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T IR AT HITNT 525~518 Ma (Compston et al., 2008; Yangetal., 2018) , &
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R VR VTR AT R o 24 TR AL R IX I U AN A R R S5 R 3R, mId I e R
PRI Py (ZERIT ) KRR S 88 RALAE AR L e DX AR R 3
& H 5t (Bhatia, 1983, 1985) o ASCLAHPTZRE LI AWFFTIX, BLX P BH SRR it
T ERAT <P B TO0 G, dlad B A S 2 R S AN A0 240 BT N A M BR A 2 A3 T 5
Tk, XERTSE AR B A I, RN, 456 CRRIEF X ST F A58, &8
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Fig.1 (a) Early Cambrian (Qiongzhusi Age) paleogeographic map of the central Yunnan area, southwestern

% 7

Yangtze Block (modified from Liu and Xu, 1994); (b) simplified geological map of the Yinmachi and surrounding

regions, central Yunnan (modified from Department of Natural Resources of Yunnan Province, 2023)
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JRIBR & Hh e A Sy FE R 40 T (R B M, 2 S PEUTRR A A B 5 A S Bt A i (O 4 R 2%,
2002) o PUANFLIE R R NE R HARFR LA FRRAE /2 ) P AR (B B D o
iR, MATSPAEKIE AR E Rles JRHADERBOIUE) , IIREHEAKGOFEL A
YH—roRi b A AU EIR A K EIRT A =5 (A BAARIET, 2023) o Z2F 1L X IR
AR 1) 1 2 1) 2 A IR TORRCER 58 DA T ¥ It A VR0, T 1) M IR b 5 8 b T AL PR
AiE , FTE LA 5 5 i A A0 =3 PO 85 o A R 1) 0 328 2 R g Bl A PR B 0 5 . LR 2
DX IR TG A AR R E L X R AR a T, X h i R B ARk, 5 R I8
S FER AL E R ARG B (ZF 8 HRRIET, 2023) .

2 B AN R N SER T

2.1 SEMERIE

NAFFFE DX 3G 17 R L it 51 T e 55 7 < 2L b J2 () S/ A% o 350 ThD A7 T 342 26 1 s IR ot
FEBZHER ZES, &—BARE RN THS EE SRGNR it [ AT <p 4 B e %,
JEE S TAE 55 PR AT EBE IR B A (B 1) o ST s A bR 24°479"
N. 102°55'5" E, #4K 2 442 m; % piffbR 24°46'50" N 102°54'58" E, 4K 2 415 m. SEill
o ZH I CAERFE RSP A NER G BNERE RAE JCETE. SABIE. R U
BRE Bk a2 S R Ao R BRI, AIUHI 11 A ERATSRA N E
RET 20 PRATRLTIRUE RES: (2D, AT 5 S siiit & 4
22 EBHEAESH

¥ 20 PEEEATSE AL AIRPUTEE RE 2 A BE 1 3 30 pm SRS, IR 3R, DL IR
B, HRCE A G HY BRI N T R A A AR PR A R SE i B A
BB T4 ARG AT, 20 BITEA R BOAS BCT F S ot Al IE AT I 6 HEAT S00RE o 3o AR
G5V LY () AR A SR L SR RO A 2 4 T LE v L K S b Bk ) 04 F 55 b o ok T =

2.3 EEMIKUFENIK

X SRER I 20 A 3RAT S LARE i AT A R 2 T R, MK CARAE ) M TS )
S E TE R A AR BN AN R LEAT B, AR D I I A BN R AL A
PORHRSN AL P AT HE— B AR, #EE 200 HUAT, DMESA TGRS EMR. FELER
MR K H PANalytical & X BF 285 661X (X-ray Fluorescence Spectrometer, XRF) , 4

HrkE BEAR T 5% . fo i 70 3 A0 A 2 70 2K I 6L oR AT Agilent & 5 FEL JEORE & 45 10 1 14 B 1%
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(Inductively Coupled Plasma Mass Spectrometry, ICP-MS) ,

53 Mk FE Y5 & B K bR vE GB/T 14506.14—2010.
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Fig.2 Stratigraphic column and logged stratigraphic profile of the early Cambrian Qiongzhusi Formation,

Yinmachi section
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UM A AARLITAR G 1 S R — A 9K B K TR A 2R 60 TUAE R TR A B
B HAVRRIRIN . ZREKE, BMTFHTBRIRT—MERAL . 357K B 1T 2

HEREIAEE (B 2) .
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Fig.3 Field photegraphs of the Qiongzhusi Formation in the Yinmachi section

small cross-beddings in the siltstone:

(a) first four layers of the lower }@ ‘horizontal laminations in the silty mudstones of the fifth layer of the lower member; (c)
of the eighth layer of the upper member

AT EBGE 6~12 /NE DURB @ Z I UMD & Wiba A, (AR 240005,
HAPE 10 /MNEE 8.1m, HERARNE, HIMPRIRE. b, F 12 /NEREAR
AR TN RIE 6~11 NET & BAmE L, Plsime st (B 2) o ®mIrpd BB
iR HKFLR, HEE 8 /NRJRE R B /A EE (K 3¢) o K t—i i JRA
Ky ib & MR BRI O ERITIRUF SIS FHR R 1 S B R K IR AL - /NS B R BRI R
HRR T — ARSI S — (mIE TR B, It AT L BRI T — A R AL
RHEFFREARIA ST (B 2) .

BARKT R T TR AN 126.4 m, U T30 5 v B A B 1) 28 47 =
HERFE 117.0m, SHUZHSEEER 93%. Bk, TRLCAIRATSEA LT i REAE
RIAART .
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MR B HITEREE T 20 AFSRATSFAAARTIRUE b (B 20 BT BACE A 2R e
B FRLEE RN 2 BoR, 20 HRFE S BRI 2 E AT 0.063~0.004 mm, ¥ )8 TP 5K
(K 4a, b) . H, HFE CRIAZ 0.063~0.03 mm) &L 55%, 4> CHif% 0.03~0.004

mm) FEL 45%. BURLZ ALK — IR AIR, itk — B ot B RE T AR R

4 R ST SP AU R S LB T R AR A

Q. f%; Mus.Ax=tl; MR
Fig.4 Polarized-light photomietographs of siltstone samples of the Qiongzhusi Formation in the Yinmachi
section

Q. quartz; Mus. muscovite; M. matrix
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331 E®AE

EEFEICERAE (MK D KU, 20 Hmubart i Sio) FI& EN 65.6%, TiOF
BIE 8N 0.76%, ALOs T &8N 14.9%, TFer05( PA Fe0s Fn &4 & 8 ) T &5 8N 5.76%,
MnO FH1E 8N 0.07%, MgO P& & A 3.51%, CaO THIEEN 0.13%, Na0 & &
H0.11%, KO FHIEEN 423%, P0s FHIEEN 025%. H, SiO K& &5 &
(57.6%~67.8%) , ALOs S MMM EE (13.7%~19.3%) , Wil XD AR E & A %
YY), B TR RAGER (McLennan et al., 1993; Z27EMEE, 2013) .

PR SR E BT R 25 B RFi#5E (Upper Continental Crust, UCC)  J& Kt

KRR T1 % (Post-Archean Australian Average Shale, PAAS) #EAT X} bt I MMbr AL Ak
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Hf (Taylor and McLennan, 1985) . #Ht UCC i &, 20 X LB Tiv Fe. Mg. K.
PIUEHAX B, Ca. NausAAx =4 (Kl Sa) . ML PAAS &, ##4H Mg K. P T
FAHXE £, Ti. Mn. Ca. Na JC & AHXS 547 (& 5b) o K ‘& & Na 5 15 FE ) K2O/NaxO
HEE R (12.6~74.2) , BEFET UCC (0.82) Fll PAAS (3.08) , iiHARESE AL A
)i 7 Na U MWkIEMERH, ERESEPET T K e RWLRIEM (Zhaietal, 2018) .
20 PR St e K Mn JTERBIIENEOR, AR 24Q17 B Mn TR EERFE &, FRES
EAE A 1 P 2 ALK A K

_n

25 (a) ~

0.0 T T T )
5102 T Al [FexD: MAO MgO Cal

N/ T T T T a

Na:0 K:0 P:0s

Bl 5 o CEh R AT SEA DTS R A UCC Frififl (a) FIZ PAAS Frift (b) JEMEEIGREL A
K. Hrh, UCCAHI PAAS & ICHRHWEKIZ T Taylor and McLennan, 1985
Fig.5 Major element pattern.0f.sedimentary rock samples from the Qiongzhusi Formation, Yinmachi section: (a)

UCC-normalized; (b) PAAS-noimnalized (UCC and the PAAS geochemical data from Taylor and McLennan, 1985)
332 WELE

TR It B T P 4 S R T R AR IR 2. B 3L IR UCC Ml PAAS B e & T
(Taylor and McLennan, 1985) #ATHRAEMALEE (K] 6a, b) . AHXT UCC #1 PAAS T 5 »
Co. Cu. Sr. Cd. Cs. Pb uR¥ERIMH 74, SboRKIMBMEIIELE, V. Zn. Mo, Bi
AU JTCRM B UA R (B 6a, b) o 20 FEFESK St L& & &N 33.9~52.0 pg/g P
ER 44.0 pg/g) , BFE(LT UCC (350 pg/g) Al PAAS (200 pg/g) - 20 HHFE 5 Sb LR
4 0.30~1.00 ng/g CFIMEN 0.57 ng/g) , T UCC (0.20 pg/g) 1 PAAS (0.09 pg/g) -
333 #HEaE

20 HRIR AR S SRR E TR S BN T 152215 pg/g (BER 3) o Hi, Btk

(LREE) &®&AT 128~192 ng/g CFHMEN 157 ng/g) » EMitItE (HREE) &M T



21.1~42.2 pglg CEF¥MEN 252 ng/g) - B HEM T IuE IE (LREE/HREE) /T 3.89~8.38
CPEIMER 6.37) , REETREMIER Lo RmAE S, BERoREI5H. FIMH UCC
A1 PAAS #i -0 & F¥M{E (Taylor and McLennan, 1985) X4k Tyt iF i 23 B ks v Ak b 3
iR, FERARELT UCC H LSS A s SR P S I R - E 42 (B 600, HHELT PAAS
AP R TR B R 1 (K 6d) o FEMFIOEu (AT 0.62~0.67 CFIIME N 0.65),
dCe fHA T 0.79~0.96 CF¥IME N 0.88, FHE 3) ©

|
Li_ 8¢ . Cr_MNi_Zn Fb Mo In_Cs TI_ Bi_ U _Ta €
Ba WV Co Cu Ga Sr \'.'\“5l'. Ba Pb Th N

K6 YEitflmm R F HUIRUE FE 2 UCCHER, (@) FIZE PAAS il (b) JEHIRE TR AL/ A
B, 2 UCC taffEfl () % PAAS frifEfl (d) Jaf9FE e REL M ENE (UCC M PAAS fliE LR A
- uEEHE RIET Taylor and McLennan, 1985) .

Fig.6 Element patterns in sedimentary rock samples from the Qiongzhusi Formation, Yinmachi section: (a)
UCC- normalized trace element\pattern; (b) PAAS-normalized trace element pattern; (¢) UCC-normalized
rare-earth element pattern;(d) PAAS-normalized rare-earth element pattern (UCC and PAAS geochemical data
from Taylor and McLennan, 1985).
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4.1 MRERETRBETE
4.1.1 RAREEA

3 AMNIEE T 25 A AR R AN, AR S v T R AT SE AR CRRTPR IR S itke D LU b5
NE (E4) . NeEasTFEInamlnkE, RS ETRDENEE s (|7,
PORRLAR /N« F853 A FEAR o ANTRD AL T g b M FA 5% o F) S A R THD (R 7k i, 2024) A
B YRR CEESE, 2021 REMSATSFALRTTRE REM X RIRIAR SRR B
J IR D WEEARVE N DA YR A LA T . = 41 i 7E 1og(SiO2/ALLO3) vs

log("Fe20:/KoO)BUH K E 2 I RIF LR R . BEETIRUE RN, 224 SiO/ALOs LU
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U7y TFe205/Ko0 EUAE IR, i WA b2 22 7 aim AL 2 RAL 22 J Tl e DA #2 AL I /2 (I 7).
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Fig.7 Bivariate plot of log(Si02/Al,03) vs. log(*Fe>03/K,0), Qiongzhusisedimentary rocks (modified from
Herron, 1988)

4.1.2 ARG BNLR F A

VORERBE IR & AR AT U Cr. Scw o Niv Co Al Mo &5 i 14 4 & Jo K Itk 243 sh ik
(Algeo and Tribovillard, 2009) . JxZs REELMEMW &R TR SHEESIERE TR T
{E AT SR A AT ORI BRI & S 5% 1 (RHMEMSR, 2024) o 0, U JC&R B T & A AUKARTT
HER T B ALKAE, Th G RAZUIRUK ML E 5454, U/Th L E R R (RN B A6 IE
JRFR 7R 24 U/Th>0.5 B /B /R IE IR A5 24 U/Th<<0.5 B, —MFa R AL 8E (Wignall
and Twitchett, 1996) . FfUH, V/Cr. V/Sc Fl Ni/Co HABETEA A%k 5 A AODTAR IR S
AHHAE X (Kimura and Watanabe, 2001) o A 20 {4 it 5 1 70 3 Eo B 3 i AR L 1 B
] DA W M B UTAR IR B A SR AR K 4 Br R A . SRATSFAL_EBUA U/Th, V/Cr. V/Sc #
Ni/Co Al b3 B A EAL MDA IR B (AT s SR S5 20 T B & 10070 2% oAl ) BA 30 S k3t
BIAGERIRE (B 8) o B ITHR A S AT ADIBVE FE MG SERE (B 2) iR
N IR I8 T 2% — BT

TLER B4R Moer M1 Ugr ZUTHIE H Mo Rl U JLE AN PAAS HIE 4EFEE, th]
THEWTURRFR B A BB JR %1 (Taylor and McLennan, 1985) . JFSiEveRfsgich, A b
IKARBEVR AR 552 Mo A1 U JT &, BRI ITTAR P o B Mogr M Ugr 16 5K (Tribovillard et al., 2012).
SR T I RE S 1 TG R AR R E Mogr 1 Uge HEAT TR AR HT (B 8) , AR R IR TR 4
TERUTR T RS, L BUTR T 55 8 — 835
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Fig.8 Geochemical profil ace element ratios and Mo and U enrichment factors for the Qiongzhusi

Ay§;‘ Formation, Yinmachi section
413 TARRE I ;{%&

S RBE BRIV R B8, HUTRR P MR e R S MBS R T B, Wi
IR/ TR TC 3R = BE SR I8 DT AR A R BE 2 5 2 B RRAE F s . URVE &
Ba/Sr. Co/Zn. La/Ce %570 AH 2 BURM AT B8 (Zhang eral., 2019) o ZHIRAE
F B ZARZ e AR, He4s % Ba/Sr U — MK T 1 (Peter and Scott, 1988) , Co/Zn “F-3
H2925 0.15 (5, 2017) , La/Ce HifH/NT 1 (Ganeshram et al, 1995) o TREGIMFE
Ba/Sr tW{EA T 9.04~16.2 CFIMEA 12.8) , Co/Zn “FIE N 0.18, La/Ce HLAE AT 0.48~0.57
CPIMERN 0.53) 5 [RBE T R I RE b 26 TR U I 72 v B 52 2 3B E FE (¥ 5 25

4k, Zn. Ni Fl Cu T3 5 & 5 T HOKUIRRY), Co TR E £ T/KEIIY (Xu et al.,

2022), #§ Zn-Ni-Co = ff Il (Choi and Hariya, 1992) fl Fe-Mn-(Cu+Co+Ni)*10 = ff i (Crerar
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etal, 1982) W] F T Hr iR pea SR A i 52 S FGBAE o S I i O 3R 2407 N3
IRUURYIER (B 9) 5 ) TRE S AN S SRR il BB SR AR TR A BOKTTRRIIE ], R
Vo X SR A S ST RO DUAR s P85 52 21 PGB FH S

I
!
/

Ni - Co (CutCotNi)*10
K9 AT IFHTTARS Zn-Ni-Co =& (a) Ml Fe-Mn-(Cu+Co+Ni)*}0 =448 (b) (¥ Choi and Hariya,
1992; Crerar et al., 1982 &2
Fig.9 Ternary plots for Qiongzhusi sedimentary rocks: (a) Zn<Ni«Ce; (b) Fe-Mn-(Cu+Co+Ni)*10
(modified from Choi and Hariya, 1992; Crerar'et al., 1982)

BB T AL, DURR TR R MR B2 i A 3t [X R S8 DiARE H 2 R AT 1 25 T2

Ka (RFEEARTIEIT, 2023) , HAdsi K LR Ele N 535~518 Ma (Compston et al.,

2008; Zhuetal, 2009; Yangetal, 2018720200 . XEEEIK A AIRER BT (EF
b DX % 40 DX BiizE 7 K i K LB PR K LR o 3 G Rt R 1 B AR ARGE A (Hu et al,
2018; Dengetal., 2025) —ERERE FCFRX LK LK 2 HF UG E KGN, HLn]
W T TS 535~518 Ma' A 3K I ) i b i X S8 < 40 I DURR I 1 AR AL 1 UKk B3
42 RS RFHERIR X H S &

DA ERITGRA S ALO3-CaO+Na0-Ko0 (fiif ACNK) 1] J B YA R AL S AL AN
3% (Nesbitt and Young, 1984, 1989) . JIAVATE A E TFEF — 4 T IASARE ,
SEUIE KO G EMHTTRYTE . Rk, 7RI ACNK WA 2 /T, et
FHHH K0 FEMATIIE (McLennan et al., 1993) o XK HFE i HEAT KoO A2 IE (KL IE
FERME 1D, ETRIERK KOcorr 5H A ER= TR IFHNMSH, &5 HE
ACNK-CIA P [F] Elfif |, 20 A4 5378 NSRS ALY (I 10a) o B2 VA FE A AN
B kR 2 AR R 1 Ko0 A& IE R #55 3] ACNK-CIA WhAE L, 2R e &g A a2
W2E AT, ) Y8 TUS FE R TE N RS RAGTE R (B 102) « =ZHRE AL A TR &
T AR RS & IE 8 AL 3 (2AE D4, 2013) , R Hb A1 A i A h OB -7 1
SR TP IR KA R, T8 VAR U T AR L P 6 & e s U iE 1o & Lo



2.0

100 -

&
>

- O

2 =~ 1.5 =

< £ A A
5 %; Ak A =
5 ok AA o
= Ik A

5 = 1o R X S
=401 g VOp---mm-omoo-- Armooes ®
Bl X A ®
N s =

L 2 KA A 3 20 XU AL
20 (b)
0.5 1 1 1 1 1

CaO+ (a) 60 65 70 75 80 85 90

a ¥ . Sl
Na20, 7 7 7 7 7 7 K2Ocorr % i % 15 #( CIAcorr

K10 SEATSFAHUIRE ACNK-CIA BhAE (a) F1 CIA-ICV HpFEIEl (b) (4§ Nesbitt and Young, 1984;
Cox etal., 1995 &30
KoOcorr /&R KA ARAE T K20 &8, ClAcorr Fl ICVeorr 73 7 & F AR & AEARAEARAE I Ko0 & Bk S 75 1 4k 52 i A8 4
HM oy 2 g, BT HEA XKL 1
Fig.10 Bivariate plots for Qiongzhusi sedimentary samples: (a) ACNK ys GIA; (b) ICV vs CIA (modified from
Nesbitt and Young, 1984; Cox et ak, 1999)
K:>Ocorr = corrected values of K>O; CIAcorr = chemical index of alteration, using KoOgorr values for calculation; ICVcorr = index of

compositional variability, using KoOcorr values for calculation. Calculation formula can be found in Supplementary Table 1

M A8 F 4620 (Index of Compositional Variability, ICV) Alfk22 XA (Chemical
Index of Alteration, CIA) pF & ERE , RL HIR it ek b A 5 1) ICV fE A
CIA fE¥EE (B 10b) , BiH XL I ERER 0 WA &, AL T3 KA B B
{H I RALEN 22 Py s ZU A 2 A E T (B85 855, 2022) o #F) VTR TUA FESL7E ICV-CIA
IR B 234 B ICV i CIA 8%, MAaHFb8KICY. ik CIA #£4h (B 10b) , i
WK 2808 ) VA e DU i i, WL I A B 22 I i A0 27 A O T BERFAE .

BT ABEFEINTY, PRI BEE B RAGRE B2 5 BEE IR | 5 DXl U A iy 350 55 PR 3R B DA 5%
(Garzanti and Resentini, 20165 2245855, 2022) . KALFHIRIZ Jram g4k 2= XA PE R,
Ut B X AL T IR R R i B e ok i, HIRIX MGG R . B4 FH R (Algeo et al., 2011) o
TR IX PO IR B 10 RS T @ I YA A ClAcorr A TFHEIREL (Yang et al., 2014) o HIRFIH
R R S R X T I N 21.6 °C~23.6 °C CPIME A 23.1 °C, MR 1), BIAFIH S
TR R ST VR X G R 22.7 °C~23.8 °C (kK w4, 2024) , 3LRIER T EPHX
HATSF DR IR AL TR IR ) SR IR B A 3l A gt e a6 St R e 1
WRAL T BRI A B X, BARBR NS5 %M (Yang et al, 2004; Zhang et al., 2015),
X 5 A SCARRE I R B A — B
43 RELBIRYIFESH
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TR BTV 5 228 11 220 B 2 R (ORR P e (R Y R 0 o R S 1) R 3 28 S i
BOZ HIBTAR B IR (K — AN R bR . — Ok, ICV>1 INIRVE, B M Em, £
K EVEA IO ICV<1 MUTRRE , H VI s, 2RI IER 174 (Borges
etal, 2008) . JEFHIX MM TFRER A, ICV>1 FIRERIEE 32 1, A3 17 ik Dk
fhs T AES AT RE SR 8 R YRR, (B 10b) o Th/Sc-Zr/Sc — 7t I HI i SRR 78 Jie [21 £
A=A IR 24 Th/Sc AT Zr/Sc Hl 2400 IEFI S (RYTRR /> R a3 i ib)
TR E Z R B S MAIRAL: 2 Zr S EIEIN. Zr/Sc EU{EIE K, 4% Th/Sc ELE
Zr/Sc AR RRMEEARSE (BT RaB L) WK B UTRUE =& DUR FE e [l ) 7= 4
(McLennan et al., 1993) o VEHHLIX 17 AR SMRE GLRT 7 4R SR RE S CRES IRER L
Sc LR AR FEAVELE Th/Sc-Zr/Sc — uRIKTTAR 7 B & Mtin (K 11a) , B e
TEEIRRA =2, Rk, DUR AR 32 AR50 S5 206 i A A AT e

VIRVE 44 Ti A AL JeE W] TR BIES PR (Schigber, 1992) , TiO:-ALO; 7t
BlEAR, 32 HRERATSF AR SRS DU IR s A (B M) o BE T E&RITK FI-F2 3
K E G (Roser and Korsch, 1988) , 32 {577 T4 i (VA B8 & AT IR
& (E1le) o JGE Ti M Zr EVURVE AL IS R AR R+ 40 e, IRIE TiOx-Zr
oG R AT SOR BRI SR 2Hy EH DM 5] (Hayashi ez al., 1997) , ZEf#fa =
32 RERATSEAE AL TR AR S JCA 47y 9% (B 11d) o La. Th, Hf. Co. La Al Sc %
NG EITC RSB A MR (Longetal, 2012; #/KWi%, 2024) . JGE La.
Th. Hf A TKIEFUE A/ 6% Se. Cry Co ZRAFTHREENUS A, KL La/Th-HE #l
La/Sc-Co/Th — 7t & nJ 48 7~ & H BE 2k 5t /A 9 J5t 41 73 (R A EE 5 (Floyd and Leveridge, 1987;
McLennan et al., 1993) o M La/Th-Hf —JolEIwI 1, RS HEE AR IFEX, SR
BE]VARE b P& AR S PR X A i — 2 PR SR IX. (Bl 12a) o A La/Sc-Co/Th —JT
BRI, AR St bE S AR A KR TTG YA, SRR AR o Bl /0 A T 22 1L s
—TTG JiE (B 12b) o LR bPnid, 32 fRERT=p2lrt fitiiE DK SERUE SOa 71 S A 94110

TIRENE, e SEPEEE G
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Fig.11 Discrimination plots of source rock types for the Qiongzhusi sedimentary rocks

(a) Zr/Sc-Th/Sc bivariate plot (modified from McLennan et al., 1993); (b) Al,O3-TiO: bivariate plot (modified from Schieber, 1992); (c)
discrimination function F1-F2 bivariate(plot, where F1 = (=1.773*TiO>) + (0.607*A1203) + (0.76*TFe;03) + (—=1.5*MgO) + (0.616*CaO)
+ (0.509*N2a,0) + (~1.224*K,0) # (~9:090); E2== (0.445*TiOs) + (0.07*AL03) + (~0.25*TFe;03) + (—1.142*MgO) + (0.438*Ca0) +
(1.475*Nax0) + (1.426*K20) + (—6.861)Nmodified from Roser and Korsch, 1988); (d) Zr-TiO; bivariate plot (modified from Hayashi et

al., 1997)

WEWIRIX, HhFHEAEMEER (o, 2016) . RERMEY, #TH%H
PH 1) R AR I H B RV T Bl YRR TR RV RE A L I i A R R AR ) 5 SR AN VR AL
P, 1994; HEERRSE, 2002) , 4B A0 2 AR N Y 00 F4) v R T A 00 F ol MR B 5 o (&
la) o« B4 B i BT 7E A7 B R IE T 1 2 0 2 IS 8 A AR TR #e 3k, B3 K& 860~750
Ma £ 5528 (Lietal, 2003; Zhou etal., 2006; Zhao and Zhou, 2007) . /> 1.8~1.6 Ga
eGSR S AAES, 2012 XIZEF4EE, 20200 & 1.8~0.8 Ga 48 i fi 14 o &
(R ESE, 2018; (S, 2023) o A AR U IO BEHED, ReVE Bl (KX B8 A R
SerrRe T R ORI Y BE R, T2 ARl o) AR 03 WA 5 e £ R4 < LR P S
Yot (B 1) o X — 1R A3 BIAT N R 048 (0 5% T b X FE A IS 8 860~750
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Ma Fl 1.8~1.6 Ga B JE 4547 (Yao et al., 2022) , H. 860~750 Ma ¥ & 45 47 A1 B2 JEL 7 it 860~750
Ma £ 54 5 28 TR S 2 5 0 B M4 £ HE-O R BEFE (Yang et al., 2015; Yao et al.,
2022) o XULH, A 860~750 Ma ££ 54 5 2 AR 2 FR) R v Bili A e A A2 VR AT S ZH TR
HEERTRIE
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Fig.12 Trace element discrimination plots of source rock types‘for'Qiongzhusi sedimentary rocks
(a) La/Th-Hf bivariate plot (modified from Floyd and Leveridge, 1987); (b) La/Sc-Co/Th bivariate plot (modified from McLennan et al.,

1993)

— AT (1 [ R, VR iy el AN M 5 A 2 SR AT SR URA M ME— 0 2 RSO
RUTRR A L0 7o 3 7 A7 T VR X RE AR PR AL, (B TEVE I RS AR R AL . BTN
CUR R KR o8 4 A 00 v T AR — S5 b Hh X SR TRV AU 860~750
Ma 1 1.8~1.6 Ga FJ8 8547, B0 & KB 525~520 Ma W8 8547 (Yang et al., 2020; Yao et al.,
2022) . iX#% 525~520 Ma WG B A RA R X TLAVE KA B, BNRIETALTHT
VG 2 PG AN 6 [X] BN ARG RINAAE 55 28 (Yang eral., 2020; Yaoetal, 2022) . #Eltk, &
SCHEDN X BLAN K Bl 525~520 Ma 14 5 25 28 ) 5t VE b b X SR <t 4 B8 B PR A SRR . —
44 BERAUMHES =

UURRE (R 06 2 2H BT SR B T PS8 A 5 B s TS WAL A 2 B I — AN R 32
PR IX K 3G IS 5t (Bhatia, 1983, 1985; Bhatia and Crook, 1986) o H™#JEAE K (ICV>1)
LRI S, HAb A R B YR A I TS Ay, o IR DX K H R 3 43 4T (1 B AR X6 52

(Roser and Korsch, 1986) o MJE 3 X 54T <7 LTIV B it ik 3% 32 1 ICV>1 BRE M (&
10b) HHTERICER. MEICENH L0 R IREX MG R

JTCRERER (MR D, 32K Ti. Al. Mg Al Fe TR S ERE S, T8
HeIE AR L AR ARFE ;s Na 1 Ca LR & BB, & HA R Rz il f2

FIMRIESURIRHE; K TR SR, FaHa il i peca SSRE AL, K 32 FFFE i

H
HEm
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Fig.13 Major element discrimination plots for tectonic settings of the source region of Qiongzhusi sedimentary
rocks (modified from Bhatia, 1983)

(a) ("Fe:05+MgO) vs. TiO; bivariate plot; (b) Al,03/SiO2 vs. (@FexQ3+Mg®) bivariate plot

KPR ERICR e R BEH TACH TR ? Wk, FxrzHaE (& 13)
T REESH (Tiv Al. Fe Fl Mg Jo3) MWESNEBEAT VAL . —MORSL, Ti F1 Al 703 IR
FHBRR AW ISR+ 38852 (Calvert and Pedersen, 2007) o Fe JGER YA FE A R L
HIATE . BMWBIVIRIREE R, KA e JE 2 DAMEV O 7R e 2kl T a0k N TR
A, MURE T Fe RS BBZFEE LR R, BEEFREET, AR Fe § 8K
Z R A% (Raiswell and Canfield, 2012) o 28U, Mg e EAERIL. TS T F
MRIB AT E . RSP Mg 03 5 IR E kg e KR . DTR A I 72
Hr, —#5> Mg TR R BT VM R B DIRRE T, —E85 Mg Jum W B FEKAR . B, Ut
A Mg LR & & LA RE R BUEE 1) Mg & & (Mackenzie and Garrels, 1966) . 1,
AT AT %40 ) 15 AT <5 20 B SR IS T K B SIOUE X PR T e 8/

TR, YRR 1 0 T 3% R 1 7 2% 7T DU 2850t e Ut X P K AG) I 5 515 2 2 A A
WFRWN, ARPIRE FAE TR Zr. Thy La Al Sc R HLABEM TR S, Th/Sc Al
Zr/Sc FEILER HAE AT A B X - W0 X (14415 55 5% (Taylor and McLennan, 1988; McLennan et
al., 1990) o HRITIARE PR oK — IR T80 . MUEA . BRECH NSO 55EIT,
TERERE P EARANR A (Henderson, 1984) o HLAAM 10 3 R 40T o & 1 BE K9 22
I R, (B A L 0> AR LA OEu A4 4% % (Bhatia and Crooks, 1986; McLennan,
1989) o ZRA I8 FX SR 0 3 R L T RAFAE, 7T LA B T S 23 BT VR X K A3 AREALE

(Cullers, 1994) .
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M EICER Zr. Th La 1 Sc 4461451 La-Th-Sc 1 Th-Sc-Zr/10 = E 4 34X 734
VRIX A RPE R IR, KBE B9 T8 RRA S A 3 KRfiA 25158 5 (Bhatia and Crook,
1986; McLennan e al., 1993) o 17 HHRIGIMAE AN 7 4 S ARG CBE] VR TG Se 7T
ZHAE) 1F La-Th-Sc =M K (& 14a) Al Th-Sc-Zr/10 =M K (F 14b) H# siB7E N K FE
ByRIaE .

: \ ScSc kil \Zr/l()

Kl 14 SRR TR A BIUR X A PR i oo 2= 4 5 B (df\Bhatia and Crook, 1986 f&140)
(a) La-Th-Sc =ff&; (b) Th-Sc-Zr/10\=Ff K]

Th

Fig.14 Trace element discrimination plots for tectonic settings of the source region of Qiongzhusi sedimentary
rocks (modified from Bhatia and Crook, 1986)

(a) La-Th-Sc terary pldt; (b) Th-Sc-Zi/10 ternary plot

BTN AR [R5 15 5% N 4R TR A O 8 AT T 45 (Henderson, 1984;
Bhatia, 1985; Taylor et al., 1986; McLennah, 1989) . —M R, #zh KRl gtk iy 5
T, VU BUE 3 B T % K Hi5E, LREE #2154, Eu nX|M R, JBu LN
0.50~0.65. KV IMIERANE, TIBUE YR £ 2284 Bkl s, LREE 5 HREE %
AT, Bu GEEALRHE) oBu HLAN 0.85~1.10. KFHESIMEEFT, VRAY
PR A Bkl s At 2 K52 R &Y, LREE 1555 %, Eu uRB RN, JEu
H2979 0.75~0.95. LEKFAGHIEE 5T, VIRENDIEGFEIERIERE. HEX
Blidth 55 JNAT IS B (6 F e [ TR, LREE & —sR a4, Bu nR %M F%, JEu
{HZM 0.65~0.75.

AIH LREE 5 HREE 7} A2 . 0Eu HEEXHH P X 32 #F 5475 404 i IR X M3 1
AR — PR . 17 R MR S (La/Yb)n HUAE AT 0.54~1.25, SBu fEAF 0.62~0.67 ([
% 3057 S A FE S (La/Yb)n LA AT 0.83~1.13, SBu fH AT 0.57~0.74 (B 7k 9155, 2024),
8 MHEE ) Y kE S (La/Yb)n HLE AT 0.86~1.10, SEu fE AT 0.73~0.84 (XEIHELE, 2021)
BTG T8 RBEIL G RFE o I 70 20 70458 2 1 AT DA BE I8 M b o) B = 24 307 <720
SR FIREIR X 2 A AORS E e R R (B 15) o 5 KM 59K REE BIZRAMIEL, ST 5416



REE M2 A WIREEEEE /Ny B 742, Bu sBRAHIVAA EMR, WM ST srd il B e £k
MitIeER, BEAEE R ABAY . JiSCEE R0y, EAP X AT sr4l
TORE B LIRS B S A AR R TR A v, JF & DR rh RS oA Ay . 3 K
GG SN, B A By lCE A AT #3 rT S (S iUa S a8 A B 3t e s A
S R AN T 22 K i bt 58 R SR SR SR DU IR o A SCU R S X AT < A TR S R IX
A REAL T — SR 2 YRR AR E S KR 4

THARYL

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm b Lu

B 15 A X AT SEUTAR A A W a2 AC 20 B 3K B ( CHUR Fivslz e 35406 >k 5 T Taylor and McLennan,
1985, N[EIFAIETS S5 X (7% - 0 AU RV Bhatia, 1985)
Fig.15 CHUR-normalized rare earth element pattern of selected sedimentary rock samples from central Yunnan
region (geochemical data for CHUR from Taylor and McLennan, 1985; rare earth element data for different

tectonic settings from Bhatia, 1985)

AR v ki — KBl 28— Bl A ) oy A R, OB B e A ) Bl R S, 2241
— BN A RIER M T P AL T KBS (RS, 20105 XIEETESE, 20215 7K
55, 2024) o {HR, MTAERIE ST TARMRYE A FE 103 DU B Wk S AR B i 73 A 4%
Rl g4 th R 47 F FE R A 5 X B K REAR D, b T — A3 KF0% (Chen et al.,
2018; Yangetal, 2020;Yag'etal, 2022; Dengetal, 2025; Wangetal., 2025) . %J&
BHF AU MG PR Bt AT LARE o Bl — Rt 48— KR A 3 (K s BEAR S (i ST R AR @l
2013) , HUIBUE E 8o R MG n) B B SE IS A R M (Calvert and Pedersen, 2007;
Raiswell and Canfield, 2012) , K1 A SCRE A ) 32 4 32 5l K il i 4 B0 U X A 38 AR

B ANAT R, X I VIS E X TLAJE I 525~520 Ma 148 8 47 s b B
FEVE T B PE ) 860~750 Ma BB #5412 (Yang et al., 2020; Yaoetal, 2022) . HitAlLL
HED, PG 525~520 Ma 6 ) A R AT B E A SATSF A EZPRCE A, IR
Ty S LT AR e TR e 70 U P00 DX A e P 5 B S Gt B 30 U X MG B 05 . R
MHRLIRE B 5 A MR A0 2 REAE BV X R A I 15 S (18 B 2 PR 2 F . o6 T Rt
Y FIEGE T X R AT — N E3N KRR %, 1575 58 2 5 2 TAE M RAE.
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(1) A X ST SE L HRL O A T BT — A AR A AL KA A 2 30T 7 e o W
B, PO BUE ISR P aT RS2 BB B IR R
(2) X TSR VR A DR ML A s Ak R UTRE N, St
PE R EH T TELEFIRAGE BRI 2 B s 2 Ak 2 A AE T
(3) SRATSPLE VR X0, 25 A L f R VL oty it RS SR P DX BL A R o S e e o e
(BHFHL) AT IR & SEIEE, AT REAL T B KR 12 25 ¥ #) i FA 5%
SCPEARHI T RORE B (R 1L B3R 2 AR 3) B 1E v [ B 27 B BHE R 41T (Science
Data Bank) ScienceDB V& /AFF & A, Vi HihkA https:/doi.org/10.57760/sciencedb.36469
Al https://cstr.cn/31253.11.sciencedb.36469 .
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Geochemical Features and Geological Implications of the
Early Cambrian Qiongzhusi Formation in the Central

Yunnan Region
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Abstract: [Objectives] The early Cambrian Qiongzhusi Formation(nsthe western Yangtze Block is a good
reservoir for shale gas, and it has been well targeted for shale gas exploration in the Sichuan Basin. Conversely,
shale gas deposits in central Yunnan are under-explored. To provide geological support for shale gas exploration in
central Yunnan, this study focused on siliciclastic rocks of the early Cambrian Qiongzhusi Formation, and
investigated their sedimentary and diagenetic environtnent, source rocks, the nature of weathering, paleoclimate
and tectonic setting of their source regions. [Methods] Fonthe Yinmachi section of the Liangwangshan area in
particular, stratigraphic logging of the section, microscopic petrography and whole-rock geochemistry of
Qiongzhusi Formation rocks were investgated. [Results] The Qiongzhusi siliciclastic samples are mainly siltstones
with low compositional maturity. The analyzed siltstone samples yielded U/Th ratios of 0.23-0.81, V/Cr ratios of
1.38-3.56, V/Sc ratios of 7.36—18.9, Ni/Co ratios of 2.34-4.85, Ba/Sr ratios of 9.04-16.2, La/Ce ratios of
0.48-0.57, (La/YDb), ratios of 0.54<1"25 and 6Eu values of 0.62—0.67. [Conclusions] Considered together with
published data for Qiongzhusi siltstenies and mudstones in central Yunnan, it is concluded that the Qiongzhusi
Formation was predominantly souréed from felsic magmatic rocks and siliceous sedimentary rocks, with minor
mafic components. After chemical weathering and transportation, the detritus was deposited in oxic conditions on
a shallow marine continental shelf and were influenced by hydrothermal fluids during sedimentation and
diagenesis. Source regions of the detritus possibly include local Kangdian Old Land and exotic Gondwana
continents. During the early Cambrian, source regions (including the western Yangtze) were probably located at an
active continental margin with a warm, humid climate.

Key words: central Yunnan; early Cambrian Qiongzhusi Formation; sedimentary environment; weathering and

paleoclimate; provenance
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