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BRIEF INTRODUCTION

Thia book is a enecial publication summarizing studies on
Chivra's loess made by the Quaternary Geology Research Sectiom of the
Institute of Oeology, Chinese Academy of Sciences since 1955. It is
also an explanation to the 1l:4,000,000 "China's Loess Soil Distribu-
tion Map." The boock has five chapters, consiesting of two parts.

The firset part is the regional deecriptions, discussing the
distribution, lithological characters, thickness, stratigraphic di-
vision and origin of loess and loess-like rocks in the Northeast, North
China, central basin of Huang Ho and the Northwest Pegions of China.

The second part studies the characteristics of distribution,
stratigraphic age, grain compositiomn, mineral composition and chemical
composition of loess and loess-like rocke; and based on field Burvey
and laboratory analysis, discusses the distribution pattern, etrati-
graphic division, contact relatioms, conditioms for formation, litho-
facies variations and their relatiomshipe with the river-lake facies,
of Chinese loese snd loess-like rocks of different ages in various
reglons.

Furthermore, the content of this book is useful as a reference
in soil preservatiom, civil consetruction, soil improvement and agri-
cultural dispositiom works and may be used as reference materisl by
workers engaged in regional geology, Quaternary geology, hydrogeology,
engineering geoclogy, soil preservation and improvememt works amd by
teachers and students of higher institutions.
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Summing up the above, several preliminary conclusions can be
arrived:

(1) The center of thickness of China's loess is situated at the
Chkin river and Lo river baseins; the thickness decreases toward the west
and the east.

(2) Loess of different mgrs are in different thickness; among
them, Li-shih loess is most thick, Malan and Wu-ch'eng loess are com=-

paratively thinner, and the Holocene loess 1s most thin.

(3) The thickness of loess of different ages has regional va-
riationa. The young Upper Fleistocene Malan loess gradually decreases
in thickness from north to south and from west to east. The thickness
of Li-shih - Wu-ch'eng loess is centered in the Chin and Lo rivers,
it gradually thins out toward the east and west.

(4) The thickness of loess has something to do with the paleo-
topography, thicker in previous lowland area and thinner in previous
bhighland area.

(5) Loess is thickner on the western and northern slopes of a
mountain and thinner on the eastern and southern slopes.

(6) Although the thickness of loess has reglonal variations,
the tendency of wvariation ia not completely determined by paleotopo-
graphy. The thickness is still quite steady within a relatively large
area. This is quite different from the rapid change of thickness of
other deposits related to the running water action within a short dis-
tance or under a certain geological structural condition.

2« Characteristices of the Age of China's Loess and loess-like
Strata

(1) Foseils in China's lLoess Strata

Based on field observations and studies in recent years, the
authors conducted comparison and division of loess strata when pre-
paring the Chin's Loess Distribution Map (see Sectiom 4, Chapter 3).
Preliminary studies have aleo been made on mammal fosesils in loeess
(including red clay) . Although data on loess are scattered, thia
did not affect the arrival of the following general conclusions because
important information has all been accounted for.

Many previous important studies (Yang 192?(35}. 1955{51}, Yang
1930(19), 19311?ﬂ?, Teilhard de Chardin, Pei 1934(60)) have quite de-
tailed description of vertebrate foesils which laid a good foundation
for the understanding of loess strata. From known information, it can
be noted that vertebrate fossils in loess are not few but many that
had been identified. Stratigraphic divieion can be made by identifying
the vertebrate fomeils in loess down to "stage" below "eeries."

The mammal fossile refered to in thies paper are those found in
loess (including red clay). Othem whether their locatlion, position
and occurrence are doubtful or they were not found in loess but inm
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non-lossic deposits of the "lossic stage" are not included. They will
be discussed separately.

Loess referred to in this paper includes: Lower Fleistocene
Wu-ch'eng loesa, Middle Pleistocene Li-shih loess and Upper Pleieto-
cene Malan loesa (See previous chapters and Tables 10-14% for strati-
graphic names and their comparison).

In the past, various scholars had different names for loess
and different levels of stratigraphic division were made on the loess
etrata. In view of this, the authors rearranged the records of ori-
ginal authors and listed the stratigraphic names given by original
authors in their respective papers in Tables 10-1k.

The systematic claesification in Tables 10-14 was made according
to the vertebrate clapeification syetem h{ G. G. Bimpson. Two works,
"Claseification of China's Mammal Fossils"(103) by P. Teilhard de
Chardin and P. "Lo-hsueh-pin'" and "China'e Vertebrate Fossils Handbook
(Mammals )" were used as reference. Some data suggested by original
authors as doubtful are marked (7) on the left and others believed to

be doubtful are marked (7) on the right.

From Table 10 it can be noted that vertebrate fossils discovered
in loess of various atages in China can be classified into 43 races
and 62 species. Those found in the Lower Pleistocene loess (Wu=ch'eng
loess or red clay A7) include 12 races 15 species, in the Middle
Pleistocene loess (Li=-shih loess, red clay B+C) 31 races 38 species
and in the Upper Pleistocene loesa (Malan loess) 12 races 16 species.

Ae far as the number of species is concerned, 24.19% (because
some fosslls spanned two or three periods, the percentage for one
period generally overlaps the other; therefore the total of percentages
for Lower FPleistocene, Middle FPleistocene and Upper Plelstocene exceeds
100) are from the Lower Pleistocene series, 61.29% from the Middle
Pleistocene series and 25.80% from the Upper FPleietocene series.

Based on the types of fossils. the percentages are as follows:
Carnivora 12.90%, Rodeutia 3%.88%, Artiodactyla 38.71%, Perissodactyla
6.45%, Aves B.06%.

According to locations of fossils found, the rough estimates
are 15 in Hopeh, 3 in Shantung, 15 in Honan, 26 in Shansi, 12 in Bhensi,
3 in Kansu and 2 in Liaoning.

These fossils and points of discovery have been positively iden-
tified. Other scattered discoveries which have not been studied, par-
ticularly those discovered in recent years, are not listed.

Though more foesils will be discovered in the future, the present
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Table 10 Namen of vertebrate

Foesils Found in Loess of

Different Times in China
# Fossils B Nz | L N ¢ T €. T I v
=
Rodentia wW¥:HAWHE
() holoma cf. dawwrica (Pallas) dJE® »w
Ochofoma sp. HER x
Ochotonoides complicidens (Boule and Teilhard) BRHEW X >
Hypolagus brachypus (Young) LMY :n: ®
Lepus sp. ] »
Spermophilus cf. mongolicus Milne-Edw. FERTFR o
Spermophilus sp. b
Tamias ap, & R x
FProsiphneus infermedius Teilhard and Young R b
Myospalax chaoyaisemi Teilhard and Young BTFYDR r x
Myospalax omegodom Teilhard and Young B o B *®
Myospalax lingi Young TEBR T x
Myospalay armandi Milne-Edw, FRER »
Myospalax epsilanus Thomas THRER 3
Myospalax fomtamieri Milne-Edw, HERER 4 »
Myospalax arvicolinus Nehring HER o x
Epimys ratius L. xR x
Alaclaga sp. BB »
Ihpus cf. sowerbyi Thomas HEBE b
Faracricelulus schaubi Young MEHER by
Gerbillus cf. meridianus Pallas HFR *
Carnivora & MmB
Nyclereutes simemsis (Schlosser) o ! 4
Vulpes sp. i x
Ursus arcios L. T x
Meles cl. lemcurus Hodgson - | »
Hyaena brevirostrus simemsis Owen TEER X
Crocula crocula wilima Matsumoto WAMN X
Cynailurus pleisiocaenmicus Zdansky EFruSs *®
Felis ap. x
Perhasodaciyla TMHE
Hipparion (Iuliangensis) =BN
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Table 10 (cont'd)

ik Fossils

A1

Mobascidipparion simemse Selve A AR
FEguus sanmeniansis Teilhard and Diveteay =M%
Equuws sp. [

Artiodactyla ANEH
Sus Iydekkeri Zdabsky R
Sus ap. i
Paracamclus gigas Schlossor ERE
Capreolus manchuricus Lydckker Ctt g
Rusa sp. K
Ewucladoceros bowlei Teilhard and Pivetsau SR M
Psewdaxis grayi Zdansky p fid ] |
Psewdaxis magnus Zdansky (& composite form) p:d |
Psewdaxis hortulorum Swinhoe 24 |
Cervus camadensis (Svertzow) mxA NN
Cervus (Elaphurus) cl. bifucatus . | T
Cervus huailaiemsis Zdansky 13 4 |
Simomegaceros flabellatus Teilhard BEARN
Simomegaceros pachyosdens Young MR AR
Gaczella sp. ME
Spirocerws peii Young EEMARE
Ovis shanlungensis Matsumoto W% N
Ohris sp. *
Bubalus brevicornis Young ok
Bubalus mephisiopheles Hopwood E KT
Bubalus sp. b o o
Bisom palacosimensis Teilhard and Piveteau HPEEYT
Bos sp. -
Tagirus sp. |

A =

Struthiolithus anderssomi EEERM
Pyrrhocarax sp. AT 5 TR
Columbia ci. livia FriR
Fhasianus sp. A. =
Phasianus sp. B. . ]

i

h Ch
L
|
l A
b &
|
i
|
| !
|
|
.o 4
L
i
1
|
! =
x
o
|
ko
o
=
»
3 o
o
X T
b4
»
e —
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Table 11 Vertebrate Fosslls Found in Loess of the Early
Flelsetocene Period in China
(1) # ©u % & =(2) m 03 ) *(4) =
Hypolagus brachypus (Y oung) L (5) | voew(1D howa, mesis, 1902 (26)
RN s.ummg 1(6) | dred(n) (panii. gwer, 10m(27)
Prosiphneus infermediug Lwmmeaw (7) | de-ss | Wi, e, 1931 (27)
Teilhard and Young 21)
hRFEER
Mpyospalax chaoyalsem 1L wmREAL (7) | nf£22) m(28)
Teilhard and Young g. Wz (8) |
EETER s.umEnERA (9)
LLEREEEN (10])
6. BRI EIR(LL )
8. LPRLEN (5)
7. LAy Fa (12)
Myospalax omegodon LUWAREAL7) | et (22) wAE ae, 10,09 (27)
Teilhard and Young 9. BT 45 25 Y % )
e T 8. LLi 75 o B D AT [B
Myospalax lingi Young ﬂ!-.;l{gg]l m (2B)
TERE Re1zsa(ll) |
Myospalax arvicolimus Nehring e+ (22) m E
ERER
Faracriceiulus schaubi Young LHMEMMIE15) | ¥+ (23) W@, 1927 (29)
W fH T R 3.HMAREAM16 ) et | GH@, 1037,p.02 (29)
- (24) | wem, 1934,p.11 (29)
Nycterutes sinemsis (Schlosser) 1L (5 ) il % £, BEw, 1062 (26)
W 2.5M(17 ) (19) | mamx, w24 (30)
Hipparion rummsrn (5) | run A% 2, Wz, 1963 (26)
Proboscidifrparion sinenss Sefve 1.EmSr (5) ‘Fﬂ!‘flig* T4, MRS 102 (26)
Ty S '
Eiis sukmeaiensts LWEBRSFM(5) | FHue g | nws mem, 106s (26)
Teilhard and Pivetean
=M "
(25)
Fucladoceros boulei LwEMRER(5) | fLet(F) | MBR. B, 1931, p. 60
Teilhard and Pivetean s.wmem (18) A&+ (TF) (27)
SEAHN . (25)
. (2
Bisom Palasosimensis 1.wEsmrres(B) at(22) MmBiE, Iﬁ?ﬂj. 1931, p. 80
Teilhard and Pivetean
HPENFT

by (GO 3[C
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Key: 1) Name of fossil 2) Where found 3) Position L) Source

5) Wu-ch'eng, Shih Heien, Shansi 6) Chin-lo (?), Shansi

7) Huo-shan, Pao-te, Shansi B) Heu-chia-p'ing, Chung-yang,
Shansi 9) Ho-feng, Chin-lo, Shansi 10) Kao-chia-ya, Chin-le,
Shansi 11)East of Chiang-pao, Fu-ku Chem, Shensi 12) Hsia=
po-ti, Ta-ning, Shansi 13) Ma-lan-ying, Fu-ku, Shansi

14) See Table 12 15) Viecinity of Lanchow, Kansu 16) Hsien-
shul river, Yung-teng, Kansu 17) Honan 18) Chung-yang, Shansi
19) Wu=-ch'eng loess .20) Red clay (?) 21) Bottom part of
red clay 22) Red clay 23) Loess 24) Reddish brown clay
25) Red clay (lower) 26) 1iu Tung-sheng, Chang Teung=ku

27) Teilhard de Chardin, Yang Chung-chien 28) Ditto

29) Yang Chung=-chien 30) Zdansky
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Table 12

—

Vertebrate Foseils Found in loess of the Mjddle
Pleistocene Period in China

(1) * i % & = o(2) = ld (3 x (4) =
Ocholona cf. daumrica (Pallas) IEMGHMEAHER | et (21)@m0E. S5 190.p. 32
N R (5) (25)
Ochofoma sp. LLRRPTTARM (6 ) nﬁj:{gl}nﬂii.%linlm.p-u
L] 2. WWANTEEA (7) <
Ochotoma sp. A LEMAESERGIS) | &ad(r) | WHE 19, p 121
] (22) (27)
Ochotona sp. B 1.E&EE (9)
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Table 12 (cont'd)

£ A # e 7 ” Lot 3 #
Myospalax Omegodon bRl (16 )] A 2] ] WU E. G 1931,p.3¢
Teilhard and Young . AN R = (31)) (25)
0% ¢ o g L 3w (10)
(27)
Myospalax lingi Young LwmnsEeA (7) | oed B Wat 1931, p.23
TERR 2. mEwAull6) | et & Wal 1931, p. 23
JLARE ALY | e UL T TR R
+m (32)
s.mempe(10 ) spd WM 1931,p.23
b.1LP A Faa (1] Mied: @ %82 1931, p.23
B.LMET (33) AT T 1930, p. 23
T.Lm L (34 ) AT f At Hwiinl.p
B.lmAGEH(35) | e & #1932, 7.9
o P MY M 36] kpd: 1w ar 1938
10. wmrpw (19) e 1 %41 1938, p. 31
(37) (1. Arma s At d) 95 1927, p. 45
12 mm &R (38) & SR 1927, p. 4B
13. M s(39) A8 W iR 1927, p. 48
14.8&(L0) WAl 1027, p. 48
Myospalax fontawieri LwmnexA(7?7) | oad: CLE N LT BLGIR
Milne-Edw, p. 18—19
HENE 9. ey a(18 )
8.imAsr Faa(ll ]
s.umsmnEm (1Q)
.M H A s B (S)
o.xmmumen(lll (s0)
r.ommamE(l2) | t=m 82 1935, p. 84
sy (s3) | pad B W 1936, p.9
o.waksmeFbh ) nes 8% 88 1936.p. 18
Myospalas arvicolinus Nehring Lamemmin (45
KN R g.umm (46)
ey (L7) e W OE. WM 1931, p. 23
s H6) e W 0GR, WM 1931, p. 22
5. rmrrRsE(10 ) e WMEE, S 108],p. 93
s.ummwxu(16) | ped WA A 1031, p. 29
r.oemarEmu(LB ) pas W E R, %9 1931, p. 23
s.ummemm (49) m{t%ﬁn 94 1936, p. 15
Alactaga sp. I.Hﬁwﬁﬂll g - WE X, AW 1931, p. 00
m R
(5)
Dipus ¢, sowsrbyi Thomas 1. ANGREYs L | Hat WHE, R IaLp Y
BERD,

Google

168



Table 12 (cont'd)

B i

f 4 £ * W X "
Gerbillus cl. meridianus 1.HAR 5L [ 1 ;I:'[|),'lI HI(HE. ?HH 1931, 10
Pallas (48) 22 25
" E R
Nyclereuies simensis (Schlosser) LibmE® AL (16) ken4{21 ] . (5 war 1931, p.57
E LIAAGHIREAL] ) el R, W@ 1931, p. 57
n.ﬂﬁﬁlﬂﬂ."ﬁﬂﬁ(g AT d: (27)
4-“’?@5‘* i ™ 1935, p-36
Fulpes sp. LSS T | R L | S0 1925, p.8
= (51) (59) (Zdansky)
Ursus arclos L. 1L t(52) | ®1:(60) | AN %1925.p.7
M W LEAMEREE(53) | &t % P55 1925, p.7
Meles cf. lewcurns Hodgeon lL.ssEamen (52) % AR5 % 1925, p. 10
- |
Hysena brevirosirus smensis Owen lLbmngdmma(s52 ) | FaNd: BN E 1925, p 22
R~ bAHREREM | RS | SIHEE 1925,p 22
54
Crocwia crocula ultima Matsumoto | 1.MMNE EM ERSS Mt | SAREE 1925.p. 14
MAMN 2. ummmmin(52) | wt &5 FHIR I 1925, p. 14
Cymailurus pleidocarmicus Zdansky LS BM it o) | R+t 5 RT R 1925.p. 23
EVRBY ,
Felis »p. LU.IHIHHTIIEII L & 3R % 1925, p. 26
Egquus sammeniansis 1. N RERAY et o 0%, 4G R Er 1900, p. B9

Teilhard and Prvetean
=MB

Sus ap.
i 4 1]

Paracamelus gigas Schlosser

E W
Rusa sp.
x K
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3. AN EN 56 )
s.mmA® (37)

1.1 % &l;?*'
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1.awam(37)
g Wwain@mmy (52)

ooy 1

169

ft

.
A

-ty
bt

L=
(50)

C e LT RERTY N
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{8 ¥ #r 1936, p. 182
0K 1926 (63)
# FHRT & 1925
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E%% 192 (65)

&5 FMHER O 1995, p. B3
AR 1927, p.9
9P ER 1932, p. 62
4 ik 1032, p. 6B
& PR L 1928, p. 72
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Table 12 (cont'd)

it A1 £ & = - | 3 i ¥x [
dancky)
Psevdaxis grayi Zdansky 1mpe (52 ) | ®+ (60)| W% 1926, p.68
DR .. - | 2.LZNEER LSy W % FHUE % 1925, . 68

Mewdans magmus Zdansky
(s composite form)
-3
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Teilhard and Pivetean
N
Sinomegaceros flabellaius Tellhard
R XAN

Spirocerus peii Young
WM E
Ovis shaniungensiz Matsumoto

WXk M F
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ke (210 W i*62 1936, p. 182

BE192% (67)
HAKLE1027.p.17

&4 1906, p. 182
6 MR A 1926, . 48
& Wit 1932, p 63

w1038, p 18

MHE. BeEaI1L,pe

Yawa 1935, p. 37
NAKE 1925, p-72
WAKE1928,p.72
HAKE1925,p.7)
A% 1938, p 102

@eil 1933, p-63

(24)
TU L M 1968

% il 1936, p. 183

" 1038, p- 509

i 1956, p- 513

W EE. A%E 1931, p. 60
W HE. %8R 1981, P 60
W Ak, @%@ 1951, p 60
F=mir (80 da w1935, p.87

AT s 4 iR 1933, p- 148
it £ Wi 1933, p. 148
At 18 W 1933, p. 148
AT+ £ 9k 1959, B 124
) ATt 44 1023, p.6p (81)
ATt TS 1923, p. 09
4% BM A 1023, p 80




KEey: 1) Name of fossil 2) Where found 3) Position L) Source
5) About 5 11 west of Yu-lin, Bhenmsi 6) Keo-chia-ya, Chin-lo,
Shansi 7) Ho-feng, Chin-lo, Shanei 8) Ch'ing-yang (?) in
east Kansu 9) Yu-fang-t'ou, Shensi 10) Heu-chia=-p'ing,
Chung-yang, Shansi 11) Heia=-po=-ti, Ta-ning, Shansi
12) Basal conglomerate-like ncdule in the bottom part of loeas
in eastern Kansu (Ch'ing-yang) 1%3) Wan-p'ing Heien, Hopeh
14) About 5 1i northwest of Yu=lin, Shensi 15) West of Chiang=-
pac, Fu-ku Chen, Shensi 16) Huo=-shan, Pao-te, Shansi
17) East of Chiang-pao, Fu-ku Chen, Shensi 18) Wu-ch'eng Chen,
Shih Hsien, Bhansi 19) Fu-shan, Shansi 20) Wang-kou, Hsin-
an, Honan 21) Red clay 22) Red clay (7) 27%) Middle
layer of red clay 24) Liu Tung-shen, Chang Tsung-ku, 1962
25) Tailhard de Chardin, Yang Chung-chiem, 1931

26) Ditto 27) Yang Chung-chien 28) "Sai-tan-szu-chi"
/Russian/ 29) Barbour, Tailhard de Chardin

30) Teilhard de Chardin 31) Ma=-ying-san, Fu-ku, Shensi

32) About 10 1i north of Huo-shan, Pao-te, Shansi

33) Hesiang-ning , Shansi 34) Chi-shan, Shansi

35) Jen=ts'un, T'ai-ku, Shansi 36) Yang-t'ou=-ya, Shou-yang,

Shansi 37) Shen=-ch'ih, Honan (a total of 9 locations)

28) Hein-an Hsien, Honan 39) Hsuan-hua Heien, Hopeh

LO) Hopeh 41) Liu-pa-t'an, Yu-lin, Shensi L2) Hein=-an,
Shen=ch'ih, Honan 43) Tao-p'ing, Shou=-yang, Shansi

LL) Szu-ho-tzu, Wu=-hsiang, Shansi 4L5) Viecinity of Lanchow,
Kansu 4L6) Ch'ing-yang, Kansu 47) Fan-sau, Shansi

4LUB) Shih=-tui-shan, Wu-pao, Shensi 49) Hou-ma, Yu-she, Shansi
50) Upper San-men 51) Yu-tzu Ts'un, Man-kou, Henp-ch'u, Shansi
52) Nan-kou, Heng=-ch'u, Shansi 53) Hesuan-yang Heien, Honan
54) Li=chia=ko=-ta, Heng=ch'u, Shansi 55) Shang-ho-ahang-po,
Hein-an, Honan 56) Kuei-te-pao, Yu-lin, Shensi

57) Ch'ing-shui-chien, I-tu, Shantung 58) Huai-lai, Hopeh

59) Standard loess 60) Loess 61) San-men stage

62) Loess 63%3) Matsumoto. 64) "P'i-erh-sun"
/mationality unknown/ 65) Schlosser 66) Chang-chia-kou,
Wu=-hsiang, Shansi 67) Tung-kou, Shen-ch'ih, Honan

68) Nan=kou, Heng-ch'u, Shansi 69) Ch'ing=-shui-chien, I=-tu,
Shantung (including Cervus higgms, Epirusa hilzheimeri of previous
purindu? 70) Shen-ch'ih, Honan (previously Epirusa hilzheimeri)
71) Ch'uan-pao, Yu-lin Chen, Shensi 72) Miao-shan, Shen=ch'ih,
Honan 7%) Li=-chuang, Ch'ang=lo, Shantung 74) Lan-kou, Shen-
ch'ih, Honan 75) Nei-wan Ts'un, Chang-ch'iu, Shantung

76) Yang-chao-chuang, Wu-t'ai Hsien, Shansi 77) Ii-shih loeas
78) Bottom of nodule-bearing red clay . 79) San-men group
. 80) Lower Ban-men (7) 81) Anderson
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Fossils Found in Loess of the Late

EEER

Myospalas armandi Milne-Edw,

FERE

Myospalax ci. Prilurus

Myospalax fomtamieri Milne-Edw,

y.j-4 ] !

Epimys ratius L.
x R

Capreolus manchuricus Lyd.
1 11 d

Purudaxis horiulorum Swinhos
N [ |

2. PAITIERER (15)%4:
.Mk (16) | &t
CWAMERA (17) ®t

b.& & (18) %4
6. (19) %+
7.msm (20) %Lt
B.MME MO EE | E4
(21)
1.5 %@ (9) .+
L. EER(22)
(23)

1. MR ML T
. MdcAL (24 ) r
s.xetamM25] 1
4. MmO A 24 )
MR ERE(27) Rt

(b)) w
—%6)
&5 FHRE W5 1925, 1926. p. R0
& S RE G 1025, 1926. RO
&6 TR AL 1905, 1026, M. S0
& 7B M 1975, 1926, . B0

&6 P15 & 1225, 1926, p- B0
% IS % 1925, 1926, p. 80
SRR X 1925, 1926, p- 80
BHIRE & 1925, 1926, p- 80

& 1R B 1927, 9. 14

(27)
MR 1933, p- 115

WL 1933, p- 146

e Er 1923, p. 145— 148

% EF 1933, p. 148

Beir. HBE199.p 128
(43)

Hatwirn 1955,8

E$5t 1923, 089 (4O )

Table 1% Vertebrate
Fleistocena Period in China
Q) &£ & " F(2) » B3
_ (‘;}]
Cervus canadensis (Svertzow) 1Lareie(5) % g L
REASEN . mEiw ) (6) b NE
3R KT ). L
4. MEER(R) L% BE
b.ilmm(9) L WE
B.ULASTI(10) | Wdr (34]
7L EE{11) %+
B.umniE (12) | %Lty
Cervus huailaiensis Zdansky 1L.MErE (13) | &t
Struthislithus anderssoni Lt EsE1 )| x4-(35)

ik 1904, p- 107

i 1935, p-36

Iﬂ{g.%)ﬂ"ﬂ 1931, p 18
@eeaR 1927, p 43

Beedr 1927.p 43
HWeiEr 1927, p- 43
W 1927, p. 43
@ =ik 1927

iR 192y

6 FHRT A 1925, p. BT
t

7k 1926 (41 )

4%k 1923, p69 (LO)
=4 1921, p. 69
Hhwan s ™ (38)

Google

o MemmunEul28
1R uER(23) Hiy
1. /4T (5) -+
3.7mal4 (30)
1.7 (29)
:.mnmni&ﬁ:} wt
a. P A LG B(L2 ) Wt
s.aen(32) nt
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Key:

1) Name of fossil 2) Where found 3) Poeition ) Source

5) Hsuan-hua, Hopeh &) Chang-chia=-k'ou, Hopeh 7) Lung-
kuan Hsien, Hopeh 8) Cho=lu, Hopeh 9) Ch'ao-yang, Liasoning
10) Hsiang-ning Helen, Shansi 11) Ch'ang-chih Hsien, Shansi
12) Heng-ch'u Hsien, Shansi 13) Huai-lai, Hopeh 14) Mi-
chia=chuang, Yu=yu, Shansi 15) Ch'en-chuang Chen, Hsing=-t'ang,
Hopeh 16) Shih-shui, Honan 17) Ho=-feng, Chin-lo, Shansi
18) Heing~t'ang, Hopeh 19) Shansi 20) Ling-t'ung, Shensi

2l) Te'ai-chia-chuang, Hsin-an Hsien, Honan 22) Hsin-an Hsien,
Honan 23) Heien-chia-ying in the vicinity of 6h'eng-te, Hopeh
2k) Yu Heien, Hopeh 25) Pai-hsiang=-shui, Lung-kuan, Hopeh

26) Hesimo-ma=-p'ing, Chang-chia-k'ou, Hopeh 27) Li-chia<kou,
Ch'ih=ch'eng, Hopeh 28) Chi-kuan-shan, Ch'eng-te, Hopeh

29) Honan 30) Shen-ch'ih, Honan 31) Feng-ming-po, Shen-
ch'ih Hsien, Honan 32) Chien Haien, Shensi 33) Primary
loess 34) Loess? 35) Loess 36) Zdansky

37) Yang Chung=-chien 38) Paleotological Society Bulletin,

No. 8, 1955 39) Teilhard de Chardin, Tnng Chung=-chien

40) Anderson 41) Matsumoto. 42) Yu-kou, Shen-
ch'ih Hsien, Honan 43) Yang Chung-chien, Sun Ai-ling
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Table 1k Vertebrate Fossils Found in Loess and Loess-like
Rocke of the Holocene Period in China

(1) ®# = £ & = (2) = H3) x (&) =
Elephas indicus L. 1.WMER (5)
P E A
(18) | (1)
Capreolus manchwricus Lydekker 1.Mxmwie (6) XERL SR E 1926, p. 8T
AR I?n 1933, p. 68
25
Prrudaxis Aoriuwlorum Swinhos 1.wEl7) e E | Ekiepn (22)
"= N 3. Em (5) ZEME | WBE A% 19e,p37(27)
a.mMikX (B) EOME 1923, 0 129(23)
st (6) G 1923, p 129
5. M- (9) SR 1923, P 129
s.ils#m (10) ML 1973, 129
: (19) (24)
Bubains mephisiophles Hopwood l.ﬂﬂ"fﬁﬁlm WA | M#H{E 1928, p 238
% K m (11 15918 1982, Pl
Tapirus sp. LN (12) SRR | 9 192,091
&
Siruthiolithus anderszoni 1.emEm (5)
FEEREM . Ao x ’
3 H'TITIBHI ] 5 E TN E 1920, P80
Bisom exiguus 1. (1) KERE | BRI
g -
s g (26)
Bos primigenius Bojanus :.E.m 1ok 3 ®i:(20) | 5BAMAE 9, p 1
N 15)
Ovis sp. 1.7M&(16) FERE | A 1929,p 129
£ 2. MMOMIE (17) AN AMHE 1928, p. 10

Key: 1) Name of fossil 2) Where found 3) Position L) Source
5) An-yang, Honan 6) Hsuan-hua, Hopeh  7) Shantung 8) lung-
kuan, Hopeh 9) Ch'eng-te, Hopeh 10) Ch'ao-yang, Liaoning
11) Hsin-te river, Hsin-te-fu, An-yang, Honan 12) K'ai-feng,
Honan 13) Yang-sh'ao Ts'un, Shen-ch'ih, Honan 14) Honan
15) Liso~ho, Hei-la-mu-lun 16) Hopeh 17) Vicinity of Chang-
chim=k'ou 18) Secondary loeas 19) Holocene deposit
20) Loess 21) "Sai-tan-szu-chi" 22) Matsumoto 2%3) Anderson
24) Hu Pu-wu 25) Yang Chung-chien 26) Pu-lu and Teilhard de
Chardin 27) Teilhard de Chardin, Yang Chung=chien
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figures are typical because they are the result of sampling collected
by many people from many locations (about 100) for many years (about

Compared with mammal fossils in loess of other regions of the
world, richer discoverlies have been made in loess of '"Wel-la-fang"
stage in France only. China has & wide area of loess. The under-
standing of characteristics of fauna in it and the further analysis
of ecological environments are important for the task of stratigranhic
division and of explaining the process of accumulation of loess.

Analysie of the composition of mammal fossils in loess of various

periods showed that the time from the Wu-ch'eng loess to Malan loess
passed through the entire Pleistocene period. The composition of
animals in loess of various ages form arid asteppe type fauna with
unique characteristics. For inastance, Myospalax, Struthioclithus,
Equus and Capreolus are sll typical animals of loesas reglon which are
notably different (see Table 10) from fauna adaptable to "heat and

humidity" such as Elephas and Rhinoceros which are richly found in
river and lake facies deposits.

Among the total number of specles, Rodeutia occuples more than
90% of mammal fossils in loess. Rodeutia is still the superior ani-
mals in the loess reglion in recent time, except that there has been
some evolution from the ancient time (see Tablea 10=14). Beside
‘* Rodeutia, other animals are few. Among Carnivora, there are only a
few kinds of animal found such as Meles c¢f. leucurus Hodgson, Vulpes
ap., Hyaena and bear. Among Perissodactyla, there are Hipparion,
Probascidipparion, Sefve and Equus sanmeniensis Teilhard and Piveteau.
Among Artiodactyla, there are Sus 8p., Sinomegaceros, Pseudaxis
hortulorum Swinhoe, Gazella sp., Spirocerus peii Young, Ovis sp.,
Bos 8sp., Bison exiguus and Bubalus sp. Besides these there are even
fewer other fossils in loess.

In the Low Pleistocene Wu-ch'eng loess, Rodentia has fewer
numbar of specles. In the Middle Fleistocene li-shih loess, the
number of Rodentia animals has notable increase while othere decrease
relatively. In the Upper Pleistocene Malan loess the number of species

decreases gradually.

As noted from mammal fossile studied, the Early Pleistocene
environment was believed to be relatively humit but the environment
gradually changed to arid in the Middle Fleistocene epoch and more
arid in the Late Pleistocene epoch.

The grassland ecological environment of loess region can not
only be deduced by the large quantity discovery of Rodentia but also
by the distribution of Struthiolithus and other grassland type animals.

Furthermore, the distribution of animals of different habits can
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also explain the environment of loess region. For instance, fossils

of Carnivora, Perisesodactyla and Artiodactyla found were mostly from
areas near the mountains and in the southern part of loess distribution
region and very few were from central zone of loess plateau. But the
distribution of Rodentia is just the reverse. This indicates that

the loess region had an ecological environment of grassland. The dif-

ferent geographical dietributions of animals of different habits and
ecological features indicate the difference of paleogeographical en-

vironment.

The occurrence of foesils in loess is generally in small number.
Fossils are often found individually in loess or buried soil. Very
few appeared in groups. This is different from the occurrence of
fossils in the river and lake facles deposits where foasils often in
groups as B regult of running water transportation. The head bonesof
Rodentia were mostly found in the precipitated bed of buried soil,
forming nodules surrounded by calcareous substance. However, the eggs
of Struthliolithus are often well preserved in loess. As noted from the
angle of buried foesils, it is believed that the location where they
ware buried is generally not far from where they died. This also in-
dicates that the fossils had seldom been moved, reflecting the grass-
land environment and geomorphological landscape during the formation
of loess.

Ae to other kinde of research which might explain the environment
of loesa region during ite formation such am the spore-pollen research
(105), buried soil research{(76) and petromineral research{25) we will
not go into detail here.

(2) The Stratigraphic Position of Myospaslax tingi
and Its Geological Age

China's loess strata are rich in Mycepalax fossils. Based on
Myocapalax fosslls found, Yang Chung-chiem and associates divided the
red earth into three zones, A, B and C. The B zone of red earth con=
taine large number of Myocspalax tingi. At first it was thought that
the age of Myospalax tingl-bearing bed is the Nihowan stage (Early
Pleistocene epoch) but later the age was determined as the Middle
Pleistocene epoch on the basis of new materials discovered. However,
some people still believe the Early Fleistocene is the correct age.
In order to divide and compare loess atrata further, it is neceassary
to make further discussion on the age of Myospalax tingl bed.

Early in 1927, based on some fngﬁilu whose stratigraphic posi-
tion was not clear, Yang Ehung-ahiunfﬁ established a new species of
Myospalax tingi. At that time, Yang was not sure of the age of the

new species, believing that it was probably from the Lower Fliocene
Hipparion red bed.

In 1930, P, Teilhard de Chardin and J. Piveteau(106) jdentified
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one upper jaw bone and two lower jaw bones found in the Nihowan bed

at Ni-ho-wan Ta'un, Wei Hsien in Hopeh as Myospalax tingl and thus
erroneously thought that they had found the stratigraphic position of
Myospalax tingi. From that time on people began to consider Myospalax
tingi aes the typical fossil of Mihowan stage.

When studying the loess strata and paleotology in the
region between Shanel and Shensi in the cuntrn& baein of Huang Ho,
P. Teilhard de Chardin and Yang Ehung-ﬂhinnllg in 1930 and 1931 and
Yang Chung-chien 61) in 1935 suggested that the B zone of red earth
is equivalent to Nihowan on the basis of Myospalax tingl found. There-
fore, it was generally recognized at that time that the age of Myospalaz
tingli bed is Nihowan. No other typical Nihowan foesil had been found
in the Myoepalax tingi-bearing B zone of red earth, but no typical
Choukoutien fossil had been found to prove that the strata are not of
Nihowan stage either.

In 19%4, P. Teilhard de Chardin and Pei HEH-EhunE{En} discovered
large number of Myospalax tingi (the name Myospalax tingl was formally
established) at location 13 in Chou-k'ou=-tien. They suggested that
eince location 13 at Choukoutien had large number of Myospalax tingi
but there was no ancient species of Nihowan stage, the age of the
strata should be the Middle Fleistocene epoch and the etratigraphic
poeition should be equivalent to the B bed of red earth designated by
Teilhard de Chardin and Yang Chung=-chien.

In 1934, based on the fact that the Shansi T'ai-ku red earth
is in uncomformity over (erosion plane) the Nihowan T'ai-ku bed, P.
Teilhard de Chardin and Pel Wen-chung determined that it was not ap-
propriate to compare the B zone of red earth with Nihowan and they
named the B zone of red earth as the Upper Sanmen system (it should be
changed to the Upper Sanmen group now according to stratigraphic rules)
and its age should be the Middle Pleistocene. The name of Upper Sanmen
system (= red earth B zone) was thus formally established (this name
had been used in papers by P. Tailhard de Chardin and Yang Chung-chien.
The names of Sanmen upper system and Sanmen lower system suggested by
Pien Mei-nien have seldom been used. These names should not be con-
fused with the Upper Sanmen eystem).

In 1935 when studying Cenozolic geology of east C?'&g Iing,
G. B. Barbour, P. Teilhard de Chardin and Pien Mei-nien{5%) discovered
that the red earth was well developed in the areas of Lo-yang, Kao-mei,
Lu=shih and Che=ch'uan. They compared the red earth in thnse areas
with that between Shansi and Shensi and designated its age as the Middle
Pleistocene.

In 1940 in a paper entitled "The Question of Euu?dury Be tween
Pliocene and Pleistocene in China" Yang Chung-chien{107) clearly pointed
out that the Myospalax tingi-bearing bed was in unconformity over the
strata bearing Nihowan fossils. At the same time, he also questioned
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the reliability of identification of Myocepalax tingi in the Nihowan
bad.

In 1941, in a paleotological paper on the study of location 13
at Chou-k'ou-tien, Tailhard de Chardin and Yang Chung=-chien designated
Myospalax tingi which was named in 1934 as Myospalax epitingi. At the
same time, they definitely believed that the age is Middle Fleistocens
as proven by the indication of paragenesis of Choukoutien fauna such
ag Myospalax tingl and Sinomegacercs flabellatus.

In 1941 in a book entitled '"Geology »f East Asia and Origin of
Human Being", P. Tailhard de Charcin designated the Myospalax tingi
bed as from the age of Middle Pleistocene and he also explained that
based on physiographic position of Myospalax tingl-beating area in the
central basin of Huang Ho he had changed his view regarding the cor-
respondence of the Myospalax tingl bed and Nihowan stage. He then
suggeeted that the Myospalax tingi bed should be later than Nihowan.

In 1942, in a book entitled Newly Discovered Fliocene and Lower
Pleiastocene R?dentin Animals in the North Part of China P. Teilhard
de Chardin eystematically studied Myospalax fossils and made some
additional observation on this question. Fe sald: "in 1930 (Teilhard
and Plveteau 1930) I had reported the discovery of Myocspalax tingi in
the Nihowan lake facies mtrata. 1 wish to make some additionsl ob-
servations here. At the time when the complexity of i{yospalax family
was not fully underetood, the identificetion was based on the upper and
lower jaw bones only. Therefore, the result of examination should be
glven more cautious consideration. Myospalax of "Wel-la-fang" stage
of Nihowan definitely belonge to the "tingl group," but before a com-
plete skull is found at this location more proofs are required to
truly identify whether it ie Myospalex tingi, Myospalax chaoyatseni
or other species" (Teilhard 1942).

Meanwhile, in the systematic evolution table attached to the
book, P. Tailhard de Chardin moved the age position of Myospalax tingi
up from that of 1934 to the boundary of Early Flelstocene and Middle

Pleistocene.

It can therefore be clearly noted that P. Teilhard de Chardin
had taken the attitude of reconsideration on the identification of
Myospalax tingl found in the Nihowan bed.

In 1942, in a book entitled Classification of China's Mammal
Fossils P. Teilhard de Chardin and Lo Hsueh=-pin listed Myospalax tingi
as typical foseil of the Middle Pleimtocene epoch.

In 1948 in a paver entitled "The Plio-Fleistocene Boundary in
China" presented in the 18th International Geological Conference Yang
chuns-ghignflﬂQ} designated the Myospalax tingl bed as Middle Pleis-

tocens.
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From that time on there had been few reports on Myospalax
foeslls in loess. In 1958 a book entitled "China's Vertebrate Fossils
Handbook (Mammals Portion)" by Chou Ming-chen et al lists the age of
Myospalax tingi as from Early Fleilstocene to Middle Pleistocene.

In 1959 Ting Meng-lin and other comrades discovered a loess bed
bearing Nihowan animal foasils in a loess section (Wu=ch'eng loeass)
but Myospalax tingl was not found. Above the Wu-ch'eng loess se-
parated by a not prominent denudation plane was a Li-shih loess bed
(B zone of red earth) which contained Myospalax tingi, Myospalax
chaoyatseni and Spirocerus peil. Moreover, Sinomegaceros flabellatus
foseils were found in the position corresponding to this bed which i=s

the Li-shih loens.

The significance of the section is that Nihowan fauna was found
in the earth accumulations (a set of loess or red earth) which were
overlaid with the Myospalax tingi-bearing bed. Thie environment 1s
the same ap that of the river and lake facles Nihowan bed in the areas
of T'ai-ku and San-men where Myospalax tingl has not been found below
the Li-shih loese (B zone of Red earth).

It can be noted from the above that why the age of Myospalax
tingi-bearing bed /Ti-shih loess (Iiu, Chang 1961) = red earth B zone
(Teilhard, Yang 1930) = Upper Senmen system (Teilhard, Pei 19}#}_7'wlu
at first designated as the Nihowan atage of the Early Fleistocene
epoch but was later changed to the Choukoutien stage of the Middle

Pleistocene epoch. We can also understand why Myospalax tingl was
firet coneidered as typical fossil of Nihowan stage and such view is

not so now. Thus, according to these records and studies in the past
it is without question that the age of the stratum containing rich
fosseils of Myospalax tingl is the Middle Pleistocene epoch.

In order to explain thie point,several other indications may be
studied.

(1) In the stratum definitely identified as the Nihowan stage,
no Myoepalax tingi has been found since P. Teilhard de Chardin and J.
Piveteau. In the sand gravel bed at Yu-she, P, Teilhard de Chardin(77)
had recorded a Myoepalax tingi but he was not sure of its position
and suggested that it could be from the red earth. Considering that
most Yu-she specimen described by P. Teilhard de Chardin were purchased,

it is quite natural that the position given was unreliable. It should
be Bepecially pointed out that thie question should also be given at-

tention inthe loess region because in some areas the Myospalax tingi-
bearing bed often formed steep cliff and there is possibility that
foesils might have fallen down the slope. In such case, the fossils
could not represent the typical foesils in the bed where they fell.

(2) The Nihowan fauna has been gquite reliably found in the
Sanmen group (in the San-men gorge area) which is corresponding to the
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l.ihowan stage, such as Euc%adn eroe boulei which contained Frosiphneus
gp. but no Myospalax tingi‘\ll0J), As far as evolution is concerned,
'rosiphneus ep. was a race more ancient than Myospalax and its fossil
has never been found in the Middle Pleistocene strata. There were
reporte of its diecovery in the Early Pleistocene strata.

(%) Myompnlax tingi has not been found in the Chin=lo group (?)
#t Chin=lo; but Prosiphneus intermedius and Myospalax omegodon have
been found, which are both earlier than Myospalax tingi. The age of
Chin-lo group (= red earth A zone?) is connected in A, B and C zones
a8 divided by Teilhard and Yang. If the age in the three zones is
moved up (B zone of red earth from Lower Pleistocene to Middle Fleis-
tocene), then the A zone should be Lower Fleistocene which is probably
corresponding to the Wu-ch'eng loess (see previous discussions).

(4) Myospalax epitingi found at location 13 in Chou-k'ou-tien
was identified by ite larger skull by Teilhard and Yang but they did
not report other anatomical characterigtics. From meapurements made
by Teilhard and Yang, it can be noted that they coincide with the skull
measurements of Myospalax tingi fundamentally. According to present
data, Myospalax epitingi should be considered as a sub-species of
Myospalax tingi or even the same specles (formal determination requires
further study on specimen designated by Teilhard and Yang).

The identity of Myospalax epitingl and Myospalax tingl can be
made more clearly by studying the statement made by Teilhard in 1941
on the examination of Nihowan Myospalax tingl and by the knowledge
that other stratum that contained Myospalax is Middle Pleistocene and
not older one and a large number of Sinomegacerws flabellatus and
Myospalax tingi have been discovered in the Li-shih loess bed (identical
to leocation 13 at Chou-k'ou-tien).

(5) Myospalax tingi is quite widely distributed in the Li-shih
loess (B zone of red earth) in the central basin of Huang Ho. Fossils
bhave been found in many locations. The position it was located is
different from that in the Lower Pleistocene Wu-ch'eng loess which is
mostly distributed in depressive areas; and it is found mostly at the
bottom part of thick bed of loess. As noted from the fact that Myos-
palax tingl fosesile are widely distributed and have been found in con-
siderable number, they are unlikely from the Wu-ch'eng loess.

As far as condition of preservation is concerned, Myospalax
tingl is often enclosed by calcareous substance and in nodule form.
Thie is aleo different from the fact that in the Lower Pleistocene
Wu-ch'eng loess calcareous substance often in bedded form.

Although the distribution and preservation of fossile are not
the characteristics that could determine their age, these elements are
helpful for determining various strata of loese in field work.
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A noted from the history of research on the "Mycspalax tingi
bed" (Li-shih loess, B zone of red earth) and Myospalax tingi itseelf,
there is no reliable report on the theory that Myospalax tingi lived
during the Nihowan period, but there are large number of report in-
dicating that Myospalax tingl was in paragenesis with Middle Pleis-
tocene fauna.

According to observations on stratigraphic sections, the
Myospalax tingl bed is always separated by a denudation plane from
the Nihowan stratum below regardless whether it is on a set of over-
lapped loess deposit section or it is found between overlapped loess-
like rocks and river and lake facies deposits.

P. Teilhard de Chardin and Yang Chung-chien had formally stated
their views on the unreliability of the theory that Myospalax tingi
occurred in the Nihowan bed, and they had formally moved the age of
Myospalax tingi to the Middle FPleistocene epoch.

Now, ie Myospalax tingi the typical fossil of the Nihowan stage?
Although we can not discount the possibility that Myospalax tingi might
have appeared during the Early Pleistocene epoch (particularly in the
Wu-ch'eng loess), we s8till can not definitely consider it as the typical
foesil of Early Pleistocene because it appeared in large number with
Middle Pleistocene fauna and seldom or never appeared in the Nihowan
stratum.

Therefore, before Myospalax tingil is definitely found to be in
paragenesis with Nihowan fauna, even the question whether Myospalax
tingi lived during Early Pleistocene epoch should be given careful
consideration without mentioning it being the typical fossil of Nihowan
period. Thus, the age of loess (Li-shih loess) which contains large
number of Myospalax tingl should be the Middle Pleistocene epoch instead
of Early Pleistocene is even more clearer.

(%) On the Question of Occurrence of Animals Such as
Elephas and Coelcdonta in Loess

Since Pleistocene epoch, the principal animal fossils in loess
are those from Rodentia family. They represented an ecologlical en-
vironment of arid gra?aln d. This is identical to the results from
spore-pollen analysis'l05) and sediments analysis of loess, But one
report which attracted attention is that fossils of E}EEEHH. Coelodonta
and other animale adaptable to humid and hot climate have been
found in loess. This type of loess was mostly referred to the Malan
loess in the past. In early period some had cast doubt on the theory
of aeolian depoeition of loess because of the discovery of fossils of
animals of warm climate habit, and they believed that loess was formed
by running water pruceuafﬁh]. If Malan loess does contain large number
of animals with different habit from that of Rodentia such as Myospalax,
such as Elephas and Coelodonta, then close consideration should be given
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1o the climatic condition during the formetion of loess because even
though mammals have greater adabtability to different climate, the
~haracter of fauna more or lese reflects paleogeographical environment
and climatic conditione. Thie ie quite important to the study of the
Quaternary period im China and therefore it naturally should be given
particular attention.

Before making further study on the composition of animals in
loese and their ecologpical conditions, the places of occurrence of
these foseils, the relationship of st:ratigraphic positions and the
characteristics of species must first be determined. In a paper en-
titled "Gengraihiial Distribution of (Juaternary Mammal Fauna in China,"
Pei Hen—nhungi 11) had mentioned the cdiscovery of Elephas namadicus,
Bos primigenius, Coelodonta antiqutatis and Elaphus canadensis in
loess. Among the four kinds of animal fossile, the positions of oc-
currence of Elephas and Coelodonta have yet to be determined.

It has been discovered from avallable information that most
positiona of occurrence of Elephas and Coelodonta are unclesr except
those not found in loess but in sand gravel bed. An analysis of all
records regarding this type of fossil in loess (from Wu-ch'eng loess
to Malan loess) showed that the records can not answer this question.

J. G. Anderson had menti?gﬂg that it was possible that the
perfect Coelodonta skull fossil found in loess or secondary loess
was purchased from a drug store in Ch'ao-yang and the location and
position where it was found are not known.

P, Teilhard de Chardin and Yang Chung-chien had reported the
discovery of fossil they were not sure whether it belonged to "Chu-
ch'u" family or Hystrix sp. Its definite stratigraphic position and
form of occurrence are also unknown and it is not known whether it come
from loess or from the river and lake faclies deposit banded in loess.

Elephas namadicus reported by A. T. Hupwund{lla} came from Kung
Heien and Hsi-an in Honan, but its stratigraphic position is not known.
Another Mammuthus primigeniues fosell came from An-yang, Honan and itms
poaition ie also unknown. A. T. Hopwood used to estimate the age of
fossil according to the foesil itself and to compare the age with re-
lated geological unit; therefore the stratigraphic position where the
fossil was found is unclear.

A plece of broken ivory has been gﬂ?nd in P'ing-lu, Shansi.
According to record of Yang Chung—chien( 1) it was found in the upper
bed of red earth. In recent years, a large number of Elephas fossilse
have been found in the yellow sand bed of Shen-hsien group or Sanmen
group below the Li-shih loesa (red earth) in the area of P'ing=-lu in
Shansi by various units. Since the fossils found at P'ing-lu are in
small fragments, it is not sure that they probably came from the sand
bed.
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There was a report about ivury{55} in I-tu, Shantung. But it
was reported by a missionary. 1Its source and position were doubtful
because the upper part of that area ie the Li-shih loess (red earth)
and the lower part is sand bed. It ie possible that the fossil came
from the sand bed.

Skull fossil{(56) of Bubalus brevicornis has been found in the
Li-shih loess (in red earth) in Ch'ang-lo, Shantung. It was sasid that
it came from the red earth but its position could not be determined.
In the red earth below the Li-shih loess and on the weathered plane
of limestone in the wvicinity of Ch'i-ho-t'ou, Ch'i-yuan Hsien, Shantung,
Wang K'o=lu had found tooth fossil probably from Bubalus sp. There=-
fore, it is possible that Bubalues sp. fosell from Shantung occurred
in the diluvial and eluvial beds. But the point that should be BntEd
is that thie area is not only low in latitude (north latitude 36 10")
but also near the coast. Its c¢limatic condition should be different
from that in the loess plateau region and the distribution of animals
should also be different.

Meanwhile, ukulliﬁﬁ} of Bubalus brevicornis has also been found
in Miao-shan about 15 1li from Shen-ch'ih Helen, Honamn. This strati-
graphic position wae at the lowest part of red earth, possibly the Wu-
ch'eng loess.

P. Teilhard de Chardin and Yang Ehung-ﬂhien(?n} had reported
unidentified Coelodonta family fosesil at Huo-shan, Pao-te, Shansi.
This fossll was collected from the lower part of red earth. Its age
is Upper Fliocene or corresponding to the Wu-ch'eng loess (7). O.
Zdaneky(113) had reported the discovery of Chelonia and other fossils
at Heng-ch'u, Shansi. Based on these fossils, J. G. Anderson had sug-
gested that they were proof that loess was of aquatie origin. But
their form of occurrence and position were unknown. Adansky thought
the stratum wae typical loess but other fosslils indicated that the
composition was quite complex (see Tables 12 and 13).

It can be noted from Tables 12 and 13 that very few fossils be-
longed to animals adaptable to humid climate (except Coelodonta anti-
qutatis and Elephas namadicus) and these few materials are mostly
broken pleces and identification is difficult. More important ie that
the stratigraphic position and form of occurrence are not known (pro-
bably because only few pleces were diecovered). For most fossils, it
is not known whether they occurred in the primary loess (new and old)
or in the sand gravel bed.

Meanwhile, some fossils such as Elephas and Coelodonta fossils
which were believed to be discovered in loess deposit or sediments of
loessic stage have been clearly recorded as being found in sand bed
or sand gravel bed or alluvial lake depcsit which are not lcess. There-
fore, the paleogeographical environment during the loess sedimentation
period can not be explained by these fossils which are not the same type
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found in loess.

There are very few Elephas and Coelodonta foeslls found in the
Malan loess (with definite position and form of occurrence). Why very
few of these fossils have been discovered even in the older Li-shih
loeas?

The authore had discussed this guestion during the national
stratigraphic conference of 1959. This question ie related to the
question of "phase" change during the loess sedimentation period in
China and aleo hae a certain relationship with the division of Qua-
ternary strata in China.

In the more than fourty yeare since the beginning of 1920's,
no large number of Elephas and Coelodonta or other water animals (in-
cluding Mollusca) had been found in real loess (Malan loess, Li-shih
loess). Conversely, large number of Myospalax and other Hodentia ani-
mal foseils and other grassland habit animal fossils had been found in

loess.

In the Malan loess the foseile found are mostly Myospalax
fontanieri, in Li-shih loess Myospalax tingi and Myospalax chaoyatseni
and in Wu-ch'eng loess probably Myospalax omegodon and Prosiphneus
intermedius. The occurrence of large number of these Rodentia fomseils
indicates that there was special fauna adaptable to the paleogeographical
environment and climate during the loess dedimentation period. Up to
today the distribution of Myospalax is still within the loess regions.

This is a striking contrast to the occurrence of fauna adaptable
to hot and humid climate in the river and lake facies strata such as
Nihowan, Ting-ts'un, Ho-ho and Sa-la-wu-su strata. In topographically
complex regions, it was natural for the co-existence of animals of
different habite in the ancient time. But in the loesa plateau region
the topographical features are generally identical except certain
mountainland areas. Therefore, the questiom of occurrence in certain
setrata is very important in the study of stratigraphic division, paleo-
geography and paleoclimatology.

(4) The Relationship Between Loess Facies and River-Lake Fhpciesm
Depoesits in Northern Part of China

Very few fossile of Elephas and Coelodonta (except Coelodonta
antiqutatis and Mammuthus primigenius) and other vertebrate fossils
have been found in loess but they have been found in large number in
the river-lake facies strata, why? Was it because of climatioc fluc=-
tuation or because loess and river-lake facies deposits were in dif-
ferent geographical and ecological regions or whether because of both?
This question of significance is worth study.

Many poeitions containing rich Elephas, Cocelodonta and other
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foselils have been found in the loess region but these foesils were all
found in the river alluvial or lake facies deposite of different
periods. The Early FPleistocene deposit of Nihowan stage is distributed
in Ni-ho-wan, San-men gorge, T'ai-ku, Yu-she, Bhou=-yang and Lin-i.
Various river and lake facies strata of Choukoutien stage are found

in Shen Heien and Ho-ho. The Late Pleistocene river and lake facies
deposits of loess stage or Malan stage are found in Sa=-la=wu=-su, Chien
Hsien, Ting-ts'un, Ch'ing-yang and Huai Hesien.

In these areas, the river-lake facles strata underly below the
loess formation of different ages.

What is the relationship between the position of these fossils
and loess (including red earth)?

Whether these deposite and loess deposits are in the sedimentary
relationship of same age but different facies? Or they were deposits
of different time and under different climatic conditions? Different
pe rsons have different views on this question.

To solve thie question is the fundamental task in the study of
the Quaternary strata in the northern part of China. It can be solved
through the study of fossils or characteristice of fauna contained in
these deposits and their process of evolution and also the study of
the properties of these two kinds of deposit and their stratigraphic
contact relations in field geological work. Of course, these two types
of study must finally be consolidated in order to solve this question
better. In other word, the question of stratigraphic division is to
be solved through the study of both climatiec fluctuation and animal
evolution (at the same time, the neotectonic movement and geological
development history must not be neglected).

In the past some echolars considered loess of different periods
(including red earth) and its corresponding (roughly) river and lake
facies deposits as same time b?t different facies deposite. For in-
stance, P. Teilhard de Chardin 7) in a book entitled "Geology of East
Asia and Origin of Human Being'" had explained this view in 1941. He
suggested that in various stages during the Quaternary period in China
there were two sets of different types of accumulations - "loess-like"
and "river-lake facies." But it seemed that he based on the belief
that the climatic fluctuation was not vigorous during the Quaternary
period to consider these two types of deposits and did not think that

they had something to do with the notable change of climatic conditions
at that time. Therefore, he merely made his observation on the angle

of difference in facies.

When discussing‘thies question, it should be explained that the
phase change of different sediments is an undeniable development and
needs not be explained further. In a period when certain climatic
conditione prevailed, there were definitely many kindes of genetic type
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,f deposits which form a series of combined bodies with regional
characteristices. Therefore, the subject to be discussed is not the
axistence or non-existence of phase change but whether the concept of
phase change suggested by P. Teilhard de Chardin meets the actual con-
dition of field section. P. Teilhard de Chardinhad mentioned the
ceyclic nature of Chinan's Quaternary strata and he sugrested that the
loesa-like deposit of each cycle represants sluvial facies and river-
.nke facies accmmulations represent basin accumulation facies. As

far as sedimentatinn is concerned, the two have a relationship of
transitional transverse facies. They were formed during the same time.
Through actual field observation, we believed that many phenomena ob=
eerved can not be solved or very few of them can be explained. More-
over, such misunderstanding was responsible for causing inappropriate
explanation of field geological sections and resulting in the overlook
of etratigraphic unite that should be identified.

Except making a certain number of diagrams, P. Tailhard de
Chardin did not show any concrete section to prove hie assumption.
However, his sample sections explain the diversion of these two sects
of deposits (such as Sa-la-wu-su section, T'ai-ku section, Huo-shan
Section, southeast Shansi section). For instance, he often pointed
the sections to prove the overlapping of deposits of same time but
different facies (such as Yu-fang-t'ou section) but when the form of
section corresponded or was similar to his phase change, he had to use
the discovered fossils to acertain they were deposits of different

period (Buch as T'al-ku section).

The Quaternary sections studied in the past and recent can not
explain the phase change. On many sections, loess and river-lake facies
deposite of different periodes appeared alternatively. but because fos-
sils in loess are generally discovered in very small number, theve ie
still lack of more detailed analysis on fauna in loese (loesa of various
periods, corresponding to the red earth and Malan loess in the earth-
like accumulations referred to by P. Teilhard de Chardin and Yang Chung-
chien) and river=lake facies devosits, except approximate division of
Lower, Middle and Upper Pleistocene and no further. Although there 1is
at present no other method that can be used to more correctly solve
this problem on the basis of knowledge on strata, certain other viewd
may be expressed on this problem through the acquiring of knowledge of

composition of stratigraphic sections, origin and type of materials
and contact relations. The author had discussed some sections in 1959

when presuntinﬁ this problem and will not repeat here again. Recently,
Chia Lan-po(ll%) gtudied a section at Ho-ho, Pin-ch'eng, Shensi. Ac-
cording to his study, the Ho-ho Pleistocene section can not be divided
into the following four formations (Fig. 67):

D. Red earth formation ............ 60 meters thick
C. Fine Band bed ssscsssnasansnanes 1l meter thick

B. Croes 8a8nd bed ..eseeessesssanss 4 meters thick
A. Yellow gravel bed, its bottom ie in untonformable contact
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with the Lower Pleistocene light brownish marlaceous clay.

It is about 1 meter thick, containing Stegodon cf. orientalis
Owen, Stegodon zdanskyi Hopwood, Euryceros pachyosteus and
Bubalus sp. and stone wares.

Fig. 67 Kehejian 6050 and 6060 Geological Sections
(According to Chia Lan-po)
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Eey: 1. Light brownish marlaceous clay, generally dipping 5“-1'-]u
toward south, depth unknown; 2. Yellowish gravel bed in which
Btegodon zdanskyl and Euryceros pachyosteus fossils and stone
wares have been found; number designation for location: 605hL;
%3, Light brownish crossed fine sand bed; 4. Grayish yellow
fine sand bed; 5. Red earth bed, clayey with vertical joints,
the lower part is cemented harder than the upper part, the
upper part contains more sand, bedding clearer; 6. Brown
foesil soil bed; 7. Slightly reddish powdery sand-bearing
saoil bed, lower part contains less sand than the upper part,
selightly clayey, with vertical joints, banded with lenses of
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of sand and gravel; 8. Sand gravel bed from which lower jaw
bone of "new man'" and stonewares have been found; number of
designation of location: 6060; 9. Grayish yellow powdery sand
bed; 10. Sandy loess. a) Meter b) Southeast «¢) Mammale
fossils d) Stonewares e) "Fu-chu-lei" fossils [) Human

fossils g) Northwest h) Ho=ho

Based on fomsiles, Chia Lan-po and’ others thought that A = C sand
«ravel beds correspond to the early deposits of Middle Fleistocene
location 13, Chou-k'ou-tien)., Regarding the 60 meters thick red earth
accumulation, Mr. Chia sand: "It should belong to the red earth (Li=-
shih loess) system according to its lithological characters." Base
on the succesion of loess formations in Shansi and Shensi, we believe
that this 60 meters thick accumulation ie corresponding to the Li-
shih loess. On the relations hﬁtueen the red earth and sand gravel
alluvial deposits, Mr. Chia(ll%4) gand this red earth sometimes covers
over bedded fine and coarse sand bed, such as at location 6062 (11,
Fig. 5) at Nan-kou, Chien-k'ou, locationas 6054 and 6060 at Kehejian
(5 and 6, Fig. 2) and location 6059 (10, Fig. 5) at Kehejian; sometines
it covers over the crossed sand bed such as at location 6051 at Hsi-
yang (9, Fig. 5), location 6059 at Kehejian (7, Fig. 5) and location
6052 at Hou-chien-ho, Tu-t'ou (2, Fig. 5) and sometimes covere over
marlaceous or arglillacecus clay such as at location 6061 (8, Fig. 5),
location 6056 at Hsien-shui-kou, Tu-t'ou (3, Fig. 5) and location
6055 at Tu=t'ou (1, Fig. 5); sometimes it covers over the Nihowan
sandstone such as at location 6053W at Hsi-hou-tu (5, Fhg. 5). Re-
gardless of the difference in the basal rock formation, the properties
of red earth are generally the same (Chia Lan-po et al, 1962),

These detailed studies by Chia and associations are very im-
portant in the following senses:

(1) Proving the existence of Middle Pleistocene river alluvial
facies Shen Hsien group with more complete fossil evidence. The age
is the early period of rilddle Fleimtocene epoch.

(2) Proving that there is a 60 meters red earth (Li-shih loeass)
over thie formation.

(%) Proving that the red earth is in unconformahle contact with

Middle Pleistocene early alluvial facies Shen Hsien gray sand gravel
bed below.

Thie naturally indicates that there were two sete of deposite
during the Middle Pleistocene time, the upper one being the loess
facies and the lower one being the river facies. The unconformity be-
tween them indicates that they were not phase change but two deposits.

The condition of such section is identical to the Ehu? Helen
group and the Li-shih loess over it found by the authore(115) in 1957
at Yao=-tou-kou in the vicinity of Hui-hsing Chen, Shen Hsien, Honan.
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Thie provea that its dietribution is quite wide, ite poeition is steady
and it ie not a river deposit formed by individual running water action
of temporary nature. Although no reliable foesil has been found in

the Li-shih loess (red earth) at Shen Hsien and Ho~ho and therefore its
geologicel age and its difference from the underlying sand gravel bed
can not be judged, the fact that the Li-shih loess (red earth) has a
tremendous thickness and the occcurrence of many formations of buried
soil in it convinced us that this 60 meters thick deposit can not be
completely conaidered as within the Early and Middle Fleistocene
(corresponding to location 1%, Chou-k'ou-tien) sand gravel bed deposit.
Moreover, according to sectional data given by Chia Lan=-po et al, the
stratum above the red earth is the newer deposit containing the foseils
of human being.

This section can also prove that in the loess region, the Middle
Pleistocene loess and alluvial deposit overlap one another.

Such type of two facies deposite have also been found in the
Late Pleistocene strata. For example, the section stretching from
Sa=la-wu=su to Shui-tung=kou discovered by P. Teilhard de Chardin and
associates and the Chien Hsien section studied by the authors are ty-
pical of such deposita. At these two sections, the Late Pleistocene
loess (Malan loess) and the alluvial or lake deposit below form the
divided section.

Regarding the Lower Pleistocene loess (Wu-ch'eng loess) and the
river-lake facies deposit below, there is no section indicating their
division. However, many Nihowan strata have old loess (red earth)
accumulation above them. Whether part of them can be divided and de-
signated the Lower Pleistocene is still unknown.

On the uuctian‘lg} at Ho=feng, Chin-lo, S8hansi, whether the
"Chin-lo eystem" which is composed of river alluvial sand gravel below
the red earth is a typical alluvial deposit below the Lower FPleistocene
loesa is an interesting question. According to fossils found at Ho-
feng, Chin-lo, this is possible.

The section at Ting-ts'un, Shansi, is an interesting one. It
is now understood that this river facies deposit whose position has
been designated as the uppermost Middle Pleistocene or lowermost Upper
Pleistocene has a loess so0oil containing brown earth type buried soil
bed above it is older than the Malan loesas. The age relationship be-
tween this set of depoeit at Ting-ts'un and a set of deposit st Ho=ho
is Btill not known. It is poseible that it represents the deposit
formed a fluctuated humid climatic condition in the late period of

Middle Pleistocene epoch.

It should be mentioned here the basal gravel of loess mentioned
in papera published in the past. Part of the basal gravel is probably
newer and is the basal gravel of secondary loess accumulation; and part
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of it probably represents the alluvial deposit of humid climatic
facies formed before the deposition of loess. The sections mentioned
by Teilhard and Yang in the past are worth further astudy.

The study of physiographic period is quite closely related to
the Quaternary strata research. One section is presented here to in-
dicate ercosion during different physiographic pericdas. If the erosion
represents one humid period, then various different loess accumulations
which represent several cycles can be compared with the section just
mentioned (Fig. 41).

In the loess region where river-lake facies deposit is lacking,
such erosion is represented by several large denudation planes (Fig. &),

The above mentioned geological section and sections containing
foesils discovered in the past several years indicate that they are
more complex than the river-lake facies deposits accumulated in the
basins during the Early, Middle and Late Pleistocene periods and the
accumulations on the mountain slopes. Patticularly sitce the red earth
bed is considered loess accumulations of different periodse and a product
of special climatic conditions (this kind of deposlt can be used as an
index to distinguish the conditions for the formation of Quaternary
deposits), it became clear that further division is required for the

Quaternary strata (deposits) in Nerth China.

Neverthless, it can be noted from the above discussion that very
few animals adaptable to humid climate were found in loess but larger
number of them have been found in river and lake facies deposits. More=-
over, it seems that the fauna in these two kinds of deposits can be
separated., Therefore, it can be noted from the animal fosslls the
cyclic nature of climatic fluctuation during various Quaternary periods.
Following are several indicatioms:

(1) The loess deposit in the geological section is lying un-

conformably over the river and lake facies deposit;

(2) From Early Pleistocene and Late Pleistocene the loess and
river-lake facies deposit occurred in several cycles successively;

(3) The existence of denudation planes in loess deposite of
different periods and several erosion physiographic periods and their
corresponding relations with river-lake facies;

(4) The difference of animal foseile in loesa and river=lake

facies deposit.

The succession of Quaternary strata in the northern part of
China as indicated by the cycle of climatic fluctuation is shown in

Fig. L.
(5) The Comparison of Loess Strata

The loess strata distributed in various regions have already
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been discussed in previous sections. Preliminary comparisons have beean
made stratigraphically on loess in the Northeast, North China, North-
west regions and in the central basin of Huang Ho. The loess deposit
has two typical types: one is the overlap of loess strata themselves
with prominent or unclear denudation planes as represented by the
central basin of Huang Ho; another is the crossed occurrence of loess
and river-lake facies depcosit (Fig. 68) which is well developed in

the river valley and basin regions in the east. Of course, in such
region due to severe erosion and denudation the strata are not as
perfectly overlapping as those in the west of Luliang Shan.

In the Fen river valley region, loese and alluvial deposit form
one set of deposit (such as Ho-ho, San-men gorge and Ting-ts'un sections
This is most prominent at the Ta-ho river valley area. Thie form of
deposit can also be found in some local areas in some tributary areas.
In some low sreae thicker loess (such as the San-men gorge sBection) can
be found. In the areas of Sa=la=-wu-su and Chien Hsien, Shensi, loeas
forms fossil river bed overlying with generally thin layer of loess.
This type of deposit also includes the so-called basal gravel bed
(including red earth with basal gravel section). In certain river
valley areas (such as the southeast Shaneli basin), areae along the
river valley basins and river wvalley region of Huang Ho, several dif-
furungﬂgurrnuna represent erosion periods (at the right eide of
Fig. .

The vertebrate foseils found in loess of different periode have
been discussed in previous sections, we will not repeat here. The
typical mammal fossils found in loess of different periods are shown
in Table 10.

Because there have been more stratigraphic studies in the cen-
tral basin of Huang Ho and North China regionms, particularly works by
Yang Chung-chien on loess in the central basin of Huang Ho and Shantung
area (including red earth), some fossil data can be used for comparison.

The entire loess strata from north Shensi toward the east have
a tendency of thinning gradually as indicated by typical sections at
Lo-ch'uan, Wu-ch'eng, Ho-ho, Ting-ts'un and southeast Shansi (Figs.
37, 38, 39).

The stratigraphic development in the area north of east end of
the Chin Ling range in the Honan region is basically similar to that
in Shansi. For example, based on recorded vertebrate fossile found
the loeass s0il in the areas of Hein-an and Shen-ch'ih has position
corresponding to the Malan loess and also has positions copresponding
to the Li-shih loess and Wu-=ch'eng loess.

As to the distribution of loess strata iﬁ the region south of
east Chin Ling, according to previous rupurtu{5 ) the loess soil cor-
responding to Ii-shih - Wu=ch'eng loess is quite widely distributed but
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the Malan loess is in lesser diastribution.

Yang Ehung-:hien{55} had found Ovie shantungenasis in the red
earth bed at the bottom of loess in Shantung. This fossil is also
found in the Nihowan stratum and is an animal fossil of "Wei-la-fang"
stage. Therefore, Shantung loess can probably be compared with the
Wu~=ch'eng loess. The red earth in the area of Ch'ang-lo has foenils
of Bubalus brevicornis, Sinomegaceros sp. and Peeudaxis grayl (Sino=-
megaceros sp. was originally named Peeudaxis magnus by 0. Zdansky).
This part of loess can probably be compared with the Li-shih loess.
1t also contains Myospalax tingl (I-tu, Shantung).

The Malan loess at the uppermost eection is more easily be com-
pared with that in other areas in North China and the loess plateau
region because their form of occurrence and lithological characters
are similar.

Although loess ias not very thick in Shantung and it is not widely
distributed, its time of deposition extended possibly from Q} to Q}.
Ite lithological characters can also be compared with those in other
areas.

In the North China plain region, comparison can not be made at
present because most strata are buried. The geomorpholopical position
of loess and its stratigraphic development at the eastern feoothills of
T'ai-hsing Shan and around the southern slope of Tenshan are basically
eimilar to those in the Shantung area.

The loess soil is more widely distributed in certain intermontane
basine north of Yenshan and in certain tranaitional areas to the north
toward the Mongolian plateau. Its thickness is also greater., The
foesils found in the past in these areas were mostly from the Malan
loese. Very few of them were found in loess of older pericds.

In the northeast region, no Middle Pleistocene and Lower Fleis=-
tocene fossils had been found in loess. Whether thies stratum is cor-
respvonding to the Li-shih loess which contains buried soil in the loeas
plateau region or Wu-ch'eng loees is not sure. Like in North China,
most Middle Pleistocene and Upper Pleistocene strata in the Northeast
are buried at the lower part of basins and are not exposed above ground.
Only in the Sung-liaso dividing ridge regicn and few areas along the
mountain edges the strata correspond to the Middle Pleistocene but there
lacks foesil evidence. Studies by Japanese at Ku-hsiang-t'un in Harbin
suggeated that there are Middle Fleistocene strata. But it has been
indicated recently that that was an error in the examination of foesilms.

These faunas can be considered as fossils of "rainy period
facies," and are different from those found in loesa. But the dis-
covery of these fossils was very useful for the determination of the
geological age of Malan loess above.
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Fig. 68 Sections Showing the Process of Deposition
of Loeeas of Different Ages in China

B 2 Ry B« s e T [T

Key: 1. Bed rock; 2) Hipparion red earth (Early Pliocene); 3. Clay,
sand, gravel (Early Pleistocene Nihowan deposit); U4. Sand,
gravel; 5. Wu-ch'eng loess (Early Pleistocene); 6. Lower part
of Li-shih loess (Middle Fleistocene, early period);
7. Upper part of Li-shih loess (late period of Middle Pleistocene);
8) Malan loess (Late Pleistocene). I - Paleotopography at the
end of Pliocene epoch II - Paleot~pography at the end of Early
Pleistocene epoch IITI = Paleotopography at the end of early
period of Middle FPleistocene epoch IV = Pnleotopography at the
end of late period of Middle Pleistocens epoch YV = Paleotopography
at the end of Upper Pleistocene epooh
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P. Teilhard de Chardin had mentioned that the faunas in loess
(now considered as of the Late Pleistocene time) are different to the
south and north of north latitude 42~ (Yenshan is the dividing line).
Toe the south of thie line the fosells are mainly Dicerorhinoe kirk-
bergensis=merkil and Elephas namadicus. To the north the principal
foesils are Coelodonta antiguitatis and Mammuthus primigenius. Recent-
ly, in studying fossils found in Yu-shu in the Northeast, Chou Ming=-
chen(#0) also mentioned that the fauna of Upper Pleistocene in the
Northeast coneiste of mainly Mammuthue primigenius-Coelodonta atigui-
tatis fauna.

It should be noted that in Europe Coelodonta atiruitatis and
Mammuthus primigenius have also been mentioned as animals of loess
grassland in addition to certain animals of Rodentia genus.

The fauna of the loess stage in the Northeast was similar to
that of loess period (Upper Fleistocene) in Europe. But loess is less
developed in the Northeast than in the loess plateau., It is probable
that the loees disetribution and properties in the Northeast region are
more identical with those in Europe and had more closely relations with
the ice age. This also illustrates that as far as distritmtion and
properties are concerned, loess in the loeses plateau had different
sedimentary environment from that of European loeses. According to
recent knowledge, the distribution of Coelodonta atiguitatis fosseils
is quite common in the central basin of Huang Ho such as at Ting-te'un
and Sa-la-wu=-su and even reaching Ch'ing-yang and A-pa. Its distribu=-
tion is more complex than previously imagined.

Fewer vertebrate foesils have been found in loess in the North-
weet region weast of the Ho-hei Corridor. Greater comparison is there-
fore more difficult to be made on strata according to paleontological
features. In the eastern area of Teinghal, the succession of loess
etrata is fundamentally identical with that in the loess plateau (sse
Fig. 69). Further westward to Sinkiang, the thickness of loese is the
same as that imn the Hnrth&n?t Segiun and it thinse gradually. Some
authors such as H. De Terra'92) compared it with the Malan loess in
North China on the basie of lithological characters and geomorphological
position. bHut whether there is older loess below it is still unknown
due to lake of foseil evidence. There is possibility that the thickness
of loess increases in the southwestern part of Sinkiang as a result of
wind blow from the west. As to whether the genesis of loess in this
area is more complex than khat in other areas, the answer is more on
;ffirmntiru 8lde. Thus, the comparison of ite strata is also more dif-

icult.

(6) On the Comparison of Loess and Other Quaternary Strata
and Physiographic Period

The study of physiographic period in North China has a auite
long history. This research effort has an important significance in
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