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Abstract The continuous Silurian strata are well developed and exposed with abundant fossils
in Qujing Area of Yunnan Province, which makes Qujing as one of ideal areas in China for the
research of Silurian stratigraphy and paleontology for a long time. The Kuanti Formation has
become the focus of attention for early vertebrate researchers in the world, since tremendous
amount of fossil fishes were found in the formation exposed in the surrounding areas of Qujing
in 2007, which eventually led to the discovery and establishment of the Xiaoxiang Vertebrate
Fauna in 2009. However, the stratigraphic subdivision, correlation and the geological age of
the Kuanti Formation in Qujing still remain contentious, although many biostratigraphic and
lithostratigraphic attempts have been made since the formation was named in 1914. Based on
the detailed field geological investigation in recent years in the surrounding areas of Xiaoxiang
Reservoir and the measured data of one continuous section (Shangtielu-Dongpo Section),
together with many previous paleontological and stratigraphic works, this paper redefines the
Kuanti Formation containing abundant Silurian fishes in Qujing Area and further discusses its
geological age. According to the main lithological changes and paleontological characteristics, the
Yuejiashan Formation which was separated by some researchers from the lower part of the Kuanti
Formation is abandoned here. In the paper, the redefined Kuanti Formation can be subdivided into
four members in ascending order. Member I (Yuejiashan Member) is characterised by yellow-
green and gray-green shales intercalated with thin-bedded fine sandstones or siltstones and several
thin-bedded fine-grained conglomerates bearing fragments of fossil fishes in its lower and middle
parts. Member II (Chongjiawan Member) is represented by gray-green and purple-red shales,
intercalated with light grey middle- to thin-bedded or lenticular limestones or bioclastic limestones
containing many brachiopod fossils. Member III (Cailian Member) is dominated by purple-red
and gray-green silty and calcareous mudstones or marls intercalated with minor purple-red or
yellow-green shales or siltstones, containing brachiopods, fossil fishes and stout tubular trace
fossils. A set of middle-thick-bedded fine sandstone with small thickness is usually developed in

the bottom of the member, which becomes the obvious marker of the boundary between Member
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III and Member II. Member IV (Dongpo Member) is composed of gray-green and yellow-green
mudstones and shales intercalated with thin-bedded or lenticular argillaceous limestones and
marlites. Abundant fossil fishes of the Xiaoxiang Vertebrate Fauna were found in the argillaceous
limestones in the lower part, and coral fossils in the upper part. Mainly based on the records of
fossil fishes, conodonts and other paleontological data, the age of Member III to Member IV of
the Kuanti Formation, containing the main fish-bearing strata of the Xiaoxiang Vertebrate Fauna
and conodont Ozarkodina crispa, should be assigned to the Ludfordian Stage of the Ludlow,
and Member I to Member II can be referred to the Gorstian Stage of the Ludlow, Silurian. Based
on the current stratigraphic data, the possibility of its bottom extending down to Wenlock is not
excluded.
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Fig. 2 The Silurian Kuanti Formation exposed in the Shangtielu-Dongpo Section around Qujing, Yunnan
A. KJRAIE (Member I); B. KA (Member 11); C. KR AN (Member 1T); D. JKEKAIVE (Member 1V);
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ity i) i b X OGN fa A 1 R B AT B B 19704FEX . == e 48 Hb JoT Jmy 55— IX Sl s
Jon i 15 R BATE 56 B 1 : 2077 IX S8, o i A 4 45 < o i ik, T 197 64F 18 e Rk &2 5
DI\ B D OGP 2E S BB 2 A (O TAS SCrh QR IB) th R Bl fb A i -, BEJS
oA S B A T AR R R IRH N RIS 2930 md) s a4 e i b (6 AR SO IS 2
LB) Gl 7K P SRS BT 3 SRS 4 Hh i R >4 T A S rh QIS A TTLBE ) SR 21 (.55 g ok b v
RIRFFRAR— 2ot A A (2 P 48 M TR 55 — DX S b S B BA, 1978), {HAT X it fafb
AR A ARFR K o WRIT(1986)7EHh [ 35 B AL B HESH I RE A0 2D A 50— S g
KT RT 0 B A T T & B a2 fbar, IR HAr 24 8 < rh A8 1 [0 (“Wangolepis
sinensis”) (€13), (HIZ AT — 5 LABR 44 19 7 SCFE SCER P g 88 0, JF R B 1 Atk (X SC
4. RN 2014),

T L EEOP(1989) i A AR I A Tl R B R AR IRt A,
FhR H R ITE: KB ) Thelodus sinensis M Naxilepis gracilis55(18]3), Hr
B Thelodus sinensis%% T T AL B & 5 B (2R 00 ANE B8 I8 ik A, ol J2 Bl £ I 1) i
I, TSRS 2 (Marss et al., 2007), Fff5, Wang (1993)8 8 & 12k H KA L
(PL FA S STV BT &B) I — K ORAF A 0 B2 02, IR 2 Bk [
B4 tt1 (Silurolepis platydorsalis) (F3), 18 H #1201 04EAH AL 224 A A4 5E i (Zhang et al.,
2010), HFAERAESERL T IR ARIIFSE TAE(Zhu et al,, 2019),

20074F, HEBEEE BRI S I SR T RN HESh B 5 A1 BRI R AE
U R I T AR JEE A A B 20 b 2 b TR IR TS A M B 5 48 S A A e, TE QIR BB
IVEBRYEBS T KA ICE T R IR T Kb a bk, et
Heshib A, BEA KRB IE e ta2s, SR DU a2 R/ NG je fa s, théh
MALFE K i p R s | A 2R SR RUN 2, 200948 Fifi G A8 4] R 1 (Guiyu
oneiros) W BIFFEHE R Z R i A HESH YU RF(Zhu et al., 2009), BS FHF5E SCRH A 73R
DI | JE s RS RAA RN TR G ML a2 | Rl fh
SKIMUAAAT H T LT 1254 45 (Zhao and Zhu, 2010, 2014, 2015; [813). 324>, XKIRLH
WEHESI Y RE T CARGE R R FEAEE . B 2L W 0 (Guiyu oneiros Zhu et
al., 2009) . Hliik 72w (Megamastax amblyodus Choo et al., 2014) . T [CH @i (Sparalepis
tingi Choo et al., 2017), Ji§ [z 62540 4f 2@ 1 (Entelognathus primordialis Zhu et al., 2013) .
KWy ik 4 (Qilinyu rostrata Zhu et al., 2016) . [T 2% & fa(Silurolepis platydorsalis Zhang
et al., 2010), “H1EF [C A (“Wangolepis sinensis” W1, 1986), DA M 25 H £ 2 KAL) £
(Dunyu longiforus Zhu et al., 2012), Brerfe T Rk 3 RJRHIB P ERAN, HAb T Zifa
FAA YR B RIRAIVE FH(EI3) . EiLFN NS R 50 A &b, RATEX
JIGEHTTTBE -t i B %t 2R RA AT VBN 202 (K13), FERAR— Sl abh L, SITESCIIRLH B
TR Z TR A it A B i A A, (ELRR T B RS O 224 AT T R AH DG Y
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BRI T A i o i i X O R 2H S E HE S I 1) A B S RS EA O R A SR IR
SRR TR E R E O, AR IR R Oy RS B LI AR R o S
Xf FE A B 2 TR R A T n] SR A Tl 0 28 27IE S (Zhao and Zhu, 2010, 2015),,

FRTECE AR, SR P i fafl A 32 277 T OIRALL TLRIVELZ N, Hy™ i
M EARJZ AR LB =R . AN IB S IVEL I NHB(EI3). BB HESi R
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Fig. 3 Stratigraphical distribution of Silurian fossil fishes from East Yunnan
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Br A2 i) 24K . BREAIN, FIRRUSILT H(EA) . BElRSE . Akt a
AR AN R R R B R AV HE M b T E 2w fbar s, AR
INK AR E AT IR (ERUE, 2005), I FHUDREHZEAA, dhfHbX
RNRLH B I & PR e A E TR .

T EIRA93T) RIS o b X SR A (SR YA SO IR T BRI 35 B
WA (E4), HIFVF2 )2 Y8 T X BRI 2a 5T, 1Wang
(1944, 1947), Sun and Wang (1946), T M5 (1988)%F B BURFFT, 443 26 (198 1) 8
BRRYBIESE, T ARAE(1985) XA JE IR (K14), FOCRLH XA RI% se 58 . HRVT.(1986).
Pan and Dineley (1988 i X XA B (k- R L) b A T, AR R 4LLE ]
SR, WIHARIS g, H ORIV B (AR O A+ s 4 T By
HAB IR GE(KEI4) . BFARZF(1990, 2019)IA A SCIRLH (AR YA SOC IR I-TIER) 5 18 A2
WHZHNREXS L, IR HANE P & SE FER(EI4). i SE (1992 i X Ui b5
Tt AL (U AR SOOI I-TILE) U ARI se B AN 5 i, JR e iR &
PEIE A, a0 — . BREETR (000K IE BN B 78 BN R, MR R I B (M S F AR S
(G R I-TLE) IH AR 5e 48 . JQJRCZH b AR RIAS S i S LTV B U A P 45
REEE, ABRESS AT FE o DX OGRS ZH iy k4 O AR 3l SR A 1 s A Qe e S &
g — . PRER, 2004), ITA0AFERCKESCHRLLII-TV B A A 153 Ge (A U0 st O i 22
ARl =t RIS M. IR TRV R SR . (RIS (1977)%F =it Uy
TEAIRETY, AomAy . B (1978, 1981), ERUNAF(1979)% i e A iASE, AR (1980,
1981, 1998, 2001, 2011, 2013)5Walliser and Wang (1989)%] F T2 (5%, Geng et al.
(1997) % Ml A7 FIBIFSY , B S A SR 2H (R S AR S rp S T-TTTE ) I A B I S8 (K14) o
PFEE L5017 N7 FIK2E Ozarkodina crispalit) 5552 ILZH A b 3BT A % 98 45
MR ANE O. crispalty b2 B A 7 2 I % s tE I (1514)

ity JE A L X A AR B R B A RS IR, e A B A D T e e A
FIEIi A1 Ozarkodina crispatt NS4 . Wi M EIp P A BL, R4 i
AR A i DA B sk b 2 06 AL T B 1 ol AR 2 AR (R LR, 1980, 1981, 1998,
2001, 2013; Walliser and Wang, 1989; [K]4), HRi7EIA B4 HIOCNRLAAE Y= 2# 058,
I TCEE 0 OIS M BTt L 2 i I Bross LUk BE e e fb A 1128, 2Rimr, ¢ F
O. crispafBI, SVERF(1992)G A I EE, HENZF e R K . HAE E R H
PATRELRRE R, AANERTEFR EXTO. crispatf AR @ L HEH F . FAMALED
AHsE, ZOALURIFEN: 1) W 0. crispalty il g2 % 8 % [HoRK 1FR & (Corradini
and Corriga, 2012); 2) O. crispan] #iE 5= 1 B8 A tH(F AR, 2013; Corradini et al., 2015); 3)
O. crispafERCNA] T 4E 51 25 {83 9% i = 47 (late Gorstian) (Viira and Aldridge, 1998).
M= S Bk, FIEZKRO. crisparti J&ii B R DI B 10—, FERRUNZAR )2
FO. snajdritii MO. remscheidensis eosteinhornensis’tfy 22 |8] [f]—~ % 15 1% -5 i 0 1)
KA, TERE Bt R b DX R T BR b 2 SRR 22 8501 2K (Viira and Aldridge, 1998),
MAE M5 F X 5 O. crispafb A Y HLIZ BATERAT 10002 K8, 8 T b X 78
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B I P TR T DU R (R, 1980; Walliser and Wang, 1989), {HFI A KK
O. crispaf) & [ e br e i ) 120 b DX B 20 %0 1t e 109 b 2 0 AN mT B, X s b 1
SHERRIN A TEZRO. crispaii i@ i 5 0. snajdritti FO. r. eosteinhornensisti f1 15 HAHH E )
FAH G (Viira and Aldridge, 1998)., WIS HLIX B2 O. crispadF i 45 H2EH %
e, nldsrtta, B, SF1y 4RI, 2R IE AL o2 R GE BRI ] fe <, MOCHIRATT
Bt B —— T AR (200 1) I e 0 ZR LB L 3B A2 T S (1988) Al | T i 12)2%
AH A S I T A 152 ] — B3 B e SF g BB AR, T A3 AP AR 5 LT
KRV L ff——Walliser and Wang (1989)FT4& X HYWb i 2 T B, JoRERIRAIVEL
H EEON T . 455 0. crispate Mg R b IX G B R P ik f o AR E . BH AN
TEAER A FZ AP I TR B0 € O. crisparfi NGB, HET I, s X% Kt 0. crispa
ORI IVE R ICEE N I A B IS R M IO, crispatiy; T & /DO, crispaltyih
AR EFHTTIIAE HIEH G BT O. crispatr K AR nT T 4E 321 %5 77 1 5 07
¥4 (late Gorstian) (Viira and Aldridge, 1998), 78 SCIA K S II-TVEL R #B A IR I AT )
AT A F—rp S g 4] (early to middle Ludfordian), 1fii & /D2 O. crispalf) & EELHITEL
I EB R TR AN E R A A Y M2 (LA DI LT B T 38 A 1Y), FE A & I i 1k
ATUEYE Z 1 AT IH A PR G im TR B B R 2, AR QIR TB iy T BRIFAHEBR AT R
HE RS AT RE . LR RAWAR R TR AR A AR A TR A 5 BT R SRR
(&13).

FEARHZE FREAAHN ([ as Atz KICALI R 7 %
Chronostratigraphy conodont zones | fishes [Lithostratigraphy| Geological age schemes of Kuanti Fm
~_[423.0223] 0. crispa %
= =
ié;“_ ,,_g (Ma) — = ){{ v @ 2 - @ =
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ladliots _. e | e = & S S
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Fig. 4 The representative schemes of geological age of the Kuanti Formation in East Yunnan
Illustrations: @+G&)=%JE4H+1b 41 1 % Kuanti Formation (Fm) + the lower part of Miaokao Fm
(Ting and Wang, 1937; £ i, 2013; BE AR5, 1990, 2019);

O+@D+O={EF 1 H+ k)R H+ b= 20 T4 Yuejiashan Fm + Kuanti Fm + the lower part of Miaokao Fm
(O7IERR, 1985; WYL, 1986; 4k E&%, 1998, 2017)
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A [ Brib B T (IGCP) 32850 H L LIk, faiMikfbaEdE | Raa )=
Rl 53 %68 LEAFE 5 r i 280 A A FH - Ui 2% D) 63 (Blieck and Turner, 20005 By . B
i, 2000), & B 2 SR A R RIAE B T i Dul D G HE S AR E A A 93 B 22 b
JE ARG 4030 3 SRS A T LE AT E A R S R R GRS 4 L R, 2014) . BGEAREF(2019)
fRih, B a2 LA A 277 B R EROKIEAEDTR Y, DIEE B2 A
K, BERLOBNRG IS EYHZ BRI, WEENA R A3,
AL AE Y 2E P20 b s i B, TRk, ihu R X R B R b a2k
A SR A BRI R 7 B 0 a2 i B A S 0T ELER AL T AT SR R

4k ity o ) 00 b DX R &R b B Al 0928 Y e A3 A FEAE . Zhao and Zhu (2010)7E jif
WA AE S e b Rl A 2R A 2 S —— 0 ST T QI A LB P ATV B S b
H—F R FAICTBZ N TG SL0MA G (K3, 4), o 53 2 2ARYE 11625 Ko
TSR bR TR ST (XS4 . KRB, 2014), 77 [ 0 4R S0 ol 0 28 S D AR i £
Gomphonchus, 15 it Nostolepis FIW JE i Hanilepis = Jg& A, 5 (20| L) 44 74 fa
Naxilepis T @ Ligulalepis A Fe 5 1= A W@l L8 L E R4 LA R TUAZ T H
)2 R A 2 32 B DL Y AT Nostolepis, LG Poracanthodes FW JE ft Hanilepis = J& }
&, A AR LU MR Kawalepis AR (813) o S AE HESh b B AU X
FIEZLRAL A B, 76l i IX 35 B R TP i = & W Nostolepis & —25 2 0 Ai
MM . AE3E . RPEN SN it S, i Poracanthodes 5 Gomphonchus W & B I
% i JE 3 DX DL R 2 e TR B FR A8 R R T g - e A . T AR
o B AR X it 28 I 5T Fe T, 37 W 5 A 0 i X 5 3t L T R g £ 2k
Al ol B LA T E R T R B AN SRR o, TR T ERESFAL T ER .
| EB I SR 80T A Nostolepis striata 235 B F| i Monospina erectaft A1 75 R4 T
(Valiukevi¢ius, 2005), ik, FEIRTF4InT A AR BEAGH B, T2 a2k
A 1) T EERAE 2 (LA W e 4 K 6 <7 2R RSB W AT U A 213 BB A 58 B, X 5 QK
HIVEh & F & AR RO, crispaliidi s b BT () F A0 Ji o 53 78 R4 ITTEL
b FRER A B STV B Je AL A A AR LA, A R (2R AN VY £ Naxilepis
R (B . FEEOR, 1989), X R W SCRAIIEL 1)) =R AT A AL 1%
Gt LR S TEAR R BN TG IR (K3, 4), BRI, RIS S A BoRE, it i X 4
0 2520 G 20 L TR B HE S R 1) A h 27 RJRLHI-TV B T #R 0 5 AL 9%
GE BRI F A A A R SR T X AT R SE 2 O IR BE A2 T, AHOCHY
RN IBLH 22 B T H A A WL A A A 1) S I TTBC R A A B T 4t e T R B B A
U, RJCHILBE A 2 Ab A 1) b 2 D) T 287 s 438 05 A v B R o e 2 38 A 313
B Ege(X13, 4),

ZE TR, R A2 Rt A A A, o S 30 DX OGRS A b S A E i AT
DASEAHA E T ok . FLII-TV B 0 M2 1T U9 21280 F598% G0 5 faw A B, i LB 1B 1Y
HiJZ AT A A B0 20 P e i W RE R, LB T A2 H RTA AN R 2 AR I A B
By, oy il I BRI s gt 2 (1813, 4), A FHRA R A A i TAER T RE
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6 4t

155 o] 0 0 DX B 9 QIR A 48 AR A 525G T, (HCIA SRRl 0t L — ELAP A
Pl BEAELI —ARBE R N SRy Bk AYRI R RSl |, F B £ 5
R R E R Aoort, JFEEE B R IFIEHEh LA BTl fe, JR
JHSE T RIS S, RN ARRIR G HZ T, SR ETITE T IR
HUTRIEAR, IR TS AN i) — LT

(1) KL E LU 4 D B I ARLL 2 OB, AEih ol )32 i Bg T 9%
RGN FHB ARG R Z 1 DK ORI Je 5 ER D EHZ T

(2) MR AR IER ORI 4B, N FAE RO IBE R R I B, 1B
HIGB WBRAEBRIVBRYERE, T AR A 52— 0 F LA S

(3) SKIRALIMF R BT s B, 3 L RS e T 2 Ozarkodina
crispatly, JUTBATGE2 FAERNRIE it SRS T ZILBE TR S A2 04 b ik
AR

BUEt RIIABRTR SHRAEARL A F LR T ZHOEAERL, EoR, F
7%, HALE S T MR m e, s — R BOAME,
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