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20004 4 A VERTEBRATA PALASIATICA figs.1~3
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B EYHE"

EHEAN ELE KER KIA B AR
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( PEAERESHDYESEALHRE R 100044)
Q PEBFEAFNRBESHEFR X 100083)
G TTHXYWHEEHRA KH  120003)
(4 FEMERETEGTEYRRN BEE 210008)

WBWE ITRBRMESAFHERTRER LEARAENEEFEAY O S, ELE
AR EME YRR E S R ERMEXT L, B TSR N B HMRRF. RE—T
WX L EHABE 2SS WA T RN FHREFEWRESE Lyeoptera Ichthyofauna,
Psittacosaurus Fauna M Confuciusornis Avifauna % 3 D38, U SRR LG ZH TS,
R ARENE, BMEAYTIXEEA— ZB EBAERTFEXRFEAHES
Lycoptera Ichthyofauna Ml Liaoxiornis Avifauna % 2 N sh#H18E, Jy SCEL A H B LR, 76 P05 b
Rpsk, BAAFEFTHEO—FHEMX LEHERAYLGEFETREREMTZ; BF
o R N BB TR, R AR T YT TS e v R AL B A LA A
— ZR, PR XEAMNEEHEN I N ESEN SRR LB AT I Confuciusornis
Avifauna. L B HHBE Licoxiornis Avifauna FULI 4 Cathayornis—Chaoyangia Avifauna, X
£ R Ju % A Lycoprera Ichihyofauna B 1 A B A4 W 8 A . X & B Lycoptera—
Protopsephurus®4r, L% A Jinanichthys—Longdeichthyst & . B Lycoptera W] LA 3
MG, FERILWIE Lycoptera sinensis % P K EMFR Lycoptera davidi i L&
RILLE Lycoptera muroii¥. Iycoptera Ichihyofauna. Psittacosaurus Fauna # Confuciusornis
Avifauna. Ligoxiornis Avifauna. Cathayornis- Chaoyangia Avifauna % 3 MESEBRETAE
%5 $hiA] B¥ (2 Berriasian BX, Valanginian—Barremian) F{8 R A .

¥eiA TTEE AFHTR, TAZESR, CEA, R Ry, Sy w2
FEENES P534.53

TV A AT IS i sl X AT R AR U R AR E T MR T E N ER
RS A A AR (B ). ASURIEE S XU A2 . & AR 3 R B i [

1) PEBFEEERSAERMERE AL EATE (F5. KZ951-B1-410). FEHFERAF TEREAIA (4
B KZCX3-J-03) BE AAR 2 RSB ETE WS 49832002) ME HKERMFBHE AL K HRES (H5:19930095) %
8.

e H . 1999-12-28



82 I O A7 B 4 ‘ 38 B
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HEJRFushun
7k BHShenyang

B L7 B AR 4R 5 vk T AR X p AR AU BT B B M e A
| RE-AEEAE, 2. BREEH; 3. BZLEAH; 4. B 5. HR 6. BRI ARE;
A SCEENIL; BAAREMAEE; CEHARERT; DEHMKESH; ERFEAENT; FTHRERNE
ORF-NEAH; OWRF-FILEH; QTS OBRE-BRERN; ORE- =+ R T4,
®FR-THAM; ORE-TELEM; @A H
F1 BRABKIR: F2 AR FFRIETRs F3 4 -\ BERR; P4 RE-K Z BTG FS B D -
Fig.1 Sketch map showing the Mesozoic basins and main vertebrate localities of the Jehol Group

in western Liaoning and neighboring southern Nei Mongol, China

1.Jurassic-Cretaceous  basins; 2.Cretaceous basins; 3. Paleogene basin; 4.fault; 5.boundary of

provinces; 6.vertebrate localities (A.Jingangshan, Yixian, B.Sihetun, Beipiao; C.Dawujiazi, Fuxin;
D. Boluochi, Chaoyang; E.Dawangzhangzi, Lingyuan; F.Daohugou, Ningcheng); @ Fuxin—Yixian
Basin; @ Jinlingsi—Yangshan Basin; ® Beipiao-Chaoyang Basin; @ Jianchang-Kazuo Basin; ®
Lingyuan—Sanshijiazi Basin; ® Pingzhuang-Ningcheng Basin; @ Chifeng~Yuanbaoshan Basin;
Liaohe Basin; Fl Xilamulun Fault; F2 Chifeng—Kaiyvan Fault; F3 Hongshan—Balihan Fault, F4

il

Yitong—-Yilan Fault; FS Yingkou—Fushun Fault
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1 RE-TIWEAMZ 58 A

BRIFREZE P EY R, TR YR RBE G T REBR, BHY
HSEIRR W X — B G VTR N “BW R 7 (Grabau, 1923), 2 #9467 0 2 3 4
MBI RE (Grabau, 1928). BLJE, 1L P r A 4R 1 4 1 BF 95 S X8 RS2 o5 26
FIPT R (B A 1962; BRAS 2%, 1980; BE S 2, 1988; M6 4%, 1982; T K H &,
1989; £ B8, 1990; fE AR, 1995 &MWL, 1996), /G4 H T Z 2 RIS st e 2 (B0
ERAI%, 1989: &MWL, 1996) . L JLAE, 3L 70 Hb X 13 B A4 <3 57 1 28 B2 208 55 25 5 i
PIAL OB E R R B, X — R A R iy A 2 R T i £

BE-=+RTFHHMAEE T E-THRAM R RN — BSOS YT
ROHFHRERM TS (FRAEMTS)ILM. BRF. FTRIULSEEY. BETH
A0S P ZRE, T B4 A2 SCE A (112077 Hi S5 VL b B e SCSCEL 4R L 6 Y Ly 26 o i
M),

L1 RERBFSRERFILENEANE

WP, R EALF A F. Y400 5 % B8 2K Linoxiornis (18 1 6, Bk 7R £,
1999) MK 4 4T 2 Hyphalosaurus (Gao et al., 1999), X E-4H#] T M Ll B /2% 4t 9 7
G, SO AE R A E T, S0 T A L FRBR R LR, (5L 7E 3 T L M2 2km 694k
YR, T UL R T # A R 2 T O R S K L 5 T 2 20~ 30ms B b B8 (1 TH)
KRB RERI UKL, HEIE L S 2 R 4, 3 UK L 45 7 o Y s K 0 A
K, XA R B B0 ko e b 4 A

SE E T 40
XEAH: JBE 150~200m GR LR, &)
TSR R B IR Kk L
4. RO R ORI & R B -G, K SRR A, Kl 8 8, e m e
2~4m, 1IERL F 70~ 80m
RERFHER
3. BBREIFR (EBAAR)  KILEB A - WA S LG TR 25~30m

@RE. KBOKRAGTAERERG. REAERKE: KEMTFEESRYL
AR, BRI E 8 Lycoptera davidi, Peipiaosteus pani, Protopsephurus
liui, Yanosteus longidorsalis; NEAT2E  Monjurosuchus splendens, Hyphalosaurus
lingyuanensis, Yabeinosaurus tenuis, Pterodactyloidea gen. et sp. nov., Sauropoda

indet,, Theropoda indet., Psittacosaurus sp. M2 Liaoxiornis delicams % 5~8m
(3) PEOR R ERURLEEIRE IR TR A - RIR IR, AL 3~4 /N IER, &8k

1) 1207 B BR0E (1966) . B P48 (1968) R R AW B, o T 40t R B EE UL AHURH N %, Esh
S R L ZH Ak R 2R B AR TE LK
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Bl 12m

QYREG ROERS, RFHE, KHEERF, b EMAKEREEENKER

B, W] BE Sy WA AL SR TR 2~3m

() REBRE, BRA Lok B £, R EBNR, 4% 3~4m
2. BREEVIR (FHAAR) : KRB AW S e iR 50~ 70m

Q)R LBREERE- KA. KRBRARYE TUEFKAG. BEREHKE, AT

& Fosestheria, Ephemeropsis trisetalis RY LT lém

(1) KL Fr i - SR IR TR D B — & BRBE IR TN 5. BRA DAL 32, B AL R
B AR, A2 TR E W B, IERE T, € M B 2~ 4m, e 1T T30 6 BE K R AD 45 H v
WEPAT RS AR > 20m
E S PP 20m
RERRRZANMMOBISARTEF. CEARTENIE, UKEBEREZEN
Lycoptera davidi HIEF 6, REM FHARESKHFHFHEME.,

1.2 THILSERAXBERNT

TRk &8 RO AR 19994 7~8 AR KB, BERERENAH R FfL
Jeholotriton(Wang, 2000). 28K B RAEMILA. LA S RHEM T EEWHE, 38
B ZHEEEREWT:

XEH: JEE 200~250m Gk RLTH)

2. pEMKLEE 120~ 150m
HRWEAZE
1. FERB6E. KGAERRDIRE: P LKA, RAGTH. BERERE, 88
A, ELRIYHFERNIL L H B Lycoptera sp., Peipiaosteus pani, Protop-
sephurus liui, Yanosteus longidorsalis; Wili2& Jeholotriton paradoxus AT
Monjurosuchus splendens % 50~80m .
EAES
TR ERFEHRTHEZR QL) RURRE,
TEARBRRFE R, T RB X EHABEREEER TR ANEREZ L,

1.3 THUXSEIHEEFILAXEANE

et R 1999 £ 8~9 AF A REMAW, LA BANSERWHE, BT
NEATHAR., ELRIARENERHFALMBEEE L. L FESRERMEYLA.
R ) T EARGE AT
NEH. BEE 150~200m (R RIT)
2, PEMALEE, REEAE, K. AHELRT 100~ 150m
BRELE R
I FEKGEOEE . EKTOBRE, BA W LA A ER R & bR B 6, K
BE REXKRA BRCQCERKE, FAREDS. SHIVLEGERSE
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Lycoptera sp., Peipiaosteus pani, Protopsephurus livi, Yanosteus longidorsalis,
Y.sp.; WM Sauropoda indet; BB Psinacosaurus sp.F %3 Confuciusornis
sp. 40~ 60m
AESES
TRIEZ: ERFRAIMTFEZBROO)ROERE 5

14 BHBE-THMEXBABEERF

wAWBENLER, DTREREIRENERDMUEENX — K X BHAET
HUUR, RIBK EM TR G B8 (8 2). FHit, CEHA 2 AN EEHNLA L
ERERMAER T (RFET)E KERFREETLUS N T AL 2 ANEE, FHE
BEESRENFHAMILA.
BT3RO X BG4 R R R
XEA: BHE 350~400m Gk L IH)
R KL A g ‘
7. REM. IR BB B E-KG. KA GRS 70~ 80m
6. WA A TIRGETIEE, EHER), FEHKGQEKRD A RS- KE T
HEREBCERE. BWSIWIAH Lcopera davidi, Peipiaosteus pani,
Protopsephurus  liui, Monjurosuchus splendens, Hyphalosaurus lingyuanensis,
Yabeinosaurus tenuis, Pterodactyloidea gen.et sp.nov.,Sauropoda indet.,, Theropoda
indet., Psittacosaurus sp., Liaoxiornis delicatus % 25~30m
5. REHE-KEQ. KAEKS 5~7m
4 KIWEEBE-MMELATRE—EE, THER). REGOEKE-KRETAEX
KE ., BIAEIKE, & Fosestheria, Ephemeropsis trisetalis RAGY), B §ii %

RAHHSY LA 16m
3. KA BRE-BEIR RS B — & BREE K L0 2 40~60m
2. FEEKUES, RREYE, I REAERE 100~ 150m

L THERSEUIRE BREDHRE, B EVRETUE RARERES, ESEHRD
WALE, BIE Lycoptera sp., Peipiaosteus pani, Protopsephurus livi, P. sp.,
Yanosteus longidorsalis, Y. sp., Jeholotriton paradoxus, Sauropoda indet.,
Psittacosaurus sp., Confuciusornis sp. 50~ 80m
RERES
TRE: TRTAZBOOELERE BEBKENR (A K BKRA

1.5 BH#EIPULAEE

151 ERGERHYRE
EEEZANLATH 78 4 BRI REMN, BT 3 Mt
Lycoptera Ichthyofauna: Lycoptera sp., Peipiaosteus pani, Protopsephurus liui, P.
sp., Yanosteus longidorsalis, Y. sp.;
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A B
PR PR Lycoptera davidi
AR L Peipiaosteus pani
7 b R Protopsephurus liui
RIS Lt Yanosteus longidorsalis
Hyphalosaurus lingyuanensis

Lycoptera davidi Zone

era. 4 Yabeinosaurus tenuis
Liaoxiornis Avifauna

o Monjurosuchus splendens Dawar_‘QZhangm Bed
Pterodactyloidea gen. et sp. nov. (Daxinfangzi Bed)

. Lty a Psittacosaurus sp.
3-4 [ 3 Liaoxiornis delicatus

D

Lycoptera sp.
Peipiaosteus pani
Protopsephurus liui
Yanosteus longidorsalis
Sauropoda indet.
Psittacosaurus sp
Confuciusornis sp.

Peipiaosteus pani

Protopsephurus liui
Yanosteus longidorsalis
Jeholotriton paradoxus

Lycoptera Ichthyofauna
?Lycoptera sinensis Zone
Psittacosaurus Fauna

Confuciusornis Avifauna

Daohugou Bed

PR
V272

50m

B2 IPARBREMBASE R T X X EHE AR
AGEEIE; BREXEMSFILGEHE; C THRL%EERHE; Dbk £
QK FIBARE R RE: OB KREHU A BIKE; OWMIIRIA KRS ©@PEELE
B OWAE; @R TFHDE. BE
Fig.2 Lithostratigraphic correlation of the Yixian Formation in Lingyuan, western Liaoning and
Ningcheng, southern Nei Mongol, China
A. the composite stratigraphic section; B. Shanzui section of Dawangzhangzi, Lingyuan; C.
Daohugou section and D. Beigou section of Shantou, Ningcheng
(Dconglomerate with volcanic breccia; @tuffaceous sandstone and tuff, @lacustrine sediments (shale

and tuff); @basalt and andesite; ®subvolcanic rock; ®red sandstone and sandy mud (Js 1)

Psittacosaurus Fauna: Psittacosaurus sp., Sauropoda indet., Jeholotriton paradoxus;

Confuciusornis Avifauna: Confuciusornis sp..

ERBWENAREET Lycoptera Ichthyofauna I KB4 HE B, HAiA %A X3
Sinamia, . ¥ Protopsephurus B N'& %. Psittacosaurus M Confuciusornis t4 4 W KB, A
AR B AMZS LR T ERIERE. KEKHEBFWX Jeholotriton BX—LA
JRH) 3 —RAE.

1.52 REMTEFHIYH

ELRAWAEY SR 7ML EEMAWRITEMESAEFEM, BET 3 P

it

Lycoptera Ichthyofauna: Lycoptera davidi, Peipiaosteus pani, Protopsephurus liui,
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Psittacosaurus  Fauna:  Monjurosuchus splendens, Hyphalosaurus lingyuanensis,
Yabeinosaurus tenuis, Pterodactyloidea gen. et sp.nov., Sauropoda indet.,  Theropoda
indet., Psittacosaurus sp.;

Ligoxiornis Avifauna: Liaoxiornis delicatus.

¥ 2 Lycoptera Ichthyofauna B B & Lycoptera davidi 1 %% 1f. 8 & B £ ®
Hyphalosaurus 1 Liaoxiornis HX — A B HE, LB Liaoxiornis Avifauna #1 &3, 3¢
TR B AT S RGER. BN LB HOEERE T EZNGIESR.

2 BE-THEIENSGEHX X EHNHT
21 BRMBE

AENGEHX L EAC LT T BN E A HETR, BAEFh B4R
(TEAEAR, 1998; TEALAK, 19997), Kb 58 Z B o & & F RS WAL a BE A A TUAR (R
WA R), BRILEH A TRKZE BRE#E%,1980). ERSAATRARESRUE
AR ZEN R TE M.

HAMBHIERY MAREBX EARREH-XEEMAET XEAE Bk
H,MABBHEE-Z R FEM, FE-TREMMBEILFARFMEK. BE-THR
NEATHERACABALY TS IR X EH-BM=R, REXELTHGER
TRIBAAE (EBME, 19992), BERWALAEZ L KILEE REHRER TG
EEN K XA EEUTRE N & i Xk (B 3), e B - X B A R,

BFEBRFET LEHARRBRRUICK LS TSR M S i XK ARk ILE A FE—
KL TE B 7= 4.

22 BHIIMEWBE

O EEHESYAAREETRIUBAAGENNGETREMELE N LIHE ER
P2, 1998,1999a). WA ETHEMAEE, A EELMBENAL, LUE S Lycoptera sinensis,
Confuciusornis M BB Z R WREYE 1. H P B /DR BRAERN Caudipteryx MERET
.2 (Pterodactyloidea) % N 4% 1E; LB E & Peipiaosteus pani.

Wit 1999 EEF AN R IE. B AE MR, LB AT X EH R —&FHwibn 230
MR )X EAE-BRKFEDEPRARERSHEMNE L ) BEER(EHE) X
ML FE;3)RIWWAAERNIREER N Lycoptera sinensis; 4)JRIFBTHRERETH K
BB Dendrorhynchoides 1 “K B B AL G K B PHEM QEBME, 1999a), HEY, iE
BAEECNAEMRXEAKER B TERE; S)WATHARRAFTGR B METT R
K Beipiaosaurus inexpectus (Xu et al., 1999a), 3t J& 2 i Sinornithosaurus milleni
(Xu et al., 1999b) % Caudipteryx dongi (Zhou and Wang, 2000), &2 Confuciusornis

1) EHEM, 1999, THENAEHESY LA 02 RS EFE. PEMERTEEIY ST AERRR
B,
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- -
g% . I
D
= 0T Lycoptera Tchth ofauna o
[ o 2 Li‘jcogtem davzd)xl.Zonc & Lycoptera Ichthyofauna
Ky2 €& % ) rus lir . Lycoptera davidi Zone
Y 8o EBE= Ltaaxlorms Avxfausnla g Yanosteus longidorsalis
-ﬁ 85 et 122 1 i~ Jibeinia luanhera
SES B2 21Ma 2
X . - Q
© i praheinEn Q9
1 o
Q

122.9Ma

Lycoptera 1chthyofauna
Lycoptera sinensis Zone
Psittacosaurus Fauna
Feathered dinosaurs
Confuciusornis Avifauna

124.6Ma

1
K1y Lycoptera Ichthyofauna
Protopsephurus liui
Psittacosaurus Fauna

Jeholotriton paradoxus ES O

Jianshangou Bed
L. Sihetun Bed U. Huangbanjigou Bed

Confuciusornis Avifauna

| Daohugou Bed

Psittacosaurus sp.

[
‘e
[=3

B3 BIE-THR G LA T X Y B R 5 E Eh  xdt H
ALRNEHEEEHE: BRE-THEAHE: CETHUEU-RFEESHH EHS LA 2)
Fig.3 Lithostratigraphic and vertebrate biostratigraphic correlation of the Yixian Formation in
Beipiao and Lingyuan, western Liaoning, Ningcheng, southern Nei Mongol and Fengning,
northern Hebei, China
A. the composite section of Sihetun, Beipiao; B. section of Lingyuan and Ningcheng; C. section

of Sichakou and Senjitu, Fengning (Legends see Fig.2)

dui (Hou et al., 1999a) M X 52K Eoenantiornis buhleri (Hou et al., 1999b)%.
MeHEEHESIYARTIEFE, BEEX, Bt MIEEHENLA KL 25 8 30
1, )BT Lycoptera Ichthyofauna, Psittacosaurus Fauna, Confuciusornis Avifauna%s 343
BB GEBAEE, 1999b).
RE-THHEXERGBEERDIYEABHSRUERENS SR EREY
AEERMM, TUN (R 1), HPRBEEWALH R Confuciusornis, Psittacosaurus
Lycoptera sinensis, ZETERIGZRBH I, M Confuciusornis, Psittacosaurus ¥E18
BERKNR, BREEN Lycoptera B A Lycoptera sinensis T B —HHFIEE.
BIRF-F BRI ZETHTKILRF. T FMER S H XA FF5 02 > AL & %
IEL, X— KB INARNBEHA(EEAE, 198 MLERF S EN & SR L £
HEFTZEME, EHYTEZBEMMAIEE (LA (’]'ﬂSEJ:') HLEREAAKREW
Lycoptera sinensis & Confuciusornis % .
REREMTEWERIYLARERT - LA E N, & A LB Y EMH
WAHUIRR P, RIEE SR KEW Lycoptera davidi M Hyphalosaurus.
BRATINN Lycoptera sinensis—Psittacosaurus—Confuciusornis?A & & X B H T #HH 4 F
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R RE-THMXSEENAEHR K EESHMLAI
Table 1 Correlation of vertebrate faunas of the Yixian Formation in Sihetun, Lingyuan,
western Liaoning and Ningcheng, southern Nei Mongol, China

JERM A
Sihetun of Beipiao

BT
Lingyuan and Ningcheng

RERFHAR (KHFHTE)

Dawangzhangzi Bed (Daxinfangzi Bed)

Lycoptera Ichthyofauna
Lycoptera davidi(Sauvage), 1880
Peipiaosteus pani Liu et Zhou, 1965
Protopsephurus liui Lu, 1994
Yanosteus longidorsalis Jin, Tian, Yang et
Deng, 1995

Psirtacosaurus Fauna
Hyphalosaurus lingyuanensis Gao, Tang et
Wang, 1999
Monjurosuchus splendens Endo, 1940

Yabeinosaurus tenuis Endo et Shikama, 1942

Pterodactyloidea gen. et sp. nov.
Sauropoda indet.
Theropoda indet,
Psintacosaurus sp.
Liqoxiornis Avifauna
Liaoxiornis delicatus Hou et Chen, 1999

RURAGE (NAEFREMELEN ERR)

Jianshangou Bed (Lower Sihetun Bed and Upper Huan gbanjigou Bed)

Iycoptera Ichthyofauna
Lycoptera sinensis Woodward, 1901
Peipigosteus pani Liu et Zhou, 1965
Sinamia sp.

Psittacosaurus Fauna
Manchurochelys liaoxiensis Ji, 1995
Yabeinosaurus tenuis Endo et Shikama, 1942
Dalinghosaurus longidigitus Ji, 1998
Eosipterus yangi Ji et H, 1997
Dendrorhynchoides curvidentatus Ji et Ji, 1998
Pterodactyloidea gen. et sp. nov,
Sauropoda indet.
Sinosauropteryx prima Ji et Ji, 1997
Protarchaeopteryx robusta hi et Ji, 1998
Caudipteryx zoui Ji, Currie, Norell et Ji, 1998
Caudipteryx dongi Zhou et Wang, 2000
Beipiaosaurus inexpectus Xu, Tang et Wang, 1999
Sinornithosaurus milleni Xu, Wang et Wu, 1999
Theropoda indet.
Psittacosaurus sp.

Liaobatrachus grabaui Ji et Ji, 1998
Callobatrachus sanyanensis Wang et Gao, 1999

Zhangheotherium quinquecuspidens Hu, Wang, Luo
et Li, 1997 °
Jeholodens jenkinsi Ji, Luo et Ji, 1999

Confuciusornis Avifauna
Confuciusornis sanctus Hou, Zhou, Gu et Zhang, 1995
C. sunae Hou, 1997
C. chuanzhous Hou, 1997
C. dui Hou, Martin, Zhou et Feduccia, 1999
Changchengornis hengdaoziensis Ji, Chiappe et Ji, 1999
Liaoningornis longiditris Hou, 1996
Eoenantiornis buhleri Hou, Martin, Zhou et Feduccia
1999

HigmkE R

Daohugou Bed

Lycoptera Ichthyofauna
Lycoptera sp.
Peipiaosteus pani Liu et Zhou, 1965
Protopsephurus liui Lu, 1994
Yanosteus longidorsalis Jin, Tian, Yang et
Deng, 1995

Psittacosaurus Fauna
Psittacosaurus sp.

Jeholotriton paradoxus Wang, 2000

Confuciusornis Avifauna
Confuciusornis sp,
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RILWBHR TG REBE; Lycoptera davidi—Hyphalosaurus—Liaoxiornis?A & & S E.
HAPMHALTRERTEMRFBMARKAS. RESFEMRLEENGHEGEEY
EER. '

23 RERFEARME

WAERFM AN L EHARMEEREE DR, LEAERTE 133~ 120Ma 2 |
(Smith er al., 19955 BRXBE%, 1997, Swisher et.al, 1999).

ARNEANGHALARE 2 MRERERR CRA NS B RIESE 18 EML 1% % &
FRZ) BB KA B (B R 35 M 3aNE) “Ar/PAr FEREIED 514 124.6 + 0.3Ma
124.6 + 0.2Ma(Swisher ez al., 1999); B —+ BABMAHTR LR (KERFE)WER
1222 + 0.2~ 122.5+ 0.3Ma, K ¥ 5 F % 1L & & & 4 # 122.9 + 0.3Ma(Smith er al.,
1995).

A RFERSEAHMBERNEFREIYEOSILE I X EHARFRY S/, RILYE
AXBHTHAAR RERTFERTRUEE, AXEAREEAE. YEHANS —-F
BENHAR—&NILBRAEER N 1214 + 1.1~ 121.6 + 0.4Ma(Smith e al, 1995),
I XEH AR,

WA, s R B EAZ EWZTREAr / PAr4E# 4 110 + 0.52Ma(Eberth
et al, 1993), 4

R #& Remane 55 (1998) E Bi #h J2 % (J / K = 136Ma), X & 4 B 8 3 B 1 E it

?Berriasian—Hauterivian, JU{#% & 240 % Barremian.

3 SAL S HE S YL TR O BB

IR EESGEE T B P RS, A S TOm R A ML am
HZBAARIH, REFH BHEEH A REHMEEAS. KW E— B ve
NEATRIE, KIETAH, BEBHMENEEM ST CAA, BEAM YT Afzd,

3 FTFOEGO-FREEMRXEAREFS5EHRHY

WEJLEFTEE O, RE ES AU R — 5 a0 A H SRR, B
FHEREEARLE LRI Jibeinia(REN, 1997a), ZEHEE O R EH X, RH A%, BT
K EREZMHEHRIYILA.

BIFTHREE-NE OMWX X EHGESHERRE.

NEACGRRT): JEE 230~350m

4 KE.KOETUEREE, BWERIKE. ST H Lcoptera davidi,

Peipiaosteus pani. TIEGEIIK K ILE FHEE S 30~40m
3. KILAITRE S R ESEE 10~20m
A akaz

2. R KABIARKE, RREHEKSE, THOHRASEES. AT FHEK
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ERER, BinA EEEM. BRI ER Lycoptera davidi, Peipiaosteus pani,
Yanosteus longidorsalis, Jibeinia luanhera RILAB SAMMEITE, THEDY

Fosestheria, Ephemeropsis trisetalis % 80~ 120m
1Pk EE GRIVE). EEEHE, B hBUE IR K Ra-<TIL. maibE
AFHRUZTRE T REZ LSRR 100~ 150m

MEOMRXHEBEBTHLE(N~3R), SFHENYLEVRBERREE X 100~
120m; BEEEHATHEME -, TR EBBEG~42), MEMSTEZAHE IR
B kL ATRE SRR RS EIEER /N, Bim LR R, 2.4 BEHNE—HAEZE.

P8 LB B E & Lycoptera Ichthyofauna # EE B & Lycoptera davidi, Yanosteus,
Peipiaosteus X Jibeinia J9¥F1E, B HIEEH KB Psittacosaurus.

32 FFEHL-KLAXBEREFSEHEIY

EEHE-RABHEEEL-CEBX L EHTHRETE. TRREREN RS
H. ATELEREN TREROAPRMEES, KIOEHE, KIEFHAMEEEH. HPX
EE S A BT LY BN B2 F Peipiaosteus, Ephemeropsis trisetalis M A N BB K
B Nestoria (ERTEBE, 1990, 1999), i Nestoria HIK B HIRNEF BHEB /KL E
WTHERUAESHTHMNEKTAMBRT B IUM/RT EESK Argun 4 (Shen and
Mateer, 1992). HE#iBA ZAPTEY BN S —FERA Lycopteras RIEFHERT
P A M B BB 5 F Lycoptera FA Psittacosaurus (“Luanpingosaurus”); £ H EH/H
Lycoptera davidi,

MIFERAE 2 47, KALI B 5 KIE FAR T R —pi -k e B g 7= 97, AR 5
. RAVAN, KA WBEFKIE FAR Y LEHT IR, K Xd0edh L EHKHR,

HmX XBERE2ANMMARM: THAEERASYTRAEEHEMRIETA, &5
Lycoptera Ichthyofauna 1 Psittacosaurus Fauna ¥ FE B HA; L HUE DA EHE S TH
HEHMBAITE, S AYIT Lycoptera Ichthyofauna Ml Liaoxiornis Avifauna,

BRRKETHEABRYTRER-TERXEHAERBEMLENSEHE X EH - =
BN ORPHYTRENKRERTZGR2).

4  BEAHRGETRE S R SRR A A S A

AHEAZE TSRS ad s, SPE T Hii i X AR E.
BB B Ah DU /R M IX A8 24 2 A0 B9 8 HE 3 A 50 3 BT #E 4T T H (B I Jerzykiewicz
and Russell, 1991; ZEMM %25, 1994; &M, 1996; MM, 1999b)., L RFEAHMR LA
HM AR ARBEHIWHEH RN, S TELRIEETIE LR AR FAEEY .
R R HAIEEAR T/ K ARBEARIEENRE X,

4.1 IREBEE
TR CEAMABEARMEYYBES, EMBTHEANEERERLA, £
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HRM I L EHRTIR R,

EANLGIEYN, REGHELBANGRHN M AHEA RN ER.

1) Lycoptera—Protopsephurus®l & F B 534 T X E 4, 7T GEAE 5 4 Hb X FE {8 5 L b1
A, 4 Peipiaosteus, Sinamia.

Lycoptera £ E 53 f7 T CE 4, 8 A %8 8 Ju th % A Lycoptera 8, K 3 4> H
Jinanichthys (BRV1L7K %, 1994) Ul T B ALATE BT 8, W8 MHE 2 ok 18 T % i fuéh
HEHMRBEE CEHAMZE, HArE X EHARBRS 34 Lycoptera (LA

a. Lycoptera  sinensis Wi, 4+ i T X B H T R W W R, & Peipiaosteus,
Protopsephurus, Yanosteus, Sinamia.

b. Lycoptera davidi %, X B 53 i T X B HFIK EBF R, 4 Peipiaosteus,
Protopsephurus, Yanosteus. TE X EZTFBEALH TIRE L HE R R JEF4, 1A B
HLBW L davidi, 5 #—F Wi\,

¢. Lycoptera muroii i, A5 T X EH LSRR, HATEBA LB HAA LA a2,

Protopsephurus E B3 T LB, & W% (1995) #1876 8 B K bt F. 588 T4 1
KAZHAH N AL ATRES NEA FEHE - HL.

2) Jinanichthys—Longdeichthys® G X5 75 T LB 2 4, 4 Peipiaosteus, Sinamia.

4.2 BESIE R B

ZHYHESTRITENAZ R, R REEN LS b E FES G ELRKILES
K Hi X (Sereno, 1990; Jerzykiewicz and Russell, 1991; Dong, 1993; Matsukawa and
Obata, 1994), 5 $iT &Yy BE ) o0 A6 VE B AH 4, H bR EZ N B H EHE Aptian-Albiani
(Sereno, 1990). 7EILTHHb X, BERGWE 1y & BT L0 % 4 (Sereno er al., 1988), 7 X H A
THRME TS AR P KR LB GERAMAE, 1998, 1999a; BB, EMH, 1998). K
JEMRETFTNEHANKRE FHB RN E R,

BRI MM T B EHENRE R LE.

4.3 BRKE

POTRE BHM B A B TR 3 ISR 528,

1) LT 5268 (Confuciusornis Avifauna): RFEWEH Confuciusornis sanctus, C.
sunae, C. chuanzhous, C. dui, Liaoningornis longiditris, Eoenantiornis buhleri, Ui K&
I LL B IR B0 #) Confuciusornis J F81E, 3% 4 8 4 19 Liaoningornis X Eoenantiornis.
H o Confuciusornis W .3t 2 T {8 B 8 0k B 19 Archaeopteryx(3E 145, 1995; Martin
et al., 1998). T IRBRILEE. FTHEEWELER. LESH X LA H T
iR,

2) 1LV9 & 268 (Liaoxiornis Avifauna): H 81 R LML G A Liaoxiornis delicatus, L.
sp., Jibeinia luanhera %, =T X EHPHMBFERXEMFEMEILNE 02,

3) % H Y-85 KB (Cathayornis—Chaoyangia Avifauna) : 1 % J& # Sinornis
santensis, Boluochia zhengi, Cathayornis yandica, Chaoyangia beishanensis %. 52k
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Bk, FEFETFHRD RS ILBEA.

5 #Hie

1) REEMBAETTROX ZEHFLEAN P THRWE, G 2 MEHEY L a
B XBATHERBENFBRERFEREYTREETE).

2) EEWEERM Lycoptera Ichthyofauna W EE B I Peipiaosteus, Protopsephurus,
Yanosteus, Lycoptera;,  Psittacosaurus Fauna ¥ E E 4 T Psittacosauruss A K
Confuciusornis  Avifauna # ¥ & M B Confuciusornis, B & Protopsephurus M
Jeholotriton,

3) KEM#MFRE KB KE Lycoptera Ichthyofauna #) B B J& # Lycoptera davidi,
Peipiaosteus, Protopsephurus Fl Liaoxiornis Avifauna 8 ¥ BB R Liaoxiornis delicatus; &
‘& Lycoptera davidi, Hyphalosaurus.

4) TFTHWERWLABENEESYHSILERLWHA RS ARSI R,
WEBRARBMHY T XEA— ZR(CBBEERRRR): BERENFAERTRL
WA R, A X R R,

5) BB FARUEART X EARTHIA X EEN S FTARBMASETFHRE
EHEMILLENAE Y EH— ZB FTNE NAAARETRERERFAE.

6) BB EHAMSLBE BRI 3 AN IELEN B AFE LEATEE Confuciusornis
Avifauna, P ERUEAGE. TREEBZMEH, LESHMH L Z0; XEHTH
] Liaoxiornis Avifauna, = FTHREKRERFAOR EXFETFHZOARE; LBEAN
Cathayornis—Chaoyangia Avifauna, £ B =T BiHIKE T HREH,

7) Lycoptera Ichthyofauna #J Lycoptera—Protopsephurus? ¢ & X 2 Aoy L RAL K,
Jinanichthys—Longdeichthys & & L 2 H I AR Peipiaosteus, Sinamia T X840
LB A YA .

8) NEMH Lycoptera KEATLAHESL 3 MEAH . L EH T Lycoptera sinensis #i, LA
RN B R FE; P Lycoptera davidi H, AR EBF B HREM LI Lycoprera muroii
#, L&RIL R RRER.

9) Lycoptera Ichthyofauna. Psittacosaurus Fauna Fl 3 D ERER T B EHHITRE X
E.%H (?Berriasian B Valanginian—Hauterivian) . JU{# % ¢ (Barremian) 5 #8 2§ E A B A R AL
.,

B AAHABHAFEAFRAREARNKAMR AL EXAR “THRTLHH
BABR (KZ951-B1-410) . Y B ¥ RAH T EXAD “THRTENHZAHAR’
(KZCX3-J-03) . BR A RAF AL FTERE “ATAMBHNANETRERERLTIAR
(49832002) fo Bl & & A A AT 3R K 4 (19930095) K 81, T AR FHFBAKKZIR
L R ERP. ENS SR SR RHAFARRAIERAALEER HE X
B.BES AHE. TR PHEATHRATEADHREZIEAFRTR, ¥ BRAKXFH
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BEEE, ARAE 107 AEESFHE LR, FERAAFRERX, FRE. ZEEH
RRAFERELHFERALARREL TSI GBS AN, SFRH S AMBTTAS
#itit, EEREHE.

VERTEBRATE BIOSTRATIGRAPHY OF THE LOWER
CRETACEOUS YIXIAN FORMATION IN LINGYUAN, WESTERN
LIAONING AND ITS NEIGHBORING SOUTHERN NEI MONGOL

(INNER MONGOLIA), CHINA

WANG Xiao-Lin'? WANG Yuan-Qing' ZHANG Fu-Cheng' ZHANG Jiang-Yong'
ZHOU Zhong-He' JIN Fan' HU Yao-Ming' GU Gang® ZHANG Hai—Chun’
(1 Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044)
(2 College of Earth Science and Resources, China University of Geosciences Beijing 100083)
(3 Institute of Archaeology of Liaoning Province Shenyang 120003)

(4 Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences Nanjing 210008)

Key words Lingyuan, western Liaoning, Ningcheng, southern Nei Mongol,
Lower Cretaceous, Yixian Formation, Jehol Biota, vertebrate biostratigraphy

Summary

Several important vertebrate fossil localities have been discovered from the Early
Cretaceous deposits in Lingyuan, western Liaoning Province and neighboring
Ningcheng areas of southern Nei Mongol. In this paper, we discuss these deposits of
the aforementioned areas, which are referable to the Yixian Formation, and correlate
their stratigraphic sequence on the basis of lithostratigraphy, vertebrate biostratigraphy
and radiometric dating. The Cretaceous deposits consist of two fossiliferous beds. The
lower one, the Daohugou Bed, is characteristic of Lycoptera Ichthyofauna,
Psittacosaurus Fauna and Confuciusornis Avifauna and comparable to the vertebrate
fauna of the Jianshangou Bed in Sihetun area of Beipiao. Based on similar
components, therefore, the Daohugou Bed is correlated with members 1 and 3 of the
Yixian Formation of Sihetun area. Both represent the deposits of the lower Yixian
Formation. The upper one, the Dawangzhangzi Bed (Daxinfangzi Bed), is
characteristic of Lycoptera Ichthyofauna and Liaoxiornis Avifauna, representing the
deposits of the middle Yixian Formation which is absent at Sihetun. The vertebrate
fossils in Sichakou—Senjitu area of Fengning, northern Hebei Province are comparable
to those from the Dawangzhangzi Bed in Lingyuan, Liaoning Province. The Dabeigou
Formation in Luanping, Hebei Province represents the earliest deposits of the Yixian
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Formation, and the overlying Dadianzi Formation is comparable to the Daohugou Bed
in Ningcheng or members 1 and 3 of the Jianshangou Bed at Sihetun on the basis of
the lithostratigraphic correlation and the presence of Lycoptera Ichthyofauna, and
Psittacosaurus Fauna.

Three distinctive Avifaunas have been recognized from the two formations (the
lower Yixian Formation and the upper Jiufotang Formation) of the Jehol Group; from
bottom up, they are: Confuciusornis Avifauna of the lower Yixian Formation,
Liaoxiornis Avifauna of the middle Yixian Formation and the Cathayornis—Chaoyangia
Avifauna of the Jiufotang Formation.

The Ichthyofauna from the Yixian Formation characterized by
Lycoptera—Protopsephurus can be well distinguished from the Jinanichthys—
Longdeichthys Ichthyofauna of the Jiufotang Formation. Three fossil zones can be
recognized based on different species of the genus ZIycoptera: the lower Lycoptera
sinensis Zone of the Jianshangou Bed, the middle Lycoptera davidi Zone of the
Dawangzhangzi Bed and the upper Lycoptera muroii Zone of the Jingangshan Bed.
Lycoptera Ichthyofauna, the Psittacosaurus Fauna and three avifaunas (Confuciusornis,
Liaoxiornis and Cathayornis—Chaoyangia Avifauna) are probably most indicative of the
Early Cretaceous (?Berriasian or Valanginian-Barremian) Jehol Biota.
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