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M, EXE T OE % B EBB RER VBN
(PEBERE TSRS S ARPRA JLFE 100044)
B E ok Ak

WTEXYHEHRF XM 110003) CITHLEWRET=EER HH 122100

WE IENATAEMTF/IEEZH. WS EERANBRXBEATHBEH=ZBAR.
F—BPHEREBS: S _BPESAANUES, S -BE—RY. EEY—ENETE R
HAMBR 2AMEER. HPE=BF L. F 2 88310 4ba 2A. £Lw EEEHsYik
AERNOSE TREEGIVALEGE. ZENATEEFIMMEREANTELEET 10405021
MEHEINFARSIARBEERNSAREE, WeM SRMETRIAENILT
HEETEE 166cm, EETHEE 84cm W BIHT A D, ERTHF —BHELAEHEEREL
ERREEGNSRDYERE TS, AFESRNPERSRFEEEE 4m W ETFEA
XFR. YHEBRKENEHREAR, RBRAMBY S H—KRER. KLEHRENER
i,

Xl ITEHENed, NE4ATHR. MUERR, SHs5IWLGEM

FEEAHES P53

pu V.59

1 Hj

o

PAERLE, PERBZHAKTFHERERGES., EHRMBHAEERT, LTERE
BRI IR —bRmRAM P ERBREE, B EREVTHFEREREGHE.
AW PR KILTES R

UNAMIPRTREENRT C—ARERHA®E. EESE BERLR, baRHE
£H. BUXEA. b4 HREQRITBEMLL Eosestheria— Ephemeropsis—Lycoptera
IREBEHRTHYHEELGHX, EER, ENEGEXEATEINETRAKBRES
FFAE % 1 78 H R 2 B 3% (Solnhofen) 1 #l 5 (Archaeopteryx) # X % L F 5 (Confuciusornis
sanctus) (BREMSE, 1995; Hou et al, 1995; Hou, 1995), X—RIITH T HEHE S —
HEER—-GKXTHBR EATEREMNRBANE ‘EHAET WP 4E RS

1) PEMNERTRRSESHEPHREKRTE (KZ951-B1-410) RIE XK B AR %X & (49672088) % 8Y.
Yo B #H: 1997-12-08
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(Sinosauropteryx prima) (F3&, WH K, 1996), KR —/NEBRARBDE, ROUTRIEEHF
8 2 4T (Compsognathus) (Chen et al., 1998). HAHRAWABFERHFHULTS
HIRBWFEREP L RBMUFER S HRENRITHYAS, ENBEIMEGETEY
REEBETEHREXBIINEEER. ESXRUBERANWUR LE - EERETER
—— H R KM & (Zhangheotherium quinquecuspidens) (Hu et al., 1997) M FHEYW LA
(BIER%,1997; BRI, 1997), IR T EHXE. XEERHRATIRTXTEX
BEESEREL, D ERRLBDERROERA L, HFHYER, FHHEF —BER
R Gxtth, CBEHABERF HRIFBMAARBMNERENF —RFiE. FREA
fRULX S E KPR T EFHIFR.
METEERHEANMXEAYEESRNYILA, BIEJLESHBRE ERIAMZH
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Q#E%EHE O, 080 o2 " Shangyuan

Zhangjiying PI2¢

P20 @1 P5 0 24  48km
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1l TAHENAERFAABRNEATREERHNERAEESINVE
L EREFEdas 2 HiMEER
PI-1L.UAEHE PI2.MNAEROHE P2 FABH-BEFAANE P3. #HEEWHE
P4 RiBHE PS.AERBHE Po. &4 THWHE
Fig.1 Sketch map showing the location of stratigraphic sections and fossil localities of the
lower part of the Yixian Formation in Sihetun and neighboring area, western Liaoning
1. Heitizigou 2. Tuanshangou
P1-1. Sihetun section PI1-2. Section at mouth of Sihetun valley
P2. Libalanggou—Heitizigou section P3. Huangbanjigou section P4. Jianshangou section
P5. Wudaigou section P6. Chabugangou section
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M, R RMFAERE. KRN, BEREREMUNEARESERANHREL, ™
HYMHREEHERES EHRYE.

1997 ¥ 6—11 A, FEB ¥R HFRIYETALTHRFETERFERES
EAFERRERTEANEBXRARBNXESTEHNIXFT HAMRKARLEREL
BHUAEREEANX#TT NP I MANE GRS RELE. K.
EAMEAMLTH T 74X EATHRHESNEASATNE@E 1), BL T XEHATHRE
BUBEEF HENASEARGAATTRALREARARE. KA T HX FHE
R REFXRGBEXR BHEX ARK BER) . SXEFRIVYLENKENITHIHE
HYHENNERX AR BREREDAA. HPPAHELREENSEHRERK
B, ERANAERAIBE X EATHRESNAXBWIALTEFRDY SRR
MALERE. M E BN TSR SHYLE, TEBRRT KT —A XL R KT
BREYRAEG, IR EHEAL. LEFHL. SEXMELXHIIYERSEREL
FREHTHSAZTEN G AEYEESN. B3 RARBANERNE, EAXBE T
X & & B Confuciusornis — Sinosauropteryx — Zhangheotherium R # 5K, &
FARABIKXLGEMNRARMFEN., HEELYBEXALWHBB T, EH T LA
YLEERESNAERALBREHIPHLAGHBER, THZETHALABS,
BEAEETXRAAWEN, EHERLE, RETHPEAEXLBE BEKENTIE
FHEEMFESEBAGKNAMCEERAR, TERRAKBSFRAKRG KB AN
IR R EHESI YRR ERFE,

2 HWERZRFSHZEI LT

By T DT B 2 e R R B A K L) 3 B Bk 2 S M 1 1 R R i, A T T A M R X
BHERBERS HHEMERFNB I FERAEE, YEHERBENS XARF
HA—ERERRE A X XEH(EEERILA, A% Mk U XEHZ S, IE
Ext NEARMARAFES AR T R (BAH, 1962; B A E%, 1980, 1988; #5455,
1982, 1986; £ T 1%, 1989; iL TH #F ), 1989; &M, 1996; /£ K%, 1997), BRALEE
(1980) R B EEg g % 0 F W E B 3 1 R LB k) F R BRI e # By FI |, A
NEHAMAERLY. R KBERBASAILUNAMREXE, HE SR NEEESE
XEOAMFRREE S, £ (1996) Mg % — D CEHARFRIT S REERILEA.
“PiNEH".EEEH, “RLA" . “BEA IR YN BEA5RBHIIREREARN —
ERL—TBREER. ERZ09NHLEHAYNG AANE. —BI—EHBRES; _BAH
2AEE AR REE: = WEh KL, B B4 ABRMANTERILE @) ~EB
MY TrregE (RELATKS). HFAV— ZBENESTEAT, MKk —B
M_BTHME., ENAEERNMXENARE. BRTFHR.EATHARE. BET. AL
WRLUWEZLEWEHYTREINHBRFOELATHRBZE. FARE—EHEE
HEARNEATHERERNBERR, S22V SHXEWESHFEN T EEN T (H
2).
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Fig.2 Lithostratigraphic correlation of the lower part of the Yixian Formation in Sihetun and
neighboring area, western Liaoning
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1. coarse conglomerate 2.medium—fine conglomerate 3. sandy conglomerate 4. tuffaceous

sandstone 5. medium sandstone 6. fine sandstone 7. siltstone—silty mudstone 8. grayish—black

shale 9. intermediate—basic volcanic lava 10. intermediate—basic subvolcanic rock
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MAEERLEANMX X EATHRESHELE.
XEH. B 110—150m (R LTH)
E=

9, KEHAEKFESBRPHREDE, RWH. & Manchurochelys sp.. X RHEH

RRBAPEHRRALK 7—10m

3. EMEFEPANDERKE. KAGKRDE. BB RIE, § Manchurochelys

sps PEKE. RBA. KBAREXRTE NDRRE, HXEBEKAG. REA
BREKA FRADE: THRREANDRES. RE, TLEELRE. ZEILE
RIWHERSPHERE. BB FHEY. LU FHEY Laoxia chenii, Eragrosites
changii, Monocotyledon Leafs H B/t Z BRI H M A ME R K%, A %
Peipiaosteus pani, Lycoptera sp.; %38 Manchurochelys liaoxiensis. M, sp.; B
B 2K Eosipterus yangi. Pterodactyloidea indet. ; moRl 2% Zlangheotherium

quinquecuspidens 10—15m

KRG KHGPESHPE BPRTEELR. EHER TRBEHERRAS

T, FHEBEKOCIFEK RTINS E, RS dH D AR ER 25—30m

KB KRB KOAGRARRRADE. MDA MDD RRE, X 10 ABRRER

BREKE BRKEDERERERSE. Kod 6 MIERNARNKRECEKED
HBERAECERBEEERE, AEER. TRIBGPEEBRARKTE. ZBEN
THUSEAEDIYLERE., EEHEY: HEN MEX ZRASBHRARMGE R
2K %%, 1 X Peipiaosteus pani. Lycoptera sp.. Sinamia sp.; JC B B 2 Anura
indet.; ek Manchurochelys sp., BB R Sinosauropteryx prima. Theropoda
indet, #f B 26 ® ¥ Sauwropoda indet. , i 1 3 Psintacosaurus sp. ; 5 %
Confuciusornis sanctus. C.sunae. C. sp.. Liaoningornis longiditris. Protarchaeopte-

ryx robusta

KEA KSERKETH—FANDERESNRRORFEHDE. B RR

A RAE DEPREESIGEE. ERSTREARRZLLRERSR. HHA -2
BEXA20mMWEINEENDE, KR EBRBE, WIEER. & Peipiaosteus

8—12m

pani 11—15m
R

4 FEERLSE. AAAKREBRLEGTRE RUXRE TRELE, BHR

HEERBE. SA.FOHWERT, REOMEERAGRBE, DRSS

RS . ARAEKFADE. U E., SRELE. HRARAaRER. BHE

Y aBA

2.7 EBHKIEE. AAAKBATRE RUEXRE BRUH. MEEGhERE

K, BEER, SAFCHEEHRETEER, RWEHE. KBA 1—
2m BHEBROER, RIWERIRT

B

1 RS OERFERPERRE, PARE DA SHREE. HRREWENR, BiR, 4

22m

2m

17m
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BERABAR KRAR, EE. RREJAENFERE. HZ A IEREAR,

REAEER. THL 1—2mnBOaER. 5STRZAERESEM

AERES

THRIE THFA=BRFMEDE SBDE

10—45m

H &= B | TEAHSYME | W8 E E B’
Lithologic Column }Beds| Fossil Vertebrates Sedimentary Cycles| Members]
9 | Manchurochelys 3
Manchurochelys
8 | Pterodactyloidea
Zhangheotherium 2 %
7
Sinosauropteryx
6 | Psittacosaurus
Confuci .
onﬁt. iusornis 1 B
5 | Peipiaosteus
4
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1 1-7 2B
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Fig.3 The composite columnar section of the lower part of the Yixian Formation in Sihetun

WA E R AN X X BHTRES 2R E

and neighboring area, western Lioaning
(E# & WA 2)(Legends see Fig.2)

XEHATHRAEGHERFH=ZEHR (A 3):

F—B0B): mBEMAEBBE. KSR KRERSHBRE. PABRE M A A
BEVHBERE MBEREEAHE. ERSTRIBFHAEABAEARARSER BRIV,
). BEBABR, EEATHMEXEWERERK, B 33—45m, F/AMBMN S EH O
BEMME/N, B 10—16m. BRAMKEVIHEROPEH. £ BN FEE%E (1997)
XEATHE-BRWAENEHE 1—2 ). AOEGEmREEHELER—RILE—,
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JBEEBIEK, FEBRBRK,

E_BQ—4BR).hEHEALKSE. EFENABWHE, TR 2 MR K LSE
H—RANIER., EEAE 15—40m ZH. ZBABMHYTERSE (1997) W& HH
FHENI—SE. FRZE09NAIZEBEALAES ERFHTHUAE. RILBIH
BHHZRENFA—-BALUENRE —FE&K, BMNAIRRPXLESIH =Y, Hb
m¥.

NEZBRAKUEIREERS. KA. SCHERRAT. MAE M. K3 HEH
. FHETHAE—RUANEETHARKLE NP EEBALE. B ARA, BEFR
R,

DVE_BRAXLAHEEESES —BUHREZ L. TREE LA 1—2m BEH R
HORAH BA6, 5 LEREKRD A LAMAEMEE. FETHEHSE—RUBIR
EhmMrREHEBASSEAFACHREAEY. ENAERBANEL 2m BEHEA
{4 JE B 20—30cm MR EMERT T AHE (AR 1, 2).

NE B WA TR B, ARG o E KL A — TR 2 N KILgEE . 5
FHUE&E—RIUWITEREF KR EERARIRER .,

HE_BKILEERRS A, BEALEETARK, KLEX EEATRITBESR
BEEH., FHETHAE—RUARHBEFHPERGAKBEESMHMBRR, BEATEE
KUE, HEMN 1—2m. HEER AEEAH, EERRHEK, FEEEHEES
BRED M. R WRAE,

SYE_B KA LESVNERMNEKADEREBHIBRAZBESKARRLZIRER
BABRA, R T FRAWSEEBAES MESDETRESS.

) Bk EHEEFLMVERE. MEFHETHEAT—RIUBIARERH I
HAILEMEREE, TRANEATHHENARZA. ENAERIAHNMBK, &R
AR B EA 45 NMARBEMN, MAEKEEATHREBH R, £ X3
RIEHTE., HERBE B KLEE.

MNELEERNXE, W4 EEREANMMR X EATHRESE RSP EE XLES)
BESE. E—ERT XEARBYY, VAR BEATRE _RBENHEREEE. B
THAEHSEETRAE—RUBEARAI X X BEHRBEZ 0 FEER AL, X
klES X EATHRBEH=EARFRENE W,

oG R) . BE—EY. X EN—EWHBENRE. FEAKE.KBA. KR
BRKEO A BDESKA, KBA KAGREAE U RIE P REBERLR. KBME
YFHRAELS (1980) BT R4 LB ARLBTIRFRE, ERF (197) X EAB B (NS
N FHE6—8 B). HEMH 2N BB AN ERIBERMINMAZEREHAR. 58—
BEE EEARBEN A I EAAEERN. F-kE LR IS ETRERESIYILA
B, iR I ARILE EBREEDIYLARE.

E—HEE (5—6 B): TH G B)KA. KA. KRAEKRYERKFENYHRT
. EBBEKEDEPEETRALUBENBFRGHBRR., BEPEEREBEHIELRLA,
ERDRITEEED, KEIGEXAER. WHA -REFREVNEINZXNDE, I
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BN ERE. ZERREERD, EFABHMEESERO, BE 12—15m, HLEBEE 5—
8m. METHEFRFN9WUAENTAHNEMNE 6 2. L¥F (6 B)KE. KBA KABR
EXBBRIE MU RRE, FXI0RERECEEKE BRKFEDAH By, £N4
HOEARREEE 10— 12m, HEEWEE 8—10m AR, METEERZ (1997) W4 EH
AHEHWETR ZEAAEE, SHEHSY. Peipiaosteus pani. ILycoptera sp..
Sinamia sp.. Anura indet.. Manchurochelys sp.. Sinosauropteryx prima. Theropoda
indet. . Sauropoda indet.. Psittacosaurus sp.. Confuciusornis sanctus. C. sunae. C.
sp.. Liaoningornis longiditris. Protarchaeopteryx robusta; FCHMEZNY . M BA. AT,
R R RMB RRENEY . BHSIWILG L, Confuciusornis— Sinosauropteryx—
Psittacosaurus R %.

BRE(—8E): THROR)KAG. K6 (SR BKEDESKEE. KBA
B RIE. A, REEHAE., NEEMELENHBRE, REEWRNEHEFK,
BEEZE 20—30m 2 H. KBEMHIATERF Q99 MABHEHNENE S E. MG R)
K KRA. KAGUERRDE BDERERE, H R4S ERKOA. RECEEKS.
ERTHRAF-—EBEEI - SmHKRECRD RS B, TARNATHEHE. BE
10— 15m. &% B & ¥ & 3) ¥: Peipiaosteus pani. Lycoptera sp.. Manchurochelys
liaoxiensis. M. sp.. Eosipterus yangi. Pterodactyloidea indet. . Zhangheotherium
quinquecuspidens; TSN Y. H B A BRI KX KM B %, Y. Liaoxia chenii,
Eragrosites changii.  Monocotyledon Leaf. ¥ # 30 ¥ 4 & LA Manchurochelys —
Pterodactyloidea— Zhangheotherium 303, _

BEREOR): KOBSHREKEDS. FEARLFHUNRUBEE, 47—
10m. E#BHEMEKEFTEE, KA. BE Manchurochelys sp..

3 AL A EAL

&5, ENEERANBREAT £ XERDYABNLE (ER ). AT, 8E 1997
FEPENERT RIS T ALHRTNSEAG KRB NI, % KR JLERTIK
BEMIYAOLFRR YHMBERERY, TEASEONERBAMETEMXE.
ENAEEXBEAEERAMBEN IR TS, KRBT T8 (Liaoningornis longiditris)
(B, 1996) F i 77 F I SR 38 81 1S (Protarchaeopteryx robusta) (3%, B H%, 1997)
URPERGENANEREUER L TRUXRIFFRER.

FERE OEEEFAAMR XEATHAE 2 NASHEHEIMLT EERM, B
MEETHEFHEAVALGRARUB ERERIYLETE. IKTFIRBEELSE
THERSIVLAR (GEHNERE B BRL). RBITHEMN10H 12 AFH. 11 A 3
HEHR, it 21 X, R WERA 35m’, RI\ETEHRE o—10m(ERR 1,2). Bt &\, &
BMHUEFBERTET RASHYE BWASHEMR, ISMSRAE. 101862, 1
TEEBEINERAR.SNMEBEBAMSASSE. XREMNKBELEHSIYILEE
60 4. -
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Table 1 A summary of fossil vertebrates of the lower part of the Yixian Formation in Sihetun

and neighboring area, western Liaoning

Hismita B & A s & ¥
Fossil Vertebrates Horizons Localities Note
fa2& Pisces
Lycoptera sinensis Woodward, 1901 Ry EREESHYE JERR M B, 1995
Lycoptera sp. v HAETHEENY 2 EmEEE ERRE
Peipiaosteus pani Liu and leop,. 1965 R EREESIYE | LA F B, 1992
OewTHEESIYRE | LRNEE AERE
Sinamia sp. . mEETHREESYRE | LRESE EERRE
PR Amphibia
Anura indet. : mALFHERFPWE | LERETH
XX Testudines o
Manchurochelys liaoxiensis Ji, 1995 Rilig EREESY R JEER LY £5R%,1995
Manchurochelys sp. Ry ERBESYE JhEL L ARRE
mEETHEESIYE | LREEE R R
WM Lacertilia ’
Yabeinosaurus tenuis Endo & Shikama, 1942 RUA EHREHESYE b SR £%%, 1995
BB Theropoda
Sinosauropteryx prima Ji and Ji, 1996 M4 W T RS RESYZ FtEMAY | Chen et al, 1998
Theropoda indet. WA ETREESIYE ERmEEE
Wil Sauropoda
Sauropoda indet. W4 FREHESIYE JtEHEEE
2 Ceratopsia
Psittacosaurus sp. W&ETHEENYE FEEEAE B, T,
1998; A YJCRE
ML Prerosauria .
Eosipterus yangi Ji and Ji, 1997 R EREHEDIYE JtELl
Pterodactyloidea indet. Ry EREESHPE | ERELY
52 Aves .
Confuciusornis sanctus Hou et al., 1995 e THRERSIYE FRmE®
C. sunae Hou, 1997 HAWTHERSIYE JtBEAL
C. chuonzhous Hou, 1997 WAUTHERIYE JtEm A
C. sp. AAsETHREHESIYE | LREGE AR RE
Liaoningornis longiditris Hou, 1996 WAL THEENYE (- YE=giiy
Protarchaeopteryx robusta Ji and Ji, 1997 H&ETHERIYE dtEmEgd
§F.2 Mammalia
Ry ERFHRSYWE | ERRUN

Zhangheotherium quinquecuspidens Hu et al., 1997

EomBERAEHE L NEZET4029 B, o LA 4 8 78 AN/ e E (B AR 10,
m). KM EAAECHAERE. BEENSAGEZZMENT:
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

KEeWyRIE, SRBRRE. SEY. KA. SRS

HE. BRARE. SRTRTE

KGO KBATUE, SHPD RIS, SHY. KN

HE. ARERNDE BERDAE. B 1iIFERE

KEERDRIERRE, SERERMSRER

KEMPRIESRAELE, LBREREE

KEIUE., SHEY. ARy BB RME iibn

KE KHERAREREEOEKFENDE, AR 5 oMK/ ER, T4
RITHEN ZRBIUSH. £ 252

KA®IUE, KR, BRBEREUR. WY KFHEAN

KBATE., Y. KM, ZBRSK

BBARE. FIGERE

REFCARRAERR RS E S0E, AR 3 MR, BBy
5. FEY.EKTHEN, B 4hRER

KEKARTE EREHNEL ARARFEFERARERA. SHY. B4R
HMES R R AR SRR

BHEE HRERDRRE BRKAERLR. B S5SHEERE

KETE KR RERVEELEE. E85THEN. SELEH
HBERDE. EohER

KRBATE, BIRFHENS RIS

REATAERKE RACRERKE ERRPE. By, TEPEE A LKMEY
F. MR 6 AN THEMOERE, &% FEY. FTHEA. HEKE L HRR
E, ABHEHNERER —B 7T HERE

KRBRETEXRHMERE. RECHE BDH., 24X 54D EE. SHEY. KHH
A

RETERKBEBBE. 45X 1L AMEER. SH#Y. KA. SRS,
KA 6 R L3 F& Lycoprera sp.. Peipiaosteus pani
KRBEOTERABETANDE. FH2E. 812 Lycoptera sp.. Peipiaosteus
panis B2 R TH 9om BRETTREENERATHARND . B3 iRER
REMERBRRERTE MO RRE, EEARG LK, BEE 40cm.
A EE I 4—S ANPIER, R ERBHE. SR Peipiaosteus pani
KROIARBERBCTERDE. RRANTE RBREE. TH8H 84
/NBEEL 3 8 BEEI T AR 6cm RBCBMBHRRE. KEALE
KEHERRECRDE MPRRE. 406 N/DEE. £ 1R EHTE
Y& Peipiaosteus pani

KEHARREE. BERACADE. MBS, THRIAN/DEE. 21 %L
10cmB R B TUE & Peipiaosteus pani; 48 2 FeE L3 8em BR AT AR B

Peipiaosteus pani. Confuciusornis sp.. Psittacosaurus sp.

33cm

2cm
50cm

8cm
50cm
67cm
60cm

30cm
15cm
13cm
3cm
22cm
36cm
3cm
licm
Icm
19cm
115¢cm
27cm
55cm
25¢cm
19cm

39%cm

3icm

28cm
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26. KEAGBEARE TE BHEER. ESHEY. KATHEN. ZRURRMEAE
WEALH; & Peipiaosteus pani. Manchurochelys sp.. Confuciusornis sp. 24cm
27. REG. REREXRARARE, REKVFEEMBEZHE. 450831/
B, BEHEY. AFHEN ZBEUSER MR A

2627 REXE EHERE, VHENGER—F IRER 30cm
28 KBAMARBRHG EHAATE BUSE. FENERIIVILAE. THR2
AN 3lcm

(1)8cm. L& 4em BKBETUE, Y. RHAHEN. ATEHK BB IHME
BB H; & Sinosauropteryx prima
(2)23cm. L 10cm BERFERENKBOTE, EEAH N ZERBHER
it B R 46 A1, & Sinamia sp.. Psittacosaurus sp.. Confuciusornis sp. .
Liaoningornis  longiditris; P ¥ 4cm B K € & W &, & Psittacosaurus sp. .
Theropoda indet., Y EBERBMBELAE, LEBRBAAEES; TH 9em E
KPREAEHREC. BAREADE, AABHHREE—F 10 KER
29 KBATAXHREBROBDERSE. FENSHEIWARRE. T4HHR4M0
e M. 53cm
(1)20cm, EHSem BRKBER AL IBKAEHDE. 8 & Psittacosaurus
sp.. Sauropoda indet; FT& 2cm BEEBABH A, RAFHRER
(2)7cm. ¥ 3em BRBEIE, FRFTHET ZBIDEH R HME LA
FTHamBRBETESEBE. KAGKDRRE LR, B Confuciusornis
sanctus, P L4 HRZBE 0.5cm, Y FEWLFEARE
(3) 15cm, L #B 9cm B K B 4 B &, & Sinosauropteryx prima. Psittacosaurus
sp, NEEMPERSAAER: THocm BERBAHE KEARUESHKRE
REEBBRE
@ ttem. E# 10ecm BRBEEE, B & Lycoptera sp.. Confuciusornis sp..
EHY. A EA  ZEAMBREARMGE R, SEARE 0.5om ABRFEMNE
AFEKaR

EWARERRLE. FEMMSEAAGREX, YHBHEXIUUSEE 290 BHT—
BESaRRE@ERID. AEREAMIL200m AL, TRBEHETEZTHE
0ecmELAH —BENELNERED S (GZEHER SR, BaZ T EhEERAK.
S HFEARETHE, MAEEERZTRY 1—2m B T RENERNERKEDE R, &%
BESRRAGAZIMG AW LA,

EXREBER10NMNTAR, 3140 K. B Peipiaosteus pani. Lycoptera sp.
Sinamia sp.. WH BN AEZASHEE SE LT (FEANBW) XI — 4 Peipiaosteus
pani.

ERA T S IEBRA N B85 i K bR A BRAE A A B TEGE 3 B, BRI AR 29(2)
B Kt T 53t BB 2802) B #h KL 7 & (Confuciusornis sunae) (8% 3% ¥, 1997) A
9@E. BXRABEZBRIREZTENSRMEA M LREESHIERAH L EART
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WELGAAE. EFENBHRBMHET 28 BRIE—HR SAIMLLKILA, HEREM
ARt —E#HiA, .

XTHPERS . FHE KRN, BREA RERAPERSHALFLZ AL 14m K
ETEMRR (FR, EHE, 1997 EFR%, 1997), I A 4R 15 f0 68 S 1 060 8 4E
AREFEAYNHEEREHEE 6 ZE_BR) . HATRINFBILBEGAHELE SBE=
BE—EETH). ZBEBEAEAERT PN —FHRDE REENDRES. B
BUE, BENGER, EEABHAMNSEROEEY 12—15m; ENSEAGRIESR
B, U EB KL 20cm BH—RERNEXNBE, KT EREAL, MEENE
CERANMEAEERERYG, ESRARBRX B, ZERESTNELRETARY
ZALBEY AT NIERGH, BE RIS RIYHA. B FFRENPER
SHARI ER, BEHE, 1997), 2L RNEZ WEFSMEH T, 5T LB ILARE @R
BUMHEE 6 B)RE B MAZHRENNART BS54 ARNIE, Y0
KNG, PR G RE N FOF IR ZRY, HEREHE LRI 2 P BiRES5IRE
28(M290Q) 2. FHEHSRERBMSEBRMAHFE, BNEHASH AN, K5
FEMFERSRBFRM IR —ERR. REES K EOE xR 28—29 2, R
BAH it —5 RIEWIEX. |

ERBHERE 28Q) B RAT | #BRBRAA, A ERER =T ZEN 1 4
TMEZATFERENFERGHREALM B RENHBIAT I,

RETHRAKNTREABERLA KRB P M-S EHERNE 28 2.

Rz, MEH RN K F s Y aBEET EE 166cm GHHE AL B 734—
900cm) KI5 25—29 /=, B T BB 84cm (1 1 & 816—900cm) 55 28—29 E A IT&
T+ (H 4),

RIEH 9 ME 10 WEASRHRER, THLNSETRERIYHLEGERE SN 3T
g+ (B AR 1) -

DEINRERZLE, #HWE25—22 (B & 82cm ) : & Peipiaosteus pani.
Manchurochelyssp.. Psittacosaurus sp.. Confuciusornis sp.. AEL.

2)HB9— 10 E R Z ), HIE 28 B (B K 3lcm): & Sinamia sp.. Anura indet. .
Manchurochelys sp.. Psittacosaurus sp.. Sinosauropteryx prima. Theropoda indet.
(“feathered”). Liaoningornis longiditris. G B4.

NBI0RERZT, HIH 29 2 (BE 53cm): & Lycoptera sp.. Sauropoda indet..
Sinosauropteryx prima. Psittacosaurus sp.. Confuciusornis sanctus. C. sunae. C. sp- .
HEER, BETEMNATFESMPERSHER.

EREMATSHPERY ERRAILENE B, AFEERE 14m ¥ LT RMX

.
KRB ERGEANYAERE (GARESE 8 B)ERILMWHN FHBERNE L, T 1
4—5SPMRBEREVIRRE, 765 2 BEKE Z T KA20cm, K3 5h Y B AR &K A4 EEAR
FEEE, ZHIELRAIBLER YL AHATHM A,
HEH S RRBRACREMLYEN, BLWERREL, B EWTERELITNE
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—— ® Manchurochelys sp.
{E==mE=—"" A Manchwrochelys
3 liaoxiensis

_— & Zhangheotherium
quinquecuspidens

@ Peipiaosteus pani
®Lycoptera sp.

®Peipiaosteus pani
® Lycoptera sp.

@ Peipiaosteus pani
T & Pterodactyloidea indet.

A Eosipterus yangi
P ® Peipiaosteus pani

® Peipiaosteus pani
® Peipiaosteus pani

® Peipiaosteus pani
® Peipiaosteus pani
A Psittacosaurus sp.

AConfuciusornis sp.
® Peipiaosteus pani

A Manchurochelys sp.

AConfuciusornis sp.
ASinosauropteryx prima

A Manchurochelys sp.
®Liaoningornis longiditris

®Sinamia sp. #Anura indet.

AConfuciusornis sp.
®Psittacosaurus sp. ¢ Theropoda

AManchurochelys sp.

A Psittacosaurus sp.

@Sauropoda indet.
/— ®Confuciusornis sanctus
/—ASmosaur-opteryx prima

APsittacosaurus sp.
=— ®Confuciusornis sp.®C. sunae
® Lycoptera sp.

10

/

20m

B4 UANAEEAAME XEHTHEHESIYLGREEM
A HZEERME B REHE

OARRAMAE BRNUSETNLE ABRNLHEZNNILE

Fig.3 The composite stratigraphic section (A) and the excavating profile (B) showing the fossil
verte—bratebearing beds of the lower part of the Yixian Formation in Sihetun and neighboring area,
western Liaoning
(E#2$ R HE 2) (Legends see Fig.2)
@Fossil vertebrates collected during this excavation @ Fossil vertebrates with confirmed horizons
AFossil vertebrates with investigated horizons

RIERGAEYEA. BIRKAAEKRDE P, “EXENHNGE. EPERER
%, 1995) 12 R W 12 79 3% M B (Manchurochelys liaoxiensis) B TR WM F MEFER I PILA
2.

BEAh, B R MZEIR (1997) #R 847 K R 7 R IE (Eosipterus yangi) W] 7= F R 1%
EHEHEIYEOR. MARERZE (197 HATHHESE 7 Z(WESETHRE/RIYL
AR)BERILTTRREE, Eh 2 Af#—H A
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4 XEAJHEMESIIBFEY L 0t

Wed kAN X CEHTRARMHMER. BRPMLER—RFE.
4.1 A

XEHE-BHBRBE IR, TELHIKGEEKFT P, PASRENDE. 6%
AZRFER, BE. R E, SR AR BT, HEN “KEN =Y. ¥ EHRBHK
ENFRE, BARSEEATREBRFHADHRE,. SAELBRKLE AEEMAKREZ
A, DIREEAE, —MRI v HBAERE. YWERS. EHnE. EETLREF
Sh ARG J5 T 43 M, SR A 1B TR B 0 4 1 T K, B R ik, TR BRYE B K B I BE B R
EE A TR ERILEr R R B RILBAS, AR EE P MERILR,
42 #iAM

NEAB=ZBUIRVARMBRHNERAS, BAT R RYIEE RN, RAK T+
BEEY—HEWHEAREGFTIR, TR AR AEN B BRI R TRE.
42,1 WH—WH/AH

ZRTYEHE=BRE - "B LEAENFHEHAS . BHWENTEE
HHREHEAE. HREIHDRES. BREEXBP RIS, RERERINTHTE. FE
RAX 2R —RABREAREDE, MR HFWHEH(GAHEESEZTHE 1—
2m R AR XERUTE, ENAEA B AT RINEZERATERENTE; =
REBAAASKAETE, MUASEREHES 22 B. 4S5 e XEaBpE—Es4HR
RITTERE Bl Z B T R A RN ST, B RBRE (ERIV.1). RELFHE
BRI T IR R R E S RITR.
422 MWHEITH

EXBEAB=BE— R ELBRERRIAH T2, FE b KL KE MEEK R
HRERAEHAN. REFENFEE, VRLAZEHHIEFH (Bouma sequence), FETE 4—
S0cm Z (6], MAEMAEEZWHESE 18 BF 6 MBI MBUEFY, Ry B —R#H
ORGSR A

ERTXEAFE=8FE— kB LRENRBEHIR. 0 EH T RITEERR
FEHREREGH (KL RE)ES, EXEY —HEPRE TR IRAS. RIAAHA
AL —ERBERKEHESBE KRER. Ksh H&4%E,. TEABNEREAFHEZ
i, X KILESRILHE, AR E TR, LERVEEHRITH. ASHE
Wi ARG EERRENER.

NEHFE=BIRAGRR T A B R —RPDLEY —ERAEN 2 g w1
B, UERAMRTEIRRNTRSIYHSER T R LB A E S,

5 4hE

DUSEERAAMR XEATHREZRZFh ZBAR: F—B R BHERE A 5
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TERATEMBKRNES FERBE—RY. ERY—ENHDE N EAR 2 M ER
R

DIEXNELHEERKFEEKLES, —KNVARXEAE B kL
K B —UOR IR B SR T SCR AU R P i b B K LA,

BN NEAFZEBHMMHABHSTRUNWHAXR, BB 2 M EENESRAYLEE
£, P& B FEFH I MR LA LRzt a R,

NEPSEIMBEHERENELEET 0MSEE 1M EEBEINEGRE, SIS
BREMSATERE., ML THAEREAN XS NEL B, RTE, B3 MW
KB BREBHNEHDYRE. LOEBEEE, REXE. VIBHEBRTHRE—HELR
KHHEEREYFIEHS.

5) U4 T EHGHS WAL E R L Confuciusornis— Sinosauropteryx — Psittacosaurus
REMGSEMCTERHWHRET XEATHE SRS — e E LS TTE b (4 5
¥ 6R). WAEBBEEE 166cm, EEEEF 84cm. HLHICRTHF —BOZLRE
MHEERTRDIYWERILCES. TSNP EREJLPEETR —B, WE2ZEAHE
EREE 4dm M ETEMNEER.

) XN BABZBIIHRBR T Z B IE— R BB E W —E W R B e B ki
B, KEKENE D RBEARBERAAME S —F R BRI K AR KBRFEE. X
MAIWESFERZ A, DS HONRF 0F R s B8 8 T R — 2L IR R
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it AR TEAMNFRAREASKEARERAD “THRTLEHBE LM
K (% F:KZ951-BI410) FERARMAFEL AR ‘TThFCELEEHA L LR R
ITRR” (%5:49672088) W9 K Bh., B IwSFst R |9 E A E 4. 53K £ R0 %
AEZFFMHRLF NEDL AL RAERANIAFRR. TSR LT AL
Folt A EHLAFIRARESFEMETTHAYTH, TERAFR TSRS
HEFALRRHAERAARLR. 2 MR R ZEETTRAATET KA, F
REFASABGRNABAERL, S EARBBRGEILEHCHE 2 BHIAFR
REKEZAKAFRRESTENHE LL T H, S P2 BHITH HAMEF L2
THRRNFAFHEIHARGLLHBRGK A B FH 0L L WBIBEER £0T
FBEEAE, #rx ERA R AT AT K6 BH.
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Sequence, Vertebrate—bearing beds
Summary

In the past four years, a large number of fossil vertebrate specimens, including
birds and “feathered” dinosaur, were discovered from the lower part of the Yixian
Formation in Sihetun and neighboring area of Beipiao City, western Liaoning,
northeastern China. These findings have been attracting scientists of - vertebrate
paleontology and various related fields, because they provide some important evidence
in understanding certain great evolutionary events and the interrelationship of vertebrate
evolution and mass mortality to paleoenvironmental changes. Recent geological survey
reveals that the lithostratigraphic sequence of the lower part of the Yixian Formation
consists of three members: (1) the first and lowest member consists of the deposits of
alluvial fan cycles with alluvial macroclastic rocks; (2) the second member is
intermediate—basic lava; (3) the third member is composed of lacustrine sediments of
two depositional cycles from shallow to deep lacustrine facies. Two vertebrate—bearing
horizons of this member, the lower Sihetun horizon and the upper Jianshangou horizon,
have been recognized in this region. They comprise the upper parts of the first and
second depositional cycles of the third member, respectively.

The composite section of the lower part of the Yixian Formation in Sihetun and
neighboring area can be summarized as follows in descending order (Fig.2, 3):

Yixian Formation: > 110—150m (top beds not seen)

Third Member

9. Grayish — white tuffaceous coarse — medium sandstone with fine gravels, covered
by black intermediate — basic volcanic rock. Fossils from the bed include turtle:
Manchurochelys sp. 7—10m thick.

8. Grayish-green medium—fine sandstone with gray and grayish-white siltstone,
silty shale in the upper part; grey, grayish—black, grayish-white shale with siltstone,
silty mudstone and grayish-white, light yellow tuffite, tuffaceous sandstone and
mudstone in the middle part; light yellow silty mudstone, mudstone with convolute
bedding in the lower part. This is the upper vertebrate—bearing horizon represented by
the fossil localities at Jianshangou and Huangbanjigou. Fossil vertebrates from this
horizon include Lycoptera sp., Peipiaosteus pani, Manchurochelys liaoxiensis, M. sp.,
Eosipterus yangi, Pterodactyloidea indet, and Zhangheotherium quinquecuspidens.
Other fossils include the recently reported angiosperm, Liaoxia chenii, Eragrosites
changii and Monocotyledon leaf, and various invertebrates represented by Eosestheria
sp., Ephemeropsis trisetalis and other insects. 10—15m thick.

7. Grayish — green, grayish — white interbedded sandstone and siltstone., The upper
part has black intermediate-basic intrusive subvolcanic rock and the middle part
contains some grayish-white tuffaceous sandstone with a few coarse tail cycles. 25—
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30m thick. _

6. Grey, grayish—black, grayish-white shale with light yellow sandstone, siltstone,
silty mudstone and more than 10 layers of light yellow tuffite, tuffaceous sandstone
and mudstone. It is the lower vertebrate—bearing horizon that is represented by the
fossil localities at Sihetun, Libalangdonggou, and Heitizigou. Black intermediate—basic
subvolcanic rock intruded into this bed (Pl1. I, 2). In the middle part, exists one of
the most important index beds consisting of six small cycles of light yellow tuffite,
tuffaceous sandstone and mudstone. Fossils from this bed include vertebrates:
Lycoptera sp., Peipiaosteus pani, Anura indet, Manchurochelys sp., Sinosauropteryx
primg, Theropoda indet, Sauropoda indet, Psittacosaurus sp., Confuciusornis sanctus,
C. sunae, C. sp., Liaoningornis longiditris, Protarchaeopteryx robusta, and a primitive
enantiornithine, as well as plants, invertebrates such as Eosestheria sp., Ephemeropsis
trisetalis and other insects. 8—12m thick.

5. Grayish-white, grayish-green medium — coarse and medium—fine tuffaceous
sandstone with grayish— green siltstone, silty mudstone and shale rich in bivalves.
There are some coarse gravels of intermediate—basic volcanic lava at the bottom of
this bed. Fossils collected from this bed are plants, bivalves, and fish Peipiaosteus
pani. 11—15m thick.

Second Member )

4. Grayish-black, brown—red intermediate—basic volcanic lava (basalt, andesite)
with amygdaloidal, fluial structure and siliceous concretion. 22m thick.

3. Grayish—green, yellow—green tuffaceous fine sandstone and siltstone with pyrite
concretion. There is red roasted sandstone in the upper part. Some plant fragments
were found in the bed. 2m thick.

2. Grayish—black, brown—red intermediate-basic volcanic lava (basait, andesite)
with amygdaloidal, fluial structure and siliceous concretion. 22m thick.

First Member

1. Grayish—green tuffaceous polymictic medium—coarse, medium—fine conglomerates
and sandstone with coarse tail sequence and massive bedding or normal graded bedding.
Cobbles are sub-rounded, while pebbles and granules are angular or sub-angular.
Gravels are poorly sorted. It unconformably overlies on the underlying Late Jurassic
Tuchengzi Formation (P1. IV, 2). 10—45m thick.

Tuchengzi Formation: bottom is not seen in the section.

0. Sandstone and sandstone with gravels. 2—10m thick.

Fossil vertebrates discovered from the third member of the Yixian Formation
include all the major vertebrate groups. From the lower vertebrate—bearing horizon are
fish: Lycoptera sp., Peipiaosteus pani, Sinamia sp.; anurous amphibian; reptiles:
Manchurochelys sp., Psittacosaurus sp., Sinosauropteryx prima, Theropoda indet, and
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Sauropoda indet; and birds: Confuciusornis sanctus, C. sunae, C. sp., and
Liaoningornis longiditris. The fossils from the upper vertebrate—bearing horizon include
fish: Lycoptera sp., Peipiaosteus pani, reptiles: Manchurochelys liaoxiensis, M. sp.,
Eosipterus  yangi, Pterodactyloidea  indet., and mammal: Zhangheotherium
quinquecuspidens.

In late autumn of 1997, a field team from the Institute of Vertebrate Paleontology
and Paleoanthropology, Chinese Academy of Sciences excavated the middle—-lower part
of the lower vertebrate—bearing horizon, and collected more than 60 vertebrate
specimens including Lycoptera sp.,  Peipiaosteus pani, “feathered” theropod,
Psittacosaurus sp., and Confuciusornis sp., etc., as well as a number of invertebrates
and plants. Specimens of Anura indet, Pterodactyloidea indet.,, and Manchurochelys sp.
were also collected from this horizon at Heitizigou, Tuanshangou and Jianshangou,
respectively.

Sihetun excavating profile is 9m in thickness and can be divided into 29 beds
(Fig. 4. In the section, 10 fish-bearing layers, 3 turtle—bearing layers, 5
dinosaur-bearing layers and 5 bird-bearing layers were confirmed by excavation and
interview with local peasants who dug out some fossils before. Of all the 29 beds,
the 1—20th beds, 565cm in thickness, have not produced any fossil vertebrates, while
the 21—24th beds, 169cm thick, have only yielded fishes, such as Lycoptera sp., and
Peipiaosteus pani (Fig.4). The main vertebrate-bearing beds, the 25—29th ones, are
described below in descending order:

25. It is 28cm thick and composed of three small cycles of light yellow,
yellow—brown fine sandstone to gray shale: (1) Its thickness is 12cm. Its upper part is
gray shale, 10cm in thickness, and contains Peipiaosteus pani, while the lower part is
yellow—brown fine sandstone (2cm thick). (2) It is 13cm in thickness. The upper gray
shale is 8cm in thickness and produces Peipiaosteus pani, Confuciusornis sp., and
Psittacosaurus sp., while the lower yellow—brown fine sandstone is 2cm thick. (3) It
is 3cm thick. No fossil vertebrates have been found here.

26. Grayish—white silicified mudstone—shale, 24cm thick. Fossils from this bed are
vertebrates: Peipiaosteus pani, Manchurochelys sp. and Confuciusornis sp.; invertebrates:
Eosestheria sp., Ephemeropsis trisetalis, and other insects; and plants.

27. QGrayish-white silicified mudstone—shale with yellow—brown mudstone, 30cm
thick. Fossils include plants and invertebrates: FEosestheria sp., Ephemeropsis trisetalis
and other insects.

Combination of the 26—27th beds is the ninth index beds.

28. Grayish—black shale with light yellow, yellow—brown fine sandstone and
siltstone. It is 3lcm thick and the upper one of two main vertebrate—-bearing beds. It
can’ be further subdivided into two small cycles: (1) The first cycle consists of
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deposits of 8cm thick with grayish-black shale (4cm thick) in the upper and
light-yellow, yellow—brown fine sandstone and siltstone (4cm thick) in the lower part.
Collected from the upper part are Sinosauropteryx prima (Ji and Ji, 1997b), a
“feathered” theropod, plants and invertebrates including Eosestheria sp., Ephemeropsis
trisetalis and other insects; (2) The deposits of the second cycle are 23cm in thickness.
The upper part is grayish-black shale, 10cm thick, and has yielded vertebrates:
Sinamia sp., Anura indet. (found at Heitizigou), Psittacosaurus sp., Confuciusornis sp.,
Liaoningornis longiditris (Hou, 1996) and a primitive enantiornithine (found at
Libalangdonggou), as well as plants and invertebrates: FEosestheria sp., Ephemeropsis
trisetalis and other insects. The middle gray shales, main dinosaur—bearing bed, of
4cm thick, contain Psittacosaurus sp. and Theropoda indet. The lower part is 9cm in
thickness and consists of light-yellow, yellow~-brown fine sandstone with parallel
bedding, which is the tenth index bed.

29. Grayish— black shale with light yellow, yellow —brown fine sandstone and
siltstone. It is 53cm thick and the other main vertebrate—bearing bed. It can be further
subdivided into four small cycles: (1) The first cycle consists of the upper
grayish-black shale, 18cm thick, and the lower yellow—brown _ siltstone with
symmetrical ripple (2cm thick). The upper part has produced a few specimens of
Psittacosaurus sp. and Sauropoda indet. (2) The second cycle also consists of two
parts. The upper part is grayish-black shale, 3cm thick, and produces Eosestheria sp.
and Ephemeropsis trisetalis. The lower part is composed of interbedded gxajish—black
shale and yellow-brown mudstone, 4cm thick, and has yielded the holotype of
Confuciusornis sanctus (Hou et al., 1995). (3) The upper part of the third cycle is
grayish-black shale, 9cm thick, and has yielded specimens of Sinosauropteryx prima
(Ji and Ji, 1996) and Psittacosaurus sp., while the lower part is rhythmic beds of
grayish-black shale, grayish—white siltstone and yellow—brown mudstone and 6cm in
thickness. (4) The upper part of the fourth cycle is grayish-black shale (10cm thick).
Confuciusornis sunae, C. sp. (Hou, 1997) and Lycoptera sp., as well as various
plants and invertebrates, were collected from this bed. The lower part is light-yellow
siltstone, lcm thick, and the most important bird-bearing bed. Six Confuciusornis
specimens were collected from this bed during the excavation.

The deposits bearing enriched fossil vertebrates can be subdivided by the ninth
and tenth index beds into three parts: (1) The upper part consists of the 25— 27th
beds, 82cm in thickness, above the ninth index bed at the excavating profile (P1. II).
Only a few fossil vertebrates have been collected herein:  Peipiaosteus pani,
Manchurochelys sp., Psittacosaurus sp., and Confuciusornis sp. (2) The middle part
contains the 28th bed that is between the ninth and tenth index beds (P1. III). It is
3lem ‘thick and rich in fossil vertebrates: Sinamia sp., Anura indet., Manchurochelys
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sp., Psittacosaurus sp., Sinosauropteryx prima, Theropoda indet.,, Confuciusornis sp.,
and Liaoningornis longiditris (holotype). (3) The lower part, the 29th bed, is beneath
the tenth index bed. It is 53cm in thickness and the most important vertebrate—bearing
bed (P1. III). Fossil vertebrates collected herefrom include: Lycoptera sp., Sauropoda
indet,, Sinosauropteryx prima (holotype), Psittacosaurus sp., Confuciusornis sanctus
(holotype) and C. sunae (holotype), and C. sp. So far, all the vertébrate specimens
found in the lower vertebrate—bearing horizon came from the lacustrine deposits of
166cm in thickness, of which the lower part (84cm thick) is most fossiliferous. The
enrichment of fossil vertebrates recorded a great evolutionary event and mass mortality
event of vertebrates near the Jurassic—Cretaceous boundary.

Lithostratigraphic sequence of the lower part of the Yixian Formation shows the
development of the sedimentary basin from alluvial facies to coastal, shallow and deep
lacustrine facies. Tuffite, tuffaceous sandstone and gravity flow event sediments exist
above and under the vertebrate—bearing beds in lacustrine strata of the Yixian
Formation. Both of them indicate that the lake was a pan—basin with wide and deep
water in some periods, and volcanism had greatly affected the sedimentation in the
basin.

HAR 1% AR (Explanations of plates)
RS 1 (Plate T)
1. WA MY AR — (A part of the fossil vertebrate locality at Sihetun)
2. PEMEREHESY SHEARTRL 1997 10—11 ARG UAGRERY BB EHRFTHTHZFH
38 Ak (The site of excavation at Sihetun by the Institute of Vertebrate Paleontology and Paleoanthropology,

Chinese Academy of Sciences (IVPP) in October-November, 1997, showing the complete excavating profile and
intrusive intermediate—basic subvocanlic dike)

RS II(Plate IT)
WEEAARREBIE, B FH 18—272 (BT L HMF BT RYL) (Part of the excavating profile at Sihetun,
showing the 18—27th beds, photographed at the quarry of Shenyang Institute of Geology and Mineralogy, which
is next to IVPP quarry)

EAR 111 (P1ate III)
WEEAARERA E-HE28—29B—HHEDH WA EHRE (Part of the excavating profile at Sihetun,
showing the 28—29th beds, which bear enriched fossil vertebrates)

HAE IV (Plate 1V)
1 HEEHERE—TNEFRENERER, #H 22 2 (Convolute bedding of lacustrine mudstoneshale, the 22nd
bed in the excavating profile)
2 BAEHNAXEAETREAT & LRFHAERE S (Unconformity between the Yixian Formation and the
Upper Jurassic Tuchengzi Formation)
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