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Fig.1 Tectonic setting of the study area
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Fig.2 Outcrops of Wufeng Formation-Longmaxi Formation in the Jinkecun section
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Fig.3 The accumulative histogram of main chemical elements of Wufeng-Longmaxi Formations in the Jinkecun section
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Fig.4 Spider web diagram of standardized trace elements in the primitive mantle of the sample (a) and

standardized rare earth partition model of shale in North America (b)

4 DURERGE M AL 5o HT

41 FUWRFERMERKFEEL

T I FH R A 2 2 8500 52 DA BR B 1 4 AL
M TSR, T8 R S X K IR S AR R A
WA BB A4 T R HUEAE SR AR, X LE TR A T
P AR A A 22 BT AR K A S LA IR
A, AT R 3OS 1) 3 JE MK R TR g o
TR 4. Bl V. Ni, Co %m 2, kK
V/(V+NI) <0.46 15 A, 0.46<V/(V+NI) <

0.60 R EIREE, V/(VHNI) >0.60 KIRAREE, H
JEIEE VNI EEA BAE LK TR 2
AR, FECH R W TR A B AT B DR B L AT B
SR DRI, A A 3 S AU T 2 K K
AR R AT T e 8, 8 F ] A H 2 41 I AR
IR JE IR R R TC R 255 A, BB A R T )
W HURRERES . TG V/(VANDE K 0.57~0.87,
SER R 0.75, Hip s 2—3 RTINS R E, 8
FIREREE, LS 4 2, VIR K AR, N
4 EWIREE R 5 2 ORERE) 3 AR,
e LR TG, DU FR B A 3 A8, FK AR i
PESGR, 7T A IR N R A3 (18] 5),



. . NS Sy
18 Marine Geology Frontiers ML T 20254 6 A
42 5)HE/m A FigS | EaW V/(VANi) 3Ce’ 7°C CIA La,/Yb, Si0,/ALO, ICV
8 22— —{PM078-14-1YQ [
78-13-1YQ
LM6
78-11-1YQ
J PMO78-10-1YQ
]
W7
R
B PM078-9-1YQ LM
78-7-1YQ
LM4
PMO078-6-1YQ LM3
ILM1—LM?2)
(6 Y038 PMO78-5-1YQ
5 1043 PMO78-4-4YQ | W5 A2
PM078-4-3YQ
41208 PM078-4-2YQ
PMO78-4-1YQ
WEF3
i PM078-3-4YQ
i
43704 PM078-3-3YQ
PM078-3-2YQ
PMO78-3-1YQ
2| 185 WF2 " " " P [P (TR
e 0506 0.7 080908 0.9 1.026 28 30 32|50 55 60 65 70 75[0.50.8 1.1 1.4/02 0.6 1.0|0 04 08
] 1

B wmmmn

B wwmie wmes ] mmvs —semn [ | Reeee

R SCk [21] 1B

B s

SN HEMR L EAERE

Fig.5 Comprehensive geochemical histogram of the Jinkecun section

Fi 10K Ce 58 BEMSAR I i Sk IR 1 Ak
B JFCRIE, A F5 S0 B ECRT i o R P A DL OREE,
AT LAAE Ry AR T I35 4 01 ) T B 48 . 72 SAUAL
ST Ce’ o A Cet Bk S A AL e 1k
W REE, AT S B E T Ce 5401, 38 S5 T AR i
S 7 AR T 0 4L 5Ce Ml 0.81~
0.92, F-#454 0.86, A T 1 L Je 1 K530/, W
WFIZ AR 25 0.82, T8 THIE 2 F Bt 6Ce fH 0.86~
0.97, P34k 0.94, 7 Jo T 41 SR B R, T e
FT R (& 5) o B T K AR e R B 37 5%
R SIS T A AR v, A W R 2 1k E)
BRI, HEA T R, KA b TF, AR I
IR B 5 SR A

42 WERLHTHEE R ERE

A 2E AR HE B (CIA)VE N SR U P b )
Z Nl AR g T R iR
fz WAL B -5 L 2 (] Y DG 2R, T Bt b A2 XL
AAE FH) 32 2837 3 IR BE AT, s el 104 1)
% 1 e AR I, b2 UGV FH 8 2 38 i, i A el if
S84 T i o B Ak S il AR VR FH R B B AR
A7 3 CIA=ALO4/(ALO; + CaO” + Na,0+ K,0)

x100, ALY B R EE RSN, CaO W EERR
i CaO FE/RSMEL, X T CaO fFHELFIER IE, —
fi% % il MCLENNAN ™ 42 1 1y A 24 CaO'= CaO—
(10/3xP,05), X4#F1E S5 1 CaO EE /R 434 <Na,O £
IRAMEL, MR T CaO Y BE SR J3 B0/ CaO fY BE /R
A8k, 52 ISR NayO Y EE R 4380 g CaO iy FE
IR, VTR Dt sk ZU A2 KRR,
CIA fHAT 80~100, 1835 48 $A08 1) #aty S 3R
Bes &b & KA #2, H CIA fHA T 65~80, 1%
P B ) ARG 24 CIA {fEA T 50~65 i,
FRUURI 2 T TR Ak 72, F R 98
TR . T CIA 5N 54~71, P2
M 66, F R L CIA {EZ#/N, F W fk2: KAk
FH 00855 , Ao IR B R 1 s Ry TEVS T TR 4
RIS IR B B /IME, WL A2 CIA R 65, &R
A T 4y 1e] sk e 14 9 A 5 JE R T B CIA fH
65~ 72, -0 69, ey B A i 92 1 I A
(5.

ARAERT AL S R A 0 (Sr)=
2578-80.8T, T4 i B 5% IX T 20 IR B o 26.77~
29.21 °C, IR E N 28.39 °C, IR I SRR,
SRR, Ho, kAT 3 BN B R MR



FaEH oW

FITRE, 55 45 TG IV - TR A T B B0 5 R IR 2 R S LTR35S 19

Iy PITESE 3 EIREE, 4B 4 BRI MM SRR, B
B T BT 30.59~31.54 °C, F344 30.90 °C,
HEAT HIR A, SR T, fomiiaks] 31.54 °C,

4.3 SRR

7K R S A S R R R A DU R
+ 6% (REE) (3L R Bk, i LR SR LT
BRI 2 —, B, A5 23 % BRI 0k 40 e IS
BRI K AR S B IR A K JE D E T REE 43
SRR YT, BT B
Tk e R B R 5 A T S O K K A
Wy IR A/, T v A REE 42 S5, )2, Bi%
1 T 45 A I ) 2 i G v B T R 2R
fi, DR B, O S PR K A K — 2R
(R, R, ¥ REE 48 SRR 1 S e R %
(9 fL A4 ™, 3 % AN Lay/Yby R A
FRGEND, Lan/Yby (/N RGH 2 Mt

AR X L 25 DA bR AL AR £ T B R4
KFE(F 1), GRS Lay/Yby fHR 0.78~1.12,
R 0.91, W B2 G Lay/Yby fHR 0.77~
0.78, 18 0.77, Je IR AL b Lay/Yby fH A 1.06
~1.38, ¥k 1.23, FIRGEREM, W HE TR
ORI, HOR FLG A, Jp R LR Beyi R %
Fei8 . M Lay/Yby fHRH, T A% % A
e S P B, T L DURR R e -
(5EAE , 75002 R 235 B e, A e T4, UiHR
R AS 9, T 5 5 R e s R iR A (18 5) .

4.4 MEIERYIREKR

ANl 3 15 5 0 3R A M BR AL A4 R A7 7E B
22 5, P nT DUFI A 4 70 AR AE AT 24 15 )
&R, #iltn La, Th, Sc. Zr B A &mEAETE
(R AR TR AL, 6 M IR DU A i 75
FRA BB La-Th-Sc €] fif i o0 241
vt 55 3T 1 Bl Bl 5+ Bl B DX I, e IR 2 A
% F B 5 X 35k (& 6a), i #E Th-Sc-Zr/10 &
fiff v LG ZH R TR 2 R AR A 38V T R
IRIX 3k, SET TG shfliZkih 2k (& 6b) . ibgh R,
FF DX VA AA) 3 T o3 A2 LA R 5 9K 2, F
ATE T IZ T i 1) 16 Sl e 4

Si0, 5 ALOy Y Lt A 2 F L FR Wy 128 B 11
TR, WREYIBEE KA Rz i RS, A3 &
BTN, A AR TR W, R b

ZHE, FESI0, 5 ALO; AR, 4
I FEELH SiON/ALOS fHN 4.5~9.3, 1k 7.1,
H L Si0y/ALO; (A RIS, e BEd
Bt Si0,/ALO; 1H M 3.4~5.3, F-H1 8 3.8, R{H 251k
BRR . EIRRHIE R, R TR A
PR A i, R ELAT R A TR I ) R A, 5 0 U DX A
X ATE , T Je Sh R AL O R B AR A1, B
BRI (R . B SR B (ICV )
S ) o AR ) B A, TR A, TT DR
UV IS 5. 4 ICV (H > 1 i), E R
4 15 1% BhAT A 1 U TR LA = 5 AR X R KUk
AIREJE 45 ICV (<1 AR seprim A1 15 sh ik 3f
B TR UUR, 4G B AT B o XUAE 25 1F T B B IR
TR H AR ICV=(Fe,05 + K,0 + Na,O +
Ca0 + MgO + MnO + TiO,) /AL,O;, 23 & kL)
BN EE R, TR, T ICV Hoh 3.2~
6.6, V-34 4y 4.4, & B HAb T AH XTI BR 19 #4 18 21 5% 5
M R4 N B ICV N 0.7~ 1.8, 30 1.1, i
>1, F8R T BN E S IR

Fis 1 70 BB 5T i Ak 3 B ASE =X nT s ke
MR X M, — RSO, L HSE R 10T
FHARM TR EE, BN TR SRR
GET . At ) T2 - T TR A R BeRE 20 Bk
LB bRAEILIS, BoR A5 T s A RRAE, 2%
WL AR R U8 T L 7 . 38 % A H La/Yb-REE [
fiff I IR R A R ) S PRLRRAE , DT TR
SR B X AHE ™Y . La/Yb-REE [ fierh, Flksl
BT T UUBUA A 2 sl X (] 7), SR
HAB R E A0, e Bl T Bl 4387 T
BUBUAE X, HAER &R, I T3 R f— e

HRAE AT ABIFGY, b J B 4t LG4 T & A T b
JoT [ sk B AR O — R AR W KK e Fe i, i)
W REERE S — RPN B R M B 3h . i)
VG2 B 7E A R i X B BE VR 32 o B TR 5, 7E
W IX TR 2R T2 3, BT — AR R
Zr BT T TS R, Horh LR S
FHER ) P68 Sh e F AR R B B, B8 E T
KT RS, DUJE SR 4] B A A DT
BLAREREE IR Zess ™ A iR 10V
LA 5 SRk /1N 2 BH U 9 B A i PR B8 s TR, 95
REE BTG, RFRTEE s B A R

ARSI, ol A F i ML AR IR
] 46 A B A AR ot O & A e B
LIy B i, UE B T A g Ll AR AR R B VR AL A



20

Marine Geology Frontiers

TR BRI

20254 6 H

Table 1

®1 SENIEIEHE-ZDZREEREE MELRSTUKER

Analytic results of major and trace elements of Wufeng Formation-Longmaxi Formation samples in the Jinkecun section

b

Ca0 MgO SiO, Al,0; TFe,0; TiO, P,05 Na,0 K,0 CO, FeO MnO Fe,0; SREE LREE HREE

LREE/ Lay/
HREE Yby

6Eu La Ce

PMO078-3-1YQ 17.71
PM078-3-2YQ 18.44
PM078-3-3YQ 17.00
PMO078-3-4YQ 16.25
PM078-4-1YQ 23.74
PM078-4-2YQ 20.33
PMO078-4-3YQ 17.59
PM078-4-4YQ 21.26

PMO078-5-1YQ
PMO078-6-1YQ
PM078-7-1YQ
PMO078-9-1YQ

PMO078-10-1YQ

PM078-11-1YQ

PMO078-13-1YQ

PMO078-14-1YQ

9.40
0.36
0.41
5.78
6.96
8.38
6.43
6.22

3.61
2.92
2.84
238
3.07
3.62
3.57
2.44
3.03
224
2.28
2.71
2.75
2.46
2.84
2.84

44.06
46.94
49.30
49.84
39.04
38.70
39.22
39.94
52.35

6.86
5.06
5.70
6.33
4.63
6.24
8.74
7.21
9.90

64.50 16.00
64.24 15.94
54.87 16.17
54.08 15.88
52.62 15.64
55.94 14.85
54.90 15.65

1.96
2.30
1.84
2.06
0.00
0.00
0.00
0.00
2.65
3.86
3.96
4.97
4.11
4.06
4.49
4.76

0.30
0.23
0.26
0.32
0.21
0.32
0.39
0.37

0.08
0.08
0.07
0.08
0.08
0.11
0.18
0.17

0.18
0.16
0.18
0.25
0.31
1.10
0.79
0.49

2.04
1.50
1.75
1.90
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Fig.6 Discrimination of tectonic setting for trace elements of Wufeng Formation and Longmaxi Formation in the Jinkecun section
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Geochemical characteristics of the black rock series in the Wufeng-Longmaxi
Formations on the western margin of the Upper Yangze and the sedimentology

and tectonic implications

WANG Wanneng, PANG Zhanji, LI Jinwang, LI Wenhui, YUAN Yongsheng,
WU Liang*, ZHANG Yaotang, LI Suoming, ZHAO Jianbo

(Kunming General Survey of Natural Resources Center, China Geological Survey, Kunming 650100, China)

Abstract: The black rock series of Wufeng Formation and Longmaxi Formation are widely deposited from Late
Ordovician to Early Silurian in the western margin of the upper Yangtze region. However, systematic studies on
their sedimentology and tectonic background are scarce. In-depth studies on the geochemistry of samples from
Wufeng Formation and the lower part of Longmaxi Formation in the Jinkecun section of Junlian County, Sichuan
Province were conducted. Results show that the average ¢ XREE of Wufeng Formation in the section is
145.37x10 °, and that of the lower part of Longmaxi Formation is 158.54x 10 °. Both are characterized by the rel-
ative enrichment of light rare earth elements and the loss of heavy rare earth elements. The enrichment of large-ion
lithophile elements such as Rb, Th and U, and the loss of high-field strength elements such as Nb, Sr and Ti. Ce
and Eu show weak negative anomalies. During the deposition period of Wufeng Formation, the water body first
deepened and then shallowed, resulting in redox changes from hypoxic to anaerobic, and then to hypoxic condi-
tion again. When it entered the deposition period of Longmaxi Formation, the climate quickly warmed up, and the
water body deepened and turned into a hypoxic environment again. The sedimentary characteristics of first accel-
erating and then slowing down from bottom to top and its relatively complex provenance of the Wufeng Forma-
tion reflect that the Wufeng Stage of the Late Ordovician was in an island arc environment during the arc-contin-
ent collision stage of the Yangtze Plate subduction and collision with Cathaysia Plate. It turned into a stable tec-
tonic environment in the Longmaxi period. The single provenance also indicates that the Guangxi Movement in
this area has ended in stages.

Key words: western margin of Upper Yangtze Region; Wufeng Formation; Longmaxi Formation; geochemistry;

tectonic setting
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