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RE KREAEHYBEOEORL5-99. £ LSH R S4/Ls MR, REY &/ET—
KA BEHEYHECFT CERCRBMEELS" F4), EASTIRAR Y
B, UMY TRKEM Event 9. TEILER, ERAETE Saale KB BEH, B 42 50
T, BEEHYRHMEA A RNES 50 —100 T4, BEBE ALK, <H KB %
Yz EEAEEXR, BREARE ETHIAR EBE S4/L5 HIKRAL.

RER BEEDNE, RN, BEKE, UURY
—. RTHREKE S HZ L

BRENERRATHEELORERA 1, BT S6 (An ft Ho, 1989; ZIiE
A, 1990; FNEFE, 1991). BN SR — BRI R, AR & 3
BN EFERA A, 420 14 M n. IR R SRR EARET
FH 24 HC Y — B i R 7 st i 4.

BRESHVENE - MUEARSHREENERBRA TGRS (1963 4F) HLT
F—Zi8. BRI (1964) 5, BEHE6 M.

BHWH Carnivora Bowdich, 1821

5t Cuon alpinus Pallas, 1811
[E Felis tigris Linnaeus, 1758
KBH Proboscidea Illiger, 1811
% (BFMKE) “Elephas” sp.
{8 B Artiodactyla Owen, 1848
BB Pseudaxis grayi Zdansky, 1925
TR Sus of. lydekkeri Zdansky, 1928
Wit B Rodentia Bowdich, 1821
T IKEIB. Myospalax fontanieri Milne— Edwards, 1867

BB (1966) 76 DA BER" —3Ch, B AWEIET Ef itk
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TR R EEAE T MbRic. MBEEA. HEPENNS, BERATHES S
FABAEE (1964) Fricikey 6 MRETT S (ZIEES, 1990; HhEH%E, 1991).

BEEHYBRE _HUARTE 1964 FhBYTE, BUHE, MK, SEXE%E
BRESWASHTRE R RBH,
WRHEMERLE (1965) B, B MAALEHE I MR%:
%JXH Lagomorpha Brandt, 1885
M&F Ochotonidae Thomas, 1897
Ui % Ochotonoides complicidens (Boule et Teilhard, 1928)
%%} Leporidae Gray, 1821
$ K% Lepus wongi Young, 1927
W15 B Rodentia Bowdich, 1821
BB Cricetidae Rochebrune, 1883
TKER Myospalax tingi Young, 1927
HEKEE M. cf. fontanieri Milne— Edwards, 1867
= a8 Bl Bahomys hypsodonta Chow et Li, 1965
B A&l Muridae Gray, 1821
/INWKUE R Apodenmus cf. sylvaticus Linnaeus, 1758
FHEFL Hystricidae Burnett, 1830
? B35 ? Hystrix sp.
W& B Carnivora Bowdich, 1821
#iiFt Mustelidae Swainson, 1835
W Meles cf. leucurus Hodgson, 1847
% B Artiodactyla Owen, 1848
fEFRl Cervidae Gray, 1821
KMRE Megaloceros sp.

KPR Z A, FIPEMEEE (1965) CR/ELBmRICE: <2k
AR —1F Ochotonoides W FERE Z AR, HARWAE = Fizi S0 = &MEEIE
MiFaas B ET, Tl RAR-ZD". FEXE, FHEMEEE (1965) Prif
B = AHERELE AR A LI RS I (1966) FridssE 4 B L3, B
‘=%, WHEXAEFRICARY SS. BARSSH LTI LS, i S5H T HMZ L6.
FTLASE e A 2 /04 3 N2

I. LS

2. L6

3. AL “—1F Ochotonoides W) F4-H". FBEMELE (1965) HEM “BHE
fiX”, BRNMTEBERA FHENEN S6. KT XHFRARZO M & WA= F X T #
HEEWEL, EI1S% THUAEN 1964 FHBFIMEHICF G HN © ] fE7E L8- S9
ZH, FEX—E LRI ERER.
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WMHAER BB ENLE L5-S9.

Z. BREEBRANGRE S SRS

mER, BEEIYRNENE L5— S9. WXL ES (1985) #R, ERES
e SR TRERE, NERFHSHH A9 (S9, L9), A8 (S8, L8), A7(S7, L7).
A6(S6, L6) Al AS(SS, LS). #Haidil, B4 S wikBEE (k) 5 WER B
(k). A, BREDYEMN 14 MRS HE LS -S9 HH 4 4260 L8—S9. S6,
L6. L5.

1. 7€ L8— S9 th, FEEALK I Ochotonoides W — 1 L &H, B XT3 %4 5E M
(A9, A8) MIAESHIERATRAESR HBANE L.

2. f£S6 P, BTHEBAN, BEMTHANDN 6 MRE, XTHATHE,
JARREE (1964) B R F IR NG, ZPBE A LBERMUNZY, Kb
M EMETEEMY B LA, HBEEAE S EAEE . FFUBREHEREREA
lﬁ%%&ﬁ&—¢%ﬁﬁ%ﬁ@%ﬁ%%ﬁzm,%N%%ﬁﬂ%%ﬂﬁﬁm%%ﬁﬁ
— BRI LA,

3. L6 S LSt A T A o MR (A, FEE, 1965). #
Kukla # An Zhisheng (1989 ) #%%, L6 %4 T JtEk# Elster vKB#i; i L5 MIAHS T
Saale UK, XFK KRB INL A VK P B MR ok, A ENTH ik T )
(Kukla, 1977). X —-HEEFESR LHH2HE, B TXBERKKENKBES S
B ERS XS, MXFRKKME SN -« B =k, BRKBEEES
BEE EMERKN (BHEY, BAME, 1986; FHY, ML, KEME, 1991).
TR BB R R S EFIERFEH AR, BREIRFA S (R E
16 M 14 BB, £REBMAHESE (Di or Wi) #5140 (BRE&KH, 1993).

L6 5 LS NETRI 9 MHIL A2 (AR RS SR b a) Al
IRE MK R B BT KB A SRR R T2 R TR

B, 268 (1965) Bi5T, #% _fMtitbad, WmibEMEE AL L
77.77%. #EHR, XERFILFHREEERRESRES, X0, FRASME LS
B, HpHYKH—3ER T RESE RS, B F L6 5 LS W _mibaR
B REE — FRIESYRE,

ASEBE ML T, B Megaloceros sp. 81 5 MHVitb 1. WEYFREFHLE
YERBHRB YRR EZ —. FL EERLEBERFEHRRZ N, FRE KB AERT
PGS EATEN., SCETRTREAEBE BRI, B oML aE
Meles cf. leucurus 1 7 thinA, HAEY PR EINELERNE Y. AEEIZRT.
EEE% (1988) W50, B, R4S GRMELT HY, e mELE. ¥
A, FHSHK, RGETEEENRE. BRESE MO RNEEN LG, HE
FE—FHER “BRMETHE L, BHETHEHREE R TR, 8RN
3.5mm, AAREN FiRMGG B, 0 Myospalax, Bahomys 8% Hsh# iR, 4hitl
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REAH WEIRISSE (Hystrix) MWL (RIWTBL, 2638, 1965). HAEMFEAAEIE
BN Y), MRS EEFR Y. TR, TERICRRK M2 bt
B SRR GREE. BB, 1986). AN A SENERHBEHY K
M. BTKARE. B, FEOFEE, EIMNIKE, TERRZS KW X 3 e & Ko
Rk,

GiLEnE, BRRFEIYREE AN RT M LB TR ARAREE, IR
RE—HEHNEIR - TR T, AW wAA —SemiAk, T UTESE I 42 K ok 1/
BRHIPIR K, BREE - HESHERAR I EEM.

NG BREE SRR -, B T A R s B R K A . KR
Bonifay (1990) KM, EfIRET HERMENLHYE. BRI PEH MR
BT Ve RS IREE, DT - v S0 e 2 A R e K S B IR B A BT AR TR

BRSSP X A 8 BARR AR R RN, ARIH R AL R B 4 25 08 5%
HRARH,

H—-MAAEHRXERHRABR TR -2, #H5T Se, HIMH2ATHE 17 HE (i
BEAT), REXHAMTER, BREE I BHIRAA NS TE— A HOB IR B2 08 1 ) BR AR IR 5
ZH.

BT PR B ERIRAL T L6 55 LS. BEATHATHMNL XK b &
REIRUC UK, #8245 T JLBKH) Elster Al Saale vkJ§. X HE 374 A & B JF -5 B 2 ) BE,
A, BT, KA. HOFE, BREE-THERAREE, BOHESHEIAR
R TLH.

L PRt R A Yy A A

FEpEHE R, ERMESIESY Z4ET - RIEEEEHEY HLEH,
Bonifay Ay, B X —F4, MMHHERNENLHYH (WE KFH Ponte
Galeria and Isernia local faunas) {HER T, EfTEH#LUNE WL SIYH (MEX
FI#) Ranuccio local fauna =, Late Galerian fauna) Fr&ftT.

1984 4, Repenning X —FHGE K “E_KEHHHEL YT B EH
(the third Pleistocene microtine dispersal event). 1987 %, Repenning &€ i # A
“FF 9" (Event 9). EMbrER-HHEBESWHE KRG, BandtEM Microtus
pennsylvanicus. M. montanus. M. mexicanus % .

GRENYEERI TR Y TEREN Event 9. HBHBIELIF 3 A

1. 7EXUARAESE (1985) BTy« L5538y —H, AL H L XK/
LAY ARH BRI T — KRR NG, i, FE2H#E, nZR R
( Cricetinus varians), B2 B ( Apodemus agrarius) T8 B¢ ( Scaptochirus cf.
moschatus) RN S4 ATFHILIM, ERSFERY, ~HBFHHMMEE S4 LAY
BHHENBRKENYRE LS LHEREREMN. REU EEY, X B4
ZR “EROERBKZEN" FMH (Cricetinus varians LSD), EfF L5 8 L # K
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S4/L5 ML FAL.

2. FREAREBFER OGN FRARKSYBAOER L. BN S4 T4
BB R AL IR AR BB AE (RILFRSE, 1985; 1989; XIKA%, 1985; tREK
By, BRFHEE, 1982). T BAEREE X —FHHANFOMEERIEX 3 F, WeH Bk
H & (Microtus epiratticeps), #iIKEIE (Myospalax wongi). W KB & (Ochotona
koslowi), BRE (Ursus thibetanus), WM& RE (Megaloceros pachyosteus) %% . Frlh
RATAK, LS B3k S4/L5 M5r FAE 4 FEKER Event 9,

3. MEEIS bk, AV CE N R ERERN B, NESKMEIN 24, HBERE
M AEYSRTR, Wit (P H) FHEHEAEREERBEN2KRELA X,
Repenning (1984) AN, EfIEREEMEEHMN R KT REK AR, Vrba (1985)
AR T IEMN R A RS LS kb 5 IR ITH R ARG, 185! 175 Repenning #
AR A, Viba I, XFEHMT R “ZUFRMRMKE Mg AR 0. ER
A RE R B 2 ERIEREE FRER SRR KRBTSR MN". B, Viba frif
B “eRERETRE MY THIBEFEIEN KB, T2 K Repenning, Vrba
SR A, AV RS eRERBEETZ BAEERGXR, BB EE R4
TEVK B0 B M Bk BB (MR 4K B, 1989; 1990; 1992). ¥ T F A EH, 7 1987 F
Repenning BB, fEEKYN Event 9 K47 Saale (S Elster 11) vK#; mifEit %,
B &4 1E Kansan vK#,

KM HESR A sk, 3 Kukla #1 An Zhisheng (1989) Xt E#E LM, LS
MM TACERRY Saale vk#l. FTLAKAETE LS LEBsk S4/L5 KR4 R 6 R EIKZA"
H5WKER KA 1E Saale 7K Event 9 FE4F R RN &AM,

RUEET I, AR EEFGREEREN, ERREBSAYEMNBAXCRARN —fE
.

b, BaEt ETFTHRER

£ 50 FHK 60 FRHM0, XARERET “BREL” KHSA B THESHOHHE
B, HETEHMAOSRAT LS/SS R (A4, 1958; XARAL, KR, 1962
XIRAE, 1964), X—BIERBXARACHLBHBEZ T XKRESE, 1985; hEgd.
BB, 1991),

AMBERN L REARER, BRSSP HNEMMHET L5-59. HKB ER
MITATEI A, ABABRKE S BN F RIS (S5—S9) HNUTHEARLTE, MHER
—#4r (LS) M TFEAEL LI, SN FEMUTRERZN. BAREESH
REPEF RO L 2RENLHNYRE, AREBETERESHE, mHEHI R
N B E P EFH A RN BN LR, RRUKREMESHE. H
RIRLE S4/L5 B FAL.

FEXHRASE (1985) A& CRIS5HEEY —FP, RIOTEH, BRI 1EE X
FRWATHAR (BIL5/S5) BERMMER. BINESE 4 Z]E 3T (AmibaS5hH
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), FRBEEHBFEIIBARMME LR AN VA S/ VI a2 R RAEK
TEAEGEMY L5 /S5 AR MAL, w1 S5HAT—HF, B S4/L5 BIsc A4k, JEM it 5] AT
ML BR LS AESHFERSHETRE&EERM (BAELSTEH) ML, B vV iE
WARRE, HMEEES, MHEAERERFMASE". MLS 5S4 KHD E&KEN (BA
w5 L) MHRSENEARA, B “VIFHEEBRE, FREEF, WiARESKE
JEAERE, [EEEMEE". TERRNEHELSWAVH, B LS NEAEL EIR
Tk, MABAERLTHT. ditel i, BRFS5HAIVFRIRRERE —BH, &
HABEH., XWMESSEE 7T (FEESHES), RREAF TR, AR H
PR AR, RENERRR BN ERMZIE L, RREH LU - #Ht
ARERE S RE G, W HESH PR LA RBAE, BERBT —1
MR BT R R B R SRR TR, EERE T LIRS LEAGEE &
SR L Zaa, BT R, REEFHELS 5SSEah 18N,
AH S E A A BBE R AS (S5, LS)., H e dl &8 sg Ao Al
A2 ALl BrRYETRATHIIRI & A8 T E T HEARR (L5/S5) 4t FE—415 531
—BERIM A5 (S5, LS) ¥R EFHAES. RN ST RARE AN EFH D

nEER, BRESEYE S RILEYH AT REKPRGEHZ KR (Azzaroli,
1983; Bonifay, 1990; Repenning, 1984; 1987; Vrba, 1985), #5272, —KEEHK
KEREHR, S~ KFMRIKEN IR, EASME KAV S, Wi kA4
VIEERWER TS, 350600 ZHEN, XHMBAY L4E 10K, MEEK
FFHRXFER (Repenning, 1987).

gERR, BITBUEEAEL EFEMSR EBE S4/L5 MR, IREHM
s, A RBE kbak, SB. EPETEN -KALRLTR/EE—-ET. B
Bt Rt T R R RSB R 2 MNE HMBEXR, UEHKSKENES (XXX
&),

. “BROR&EEAN SRR

WEmR “ZERERRMEEN FHRSHEN Event 9 RN X EK. #
Repenning (1984; 1987) f&it, Event 9 Hi4-4 40 J74F; {H#E Bonifay (1990) fAiit,
Event 9 445 50 4,

AV Bonifay (1990) WA, HARBEALT 3 &:

1. 4% Azzaroli (1983) BF5%, 7EEAFIK Late Galerian 31 t, WM TF2H
TRk H R LN RBR, FTLLZSI BN HEAE Event 9 2J5. M EX s X
PR PRI E 2 6], B L% sh Yy B0 R0 K AR 80 T LU O I & 5 00 A I T 3R A5
# Azzaroli (1983) i, XPIZEEMERL AW S 36.5 —48.7 4, didLHEMT,
Event 9 %/PBHi4 48.7 Ji4E. #& Repenning # 40 T FERIEEE 5 LR L BAHAR.

2. fEH RMIX, B ARSI AL, BA LRESEN. HE, PHHER
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IR R B R R R LA SE 2B R, DA S2 BB, #XIHRASE (1985) %, S2
WEAEREL LR T EMZ EME T2, 8 Kukla #1 An Zhisheng (1989)
WA &N, MWTE EHESG 52318 S28S2. S2LL1 A S28S1. E# L RMirE iy,
gl Tk, EAS, PR, B, SMEH, S2LLI ARMMEM. ARmTER e
YREE b, S2LL1 MEEHMBA, Bk 2.9m (THHLE, 1990). EXTEkR, X4E
METEBRYRE-RTENESS., HA L1 A L2 4 514 2 F 30 S E ALK K58
2—AERAIES 6 B, FrLUEik 2.9m B9 S2LL1 WAHH T35 8 BBt QR BUX HE
RIXTEL TR, BRA S2SS1 EHEMT 45 7 BB, 1 S2SS2 WA T4 9 MrB. MRiEHR
FHRXRBEFHHRER, B 7HBEPE—MHSRHEMEEY (Kukla, 1977, &
BRET, 1991). X225 S2SS1 FrRMMFFMEMY &1, B|XIARES (1985), Kukla
An Zhisheng (1989), #hgd., BEM % (1991) 5, S2SS1 &K HFHAH M HFH
A, FHRBTE 7 BB LEMER, T S2SS2 RRFAEBMM LE, 1
RS 9 B RE—IHAREERYE, XHOESKLABFH RS RA -2/
(#REKET, 1991).

DA EFIRMFSCER, f£E TRFENFSHEK, BMBENHELIRE BHAFLEE
BREBS, HMBMELIRE FROELHERY (S2LL1) LTEEH. Ad, 5K
BRI, 98 BB E TR IR A RS LR BNy, BRERTENE
EOEHIE, fEARE, %8 MERAYE FMERUZIA 2.9m, FRRLERAITIA N, A HME b
X, HIFRERESE 8 Bt LMy, MixRESRAm, mMARKEME, My
BORA LR A D S IR AR RO BRI (TRERE, 1992).

RS T HRN R B
Baicaoyuan loess section o 18 0 Stages
So 1
L1 2—4

S1 5
L2 6
S2SS1 7
S2LL1, i.e. L K(Xu Qingi, 1992) 8
S28S82 9
L3 10
S3 11
L4 12
S4 13
_________________________________________ Event 9
LS the Saale glaciation 14
S5 15
L6 the Elster glaciation 16
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L7 18
B §7 B 19
M L8 M 20
S8 21
L9 22
S9 23

BT, S4/LS RRMLYTFHREBEARMES BHERSE 4MBHMLTA, BS
25 50.5 FHF (#R4KFE, 1991). # Bonifay (1990) 1) 50 FERNFRZS5HLMHTH .

3. MBERCAEFAE, ROTE RS 4 XREBKA SRS AR RN B #1T
TXE, b Saale iKY T ERIMLEME 14 BB (Xu Qingi 1 Huang Yuzhen,
1991, 1993), L, Event 9 [ &4 7 Saale "KM B, MEES 50.5 4, 5
Bonifay (1990) RJTFiAH—3K.

N y
N &R OE

£ 80 — 90 AL, IFEZR¥RIBBATZERZIN, BRRMESHR. MmiE
BT HFZHMEE, MXMAELZAEHRE. RAEAGSHR. 2321 (Global
Change). HERZAHS (Earth System ), HMHRS (Sun-Earth System) 3. 7£1992 4
410 H P EBZERLE, £XHET “ZESKE 94 XKEFWUHF AT B
CEHFEPRHBEEARAEBAE), INWNEMNBENE “HWHEKEDPKH AR EHR
KIBHIHEH, TE BURMARE A, 5 FRED 2000 FLUE 2020 FRHEFR A
¥, AEHPHALE. EXTHERBY T E, NEARRD HBIRPFZIEE KR,
SHE. KB, AYEHRNERBAREENEETFRAR, MMREZXKTE. (K
B, HRKESE AN SEMAER TSR . XHEMNTR T EHESERA
§., ASCFRUE MESEEMEFHEMN., FEEK, FRIEEHBWT4 AR

1. BFREHYHMEMRE LS-S9, MATARMERNE 14— 230k, BESY
50 — 100 J7 4,

2. BANL ETHHMRN LBES4/LS T RL. EHATIRRASIYERS
BRE BN R

3. fEAHY T-JLBK Saale vKEAAIMERA, BE429 50 HAaFR), ARG REL—K+
SEENEYHNES. FRTL, RNKEN EREEBMEEN F4. EHS T
EME SR EFMHEEYH T B FREM 9. BEX S, FRWHHERY
BNLHPBEEE T, ENEESRNE NIRRT,

4. BRHHERBLIEEEEHREARER. KB KB, AYEZEREGRR, U
EFTHIRG KAEMBAEELR, RITREIRAEAGZEHR.

Bt EAXMEEIRBGERIRTEGHER FEREE. BRAHE. AESX
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M1, PEBFERERETETICHEE, EETHRM KRS Lynne A. Schepartz 1, finH
K2 Sarri Miller- Antonio 18+ KA K% Donald E. Tyler BB By, {E&F SR
WE.
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SOME REMARKS ON CHENJIAWO FAUNA
—— On the First Appearance of Peking Man Fauna

Xu Qinqi
(Zhoukoudian International Paleoanthropological Research Centre, Institute of Vertebrate

Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044)

Key words Chenjiawo fauna, Peking Man, Lishi Formation, Astroclimatology

Summary

The Chenjiawo fauna includes two stratigraphically distinct groups of mammalian
fossils, 14 species of mammals and 4 stratigraphic horizons. They are L5, L6, S6 and
L8—S9, representing a wide temporal distribution. The first appearance of Peking Man
fauna can be correlated with Event 9 in America and Europe (Repenning, 1987) and
is marked by the lowest stratigraphic occurrence of Cricetinus varians (LSD). In north-
ern Europe, Event 9 is believed to have taken place near the end of the Saale
glaciation about 500 000 years ago (Bonifay, 1990). Therefore the geological age of the
Chenjiawo fauna is between 500 000-1000 000 years B. P., corresponding to oxygen
isotope. Stages 14-23. Through the correlation between the solid earth, atmosphere,
hydrosphere, and biosphere, the boundary between the Upper and Lower Lishi
Formation should be moved to the S4/L5 boundary.
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L.CORRELATION BETWEEN LOESS SECTION AND
OXYGEN ISOTOPE STAGES

In the Yuan loess area, many scientists think that the sediments are continuous
and the climatic records are perfect. This does not appear to be accurate.
Sedimentation was discontinuous in many sections. For example, many scientists argue
that S2 corresponds to oxygen isotope Stage 7 (Liu, 1985; Kukla and An, 1989; Ding
et al., 1990). In fact, S2 includes three layers: S2SS1, S2LL1 and S2SS2. Ding et al.
(1990) reported that there is a thick unit of loess between S2SSI and S2SS82 in the
Baicaoyuan section in North China. Its thickness is about 2.9 m. It was named S2LL1
or Lk (Xu, 1992). It is reasonable that S2LL1 or Lk represents a complete cold
stage. Because L1 and L2 are correlated with Stages 2-4 and Stage 6 separately, Sl
and S2SS1 correspond to Stage 5 and Stage 7 respectively. Thus S2LL1 should be cor-
related with Stage 8. Kukla and An (1989) pointed out that although China is far
from Northern Europe and Alps, the apparent agreement of the numbers of thick loess
units in China with the four classical European glacial stages deserves attention.
According to their opinion, L1, L2, L5 and L6 of Chinese loess are correlative with
the Weichsel, Warthe, Saale and Elster glaciations in Northern Europe, respectively.
Therefore the correlation between the Baicaoyuan sequence and oxygen isotope stages
are shown in Table 1:

Table 1.
Baicaoyuan sequence oxygen isotope stages
SO |
L1 the Weichsel glaciation 2—4
St 5
L2 the Warthe glaciation 6
S2SS1 7
S2LLt or Lk by Xu (1992) 8
S2S882 9
L3 10
S3 11
L4 12
S4 13 Cricetinus varians LSD
L5 the Saale glaciation 14 or Event 9
S5 15
L6 the Elster glaciation 16
S6 17

L7 18
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S7 B (Brunhes) 19
L& M (Matuyama) 20
S8 21
L9 . 22
S9 23

During Stage 8 the loess was completely deposited in the Baicaoyuan section be-
cause the thickness of S2LLI1 is about 2.9 m. While in Chenjiawo, Luochuan, Xifeng,
Lanzhou, Xi'an, etc., the loess was not deposited completely, because the thickness of
S2LL1 in those sections is much thinner than 2.9 m.

II. THE GEOLOGICAL PERIOD OF THE CHENJIAWO FAUNA

In the monograph “THE CENOZOIC FORMATION IN LANTIAN AREA OF
SHAANXI" (Zhang et al., 1978), it was reported that the Lantian Man’s mandible
and all the 14 mammalian species were unearthed from one layer, but in fact the
Chenjiawo fauna includes two groups of fossils.

The first group of fossils were described by Chou (1964). the species are as
follows:

Carnivora Bowdich, 1821
Cuon alpinus Pallas, 1811
Felis tigris Linnaeus, 1758
Proboscidea Illiger, 1811
“Elephas” sp.
Artiodactyla Owen, 1848
Pseudaxis grayi Zdansky, 1925
Sus cf. lydekkeri Zdansky, 1928
Rodentia Bowdich, 1821
Myospalax fontanieri Milne- Edwards, 1867

These species and the Lantian mandible were unearthed in the same layer, i.e. S6,
at Chenjiawo (An. et al., 1989, 1990; Sun and Zhao, 1991).

The second group of fossils were described by Chou and Li (1965). They are as
follows:

Lagomorpha Brandt, 1885
Ochotonidae Thomas, 1897
Ochotonoides complicidens Boule et Teilhard, 1928
Leporidae Gray, 1821
Lepus wongi Young, 1927
Rodentia Bowdich, 1821
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Cricetidae Rochebrune, 1883
Mpyospalax tingi Young, 1927
M. cf. fontanieri Milne-Edwards, 1867
Bahomys hypsodonta Chou et Li, 1965
Muridae Gray, 1821
Apodemus cf. sylvaticus Linnaeus, 1758
Hystricidae Burnett, 1830
?  Hystrix sp.
Carnivora Bowdich, 1821
Mustelidae Swainson, 1835
Meles cf. leucurus Hodgson, 1847
Artiodactyla Owen, 1848
Cervidae Gray, 1821
Megaceros sp.

These species were not found in S6. Chou and Li (1965) said that most of the fos-
sils. were unearthed in L5 (the layer overlying S5, i.e. the three-fold polygenetic
paleosol) and L6 (the layer underlying S5), except one specimen of Ochotonoides
complicidens. The latter was found in lower horizons and may be in L8—S9 at
Chenjiawo (Chou and Li, 1965). Therefore the Chenjiawo fauna includes 4 horizons:

I. LS.

2. L6.

3. Sé.

4, L8—S9.

In short, the geological period of the entire Chenjiawo fauna is that of L5—S9, or
Stages 14-23 (Table 1), at about 500 000-1 000 000 years B.P.

III. THE ENVIRONMENT OF THE LANTIAN MAN"
AND THE CHENJIAWO FAUNA

The Chenjiawo fauna includes 4 horizons: L5, L6, S6, L8 —S9.

1. In L8189, there is only one specimen of Ochotonoides complicidens. So there is
not enough information to discuss the environment of the mammals.

2. In S6, there are 6 species of mammals, such as Cuon alpinus, Felis tigris,
“Elephas” sp., Pseudaxis grayi, Sus cf. lydekkeri and Myospalax fontanieri. It is clear
that most of them are forest animals (Chou, 1964). Although Myospalax fontanieri is
not a typical forest species, it usually lives in grasslands, hillsides, and river valleys
(Zhang, 1979; Xia and Gao, 1988). Therefore the mammalian fossils in S6 indicate
that the climate was quite warm and humid during that time.

3.In L6 and L5, nine mammalian species were found (Chou and Li, 1965).
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On the basis of the work of Kukla and An (1989), L6 and L5 correspond to the
Elster and Saale glaciation in northern Europe respectively. The moraines and tills of
the northern European plain were laid down by the Scandinavian ice sheet. In general,
the Elster ice advanced farthest followed by the Saale; and then the Warthe and
Weichsel. So the two older ice ages are related to the two colder climate in the four
classical ice ages (Kukla, 1977). The situation in the Qinghai-Xizang (Tibetan) Plateau
is similar to the northern Europe. The extent of the Nieniexiongla glaciation, corre-
sponding to the Elster and Saale glaciation together, marks the maximum advance of
ice as well (Li and Zheng, 1986; Shi, Li and Li, 1991; Xu, 1993) (Table 1).

Chou and Li argued that most of the species in L6 and L5 are steppe forms. In
North China during Pleistocene, the forest animals represented the warm climate;
while the steppe forms indicated the cold climate. Therefore the mammalian fossils in
L6 and L5 reflect a cold climate. However the climate at that time was not so
extremely cold, because some forest animals, such as Meles, Megaceros, Hystrix did
live there (Zhang, 1979; Museum of Liaoning Province and Museum of Benxi City,
1986; Xia and Gao, 1988).

In short, the two groups of Chenjiawo fauna represented a temperate Quaternary
fauna of the archaic type or transitional fauna, such as Ochotonoides complicidens,
Myospalax tingi, Bahomys hypsodonta etc. So the Chenjiawo fauna indicates a cool cli-
mate as a whole. The geological period of the Chenjiawo fauna may be between 1 and
0.5 Ma B.P. (Bonifay, 1990).

IV. AN EVOLUTIONARY EVENT AND ITS AGE

During the middle of the Middle Pleistocene, there was a very important evolution-
ary event affecting faunas in both Europe and America. Bonifay (1990) argued that af
ter the event, the temperate Quaternary faunas of the archaic type (or the Ponte
Galeria and Isernia local faunas in Italy) disappeared. They were replaced by the
temperate Quaternary faunas of the evolved type (or the late Galeria and Ranuccio
local fauna ). It was named the third Pleistocene microtine dispersal event or Event 9
by Repenning (1984, 1987). In America, it was characterized by the introduction of
several new species of the genus Microtus, such as M. pennsylvanicus, M. montanus
and M. mexioanus.

The upper limit of the Chenjiawo fauna (i.e. the S4/L5 boundary) in North
China corresponds to Event 9 in America and Europe. The reasons are as follows:

1. Liu (1985) reported that the first appearance of many mammalian species, such
as Cricetinus varians, Scaptochirus cf. moschatus and Apodemus agrarinus, was at the
beginning of S4. These new species replaced some old species, for example
Ochotonoides complicidens, Myospalax tingi and Bahomys hypsodonta. Hence the event is
named the Cricetinus varians LSD (the lowest stratigraphic occurrence ).
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2. The Cricetinus varians LSD marks the beginning of the Peking Man fauna in
Zhoukoudian, because all these new species in S4 were found in Zhoukoudian Loc. i
as well (Liu, 1985; Wu et al., 1985, 1989; Xu and Ouyang, 1982; Xu, 1[989). In
addition, there are many new species in the Peking Man fauna, such as Microtus
epiratticeps, Apodemus sylvasticus, Myospalax wongi, Ochotona koslowi, Ursus thibetanus,
Megaceros pachyosteus etc.

3. Many paleontologists hold that the evolutionary or dispersal events were global
and occurred in different continents at about the same time ( Azzaroli, 1983;
Repenning, 1984, 1987; Vrba, 1985; Bonifay, 1980, 1990; Xu, 1989, 1990, 1992).
According to Repenning (1984), the events apparently occurred near the ends of epi-
sodes of grasslands expansion. Vrba (1985) argued that the spread of open grasslands
at the expense of shrinking forests and woodlands was probably caused by a global
reduction in temperature and associated alternations in rainfall. The interval of global
reduction in temperature unquestionably represents a cold stage in the late Cenozoic.
From the view of Repenning and Vrba, the evolutionary events must have occurred
near the ends of the marked cold stages or glaciations. Therefore they hold that the
third Pleistocene microtine dispersal event or Event 9 is believed to have taken place
near the end of the Kansan glaciation in America, and the Elster II (or Saale)
glaciation in Europe (Repenning, 1984, p.114). According to Kukla and An (1989),
L5 corresponds to the Saale glaciation. Therefore the S4/L5 boundary represents the
Cricetinus varians LSD and is correlated with Event 9 in America and Europe.

Repenning (1984, 1987) held that Event 9 took place at about 400 000 years ago,
while Bonifay ( 1990) argued that it was about 500000 years ago. According to
Azzaroli ( 1983), the Ranuccio fauna of Italy, a late Galerian faupa, contains new
microtine immigrants and is bracketed by lava flows that are 365000 and 487 000 years
old. Therefore Event 9 must be older than the Ranuccio fauna, i.e. older than 487 000
years old. It is now evident that the view of Bonifay (1990) is reasonable.

The Chenjiawo fauna corresponds to Ponte Galeria in Europe and to Irvingtonian
IT (Event 8 to Event 9) in North America. Bonifay (1990) called it the temperate
Quaternary fauna of archaic type,

To sum up, the correlation between the layers of the Chenjiawo section and the
oxygen isotope stages is as follows:

Table 2.
Chenjiawo section Oxygen isotope stages
SO 1
L1 the Last glaciation 2—4
si s
L2 the Penultimate glaciation 6

S28S1 ' 7
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S2LL1 or Lk (Xu, 1992) 8

S2882

L3 10

S3 11

L4 12

S4 13 Cricetinus varians LSD
LS the Saale glaciation 14 or Event 9
Ss 15

L6 the Elster glaciation 16

S6 Lantian mandible 17

L7 18

S7 B (Brunhes) 19

L8 M (Matuyama) 20

S8 21

L9 22

S9 23

According to the SPACMAP time scale, the end of Stage 14 was at 524 000 years
B. P. (Imbrie et al., 1984); while according to the DISR (deviations of the incoming
solar radiation) time scale, it was 505000 years B. P.(Xu, 1991; Xu and Huang,
1991, 1993). Therefore the geological age of Event 9 is about 500 000 years old.

V. THE BOUNDARY BETWEEN THE UPPER
AND LOWER LISHI FORMATION

The boundary between the Upper and Lower Lishi Formation was placed at the
upper limit of S5 (i.e. the L5/85 boundary), because S5 was so clearly marked in the
Chinese loess sequence. It was described in detail by Liu er al. (1958, 1962, 1964,
1985). It is a three-fold polygenetic paleosol subdivided by two layers of carbonate
concretions or strongly weathered carbonate incrustated loess (SSLL1 and SSLL2).
The concept of the Upper and Lower Lishi Formation and the boundary between
them has commonly been accepted (Kukla and An, 1989; Sun and Zhao, 1991).

However the Chenjiawo fauna covers L5—-S9. It means that the fauna did not
change greatly during the period of L5—S9. If the boundary proposed by Liu is
accepted, L5—S9 would be divided into both the Upper Lishi Formation (L5) and
the Lower Lishi Formation (S5—S9). Therefore Liu’s old formation boundary (L5/85)
is not a good one.

Just as mentioned above, the evolutionary events occurred always near the ends of

important cold stages or glacial ages, such as the end of the Saale glaciation (i.e. the
S4/L5 boundary ).
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On the basis of the work of paleobotanists, the boundary between the Upper and
Lower Lishi Formation was placed at the S4/L5 boundary, because the pollen diagram
of L5 is similar to those in S5—L8; but different to those in L2—S4 (Liu, 1985).
This supports the argument presented here. '

In short, the fauna, flora and their environment did not change greatly during the

period of L5—S9. The evident change of the fauna and flora was at the upper limit of
LS, not at that of SS5.

According to paleosol scientists, there are many cycles in the Chinese loess area,
for example there are 8 complete climatic cycles during the fast 730 000 years: Al (L1,
S1), A2(L2, S2SS1), A3(S2LL1, S28S2), A4(L3, S3), A5(L4, S4), A6(L5, S5),
A7(L6, S6), and A8(L7, S7) (Table 1, 2). All these 8 cycles are complete entities
and should not be divided by formation boundaries.

Considering the complex and coupling correlation among the solid earth, atmos -
phere, hydrosphere and biosphere, the boundary between the Upper and Lower Lishi
Formation should be moved to the S4/L5 boundary. :

VI. CONCLUSION

1. The loess of Stage 8 was completely deposited in the Baicaoyuan section and the
thickness of S2LL1 is 2.9 m. While in Chenjiawo, Luochuan, Xifeng, Lanzhou, Xi’'an
etc., the loess was not deposited completely in Stage 8, because the thickness of
S2LL1 in those sections is much less than 2.9 m.

2. The geological period of the Chenjiawo fauna is that of L5—S9 and is correlated
with Stage 14— 23, ranging from 500 000 to 1000000 years ago.

3. The general climate was cool during the Chenjiawo faunal period.

4. Cricetinus varianus LSD is correlated with Event 9 in America and Europe and
marks the first appearance of the Peking Man fauna in Zhoukoudian.

5. Considering the complex and coupling correlation among the solid earth,
atmosphere, hydrosphere and biosphere, the boundary between the Upper and Lower
Lishi Formation should be moved to the S4/L5 boundary.
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