ PRI i i 24 285

15-17

R EMIL
At oo

15-27

" m]]W),III”WHMWW ek

‘MN
i
i

T ) 2

e

K4 SRR IR E M X RS R GE L 2 — L2 A MR 0 L f) S S 2 112 5 2 e St i ) L)
1—1‘5%%&%33‘?2 RS g P A LB 3— TR P S EP T B 4— T — FRP G IE 44 5 5— b =B i KA s 6— M2 7— s

8— Wb s 9—HE A5 Lo— b s s I —HD 5 12— & RN & 5 13— BTk s

s 14—00cf s 15— H ARy 2 16— BRI 225 17— R )%

FUIT 3 18—HbRE S S i

Fig. 4 Types of reflection termination and sequence boundaries identification of the Jurassic

Yan 'an—Zhiluo Formation on seismic profiles in the Daying area, Ordos basin
1—Lower Cretaceous Zhidan Group; 2— The upper member of Middle Jurassic Zhiluo Formation; 3—The lower member of Middle Jurassic Zhiluo

Formation; 4— Lower—Middle Jurassic Yanan Formation; 5— Upper Triassic Yanchang Formation; 6— Coal bed; 7—Mudstone; 8- Siltstone; 9— Fine

sandstone; 10— Sandstone; 11—Gritstone; 12—Conglomerate-bearing gritstone; 13—Sandy conglomerate; 14— Conglomerate; 15—Natural gamma ray

curve; 16—Apparent resistivity curve; 17—sequence boundary; 18—Reflection termination of seismic profile
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Fig.7 Characteristics of the main sequence boundary surfaces and stratigraphic structure of the Jurassic Yan an and Zhiluo
Formation in the Daying area, Ordos basin (No. 15 exploration line)
1—The lower Cretaceous Zhidan Group; 2—The upper member of Middle Jurassic Zhiluo Formation; 3—The lower member of Middle Jurassic Zhiluo

Formation; 4—The fifth part of Yan an Formation,Lower—Middle Jurassic; 5—The third—fourth part of Yan an Formation, Lower—Middle Jurassic;

6— The first—second part of Yan an Formation, Lower— Middle Jurassic; 7— Upper Triassic Yanchang Formation; 8— Natural gamma ray curve;

9—Sequence boundary
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Fig.9 Variable trend map of ICV, CIA&Ce for Yan an
Formation and Zhiluo Formation on the northeastern margin
of Ordos basin(All of 28 mudstone and siltstone samples
from Shen Shangou area, the northeastern margin of Ordos
basin; modified from Zhang Tianfu et al., 2016)
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Table 1 Geochemical statistics of trace elements ratios of mudstone from Yan an Formation and Zhiluo Formation on the
northeastern margin of Ordos basin(data from Zhang Tianfu et al., 2016)

XA Sr/Ba B/Ga U/Th V/(V+Ni) V/Cr Ni/Co  Fe/Fe** Sr/Cu ALO;/MgO FeO/MnO
0.68 1.28 0.30 0.76 1.44 2.22 0.19 19.10 22.02 25.68
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0.20 1.15 1.26 0.67 1.31 2.15 0.57 4.87 30.77 41.33
HY AT
0.22/0.17 1.5/0.72 3.24/0.12 0.76/0.58 1.64/0.89 3.31/1.42 1.56/0.12 10.35/2.41  49.65/23.44  75.67/17.18
0.33 1.61 0.25 0.76 1.26 2.73 1.84 3.30 63.01 62.70

ST
1.13/0.17 2.24/0.80 0.35/0.16 0.81/0.68

1.50/1.12 6.17/2.12 3.66/0.41

4.98/1.59  121.25/32.28 101.08/28.03

T LN, T o A AR AR

http://geochina.cgs.gov.cn H1E LT, 2020, 47(2)



2020 4F

HE

H

290

Paq wnIueIN—G[ 91eIdWO[SU0)— ] ‘QU0ISIIS JULILdq-0)eIOWO[SU0)— | QUOISIIN—7 ] ‘QUOISPURS— [ | OUO)SPURS dUI[—()| QUOISHIS—6
CQUOISPNIA] —8§ POq [B0D) —/ ‘OISSBIN[ J[PPIN —IOMO] ‘UOrjeWIo,] UBUek JO 11ed pPuOOdS-)SIly Y —9 <OISSIN( S[PPIA -1oMO] ‘UonewIo ue uex jo Med yanoj-piy) oyl —g <OIsseInf o[ppIA -10Mo0]
‘UOLBULIO,] Ue UeX JO 3ed Yyl Y[ — ‘UOHBWIO] ON[IYZ JISSIN{ S[PPIA JO LOqUIDW JOMO Y], —¢ ‘UOHBULIO] ON[IYZ dISseInf d[PPIA JO Sn&oa Joddn oy [ —z ‘dnoin uepryz snodoejor) 1omof oy —|
(MS—AN uonodaI( ‘ZNd) UIseq SOpiQ JO UISIEW UIISLayHIou d} ‘eore Suoprey) —JuenydIjueAy Oy} Ul SN0dJLJAI)) JoMo] pue dIssein jo o[iyoid uoneaiiod orgdeisnens o181
ST A —y 1 A S — €U A e — T @ —O T @i —o*
W8 E L W WG mh L —h—9 HME = TG @ L —h—S HI TG @ —h—v HL W@ G @ —C JT i@ G @b —C R G b L —1
([l b B =2 9F TN I 1 I G B L —32 @) A M8 — N1 LOZAR M L 2207 d0% 01 3

wwwww ° o o > o e v . . @ . T . . . - - - ———
wwwww Gl |~ FT [0 o o €l [® o o Tl e o 11 T s Ol [+ » = « 6 [« = = R [=—=
s o o * o o * o " e . - - - p—

Uwoomm

00
A E

69-LAZD

Al S$8-LANZD

http://geochina.cgs.gov.cn H1EHLFT, 2020, 47(2)



FATE B2

SRRARAE SRR Z W AR AL G AR D R 2 e R AR s B B FRI5E A 249 291

DU Y 0 A (Cox et al., 1995),ICV #i , H
PRI o7 B AT . ) 38 3% 3l XU B A 1Y)
B3 A T A R R X sl 2 A Ak 2 AL
B IR 1Y B S (BR, 2006) .

L A I TED 28 4 U8 AR i ) CTA B ICV F54)
MR E B B A AR AL (18] 9a b)), 1 H L%
HT BRH A E B ERAAAE A R B 0 57 (27
S TSB2 FISB6) ., CIA KX ICV $8UAF IR AL H) J2:
Wy XA 38 3% ity S AR T R e 1 - OJ2 7 ST
SBI1 % SB4 27 [a] (#E 24 40 — Bt ~PU B ) I A& Y CIA Fil
ICV BB AT IR XS fR e . 27
FLI SB4 2 I 1) CIA WG K ICV 8 HGE W/
B R DX b B AT A T A i R X R iR B Ak 2 IR
T ET . QIR L, HE YA ICV T8 50 i
T TAELE UL R B HL AU o B Ik T
FEZEA . JUHUE TSB2 27 A 2 L) CIA B R
ICV ZUR BT+ (1 9a.b) , S e T Wi IX Ak KA AR
FH S ek 55 ORI o3 A B 0 SR, s
th RS I B SR 2 A IR G T
435 5 ZU TG Bl I o 3 S A Y X L B A
e 3 A7 AE IR AT A A A A . OB
ZH T B S 5 T TSB2 3 T AL 1 SB6 , CIA #4 44
BTG, ICV FeEC AR Wi T 5, S iR X A b2
KACVE RIS , A — @ FEEE AR R & B B X
S A A T R AL

4 JRFp B R S s JE

LR JZE AU RS AUR AR KRS R 2T
K43 R U R S, 1 ELAS [R)UR 110 2 7 S 1 e He
DURURRIEIC S T R MOk 2 e 23 b 19 1 A £k | X3
PRI 3 Bty R AR T R
41 EFREREEESZMENXRITiE

BRIR 22 W A b 7 B S8 s R T AR ORI
SEHLT FR AR A A 1) B AR A AR R AR R, B
i — S T IR T U i2E A R RS PN ki TR 2 b () T
R T, & & e B B A S A TR UAR R .
H, =& 2K B s Bl il M AR AR B S 6 7, B
i b =S a0 A 2 TS A7 A K B B AR . A
BN 3238 8 BT e Y TSB JZ 3 A 2 b, AR 2 i
DIPTSR T R BRPE ) & B iR, K
T RAL M BP AR S ESE , TSBL J2 5 5T Sl — i AR

ANE R T, MR R RN T 52, Bz
PRV RE TR =S REMMAENE S
TSB1 %Lz b s B4 MRS &R & FUURUR
2, Z VA0 ST R TR 24 R
ML A0, Fi IR gRer, 5 5w 2 R 2K 4 PR
AR A 22 R, TSB1 2P A A
A RLR St ELA | rp R 3 2 22 4 TR
B S A VR A 1 1 o S e — S B A B
DX ) 5 12 AT 22 b ) L A Bl 2 4 R 3 ) 3T A
WA 5 A 2 R TR 5 B i, ANELRT LS R i e B
(RS R A B A Al s A T i b
S TE BB 1 T A R SR A

R kP e ] SR 2B ks 1T —&
R B WIIA — F N SRR BTN, 42 4 53k
B SR IEZE 6~20 2, 2R KIEE T35 10 m
Z(ZFEH%,1990)(E 10) . ZEZ L NFK 44T
AU 5L (SB1—SB4) J& 1] 43 54> =2 Ty ) 5t
T, FE U R Sk b B0 i i — e fi, HoME
Sk R B DX I 7K AL T, 22 W i i Ry
FITVA TR o 12 4 28 SR 7E FLRH R | B — 0 i [0
TR &, S S 2 RS RO, IR ARA 3, 4 X %4
PRI, — X AR R . TEREZ AR i AL By
Boh, 27 SQU gk R T LR B Tl S AH DT AR A 4
S 2P SQ2—SQ4 & A b & B RS E TR, ik
b ST B ) T 20 T N T R (S R
T A s 2 7 L i SB1 & SB4 2 ] JE A A L
HICEIEbR I CIA FNICV 855 v, LY
5 DX 1 RS R 5 R SQ5 BB LU, 7 b
B A6 T, T L, A K AR AR . K AR
JiF 2281 Sr.Ba & f& 1 St/Ba {H 75 B 7~ SB4 2 ¥ AL 1
Z e A FH AL AR AR AR R A R 3

H DR 2 S22 K F AR T 1L 38 B R A R
R T, MR TRERZ T KR R 2R UL
FRURTT | Jay i ALk DX g T AR ) g i 4 A T2
FRbA” . DURRIBIE & T IE 44 5 3 H P 4K
TR AL D7 22 8] A A2 I AN 26 A5 T (TS B2 A
1), MR R RN T, JAE . Az L E
B LA AR 2R 32, R S A PRI S A0 A 6] JE
L] 3 BB TR R Bl IR A B — B A X T Xt
ey IR R R SRR S (810), TSB2 #tiz |
ICV R BRI B & TR 2 N IEL A s

http://geochina.cgs.gov.cn H1E LT, 2020, 47(2)



292 i &

b, Ji 2020 4F

BB A o A I (N F IR 4 4], LI TSB2
LT BT CIA 3R (ICV 208 T+ (K 9a.b) , Je e T
Y5 DX Ak 2 AR FH B s 5 | DOR ) B 53 i A
I AR, X S fF BRI R B I B B A 1 1 B
(RIBEGE . TR i ) A G R 2, g1 as B 32
S BTRIR 22 W A SR S B H iR 1 T AT, A
iR 1l X AR B A2 UUAN . AN 733 G 300 iy
S 115 LY. = B W R 3 o R B2 DA
L, HUELRE A 3K 1200~1300 m, io 58 T H ik 2 i 10
2 IR 5 B ) P s i A A i o AR (o P R R
BE®,2006) .

H A A SR 22 i 2l SR B2 TR AR
G R A RS DU T — B H R SR R
FEN~E14), —4EbrEHTE Bos  ZERE 2N
OB T IRRE 2 =8 2 AR E )2
Z Lo TEZ 5t (TSB3) KT, oM 28 A5 RRAE e 8t
T2y, HRR ) T AR 2 B0 B 00 T, RS2 (I
6)o FI¥EZRIEHRAY TSB3 FLimi e il T 98 /R 2 Wi 4 b
3 A Tl R 5 e AR T 5 A8 Ry 5 sk G e B, it
i, ZE b 20 RS 2 & AR e 51 5K, PR R L
W A SRR Bl o B A 25 SR I T R kb R iR
TV FH R DR 22 TR ORBUE . AT it
B30 04 5 | 5K AR TR AR AR 24 0F 55 45 SR 48 /R L 4R T 140~

135 Ma (Ratschbacher et al., 2000), & [ S rf g
W1, 32 X SR T 5 1, SR 22 i A b P R AR R T
X B T A5 JRy— B AR B M 1 St 5 A AR e
KB B E,2006) , M AICEIEY ZR—H
WRMZE S BN, T G S R
Tl vt HLA 7R P 55 AR RS R SRR
P80 MR S AR R (T 1) o Hery 75 e — Pl
EARE LI BN B—17, T AR R ERE,
JELHE—FBEAE 700~900 m, 0 MAy HL LA R A —/NE R
FERTIA 1000 m, [ A< JERE 60k, ELEIERIS (] 11b),
42 EFRESHSBREFENTE

DR et X L 7R g 2 6 e ) v R o 1 9 R
FR B0 T R L ER A 27 ) T R 08 73 M AR b 2k A~
HWZFH, R G BV A F B R4 )2 Bl
FROURRHE(EL 10, B 14), “ 2127 IKH Y SB6 127 5t
AR T IR R AR B, EEARIAE LT T
[ (D ZE A, IRY G2l s 1Y
2T B, M2 3 A0 i B 3 0 08 i K K R
AR R IRERE, T L2 A 1 B2 B B 58 A8 R 4R 4T
o, S T TR A RN 038 S A5 1) SR AL R G
7R (B 2, 10, &1 14), FLi SB6 if i e CIA
ICVH88UKR 2878 , HAREAT R AR fh g 3t bt =~ A
I (E 9a~b) , 1R A 8 Hi 7 Hh ) 2% 38 LSRG 165 %

(b)

&1 11 5R/R 230 A AR b 2 = A b 2 S5 AR RS St (5] (56T 3200 F B ALAIHE , T34 4L 3 2km=2km)
I—F FEGEFHE 2 — R G T P A FB 33— RS G E P U T B A—h— NRP S ZH 1B 5—h— RS R L H = F B,
6—h— RS G 24— & "B T4 2
Fig. 11 Models of 3D stratigraphic structure and grid map on the northeastern margin of Ordos basin
(based on 3200 drill holes, average drilling grid 2kmx>2km)

1— The lower Cretaceous Zhidan Group; 2— The upper member of Middle Jurassic Zhiluo Formation;3— The lower member of
Middle Jurassic Zhiluo Formation; 4— The fifth part of Yanan Formation, Lower—Middle Jurassic; 5—The third— fourth part of Yan an Formation,

Lower—Middle Jurassic; 6—The first—second part of Yan an Formation, Lower—Middle Jurassic; 7—Uranium bed
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Fig.12 3D models of sandstone and uranium mineralization bed of Zaohuohao uranium deposit on the northeastern margin of Ordos
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