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Fig.1  (a) Geotectonic location of eastern Yunnan province (modified from reference [3]); (b) distribution of sedimentary facies

in Lower Cambrian Qiongzhusi Formation, eastern Yunnan province
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Fig.2 Sedimentary facies analysis in Wulongcun profile of the Qiongzhusi Formation
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Table 1 Contents of main elements in sedimentary rock of the Qiongzhusi Formation in Wulongcun profile,

eastern Yunnan province (%)

- WLC-01  WLC-02  WLC-03  WLC-04  WLC-05  WLC-06  WLC-07  WLC-08  WLC-09  WLC-10 uce
Si0, 65.03 79.31 66.53 65.87 62.89 57.04 49.68 57.21 45.05 49.81 65.89
Ti0, 0.65 0.50 0.64 0.87 0.87 0.73 0.64 0.74 0.59 0.64 0.50
ALO, 13.74 8.62 12.68 14.96 15.94 18.97 16.01 18.96 14.09 14.80 15.17

TFe,0, 476 2.89 3.48 4.61 5.50 733 630 7.13 5.68 5.62 4.49
MnO 0.06 0.10 0.07 0.01 0.05 0.05 0.12 0.04 0.15 0.08 0.07
MgO 3.61 121 3.46 3.07 3.90 432 6.49 417 7.96 7.07 220
Ca0 1.27 038 1.99 0.03 0.36 0.48 4.64 043 7.43 5.40 4.19
Na,0 0.10 0.08 0.1 0.1 0.09 0.08 0.07 0.08 0.10 0.09 3.89
K,0 5.54 4.08 5.42 4.46 4.69 4.96 423 497 3.72 4.00 3.19
P,0, 0.29 039 0.56 023 0.25 0.28 031 0.27 037 0.27 0.20
LOI 481 2.26 4.96 5.36 5.14 5.56 11.30 5.67 14.66 12.08

TOTAL 99.86 99.82 99.90 99.58 99.68 99.80 99.79 99.67 99.80 99.86

K,0,.. 1.60 1.01 1.49 1.73 1.84 2.19 1.85 2.19 1.64 1.72

CIA 86.93 86.37 86.54 87.63 87.89 87.79 87.75 87.79 86.98 87.27
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i UCC &% &2 % Hik[12],
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LI EEIEA R R R R SR R 1,
FE 5 Si0, 19 & B 45.05%~79.31% (7 #2118 K
59.84%) ; TiO, 1) & & M 0.50%~0.87% ( 7 ¥ {5 Ky
0.69%) ; ALO, [ &5 & N 8.62%~18.97% (V- {H K
14.88%) ; TFe,0,(TFe,0, 771 LA Fe,0, K R 2K 5 &)
[ 18 2.89%~7.33% (PF-31H 4 5.33% ) s MnO B9 5
54 0.019%-~0.15% (SEI{H 2 0.073%) s MgO F 75 £
7 1.21%~7.96% (-1 {H HJ 4.53%) ; CaO HY % 1t Ny
0.03%~7.43% ( F 34 {5 4 2.24%) ; Na,0 F & N
0.07%~0.11% ( ¥ ¥ {H N 0.09%) ; K,0 i % & K
3.729%~5.54% (¥ ¥J{H J 4.61%) ; PO, i &% = N
0.23%~0.56% (SF-H4{E 4 0.32%) .
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Table 2 Contents of trace elements in sedimentary rock of the Qiongzhusi Formation in Wulongcun profile,

eastern Yunnan province (x107)

fEItE  WLC-01 WLC-02 WLC-03 WLC-04 WLC-05 WLC-06 WLC-07 WLC-08 WLC-09 WLC-10 ucc
Li 51.70 48.90 48.90 85.40 120.00 74.40 78.20 87.80 80.30 75.80 20.00
Be 3.10 2.54 291 2.47 3.45 4.08 3.70 5.08 4.16 3.40 3.00
Sc 16.30 8.87 14.10 21.40 21.80 23.40 19.60 24.30 17.40 16.90 11.00
Vv 103.00 52.50 68.60 107.00 76.50 103.00 87.70 75.60 150.00 135.00 60.00
Cr 75.70 38.00 49.60 85.90 76.30 73.90 86.20 72.90 86.30 86.20 35.00
Co 25.50 68.30 18.10 27.40 82.40 19.40 27.90 22.40 21.80 28.60 10.00
Ni 44.10 40.40 22.20 43.70 45.30 54.50 49.60 59.20 47.50 48.80 40.00
Cu 33.30 5.87 9.29 24.30 25.90 81.30 48.00 77.10 28.30 22.30 25.00
Zn 63.70 34.20 39.90 65.10 82.80 103.00 87.20 121.00 118.00 87.70 71.00
Ga 20.60 13.10 15.90 17.70 20.00 25.00 20.80 25.90 23.90 22.50 17.00
Rb 136.00 95.80 107.00 112.00 128.00 162.00 135.00 178.00 141.00 131.00 112.00
Sr 48.80 51.50 50.70 63.00 95.00 61.90 68.70 56.10 60.50 53.50 350.00
Y 30.40 36.90 33.40 42.10 36.00 34.40 33.50 43.40 35.90 28.90 22.00
Mo 1.07 0.34 0.43 2.38 0.78 0.49 1.04 0.46 0.49 0.64 1.50
Cd 0.18 0.12 0.11 0.15 0.06 0.08 0.08 0.08 0.11 0.14 0.10
In 0.06 0.07 0.06 0.04 0.04 0.07 0.07 0.10 0.10 0.06 0.05
Sh 0.79 0.32 0.33 0.50 0.33 0.43 0.48 0.28 0.60 0.82 0.20
Cs 8.06 3.22 5.89 5.92 7.47 11.00 10.90 10.20 8.97 8.97 3.70
Ba 555.00 456.00 490.00 520.00 548.00 420.00 325.00 414.00 344.00 360.00 550.00
Tl 0.73 0.88 0.50 0.77 0.21 0.62 0.56 0.61 0.65 0.68 0.75
Pb 20.60 5.37 7.86 14.10 8.01 5.46 7.13 5.08 4.66 4.60 20.00
Bi 4.83 0.48 0.18 3.11 0.15 0.30 0.38 0.35 0.72 0.44 0.13
Th 9.41 12.40 11.20 11.10 11.30 13.70 10.50 16.00 10.50 10.20 10.70
U 2.69 3.05 2.80 8.27 2.57 3.64 3.82 3.06 3.63 2.85 2.80
Nb 15.70 9.94 13.10 15.00 16.90 17.00 14.30 19.40 13.80 14.50 25.00
Ta 1.22 1.20 1.05 1.01 1.21 1.14 0.96 1.16 0.97 0.90 1.00
Zr 139.00 154.00 159.00 210.00 191.00 159.00 145.00 181.00 133.00 138.00 190.00
Hf 3.74 4.31 3.99 4.67 4.46 4.86 3.48 4.10 3.05 2.87 5.80
Th/U 3.49 4.06 4.00 1.34 4.39 3.76 2.75 5.23 2.89 3.57
Th/Se 0.58 1.40 0.79 0.52 0.52 0.59 0.54 0.66 0.60 0.60
Zx/Sc 8.52 17.36 11.27 9.81 8.76 6.79 7.39 7.44 7.64 8.16

£ : UCC & i 2% Cik[12].
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Table 3 Contents of rare earth elements in sedimentary rock of the Qiongzhusi Formation in Wulongcun profile,

eastern Yunnan province (x107)

ftoc# WLC-01 WLC-02 WLC-03 WLC-04 WLC-05 WLC-06 WLC-07 WLC-08 WLC-09 WLC-10  BRRIFIA
La 36.80 33.90 34.20 43.80 45.00 49.80 43.10 53.00 38.40 41.20 0.30
Ce 60.10 70.20 66.10 74.20 83.40 86.30 85.50 103.00 72.00 75.40 0.80
Pr 8.56 8.19 8.55 11.30 11.40 10.80 10.40 12.00 9.38 8.85 0.12
Nd 31.70 33.60 30.20 40.80 39.90 39.00 39.20 48.70 32.90 31.70 0.60
Sm 5.66 7.59 5.99 7.40 6.69 7.37 6.07 7.88 7.45 5.43 0.19
Eu 1.30 1.71 1.32 1.59 1.36 1.26 1.17 1.44 1.46 1.03 0.07
Gd 5.04 7.05 5.53 7.13 6.00 6.25 6.10 7.11 7.28 5.25 0.26
Th 0.87 1.32 1.03 1.15 1.01 1.02 0.98 1.08 1.10 0.88 0.05
Dy 4.54 6.38 5.06 5.81 5.42 6.91 5.15 6.48 5.02 4.43 0.32
Ho 0.88 1.29 1.10 1.34 1.17 1.13 1.17 1.44 1.23 1.10 0.07
Er 2.66 3.39 2.95 4.33 3.13 3.79 3.49 3.57 3.44 2.98 0.21
Tm 0.40 0.55 0.48 0.58 0.53 0.56 0.50 0.54 0.44 0.43 0.03
Yb 2.95 3.17 3.04 4.04 3.57 3.64 3.21 3.80 3.27 2.69 0.21
Lu 0.39 0.49 0.46 0.60 0.45 0.49 0.44 0.53 0.45 0.40 0.03
> REE 161.86 178.83 166.02 204.08 209.03 218.32 206.49 250.57 183.83 181.77
> LREE 144.12 155.19 146.36 179.09 187.75 194.53 185.44 226.02 161.59 163.61
> HREE 17.74 23.64 19.66 24.99 21.28 23.79 21.05 24.55 22.24 18.16
(La/Yb) 1.21 1.04 1.09 1.05 1.22 1.33 1.30 1.35 1.14 1.48
(La/Sm), 4.12 2.83 3.62 3.75 4.26 4.28 4.50 4.26 3.26 4.80
Y/Ho 34.55 28.60 30.36 31.42 30.77 30.44 28.63 30.14 29.19 26.27
6Eu 0.87 0.83 0.82 0.78 0.76 0.66 0.68 0.68 0.71 0.69
6Ce 0.70 0.86 0.79 0.68 0.76 0.76 0.83 0.84 0.78 0.81

i 0 E & B S REE=La+Ce+Pr+Nd+Sm+Eu+Gd+Th+Dy+Ho+Er+Tm+Yb+Lu ; 5 i + JC & & & 3 LREE=La+Ce+Pr+Nd+Sm+Eu ; 5 i

+ 7€ # & & 3 HREE=Gd+Th+Dy+Ho+Er+Tm+Yb+Lu; (La/Yh), K £ db 38 BT 5 45 i 4L (9 L 5 SEu=Eu/(Smy X Gdy)2, 8Ce=Ce/
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Fig.3 Major element distribution in Qiongzhusi Formation sedimentary rock, Wulongcun profile

v
MgO  CaO P,0;

30.04, % B L RE S8 X6 A~ T A9 R o0 R A
5 ZUSZ I fE T R B4 2R TE Bu n R AL 2 —
AN A VR B Bu o i, B R (SEu F
154 0.75) 5 Ce TR & HuBR 3R 11 S5 140 T AT LAR I
WA RS £ ICE, ] LUE b S AR R 4 1



330 LT A S 14 Fa2k
x4 EFRMREERFERMAFANREEETEEXRY
Table 4 Correlation coefficients for major elements in Qiongzhusi Formation sedimentary rock,
Wulongcun profile, eastern Yunnan province
Si0, TiO, ALO, TFe,0, MnO MgO Ca0 Na,0 K,0 P,0,
Sio, 1.000 0
Ti0, -0.001 1 1.000 0
ALO, -0.3353 0.3729 1.000 0
TFe,0,  -0.5180 0.1318 0.8716 1.000 0
MnO -0.1686  -0.5742  -0.1379 -0.006 3 1.000 0
MgO -0.9379 -0.0133 0.134 5 0.291 3 03110 1.000 0
Ca0 -05926  -02164  —0.0051 0.022 6 0.646 4 0.801 4 1.000 0
Na,0 0.0310 0.0498  -0.0774  -0.2381 -0.0688  -0.0104 0 1.000 0
K,0 0.1325 0.0777 0.0513 -0.0002  -0.3368 -0.2229 -0.3574 0.0659 1.000 0
P,0, 0.0586  -0.3274  -0.2915 -0.326 5 0.1602  -0.0170 0.0314 0.088 6 0.0312 1.000 0

IFEFRC . 24 8Ce<0.95 I, PLAL 75 78 DUBL Ak F 4
TR FREE, MAFSE X AL 5 1Y 8Ce SF-HI{E M 0.78, 2B Ce
JCE AT 7 401, HAE OB A B A Ak T 55 S A A 3%
Hor R /IME 0.68, Xt I T WLC-04, % W% RE S 75 3T
FHBF IR AL P o™
32 AR EFRERE
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Fig4 Trace element distribution in Qiongzhusi Formation sedimentary rock, Wulongcun profile
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Fig.5 Rare earth element distribution in Qiongzhusi Formation sedimentary rock, Wulongcun profile
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Fig.6 Lg(Si0,/AL0,) vs. Lg(TFe,0,/K,0) in Qiongzhusi

Formation sedimentary rock, Wulongcun profile
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Fig.8 Y vs. La and Y/Ho vs. % REE discriminant diagrams for Qiongzhusi Formation sedimentary rock,
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UL BRI, FerP DR K0 5 BB ] AER
FIAE B e FIBE B AR, BT A BTR AT REDR A
PRI A RO 2 A [R5 45 B A B o A o
ik, e B 7 TR BB 2R JBE ORI 8 — i Oy 4
e, B3 B, Ul Wiz iR B e, iy et
JERE R AR 5 K Bl AR TTC AR ) D OBy B B 0

A0 T i UL R, RO B S LR X R, S
JERARRS R

g5 b ISP UIRUE FHOR A RRE RGN
A 23 LR A7 PR o B 2 B e ML & R TR )
RIULRVA 5 EMSE RAETUA A AP AR HOTR A
BERADURUE 20k A RN B DL Kz PHiE
WURL B A BEIK R e BEICA A9 s R AR B
DL R — SR s HOK AR LR S £ 2ok A 2R
VR 25 BRAE LK 37 P HRE ROR 5 40 1) B I A e 5
WK A R B AR e L S — SIS . TR,
H s ER P22 20 A LKA A7 22 0 i, T LS 21X
AR e A IR o

43 HMEBSS
43.1 REMEFTF

YRGB 1) T T &, v AXHITRR 2 B st
H A 38 S AT HI 5] . Sugisaki et al. "4 ) MnO/
TiO, AT LR H ST A I DTRIAST 5 24 MnO/TiO,<
0.5 B, FRIADTRUATE BT K Bl 58030 240 90 855 5 4
MnO/TiO, HAB A T 0.5~3.5 I, B TTAUATE Tk
FENCIE o S e 3 T SR AT <57 20 OB A i MnO/
TiO, ELAE AT F 0.01~0.25, 2 UL RS T il K i
RUE- (3787

Murray et al."*'I\ J (AL0,)/(ALO+Fe,0,), tt
B 0] DAAE B 49 15 28 5% 19 20 548 45 o 24 (ALO,)/
(ALO,+Fe,0,) [ HLAE AT T 0.6~0.9 i}, A VIRLATE
BT KB 1 23055 5 24 (ALO,) /(ALO+Fe,0,) AY L
EHAF0.4~0.7 B}, RHVIBUA Y B FE R AT ;
24 (ALO,) /(ALO+Fe,0,) B FLAE AT 0.1~0.4 i}, 3
HIUTRVA TE BT E I R . S e R w3 =
ZH TR A FE Y (ALO,) /(ALO+Fe,0,), B L A T
0.79~0.85, BEMTIRUATE BT KB 58 . ALOY/



334 ot M

S

5424

(ALO,+Fe,0,)-Fe,0/TiO, Elfift 7~ (1€ 10) , A 5 3 A
VR AE R Bl i 21 BB 0 3 VAR 5 2 T DTRUA
BE 0 3 i DX R, R BA PR IR , -1 Tt
432 REMEFFZ

Roser et al."" & T K,0+Na,0-Si0, #4) 1 15 5 H
S 11a) , ZEiZ B ] DUE B TURUA R X A 1
SN KB Z 5% . McLennan et al." 38 5 XA
A48 38 8 5 T~ DUBVE IIAIESE 44 th T Si0,/ALO,-K,0/
Na, O #4358 25 5L 00 B (& 11h) , 3 55 & IR i A
Y 98 AE 9l 3 KB %% X 38 . Bhatia®™ 4% i T TiO.-
TFe,0,+MgO FI 5 & (FE 11c) , 55 K& IR & 5K
BB 3B T A 4% B Kl 2305 BN, A A . 95 7
BB KB S B, U TR S EZORIE T sl K
DG ME RS . DL = A5 E 4 R B E AR b X
AT SF A UTR S IR XA 3 5 508 8 K B &%
WhE.

Fis £ TG R AEAN AL IR EE (DT R S v B AN
RHIE . A DU RN R ot R H 4 H Euot
RENSE, UATTRUA A R IR T sh Khih %
HUUBR A RN ER L TR EEA T Eu TR 5/,
D56 B IO A A e U5 0 s R R L ™, SR <F
HITBUEFE TR TR FHIE RN B 1 o0 R AR
AR HA LT E AT T i, H Eu s R 2R 7
S, PR T DUHE W B AR M X FER SR AT SR AL
B IR XA 158 5o sl Kth 2o s

TR T 2 A0 25 ot AT DA O 48 7 ) s 3 85 491

1000

=
LN

1

Fe.0,/TiO,

0 oz 04 o6 08 1o
ALO/(AL,O,+Fe.0,)
B 10 5 e A ) 15 A = 4L Ui (ALO, )/ (ALO+
Fe,0,) -Fe,0,/Ti0, # 51| 5] ()i 1] 4 SCHk [56])
AP TURER s B G URERES ; C. KR ST EREE
Fig.10  Discriminant diagram of (A1,0,)/(Al,0,+Fe,0,-Fe,0,/
TiO, in Qiongzhusi Formation sedimentary rock, Wulongcun

profile (base map after reference [56])

WLa.Ce Nd.Th.Zr Hf Nb TiZ% &K L EHICK A
A R AR E R FEAK R AN TG Tk, T L BR B (]38
JLELDT T HIRAACAE AT g A DT . PRI AE
# F| H Bhatia et al.”'$& H #) La-Th-Sc . Th-Sc-Zr/10 [
il 0 R DX ) 38 75 5™ La-Th-Sc 1 Th-Sc-Zr/10 [#]
fiff S s A et AR AR R il 5 IR Xl A (1T 12) , 158
HATSFA DO BY PR 5 Rl 5 9K 325 A G .
H TR XS A R W BE K A A, AT SR DT
HA] e A K SR K A A Y, R T R
PR TEAE R il 325 I LN 25 BRI XA 7
seANE L UTAUE G 00 R B R ARt A BT A A
Bhatia™3l i A5 A S £ 0 R M RRIE(E AT LAk SE
AN TR G HAR G T S AR A 2 T A
JZ R TS A R AT SR A TR e A
an A AE IR U, IR RIM T 5 T e 0Ua TP
T2 A5 BCE L [R) BT RR ) b2 R 20%
LAY LA e DU T AR 10 R S = R LA
1.2, 358 TRBA G S AL, PSR R 1 S 2=
A E TR RHEE I T (3R 5) , d5 R s, TR
FIRIX BA 5 KR I & T 5L e e — 30
JE M AU B AR AT S 2 DORRA 1A B R 5 R I B A
WA K,

APEEIGON N, T X A R IE R, 2
b 2SS DL S 7 38 7 M | v 38 3 S 4 AN B B
NG Ry AR R R T S VRO
SIS IR, 4 P R A BREVEL o i oA v ) %
bR, 7EFE AL DU AR G M G AR TR
FEERICE ST IERE L, 8 B Bl AR R AT
SRS FEOE LT s R &5 . #ksh R
Fili i1 2% NRRFe e KBiih &, 2l T RS AT
K3 G e T ST 4 S ) B I R Bt %, LA
2 08 R I R 28R ) — Al b, H DR 28 oty 3 A
GERTAR L, OV KB X AT A
H 28 LIk, — B AL F Rodinia K fifi (149 75 I 11 2 A
H , 3 Rodinia Kl 2/ 5200, 41 Hu X T2 & & VA
AR —IERVEM A ENHS ., HFARLL)E, 8
- b DX iR PR R ) 0 s Bt U 84 B B e
Sl I (i e TS N I e o il
Gondwana Kfti R & Z /i, ¥ T e — H AL F i sh K
i 171 2% 1) Ml B g 3 7 S0, 3 5 A SRS Y TR AR L
DX ASE T8 K Rl Z A 3 5 R — 3. JIAME
AU, 4 X R AR R i A Bl R 2%



5513 Wk A5 « BRI B AR 2R ER A S L TR TR ) AR AR AR AR 5 335
1000 10
(a) L™ °
100 8
TF \‘\ i s %
g Bl Ko 2% - oo, BEKEILE
s 1of o 6or R
3 - o8 @ o B o
i S, T > NN ®
ST gy 2.1 TN ®
o f;% %) 2 \‘f,*?“ [ ]
3F NAN N %
o1l KB Al AL
T ks
L
001 1 1 1 1 1 1 A1 0 1l 11 aaunl L1 aannl 11 aun
0 10 20 30 40 50 60 70 80 0.01 0.1 1 10 100
Si0,/% K,0/Na,0
3.0
(c)
25F
20k PNES T
8 PN L
3 L5F
g
1.0
05F
e PN I
00 5 10 15 20 25 30

TFe,0.+MgO/%

K11

5 T o ) TR A S AL DT AR ) R DA S R 0T A AT i

P& a JiG 388 SCHRTS 715 P b I 1988 SCHR 4215 P R PRI SCRRIS 815 A 1. 20 B2 L BRI 1 B ICERS 5 A2, R BE TR A TS (kAL 5 SIER 35

Fig.11

Discriminant diagram for major elements in tectonic setting of the provenance of Qiongzhusi Formation sedimentary

rock, Wulongcun profile

(a) base map after reference [57]; (b) base map after reference [42]; (c) base map after reference [58]
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Fig.12  Discriminant diagram for trace elements in tectonic setting of the provenance of Qiongzhusi Formation sedimentary

rock, Wulongcun profile (base map after reference [59])
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Table 5 REE characteristics of sample mean for Qiongzhusi Formation sedimentary rock and graywackes

from different tectonic settings
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Weathering Characteristics of Sedimentary Source Area of Qiongzhusi
Formation, Eastern Margin of Ancient Kangding-Yunnan Land: Case
study of the Wulongcun section of Wuding district, Chuxiong city,
Yunnan province, China

YANG YongZhen'?, GUO Ling'*, FANG ZeXin"*, XU Kai"?, ZHANG HuanMeng'*, SHI YuXiang'?,
WU FangFang'?,TAO Wei'?

1. State Key Laboratory of Continental Dynamics, Northwest University, Xi’an 710069, China
2. Department of Geology, Northwest University, Xi’an 710069, China

Abstract: [Objective] The Qiongzhusi Formation in the Yangtze region is an essential horizon for shale gas explora-
tion. This study was conducted to determine the weathering degree, paleoclimate, tectonic background and prove-
nance of the sedimentary rock in the Qiongzhusi Formation at the eastern margin of the Ancient Kangding-Yunnan
Land.[ Methods ] Quantitative geochemical data was obtained from profile measurement, sample collection and analy-
sis for major elements and trace elements in the Wulongcun profile.[ Results and Conclusions] (1) The Qiongzhusi
Formation sedimentary rock is mainly strongly weathered, and the climate of the provenance area was warm and hu-
mid during the period of deposition. (2) The rock was mainly formed in a passive continental margin environment.
The source rocks were formed in a continental island-arc environment. (3) The sedimentary rocks were mainly tuff,
tuffaceous sandstone, slate and granite, together with some basic rocks of the Proterozoic Dongchuan Group, Huili
and Tangdan Groups in the Ancient Kangding-Yunnan Land.

Key words: Ancient Kangding-Yunnan Land; Qiongzhusi Formation; weathering degree; paleoclimate; provenance

characteristics ; tectonic background



