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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. RIRHAIB (Member 1); B. ZJRANE(Member 11); C. FJEAHIMEL(Member 111); D. KJEKAIVE:(Member IV);
E. JGJRZHIEL T #BAH K HUE 8t 15 fE A (the stout tubular trace fossils in the lower part of Member 111);
F. R I 30 J& B fa 256 F (placoderms in the middle part of Member I11)



Cai et al. — Subdivision and age of the Silurian fish-bearing Kuanti Formation in Qujing 257

3.2 XRANR—F=KEER

RE AR AREREATUABZENE, JRKBOICHE . Teks . Ses
RO FIR(EI2B), BRI EAZE, WS A . ARBLIEa A
R MDA BRI AR S A TERHE AT 5 MR IR R I B X 4. ARBAE
SEGR — LRI DL GHN K E R I A th 88, AEREMItEe A RT , Bt
BIFRASERIE B, T8 FARBE—ZRIE T A Bt )2 1 #8JEE 178.11 m,
3.3 LKA —FEER

ABA PR LR L AR SR AR D B T e o L e Rl 8 DU DL S /D v B A A
WA 5 IK BT A . BRI A 2R (K20), & KA i 226 . ek S5 mik
Ao ARBIGH N EZERE O A I R a6, Mgmibs . IUaZE, W\ m L
SR TR A KRWAS . Lingula /b AL s T SR A D BT TR K
ISR e . iU, RICE BTN B R A (BI2E) I Lingula R a8 kA vh
S e FARGR Y iRl =i R Y L=t A K NS (- S S =N (& S S 0 i) =g [ WA W 3
A DGR 32, IR IKRE BRSO ICE TR, SRRE .
. R (KI2F); B iaka RS aTUa N F, I m, KEATT
w A RS . RIRKAMICAEFR, SRSl n . A BAEM
7 DX PG R B A 2R SR i b X R R N R R R T B A 5, RITEA SRt B
PRI . ARBE FARBE— AR5 T L 9 )2 S 5 5L °0203.95 m, RS AY 2R 4
AT LA R SIB——52 KIS B X A0 1 R AFFRakR)2, ELJE AR sl b K 283 2k )
AT BEVEA B 4
34 XRBIVEE—FKRIKE

ABCEMEEBURS ORI TUS | Bes . Miba b E, JakKE . KEMA
WA AT . KA H)Z0E R IR(EI2D), SHEZE . WLl b, Ty st Enmb
JT VAR SR AP BT . AR SRR S E AR, SR ea b TR
NEGETUAIIR . PSR BOE T T M G uUa IR K . KB
HE, SEEA . MEIa . ABCAE T X VY RS S S b DCRE R AR A —
WwAER AT HAba£E, HIEAR SR BRI AR B ARBHLE 5 1:20 7 X 8 i
PRI S HR g e b BT USRI B . T AR (1985) T S = 41 T Bt —3K.
TE AR AR b, ARBH)ZE R IE S 4356.04 m, HN IR B B A U A HE
SRR 2 RN o ARBE T RINB—— B AT DAL TR A b2 097 Kk DL O &
W2 PRI B AR BV E ARG X apbraks, LT AT DA e IR A 1 H 3R
YERARBMZR . RSN

4 SRR 0 LA B 2

i X A R Rk E . AP O R, BREEEARLKE,
W ek A PRSI a LS, BRSBTS R, L




258 Vertebrata PalAsiatica, Vol. 58, No. 4

BEE | JE R e S LA R R B 0 2 S AR IR HE S R 4 e 5 T A A
ity b DX A S RG2S Bkt B ME S 5K E B n i it R IX AR R 2
IR AR KA, 17 HAE SR LR o 2R i % .

ity o Ji 320 1 X DGR 2H f Ak A 1Y A BRI SE I 3 197044 . 2= 1 48 M3t J) 55— IX Sl
Jon i 1 R BATE 56 B 1: 2077 X S o i 2 i 45 < v g ik, T 197 64F 15 Se e Rk i &2 5
DI\ D OC P 2E G BB 2 A (O TAS SCrp QR 1B th R Bl b A i, RS
A3 IAE T B AR G ZH N RIS 24930 mif B4 (4 )8 BOB b 5 (i T SCrh e i
LBD) B ZK 2R RS R AT S RE 4H v B (R 24 T AR S0 S IR A ITUB ) SR 2L (A 5 e ook b o v
K BRIHR IR — et A A7 (2 P 2 M ey 5 — Xl Sl BN, 1978), [H ] i it fa ik
AMELZRASBIRIA LR WIL(1986) 7 [E & B 22 B HESH W RE I D52 —SCb 4
KT RT T B A T T S B a2 fb s, PR A 44 ok <rh AR 1 G0 (“Wangolepis
sinensis”™) (&13), (B AATh— E LIRS 0907 A SCER b B 88 e, IR R At 3 GBX S
4. RN 2014),

T BEHOP(1989) i AR I IE T g E R B R iy AR AR, B
FE% [ G R TITTE: KB ) Thelodus sinensisHNaxilepis gracilis55(183), H.r
) Thelodus sinensis% BT WAL B 5 25 [ (AN Er %R Ak, B R i S 1y g
o, AR AL S 1245 (Mirss et al., 2007), Bfif5, Wang (1993)% 48 K T2k H QA
(BLTASCHOCHRHTIVE T #8) B — DK P DR A A B G e 28, Y IR 2 7k R I i
B3 fti(Silurolepis platydorsalis) (E13), 1B EL 32010440 ISR A 52 5 (Zhang et al.,
2010), FFAERL SE AL T A BIIESE TAE(Zhu et al., 2019),

20074F, HERRE R EHESIY) 5 il AEBESE T R HESh W i o A BT BR TR
i JEIN T AOK R ) AR B 28 2 v F RIS M i 5 28 54k A & di, 7EOQNIRA B
IVERYEEB T KU ICE T R I RAR T Kb a bk, e fib
Heshib A, BEA KRR e ta2s, SR DU @2 R/ NG fe fn s, théh
ALHG R B I AR A fa s | 28 P e e AR R B ST, 20094 bl A8 4] i 1 (Guiyu
oneiros) W RIFFEHE R Z R i A HESH YU RF(Zhu et al., 2009), Bf5 AUHF5E SCH AR 73R
DI | JE s B AZEERAA RN KA G MU s | i
KR AT R T LT (12520 45 (Zhao and Zhu, 2010, 2014, 2015; [813). Y24+, KR
WEHESI R P O RAE W KA A R B EE . M AL B (Guiyu oneiros Zhu et
al., 2009) . Hliik 240t (Megamastax amblyodus Choo et al., 2014) . T [CH i ff (Sparalepis
tingi Choo et al., 2017), J& % a1 2540) if 4> fh.(Entelognathus primordialis Zhu et al., 2013)
KWt 4 (Qilinyu rostrata Zhu et al., 2016) . |75 idi B4 fa(Silurolepis platydorsalis Zhang
et al., 2010), “H1EF [C A (“Wangolepis sinensis” W11, 1986), DA M 25 H 0 25 K AL )& £
(Dunyu longiforus Zhu et al., 2012), Br“rae T 7R 3 RJRHIB RSN, HAb T Zifn
KA YR A RRAIVE T H(EI3) . TERFEREINE S S5 A kit b, FRATER
JIE AT Th e A B 2 KA AT BB 22 (1K13), FFRAR —Sefb bRl S 7E QR AL
T ERZ TG AR h A B R R A, (H R T I RIFDRS ) 2 410 B T AR DG
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SRR TR EERE O, AR TR R Oy A B LI AR AR o S
Xof LU A B 27 T A T AT AR ity 18284 IEHE (Zhao and Zhu, 2010, 2015),,
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Fig. 3 Stratigraphical distribution of Silurian fossil fishes from East Yunnan
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B2y 24K . BREAIN, FIRRUUSILT HEA) . eSS Akt a
AR T BN N RAE R B R AV HE M b T o EEr A ds, bR
INNEEE RS ERMATIZRCERIR, 2005), i FHRIGHE A, HhsX
RNCLH A B I & DR AR L A TR .

T EIR937) SR s i DX 8 OIS A (A 2 AR SOOI I-TTLB) 4 9 F 75 P
WA (E4), HFF2 2 Y5 T X BRI 12 ea EsE, 1Wang
(1944, 1947), Sun and Wang (1946), T #515(1988) Xt MBI AFSY, B4 HHE 25 (198 1) X Mkt
WRAYBIESE, i ARAE(1985)X A JE ISR (Kl4), FOCRLH VA% se 48 . HRVT.(1986) .
Pan and Dineley (1988 i X XA B (k- R L) ik A T, A R 4LLE ]
5B L, WA ARIS g, H SR I-TV B (R O A+ s 41 B ¥y
HAB IR GE(KE4) ., FFEARSF(1990, 2019)IA A SCIRLH (AR YA SOC IR IR ) 5 1 A2
THZHANREXT L, JPM RN P IR S8 FAR(EI4) . £ SR (1992)MRAE X E A A 58
T MR SR AL (UM YA SRR I-TILE) AR se G AN v SE (1), IR iR 2
YA i — . PR (2000) KI5 I A SR BRI R, B K L B (A 2 A SCrh
B IR A I-TLE) A AR IS v 8t . R - EB R AR SO 59 SR A TTI-TV B A A P I8 B i
REEE, AHBESS AT SCFE o DX OGRS 2 Ay sk 4 O LA 4l SR A 1) s A Qe e S 2
IS (L0 — . BREESR, 2004), JTA0AFEACKE G-IV B 0 A B & S i W A EL Bl 2
R = BRSBTS R S . (SR (197 )% =i HU
TRAROIESE, B . #7# (1978, 1981), Bl SE(1979)% i IS M5, il (1980,
1981, 1998, 2001, 2011, 2013) 5 Walliser and Wang (1989)%f FJEK MY, Geng et al.
(199T)XS HEATHIBIEST , HBSAPHS SR AL A SO SR ALT-TIB) AL FEI% SE (1514)
MFEEZEQOLTVIN & F W I Ozarkodina crispalf) 7 Z2 I ) E3 0 0 AP {HEIK 5,
MHTNAREO. crispalf) 2B 2 i st I (514)

ity JRL A Ml X B R T B A KR R A, R Rk B 4 D T A e 10
FIFA AT Ozarkodina crispadERNRH . Whid2H e ESFHP R RN, N IRCH T
AR AR S LA B A R b 2 X AR I T B B0 ol A 2 Akl (U, 1980, 1981, 1998,
2001, 2013; Walliser and Wang, 1989; [§]4), HRITERA £ A WA Y Z =k oE
FICIETCEE M8 SN M BT A . $ = PR LURS BE B e fb A 1128, SR, ¢ F
O. crispafiH, SVEZEF(1992) G A i sE, HENZA A e PR . HAEH E A
AT REHLIRSE ., BAHRETEPR EXTO. crispariy BHCHE L HSE B . TR AEW
AhE, Z/FLIR3IMEN.: 1) Wik 0. crispalit) il s 22 1% K 19 #r & (Corradini
and Corriga, 2012); 2) O. crispan] #it £ 3% HIE | {H(E 5, 2013; Corradini et al., 2015); 3)
O. crispaft NN A] T 4E 5] %7 18 v o = 30T 7 3 (late Gorstian) (Viira and Aldridge, 1998).
AR IR X PR R, FIRKO. crispatiy &5 88 R DI RER N —A, ZERRINZAT 24
TFO. snajdritti MO. remscheidensis eosteinhornensisify 22 [8] (1]— % 15 1% - W 1 1) 1 12
T A, TR S i R b DX R BT R b 2 SRR 22 85012k (Viira and Aldridge, 1998),
AE M R HLIX 5 O, crispafbAr i Hh)Z 2 AN KA 10002 K8, S48 H il Hb X 7E
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U AT IS TR SR T DR (T 6, 1980; Walliser and Wang, 1989), {HFIJH A 1K
O. crispaf)IE [T e br e i i i b DX B 20 %0 1 e 100 o b 2 R AN mT B, S s b 1
SHERRIN A TEZRO. crispaiti il i 5 0. snajdridti FO. r. eosteinhornensistii f1 15 HAHH E )
FIAHTP & (Viira and Aldridge, 1998). [#HLIX A RO. crispadlf i 6 HRBZ
e, nldsritta, B, 8Fy 4RI, 2R IE AL o2 R GE BRI ] fe 1<, MOCHIRAIT
Bt b FRLIE (200 1) & K (R S 1L B b BB (e (R3] T R0 (1988) il H I 1 12)22
AH A S I T A 15 )2 ] — B3 e r g EERAA B, i A3 AP R 32 UL T
KRV b ff——Walliser and Wang (1989)FT4& X AYLb w2 T B, JoRERIRAIVEL
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H M B FHTTIHAE BB RG ; HETO. crispate RN AR T 4E 21) 2 105 g =g 17
it (late Gorstian) (Viira and Aldridge, 1998), A A RS2 R HIT-TVEE R H AL I w05
AT A L —rp S g 4] (early to middle Ludfordian), 1fii & /D1 O. crispalf) &R LHITEL
e EB R TR AN T A R 2 A A )2 (LA DI LI B T 38 M 1Y), FE A 2 I i 1k
ATUEYE Z 1 AT IH A P G im TR B B AR 2, AR A TB iy T BRIFAHEBR AT R
FE WK AT R . LR T RRARAR B T AR A R A TR AT 5 A 9 S
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Fig. 4 The representative schemes of geological age of the Kuanti Formation in East Yunnan
Illustrations: @+G&)=7%JE4H+b 41 F # Kuanti Formation (Fm) + the lower part of Miaokao Fm
(Ting and Wang, 1937; F i, 2013; B FEARZE, 1990, 2019);

O+@D+O={FF 1 H+ k)R H+ b= 20 T4 Yuejiashan Fm + Kuanti Fm + the lower part of Miaokao Fm
O7IARR, 1985; WYL, 1986; thaE E&%, 1998, 2017)
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H & Brib B R (IGCP) 3285 H AL LIk, faiMikfbAaEGE | RaL )=
Rl 53 %68 LEAFE 5 r i 280 A AR P Ui % U0 63 (Blieck and Turner, 20005 By . B
B, 2000), &2 SR A R RIAA B T Dusl D HE S AR E AL A 93 B 22 b
JZ PR AR A3 SRS 0T LU S A 2 2 GBSO 4 . R, 2014), HFEARSE(2019)
fRih, EW a2 AR A 277 B R ERKIEAEDTR Y, DR B2 A
K, BRLOBNRG IS EYHZ 2RO, WEENA R A3,
AL AR Y2 RN 20T A Sz B, ARk, il R X R B R b a2k
A SR A BRI R 7 B 0 1 e k2 A B A e 5 0] EE AL T T S AR

R AT 75 i) i b DXk B8 3 b Al A 288U S A A REAIE, Zhao and Zhu (2010)7E 3
WA HES P HE 0 S 2R A 25— Bl A T O IR AL LB h BRIV B S b iy
H—F R FANCTBZ N A G 5L A A (K3, 4), o 53 32 2ARYE 51025 Ko
TR bR TR ST (XS4 . R B, 2014), 77 [ 0 2R 300 ol fa 2 S B DA i A
Gomphonchus, 15 it Nostolepis FIWs JE ti Hanilepis = J& J A0, Bl & 2 0] L9 7Y £
NaxilepisF T €4 Ligulalepis 03 5 Wi~ Hib &4l B M FEIpF4l LG RTUA 2 T Hb
)2 A AR 2 32 LS AT Nostolepis, LG Poracanthodes FW JE f Hanilepis = &}
&, g N DR i Kawalepis AR (KI3) . TWHAE HESH Wi b HA R X
B EL AL SRS, 7E i i X G ¥ R P & W Nostolepis /—25 ) 12 4304 F
BRI . AB3E . RPN A B 2S T Poracanthodes 5 Gomphonchus W J2& R
S 1) g S 0 3 X DL R A 2 BT B BR Y R R T s - it . AR
o B AR T X it S A IF 5T Fe T, 37 W i A 0 i X 5 %t LT R Y g £ 2K
Ay ol B LA P E R T R B AN SRR oy T, TR T EESFAL T ER .
| ER I 2 BT it Nostolepis striata -2 B |t Monospina erectafb 474 RS T
(Valiukevi¢ius, 2005). ik, FIRTFLIATH AR FEAG A BB, T2 a2k
A B FEERAE 2 (A W R 4 K s < 2R RGHR) W AT U A 213 BB A 8 BB, X 5 QS
HIVEh I & F & AR RO, crispaiifs s (Y HBTT IS [0 A7 G o 7376 QIR
b FRER A B 5TV B J s AL A A A RE LA, oA R 2R AN P £ Naxilepis
% iy th (R L FEBUT, 1989), X R WO RA TR #6528 AT IH A B 8%
45 b3 A AR AR O N TR L (E3, 4). BRI, R A TRt it R b IX R4
0 220 B A L TR MBS R ) A 27 KLV B T #0598
SR TEARARE Y, 7 H 2R AL A TR s R 1 i DX ] R E 28 SR R T, AH G
NI 22 B T B A A WL A A A 0 SR ITBC R A A T 4t iy T R B B At
%, RJCHILBL A G b A 0 b J2 D) ] 287 B 43 0 A v B AR o e 38 UL 38103
e ge(&13, 4),

LR LR, RIS 2 S A S AR A, ity o ] 00 s DX OGS 2 iy b o s A i AT
DISEAH & T ok . HIT-TVE B9 HJZ v 3 A B B 58 48 p5 AR Ry, LB R ip-11B 1Y
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