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Abstract: This paper is the result of geological survey engineering.

[Objective] The Zhiluo Formation represents a transitional phase in the lake's advancement and retreat within the broader context of
Jurassic geological evolution. Its tectonic background holds paramount importance in exploring the inception timeline of fault—fold
belt development along the western margin of the Ordos Basin. This study focuses on the Zhiluo Formation, specifically clastic
rocks, from the Jurassic period in the Lingwu area, Ningxia. [Methods] We conducted analyses using X—ray and ICP— MS
techniques to uncover the geochemical characteristics of clastic rocks and the structural context of the source region. [Results] Our
results reveal that major element correlation coefficients are generally low, while trace elements and REE exhibit high values.
Notably, correlation coefficients between AL,O; and trace elements such as Co, Ni, Cr, V, Sc, Li, Cs, Be, Ga, Tl, Cu, Pb, Zn, and Sn
exceed 0.9, and the correlation coefficients between TiO, and Nb are at 0.98. This suggests that the primary source of sediment is
terrigenous clastic material. Enrichment concentration— type elements (K>1, Cy>1) include Zr, U, and CaO, while enrichment
dispersion—type elements (K>1, Cy<1) consist of AL,O;, Fe,O;, MgO, Sr, Ba, U, Co, V, Sc, Li, and Pb. Poorly dispersive elements
(K<1, Cy<1) encompass SiO,, TiO,, MnO, Na,O, K,O, P,Os, Rb, Th, Nb, Ta, Ni, Cr, Cs, Be, Ga, Tl, Cu, Zn, As, Sn, and REE. No
elements fall under the poor concentration type (K<1, Cv>1). [Conclusions] The average values for key oxide combinations of main
elements are TiO, (0.54), TFe,O;+MgO (4.58), ALLO,/SiO; (0.58), and Al,O4/Si0O; (0.18), indicating similarity to an active continental
margin. A trace element spider diagram demonstrates the rocks of the Zhiluo Formation's richness in Rb, K, and U, which are large
ion lithophile elements, and a significant deficit in Nb, Sr, P, and Ti. The chondrite—standardized REE distribution curve depicts a
gentle right—leaning pattern, signifying LREE enrichment and HREE relative depletion. In terms of geochemical indices, the CIA
(70.76—81.88) for mudstone exceeds the ICV (1.02—1.6) for sandstone, while mudstone ICV (0.7—1.14) remains mostly less than or
equal to 1. This suggests that the Zhiluo Formation in the Lingwu area exhibits little to no recycling and is characteristic of primary
sedimentation in the context of tectonic activity with a moderate degree of differentiation. Correlation diagrams indicates that
tectonic background of the source region is primarily associated with an active continental margin. Additionally, it exhibits some
links to continental island arc systems, suggesting an active continental margin or an active continental margin subduction zone,

potentially resembling an Andean—type active continental margin.

Key words: Jurassic, Zhiluo Formation; geochemistry of clastic rocks; tectonic background; geological survey engineering;
Lingwu; Ningxia

Highlights: The geochemical characteristics of clastic rocks were used to analyze the primary source of sediment characteristics of
the Jurassic Zhiluo Formation in the Lingwu area of Ningxia, and the sedimentary structural background of the Zhiluo Formation
source area in the study area was explored.
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Table 2 Analytical result (107°) of trace elements in sediments of Zhiluo Formation in Lingwu

U Sr/Ba Sr/Cu Rb/Sr V/(V+Ni)

Pb Th

Tl

Ba Hf Ta
10.3 1.69 1.58 2183 9.22 0.77 0.4

Cs

Y Zr Nb Sn

Rb Sr
3.1 67.6 265 22.4 411

Co Ni Cu Zn Ga
2.2 71.8 377 18.1

vV Cr

Be Sc

1

L

iELES

B ZKO0

Ellt

0.83

38 8.19 1.7 0.12 30.89 0.26
2.8 494 1.12 0.87 37.74 0.19
6.1 86 139 038 3889 0.39

7.2 23.1 6.44 037 30.21

0.76
0.

82

0.83
0.

0.39

78

8.5 6.57 2.16 0.34 4192 0.38

9.1 7.61 5.03

0.81
0.79
0.82
0.79

41.51 044
0.

0.3

51.05 0.37

7.5 459 2.61 0.31

0.31
0.32

6.6 593 274 035 528

8.3 5.68 294 0.35 61.71

76

3.8 5.61 384 036 66.67 0.29

34

0.7
0.76
0.77
0.71
0.76
0.77

0.31

59

6.58 6.88 0.38

— e e e e e e e e e e

124 7.13 142 2.81 435 3.15 0.49 048

—_— = —

131 632 1.5 1.61 730 3.47 0.49 0.62

33 754 264 11.1

4.9

689 4.29 0.59 0.69

2

79 259 147 171 8.16 1.66

R B B e R R B R e}

442 343 124

65 9.3

—_ e e e e e e e e =

— e e e = = —

— e e = = —

FlzKo

Rl ZKO0

FlzKo

B ZKO0
e FZKo

Bl ZK0

PMO1(1)GS2
PMO1(3)GS1
PMO1(4)GS1

%

34.6
1 ZK01-5GS1 49.5 2.46
FZKO01-7GS1 57.4 2.49

Ves Bl ZK01-12GS1 59.5 2.73

0.5
0.58

54 492 037 743

6.8 2.92 0.33

434 077
5.11

4.

0.82

8.8 8.16 0.39
9.9 2.13 041

0.65

65

— o = =

52 545 6.13 093 0.71

11 223 283 248 13.7 2.41

5.14 1.07 0.77 293

196 16.6 2.99 6.94 501

27 165 26

19 3.38 825 465 5.51 1.26 09 21.8

50 182 229 206

28 198 33.1

130 14.5 3.07 8.56 484 3.63 1.01 0.82 32.3

— =

21.9

31.4 234 89.9

02 65.1 152

18 39.8 35.6 90.6 27.1

23 82

—_— = e —

£ ZK01-76GS1 60.7 2.9

%l ZK01-86GS1 61.3 3.4

AHFF, RREVAPRA EHEITR S E RSO~
54.64%~62.16% . Al,05=16.79%~21.04% .Ca0=0.42%~
1.05% .MgO=1.81%~2.88% . TFe,0:=5.22%~8.44% .
K,0=2.5%~2.83% Na,0=1.04%~1.91% , H-F-2{t 73
5 58.94% . 19.4% .0.79% . 2.51% . 7.06% . 2.64% .
1.48%.

W78 X BV e F o R 5 KH 5 Ky
A7 - ¥ T A PAAS M L, SiO,. ALO,, MgO ., Na,O,
TFe,O, S IR 5 (£ 1), EHICEFHIE S BT
WA A R A EAE . FIFTe S B A28 A8 H8 55
(CIA) (2 1) 7T RAg iR b 38 7R W0 U8 X 0 AL R
(Nesbitt and Young, 1982 ; Wronkiewicz and Condie,
1989; Nesbitt et al., 1996; Garzanti et al., 2013) , &
I B H U ClAL=70.76~81.88 , [ e /ML F i rh
% (Fedo et al.,, 1995) . UM% S48 20 (ICV) HIRH
W DX ) o 215 & A B [V FH (Cox et al., 1995)
R EP AR RS ICV=1.02~1.6, & A 1Y
ICV=0.7~1.14 (£ 1) , & & 7R B b A ICV> T &
ICV RS, LR AR Y ICV AN T T 1,
e R EP A LD 8CE 47 T AR5 B FiE R
YEH, J& T & 1% 2075 5 T B9 R UUA (Kamp and
Leake, 1985).
4.2 ETTERFE

Pl M TR DU A R T ke e 7
K F s i ARG EL iy B B T e, DAL bR 1 A A
UURRY , (5 4R DT AT LA - b sz e U8 DX b Bk
1b27 {5 B (Nesbitt, 1979; Cullers et al., 1988; Nesbitt
etal, 1990) . 55X B2 4 #A) Co Ni.Cr.V %%
BEER TR (R 28T KBt L 52 (UCC) P& i
(V=97+11.Cr=92+17.Co=17.3£0.6 \Ni=47+11) , &
U PR A A i T 2R D s M o o £k 1)
E(K3)BR, 505 FERb K US%SKE F3EAI0
£, mFI5 I Nb, Sr P Ti & A ARG Shoc & |, [
Y. Yb . Zr HE %5 540K
4.3 L ITRIFE

WF 5% X B % LD 5 # £ I8 R TREE=95.96 x
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TCRBRALBAPRMEALTC St 22 (8] 4a) SRR I A
10, RPN ARFG 1 0 K 4B AR AL, SLREE/SHREE
{=8.52~14.39, YJE 11.12, R+t Z 5%, &
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Fig.2 Tectonic map (a) and simplifield geological map (b) in the study area
1—Holocene artificial accumulation; 2—Holocene alluvial proluvial; 3—Holocene eolian sand; 4—Pleistocene alluvial proluvial; S—Upper Jurassic

Anding Formation; 6—Middle Jurassic Zhiluo Formation; 7—Middle Jurassic Yan'an Formation; 8—Upper Triassic Shangtian Formation; 9—Middle

Triassic Ermaying Formation
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5 (OEu=0.76~1.36, ¥J{H 1.19) , LA F 45 5 59530
Fili 2% P 5 DX 1) U0 AR A A 1 OT 2 BC 0 R A A A
(Bhatia, 1985) . SEu [ 28 fb HR e T~ 14 Ji5 40 15 1 2
B, Bu B85 71 5, Fa o RS S48 K s R E R
e TR G o FEAL I8 U A bR vE AL BE oA X R
(F 4b) b, BLP AR A R BB BN A 26, 1
PR AY Bu IF S5 .

WE 5% X B % 41 e A W 1+ JT & A & ZREE=
176.02x107°~232.88x10°(# 3) , ILREE/SHREE {f

TE 9.18~11.09, (La/Yb) (b 3 BT A bR AL ) 1E 1.37~
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4d) , EX e e R B PP, T Bu S8
B Y Bu 1F 53 .
4.4 JTEHIKL FERFHES
441 LFE AKX LT

HICRM K RE(EK D) R, RX BV HE
U R Z A R EUEAR, (H ALO; . Fe,05.MgO 5
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Fig.4 Chondrite—normalized rare earth elements patterns (a, c) and NASC (North American shale composite)—nomalized rare earth
elements patterns (b, d) of the sandstone and mudstone from Zhiluo Formation in Lingwu (Chondrite—normalized values are from

Sun and McDonough, 1989; NASC—nomalized values are from Gromet et al., 1984)
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T0, THI A K FR (R4),
442K B

W5 X P A & TR RS 5t &£ (£ 6)
BoR, B EEMNITERE N U . Fe0,, B HE R K=
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Pr.Nd.Sm.Eu.Gd.Yb.Lu XM HIEH =, HHE R
BN 0.8<K<1; R ML Z BT E A TiO. . Ho.
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Table 5 Correlation analysis results of REEs in sediments of Zhiluo Formation, Lingwu
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Table 6 Statistics of characteristic parameters of elements in
sediments of Zhiluo Formation in Lingwu

JCR R ROME ORI RMER S WERBK TR AKC

Si0, 16 43.66
TiO, 16 029
ALO, 16  9.72
FeO, 16 176
MnO 16  0.03
Mg0 16 0.7
Ca0 16 042
Na.O 16  1.04
KO 16 186
PO 16  0.04
Lol 16 21
Rb 16 676
St 16 165
Ba 16 435
Th 16 46
U 16 1l
Nb 16 54
Ta 16 04
Zr 16 98
Hf 16 26
Co 16 64
Ni 16 10.1
16 207

Sc 16 5.1
Li 16 15.1
Cs 16 1.6
Be 16 1.2
Ga 16 12.2
Tl 16 0.4

Pb 16 128
Zn 16 315
As 16 26
Sn 16 14
La 16 186
Ce 16 447
Pr 16 45
Nd 16 167
Sm 16 3
Eu 16 08
Gd 16 23
T 16 037
Dy 16 2
Ho 16 0
Er 16 11
Tm 16 017
Yb 16 L1
Lu 16 0.7
Y 16 96

753
1.25
21.04
8.44
0.43
3.05
19.07
2.65
3.14
0.11
16.39
150
377
2183
23.1
10.1
19
1.29
1859
41.8
29.8
534
83.8
139
19.7
61.3
8.6
3.4
27.2
0.9
42.6
323
107
3.9
3.4
60.9
137
13.9
514
8.9
1.6
7.3
1.08
6.9
1
44
0.72
5
0.81
41.1

9.14
0.277
3.65
1.99
0.098
0.77
4.59
0.49
0.31
0.019
3.585
239

0.97
0.66
1.01
1.91
0.1
1.01
1.4
0.71
0.79
0.07
4.67
0.87

0.14
0.42
0.25
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0.25
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Fig.7 Characteristics of enrichment coefficient and variation
coefficient of various elements from Zhiluo group in Lingwu
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Fig.8 Tectonic setting discrimination diagram of SiO,—K,O/
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Table 7 Comparison of major element characteristics between sandstone of Zhiluo Formation in Lingwu and sandstone of
different structural backgrounds

FIIE T 5 Si0./% TiO)/%  (TFe,0:+Mg0)/% ALO,/SiO, K;O/Na,0  ALO:/(CaO+Na,0)
HPH 69.92 0.54 4.58 0.18 1.17 3.14
KK 58.83 1.06 11.7 0.29 0.39 1.72
K 5K 70.69 0.64 6.79 0.2 0.61 2.42
MEIPNGBUE 3 73.86 0.46 4.63 0.18 0.99 2.56
EIPNGUE 3 81.95 0.49 2.89 0.1 1.6 4.15

RSB AT AR BT R B h T s SR
Rt i 2k (E19) , AN BIRE R 52 R ITREA B &
AR, A EOR S .

Bhatia (1985) 4 FiAs [F] 14 3 FREE (¥ 559
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Fig.9 Tectonic setting discrimination diagrams of (TFe,O,+MgO)—TiO, (a) and (TFe,O:+MgO)—ALO,/SiO; (b) of the samples from
Zhiluo Formation in Lingwu (after Bhatia, 1983)
A—Oceanic island arc; B—Continental island arc; C—Active continental margin; D—Passive continental margin
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Fig.12 QFL and QFR diagrams of the samples from Zhiluo Formation in Lingwu (a, after Valloni and Maynard, 1981;
b, after Crook, 1974)
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