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Fig. 1  The location of the study area and outcrop section
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Fig.2 The comprehensive column of Longmaxi Formation in Dacaozi outcrop of Ninglang, west of the Kangdian Ancient Land
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Fig.3  The outcrop photos of the “red bed” and the “black bed” of Longmaxi Formation in Dacaozi outcrop of Ninglang, west of the Kangdian Ancient Land

FETEAN TE R, A X 22 < 5% , S 56 7 36 AN K I
CRERRER A A Ao T i 56 28 343 - 16 4 WK
A3 5E ) (GB/T 14506.28—2010), fi & T &
(£ 2) i £ 0% (2 1) 53 H7 i Finnigan MAT (¥
HR-ICP-MS(Element I )5¢ i, /TR 22<3%, L5
J7 1 AR AR Crk R 6 A Ak 443 % 4 30
43 440 R E ) (GB/T 14506.30—2010),
222 SOMRICSRIRHIE

(1) FER ORI
FRICR G B2 R RV R AR e DSR4

“LLET(C1—C3)J2)MnO & T i B2
(C4—C14)2) , HEAR R 2 M BmH (R 1),

“él)g”tiﬂlé’%ﬁﬁﬁﬁﬂ’aﬁﬁ%ﬁ&Séﬁf,,\%#nn
Fe,0, ¥ & 4 0.92% ~ 3.69% , YJ {5} 2.62%, FeO %
i;@o.OS%~0.42%,iriﬂia‘jgo.17%;“)%'”EPFeZ }
TR 0.01% ~ 4.12% , ¥ {H N 1.28%, FeO & &t Ny
0.18% ~ 0.48% , ¥ 7 0.36% . =Mk E T HIELE
W RS AL R LRI RET
Fe,0, &ty , H 402" AN AL, “ B2
AU & FTLRL, 4027 AT REJE Fe & i AH X
B HICA MUBRIE 35 T3



101

T Ay 151

37
5]

NiiEE

PRI A

R

BB
Jo FH

J

T [l P A

I B

+1l

THE R HY RS HONEIHE O
010 62L°0 +TI'0 0EL0 06T0 61 8LT0 €91 ILEO0 S9T 1¥'8 91T 00T T6'6 W H g Szs
LPT'0 0TO'T 891°0 0SO'T  €9€0 86’1 08€0 11T L9Y'0 8E€T O¥TI SI'E OFIE 0SSI W H g ¥TS o
010°T 00L¥I 0£ST 00091 0TI'9 0SEE OFF9 00°SE OFL'S 09°0F 00°STT OL19 00°THS 00°96T 1010 OL00 9L0 TI'O  $99 SFE SHFO €40 €0T 061T €8S T ERG €TS8
0880 068°S ¥I60 081'S OILT 1T8 OFF1 908 0€ST S#6 09°1S 00 00°€9L OLTL 9€1°0 OLL'T 1S0 L1099 TO'L  0TO SO0 SI't 8€0L $STL F i) s o
65€0 OVET 65€0 OLI'T SOLO OL'E 9690 86'€ LLSO 8LV 09LT LYL 0£L9 06'SE 8900 S000 IS0 ¥I'0 685 vLO TIO SO 16T 90l 1€SL ZARWMMIYTH  1TS
9PI'0 OVO'L 0SI'0 TH6'0 #SE0 681 TIE0 91T $9S0 L9T 09FL SOF 06'SE 000 LOI'O SI00 I€0 600 TI'E LEO 600 vv0 Tt 909 0TS AAMAMMFYHEY 0TS €10
€610 Oby'l €€T0 OLEl T6FO LyT #8%°0 OFT LOLO SLT 06ST Iv'v OF9¢ 091T ##00 +000 8T0 110 TET 9€0 110 ##0 S60 6S°S +¥L8 SAETY 61S
PSI'0 0SOL $91'0 0160 90€0 691 8SE0 +HT €090 €T€ 0§81 80S 0SHr 0THT #E00 $000 8TO OO0 LOT LPO LOO 8¥0 THO vES  SS88 AAMAMMFITNHY 8IS TID
1920 09471 89T0 0€91 8LS0 STE S89°0 1P Ov6'0 €F'S 096 SLL 0£99 OFSE 9S00 000 60 <TI0  06€ 180 <TI0 8€0 Il T6'S Ob18 L@ ms> LIS
P6E0 0S9T LTHO 09ST LE60 SLT THED €SS 061'1 €59 08°SE 956 009L 0TSP SO0  $000 S90 ¥I'0 S9S 890 600 €€0 ¥T1 E€UTL SOLL M M@IGMMTIHN 9IS e
LEEO 081T €TE0 OL6'T 0v90 1€ €290 €L°€ 9¥6'0 LS 009T L99 0S6r OL1€ 8200 1000 €€0 [0  €0°€ OF0 600 LTO SO0 +I'9  S9L8 AAHUAMMFITHY SIS 01D
9PT0 0991 LLTO 0991 6850 €0°€ P850 LSE 6SL0 €€ 0£ST 9I'L OI'SS 08vE 1200 10000 0v0 10  09€ IS0 OL0 810 100 +SL 9¢S8 XAMUAMMFITHY  +vI1S 6D
680 0LST TIVO 0SST SS6'0 6LF LSS0 98v 0801 I€S 064T 009 0TSE 0THT 6800 P000 €C0 600 €T vF0 OI0 9v0 €5T €0°S TH98 ZAMUAMMIVTHY €IS 8D
0110 S8L°0 STI'O ILLO 08TO ¥l 8LTO €91 9S40 €81 8L8 €0T 0011 ##'8  LI00 #0000 SO0 010 9€0 LI'0O 9I'0 8€0 100 LTI TI96 EAEImE: TS
010 6v9°0 €10 $99°0 TSTO 91l TITO €T1 SSE0 STI 0S9  +S1 6T8 €89  TOO 1000 SO0 600 I€0 #I'0 SI'0 TTO €00 +OT  L996 ) 1S -
€9r°0 001°€  11S0 010°€ 090°T ITS 6260 SI'S OIET 99°C 0SIE 908 OLF9 06F€ SIT0 LOOO T90 810 €67 ¥S0 €10 €€0 LV'E 096 9S9L ST Y 01s 90
L61°0 OSY'l 8€TO OLE'1 66v'0 1€T 88€0 TGl SISO SOT LI'6 6T 0SHT LI'6  6£00 #0000 TI'O 10 €01 0£0 110 LEO OLO 9LT 866 EAEInE: 65
IS0 0901 0810 0ITT I¥H0 LET 610 $TT $090 9TT 9L'6 1TT 09LL 69L 1200 €100 SO0 600 TEO SI'0 €00 8T0O 100 61l 1T96 EAEImE: 8S +
12€0 020T 660 0691 6SS0 $LT €0S0 LTE 0S80 9L€ 06TC 1T9 06Ly OLTE €110 6000 950 1T0 €y SO 00 €70 +91 €06 0908 @R LS 0
LOTO €9L°0 $TI'0 €€L°0 +9T0 8F'1 89T0 9€1 6HE0 ¥ET €99 €51 OLE€l TOL  +E€00 I¥I'0 €00 800 <TTO OI'0 8I'0 €50 €00 980 1896 SAETY 9 €
LOS0 00V'E $ES0 0TTE OTI'L 0SS OLO'T 8€9 0SST 6SL OI'LY OFTL OFL6 00LS €900 TSHO 950 €10 THS 8I'T  SI'0 SO0 69€ 8STI 09TL 45170 Ss
981°0 0€TT L8I'0 091'1 #S¥'0 1TT I¥F0 8ST 6090 9LT 06v1 TEE 098y 0691 LIO0 TOTO SI'0 600 691 TEO <TI0 THO T60 0SE  $S06 45 170 S “
6780 0SL'S $S6'0 0SS'S 001'T 0SOL OL8'T 0TOL 08€T 0801 01'9S 06E€l 00LEL 0ST9 8900 €L60 950 8€0 #9°C II'T  €€0 SO0 +T€ O0STL 6F1L Fiw) €S 10
SETO OV9'1 PLTO OTL'T 8F9°0 LEE T90 8FE€ 08L0 SL'E OL6l ¥LY 0TI¥ 061C O AR s
SPTO 0L9T LLTO 0SL'T 6€9°0 I¥'E€ 6290 IL'E €€80 86'€C 0TIT STS OL6F 067TC R TR AR 1S »
wpooqx wy xy oy AQ qL P9 g wg PN 44 9D ®L  ‘0d OUW Ol O®N O OSW 0®) 024 ‘0%d 0V ‘o's
Eri=4 WH HE
(8-8) e EUTYWE (1-8-37) /B EUTYH o % IBEGHSYWEILEE
pue juaIOUY URIpSURY 9y Jo 1sam ‘Sur|SurN jo doIdIno 1ZorIR([ UT UOTIRULIO] IXRWSUOT] JO SUSWA[S [1Iea a1kl pur tofew jo IR 1S9, | 9[qR],

R ) ke O e B R 2 i o gl Y B ) B | A R

(=2



0]

25

HF 20204

i

EZERl

102

T Y0 LP'T  8eV0 LEV'O 6'€l  €VI'0 0€T  TPYC  T0E  00TL 6£00 €6C0 VIO ¥I6GO O€Ll ¥8¢€  0€ST 0OSSI 0SST T8 IS ev'e ez H §cs

€0y 1260 8S¥  ISL'0 6€L0 TSCT S€€0 9L'€  L'ST ST 09°L9 001'0 66v'0 €650 09¢C 06TCE SL'8 OLY'E OF9l Ov'el 811 6£9  S8¢ - HB E s "

00'0% 006'C OF'LS OL9°C 00T9S 0°LSYT 00¥'IT SS°6  8¥I  €8ST O8LI €LS0 08L°C 16€0 00¥€E 00°L8I OL°LE 0¥0O'E 080T SLv  0°LOT 09%I 0OS€El TR €Cs

O¥'LT 0008 0TCC 08SC 0S6'S 09¢e 0€l'l 9I'6 689  ¥LST OI'Ly <CO¥'0 OIS 0€0'T 0856 00°€Cl 0£0€ 09¢'8 0509 0£69 00rI 088C 0I'CC D& s w

0TTI 0999 00¥I 0STT 0€0T SSL IL80 €68 01ST TLIL OL1T P00 00L9T 00I'T 0SS'S 00°€0I 0TET 00TTI 0TSY 0€P8 906 09FT O1'0S &AM M ) § X 1S

6€'8 0STS LS6 OSY'1 0TCT STy 9¥S0 656  08LI 8Ol 09°ST 80€0 00TIE €990 0LLT 0€SS Ol 09T6 0671 09%S 8TT 0TYE 09°6L &AM ) ¥ X 0Zs €10

8I'L 019'¢ 8T8 0TVl OvCl 00F TESO 66°C 08CCT 9791 OLPL L9T0 00€TI 00L'0 09¢€T 09°¢S 09°CI 06l 0TLC 08¢CS €LS OFel 088C ) 61S

Pr’L 0TLT +$T6 0091 0STT €0F 8€S0 9T+ 0691 OIL OLST €9€0 00611 $6L°0 086'T 0€8S 0L0T 00ST O0OS+I OL8Y 8TP 06€T 0TTI &AM o) T X7 8IS (48]

01Tl 0LT9 OL¥I OPET 09YT L18  ¥68°0 858 098C 968 OFVLT +LTO 00L61 OLO'T OI¥'9 00901 0S¥T OTY'T 010 OV'TL €O0L 06LT OLOT 10 Xl iy Lo i LIS

0191 096'L 0€8I 0PST OLI'E OFIT OLI'T OTII 0°€CE 86I1 0TLT 8LEO 00SHE 00V'T 09S9 O00LTI OF'PT 0891 01'TC 0TE6 S$8S 00TE 0881 1 Xl i Lo [ 91S e

SP'8  OLF'L 0S01 0991 OE€LT 919 9690 6F'S 019T 6611 0661 ¥9T0 00LTT 69L°0 OvP'e€ 0189 06'SI O€I'T II'S  08SS LTI OVIT 09€l 400 3 ) SIS 01D

8¥'6  0€0'8 0TTI 08L1 0S6T €69 9TL0 +veS 0OvST 1¥8  00LI 06T0 00V'0I $86°0 0COY OL6L O06LI TI90 619 O0F¥9 6vI  09CT 00°TI & A o) §i X7 4 60

209 00L8 SI'8 0S9T 0STI 6¢y  0€v’'0 €S 07TOE SeL  00TI 8SI'0 00I'€EC $T90 0TTE 06'1S OTLI 0FSt 09te 000S 96  OL'ST 01798 7 ALM 0 M 1 o) T X7 €S 80

el 00T 8I'T  S¥SO0 0O¥CO 86 [0 0Tl T8 669 00€l 1€00 OLY'9 8EI'0 8L80 O¥II 8€8 0SY'I 0TO0I 0€0l 961 €9¢  08¢€C Y S (4

€T 0SE’L  ¥S'T TSSO vETO 06 L80°0 vO'l  O°LLZ 989 O0'TL T1€00 O€I'8 TIT'0O 9¥L°0 L96 6£9 S¥80 0€Tl 0cvl LeC 1€8  0TST e 1S =

08°'TT 0€8'8 08TI 0¢€6'T 0OI8CT 8S6  OLI'T 00TT OF0I L60T 06°ST 981°0 00STI 00€T 0€6°€ 0888 09°LC 00LT OLLE 0F'S8 09S¢ 00871 09°¢S e B 01S 90

e 09’ YTy 0680 ¥SS0  I'61 90T0 65T 986 IS OI'IL 9900 0998 0€€0 09L'1 0¢€LC 0811 ObL'T OI'tl 06CC L9v 668  01'9¢ Y ) 6S

6Tl 0LEY  S6'1  o6€v0 ITe0 €11 9600 <SOT 1SS LO8 09°€l €200 0L6Y 8CTI'0 000°1 SL'6 OI'0l ¥06'0 II'6 9I'6 61T 9¢°S  06'1C ) 8S »

07’0 0SS'8 08Tl 09¢'T 0S6C T86 99L°0 088 SL6  8SEl OLIS SIT'0O 08L% OPET 098¢ 0Tt6 OI'IT 08¢ 0STL 0679 O01L 0L96 0091 2 R LS 0

o't L8LO TO6T LSYO vITO 08 €900 Tl ¥vl s S89  ¥P0'0 0101 OCTI'0 €L6'0 CTI'L 0TL 09¢¥ 09°¢l L6S T98 0L0S OI'L 9S €0

0€9T 0L9'T 0891 09LCT 0ev'T L8L OSI'T 0SST +0L  ¥E6l O0F'6l 9950 069°C 08LCT 0L6'L 009%1 0T'6S 00T°€9 00°0LT 0TI9 0°6TI 00°€ST OV ¥L 2 TS T @ S

PSvy 0€0'l 8%’ LILO 9880 TOE 8LE0 P¥ov ST L8L 0€0l ¥9I'0 LO6'0 LELO 00TT OLOF O0S¥C 008CI 0T9¢ 0981 89S 0908 0T9C M) T ¥S “

0891 OIT'l 0€9l 0€TC OI0C 09 0801 OCTLI 8T8  SLEC 06'¥C [1L80 0STT OLI'Y 0908 00°6€l OI'LS 00SLI 0€€9 0L8S 01€l 0v0l 09CC TR €S |8¢]

IL'e  TIs0 Is'e  Lev'0 OL¥'0 6%l  89C0 6¢€¢ I'€c 86F 00°¢Pl 99C0 +8CT0 T980 OCI'l OI'ST 0S ST 0619 080¢ 06°SI 8€l 0 9L9 20 S (4

68V  €9L0 TFv  ¥89°0 8¢SO S8I  ILEO €19 €6T 189  00%SI 96¥'0 LOTO 06I'T 0LO'T 0€LC O¥'SI 000°ST 0TTh OFLI TLI TLE 08Tl 0 A 1S *
4L n ®D od JH 17 ®L S A ed 1S q N M SO q4 T oC N 1T uz qd ny e W &

38 \Wﬁﬂ

PuET JULIDUY URIPSURY oY1 Jo 1som ‘Sur[SuI) jo doIdIno 1ZorIR([ UT UOTIRULIO] IXRWSUOT JO BIRP 1$9] JUSWD[A 90RL], 7 9[qR],

HEHMESELERYIHECYRRLRYESMENEEE ¥



FAEMSE: HEE s RPN R e SR 4 —

CRETREM 58—s9$n811—s12%71EﬁEE@ A

— G K PR A RE T, Fe,0, 3 5 0 0.01% ~
0.70% , ¥I{E M 0.19% ; i SlSleyéHE]—'?ﬁﬁE
Vo X 25 = Fe2 RN 1.64% ~ 3.47%, B1E K
2.56%, H: Fe,0, %t B 5 “ 4127 HH Y, H R 5L =K
I T %ﬁﬁaz%jyﬁya(/a‘%w%) il
(B 3%) A8 (1% ~2%) , FIF L) Fe,0, % i Xt
FCBE 0 5 AR 55, 1 2R OK A R )E
Hofl FE A A L5 FE A S22—S23) Fe,0, & 2 4
0.01% ~ 4.12% , I8 N 1.28% , B 5K fix KAB Mok 41

| BRI
—— LEBMERIZ(E

1 1| 1 1 1 1 1| 1 1 1 1 - 1 1 1 1 1= 1 1 J

Ni V GaCuZnSr BaRbPbTa Zr Hf U Th Li Be Cr Co Cs Se W Mo Bi

(a) S TC 3 & BRI (EXT LE

SRR —— L7 TR RO 0] 151 103

27 WY Fe, 0, 5 i fie R AH B K Ry i A BLa 1) £
P BT T 2 (0 2 R — IR

(2) T TT R e ARk

Jo R AR B R RV U S A A
LR A R T R S A 3L, R
27 Mo & A R LR 95 L b R
LT 2" T Ph Li \Sc W & Bi 5 i Y s B3
RPN TR M 25D L )2 N AR
P2 B2 R R IR 545, Co S A (ETE
BT TR R 9 fE L (K 4a) .

»
o
1

o
n

g
&

1.0

S/ PAASTH 4 Y

Ni V. Cu Zn Sr Ba Rb Zr Hf U Th Cr
(b) T T CR I S PAASHAR R it e 2% 5 5 LB HE
(PAASHRCE TG R H ] F SCRR[30)

B4 REGMAMNTRAEFIALDEA“IR"5“BR " HHMETRFFIEXLL

Fig. 4 The content comparison of trace elements between the “red bed” and the “black bed” of Longmaxi Formation

in Dacaozi outcrop of Ninglang, west of the Kangdian Ancient Land
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Table 3 The rare earth elements analysis of Longmaxi Formation in Dacaozi section of Ninglang, west of the Kangdian Ancient Land

SREE /(pg.g™) SLREE/SHREE (La/Yb)ypass
i) ¥ifE Pk ¥IE itz ¥j{E
R 39.05~220.50 122.05 1.50~6.02 3.27 0.47~1.70 1.04
= 108.64~382.13 256.01 2.80~4.16 3.69 0.79~1.24 1.01




104

e DR N LR S BRI RS
B £OCE A FHBEAL, I DL PAAS BEATARHEAL , 45
eSS DA R S N AW =S T o Y P 2N
U A BE oy 2k R BCE AT, A RS E (A
5a) , RWI“LLZ 75 “RIR YR EAT BOS AR,
WERM LR RE" PR ER LTRSS
PAAS Y E A o0 B Bl B R B A

S
(=]

le (K i 2 4E/ PAASAE)

Bt I L ICHR

o

P T S P P S T S
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

(a) FETHII(E LAPAASHRUESL (PA ASTE 5 SCHR[30])

L CPE A1 24901/ SRR 8

WA A HLE 20204E 45254 552

Rl 2T 27 I BL A I R AR bRl 5 F 1.0, R4
BB R Lo R B S PAAS BRI M
“PREETELAY IR AR AR R S T 1.0, AR
Mt REESPAASHMM L cR G EERE
Ko VABRRLB A ARG o 2 & 2 L UG
KRB SRR ERE TR YRE
R BRR R OTR S B N (K 5h) .

1000

100

10

BMi Lot R | L ITR

1

L L | PR TR S S L
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

(b) B S ELABRAE B A7 b v A IR B (L8 SCRiR[32])

B5 REGMAMTREAEFIELZDZERITRSENERELRHEXE

Fig.5 Normalized REE patterns of Longmaxi Formation in Dacaozi outcrop of Ninglang, west of the Kangdian Ancient Land
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Fig.7 The tectonic background discrimination of original rock of Longmaxi Formation in Dacaozi outcrop of Ninglang, west of the Kangdian Ancient Land
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Red-black transitional characteristics of the Silurian Longmaxi
Formation in the west of the Kangdian Ancient Land:

taking Dacaozi outcrop of Ninglang as an example
WANG Zhenghe, ZHANG Haiquan, CHENG Jinxiang, DENG Min

Abstract: The Silurian Longmaxi Formation to the east of the Kangdian Ancient Land in the Middle and Upper Yangtze
Region has no red beds, but in the Yanyuan—Lijiang area to the west of the Kangdian Ancient Land, there are red beds
(about 2 m thick purple red siliceous shale) at the bottom of the Longmaxi Formation. In order to make clear the genesis
and geological significance of the red beds, this paper studies the red—black transitional characteristics from the red beds
in the bottom of Longmaxi Formation to the black beds in the upper part of Longmaxi Formation, from the aspects of
lithology, lithofacies and petrochemistry, taking the Dacaozi outcrop of Ninglang in Yanyuan—Lijiang area as an example.
The results show that:(1) the “red bed” contains Fe** and there is no organic carbon in it, which may be the primary reason
for its red color; (2) the characteristics of rare earth elements in “red layer” and “black layer” are similar, but the
characteristics of trace elements are quite different, especially the mean value of Co content in “red layer” is more than 9
times higher than that in “black layer”, and the mean value of Mo in the “black bed” is more than 9 times higher than that
of the “red bed”; (3) from the “red layer” in the bottom of Longmaxi Formation to the “black layer” in the upper part of
Longmaxi Formation, it is a process from relatively oxygen rich sedimentary environment to relatively anoxic sedimentary
environment, and it is also a process that the sedimentary water gradually changes from shallow to deep, which is the main
controlling factor of the red—black transition; (4) the tectonic setting from the lower “red bed” to the upper “black bed” is
always in the active continental margin, which is different from the stable continental margin to the east of Kangdian
Ancient Land.

Key words: red bed; sedimentary transition; Longmaxi Formation; Silurian; west side of Kangdian Ancient Land
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